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HEAT TRANSFERENCE THROUGH 
BOILER-PLATES. 


Some years ago the Reichsanstalt began to in- 
vestigate the passage of heat through metallic 
plates. A certain transition resistance has to be 
overcome when heat passes from a solid wall toa 
liquid. The transition resistance is not so great 
as in the case of solids and gases ; yet it is generally 
larger than the resistance which the metal itself 
offers to the passage of heat, and the question is 
hence of considerable interest to engineers, The 
experiments were commenced by Holborn and 
Dittenberger, who filled a cylinder of brass with 
water and heated it uniformly from outside, the 
temperature determination being effected with the 
aid of thermo-couples. A suitable method having 
been devised, the experiments were brought to a 
conclusion by L. Austin. A full account of ‘the 
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researches has been published in the Zeitschrift des 
Vereins Deutscher Ingeiieure, from which, by per- 
mission, we reproduce our diagrams. 

What has been investigated is the passage of 
heat from oil to water, or from water to oil, through 
an iron wall 3 centimetres (1.2 in.) in thickness. 
The oil bath and the water bath can be kept at 
constant temperatures, which it would be very 
difficult to maintain with a coal fire or burners. 
It may not necessarily follow, however, that the 
results would remain the same with a very hot 
coal fire playing upon the boiler-plates ; this 
point is not discussed in the publication. The 
small boiler which is illustrated in Fig. 1 was 
made by the firm of A. Borsig, of Tegel. The 
wrought-iron walls have a length of 26 centimetres 
(10 in.); the width of the two chambers can be 
estimated from the dimensions of the stirrers, 
whose four blades have a length of 110 millimetres 
(4.3 in.), and a width of 33 millimetres (1.3 in.). 
Both these stirrers were driven by the same elec- | 
tric motor. 











and rubber packing G, the vapour could escape 
only through two condensers R, one of which 
is marked on the diagram. The coils K served for 
cooling the water. The oil-chamber was at first 
charged with lubricating oil, and later with rape-seed 
oil, which could also be heated up to 300 deg. Cent. 
(572 deg. Fahr.). The heating was done with the 
aid of Bunsen burners, which were kept at some 
distance from the junction of the two chambers. 
Two thermo-couples were applied. The couple 
Th (Fig. 2) measures the temperature gradient 
on the iron wall, hole 1 having a depth of 
2.555 centimetres (i in.), and hole 2 a depth of 
1.51 centimetre. This latter hole 2 was made 
rather deep, as it had been found that the tem- 
perature could fluctuate considerably near the 
surface of the plate. The other thermo-couple Th’ 
measures the temperature fall between the water 
and the adjoining surface of the intermediate plate, 
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hole 3 having a depth of 2.60 centimetres. All 
these holes have an internal diameter of 1 milli- 


| metre, and the thermo-couples were insulated with 


silk, except at the very points, and plugged in with 
small pieces of wood. 
The heat which passes from the hot oil to the 


The water-chamber was nearly filled | water through the plate is proportional to the 


with water, and as it is tightly closed by the cover | product of the temperature gradient y per centi- 











metre in the iron, and its thermal conductivity . 
This latter coefficient had been determined by 
Jaeger and Diesselhorst for the same iron, who 
found it to be 0.148 gramme-calorie per square 
centimetre per second for 1 deg. Cent., equivalent 
to 5330 kilogramme-calories per square metre per 
hour for 1 deg. Cent. The ends of the holes 1 and 
2 being 1.045 centimetres apart, we have, for a tem- 
perature difference u between the two points, g = 
1/1.045, and for the quantity of heat passing per 
unit of time through the wall when the water was 
at its boiling point, 100 deg., Q=Ag=0.1409 gramme 
calories per square centimetre per second, or 5040 
kilogramme-calories per hour per square metre. 
As hole 3 was itself 0.41 centimetre from the water, 
the real temperature drop A at the surface of the 
water will be : A=S—0.41y, S being the reading on 
the thermo-couple Th’. 

In the first series of experiments it was intended 


Ratio 
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to keep the water boiling, through the heat from 
the oil, without stirring the water. Under these 
conditions direct heat had sometimes to be applied 
to the water from outside, by one or two Bunsen 
burners. This made a difference in the A, which 
decreased from 1.40 deg. to 1.25 deg. Cent. when 
two burners were used. This diminution of 4 with 
constant g is shown in the Ghaguen, Fig. 3, where 
curve A, marking the ratio A/g, bends over. We 
reproduce a few data from one of the tables 
relating to these experiments. 


Water not Stirred 





| Gradient fe: Heat Units Q. 





Drop | 
Tempera- Burners| g in Deg. | HeLa seen nner ‘ 
ture of _ under | Cent. per | a or 
Oil Bath. | Water. | Centi- | gramme. | Kilo- a 19. 

metre. n gramme- - 

Calories. Calories. 

deg. Cent. | 
126 S.-| Of 0.055 2,000 0.93 2.88 
193 2 2.36 0.330 | 11,900 3.32 1.41 
165 1 3.12 0.437 15,700 3.94 1.26 
204 0 8.05 1.127 40,600 814 1.0L 


When the water- stirrer was started, the tem- 
perature drop A decreased considerably ; and this 
was noticed not only when the water was not yet 
boiling—when stirring should, of course, make 9 
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great difference—but also when the water was 
boiling briskly. To investigate this interesting 
point further, the speed n of the water-stirrer was 
slowly raised, the gradient g being kept constant, 
and it was thought that a high speed limit would 
be reached, after which a further increase in the 
speed would no longer affect the temperature fall 
at the water surface. Fig. 4 shows that such a limit 
was approached—but not reached—with the maxi- 
mum speed of which the arrangement permitted— 
namely, 300 revolutions per minute. The curves of 
Fig. 4 refer to water temperatures of 30, 90, and 100 
deg. Cent., marking the corresponding values of A/q. 
It will be seen that the ratio diminishes rapidly in 
the lukewarm and even in the hot water as the 
speed increases, At 140 revolutions the two curves 

ass into parallel straight lines, and the curve for 

oiling water joins that for water of 90 deg., and 
proceeds with a gentle slope, the decrement in 
4/g being 0.0016 per revolution of the stirrer. 
The effect of stirring, it is suggested, may be two- 
fold. The one effect is that the liquid is well mixed, 
so that local temperature differences disappear ; 
the same effect is produced by the rising steam 
bubbles. The stirring further seems to tear off the 
wall, or to decrease in thickness, the film of liquid 
which adheres to the wall. 

Curve B, Fig. 3, gives the results of experiments 
with boiling water well stirred at 200 revolutions. 
On the whole, the A/g are rather higher for violent 
than for quiet boiling, while the opposite held for 
boiling water which was not stirred at all. If j is 
the transition resistance for stirred violently-boiling 
water, then j = A/Q = 5.62 deg. Cent. square centi- 
metre second / gramme cal. An equivalent heat 
resistance would be offered by an iron wall 0.76 
centimetre (0.29in.) in thickness. Fig. 5 shows 
the results of experiments with water of 20 deg., 
30 deg., 50 deg., and 100 deg. Cent. (this last curve 
being the B reproduced from Fig. 3) stirred at about 
200 revolutions. It will be noticed that the pro- 
duced curves would not pass through the origin. 
This may be, and is to a certain extent, due to 
systematic experimental errors — e.g., want of 
homogeneity in the constantan wires of the thermo- 
couples. There may also be deviations even in the 
well-stirred water at small temperature gradients, 
when observations are difficult. The influence of 
the temperature of the water is shown in the 
following table ; the water-stirrer was again run- 
ning at 200 revolutions. 

Temperature of Water. 


Deg, Cent. A/a. 
20 1.19 

30 0.94 

50 0.83 

100 0.76 


The temperature gradient g is, in this table, 
5 deg. Cent. per centimetre. The ratio A/y becomes 
smaller as the temperature rises, rapidly at first, 
then more slowly, somewhat after the analogy of 
the viscosity of water, which, however, shows a 
more marked decrease. 

Finally, experiments were made on the passage 
of heat from the boiling water through the iron 
wall to the oil, which was kept at temperatures 
varying between 50 and 100 deg. Cent. In these 
cases the temperature gradient in the iron could 
not be raised above 2 deg. Cent. on account 
of the comparatively low temperatures, and par- 
ticularly of the high transition resistance to heat 
passage from oil toiron. This Jatter resistance is 
much higher than the resistance between iron and 
water. Thus, with an oil temperature of 90 deg., 
and an iron surface temperature of 50 deg., the A/g 
was found to be equivalent to 18 centimetres of iron ; 
and with an oil temperature of 156 deg., and an 


iron surface temperature of 120 deg., the value for | 
These numbers refer to | 
rape-seed oil ; with lubricating oil still higher values | 


A/g was 8 centimetres. 


—namely, 30 and 13 centimetres of iron—were | 


observed. These figures will be of interest to elec- 
trical engineers and constructors of transformers. 

To return to the passage of heat from the boiling 
water, we reproduce in the next table a few data of 
the experiments made first with boiling, not stirred, 
water, and then with stirred boiling water. 


If we had given the whole series of figures, | 


instead of a few, we should notice that in the first 
case, represented by curve C of Fig. 3 (water not 
stirred), the ratio A/g remained practically constant 


—about 1.75 for all values of g—probably because | 


the iron temperature did not reach 100 deg., so 
that there was no boiling at that wall and no local 
agitation. In the second case (water stirred) the 


Water not Stirred. 





| 





Temperature of —) Temperature ; j 
POOL Gradient g. Drop A. Ratio A//. 
deg. Cent. deg. Cent. deg. Cent. 
91.5 0.17 0.36 2.12 
70.2 1.12 1.83 | 1.68 
50.0 1.85 1.23 7 
Water Stirred (200 Revolutions). 

94.4 0.18 0.13 0.72 
59.0 | 1.35 1.00 0.74 
50.6 2.19 3.65 0.75 


A/g was also constant, and had the same value— 
about 0.75—as in the reverse case, with heat flowing 
from the oil to the water. Curve B, of Fig. 3, 
therefore, represents the conditions for heat fluxes 
in both directions, and it may be said in general 
that stirring the water reduces the ratio A/y by 
about 60 per cent. 

The practical results may be summed up as 
follows :—With a heat flux from metal to water, 
the transition resistance varies between 1.2 and 
2 centimetres of iron (according to the degree of 
boiling) in not-stirred boiling water ;_ stirring 
reduces it to 0.75 centimetre. If the water is 
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only warm, the resistance may be equivalent to 
10 centimetres, which by stirring is reduced to 
1 centimetre. Other things being equal, the re- 
sistance is for boiling water independent of the 
quantity of heat, or that quantity is proportional to 
the temperature difference ; when the water is not 
boiling, the resistance increases somewhat with a 
decrease of temperature. 

With a heat flux from water to metal, the tran- 
sition resistance is constant for different tempera- 
tures, and is greater than with the reversed flux 
when the water is not stirred, and as great as with 
the reversed flux when the water is stirred. The 
results do not quite agree with those obtained in 
the preliminary experiments made with a cylindrical 
boiler. But the conditions were different, and we 
certainly recognise the importance of good stirring. 

If the transition resistance be due to a film of 
water adhering to the iron, that film should have a 
thickness of about 0.1 millimetre, since iron con- 
ducts 100 times better than water, and since a 
maximum resistance (for water) of 10 centimetres 
was observed. The thickness of that film, one 
should expect, would depend upon the surface con- 
dition of the iron. This was not found to be so, 
however ; for careful cleaning of the iron wall made 
no appreciable difference. In any case it looks as 
if steam might rapidly be raised in ordinary cylin- 
drical boilers, if we could remove the adhering film 
of water and provide for highly-efficient stirring. 
Mr. Austin has kindly informed us that he did 
attempt to remove the film with the aid of revolv- 
ing brushes ; but the experiments were not success- 
ful, and not mentioned, therefore, in his account. 
The film effect may be analogous to the skin effect 
with which we have to deal in problems relating to 
| the circulation of water through pipes, and the film 
is also concerned when we speak of the mechanical 
strength of water, which recent investigations have 
proved to be as great as that of steel.’ In the 
| boilers of railway locomotives the water is vigo- 





| rously agitated by vibration, and the vibrations help 
the vapour bubbles to detach themselves from the 
| tube walls. It is for these reasons, probably, that 
the boilers of locomotives give better results than 
the same type of boiler used for stationary purposes. 
| Mechanical stirring devices seem to be inapplicable 
to boilers. 








CONTRACTS IN RESTRAINT OF 
TRADE. 


before the Courts in the form of covenants in 
agreements by persons who sell their business not 


| they sell. A very recent case in the Court of 
Appeal has decided an important question as to 
how such a covenant is to be interpreted ; but 
| before dealing with that decision, it is necessary to 
say a few words with regard to restrictive covenants 
generally. 

A contract in restraint of trade is one which 
prevents an individual, or group of individuals, 
from exercising a particular calling within a cer- 
tain district for a limited, or unlimited, period. 
A little consideration will serve to show why 
these contracts are primd facie illegal and 
void as being against public policy. Were it 
possible for a man to irrevocably bind him- 
self not to carry on a particular business, for the 
proper conduct of which continued practice and 
long experience have rendered him particularly 
well-fitted, nothing but evil consequences would 
follow. He would be deprived of a means of liveli- 
hood, while the public would feel the loss of his 
services. It is therefore a rule of law that con- 
tracts in complete restraint of trade are illegal and 
void. Nevertheless, there are cases in which a 
modified restraint is not only lawful, but absolutely 
essential, both in the public interest and also in 
the interest of those who are the immediate parties 
to the contract. For instance, when a tradesman 
employs an assistant, he must have the means of 
preventing that assistant from leaving his employ- 
ment to set up for himself in the same line of busi- 
ness close by. If such a state of things were per- 
mitted, no man could safely employ a clerk or 
teach an apprentice. Again, take the case of a 
sale of the goodwill of a business. <A clause must 
be inserted to protect the vendee from any risk of 
competition with the vendor. Were such a clause 
illegal or incapable of enforcement, the sale of a 
goodwill would be well nigh impossible, and a man 
who was anxious to retire from business would 
find it difficult to dispose of his connection at any- 
thing like a reasonable remuneration. 

The guiding principle which may be found run- 
ning through all the cases which have ever been 
decided with regard to contracts in restraint of 
trade was succinctly laid down by Parker, C.J., in 
the famous case of Mitchell v. Reynolds (I.P. 
Williams, 181) in the year 1711. The head-note to 
that case, as reported in ‘‘ Smith’s Leading Cases,” 
is :—‘‘ A bond or promise to restrain oneself from 
trading in a particular place, if made upon reason- 
able consideration, is good. Secus, if it be on no 
reasonable consideration, or to restrain aman from 
trading at all.” 

A restriction, therefore, which is réhsonably 
necessary for the protection of an employer in the 
one case, or that of a vendee in the other, will 
be upheld by the Courts. Such a restriction 
may be unreasonable in two different ways. It 
may prevent the exercise of a particular calling for 
an unlimited time, or within an unlimited space, 
and it is for the Courts to say whether the time or 
space limit is reasonable. The introduction of 
railways and telegraphic systems has rendered it 
possible for a man to conduct a business over an 
area which would have been regarded as intinite 
at the end of last century, and therefore when 
discussing the question of reasonable space regard 
must be had to the conditions of commerce and 
business, and to the means of communication 
available at the time when the restriction agree- 
ment is entered into. Upon this question the fol- 
lowing remarks, which were made by Lord Herschel], 
when delivering judgment in Nordenfelt v. Maxim- 
Nordenfelt Guns and Ammunition Company (1894, 
A.C. 535) are very instructive :—‘‘ There is no doubt 
that, with regard to some professions and com- 
mercial occupations, it is as true to-day as it was 
formerly, that it is hardly conceivable that it should 
be necessary, in order to secure reasonable protec- 
tion to a covenantee, that the covenantor should 
preclude himself from carrying on such profession 
or occupation anywhere in England. But it cannot 
be doubted that in other cases the altered circum- 
stances have rendered it essential, if the requisite 
protection is to be obtained, that the same terri- 
torial limitations should not be insisted upon, which 
would in former days have been only reasonable.” 
And in this case the House of Lords decided that 
a covenant to restrain the defendant from manu- 
facturing a certain kind of gun and other munitions 





ConTRAcTs in restraint of trade usually come | 
| interests of the public. 


of war anywhere in the world for twenty-five years 
was not unreasonable, as it was not injurious to the 


In determining whether the area of restriction 


_to earry on business in opposition to those to whom |is reasonable or otherwise, mueh depends upon 
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ELECTRIC CABLES CONSTRUCTED BY MESSRS. W. T. GLOVER AND CO. 


Fig 7. -25°° CONCENTRIC CABLE. 
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the nature of the business the conduct of which 
is sought to be restrained. Thus, in the case 
of Whitaker v. Howe (3 Beav., 383) a covenant not 
to practise as a solicitor in Great Britain for a 
period of twenty years was held to be quite valid. 
But a covenant not to practise as a surgeon dentist 
within 200 miles of York was declared to be un- 
reasonable and bad (Horner v. Graves, 7 Bing., 
735). It should also be mentioned that before de- 
claring a covenant to be reasonable, the Court 
requires to be satisfied as to the payment of some 


consideration for a surrender of the right of free 
trade ; but there is a long line of authority to show 
that the question of adequacy of consideration will 
not be gone into. The principle upon which the 
Court refrains from discussing the value of a good- 
will was clearly laid down by Baron Alderson in 
Pilkington v. Scott (15 M. and W., 657). In the 
course of his judgment the learned Baron said :— 
‘‘ Tf it be an unreasonable restraint of trade, it is 
void altogether ; but if not, it is lawful; the only 
question being whether there is a consideration to 
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support it, and the adequacy of the consideration 
the Court will not inquire into, but will leave the 
parties to make the bargain for themselves.” 

The case of Underwood v. Barker should also be 
noted in this cennection. In that case Messrs. 
Underwood and Sons, the plaintiffs, were hay and 
straw merchants, having permanent places of busi- 
ness in the United Kingdom and in France. They 
also had a large trade in Belgium, Holland, and in 
the Dominion of Canada. The defendant was em- 


|ployed by them as clerk and foreman at a salary 
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of 35s. a week. One of the terms of his employ-| ‘‘The said Robert Gidley Pook shall not, either 
ment was ‘‘that for the space of twelve months | solely or jointly with, or as manager, or directly or 
next after his leaving or being dismissed he would | indirectly carry on, or be engaged or concerned or 


not carry on the business of hay and straw mer- 
chant, or enter into the service of, or act as agent | 
for, any person or persons carrying on the business 
of hay or straw merchant in any of the countries 
above mentioned, and that for five years he would | 
not carry on on his own account or as agent for any- | 
one else any such business in France.”” The defen- 
dant left the plaintiffs’ business of his own accord, | 
and entered the service of Mr. Kitts, a hay and straw 
dealer in Mark-lane. The plaintiffs sought to enforce 
the covenant against him. Mr. Justice Kekewich 
granted an injunction, and his judgment was! 
upheld in the Court of — by the Master of | 
the Rolls and Rigby, L.J., Vaughan Williams, L.J., | 
dissenting. 

There are two striking features in the case :— 
(1) A covenant is upheld which is practically 
world-wide in its operation; (2) a distinction 
is made by Vaughan Williams, L.J., between 
contracts of employment and agreements for the 
sile of an invention or the goodwill of a business. 
Upon the first of these points the Master of the 
Rolls said :—‘‘ The defendant was engaged by the 
plaintiffs as their clerk and foreman, and whilst 
acting as such would obtain information on matters 
which, if imparted to a rival in trade, might 
greatly benefit him and proportionately injure 
the plaintiffs.” His Lordship did not think that 
the fact of the person restricted being out of work 
and seeking employment could be a ground for 
holding his bargain invalid unless some unfair 
advantage was taken of his position. 

After comparing the facts of the Nordenfelt 
case with those which were before the Court, 
Vaughan Williams, L.J., said :—‘‘In the present 
case the servant does not enter into the contract 
with the same freedom of choice as that with which 
a person buys a business, and the restraint on the 
servant from earning his livelihood in the manner 
best suited to his capacity seems to me to be a 
restriction of individual liberty in which the public 
has a deep interest.” As these are the remarks of 
a dissenting judge, they cannot be taken as laying | 
down a principle of law ; but it is submitted with | 
great deference to the other members of the then | 
Court of Appeal that some distinction should be | 
drawn between the restrictions necessary for the 
protection of the vendee of a goodwill, and those 
which must severely hamper a young man in the 
struggle for life. 

It will be noticed that the restriction covenants 
in the agreement were two in number: (1) Not to 
carry on business in any of the countries named 
for two years. (2) Not to do so in France for five 
years. No question arose during the proceedings 
with regard to the second covenant, but the Court 
is always ready and willing to sever the covenants 
—that is, to declare that the unreasonableness of 
one covenant does not vitiate another. 

Thus in Rogers v. Maddocks (1892) (3 Ch., 346) | 
the plaintiff engaged the defendant as a traveller to | 
procure orders for, and sell, malt liquors, and 
also, if required, to sell aerated waters to whole- 
sale purchasing agents in a certain district. The 
defendant agreed that-he would not be concerned 
in selling malt liquors or aerated waters for two 
years after the termination of his employment. 
The plaintiff never dealt in aerated waters. After 
leaving the plaintiff's employment the defendant 
became traveller to rival brewers within the same 
district, and in a subsequent action an injunction 
was granted to restrain him from continuing to act 
for the brewers, but no order was made as to the 
aerated waters, as the enforcement of that part of 
the covenant could not in any way benefit the 
plaintiff. 

Cases on the subject of contracts in restraint of 
trade might be cited indefinitely, but those to 
which we have alluded are sufficient to show the 
state of the law upon the subject. 

The recent case of Dowden and Pook v. Pook, 
which was heard in the Court of Appeal on the 13th 
ult., raised the interesting question as to whether it 
is the duty of the judge or the jury to interpret a 
restrictive covenant. The question has not arisen 
before, owing to the fact that actions for breach of 
these covenants have usually been brought in the 
Yhancery Division, where the functions of judge | 
aud jury are performed by the judge alone. In the! 














exse under notice the plaintiff company brought an | 
action against their former manager to enforce the 
perfurmance by him of the following covenant;— | 


Can a restrictive covenant, 


interested in the business of a cider merchant, 
manufacturing chemist, or cordial compounder, nor 


permit or suffer his name to be used or employed | 
| ference for gaseous fuel. 


in carrying on, or in connection with, the said busi- 
ness for the term of five years after leaving the 
service of the company; and in case the said Robert 
Gidley Pook dl aeaniis any breach of the fore- 
going stipulations, he shall pay to the company 
immediately on every such breach the sum of 1001. 
as liquidated damages in respect thereof.” The 
defendant was dismissed from the service of the 
plaintiff company in September, 1902, and the 
plaintiffs camplained that he had since his dismissal 
committed breaches of the above covenant. At 


| the trial the learned judge left to the jury the ques- 


tion whether the covenant was wider than was 
necessary for the protection of the plaintiff com- 
pany’s business. The evidence was that the plaintiffs 
intended to extend their cider business and make it 
a wholesale business, and that they opened agencies 
in various places, but that most of their customers 
resided in the South of England, though there 
were also some in Scotland and Ireland. The jury 
answered that the covenant was wider than was 
necessary. The learned judge, notwithstanding 
this finding of the jury, gave judgment for the 
plaintiffs, granting the injunction which was asked 
for. The defendant now appealed to the Court of 
Appeal, asking that judgment might be entered 
for him. The Court of Appeal entered judgment 
for the defendant ; but declared at the same time 
that the question of unreasonableness was for the 
judge, and not the jury, to determine. 

In the course of his judgment upon this point, 
the Master of the Rolls said :—‘‘ No doubt facts 
may have to be ascertained, and questions as to 
such facts may be left to the jury ; but it is out- 
side their province to say whether the covenant 
is reasonable or unreasonable.” In Mitchell »v. 
Reynolds (1.8.L.C., 10th Ed., 391), Lord Maccles- 
field thus declared the law :—‘‘ In all restraints of 
trade, where nothing more appears, the law pre- 
sumes them bad; but if the circumstances are 
set forth, that presumption is excluded, and the 
Court is to judge of those circumstances and to 
declare accordingly.” 

It is fortunate, indeed, that this should be left to 
the judges to decide. Were the interpretation of 
a restrictive covenant treated as a pure question 
of fact for a jury, the anomalous result might 
follow that there might be contradictory decisions 
in cases in which the same covenant was involved 
and in which the facts were precisely the same. 

The case of Dowden v. Pook is also interesting 
on its own merits, for although a time limit was 


imposed, the defendant was also restricted from 
cider-making anywhere. 


Upon this point the 
Master of the Rolls said :—‘‘It is clear that the 
business was not a large business, and that the 


great majority of customers were in the South of 


England, although there were a few elsewhere. 
the area of which 
extends to the whole world, be necessary for the 
protection of such a business? In my opinion, in 


all the circumstances of the case, the restriction 


was so wide as to be unreasonable and to invalidate 
the covenant.” 


LITERATURE. 


Les Gazogines. By Jutes Descuamps. Paris: Vve. 
Ch. Dunod. Large octavo, 432 pages, with 240 figures. 
[Price 15 franes. } 

THE author, Amien Eléve de |’ Ecole Polytechnique, 

Ingénieur Conseil en matiere de Gazogeénes et de 

Moteurs 4 Gaz, opens this book, the first monograph 

of its kind, we are assured, with a definition of the 

term ‘‘ gazogene,” which may be said to correspond 
to gas-producer. Acetylene generators would fall 
under his definition if calcium carbide were a fuel. 

The Riché producers, in which wood is distilled, the 

feed being from above while the gas escapes below, 

should, on the other hand, not come under his 
notice, since the source of heat is external. The 

Riché apparatus is described, however, because the 

distillation proceeds in the reversed sense and 

because it has been developed into other producers. 

The book is divided into fifteen chapters, and apart 

from the headings of these chapters, there is no 

trace of distinctive mark to be found throughout the 
volume. The author is fond of short paragraphs. 




















A new paragraph may continue an argument or 
introduce an entirely new feature and subject ; the 
type remains the same. 

The first chapter is headed ‘‘ Definition, Utility, 


and Variety of Gas-Producers.” The second deals 
with combustion. The author has a decided pre- 
The term ‘“‘ dissociation ” 
is much abused, .e thinks, in discussions on com- 
bustion. He quotes repeatedly from the report of 
Euchéne to the International Gas Congress, without 
stating the date, and reproduces the curves of 
Strache and Jahoda on the relation between tem- 
perature and carbonic acid from the Journal fir 
Gasheleuchtung, without giving year and page. The 
author might have gone a little more deeply into 
the subject of combustion, though we quite admit 
that the many researches now being pursued on the 
equilibrium between the gases in combustion pro- 
cesses suggest the advisability of postponing sum- 
maries on those complicated problems. 

The following chapters concern fuels, their 
gasification, and calorific powers. The author dis- 
cusses the advantages of upward and downward 
draught, and of the combination of two furnaces 
charged. alternately, the one with the new fuel and 
the other with the coke of the last operation, on 
the Thwaite system, which he strongly recom- 
mends. He regrets that the calorific power is not 
always calculated on the same basis. In France it 
is referred to liquid water, elsewhere to vapour. 
These chapters might contain more figures and 
tabular matter ; curves are altogether very scarce in 
the volume. 

Having laid down the general principles, the 
author proceeds to descriptions of gas-producers, 
beginning with distillation apparatus of the Riché 
and Densmore types, and passing then to water- 
gas producers. About a dozen different producers 
are described under this heading, those of Guénot, 
Dellwik-Fleischer, and Strache receiving particular 
attention. The next chapter is headed ‘‘ Siemens 
Gas-Producers,” and nothing tells us in the table 
of contents, nor in the style of type, that the im- 
provements by which Lencauchez, Biedermann, 
and Harvey have rendered these furnaces—distin- 
guished by their great simplicity of construction—- 
more valuable, are also described. The next chapter 
deals with producers of the Dowson type, compris- 
ing some forms of Taylor, Hille, Lencauchez, Genty, 
and, further, the Gardie producer, which offers 
several characteristic features. Gardie wanted to 
drive gas-motors with pre-compressed gas, and to 
place his generator between the air:compressor and 
the combustion chamber. In the furnace, which 
has the shape of a blast-furnace, the compressed air 
enters by a central pipe, under pressure. A very 
complete combustion results, purification of the gas 
of tar and ammonia is not needed, and a very simple 
coke-scrubber catches all the dust. Tables relating 
to the performance of these producers are given. 

The chapter on producers working with down- 
ward suction opens with a brief description of the 
Loomis producer, and passes then to long quotations 
from the specification of a German patent obtained 
by Putsch in 1881—probably the first of its kind. 
The Daubertype is also described after a patent speci- 
fication. The Faugé, Fichet and Heurty, Kitson, and 
other types have been tried in practice, while the 
author’s own producer, especially intended for feed- 
ing gas-motors, dves not yet appear to have been 
applied. The chapter on producers with two fur- 
naces mentions the constructions of Thwaite, Bal- 
dauff, Riché, and Dowson; the following chapter 
on special ‘producers mentions only two, those of 
Mond and of Duff. The remaining 70 pages are 
devoted to the description of auxiliary parts— 
charging appliances, hydraulic joints, scrubbers, 
centrifugal oscillating and other devices for purifi- 
cation and dust-removal, regenerators, &c., and, 
finally, to far too brief notes on three power gas- 
plants—at Bale and Embrach, in Switzerland, and 
Barcelona, in Spain. 

We need not say that the volume is very welcome, 
but we cannot help adding at once that the author 
might have done a little more to facilitate the 
student’s task. There is nothing beyond the table 
of contents, which consist of, say, half a hundred 
items, to guide the reader. There is no alpha- 
betical name nor subject-matter index, and we 
cannot well imagine any modern book, except a 
philosophical treatise or a novel, which can dispense 
with these adjuncts. The occasional use of bold 
type would have afforded a little help in describing. 
K6rting’s atomiser nozzles are, for instance, men- 
tioned ; but the reader may long stare at the pages 
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before discovering the name. The descriptions are 
good, and the criticisms very fair, and Mr. Des- 
champs does not write like a man who wishes to 
convey the impression that he has exhausted his 
subject. Yet there are practically no references. We 
read here and there that the apparatus has been 
described in a certain journal or patent specification ; 
but page, date, and number are not given in more 
than a few isolated instances. This is decidedly a 
weak point in, on the whole, a good book. The 
subject is wide enough, in spite of its ‘special 
character, and appeals to a large class of readers. 


Nuuticus, 1903. Jahrbuch fiir Deutschlands Seeinteressen. 
Berlin, 1903: E. 8. Mittler und Sohn. Large octavo, 
530 pages, with 19 plates and 25 text figures. [Price 
5 marks. | 


Tis is the fifth year of the Almanack for German 
Maritime Interests. Two previous editions of the 
book appeared under the title ‘‘ Beitrige zur 
Flottenfrage.” The editor, who shields himself 
behind the pseudonym ‘‘ Nauticus,” seems to be 
the author of the political and general articles ; the 
contributions on technical and statistical matters 
are of far greater interest. The division of the 
volume into three sections is based on rather 
peculiar lines. The first section deals with naval, 
political, and historical matters. We find in it 
articles on the German Navy in 1902-3; on pro- 
gress in foreign navies; on ships’ armament and 
armour ; on world policy and maritime powers ; on 
one year of progress in China ; and on colonisation 
by Germanic nations in the Middle Ages. The 
second section brings articles on recent progress 
in the German merchant fleet; on the American 
merchant service and the Morgan trust; on the 
development of the British and the French mer- 
chant services; on Germany’s interests in South 
America; on the development of modern ship- 
building, in technical and economical respects ; and 
on the utilisation of liquid fuels on board ship. 
Finally, the third and most valuable section includes 
a hundred pages of statistical tables on all the sub- 
jects touched upon in the other sections; there are, 
however, no references to these tables, unfortu- 
nately. To complete our summary of the contents 
we should mention a very good name and subject- 
matter index, and a list of the literature on the 
subjects under discussion, published since the 
appearance of last year’s almanack. Most of the 
plates are photographs of ships. 

The volume has many good points. The.informa- 
tion on foreign shipping and ships is more com- 
plete than one might have expected, and consider- 
able pains appear to have been spent in order to 
render the technical matter’ intelligible to the 
educated public, while offering to the expert par- 
ticulars which he will look for in a naval almanack. 
The technical portion, the preface acknowledges, 
has this year had to be somewhat condensed 
because the economic problems claimed so much 
space. The critical review would, in our opinion, 
not have lost in value if preference had rather 
been given to technical features. The historical 
reflections are somewhat out of place. The retro- 
spect surveying the settlements of Germanic tribes 
since the days when the Vandals established them- 
selves in North Africa, and the Saxons and Angles 
in England, up to the days of the invasions of 
Finland, Esthonia, Ireland, and the decline of the 
Hansa, is too sketchy in character ; and when the 
reader is seriously introduced -to Hengist and 
Horsa, he begins to somewhat doubt the discrimi- 
nation of the author, though the writer seems to 
have studied his subject conscientiously. To be 
complete, the writer should not have forgotten the 
Crusades, which, apart from their religious aspect, 
were attempts in colonisation on the basis of the 
feudal system, with the Normans, who had first 
conquered England and Southern Italy, and French 
—French, of course, means Frank, and the Franks 
were thoroughly German—knights as chief actors. 

The article on ‘‘ A Year of Progress in China” 
opens with references to the reform of educational 
methods, and ends with the general political aspect. 
The article on ‘‘The Development of the British 
Merchant Fleet in Recent Years” begins in thorough 
fashion with the first Navigation Act of Richard IL., 
and traces the whole history of Britain’s rule of 
the sea ; with half-a-dozen pages the author comes 
to modern days, however. The remarks on sub- 
sidies to shipping lines granted by various govern- 
ments would be more to the point if the actual 
amounts of the German subsidies were stated. The 
introduction of the chapter on ‘‘Liquid Fuels” 





reads a little elementary ; but the special object in 
view—-application of liquid fuel on board ship—is 
always well to the front. 

The chapters on the German economic interests 
in South America go thoroughly into the commer- 
cial relations with the different South American 
Republics. A great deal of valuable information, 
mostly from official sources, is crowded into the 
statistical section, as we have said already. 

Germany is not rich in journals devoted entirely 
to shipping and cognate matters. They have the 
‘* Marine Rundschau,” a monthly, also published by 
Messrs. Mittler—who, we should add, have made the 
‘* Nauticus ” volume most presentable—and edited 
under the supervision of the German Navy Depart- 
ment ; and ‘‘ Ueberall,” a less technical weekly, 
published by Messrs. Boll and Pickardt, of Berlin, 
and edited by Captain Count Reventlow. A great 
many excellent communications on ships, ship- 
building, and marine engines appear, however, in 
the technical journals. These memoirs, we think, 
might have been filed in the literature list, though 
we admit that the list would have become formid- 
ably long. By far the greater number of books 
mentioned are German, and we know that not a 
few superior naval books have recently been pub- 
lished. Finally, the Germans have their ‘‘ Schiff- 


bautechnische Gesellschaft,” whose yearly report is | 


always of great interest. Thus one cannot say that 
the literature on German shipping has not kept 
pace with the development of her maritime interests. 


The Administration of the Smoke Acts. By W. NIcHo.- 
son. Reprinted from the Public Health Engineer. 
London: Sir Joseph Causton and Sons, Limited. 

Tuis little book is in the nature of an appeal fora 

stricter application of the existing law with regard 

to smoke prevention, written by one who has, at 
least, experience of his subject, being chief smoke 
inspector for the City of Sheffield. 

The end to be attained is without doubt a laud- 
able one, provided it can be reached without un- 
duly hampering the manufacturer—who, as a smoke 
producer, receives scant justice and no mercy at the 
hands of the general public. The manufacturer in 
England already labours under restrictions, as, for 
example, those contained in the Factory Acts, 
which many authorities consider unduly severe, 
and it is a pity to hamper him further, even to 
remedy an admitted evil, without inquiring whether 
the remedy might not have worse consequences than 
the disease. The general development of trade, 
and the erection and working of large factories in 
particular, must necessarily lead to a certain inter- 
ference with private and even with public con- 
venience—perhaps sometimes consequentially with 
health. The interests of the public ultimately coin- 
cide with those of the manufacturer, and anything 
which militates against one will militate, though 
perhaps indirectly, against the other. We are glad 
to see that Mr. Nicholson recognises this to some 
extent, but it is a point of view which is too fre- 
quently lost sight of. 

Granting his premises, Mr. Nicholson’s book is 
on the whole a fair and temperate account of the 
legislation as it at present stands, and its effect. 
He points out that further legislation is less neces- 
sary than a more drastic enforcement and a rather 
wider interpretation of the existing law. 

This is contained in Sections 91 to 108 of the 
Public Health Act of 1875, and a saving clause 
with regard to mines, smelting ores, calcining, 
puddling, and rolling iron and other metals, and 
the conversion of pig iron into wrought iron. 
Mr. Nicholson states on page 9 that ‘it is invari- 
ably taken for granted that the trades mentioned 
in the section are outside the jurisdiction of this 
Act.” 

This hardly seems to be the case, as a reference 
to the cases of Norris v. Barnes (7 L.R , Q.B., 537), 
in. re Corporation of. Dudley (8 Q.B.D., 86), and 
Patterson v. Chamber Colliery Company (8 T.L.R., 
278) will show. In the last case it was held 
that these trades were not exempted unless 
the efficient working of the trade was _ inter- 
fered with ; and if a nuisance can be prevented 
without such interference, the person responsible 
may be convicted under the Act.- So Mr. Nichol- 
son’s contention to this effect is by no means so 
unsupported by authority as he seems to think. 

Also, of course, the section does not relieve any 
person responsible from liability for a public 
nuisance in a suit by the Attorney-General, nor from 
the ordinary common law liability to a person 
whose property is affected by the nuisance. It 





| should be noticed also that in London, under the 
| Public Health (London) Act, 1891, the police can 
report any chimney issuing an excessive amount of 
black smoke. This includes private chimneys, 
which are excluded from the general Act. It seems 
a pity that this provision should not be made 
general, since private chimneys are undoubtedly 
responsible for a large share of the smoke 
nuisance, 

Mr. Nicholson has in Chapter IT. a long list of 
prosecutions and convictions, which is interest- 
ing, though written from a rather partisan point 
of view, as was to be expected. In Chapter III. 
the great improvement recorded for Sheffield is 
satisfactory, and speaks well for the corporation, 
and, if we may say so, for the manufacturers also. 

Chapters V. and VI. deal with shades of smoke, 
scales of measurement, and inspection; , and 
Chapter VII., with the rather ambitious heading, 
‘*Smoke Question Solved,” contains Mr. Nichol- 
son’s suggestions for the amelioration of the 
evil. The principal one is that the work should be 
taken out of the hands of the local authority and 
given into those of » new Government department. 
This is a rather siartling project, which is hardly 
likely, we think, to meet with very general ap- 
ag A more feasible suggestion is contained in 

r. Nicholson’s appeal to the present authorities 
| to enforce their regulations strictly and to appoint 
efficient and trustworthy inspectors. But we 
doubt if even the annihilation of the smoke fiend is 
| all that is required to bring health, prosperity, and 
| happiness to the. working-men of England, as the 
| author suggests. 
| The book would be improved as literature if its 
| author did not make use of the royal and editorial 
‘* we,” and if he refrained from italicising so large 
a number of unimportant words. He should also 
avoid the use of the phrase ‘‘ and which.” Criti- 
cism of the literary style of a book of this sort may 
seem out of place, but ignorance of it has led the 
author to write a paragraph on page 32 which is 
almost incomprehensible, and these things may 
well induce an impatient reader to pay less attention 
to the matter of the book than it deserves. 
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MESSRS. W. T. GLOVER AND CO.’S 
CABLE WORKS, MANCHESTER. 

Tue manufacture of conductors of various 
descriptions for electric lighting and power pur- 
poses is, naturally, quite a modern industry, but is 
one which has extended very largely within 
the last few years, not only in regard to the 
volume of business done, but also in respect to 
the improvement and development of various de- 
scriptions of electric wires and cables. 

One of the earliest firms to take part in this 
|industry was Messrs. W. T. Glover and Co., 
| Limited, who have, within comparatively recent 
‘times, established extensive works at Trafford 
| Park, near Manchester. These works we now 
| propose to describe. 
| _ The firm was established in 1868 by Mr. W. T. 
/Glover, at some small premises in Bridgewater- 
| street, Salford; he afterwards removed to larger 
| works at Springfield-lane, Salford. Mr. Edmunds 
| was taken into partnership in 1886, and on Mr. 
| Glover’s death in 1893 the firm was carried on by 
Mr. Edmunds, who took into partnership Mr. 
‘Samuelson. In 1897 it was turned into a limited 
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company. After that date the company made such 
rapid strides that it was soon found necessary to 
remove to larger works, and the present establish- 
ment at Trafford Park, which occupies an area of 
21,760 square yards, was founded. In our present 
issue, on our two-page plate and the present page, 
we give some illustrations of Messrs. Glover’s 
works, showing the various departments in which 
the cables are produced. We recently had, through 
the courtesy of the proprietors, an opportunity of 
going through these works, and witnessing the 
various operations followed in the production of 
electrical conductors of various kinds manufac- 
tured by the firm. These may be divided into 
several classes, the chief of which are illustrated 
in Figs. 1 to 11 on page 3. The particulars 
given with the illustrations are sufficient to indicate 
the construction and uses of the several types of 
cable. It will be noticed that each is shown with a 
cross-section attached, the insulation being indicated 
by the part in solid black. In the other views, the 
various layers of which the whole structure is com- 
posed are stripped off, from the core to the outside 
covering, in steps; the construction being thus 
very well shown. We shall again refer to these 
illustrations occasionally as our description proceeds. 

During the last few years this firm has carried 
out some large contracts for cables, the chief among 
those undertaken being the cables for the Man- 
chester (Fig. 8), Salford, Sheffield (Fig. 9), Glasgow 
(Fig. 7), and Edinburgh corporations ; they also 
supplied the cable for the electrification of the 
Lancashire and Yorkshire Railway between Liver- 
pool and Southport (Fig. 8)—an undertaking 
which is likely to prove so notable an example 
in the history of railway engineering. The above 
contracts collectively amount, we are informed, to 
about three-quarters of a million sterling, and 
represent some of the largest contracts for cables 
ever placed. 

In making a tour through the works, we started 
at the store-room, where the raw material is brought 
in, and whence it is delivered to the various sections 
of the works. The firm make not only cables of 
the heaviest character, but also lighter conductors 
for internal wiring, and it will be convenient to deal 
with these first. These are covered with rubber, 
the rubber-covering department occupying a long 
gallery on one side of the works. This is shown in 
Fig. 12 on our two-page plate. All cables which 
are covered with rubber must be of tinned wires, as 
the copper and the rubber act injuriously upon each 
other. In order that the tin may not be scraped off 
the wire during the operations, all places on the 
machines where the wires pass are bushed with 
wood or raw hide. The rubber covering is put on in 
strips, which have been cut from the sheet, the cover- 
ing operations being carried on by special machines, 
one of which is shown on the left of Fig. 12; 
another form of machine, with wooden standards, 
being that shown on the right of the engraving. 
A layer of pure rubber is first put on the wire, so as 
to keep the sulphur in the vulcanized rubber from 
the tinning. After this, two strips of rubber, pre- 
pared so that they will vulcanize when treated in 
the vulcanizing department, are laid on. These 
strips are wound on from bobbins, one of which is 
shown in the machine on the left of Fig. 12. 
Another mode of covering small wires is to run three 
or four, or more, side by side through the machine. 
A flat tape of rubber is put above and another below 
them, the whole being pressed on whilst being run 
through by suitable mechanism. This gives a 
double tape of rubber with the wires between. 
The rolls are so formed that they almost sever the 
rubber between the wires, and, through this action, 
the edges, thus formed, are firmly united together, 
it being a property of two freshly-cut surfaces of 
rubber to at once adhere to each other. The wires 
with their rubber covering are afterwards com- 
pletely separated in various ways, such as_ by 
running each alternate wire under and over a roller, 
or by placing a strip of steel between the two wires, 
thus effectually parting the very thin part of the 
rubber which the rolls had left. There are many 
special and interesting devices attached to these 
machines, but they would take too much space to 
explain in detail. The arrangements for keeping 
the proper tension, both on the wire and on the 
covering throughout the operations, are very inge- 
nious. 

Another description of taping machine is vertical 
in arrangement. There is a hollow spindle through 
which the wire passes; this spindle has a slot in it, 
and, as it revolves, the tape is wound on to the 
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wire through the slot, the tape reel being placed on 
the spindle ; the wire, of course, does not revolve. 

We next pass to the department in which the 
vulcanizing chambers are placed. The largest of 
these is 5 ft. 6 in. in diameter. Not much need be 
said about the vulcanizing process, which is that 
ordinarily followed. The two outer layers of treated 
rubber on a conductor are vulcanized together in 
these chambers, and thusform acontinuous envelope. 
The inner covering of pure rubber, of course, does 
not vulcanize. 

The long gallery devoted to the braiding depart- 
ment is an interesting, if extremely noisy, section 
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of the works. A corner of this is shown in Fig. 15. 
For the covering of flexible wires, either wool, 
cotton, or silk is used. The filaments are wound 
on bobbins, which are mounted vertically in a frame, 
as shown. The frame revolves, the bobbins being 
guided in grooves in the plate in the lower part of 
the machine. Alternate bobbins go round in oppo- 
site directions, and they are so guided that they 
pass each other, in and out, exactly in the manner 
of dancers in what is known as the “ grand chain.” 
As the wire to be covered passes through the centre 
of the machine, the threads are braided on. by the 
operation. Some cables, after being braided, are 
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run through a tank of ozokerite in order to preserve 
the cotton. The ozokerite may be stained to any 
colour, so as to distinguish the cables. In other 
cases, again, the cables are served with a pitch 
compound, or with Stockholm tar ; shellac varnish 
and paraftin wax are also used, but ozckerite is the 
chief material. 

Into the heavy cable department the wire is 
brought in coils, and, after winding on to bobbins, 
js placed in the cabling machines. As the wire is 
wound on to the bobbin, it is automatically counted 
for length ; whilst each cable-making machine also 
measures the wire as it is used in building up the 
cable, so that there isa double check. It may be 
mentioned that each length of cable, as it is made, 
is stamped, so that it cannot be cut. Naturally, it 
would be aserious matter if a cable were in any way 
shortened, and, when required to be laid, were 
found to be not long enough for the purpose. 

There are several cabling machines, as shown in 
Figs. 14 and 15 on our two-page plate. The largest 


cabling machine in the works has four carriages, | 


and is an electrical ‘‘strander” capable of laying 
61 wires. Each carriage has mounted on it the 
bobbins which carry the wire. These are clearly 
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shown in our illustrations. The carriage revolves 


round its axis; the wires passing through a| 


die are twisted into strands. The first carriage 
has six bobbins, thus making a layer of six 
wires. These wires are wound on a central 


straight wire for a core, there being seven wires | 


therefore in all. . These seven wires pass through 
the centre of the next carriage, which carries 12 
bobbins, the wires from these: bobbins being wound 


round the seyen wires, thus making, so far, a| 


19-wire cable, There is next a carriage having 
18 wires, and this puts on another layer of twisted 
wires round the 19 already existing, thus making 
37 inall. Finally, there is a 24-bobbin carriage, 
the wires from each bobbin being twisted round 
those already made. There are many details 
tiat have to be observed in laying these various 
wires together in the four layers which surround 
the straight central wire. The bobbins are kept 
from unwinding too fast by a brake arrangement, 
so that the proper tension is given to each. 


Naturally, the bobbins are hung in the frame so! 


that they will not turn over as the carriage re- 
volves ; otherwise, a twist would be given to the 
wire, and although this twist to each strand is 


desirable in a fibrous rope, it would be detrimental | 


t» one made of metal. . 
Change-wheels are also provided to give the 

required lay of the rope. This four-carriage 

machine is driven by a 50-horse-power Royce 


electric motor, and is the largest of its kind in the | 


works ; although there is a single-carriage machine 


(Fig. 15) in which the carriage is larger than any | 


One carriage in the four-carriage machine. The 
latter when fully loaded has no less than 9 tons of 
copper upon it, whilst the single-carriage machine 
carries about 6 tons. 

It may be added that the cable as it comes overis 
weighed on a weighbridge attached to the machine, 
there being an ingenious automatic register for 
giving the amount of cable passed over it. 


The cable thus produced is next taken to another 
department, where it is covered with impregnated 
par «, in order to insulate it. One of the papering 
mé-uines is shown in Fig. 16 on our two-page 
plate. This has a carriage somewhat similar 
in general design to the cabling machine. The 
strips of paper are mounted in a frame, on flat 
reels as shown; and as the: head revolves, the 
paper is wrapped round in as many layers as 
may be necessary. In the case of multi-core 
cables, the last paper put on is coloured, so as 
to give a distinctive character to the cable ; this 
is useful in jointing. The cables so far formed are 
then ‘“‘laid-up” or twisted together in another 
machine, and again covered with insulating paper. 
|F or the purpose of compactness, and for the pro- 
duction of a round cable, the two conductors in a 
twin cable are made semicircular in section, as shown 
in Fig. 6, page 3, so that they may be close together ; 
whilst when three or four conductors are combined, 
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the section is triangular, as shown in Figs. 8 and 9. 
| It will be seen by the sections that by thus altering 
| the form of the cables an excess of packing, such as 
/ would be needed to make up the round cable with 
!the ordinary rounded section, is done away with. 
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|The paper strips are cut off from the sheets ‘by 
a special machine. The sheets are in long rolls, 
and these rolls are mounted as in a lathe, a circular 
cutter being brought to bear onthem. The paper 
itself is of special manufacture ; but on this subject 
we shall have more to say later. It is treated by 
a process which makes it into a perfect insulator, 
and at the same time renders it non-hygroscopic. 
One of the most interesting sections of the works 
is the department in which the cables are covered 
with the coatings of lead. The presses for this 
operation are of a powerful nature, and are worked 
hydraulically. Our illustration, Fig. 18 on page 6, 
|shows a part of the lead-covering department, 
with two of the presses in operation. These 
presses each consist of a container, which is 
first charged with molten lead, that is afterwards 
allowed to solidify. This container is bolted 
on to the top of that part of the machine which 
is known as the core-box. The cable passes 
through a hollow steel core, which has its point or 
nose brought up to the level of a circular die, the 
latter being sutticiently large to allow of the re- 
quired thickness of lead with which the cable is to be 
covered. After the metal has solidified, hydraulic 
‘pressure is brought to bear upon it bya steel ram, 


which forces the metal out between the nose of the 
core and the inside of the circular die. The 
process is similar to that by which lead pipe 
is now made, except that in the place of the solid 
mandrel which forms the hollow of the pipe, the 
mandrel in these machines is hollow, to allow of the 
eable passing through it. The core and die are, 
however, so designed that, whatever pressure is 
brought to bear on the lead, none whatever is 
exerted upon the cable itself, as, if subjected to 
pressure, the cable would be damaged and rendered 
useless. It may be stated by the way that the 
company has also recently commenced manufac- 
turing lead pipe, and it is possible from one press to 
produce at the same time lead pipe from the top 
and covered cable at the bottom. 

The testing department is shown in Fig. 17, the 
high-tension platform being in the background. 
Fig. 20, annexed, gives a plan showing the arrange- 
ments. For testing cable, the coils, wound on drums, 
are placed in tanks and kept for 24 hours under 
water. In spite of the great pressure put on the 
lead in the press, there is always the possibility of 
small pin-holes remaining. In order to discover 
if such a defect exists, the cables have a current 
passed through them, when any leakage is at once 
detected, as the damp from the water would affect 
the records shown by the instruments. 

An improved and patented method of testing 


cable has been introduced at these works, and is 


the invention of Mr. Claremont, the managing 
director. An illustration of the apparatus is given 
in Fig. 19 on page 6. It consists of a large hydraulic 
testing-tank, 8 ft. in diameter, into which the cables 
are placed. A pressure of 100 lb. to the square 
inch is raised in the tank, and the cable then has a 
heavy current passed through it. In the event of 
any small defect, such as a pin-hole, being dis- 
covered, the cable is taken out, and the lead sheath- 
ing is burnt up with an oxy-hydrogen flame, by the 
method well-known to sulphuric-acid makers as 
autogenous soldering. No separate soldering mate- 
rial is used, as it would be liable to give way in 
time. The sheathing of pure lead is therefore 
preserved intact, as is always the case with élec- 
trical cables when properly made. This tank-test 
under pressure is of a very severe nature, and 
renders the possibility of any defective cable being 
passed a negligible quantity. For certain work it 
is necessary that the cables should be armoured 
with steel tapes (see Figs. 10 and 11, page 3) or 
with galvanised steel wires, as in Fig. 8. The 
wire-armouring machine resembles in general cha- 
racter the wire-rope cabling machine. 

When cables have to be buried in the ground— 
that is to say, when they are not drawn into con- 
duits, nor laid on any protected system, such as 
in troughs filled with bitumen—they are armoured 
with these steel tapes or with galvanised steel 
wires, the metal being protected from the corrosive 
influence of the various soils with which they come 
in contact by laps of jute yarn served with bitu- 
minous compound. Steel tapes are applied so 
that the second tape covers the space between the 
laps of the first. In the case of wire-armouring, 
the wires are made to close-sheath the cable. 
There may also be a layer of wire applied direct 
to the lead covering of extra-high-tension cables 
|—that-is to say, cables working at higher pres- 
‘sures than 3900 volts—to form what is known 
as the Board of Trade earth shield. The wire is 
applied, not only as a mechanical protection to the 
cable, but also as an electrical safeguard, so that in 
case of a breakdown on an extra-high-tension 
cable, the surrounding earth does not become 
charged, as the lead and galvanised steel wires 
together form an efficient path for the leakage 
current. It will be seen, therefore, that the layer of 
steel wires increases the conductivity of the external 
metallic coverings of the cable. Such cables are 
usually laid in wood or iron troughings, filled in 
with bitumen, and having iron lids screwed on to 
them. They thus receive both mechanical and 
chemical protection. 

One of the largest single cables made at these 
works had a conductor having a sectional area of 
1.5 square inch. There were 127 copper wires, and 
over these there was the paper insulation ; the lead 
covering came. next, then a covering of jute and 
compound, after which the steel tape was laid on ; 
then there was another covering of jute, and 
finally, the armouring of galvanised steel rods, 
;°s in. in diameter ; the whole cable being 34 in. in 
diameter when finished. 





Leadless cable is made in a separate building, 
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and here the conductor is covered with a composi-| shown to us which had been hung several weeks in 


tion which has very much the appearance of marine|a }-in.-wide raw-hide cable suspender. 


A 30-lb. 


glue; the manufacture of this is a secret process. | weight was attached, the temperature being 70 deg. 
The material is quite plastic and extremely tough, | Fahr. There was no trace of the compound being 
and one would judge it to be something between | squeezed by the cable-holder. 


india-rubber and pitch. This substance is worked | 
| have paper inside, next to the conductor, and the 


up between rolls, and is put round the conductor 
in a machine with a core and die, the principle of 


action being similar to that of the lead press, | insulation. 
No| best materials must be used for making the 


to which reference has already been made. 
heat, however, is used in putting this covering on, 


and no hydraulic pressure is needed. The material | 


is fed in through rollers which force it through the 
die on the cable, and thus take the place of the 
hydraulic press in the lead process. The cable is 
then taped and finished in any way desirable for the 
purpose for which it is intended. This leadless 
cable is used for positions in which it might be 
thought that a metallic covering, such as lead, 
would be undesirable on account of it acting as a 
conductor for any escaping current. 

Messrs. Glover also make a fireproof cable, in 
which the conductor is usually insulated with 
pure and vulcanized rubber in the ordinary way. 
[t is then taped and braided with tanned jute, 
cotton, or other yarn that has been impregnated with 
a fireproof solution prior to the braiding operation. 
During the braiding process the cable is served with 
a fireproof compound, so that a coating is formed, 
both uuder and over the braid. As many braids or 
tapes are put on as may be considered necessary for 
the size of cable and the class of work for which it 
will be used. In case of damage in use, such as 
would cause a breakdown and consequent arcing, 
the flame would not be maintained, nor would it 
spread along the cable ; and it is equally impossible 
for an external flame to ignite the covering. This 
is a very important matter for such work as that of 
colliery or underground railway systems. A con- 
siderable amount of cable has already been made on 
this system. During our visit we were shown a 
length of cable, insulated with rubber in the ordi- 
nary way, braided twice with asbestos, and twice 
over all with the tanned jute fireproof coverings. 
This was subjected, in our presence, to a flame of a 
powerful Argand-Bunsen burner for sixteen minutes. 
The only effect was the superficial disintegration of 
the outside braid, no ignition being effected. The 
ordinary finish of an electric-light cable is by no 
means non-flammable, and if once ignited, the 
ozokerite serving will burn easily, especially in a 
vertical position. For the purpose of protection to 
existing conductors, made in the ordinary way 
without fireproof coverings, Messrs. Glover supply 
a fireproof tape which, while not being so efficient 
as the fireproof coverings above referred to, will 
temporarily resist the ignition of a cable by an 
outside flame, and will also prevent the spreading 
of a flame caused by an are consequent on the break- 
down of a conductor. Many tests have been made 
to demonstrate the behaviour of these fireproof 
coverings under ordinary working conditions, such 
as would be obtained in, say, electric railway work, 
and it has been found that, even with such an arc 
as is obtained by damaging a cable carrying 700 to 
800 amperes at 500 to 600 volts, or by severing a cable 
and allowing the arc to continue for several minutes, 
the fireproof coverings are not ignited, and com- 
paratively little smoke is caused. The makers 
claim that in these cables the high insulating 
qualities of the rubber dielectric, combined with the 
etticiency of the fireproof coverings, form an ideal 
combination. Cables covered with strips of plaited 
leather (see Fig. 3, page 3) are also used for mine 
work. This arrangement gives a very flexible con- 
ductor, and, as there is no metallic armouring, even 
if the insulation is injured, the exterior of the cable 
does not become a conductor. 

Other cables are covered with a fireproof material 
of a textile nature. Asbestos is sometimes used, 
but this has the disadvantage of becoming brittle 
after heat has once been applied to it. For braid- 
ing tireproof cables this company prefer to use a 
specially manufactured material, over which a tire- 
proof compound is placed. This they find to be 
stronger than asbestos covering, and equally proof 
against damage by tire. The leadless cable, pre- 
viously described, is, however, considered to com- 
bine the advantages of a rubber covering with those 
of lead coating, it being as flexible as rubber and as 
waterproof as lead. The point to be aimed at in 
making the compound for leadless cables is to get 
the material sufficiently soft to be flexible, but not 
so soft that the conductor will sink into it and 
become non-axial. A length of leadless cable was 





Cables of this description made by Messrs. Glover 


firm claim that this di-electric affords the highest 
To be effective, however, only the 


paper, and great attention is paid to their 
selection. Manila hemp is the material used, and 
this is tested both by chemical analysis and by 
microscopical examination. When seen under the 
microscope, Manila fibre exhibits entirely different 
characteristics from those of other fibres, such as 
cotton or wood; the latter is much used for 
adulterating paper supposed to be made only from 
the best Manila. The fibre of Esparto grass is 
also employed for similar purposes. Paper made 
by chemical processes, such as those used in the 
manufacture of wood-pulp paper, has been found 
to be objectionable, as the chemicals remain in, 
and these impair the insulating property as well 
as destroying the paper itself. We recently 
saw an example of a cable made—not by Messrs. 
Glover, we may remark—in which the insulation 
had been entirely destroyed, and this was attri- 
buted to the chemicals remaining in the wood 
paper. This cable had never been laid, but 
was quite rotten, although it had a double lead 
covering. This duplex sheathing, in which the 
lead is in two layers, also has drawbacks. An 
advantage claimed is, that if there should be 
pin-holes, they would not be likely to coincide, 
and so would not go right through to the con- 
ductor. The two thinner coverings, however, may 
become damaged, especially under the rough usage 
to which cables are sometimes subjected in drawing 
them into conduits. Naturally, under these con- 
ditions, a single covering would afford greater 
strength and protection. At Messrs. Glover's 
works the rule is that lead used for covering 
cables is all tested chemically, the standard of 
purity being 99.8 per cent. It is desirable to 
have a pure lead, because it is more ductile, and is 
also safer from an electrolytic point of view. Im- 
purities lead to corrosion, and therefore to leakage. 
Copper is also tested for conductivity to a standard 
of 102 per cent. All the copper is electrolytic, and 
no trouble is experienced in regard to this substance, 
it being a simple thing to get a satisfactory result, 
supposing sufficient care to be taken in the manu- 
facture. All copper cables, however, as most of 
our readers are doubtless aware, are not satisfactory 
in regard to the quality of metal used. We 
recently saw a sample of foreign cable which was 
found to have only 80 per cent. conductivity. The 
management at these works speak in high terms of 
the value of the chemical laboratory. Since it was 
fully organised, troubles that before were common, 
and were often deemed inexplicable, have dis- 
appeared. 

We have already referred to the testing of the 
cables during the process of manufacture and when 
they are completed, and we will now brietly describe 
the arrangements. For high-tension testing there 


are two generating sets; the first consisting of a 


rotary transformer taking direct current at 500 
volts and converting it to 350 volts alternating, 
whilst the second is a motor alternator taking 500 
volts direct, the alternator giving 350 to 400 volts. 
In Fig. 20, to which reference has already been 
made, is given diagrammatically the arrangement 
of connections for high-tensionw tests. From the 
generating sets cables are taken to the primary 
of a regulating transformer, which regulates the 
voltage on the secondary from zero to the maximum 
of 350 volts. Cables lead from the secondary of 
this regulating transformer, through a double-pole 
change-over switch, to the primaries of the step-up 
transformer. These step-up transformers, of which 
there are two, are immersed in oil, and each steps 
up from 350 volts to 12,000 volts. One transformer 
is subdivided into four sections—namely, two sec- 
tions of 2000 volts each, and two of 4000 volts. 
The two transformers, when connected in series, 
thus give 24,000 volts ; but, by throwing over the 
double-pole change-over switch, a 350 to 1050 volt 
step-up transformer is connected in circuit between 
the regulating transformer and the step-up trans- 
formers, these latter then giving 72,000 volts. 
There are two high-voltage choking or inductance 
coils, for inserting in parallel with the cables. One 
is built without an iron core, and is immersed in 





oil ; the other choker contains an iron core. The 
action of these choking coils is to neutralise, more 
or less, the effect of the capacity current of the 
cable on the transformers. <A _heavily-insulated 
concentric cable runs from the transformers to the 
test bay, and to this the cables for the high-tension 
tests are connected. The tanks, shown in Fig. 17, 
containing the cables under high-tension test are 
boarded round for safety, and indicator boards 
marked ‘‘ danger” are also put round. The action 
of closing the switch in the primary circuit of the 
step-up transformers raises a signal arm marked 
‘*danger” on the platform where the switches 
controlling the equipment are placed. This plat- 
form is shown on the level of the first floor of the 
building, which forms the background in Fig. 17. 

Voltage on the high-tension side is measured by 
means of two Kelvin voltmeters, having ranges 
from 500 to 10,000 volts, and 1000 to 15,000 volts 
respectively. For higher pressures a Kelvin volt- 
balance, having a range of 5000 to 100,000 volts, is 
used. These instruments are mounted on a small 
platform or shelf immediately above the trans- 
formers. Low-tension cables (i.e., those which 
will in their ordinary work have not more than 
500 volts between conductors, and between each 
conductor and lead) are tested with a pressure of 
2500 volts. The highest pressure test to which all 
the cables for a large contract have been subjected 
at these works was 30,000 volts. This pressure was 
put on all the high-tension cables shown in Fig. 8 
for the electrification of the Lancashire and York- 
shire Railway between Liverpool and Southport. 
Separate sample lengths have been subjected to as 
much as 65,000 volts. On the occasion of our visit 
we saw a test of a sample of cable taken from a 
length made for the Manchester Corporation. This 
was successfully tested to 30,000 volts. We are 
informed that samples have recently been cut 
from this cable, and after severe mechanical tests, 
including bending and hammering the lead, have 
been subjected to a pressure of 60,000 volts without 
breakdown. We were shown one of these test 
lengths, which had certainly received very rough 
treatment. A cable recently made by the firm, 
with 120 mils of paper on each core and 120 mils 
over all, was subjected for 24 hours continuously to 
a pressure of 30,000 volts; this pressure it was 
found to withstand satisfactorily, showing no sign 
of having been strained by the long continuous run. 

The testing-room in these works overlooks the 
test-bay, and is well equipped with all the apparatus 
necessary for insulation resistance, capacity, and 
conductivity tests. The insulation resistance and 
capacity-testing keys and switches, together with a 
telephone, are mounted in roll-top desks. The 
batteries are placed on shelves inside the desk, in 
the space usually occupied by drawers, thus making 
a neat and compact arrangement. Separate bat- 
teries are used for each set. 

The reflecting galvanometers are of the D’Arson- 
val moving-coil type, made by Messrs. Nalder Bros. 
They are placed on a small triangular platform, and 
suspended by silk braid from the top of a glass 
case in which the instrument is placed. The case 
stands on a substantial pedestal, which is placed 
6 ft. behind the desk, as shown in Fig. 21. In this 
way the spot of light which is thrown on the scale 
is perfectly steady and free from vibration. The 
semi-transparent scale on which the deflection is 
read off is suspended by two brass pillars placed on 
the top of each testing-desk. From the testing- 
desks two heavily-rubbered insulated wires run to 
a switchboard in the testing-room, and terminate 
in plugs. These plugs are inserted in the socket of 
the test-lead or cable, corresponding to the tank 
containing the cables to be tested. A pair of 
signalling-wires are also run between each testing- 
desk and the small telephone switchboard, and 
also between the latter and the various tanks. The 
man connecting the cables with the test-lead has a 
breast-plate telephone set with a head-gear receiver ; 
this terminates in a plug, which is inserted in the 
socket of the tank containing the cables to be 
tested. This arrangement permits any desk tele- 
phone to be connected with any tank. 

The following method of testing the resistance of 
a cable may be of interest to those not familiar with 
the subject. The shunt being at 1000th, and 
the galvanometer short-circuit key closed, the 
battery key is switched over to the position indi- 
cated in the diagram, Fig. 22. At the same time a 
stop-watch is started ; the charging current due to 
the capacity of the cable then flows through the shunt 
and short-circuit key into the cable. As soon as 
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the first rush of current (which would probably 


damage the galvanometer if the short-circuit. key’ 


were open) is over—and it is only momentary-—the 
short-circuit key is depressed, and the current is 
allowed to flow through the galvanometer. The 
switch is then adjusted to obtain a readable deflec- 
tion on the scale. This deflection steadily decreases 
as the current is kept on, and the deflection is 
noted at the end of a minute from the time of 
switching the battery on to the cable. This is what 
is termed in specifications ‘‘ one minute’s electrifi- 
cation.” This deflection, multiplied by the shunt, 
gives the total deflection for the length of cable 
under test, plus the test-lead. This lead is then 
disconnected from the cables and tested ina similar 
way, and the deflection thus obtained, deducted 
from the result given by the previous test, is the 
net deflection for the cable. The constant for the 
galvanometer is obtained by inserting a known 
resistance in place of the cable, and testing in the 
same way; the constant, divided by the net deflec- 
tion obtained on the cable, gives the insulation 
resistance of the latter. 

There is also a smaller testing-room, which con- 
tains a direct-reading potentiometer and a large 
dial-pattern Wheatstone bridge, also mounted in a 
roll-top desk. The heavy switches, variable and 
standard resistances, are placed on the wall. There 
is also a conductivity bridge, which, in conjunction 
with the potentiometer, is used for measuring the 
resistance of a standard length of wire, the standard 
being one metre. As already stated, the wires and 
cables are tested in various stages of manufacture. 
Lead-covered paper cables, after the usual water 
test, are tested in the plain lead state, and are 
tested after armouring. The separate wires for 
rubber twins and multicore cables are tested in the 
tanks, when the wires are laid up into the cable, 
and again when the cable is tinished. A record is 
kept of every wire and cable which passes through 
the testing department. All cables, also, are care- 
fully gauged, and a record of the diameter of the 
wire, strand, thickness of dielectric, and thickness 
of lead on every cable, is also kept. 

With this description of the testing department 
we must bring our description of these well-ordered 
works to a conclusion ; and it only remains for us 
to thank the management for their courtesy in 
giving us facilities for placing so much interesting 
information before our readers. 








MACHINES AND TOOLS EMPLOYED 
FOR DIE-CUTTING.—No I. 
By JoserH Horner. 


PRACTICALLY nearly all the common machine- 
tools used by engineers are pressed into the service 
of cutting dies. Comparatively few shops are 
equipped with machines specially designed for this 
work, notwithstanding the fact that such machines 
are not of recent growth. Their employment has, 
however, been limited chiefly to shops that make a 
speciality of die-forging. Between these the common 
machine-tools, and various adjuncts and adapta- 
tions of the latter to the work of die-cutting, take 
their place in the generality of shops. The fitting 
of these, which is a transition or evolution stage, 
has its analogies in other departments, notably in 
gear-cutting, grinding, and milling, in each of which 
the first stages took the form of adaptations of, and 
adjuncts to, the lathe. 

The work of die-cutting may be conveniently di- 
vided into that involving regular and irregular out- 
lines. The first-named are relatively easy, the 
latter are troublesome, and often demand very 
skilful hand-work ; but in some instances of this 
kind the employment of a former plate or die is 
practicable, though its cost would often exceed that 
of hand-cutting. Its value, however, lies chiefly 
in the multiplication of similar dies, which are re 
quired in small-arms and cycle factories, &. A 
feature, too, which often complicates the work of 
die-cutting is the fact that taper has to be given to 
edges for delivery. 

A good deal of plain sinking is done in the lathe, 
holding the work in the jaw-chuck if of circular 
form, or on the face-plate with loose dogs or clips 
if it is elliptical or oblong, or of other shape. 
The taper of the sides of the recess can be 
given by setting the tool-holder of the slide-rest to 
the angle required. In this work the single-edged 
tool must be employed. 

The drilling machine comes in usefully when 
holes have to be made for roughing out spaces 





of various shapes preliminary to finishing by hand. 
It is also useful in making parallel holes of circular 
section in the plane of the joints of dies, as, say, 
for the round stems of valve rods, levers, eye-bolts, 
&c. The dies are then clamped together and 
bolted to the vertical face of an angle-plate which is 
attached to the table of the machine, thus insuring 
that the hole shall be parallel with the joint face, 
and that its centre shall coincide exactly with the 
joint. A man working at the lathe can use the 
drill for the same purpose by fastening an angle- 
plate to the face-plate, bolting the dies to the 
angle-plate, and feeding the drill with the slide- 
rest. 

A slot-drilling machine is most useful in the 
work of die-cutting. It affords an alternative 
to drilling, planing, slotting, and milling, be- 
cause the cross-sections of recesses that run in 
straight lines can be varied by the forms of the 
cutters used, ranging between rectangular and 
semicircular sections. The entire width and depth 
of a groove can be cut with a rotating tool of the 
same section as the finished recess. Or if the width 
is considerable, each edge would be tooled sepa- 
rately, and the bottoin also separately. The taper 
of the sides can often have its counterpart in the 
edges of the tool, in the absence of a tilting-table 
or angular adjustment to the tool-spindle. Tools 
of the common slot drill type with two lips can be 
used, and also milling cutters. Or roughing out 
can be done with the first and finishing with the 
second. In this respect there is a very close 
analogy between keyseating as done on the slot 
drill, and die-cutting performed on the same ma- 
chine-tool. 

Another machine that is used extensively for die- 
cutting is the common slotting machine. Here 
the parallel between key-grooving and some details 
of die-sinking is very close, and especially in the 
tilting of the table to provide either for cutting 
key-seats or the edges of dies to angles of a few 
degrees for delivery, usually from three to five 
degrees. Besides this, the circular table of the 
slotting machine permits of the cutting of edges of 
regular curves with precision as absolute as that 
done in a lathe, and with the great additional ad- 
vantage of being able to cut ares of circles only, long 
or short, and in a large range of radii. The move- 
ments of the compound tables, by permitting of 
exact and fine adjustments, further render the slot- 
ting machine a very valuable aid to the die-sinker. 
Slotting is so valuable a method that several miil- 
ing machines have a slotting mechanism attached 
to them for the purpose of die-cutting. 

The shaping machine has a limited value in die- 
cutting, because it is suitable for planing straight 
sections, such as the flat recesses for the webs of 
levers. The cut can be taken from an open end to 
a bossed portion, or the other way about ; or into a 
dead end of a narrow space, which is first drilled 
and chipped or milled out. The taper of the sides 
can be imparted by canting the tool-holder. For 
planing up the joint faces of dies the shaper is very 
useful, and is quicker in operation than the planing 
machine for this purpose. Where a number of die- 
blocks of similar thickness can be tooled off at 
once, the planing machine is more suitable and 
economical. 

On the whole, the most useful of all machines for 
die-cutting is the milling machine, being either an 
ordinary machine belt driven, or built on special 
types. The reasons why these machines are of such 
great value is because the cutters can be made to 
almost any profiled form that is ever required in 
dies, and they will cut on a bottom face for depth- 
ing, which a slotting tool will not do. A vast deal 
is, of course, done with common face and edge 
mills, but those of semicircular section and others 
variously shaped are easily made and used. 

Alternative to the methods of cutting irregular 
outlines by the aid of templets, working from the 
joint faces of dies, is that of using a former or guide- 
piece, and adapting or making special milling cutters 
to be controlled in their movements by the edge. 
The form may be filed from a sectional drawing of 
the dies to be cut, making allowances for the dif- 
ference corresponding with the semi-diameter of the 
stem of the tool. In some cases the middle portion of 
a die only would be obtained in this way, leaving the 
rest to be chipped, filed, and scraped ; but even that 
would be of great assistance, avoiding much tenta- 
tive work. In other cases complete former dies are 
used, from which dies of identical shape are cut. 
Work of this kind can be most conveniently done 
on a regular profiling machine, or on a milling or 





special die-sinking machine fitted with a profilin 
attachment. 

Though some of the operations of die-cutting can 
be done on the lathe and drilling machine, yet 
their limitations are apparent, since they are both 
unsuitable for profiling, and the lathe possessey 
only the circular motion without compound slide 
movement, while the drilling machine is destitute 
of a circular table. To render a machine fully 
complete for die-sinking, therefore, it requires a 
rotary table, carried by slides at right angles, a re- 
volving spindle with endlong motion, or an equiva- 
lent vertical motion of the table, a profiling pin, 
and fine micrometer measurements to the slides. 
It is also essential that provision shall be made for 
setting the work, or the spindle, at angles other 
than a right angle. 

Many machines designed for die-sinking are 
modified slotting machines. One of these, shown in 
Fig. 1, page 10, is by the Garvin Machine Company, 
represented by C. W. Burton, Griffiths, and Co. 
Though this is for slotting solely, such a machine 
fills a large place in die-cutting, and the design 
covers the requirements of many shops. And even 
if it does not do so entirely, there is sometimes 
work enough to keep several such machines fully 
employed, the fulfilment of which condition is sutt- 
cient to insure their appreciation. Such machines 
may, when necessary, be supplemented by others 
in which rotary cutters are employed, and these 
may be either ordinary milling machines, or others 
built after that type, but specially adapted for die- 
cutting. The Garvin slotter shown has a stroke of 
3 in., and the slide is adjustable for angles up to 
five degrees eithe: way, so that taper slotting may 
be done, graduations being provided to read off 
the exact degree. The cross motions of the slides 
are supplemented by the circular movement of the 
table, driven by the handle, which may be thrown 
out of engagement if necessary, and the table 
rapidly turned by the hands. Index slots and a 
locking-pin are fitted to the table, so that it may 
be locked in certain positions to produce geometrical 
shapes. 

Intermediate between the true slotting and the 
milling machines we have machines which com- 
bine the two designs. These are not numerous ; 
and the principal examples which oceur are those 
in which a slotting-arm is attached to a milling 
machine, of which some examples are here given. 
But what distinguishes these attachments and the 
die-slotting machine in Fig. 1 from common slotters 
is the capacity which is embodied in the ram of 
being set,to a small angle, sufficient for imparting 
the necessary taper or draft to right and left of 
the perpendicular. This is alternative to the tilt- 
ing of the table of the common slotting machine. 

Another but minor difference in these machines 
and the common slotters is that the stroke is 
always short, 3 in. being an average, while in some 
types it is even less. 

Milling machines of the pillar-and-knee type 
have their utilities enhanced when, besides a 
vertical milling spindle, a vertical shaping-arm is 
added. The fixture is clamped on the overhang- 
ing arm, and the tool is driven by an eccentric or 
a crank or cam. One of these, which is illustrated 
in Figs. 2 and 3, page 10, is by the Rochester Die- 
Shaper Company, of Rochester, N.Y. 

The principal advantage of fitting a vertical 
shaping or slotting attachment to a milling machine 
of the pillar-and-knee type is, that all the move- 
ments and feeds of the tables are available for the 
adjustment and feeds of the work of slotting. 

In Figs. 2 and 3 the casting A is bolted to the 
overhanging arm, turned round for the purpose. It 
receives a spindle B, that is prolonged and driven 
by a tapered shank on its prolonged end (not 
shown) from the main spindle of the machine, in 
similar fashion to cutter spindles. The spindle is 
supported in two bearings, between which it carries 
an eccentric C, which operates a block sliding hori- 
zontally in punching machine fashion. This moves 
ina slot cut across the vertical slide D, which 
carries the cutting-tool. In this case a vertical 
stroke of 12 in. is obtained. The tool socket E is 
distinct from the vertical slide, to permit. of its 
being turned round to allow the tool to enter into 
all corners. It is clamped by the handle F. The 
tool is of }-in. round steel, held in the socket with 
a set-screw. 

The work is held on a tilting-chuck (Figs. 4 to 6) 
to provide for cutting the taper on the edges of the 
die, as the slotting attachment in this example does 
not angle for this purpose. It comprises two por- 
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MACHINES FOR CUTTING FORGING DIES. 
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Fig. 1. 


tions, fitting by diagonal faces A, and the turning of | to a piece B that is attached to the vee’d slide on| of Tolland, Conn. 
The driving is| and drilling machine for die-sinking and tool-room 


these on one another gives variations in the direc- 
tion in which the taper is imparted, so that all the 
sides of a job can be tilted in turn for slotting 
without unclamping the work. A locking-pin fits 
into either of the recesses a, and a tommy bar fits 
in the holes a’ for turning the parts into the re- 
quired position. A clamping-screw B with a taper 
end secures the parts together. The spherical 
head 6 on the central post. allows the chuck to 
accommodate itself for angles. A chuck witha cir- 
cular feed is also supplied when required for cir- 
cular cutting. 

The Brown and Sharpe slotting attachment is 
shown in Figs. 7 and 8, page 11. Here, instead of 
using a tilttmg chuck, the tool-slide is set to an 
angle which can be varied up to 10 deg. on each 
side of the vertical. 

The main framing A is clamped on the over- 
hanging arm, and, being set for angles, is clamped | 

































































the front of the machine column. 
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Primarily it is a light milling 


through a tapered shank (not shown) that fits into | use, the slotting attachment shown being an ad- 


the spindle nose. 


at its outer end, in which a crank-pin can be ad- | 


justed to suit different lengths of stroke. 


Thence | 


a connecting-rod D moves the slide E which gives | 


motion to the tool. The tool is of circular section, 


with a groove which fits with a key into the holder | 


A, so that it is retained in the same position 
always. The tool is inserted in the hole, and the 
slewing piece b, which turns on the pin, is brought 
over its end, so that the thrust of the slotting is 
taken solidly. The piece bis locked in place by 
the spring plunger, which has its pointed end 
entering a countersink in the swivel-pin. The 
wear of the main slide is taken up by the tapered 
gib-strip F. 

Figs. 9 and 10 illustrate the slotting arrange- 


It carries a slotted crank-dise C | junct. 


In Figs. 9 and 10 A is the spindle with which 
milling and drilling are done. From this the slot- 
ting-ram B is driven through the worm C and its 
wheel D, thus giving reduced speeds for the slot- 
ting-bar. The worm C is a four-threaded one. 
The wheel D has 44 teeth, so that eleven revolu- 
tions of the spindle rotate the wheel once, impart- 
ing one cutting and one return stroke to the slottere 
The spindle is speeded at 300, 600, and 1200 revo- 


| lutions per minute, giving 27, 55, and 109 strokes 


per minute in round numbers to the ram. The 
tool-holder is pivoted on a pin, and is provided 
with a spring which allows it to release the press 
sure on the return stroke. The taper bearing of 
the milling-spindle A may be noticed. It is carried 


ment of a combination machine by R. M. Clough, | in a sliding-head which moves on the face of the 











Jan. 1, 1904. ] 


ENGINEERING. 


It 








MACHINES FOR CUTTING FORGING DIES. 








a ——__— 
t, 
. i! a “ee. 
vad 2a . 























—e 



































Vdd 








SSS 





SS 


<2 









770} 









































“Grint ) 


frame, in the fashion of many machines. 
spindle is racked up or down with enclosed rack | 
and pinion, operated by the handle shown on the | 
right. The outer bearing is split, and provided 
with screws to take up the slack of the sliding sleeve 
which carries the rack. The table of the machine 
(not shown) is of compound type with micrometric 
readings to ; ggpth of an inch to the screws. 








SHIPBUILDING AND MARINE 
ENGINEERING, 1903. ; 

Our analysis of the returns received from over two 
hundred shipbuilding firms throughout the United 
Kingdom shows that the tonnage of new shipping 
completed during the past year is 238,000 tons less | 
than in the previous year, a reduction equal to over | 
144 per cent. But this decrease, large as it is, would 
have been greater were it not for the fact that there | 
has been considerable activity in warship building | 
throughout the year. Taking only the merchant | 
ships launched, we have a decrease of nearly 20 per | 
cent. The falling-off has been mostly in the moderate- | 
sized, ordinary tramp steamer, which has been partly 
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The | for the further development of this type, which formerly 


was associated almost exclusively with the North 
Atlantic trade. Now, however, there has been an 
extension of the system to other branches of maritime 
service—notably, South Africa, India, Oceania, and 
the Far East. The ships for these services, however, 
have not yet reached, and are not likely to attain, the 
enormous size of the New York liners. In private 
yards there have been built during the past three years 
74 vessels whose tonnage exceeded 8000 tons, and the 
merchant register alone now includes 30 vessels of 
over 12,000 tons, all of them built within the last few 
years. Indeed, those great ships are said to be 
largely responsible for the present decrease in the 
building trade, since, in several trades, one of the mew 


| large ships is able todo the work of two or three of the 


liners of ten years ago, and the rate of increase in size 
is disproportionate to the natural growth of trade. 
Another feature which has helped to modify ad- 
verse trade conditions is the reconstruction, which has 
been in progress for five or six years, of the fishing 
fleet. Less than ten years ago the steam trawler 
was the exception, now it is almost universal, and 
steam drifters have further taken the place of the 
During the past twelve months there has 


superseded by the great cargo-carriers, with speeds of | again been a very large contribution to the British 


from 14 to 16 knots. The year, indeed, has been notable | fishing fleet. 


The adoption of steam has not only 





| 





increased the size of the vessels, and therefore 
reduced the risks, but must have greatly cheapened 
the cost of fish ; so that here we have one more direct 
benefit from the adoption of steam. The fishing craft 
launched during the year numbered between 400 and 
500, and ranged from the typical steam trawler of 200 
to 250 tons downwards. This, indeed, accounts for the 
very large number of 732 vessels of less than 500 tons 
built during the past year ; but amongst these also are 
the tugs, barges, &c., which represent the servitors of 
the maritime industry, as well as the steam launches 
and yachts, which typify the luxuries. 

There are 1128 vessels included in our list of ships 
launched, and although this number is 235 less than 
in the preceding year, and 113 less than in 1901, it 
nevertheless embraces every type of floating craft, 
although this year there are fewer racing yachts, or 
steam craft for cruising. Of the former, Mr. P. M. 
Inglis’s Orthonia, of 366 tons, is about the only 
notable exception. The total tonnage of all the 
ships launched in private yards is 1,375,729; adding 
to this the displacement of vessels launched in the 
dockyards, we have an aggregate of 1,404,019 tons ; 
wedi, as we have said, is 238,000 tons, or 144 per 
cent., less than in the previous year. When com- 
parison is made with the total of 1901, which was un- 
precedented, the decrease is 406,000 tons—equal to 224 
per cent. The diagram reproduced on the next page, 
recording the production of the United Kingdom, ex- 
cluding warships built in the Royal dockyards; shows 
that we are still far above the recent minimum of 


“11,100,000 tons recorded for 1897. This diagram may 


also bring some comfort to those engaged in the 
industry, because a straight line passes through the 
spots indicating the minimum production of 1886, 
1893, 1897, and the present year’s output. This year’s 
total may be accepted almost as the minimum for 
the present period of depression. Unless special 
conditions operate to abnormally influence the 
fluctuations of the cycles, we are not. likely to 
experience any further decline. At the same time 
there is no justification for believing that we have 
reached the end of the present time of dull trade, 
even if the intensity of depression be not deepened. 
Indeed, looking to the duration of both periods of 
activity and dulness, as indicated in our diagram, it 
would seem that, although we may have a temporary 
spurt, there is little likelihood of a speedy return to the 
hey-days of prosperity for twelve or eighteen months. 
Much, of course, depends on the condition of South 
Africa; but already there has been constructed, 
in anticipation of a great forward movement there, 
quite a number of South African liners, five large 
ships having been built for the Union-Castle line alone 
—two for mail service, and three of intermediate t 
—whilst other firms who are entering upon this trade, 
have also constructed several ships. 

As shown in Table I. on the next page, there has been 
a decrease in the number of sailing craft constructed, 
the tonnage dependent upon wind and tide being only 
half what it was in 1902, while as compared with 1901 
the decrease is 25 per cent. The total of 46,742 tons 
recorded as “ sailing craft ” is, however, mostly made 
up of barges. Of purely merchant vessels of about 2000 
tons and upwards, there were only six—all of them 
built on the Clyde. Two were for Germany—one a 
barque of-2456-tons, and the other a ship of 1913 tons ; 
a third was for Norway, and the others—ranging 
from 1800 to 1900 tons—were for British owners. 
Last year, on the other hand, there were seventeen 
sailing ships of over 1000 tons, all built in Scotland ; 
whilst in 190] there were five. For some years prior 
to that, however, the sailing ship had become an ex- 
ception. 

We have again to record a decrease in the percentage 
of the tonnage built for foreign owners, this year’s 
proportion being 15.7 per cent., as compared with 
17.3 per cent. in 1902, and 20.8 per cent. in 190). 
As shown in Table I., there has been a steady decrease 
from the average of about 25 per cent. obtaining 
in the ‘nineties; in 1896 the proportion was 30 per 
cent. A marked decrease in foreign clientéle has been 
experienced by the Clyde builders ; the ratio is now 
15.5 per cent., whereas in some recent years it 
was as high as 32.5 per cent. and 28.22 per cent. 
On the Tyne there has also been a serious dimi- 
nution, the proportion last year having been 23.3 
per cent., as compared with an average of 35 per 
cent. in the ‘nineties. The Wear returns 19 per 
cent., which is not much below the average. On 
the Tees the condition remains pretty much as before ; 
if anything, there is an increase in the foreign tonnage. 
At West Hartlepool there is a large decrease, the 
10.6 per cent. of the past year comparing with 17.7 
per cent. in the previous year. Belfast and the lesser 
ports of England have done no foreign work, but from 
the Thames there has gone forth a fairly large pro- 
portion—much larger than in the preceding years. 

In Table III. there is set out a note of the tonnage 
taken by the principal countries, and from this it will 
be seen ‘that Norway and Sweden top the list with 
30,464 tons, considerably more than in the four pre- 
ceding years, although only half the total of 1898 
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oo wer including machinery for the two Channel steamers, t] 

. T.—AGGRE : J N s Unitep Kinepom. : . Were 
TABLE I.—AGGREGATES OF PRODUCTION IN THE United K ; _____| yacht Lorena, built at Leith, and a torpedo - boat 
= ae. destroyer, built by Messrs. Hawthorn, Leslie, and 
——- 1903. 1902. 1901. 1900. 1899, 1898. 1897. | Co. The next return promises a still greater increase, 
eee a ne hina inke tons | 28 the firm have on hand the machinery of a third- 
Steamers*.. 1,3 8,987 | 1,501,806 1,622,062 | 1,638,074 1,565,305 1,040,769 | class cruiser, for four cross-Channel steamers, including 
Sailing ships 46,742 89,127 34,558 | 36,583 34,957 70,085 | two Midland boats, three ocean-going steamers, and 
Totals 1,375,729 1,590,988 ‘1,746,036 1,656,020 | 1,674,657 1,600,262 1,110,954 | @0 Allan Atlantic liner. Messrs. Yarrow have com- 

His Majesty’s Dockyards 28,290 51,560 64,910 5,230 66,900 70,955 31,885 | pleted tw oO torpedo-boats, also driven by turbines. 
‘ ee ee AOE (ee — ——— ar l'urning now to the tonnage launched by the respec- 
Grand totals - 1,404,019 1,642,493 1,810,946 1,661,850 41,557 1,671,217 1,142,739 | tive districts, as set out in Table IL, and to the 

_ - - - -— —|———— ae | I . = ( . r y . - 
iilinkinianitiniaies oon 364,379 430,495 356,483 391,504 307,629 | machinery as recorded in Table IV., it may be noted 
Per cent. of total : 7.3 20.8 26.0 20.1 24.4 27.69 | at once that, with the single exception of Ireland, all 
ine anette eee eT aan | smecee | the districts report a decrease, more or less consider- 
Total merchant tonnaget 1,251,036 1,549,449 1,599,404 1,600,421 1,576,465 ay 77,8! _ 194,98 | able, in the maximum tonnage attained in the industry : 
Per cent. of steam merchant tonnage to | these decreases amount to from 42 per cent. to 14 per 
total merchant tonnage... na £6.2 94.4 96.1 97.2 97.7 97.57 93.3 cent., the Clyde coming off least unfavourably in this 
——— Se eo jaan)” +) ag9 yay. | COMparison. Marine production decreases are from 61 
icate se-power of engines 364,775 314,502 ,502,203 | 1,263,079 | 1,540,814 1,432,829 1,142,034 : <n 

Indicated horse-power of engines Bccsesnahiadll lantern 1,9 sss ih estan Min atensredle Me _""_ | per cent. to 13.7 per cent., the Clyde again suffering 
Per cent. of all Naval tonnage to merchant : . \least. The total tonnage of that river—premier, so 
ships built = 6. w, eee 12.2 6.24 13.2 3.84 10.6 13.7 9.24 |far as shipbuilding is concerned —is 430,500 tons, 


* Includes warships built in private yards. 


—a year of exceptional activity. Amongst foreign 
countries, Germany comes second; but the 28,590 
tons placed to their credit is only a fourth of 
the maximum attained in 1900, since when there 
has been a steady decrease. Holland comes third 
with 23,755 tons, which is 4000 tons more than 
in the preceding year, and well up to the average 
of several years, except only 1901, when the Dutch 
tonnage exceeded 43,000. Austria-Hungary makes 
a good fourth with 18,480 tons. Here also there is a 
very considerable decrease in the quota taken since 
1900. 
is double what it was in the previous year, it 1s con- 
siderably less than in 1900 and 1901. This, however, 
is one of the few cases where there is an increase, and 
it is probably due to the changes in the subsidy 
regulations. Russia has also slightly increased her 
total to 12,981 tons, but this is not up to the average. 
The other foreign countries, with their tonnage, are 
named in the table, so that it is not necessary to 
refer further to them here. It will be noted that the 
Colonies and India are credited with 28,840 tons, 
which is very much less than in the previous year, 
although prior to this there were smuller totals. 


TABLE III.—Countries where British-Built Foreign- 
Owned Ships were Registered. 











1903. 1902. 1991. 1900. 1899, 1898. 
tons tons tons tons tons tons 
Norway and 
Sweden... 30,464 24,285 = 11,291 17,861 22,604 64,452 
Colonies and 
India 28,840 76,326 26,239 5,984 14,999 21,286 
Germany 28,590 35,891 78,157 110,722 70,648 50,297 
Holland 23,755 19,742 43,184 28,931 17,617 21,590 
Austria - Hun - 
gary = 39,267 53,970 82,127 13,328; 6735 
France 3. 8,074 | 18,777 28,436 4,285 4,612 
Russia i 11,767 16,985 8,440 23,327 
Greece ..| 11,902 | 21,272 3,295 — 3,439 
United States 11,488 3,380 5,104 3,450 4,161 
Denmark 7,801 3,103 6,151 18,393 39,527 
Spain .. .-| 7,002 7,533 20,236 25,584 4,228 
Turkey 6,830 - : 
Belgium 5,065 240 199 - 9,828 
South Ameri- 
can Repub- 
lies .. . 3,079 288 1,670 8,078 6,036 6,107 
Portugal 1,554 - — 
Japan. . = 132 2,000 8 505 35,000 45,880 60,711 
Italy 3,890 2,875 - 
China .. ‘4 3,262 1,400 4,140 300 20,624 
Other coun- 
tries and un- 
classified 7,604 | 22,682 52,478 — - 


France has taken 15,535 tons, and although this | 








| 1,300,000 
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| 4,100, 





| 4,450,000 


t Excludes British and foreign warships. 


indicated horse-power of 1899—there is found to be a 
decrease of 11.4 per cent. Even so, the diminution is 
very small, but a full explanation is found on examina- 
tion of the returns sent to us by the respective engineer- 
ing firms. In the first place, the machinery for naval 
ships in the year’s work, including the re-engining of 
warships and the Admiralty yacht, makes up a total 
of 360,000 indicated horse-power, which is 67,000 more 
than in the previous year; and thus there is a full 
explanation of the increase in the aggregate for the 
past year. In addition, we have this year returned 
by marine engineering firms machinery, aggregating 
35,160 indicated horse-power, which is not for ship- 
ping, being electric generating machinery, either of 
the steam or blast-furnace-gas type. We have found 
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The total power of the machinery constructed by| Fie. 1. D1racram sHow1nG ToraL Propvuction, 
| ExcLupinc Warsures suit in H.M. Dockyarps. 
set forth in Table IV., is 1,364,178 indicated horse- ! 
power, which is about 50,000, or 3.8 per cent., more | 


marine engineering firms throughout the country, as 


than in the previous year; but when comparison is 
made with the highest total attained—the 1,540,814 


TasLE [V.—Indicated Horse-Power of Engines 













Constructed. 
oe 1993. 1902. 1901. 1900. 1899. 
a ee eee ae, ae ane | pee fio aod 
Clyde - 432,384 480,320 441,045 457,136 459,627 | 
Other Scotch | 
ports ‘ 40,140 52,266 32,915 37,535 54,602 | 
Tyne ) ( 210,610 275,359 | 
Tees .. | Ro Rs ays rove |.) _88;650 > | 
Wear | AS) Gs | An | 141,682 | 
Hartlepool 46,600 44,650 
Humber 34,756 24,135 39,837 35,700 61,476 
Barrow 46,900 9,340 61,000 42,500 34,500 
Mersey 40,700 6,105 57,020 39,750 29,535 
Thames and 
other Eng- 
lish ports .., 116,454 68,123 143,625 89,986 265,107 
Ireland 128,450 107,100 109,300 71,530 96,280 
Total ..| 1,362,778. 1,302,002 1,501,803 1,261,679 1,533,814 
Dockyards . 1,400 12,500 1,400 1,400 7,000 
Total 1,364,178 1,314,502 1,263,079 1,540,814 





| that we have not ventured to delete it. 





some difficulty in including this in the work done, 
because it is not marine machinery ; but so jealous are 
nearly all firms of their relative position in our records 
We have also 
something like 20,000 horse-power of machinery, built 
principally on the North-East Coast, for vessels con- 
structed abroad, the North-Eastern Marine Engineer- 
ing Company, for instance, having supplied the engines 
for seven vessels built at Antwerp and one in Holland; 
while Norway and some of the other European coun- 
tries have also taken propelling machinery. If we 
confine ourselves to the machinery built for merchant 


which is 16.2 per cent. less than in the previous 
|year, when the total attained its highest point. 
| Not since 1897 has the sum credited to the Clyde 
been so small. It will be noted from the diagram, 
|Fig. 2, that here, again, the spots of minimum 
| production in the four successive periods of depres- 
jsion are on an equal plane. Fewer torpedo craft 
|have been built on the Clyde during the past two or 
three years, whilst last year there was a larger number 
of high-speed cruisers turned out, so that the decrease 
in horse-power is not quite so great, being 48,000, or 
10 per cent. But when a comparison is established 
with the year of maximum output (1898), when several 
destroyers were included, the decrease is 13.7. These 
figures, however, show that, the Clyde has not suffered 
so enormously as some other districts. In the case of 
the ports on the East of Scotland the tonnage is little 
more than half the maximum, and is 25 per cent. less 
than in the previous year. The horse-power of 
machinery has also decreased about one-quarter when 
compared with the maximum, and almost as much 
when compared with the output of 1902. 

Coming tothe North-East Coast, we find that the 
Tyne production of 146 vessels, of 265,434 tons, shows a 
decrease of 56,702 tons, equal to 17.6 per cent. on the 
output of 1902, which was the highest recorded for the 
district. Here also we have to go back to 1897 
for a total as low as in the past year. The Wear 
has suffered even more, as the tonnage—181,662— 
is 50,483 tons, or 21.7 per cent. less than in 1902. 
The high-water mark was reached on this river in 
1901, and from that point the decrease has been 33 
per cent. The condition on the Tees, however, is 
even worse, the drop from maximum in 1901] being 
equal to 44 per cent., while the decrease on 1902 
is 17.5 per cent., the output for the past year 
having only been forty vessels, of 94,973 tons. The 
tonnage floated at West Hartlepool is about the same 
as last year ; but each of the two years shows a de- 
crease of 42 per cent. as compared with 1901. At 
Whitby no ships have been launched, while at Blyth 
six vessels of 5394 tons were put into the water, 
so that the output of the two ports is only half what 
it was in the previous year, and a third of what it was 
in some years of great activity. The marine engi- 
neering work on the North-East Coast makes up a 
total of 523,000 indicated horse-power, which is only 
5.6 per cent. less than in the previous year, due to the 
fact that eight torpedo-boat destroyers were included, 
|in addition to the electric-generating machinery, to 
| which we have already referred. The decrease from the 
/highest point reached—namely, 1901—is equal to 16.5 
| per cent. 

The figures for Barrow-in-Furness, both as regards 
engine-power and tonnage, show that a large degree of 
activity has been experienced in this important naval 
district. The inclusion of four torpedo-boat destroyers 

|for the Mersey has greatly increased the machinery 
| output of that centre, and at the same time the tonnage 
| is considerably greater than in the previous year, when 
| littlenew work was done. The results for the Humber 
|have been materially influenced by the resumption of 
'work at the yard of the Earle’s Company, and here 
| 3000 tons more have been launched than in 1902; but 
|the total is still far short of that of several years in 
the nineties. The Thames and the various outports 
|have been fairly well occupied, although the fact 
| that no large ship has been launched on the Thames 
|militates against direct comparison. Machinery 
| work, however (largely because of the inclusion 











steamers constructed in the United Kingdom during | of several warships, built on the Clyde as well 
the year, we find that the total is about 945,000 indi-|as on the Thames), is much higher than in the 
cated horse-power, equal to 0.76 indicated horse- | previous year, although it is 57 per cent. less than in 
power per ton of merchant steamers. This figure|the year of highest total—1899. In the case of 
shows a reduction in the output proportionate to the | Ireland, as we have already pointed out, there is the 
decrease in the merchant shipping. exceptional result that the total tonnage launched is 

While on the subject of machinery, reference may | about the same as last year, and actually shows an 


be made to the very steady development of the favour 
with which the turbine machinery is being regarded. 





increase of 6000 tons, or 4 per cent., on the maximum 
output recorded in any previous year. Several of 
the vessels were of moderate speed, and, moreover, 


In 1902 there were returned 15,500 indicated horse- | 
power of Parsons turbine machinery ; for 1903 the| the inclusion of the new Admiralty yacht, and of the 
Parsons Company return 26,400 indicated horse-power, | engines for a dockyard-built battleship, makes the 
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TABLE IT.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN 1897-1903. 








TOTAL PRODUCTION, eR Cent. or STEAM TO TOTAL Tons. PER CENT. OF FOREIGN-OwWNED TO TOTAL TONS. 


























i DISTRICT. - - ———__—_—_—___—— a ~--— ao — 
1903. 1902. 1901. 1900, 1899, 1898. 1867. 1903. 1902. | 1901. 1900. 1899. 1903. | 1902. | 1901. 1900. 1899. 1898. 1897. 
Scotland. No. tons tons tons tons tons tons tons || | | | 
Clyde (including outports) 258) 440,500 | 525,670 | 513,298 486,424 , 493,793 | 473,714 | 341,817 95.65 | 92 | 95.85 28.66 | 97.6 15.6 | 21.6 19.1 32.5 | 20.0 | 23 28,22 
: Other Scotch ports oe se --| 91] 37,164 | 49,616 | 42,416! 48,422! 45,689! 48,€65! 31,708|| 99.06 | 90.15; 92.68 98.74 | $8.05); 37 20.6 40 19.6 | 23.8 | 47.5 20.52 
England, | ‘ | | 
Tyne oe ee 146| 265,434 | 322,136 | 306,071 . 303,092 | 807,568 | 307,924 | 211,050 || 97.06 | 93.58 | 100 97.6 97.5 23.3 | 20.4 | 24.4 40.5 | 29.1 38.84 41.28 
‘ Wear we ee we we} 60} 181,662 | 232,145 | 270,481 267,082 | 268,508 | 259,283} 181,297 |, 97.14 | 99.88 | 100 100 100 19 19] 198 203 |18.6 23.63 25.96 
Tees ve ee we we we) 40} 94,973 | 114,024 | 169,113 , 156,879 | 144,142 | 146,424 | 89,613 || $9.9 | 993 | 160 100 99.66 | 32.1 29.9 | 23 23.7 (28.2 182 21.43 
West Hartlepool, . ee ee .-| 28} 84,923! 84,747 145,954 133,542 | 139,600 | 119,040 | 63,697 || 100 100 100 100 100 10.6 | 17.7 | 29.7 12.2 | 29 218 15.06 
Barrow-in-Furness (including Work- 100. | | | 
ington)... «os» we we, :12} 44,846} 21,197 | 29,444) 31,565) 37,680] 27,130} 21,434 92.92 | 93.57 93.35! 94.4 oo | Se 50.2 | 21  O 0 
Mersey ..  - we 2 ee ~~ e| 24) =—-9,888] 38,8791 20,977 9,182] 18,913} 4,096] 8,207/| 72.1 | 94.4 | 97.85 76.4 5 Oo} of ea $7.4) | 9: | 8 28.65 
Blyth and Whitby se oy 6 5,304) 11,737 | 16,211 15,294| 18,944, 13,856/ 11,233) 100 160 100 100 0 |221] 41 0 15.8 15.6 0 
Humber (Hull and Grimsby) --| 1°0, £9,500 | 26,442 | 13,824 27,312 | 32,952| 33,058; 16,245 $7.1 co 45 i7 0 16.5 14.3 ° | 1,63 4 1.43 $9 
Thames and other English and Welsh } } } | 
ports .. ee oe ee ... 881 23,908 |) 39,577 65,847 39,426) 35,126; 45,412) 25,396 49.3 | 29.0 58 60 67.2 15 8.15} 4.47 16.1 | 22.4 45 15.25 
Ireland. 
Belfast and Londonderry ns --| 22 158,542 | 159,763 | 152,402 | 131,431 131,723 | 121,380 | 109,157 || 99.9 | 99.92 | 99.63 99.2 99.62 | 0 4.66; 16.2 | 5.4 5 | 8.55 24.49 





There is a still 


horse-power abnormally high for the tonnage, so that | 
there is an increase over the previous year of 19 per 
cent.; as compared with the highest horse-power yet 
recorded—that for 1901—the addition is 17.5 per cent. 
We have already referred incidentally to the large 
ships launched during the year. Over 10,000 tons, there 
were in all seventeen ; eight of them warships, with 
nine mercantile steamers. Of these latter Messrs. 
Harland and Wolff, Belfast, launched seven, as set 


smaller vessels—between 8000 and 10,000 tons—there 
were nine, all merchant vessels ; but reference need only 
be made to the Narragansett, constructed by Messrs. 
Scott, of Greenock, as she is the largest oil-carrier yet 
built, being of 9195 tons and 5500 indicated horse- 
power. In the previous year there were fifteen vessels 
under this category ; but several of them were cruisers. 
The number of vessels over 6000 tons is considerably 
less than in previous years—44, as compared with 54 


prior to that the numbers were less. 
more striking decrease in the vessels between 4000 
and 6000 tons; but this is a consequence of fewer 
orders than a change in practice. We give a list 
of firms whose production during the year exceeds 
40,000 tons Board of Trade gross register tonnage :— 
Harland and Wolff, Belfast. . a .. S8vessels of 110,463 tons 
Swan, Hunter, and Wigham-Richardson 
and Co., Limited, Newcastle-on-Tyne.. 22 ‘a 66,452 ,, 
J. Brown and Co., Limited, Clydebank... 6 a 56,152 ,, 


r = YEAR. Sir W. G. Armstrong, Whitworth, and 





630,000 Co., Newcastle-on-Tyne .. - 13 ra 48,740 ,, 

520, 2" Russell and Co., Port Glasgow... a5 x 45,810 ,, 

310 Workman, Clark, and Co., Belfast ee pie 44,738 ,, 
rien Vickers, Sons, and Maxim, Limited, 

- Barrow-in-Furness. . oe 9 pe 42,912 ,, 


This is a less number than in previous years, as 
instead of seven firms, there were in 1902 nine com- 
panies thus fortunately circumstanced. he seven firms 
this year make up 414,267 tons, or 30 per cent. of the 
production of the United Kingdom. 1t is worthy of 
note that Messrs. Harland and Wolff's total is the 
largest yet recorded for any ene firm. In 1897 they 
established a record with 84,240 tons, increasing this 
to 92,316 tons in 1901; but last year it fell to 79,497 

| tons, and now advances to 110,463 tons. This is the 
Board of Trade measurement : were erections included, 
| as isdone by some firms, the total would have been con- 
| siderably greater. The 66,452 tons returned by Messrs. 
Swan, Hunter, and Wigham-Richardson and Co. 
, is the work of two yards; in 1902 Messrs. Swan and 
Hunter alone produced 64,220 tons. The list by 
Messrs. Brown, of Clydebank, who are third on the 
list, includes a battleship, an armoured cruiser, and 
four large intermediate liners. Messrs. Armstrong’s 
list, and still more, that by Messrs. Vickers, is also 
| made up largely of expensive warships, while Messrs. 
Russell’s and Messrs. Workman and Clark’s vessels were 
for merchant service. The former company’s total, in- 
cluding erections, is 51,741 tons, and that of the latter 
49,615 tons. Sir William Gray and Co., of Hartle- 


0,000 

















j 
| pool, who have been in the 40,000-ton list for several 
| years, being first in 1900, just miss this honour, with 
39,493 tons, or, including erections, 45,247 tons ; so also 
| did Me:srs. Doxford, of Sunderland, with 39,860 tons. 
| The marine engineering firms completing more than 
| 40,000 indicated horse-power of machinery for ships 
i launched during the year include the following :—- 
to] | LH -P. 
. Harland and Wolff, Belfast. . Pe a va 100,400 
4A" « North-Eastern Company, Limited, Wallsend 
000 and Sunderland .. es os “s os 89,275 
| Richardsons, Westgarth, and Co., Limited, 
sg Middlesbrough %. Ss - 82,600 
$ John Brown and Co., Limited, Clydebank 61,000 
: Humphrys, Tennant, and Co., London .. 56,000 
. Fairfield Company, Limited, Govan FY. ve 53,300 
* | Hawthorn, Leslie, and Co., Limited, Newcastle- 
. | on-Tyne ou ate “e my ae “a 50,000 
i | Denny and Co., Dumbarton pen ‘ais pa 47,780 
| Vickers, Sons, and Maxim, Limited, Barrow-in- 
| Furness <s an aia ee cs <a 46,900 
F Palmers’ Company, Jarrow-on-Tyne 43,800 
(860 GI 62 63 64 65 66 ET 68 6970 71 72 13 74 75 76 77 78 79 80 8! 8&2 8&3 E4 E5 86 87 88 8990 91 92:93 34 85 96579899 1900123 45 Year | G. Clark, Limited, Sunderland © .. s os te 43,000 
. ‘ = 7 . | Wi ipway and Engi i ompan 
Fic. 2. Dracram sHow1nc Tota Propuction ON THE CLYpE, Tyne, Wear, TEES, | Linited, Bundoriand waited. «ie 
AND AT HARTLEPOO | In 1902 there were only nine firms in this list ; but 
: ‘ ; ; ‘ ped , = . | in 1¢ as now, there were twelve, and in 1900 eight. 
out in the appended list. Five of the nine were inter- | Taste V.—Showing Sizes of Vessels from Private Yards. Sie = ‘past year the: twelve. Gane "completed 716-415 
i i 7 ; . » di ar- 5 as - saree 
eS ee nee _—_ ppgees ay ea 1903. 1902. | 1901. | 1900. 1399, | indicated horse-power, or 524 per cent. of the total 
a ae are new P. —— mail liners; _ | | engine output of the United Kingdom. The nine firms 
two others for the same line, but of 9500 tons, were |tnder500tons .. ..... ~-738:| 944791 8 £64 similarly placed in 1902 produced 41 per cent. of the 
built by Messrs. Caird, of Greenock. The merchant | Between 500 and1,000tons .. 60, 66 46 53-53 | total, twelve firms in 1901 were responsible for about 
vessels ov 000 ine , ing :— 95, 1000) 33000" 5...) 166e) 7% 82 87 79 | ’ ; - “ x 
vessels over 10, tons include the following , 2000" ,, $0005, ..| SE 60 51 39 53 | one-half, and eight firms in 1900 for about 33 per cent. 
Balti ~— 1. H.-P. iiinieeée ,», 8000 ,, 4,000 ,, .. 79) 90 113 116 137 | Messrs. Harland and Wolff top this list for the first time, 
faltic =. 3,763 13,500 arland and Wo »» 4000 ,, 5,000 ,, os 42 53 86 63 38 ame .S. King Edward VIL. , 
Not named 16,780 7,100 Ditto , 5000) ,,,60000,, ... 3b) “Sa | oe 23 | 14 | — hi Vine —— ee 
” 16,780 7,100 Ditto » 6000 ,, 8,000 ,, ..| 18] “8821s | STORpEES LOC ae, ae . . i- 
Columbus -- 15,378 9,700 Ditto 92, 8000) 5,50;000% 5. ..--| Dif 15 9: 58 61 | Eastern Company, who are second, have two estab- 
ee — ise — iad “oe PO 10,000tons.. = .. =... 17) 7! 47J | lishments—at Wallsend and Sunderland ; while Messrs. 
Armadale Castle 2,97: 12,5 ‘airfield Company, 5 a | De, y ns 
Macedonia 10,550 13,000 Harland and Wolff | 1128 1363 1241 1287. 1299 | Richardsons, Westgarth; and Co., have three, and the 
amet. 10,522 13,000 Ditto |latter include 27,560 indicated horse-power for gas- 
Tnited State 82 aes le a ¢ Sons, Lid. = ar : = ° ¥ 
some sams A. Stephen Bone, Ltd This does not include Royal Dockyard ships, of which in 1903 engmes, electric power: Cage) &c.; but as to the 


details by these and all the other firms who have kindly 
sent us returns we shall deal in subsequent articles, 
(To be continued.) 


In the previous year six merchantmen exceeded one was 16,350 tons, one 9800 tons, and two 1070 tons. 
10,000 tons, four of them having their origin in * Includes a dock for Bermuda. 
Belfast, and the other two on the Tyne, Of slightly | in 1902, 50 in 1901, 58 in 1900, and 61 in 1899; but | 
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TWIN-SCREW TUG FOR THE ISLE OF WIGHT STEAM -PACKET COMPANY. 


CONSTRUCTED BY MESSRS. DAY, SUMMERS, AND CO., LIMITED, SOUTHAMPTON. 
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ON this page we illustrate a twin-screw tug which 
has been designed and constructed for the Isle of 
Wight Steam - Packet Company, by Messrs. Day, 
Summers, and Co., Limited, Southampton, and which, 
in’ addition to its qualification as a tug, can be used 
for salvage operations and for extinguishing fires. 
For this Totter purpose it is fitted with very large 
pumps, specially designed for the work. A good 
idea may be obtained of her proportions by reference 
to our illustrations, in which Fig. 1 is an elevation, 
Fig. 2. plan of the flying deck, Fig. 3 a plan of the 
bridge deck, Fig. 4 a plan of the main deck, Fig. 5 
a plan of the cabin deck, and Fig. 6 a transverse 
section. 

The dimensions of the vessel are as follow:—Length, 
130 ft.; breadth, 23 ft.; and depth, 12 ft. 6in. The 
tonnage B.M. is 382 tons. 

The engines are compound and have cylinders 19 in. 
and 38 in. in diameter, with a stroke of 30 in.; they 
work at 103 revolutions per minute. The valve motion 
is of the “ double-bar link” type, and has large bear- 
ing surfaces. It is reversed by steam and hand, the 
steam gear being of the ‘all round” description. 
Levers attached to the low-pressure engine work the 
air, feed, and bilge pumps, while the centrifugal cir- 
culating pumps are driven by separate engines. 

In addition to these there are the following pumps : 
—One bilge and ballast pump, one auxiliary feed- 
pump, and one large salvage and fire-pump, which 
latter is capable of throwing 1380 gallons per minute 
through three jets 80 ft. high. All the bearing sur- 
faces of the engine are large. 

Two boilers, each 13 ft. 6 in. in diameter, supply 
steam to the engines at 120 1b. pressure per square 
inch, and each boiler has three corrugated furnaces. 

On the trial trip in Stokes Bay a mean speed of 
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11? knots was obtained at 1044 revolutions per 
minute. 
The towing powers of the vessel were also tested, 
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| which tests proved that she was the most powerful 
tug in the port of Southampton. 








| Tue Liway.—Navigation is about to be commenced on 
the Limay by a fleet of steamers purchased for the purpose 
by the Buenos Ayres Great Southern Railway Company, 
Limited. The service which is being organised is expected 
to open up a large extent of Argentine territory. 





New Cotiirery NEAR ROTHERHAM.—A new colliery of 
the Dalton Main Collieries, Limited, at Silverwood, near 
Rotherham, is likely to be one of the most extensive in 
South Yorkshire. The seam, tapped at a depth of 
740 yards, is that of the Barnsley bed, giving a total 
thickness of 5 ft. 9 in., 3 ft. 10 in. of which is ‘‘hard steam 
coal.” The quality is excellent. The arrangements for 
working are in an advanced state, and provision is being 
made for an output of 5000 tons perday. Railway siding 
accommodation and screening arrangements are on an 
extensive scale, 





Tur East Coast Route to Scortanp.—From_the 
beginning of the new year the express service of the East 
Coast route between London and Edinburgh will be 
revised ; and although the arrival and departure times at 
London and Edinburgh respectively will remain unaltered, 
so as not to violate an agreement entered into some years 
since with the West Coast route, by which no day train 
of either route accomplished the distance between the two 

| capitals in less than 8} hours, there will be accelerations 
in the train service between London, Doncaster, York, 
and Newcastle-on-Tyne respectively. The East Coast 
main route passes, a few miles to the south of Edinburgh, 
over an enormous clay pit, and in consequence of some 
alterations now being carried out, it is necessary that the 
through trains should reduce speed over this section. In 
order to regain this time, accelerations have been made 
on portions of the East Coast route south of Berwick. 








~ con 











Jan. 1, 1904. ] 


ENGINEERING. 











MOTOR-DRIVEN RAILWAY CAR; NORTH-EASTERN 
WORSDELL, LOCOMOTIVE 
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Tue North-Eastern Railway Company have followed | 
the example of the London and South-Western and | 
Great Western companies in the interesting experi- | 
ments as to the relative economy of self-contained | 


railway cars for the conduct of local traffic, and the |; 


result promises to be very satisfactory. With such a | 
car more frequent service can be maintained than with | 
the ordinary train service, owing to the reduction in | 
the working costs per train-mile, while at the same | 
time a higher average speed can be got, as a greater | 
rate of acceleration of speed is possible after the | 
frequent stoppages that have to be made on local | 
service. The North-Eastern Railway Company had | 
originally cars with vertical engines, but they were | 
not found suitable for the work, and have now been | 
replaced by petrol motors of the Wolseley type, | 
which are horizontal. The first of the new type has re- 
cently been completed and put into service; the trials 
at full power showed that the consumption of petrol | 


worked out to only 0.78 pints peri.h.-p. per hour. | 
We illustrate on page 18 this type of motor, as| 
made by the Wolseley ‘Tool and Motor Company, | 
Adderley Park, Birmingham. The engine has four | 
horizontal cylinders 84 in. in diameter and 10-in. stroke. | 
On test it developed, at 400 revolutions per minute, | 
92 brake horse-power, and when accelerated to 480 | 
revolutions, gave well over 100 horse-power, at which | 
the consumption was 0.78 pints per horse-power. The | 
mean effective pressure in the cylinder, as calculated 
from the brake horse-power, without allowing for fric- 
tional losses, was therefore 80.3 lb. per square inch. The | 
photograph reproduced shows the engine when being | 
tested in one of the Wolseley shops, and this accounts | 
for the irregular piping, cables, &c., included in the | 
view. The drawings of the car, reproduced above, | 
show the compactness of the arrangement. The) 
four cylinders are overhung on a stiffly constructed 
cast-iron crank-chamber, the inspection covers being 
on top, and the oil trough beneath. The engine has a| 
3-ft. flywheel, through which it is coupled direct to the 
60-kilowatt Westinghouse electric generator. The small | 
exciter is driven by a belt. The current from thedynamo 
drives electric motors coupled to the axles of the car. 
Forced lubrication is used for all the main bearings. 
All the valves, both inlet and exhaust, are mechani 
cally operated by cams on the two cam-shafts, one each 
side of the engine. These cam-shafts are driven by 
means of spiral gear and lay-shafts from the crank- 
shaft. A very eflicient silencer has been provided, and | 
although this renders the exhaust from this large 
engine not much more audible than on a small touring 
car motor, the indicator diagrams we have seen show | 
that there is little back pressure. The engine is 
governed on the throttle, and auxiliary gear is fitted, 
enabling the driver to hand-throttle the engine from | 
either end of the coach. Ordinary accumulator and | 
induction coil ignition is used with a new type of com- | 
mutator. The approximate weight complete is 35 cwt. | 
| 








Tue BELGIANS AND THE AMERICANS.—A contract for 
20,000 tons of rails for the Hedjaz has been lost to Belgian 
steel works, having been secured by the Pennsylvania 
Steel Company at the low price of 4/. 9s. 10d. per ton. 


NOTES FROM THE UNITED STATES. | 
PHILADELPHIA, December 23, 1903. 

REPRESENTATIVES of the big steel pools met in New 
York last week, and, contrary to anticipations indulged | 
in by a good many, refused to reduce prices from those | 
prevailing for months past. This refusal to reduce | 

rices is no assurance that they can be maintained ; 
wages have been reduced in many branches of steel- | 
making, and other reductions are soon to be made, | 
some of them to come into effect on January 1. Buyers 
think they ought to have lower prices in view of these 
reductions. The maintenance of present prices is | 
made possible by the restriction of production which | 
still prevails in many branches of the industry. | 
The steel manufacturers’ position is improved by the | 
reduction in the cost of labour about to be effected. | 
Although there are the usual mutterings of opposition | 
to revision of wages schedules, there is reason to be- 
lieve that comparatively little trouble will be expe- 
rienced. There is no use in pretending to disguise the 
fact that present conditions in the iron and steel in- 
dustry are far from satisfactory, and the same holds 
good in the cotton goods trade and in some other lines. | 
It is gratifying to note that the value of cotton exports | 
is increasing. 

An increase has been noted in the volume of pig- 
iron business, and the tone of the general market has 
improved somewhat. The accumulation of iron at the 
furnace banks is now beginning to disappear. The 
active Southern stacks are working to full capacity ; 
recent sales show that whatever stocks they have will | 
soon disappear. Large buyers have appeared within the | 
past few days from New England points, and from | 
the State of New York, and have bought freely, 
especially of basic pig. It would appear from this | 
that there is a general revival in the movement of | 
basic pig, and that a continuous demand will be | 
realised. There is a moderate movement in bars, | 
sheets, shapes, and plates. Steel rails are now under 
inquiry, and there are also inquiries coming in for 
structural material, as it is definitely determined that 
raw material will not change in price. Our best- 
informed authorities are unwilling to give an opinion | 
as to whether big ordering will be entered upon soon | 
or not. There is a feeling among a good many buyers 
that, sooner or later, the steel-makers will be obliged | 
to yield to the demands of consumers. 

The three main departments of the Illinois Steel | 
Company are now idle for repairs and improvements. | 
There is quite an active demand for machinery, and | 
some very heavy ordering will soon be announced. 
For several months the larger engineering firms | 
throughout the country have been watching closely the 
developments in regard to the Panama Canal. The | 
machinery requirements for this big enterprise will | 
tax the engineering plants for quite a time. There 
are various Government contracts now being placed. | 
The Government has been ordering electrical gene- | 
rators, hoisting machines, and machine-tools. Proposals | 
have been asked for to furnish travelling and locomotive | 
jib cranes for navy yards throughout the country. 
Much to the surprise of some manufacturers, several 
railway systems have placed orders for equipment | 


There is a very large amount of 


during the week. 
railroad work which will come up early in the spring, 
and the assurance of this is imparting a tone of 
stability to the equipment branches. There is no 
question now but that there isa demand for a general 


re-designing of machine-tools. This is due to the 
new high-speed requirements. There is also a better 
export trade in machinery, especially in mining, saw- 
mill, and sugar-plantation equipment. 

While this is the holiday season, and not much new 
work is expected, quite a volume of orders has been 
presented from many lines of industry, in which is 
specified the earliest possible delivery. The smaller 
manufacturing establishments and machine-shops will 
enter the New Year with sufficient business to war- 
rant them in increasing their force of mechanics. 
Building requirements will be quite heavy, and 
orders for building material will gin to come in 
about January 15. Contracts will be placed about that 
time for large quantities of stone, brick, lumber, 
cement, and other products. Labour agitations are, 
of course, to be counted upon, and it is not yet clear 
what. the outcome will be. The usual tying-up will be 
looked for in the larger cities. Outside of the larger 
cities, however, less antagonism is looked for next 
year than this. In many of the industries much of 
the advantage of higher wages forced from employers 
upwards of a-year ago have been already lost by re 
ductions enforced over lessening demand. 

The banking situation is sound and safe, and the 
volume of money in circulation is ample for all require- 
ments. Congress will not interfere with currency 
legislation this winter, as next year is what we term a 
‘presidential year,” and the politicians do not desire 


| to introduce questions involving political discussion. 








THE GREAT WESTERN RAILWAY AND ELECTRICITY.— 
A three-phase electricity generating-station is about to 
be erected by the Great Western Railway Company at 
Park Royal, near London, close tothe Royal Agricultural 
Society’s show-ground. The contract for the station has 
been secured by the Electric Construction Company, of 
London and Wolverhampton. 





Power-PLaNT With MecuanicaL Dravcut: Erratum. 
-——-With reference to our article on this subject, pub- 
lished on page 862 of our last issue, the Sturtevant Engi- 
neering Company, Limited, of 147, Queen Victoria-street, 
E.C., ask us to state that the Sturtevant Ventilatoren 
Fabrik, of Berlin, therein referred to, is the Berlin office 
of their company, and that this office has already erected 
in Germany several larger plants than the one cited. 





East ARGENTINE RAiLwAy.—The East Argentine Rail- 
way Company is seeking powers to lease its undertaking. 
The line is connected at its southern end by a junction at 
Concordia with the Entre Rios -Railways, and at its 
northern end by a junction at Monte Caseros with the 
Argentine North-Eastern Railway. It is also associated 
by river steamers with the North-Western of Uruguay 
and the Brazil Great Southern Railways. It is accord- 
ingly deemed advisable to lease the East Argentine to 
one of these neighbours. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market—The settlement prices on 
the last market-day prior to the Christmas holidays were 
as follow :—Scotch, 493.; Cleveland, 42s. 7d.; hematite 
iron, 52s. 3d. per ton. On the following day (Thursday) 
there was only a forenoon market, but a moderate business 
was done, aggregating 5000 tons, and Cleveland (2d. per 
ton dearer) was sold at prices ranging up to 433. one 
month, and at odd dates at from 42s. 9}d. to 42s. 114d. 
per ton. Forward business was transacted to the ex- 
tent of 42s. 1ld. up to 53s. three months for 1500 
tons. The market remained closed for the Christmas 
holidays till Tuesday. The settlement prices were :— 
493. 7id., 42s. 104d., and 52s. 7§d. per ton. On the 
reopening on Tuesday morning after the Christmas 
holidays, the firm tone of the pig-iron market was well 
maintained, and a moderate business of 5000 tons was 
transacted at an advance of 1d. per ton on last Thursday’s 
close. Cleveland warrants were dealt in up to 43s. cash 
seven days and three months, while the month price was 
round 42s, 11d. per ton. Hematite and Scotch iron were 
nominally 3d. per ton dearer at 53s. and 58s. respectively, 
cash sellers. The tone was quietly steady in the after- 
noon. Cleveland was dealt in at 43s. seven days and a 
month, and 423. 10d. three months. Business was also 
done in Scotch iron at 493. 74d. cash, and there were buyers 
of hematite iron in the market at 52s. 9d. cash. The turn- 
over was 2500 tons, and the settlement prices were :— 
419s, 9d., 43s., and 523. 9d. per ton. The market was notably 
active this morning, but the tendency of prices was 
irregular. Scotch warrants were firmer, being done at 
19s. 104d. cash, but Cleveland declined a little, and the 
business, which included one lot at 42s. 10d. three months, 
aggregated 8000 tons. There was very little done in the 
afternoon, and the price of Cleveland receded to 42s. 84d. 
cash and 42s. 94d. one month, and the turnover 
amounted to 2500 tons. The settlement prices were :— 
493. 10}d., 42s. 9d., and 52s. 9d. per ton. The following 
prices are quoted for makers’ iron, No. 1:—Clyde, 
0s. ; Gartsherrie and Calder, 59s. 6d. ; Summerlee, 60s.; 
Langloan, 703. 6d. ; Coltness, 71s. 6d.—the foregoing all 
shipped at Glasgow ; Glengarnock (shipped at Ardrossan), 
58s. 6d.; Shotts (shipped at Leith), 62s. ; Carron (shipped 
at Grangemouth), 62s. 6d. per ton. A more complete 
contrast between the last two weeks’ markets it would be 
ditticult to imagine, not so much in price as in the attitude 
of operators in regard to prices. One week had dull, list- 
less, and drooping markets as the order of the day, to be 
replaced the next week by strong, active, and sustained 
buying, especially for forward dates, thus intimating 
a conviction that among many operators prices have 
touched rock bottom. This change of sentiment is due 
principally to better news from America, where the 
sudden and enormous reduction in their production has 
eliminated the fear prevalent here of heavy dumping of 
pig iron on our shores. Makers on this side, especially 
of West Coast hematite iron, have likewise adopted a 
restrictive production policy, so this combination to meet 
a largely reduced consumption has told its tale in induc- 
ing a large influx of inquiries from local consumers and from 
the Continent. But the question remains whether the 
reduced production is ahead or behind the present con- 
sumption demand. The condition of the iron trade on 
the Continent rather points to a willingness to supply 
any wants that are vacant here. Thenumber of furnaces 
in blast is 85, against 81 at this time a year ago. 


Sharp Demand for Steel Plates.—Local steel merchants 
have become seriously alarmed at the measures which are 
in progress for closing up the ranks of the steel-makers, 
and which, if successful, will certainly issue in an advance 
in prices. The other afternoon there were anxious buyers 
of ship-plates, and makers calculated that they could 
have booked 10,000 tons, if they had been so inclined. 
The price offered was 5/. 7s. 6d., less 5 per cent., but pro- 
ducers would not part with a ton unless for prompt 
specifications, and these were not forthcoming. There 
were also other very large inquiries in the market, in 
connection with which, however, no more than 5/. 5s., 
less 5 per cent., was tendered. Sellers would not look at 
these, especially as the conditions were for forward 
delivery. Makers are satisfied that a large short-interest 
exists here, and if the circumstances altogether suited, they 
might make things most unpleasant for the merchants. 


Scottish Steel Trade Agreement.--Further progress has 
been made in the movement amongst Scotch steel-makers 
for the regulation of prices. Ata meeting held some days 
ago, matters were so far arranged that it was agreed to 








advance prices 2s. 6d. per ton all round—making ship- | 
plates 5/. 10s., boiler-plates 6/., angles 5/., and bars 64., | 
all less the usual 5 per cent. discount. It was also agreed | 
that any selling under the recognised prices should render | 
sellers liable to substantial penalties. The Coltness Iron 
Company, who are certainly at the top of the tree in 
Scotland in turning out pig iron, are making important 
extensions and alterations in their ammonia recovery | 
plant. They will shortly instal and use a Parsons steam- 
turbine for driving the exhauster. The turbine is coming 
into use for a variety of purposes, besides driving electric 
generators and steamers, such as the Queen Alexandra 
and the King Edward. Mr. Bumby is the manager of 
the Coltness blast-furnaces. The particular turbine in 
question is to drive the exhauster at a speed of 6000 revo- 
lutions per minute. 

Shipbuilding’ Orders for the Electric Machinery—The 
Allan Line Steamship Company have contracted with 
Messrs. W. G. Martin and Co., Glasgow and London, for | 
the electric installations on their two new  turbine- 
steamers for their Atlantit trade, one building at Belfast 
and the other on the Clyde. The plans for each vessel 


will embrace machinery for 4000 lamps of 8 candle-power, 
i 


| based on hope than on actual facts. 
| stocks, alike of material and of finished goods, are every- 


| work. 
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and there will be electric fans for ventilation and motors 
for various purposes, as well as a complete system of 
electric bells. 

Sulphute of Ammonia.—The market for this commodity 
is proving very strong. For delivery during this month 
business has been done at 12/. 12s. 6d. per ton Glasgow, 
and at 12/. 7s. 6d., and declined; while for January 
delivery 12/. 83. 9d. has been done and refused, and 
12/7. 12s. 6d. has been secured for Glasgow delivery. 
Shipments during the week at Leith amounted to 961 tons. 


Institution of Engineers and Shipbuilders in Scotland.— 
An ordinary meeting of this institution was held last 
night week, Mr. Hall-Brown in the chair, in the absence 
of the president and vice-presidents. Mr. F. J. Rowan’s 
paper on ‘‘Superheated Steam” was further discussed, 
and Mr. Rankin Kennedy’s paper on ‘‘ Marine Propellers 
with Non- Reversible Engines and Internal - Combus- 
tion Engines” was also discussed. Subsequently Mr. 
J. M. Adam, with the aid of a number of diagrams and 
models, demonstrated analyses of reactions set up by the 
screw propeller, showing that an economical gaining 
pitch could not be obtained by a mere modification of 
that instrument; but that a propeller constructed on a 
conic basis gave not only a gaining but a scientifically 
accelerated pitch homogeneous from root to tip, while at 
the same time itssurface had a strong centripetal reaction 
tending to overcome radial dispersion; and that this 
claim had been supported by the non-appearance of 
surface disturbance in certain practical trials made on a 
steam yacht. 

West of Scotland Coal Trade.—A good demand prevails 
for all classes of coal and dross this week. A large busi- 
ness is being done in the home trade. House coal is in 
strong request, and the ironmasters are laying in stocks of 
splint coal to tide them over the New Year holiday, 
which is causing this class of coal to be scarce. All 
classes of washed stuffs are in good demand. _ Prices, 
f.o.b., Glasgow, may be quoted as follows :—EIl coal, 
8s. 6d. to 9s. 6d. (according to quality) ; splint, 9s. 3d. to 
9s. 6d. ; steam, 8s. 9d. to 93. ; main, 7s. 6d. to 7s. 9d. 

West of Scotland Iron and Steel Institute Annual Dinner. 
—The annual dinner of the West of Scotland Iron and 
Steel Institute was held the other night in the Windsor 
Hotel, Glasgow. Mr. Andrew Lamberton, President, 
occupied the chair. He was supported by various pro- 
minent members of the Institute—by Professor A. Barr, 
Mr. Bamforth; Messrs. Kidston and Donaldson, iron 
merchants ; Mr. Bennet H. Brough, London; and 
Colonel J. D. Young. The room was crowded, there being 
about 200 present. ‘‘The King” and ‘‘The Imperial 
Forces” were proposed from the chair, and Mr. Bam- 
forth proposed ‘‘The Commercial Interests of Glasgow 
and the West of Scotland ;” in the course of his speech he 
referred to the near approach of the 144th anniversary of 
the starting of iron-smelting at the Carron Works, and the 
influence of that event in the West of Scotland. Other 
toasts were proposed and responded to, and a very plea- 
sant evening was spent, the speaking being excellent. 

Institution of Civil Engineers.—The second general 
meeting of the Glasgow Association of Students of the 
Institution of Civil Engineers was held on Monday 
evening. Mr. J. E. Harrison, M. Inst. C.E., was in the 
chair. Mr. J. Malcolm Bell, B.Sc., read a paper on 
‘* Electric Equipment of Light Railways.” A discussion 
followed, and Mr. Bell was voted the thanks of the 
meeting. 

tlasgow Gas Works Appointments.—Yesterday after- 
noon the Glasgow Corporation Gas Committee held a 
meeting, at which several appointments for the local gas 
works were made, subject to the approval of the Town 
Council. Mr. Alexander Smith, who has been a number 
of years assistant to the general manager and engineer 
(Mr. Foulis), was nominated for the Tradeston Works at 
a salary of 400/. He was at once called upon to take action 
at and in connection with the Provan Works on the death 
of Mr. Foulis. Mr. Andrew Macleod has been appointed 
to take charge of the Dawsholm Works. He has been 
seventeen years connected with that station, as assistant 
manager under Mr. Alexander Wilson, who has been 
promoted to fill Mr. Foulis’s place. Mr. James Lowe, 
who for five years has been in the general manager’s de- 
partment, has been appointed to fill the post of assistant 
general manager. Mr. John F. Harrison is appointed to be 
assistant in the engineer’s department, where he has been 
for 44 years engaged. The Provan Works will eventually 
be under the management of Mr. John Webster, long 
engaged at the Dawsholm Works. He has for some 
time been seeing a lot of the structural operations car- 
ried on at the Provan Works. 








NOTES FROM SOUTH YORKSHIRE 
SHEFFIELD, Wednesday. 
Tron and Steel Trades.—There is an impression among 
the more prominent members of the above trades that 
business will improve with the New Year, but it is rather 
It is known that 


where low, and the day, it is said, cannot be distant when 
they must be replenished. Im the iron trade there are 
comparatively few orders on hand with which to start 
For some classes of steel a few good lines have 
this week been booked. . Much of the material is to fill 
urgent orders for Sheffield wares, and the remainder is for 
abroad. Generally, the railway branches are quiet, espe- 
cially on home account, but there is work on hand for 
Argentina. One of the contracts for armour for the new 


| cruisers has come to Messrs. Vickers, Sons, and Maxim, but 


it will not do very much in the way of finding employment 
for the large number of men now idle. At some of the iron 
and steel works the quiet times are being embraced to effect 





some rather sweeping reforms. Amongst them are the 
dispensing with contractors in various departments. The 
work in the armour-plate mills, forging-shops, and so on, 
has been let to contractors, and they have employed their 
own men, and been generally responsible. With the New 
Year foremen will be in charge, and the employés will be 
responsible direct to the companies. It is an undesirable 
step for the contractors, as some have done well under the 
old system. 

South Yorkshire Coal Trade.—As the collieries in this 
district have been shut down this week, there has been 
little business doing. With the colder weather there has 
been an improved demand, but the stocks have been equal 
to it. The steam coal branch has been quiet. Taking 
the year through, the coal trade has been disappointing, 
and prices have been low. The coke industry has kept 
fairly busy, but restriction has had to be put on the 
output. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance at the weekly iron market here, and 
there was little doing. ‘Change habitués appeared to 
spend more time in wishing each other the compliments 
of the season than in endeavouring to do business. At 
the same time the position was strong, the reduction in 
the output of pig iron having seemingly had the desired 
effect of stiffening prices. It was reported that the out- 
put was about to be further curtailed by the damping 
down of a furnace at the Normanby works for repairs, 
and the blowing out of one at Ayresome works and 
one at the Redcar Iron Works, so that supply, for 
some little time, at all events, should not be greatly in 
excess of demand, and prices sey ntly should not fall 
to any great extent. No. 3 g.m.b. Cleveland pig was 
43s. f.o.b., and sales were recorded at that figure, though 
second hands were prepared to take a little less. No. 1 
was put at 44s.; No. 4 foundry, 42s. 9d.; grey. forge, 
42s. 6d.; mottled, 423. 3d.; and white, 42s. East Coast 
hematite pig iron was steady. Mixed numbers stood at 
5ls., whilst No. 1 was 51s. 6d., and No. 4 forge, 49s. 
Spanish ore showed a downward tendency, but dealers 
here were very unwilling to lower rates unless some reduc- 
tion were made at Bilbao, declaring that they could not 
afford to do so; and, indeed, such seems to be the case, 
when it is reported that good qualities are 10s. 6d. at 
Bilbao, and the freight from there to the Tees is 4s. (id. 
Rubio (50 per cent.) was put at 14s. 9d. ex-ship Tees, but 
asa rule sellers adhered firmly to 15s. To-day the market 
was easier so far as Cleveland iron was concerned. Mer- 
chants reduced No. 3 to 42s. 9d., and all other qualities 
by 3d. per ton, but most of the makers held out for 
yesterday’s rates. 

Manufactured Iron and Steel.— V ery little that is new can 
be reported of the various branches of the manufactured 
iron and steel trades. Work has been suspended, or 
partially so, by most firms during the holidays. Though 
railmakers keep pretty busy, the keen competition to 
secure orders is bringing down prices. Heavy steel rails 
are now 4/. 15s. net cash at works, and, perhaps, as low 
as 4/. 12s. 6d. would be accepted for anything like a good 
order. Other quotations stand:—Common iron bars, 
6l. 2s. 6d.; best bars, 62. 12s. 6d.; iron ship-plates, 
6. 2s. 6d. ; steel ship-plates, 5/. 7s. 6d. ; iron ship-angles, 
6l.; and steel ship-angles, 5/.-—all less the customary 
23 per cent. discount for cash. 


Coal and Coke.—Coal is fairly steady. Durham gas 
coal continues in strong demand, and prices range from 
8s. 3d. to 9s. f.o.b. Manufacturing coal is quiet. Bunker 
coal is unaltered. Household coal is strong and in good 
request. Coking coal is quiet, with prices tending down- 
wards. Coke also shows signs of falling. Asa rule 14s. 
is asked for medium blast-furnace qualities delivered here, 
but as a matter of fact aslowas 13s. 9d. has been accepted 








NOTES FROM THE SOUTH-WEST. 

Cardif.—The markets have been quite of a holiday 
character. The best large steam coal has made 14s. to 
14s. 6d. per ton, while secondary qualities have brought 
13s. 3d. to 14s, per ton. As regards household coal, the 
best ordinary descriptions have been quiet at 14s. to 15s. 
per ton, while secondary descriptions have made 10s. 6d. 
to lls. per ton. No. 8 Rhondda large has_ brought 
14s. 9d. per ton. Foundry coke has made 18s. to 19s. per 
ton ; and furnace ditto, 17s. to 18s. per ton. As regards 
iron ore, rubio and Almeria have realised 14s. to 14s. 3d. 
per ton, and Tafna 15s. 3d. per ton, freight charges 
included. 

Portsmouth Dockyard.—Men are working in night and 
day shifts in extending No. 13 dock-at Portsmouth, in 
view of the advancement of ships of the King Edward VIT. 
class, for which there is no docking accommodation in any 
other yard. 

Dowlais.—The Dowlais Iron and Steel Works were 
partially closed down for a few days last week. Recent 
improvements at the works have made their productive 
capacity greater, and the supply of pig iron has not been 
sufficient to keep them going at the highest standard. 
The stoppage lasted only five days. 

Llanelly New Dock.—The dock just opened at Llanelly 
has a water area of 9 acres. It is 1000 ft. long, with a 
quayage of 1200 ft., a width of 400 ft., and an entrance 
52 ft. wide. Two hydraulic tips have been erected on 
the western side, and there are foundations for a third. 
It is computed that these two tips could deal with 400,000 
tons of coal per annum. ‘The Great Western Railway 
main line runs alongside the dock, while the Mynydd, 
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Mawr line runs along the whole length on the import 

side. There is also a connection with the Burry Port 
and Gwendraeth Valley Railway. The dock sill is lower 
by 6 ft. than that of any other dock. in the port, and at 

spring-tides there will be nearly 30 ft. of water in the 
ock. 

Bristol Docks.—As a result of the labour of upwards of 
2000 men, work at the Royal Edward Dock is progressing 
rapidly, and there has been contemporaneously a grati- 
fying increase in the trade of Bristol. Nearly three- 
quarters of the financial year are expired, and during that 
period there has been an increase of about 200,000 tons of 
foreign and coastwise traffic, and of between 11,000/. and 
12,0002. in dues. 


Weston Pier.—The Crown, through the Board of Trade, 
is putting in a claim for any money awarded under a 
Weston pier foreshore arbitration. The Pigot estate 
wanted 5000/. for the land on the foreshore required 
by the Weston Grand Pier Company for a new pier. 
The pier company deposited 250/., and an arbitrator 
awarded 750/. The Crown now disputes the foreshore 
rights of the Pigot estate. 


New Great Western Official.—Mr. J. Morris, who has 
heen appointed superintendent of the line on the Great 
Western Railway in the place of Mr. T. J. Allen, com- 
mences his new duties to-day (Friday). Mr. Morris was 
born at Whittington, Shropshire, in 1845. He entered 
the service of the Great Western Railway as a clerk at 
Oswestry in 1861, and after doing duty at several stations, 
was removed to the superintendent’s office, Chester, in 
1864. After passing through various departments of that 
office, he was appointed in 1870 chief clerk to the then 
superintendent, Mr. J. Kelley. In 1879 Mr, Morris 
became assistant to Mr. Kelley ; and, on the retirement 
of the latter gentleman in 1886, he succeeded him as 
superintendent of the northern division of the Great 
Western. In 1891, Mr. Morris was appointed assistant 
to Mr. Burlinson, superintendent of the line at Padding- 
ton, and in this capacity he has acted for the last 12 years. 
During this period he has been associated with all the 
developments and improvements which have taken place 
in the train service and traffic arrangements. 


The Swansea Valley.—The pig-iron trade is somewhat 
quiet, and stocks on the lower banks at Landore are 
stated to be heavier than they have been for some years. 
The position of the steel trade of the district is unsatisfac- 
tory; the Upper Forest Works will, however, be kept 
going for another five weeks at least, and the same may 
be said of Pontardawe and Cwmfelin. The foundries 
have been rather quiet. 








MISCELLANEA. 

In a recent issue of the Comptes Rendus, M. Charles 
Fabry describes some measurements made as to the bril- 
liancy of the sun. He finds that, without reckoning the 
light lost in the upper regions of the atmosphere, the 
intensity of sunlight at sea-level is such that each square 
millimetre of the sun’s surface must emit a light of at least 
1800 candles. The light given from the crater of an arc 
lamp is about 150 to 200 candles per square millimetre of 
emitting surface. : 


Petrol cars have been run for some time on the State 
railways of Wurtemburg. The latest car is arranged to seat 
44 passengers, which load it can take up gradients of 1 in 
100 at a speed of 16 miles per hour. The motor has four 
cylinders, developing 30 horse-power. It is geared for four 
speeds, ranging from 44 up to 224 miles per hour. Its 
weight empty is 124 tons, and it carries 100 kilogrammes 
of petrol, which is sufficient fora run of 220 miles. Its 
first cost was 1500/., and the running expenses are 2.9d. 
per car-mile, of which 1.6d. goes for petrol. The car is 
used on light secondary lines having a scanty traffic. 


In a.recent issue of the Bulletin of the Société Indus- 
trielle de Mulhouse, particulars are given as to some 
workmen’s dwellings recently erected with a gift of 
56007. due to M. Lalance. The space occupied measures 
1405 square yards, and was purchased at a cost of 400/., 
and on this have been erected buildings containing 
twelve two-room suites and twelve three-room suites, 
each of which is, in both cases, provided with a kitchen. 
The height of the rooms is 9.2 ft., and the total fioor area 
measures 484 ft. in the case of the two-room suites, 
atid 646 square feet in the case of the three-room suites. 
Gas and water are provided, and the rates for these are 
included in the rents, which have been fixed at from 7/. 2s. 
up to 7/. 14s. for the two-room suites, and at from 9/. 8s. 
to 10/, 10s. per annum, for the three-room suites. The 
cost of erecting the buildings, including land, averaged 
213/. per set for the two-room suites, and 240/. for the 
three-room sets. 


im a paper read before the Paris Société des Ingenieurs 
Civils, M. Marcel Deprez gives the following formula 
for the amount of steam generated in the boilers of the 
locomotives of the P. L..M. Railway under all con- 
ditions. of draught and rates of combustion :— 


Q a po 


Pathan 


Here Q is the total weight of steam generated per hour in 
kilogrammes. P is the weight of coal burnt per hour in 
kilogrammes, whilst a is a constant increasing with the 
length of the tubes, h is the draught in millimetres of 
water, and P, is the coal burnt under 1 millimetre’of 
draught. In the case of the engines considered, it was 
found that « was 4500, py) = 10.4, and P,; = 91. The 





is applicable to boilers of all types with suitable ‘changes 
in the constants a, pp, and P). 


In a paper read before the Louisiana Engineering 
Society by Mr. Thomas D. Miller, a description is given 
of the present method of distributing lighting-gas in New 
Orleans. It appears that of late years the demand has 
increased so rapidly that the mains were over-taxed, and 
about eighteen months ago a number of high-pressure 
feeders were laid down, into which gas was forced under 
a pressure of 15 1b. to 35 1b. per square inch, and delivered 
through reducing valves into the low-pressure distribut- 
ing mains at a number of points, so chosen us to maintain 
fairly constant the pressure in these latter mains over the 
whole area of supply. These high-pressure feeders are 
wrought-iron pipes of small diameter. At present the 
entire gas supply of Algiers is furnished from New Orleans 
by a high-pressure main laid on the bed of the Missis- 
sippi River. There were a couple of stoppages during 
the first six months of working. In one case this arose 
from the breakage of a high-pressure pipe-fitting in the 
reducing-valve station at Algiers. The other stoppage 
was a temporary one, and arose from the necessity of 
lowering the mains at one point of their course. 


In a paper recently communicated to the Paris Aca- 
démie des Sciences, M. Georges Claude describes some 
highly-important improvements in the existing methods 
of extracting oxygen from the air by refrigerative methods. 
The plan hitherto followed has been to liquefy the air 
as a whole, and then to separate the oxygen from the 
nitrogen by a process of fractional distillation. The last 
10 per cent. of the liquid evaporated contained in these 
conditions about 90 per cent. of oxygen. In M. Claude’s 
apparatus a different system is followed. Since oxygen 
has a higher boiling-point than nitrogen, it condenses 
first, and in M. Claude’s apparatus it is immediately 
separated from the onflowing stream of gas, and caused 
instead to return through the apparatus against the 
gaseous current. In this way it meets fresh air, and 
gives up to this any nitrogen it may contain, receiving in 
exchange further oxygen. This process goes on until 
ultimately the apparatus delivers at the one end nearly 
pure nitrogen, and at the other nearly pure oxygen. A 
plant just completed to M. Claude’s designs yields regu- 
larly about 1200 cubic feet per hour of 92 per cent. oxygen, 
or alternatively, three times the quantity of 55 per cent. 
oxygen. 


In some notes on ‘‘ Concrete-Metal Construction,” 
read before the Technical Society of the Pacific Coast by 
Mr. Emile Villet, the author describes the concrete-iron 
viles used at a new wharf at Novorissisk, on the Black Sea. 

hese piles measure 15? in. by 15}? in.,-and were 42 ft. 
long, and weighed 11,025 lb. each. The equivalent dead- 
weight which each was designed to carry was 114,233 Ib., 
and the iron coring was made sufficient to carry this load 
without assistance from the concrete, which was taken as 
serving ms to stiffen the metal and protect it from 
corrosion. This metal core consisted of eight round iron 
bars tied together by light metal ties at every 10 in. of 
their length. The weight of metal used was 45 lb. per 
lineal foot of pile. Gravel, Mr. Villet states, cannot be 
used in making the concrete used in the piles, as its 
union with the cement is not strong enough to stand the 
effect of the blows of the pile-driver, and hence the only 
addition to the cement must be perfectly clean and sharp 
sand. The piles in question were driven with a hammer 
weighing 3375 lb., dropping from a height of 12 ft. to 
14 ft. A cushion of wood is placed between this hammer 
and the top of the pile, but the latter, nevertheless, 
splinters somewhat under the blows of the tup. 


As an illustration of the flexibility of electrically- 
worked railways, no better example has been cited than 
the experience last month of the South Side Elevated 
Railway of Chicago. The tramways which serve the 
same territory had to practically cease running on account 
of a general strike, which lasted two weeks. During this 
period the number of passengers handled daily by the 
elevated railway increased from an average of 89,500 to 
206,000, or 130 per cent. On one day (November 14) 
229,535 passengers were handled. This sudden demand 
was met by the company without assistance from the 
outside in the way of rolling-stock or power. The line 
extends from the business district of Chicago 94 miles, to 
the World’s Fair grounds, and during the Fair in 1893 was 
worked by steam locomotives, carrying a daily average 
during the best month of 131,062 passengers, which was 
deemed to be the limit of its capacity. The line is now 
worked on the multiple-unit system, the trains being 
limited by the length of the platforms to six carriages, of 
which five are usually motors. It is only a double line 
without intermediate sidings,-yet during the two weeks 
of the strike many of the double-ended trains were turned 
back to the business centre at cross-over roads along the 
line, although trains were running at intervals of less 
than two minutes. No such results would have been 
possible with locomotives. A sustained passenger traffic 
at the rate of 75,000,000 per annum for a double line of 
this length is probably a record. 

Some new investigations into Poissons’ ratio have re- 
cently been completed by Professor P. Cardani, of Parma, 
and have been published in the Nuovo Cimento. When a 
bar is subjected to, say, tensile stress, it expands longi- 
tudinally and contracts laterally. Poissons ratio, it will 
be remembered, is the ratio which the lateral contraction 
bears to the longitudinal extension, measured respectively 
per inch of diameter and per inchoflength. On the elastic 
theory most favoured abroad, there is a theoretical value 
for this ratio, which makes it one-fourth for homogeneous 
materials. English elasticians, on the other hand, have 
never accepted this view, and have held it to be 
an independent constant different for different mate- 


equation, he holds, being based on theoretical principles, j Tials. ‘Lhis latter view is confirmed by Professor Car- 








dani’s experiments. He finds that for any given sub- 


stance the ratio is a constant independent of the amount 


of strain. His values are as follow :— 
For copper ce A o = 0,374 
., brass a oc “ee Bx o = 0.374 
», aluminium re iS o = 0,363 
>> iron ph o = 0.321 


It would appear, however, that some uncertainty still 
attaches to these figures, as quite different values are 
iven in a paper recently presented to the Royal Society 

Mr. J. Morrow, of University College, Bristol. Mr. 
Morrow’s figures are :— 


For copper o = .310 to .340 
»» brass o = .320 to .351 
»» iron ae o = .270 to .289 
», mild steel... o = .271 to .281 
», Castiron ... o = .228 to .270 


A serious fire occurred at the Bristol Electricity Works 
a little after 5 o’clock on Wednesday evening, December 
23. The current was restored over some of the most im- 
portant districts at and after 2.30 a.m. the following 
morning, and the entire system, including the majority of 
the street lighting, was supplied at about 8 p.m. the fol- 
lowing evening. ‘The failure occurred on the single-phase 
alternating-current system at 2000 volts, and it will be 
remembered that there are two stations at Bristol— 
the old one at Temple Back and the new station at Avon- 
bank, and that the whole of the distribution is from the 
switch gear at the old station, this switch gear bein 
connected up by trunk mains to the new Avonbank switch 
gear. Bothswitch gears are of the Ferranti cellular type, 
the one at Temple Back being ordered from Messrs. 
Ferranti, Limited, nearly five years ago. At the time 
of the accident the load, of about 3000 kilowatts, was being 
taken up by two 400-kilowatt machines at Temple Back 
and four 750-kilowatt machines at Avonbank. In such 
occurrences it is difficult to locate exactly the origin of the 
fault, but from the appearance of the swatch gear it would 
seem that, for some reason yet to be discovered, one or both 
of the machine fuses at Temple Back blew. This action 
was apparently followed by a severe arc in the fuse panels, 
which — through the slate above it, melting the fuse 
contacts and the metallic connections between the fuses 
and the switches. It would appear from the débris that 
although some minutes were taken to shut down the 
machines at Temple Back and Avonbank, the arc thus 
formed was confined to the machine panels. A serious con- 
flagration, however, arose almost simultaneously with the 
forming of the arc, the flames igniting the linoleum floor 
and the insulation over the inner conductor of the cables 
connecting to the terminals under the bottom switch-slate. 
The flames from this material were intense, and quickly 
spread over the entire switch gear and to the roof of the 
building. A close examination on Thursday revealed the 
fact that the damage to the power station and machinery 
was not so extensive as was at first thought. The fire 
was confined to the woodwork used in the structure, the 
insulation on the cables, and the flooring, although the 
water with which the fire was subdued impaired some 
portions of the plant. Greatcreditis due to Mr. H. Faraday 
Proctor and his assistants, Messrs. Couzens and Bolam, for 
the energetic way in which they coped with the most trying 
situation. Practically the whole of the cable work in the 
station had to be cleared, and in order to get down to the 
sound portions of some of the cables it was necessary to dig 
up the road adjoining the electricity works. Although the 
Ferranti cellular switch gear is apparently at. fault in 
that the fuse, which is of an obsolete type, failed, yet the 
arc caused by this failure was confined to the switch and 
fuse panels of three or four machines, the~ bus-bars 
there being three inner bus-bars in number) remain- 
ing intact, thus giving a practical demonstration of 
the utility of the cellular construction in limiting 
toa minimum the extent of the arc. While admitting 
that the remainder of the switch gear, including the 
circuit section, were placed out of commission, it must 
be taken into consideration that the damage was_ not 
caused by a direct electrical failure on the individual 
sections, but by the heat and smoke resulting from the 
combustion of materials, which, although they were con- 
tiguous and near to the switch gear, did not form an 
Shenae part of theactual cellular switch gear design. 


— 








Water-SorreNERS: ErratumM.—Mr. Stromeyer and Mr. 
Baron, the authors of the paper entitled ‘‘ An Inquiry 
into the Working of Various Water-Softeners,” read 
before the Institution of Mechanical Engineers on the 
18th ult. and published by us in extenso in our last issue, 
desire it to be stated that where the word ‘ Atkins” 
oceurs in the paper the words ‘‘the Atkins Company ” 
should be substituted. 

Pig 1n GermMANy.—The production of pig in Germany 
in November was 812,830 tons, of which 147,017 tons 
were foundry pig, 38,901 tons Bessemer pig, 536,958 tons 
Thomas pig, 51,487 tons steel and spiegel pig, and 68,487 
tons vediiing pig. The output of November, 1902, was 
730,928 tons. The aggregate output from January 1 to 
November 30 this year was 9,236,886 tons, as compared 
with 7,648,665 tons in the corresponding period of 1902. 





BEuGIAN Sreen-MakinG.—The effective production of 
the steel works of Belgium at the commencement -of 
1904 is at the rate of 1,045,000 tons per annum. The 
corresponding effective production at the commencement 
of 1894 was 468,000 tons. The total of 1,045,000 tons is 
made up as follows:—Cockerill, 185,000 tons; Ougrée, 
255,000 tons ; La Louvitre, 50,000 tons ; Thy-ie-Chateau, 
60,000 tons ; Angleur, 150,000 tons ; Couillet, 120,000 tons ; 
Providence, 135,000 tons; and Gambre- et - Moselle, 
90,000 tons. 
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WORKING STRESSES. 

Tue old puzzle as to the strength of beams is 
continually reappearing, although the true ex- 
planation of the fact that a solid beam tested to 
destruction is apparently much stronger than the 
usual theory would indicate has been for years 
known to well-informed engineers. It, of course, 
depends on the fact that in the usual theory 
it is assumed that the heam is perfectly elastic, 
and that once the elastic limit is reached for any 
set of fibres of the beam, new conditions are 
introduced. Ona further increase of load plastic 
flow takes place, owing to which the overstrained 
fibres pass part of their legitimate load on to their 
less severely tried neighbours, with the*result that 
the beam carries a considerably greater load than 
it would did the material remain perfectly elastic 
up to the breaking point.. Many years ago the 
late Mr. D. K. Clark, by a course of inaccurate 
reasoning, made the modulus of a rectangular beam 
equal to 0.288 d?b, instead of } b d?—the correct 
figure. 

The whole subject was, of course, settled from 
the mathematical point of view by St. Venant in 
his classical researches, which, however, in the 
nature of the case, are only intelligible to those 
having a fair acquaintance with mathematics. In 
these researches the only assumption made was 
that stress was proportional to strain, which we 
know is correet within the elastic limit. The fact, 
however, remains that it is impossible by St. 
Venant’s formule to calculate the breaking strength 
of a beam, and amongst many practical engineers 
the idea arose that there was some mysterious 
discrepancy between theory and practice. Very 
few of them tested the truth of the formula within 
the elastic limit of the material, but those who did 
soon discovered that the supposed discrepancy was 
practically non-existent, and that within the elastic 
limit there is no disaccord between theory and prac- 
tice. It is true that cases may occur in which itis 
legitimate to use material strained beyond the elastic 
limit. One case we recall to mind is a patented 
crank, which enjoyed some favour for bicycles a few 
seasons ago. These cranks were given a permanent 
twist in the process of manufacture, and before being 
finished. As a consequence, when unloaded the ma- 
terial was in a state of strain, the inner fibres being 
strained in the same direction as would arise from the 
twisting pressure of the pedal, whilst the outer fibres 
were strained in the reverse direction. Hence, under 
the pedal pressure, the torsional stress on any cross- 
section of the crank approached to uniformity, in 
place of the outer fibres being much more severely 
strained than the inner, as occurs with the ordi- 
nary type of crank. Thus it was possible to obtain 








a very stiff crank with ¢ a very light section. Such 
cranks are, however, obviously unsuited for heavy 
back-pedalling, as in so far as the cranks are 
stiffened by the twisting process for stresses in one 
direction, they are weakened against stresses of 
opposite sign. The cases in which it is possible 
to take advantage of the plastic properties of iron 
and mild steel, in proportioning machine members, 
are, however, ‘few in number. Generally stresses 
are varying, and Bauschinger’s experiments have 
shown us that it is then unsafe to exceed 
the elastic limits of the material. Whilst it is 
possible to raise artificially the elastic limit of a 
material for stress in a given direction, the limit 
for the opposite stress is at the same time lowered, 
and by a nearly equal amount. Hence, speaking 
roughly, the elastic range of a steel or iron bar is 
constant, and a bar is as safe if subjected to a 
varying stress ranging from 0 to 10 tons per 
square inch as if it were subjected to a stress 
ranging from — 5 tons te + 5 tons per square inch. 
Thus, while cross-breaking tests may show a high 
apparent coefficient of rupture, it is not safe to 
dimension machine parts on such experiments 
unless under quite special conditions. Again, a flat 
plate exposed to pressure on one side only, will 
carry safely a much higher load than the ordinary 
theory would indicate, as has been very conclusively 
shown by Mr. Robert Wilson’s experiments (ENe1- 
NEERING, September 24, 1877). If, however, it 
were attempted to design a piston on these lines, 
there is every reason to believe that failure would 
occur, as the pressure, being first on one side and 
then on the other, would give rise to a range of 
stress exceeding the elastic range of the material. 

Another point in regard to which misconcep- 
tion is not infrequent, is as to the most.suitable 
material for use where great variations of stress 
may be expected. Thus, we have found some builders 
of engines for driving electric traction generators 
using the softest quality of steel for the main shaft, 
with a view to making provision for the very large 
and sudden variations to be expected in the torque. 
This policy is, we believe, an entirely mistaken one, 
a comparatively hard steel being in every way more 
suitable. Some very interesting experiments made 
some years ago by Mr. Metcalfe, the American 
steel-maker, showed that a hard steel proved much 
more satisfactory than a milder one when used for 
the piston-rod of a steam-hammer. According to 
Mr. Metcalfe’s account, a particular hammer was 
occasioning constant trouble from the breaking 
of its rod. A milder steel was used, but the 
trouble was aggravated, until it chanced that 
the rod broke when no mild material was imme- 
diately available, and it was absolutely necessary 
to proceed with the work in hand. A hard steel 
was accordirgly substituted in the hope that it 
would see the particular job through any way ; but 
to the surprise of those concerned, with the new 
rod all the trouble disappeared, the hard steel 
standing where the other failed. An elaborate in- 
vestigation was then undertaken, which fully con- 
firmed the experience above related. 

Cases are sometimes advanced in which the 
stress as calculated by ordinary methods appears 
abnormally high. Such cases certainly do exist, but 
in other instances the peculiarity exists rather in 
the method of calculation than in actual fact. It 
is often extremely difficult to make perfectly satis- 
factory hypotheses on which to base one’s’ deduc- 
tions. Indeed, in a particular case brought under 
our notice, certain firebox roof-stays were calcu- 
lated as being subjected to a normal work- 
ing stress of 25,000 lb. per square inch, but it is 
quite possible that this figure should be reduced 
owing to the support afforded by the sling-stays 
being ignored. In any case it has to be observed 
that a locomotive roof stay-bar is subjected to a 
quiescent and very gradually applied load, act- 
ing in one direction only, and hence may be 
considerably reinforced by the plasticity of its 
material, owing to which the stress on the over- 
loaded outer fibres is reduced, and that on the 
understressed inner fibres increased. It would be 
interesting to remove such a bar after having 
been some time in use, and to cut in two along 
its neutral plane. It is quite possible that such 
an experiment would show evidence of plastic 
yielding, by the two halves of the bar, on 
separation, curving in different directions, though 
the maximum stress noted is perhaps hardly sutti- 
cient to render this certain. In that case the 
plasticity of the material would constitute a re- 
serve of. strength, though under the actual condi- 
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tions it might not sensibly diminish the real | trading which ought to be written off against the|an additional 6d. or so in the pound. If he has 
not sufficient interest in local affairs to vote at the 


stress on the outer fibres. After all, there is little 
doubt that a material fails through strain rather 
than through stress, since fracture finally occurs 
through the separation of the molecules. With 
soft materials these molecules can undergo a con- 
siderable displacement without this separation 
taking place, and as a consequence the cross-break- 
ing load of a beam may be substantially increased. 
Nevertheless, the molecules will not withstand for 
long repeated displacements of this nature in oppo 
site directions, and thus soft materials, subjected to 
alternating strains, require a large apparent factor 
of safety. With such a material as spring steel, 
however, we meet with quite different conditions. | 
The plasticity is extremely small, and such steels 
will stand but little punishment in the workshop, 
but can be, and in practice are, worked with but 
a very small nominal factor of safety. Thus Mr. 
Hartnell has found that tempered spring steel may 
he safely worked at a stress of from 60,000 lb. to 
70,000 lb. per square inch, or with a factor of 
safety of about 2, and the load carried, being a 
varying one, is especially trying. 
wires are, in some cases, worked with a factor of 
safety of even less, and yet breakages occur com- 
paratively seldom. On the other hand, such 
materials will be broken by an amount of mal- 
treatment in the workshop which a softer steel 
would withstand with practical impunity. 

Taken as a mere empirical rule, giving an ap- 
proximation to the cross-breaking strength of a 
solid rectangular beam, there is something to be 
said in favour of Mr. Clark’s formula; but it is 
not permissible to use this formula as giving any 
information as to the fibre stresses. Up to the 
elastic limit experiment shows clearly that the 
formula in question is totally unreliable, whilst 
beyond this limit the ratio of the actual stress to 


that obtaining in a perfectly elastic beam similarly | 


loaded will vary with the material tested, and with | 
each increase of load. 








RATEPAYERS AND LOCAL 
GOVERNMENT. 

Two striking instances of the difticulties into 
which municipalities may be plunged have recently | 
been reported in the papers. One such instance 
comes from one of the Metropolitan boroughs—that 
of St. Marylebone ; the other from another metro- 
polis—the capital of Ireland. The facts in the 
St. Marylebone case are so well known that it is 
unnecessary to state them at length. It is suffi- 
cient to say that the Council of that borough are 
under statutory contract to pay something like 
2,000,0001. for an electric lighting undert aking, and 


that a large number of the ratepayers of the dis- | 


trict are requesting the Council to make terms 
with the company, who have power to demand ful- 
filment of the contract. 

The facts which have come to light in Dublin are 
scarcely so well known, but are of equal importance 
to those who are interested in municipal trading. 
It appears that the Corporation of that city decided 
some years ago to undertake the supply of elec- 
tricity for lighting purposes. An estimate was 
made of the cost of a generating station and laying 
mains, and the work was entered upon on this 
basis. A sum of 254,000/. was considered neces- 
sary in the first instance, and a loan for this 
amount was apparently raised, with the con- 
sent of the Local Government Board. Subse- 
quently, however, it was found that a further sum 
of 48,0001. was necessary to complete the under- 
taking. When dealing with an application which 
vas made to them for leave to borrow this sum, the 
Local Government Board pointed out that 41,5001., 
part of the sum of 48,000/., was an under-estimate 
of the cost of the scheme, notwithstanding the 
fact that a saving of about 6000/. was effected by 
the adoption of a cheaper mode of generating elec- 
tricity than that provided for in the original esti- 
mate. It was also observed that about 87 per cent. 
of the additional cost of the work for which the new 


loan was required was due to expenditure which | 


did not increase the earning capacity of the system. 

In this instance, again, the ratepayers, waking 
up too late.to the realities of the situation, are 
crying out against expenditure which must mean 
loss to them. Had a vigilant committee been on 
watch from the first, something might have been 
done to prevent this useless expenditure. It 
is ever held up to the ratepayer that uo private 


rate3s. The fact is that the property necessary to 
earn the profits cannot be obtained without the 
expenditure of large sums of money, which must be 
borrowed at interest. Yet the ratepayers, if they 
only knew it, have the remedy in their own hands. 

It is provided by Section 4 of the Municipal 
Corporations (Borough Funds) Act, 1872, that :— 





Again, piano | 
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‘*No expense in relation to promoting or opposing 
vy Bill, or Bills, in Parliament shall be charged as 
.oresaid—viz., to borough or local funds—unless 

| incurred in pursuance of a resolution of an absolute 

| majority of the whole number of the governing 
| body, at a meeting of the governing body, after 
ten clear days’ notice by public advertisement of 
| such meetin: g, and of the purpose thereof, in some 
|local newspaper published or circulating in the 
| district. Provided, further, that no expense 
in promoting or opposing any Bill in Parliament 
| shall be charged as aforesaid, unless such promotion 
|or opposition shall have had the consent of the 
|owners and ratepayers of that district, to be 

'expressed by resolution in the manner provided 

in the Local Government Act, 1858, for the adop- 

‘tion of that Act.” 

The proviso to this section is of great import- 
ance, as it throws upon the council the onus of 
consulting the ratepayers before they incur the 
expense of promoting a Bill. In thus conferring 
‘upon ratepayers the right to have a voice in the 
expenditure of money on the promotion of a Bill, 
the Legislature clearly had it in contemplation 
that the promotion of a Bill was of such vast 
importance to the inhabitants of a district that 
they ought to be allowed to adjudicate specially 
upon the question. In furtherance of the object of 
ascertaining the views of ratepayers, the council is 
bound to hold a ratepayers’ meeting. 

Schedule 3 of the Public Health Act, 1875, pro- 
vides rules as to resolutions of owners and rate- 
payers. The most important of these is Rule 6, 
| which provides that :—‘‘ The chairman shall propose 
'to the meeting the resolution, and the meeting shall 
| decide for or against its adoption. Provided that if 
any Owner or ratepayer demands that such question 
be decided by a poll of owners and ratepayers, 
| such poll shall be taken by voting papers in the 
Form O to Schedule IV. to this Act.” In effect, 
the poll is taken in the same way as the election of 
local boards is provided for. The rule then con 
tinues :—-‘‘ If no poll is demanded, or the demand 
for a poll is withdrawn by the persons making the 
same, a declaration by the chairman shall, in the 
absence of proof to the contrary, be sufticient 
|evidence of the decision of such meeting.”’ 
| Froin this it is abundantly clear that it is com- 
|petent for a single owner or ratepayer to demand 
|a poll of ratepayers ; and, further, it is clear that 
|his request cannot be refused by the chairman of 
the meeting. The courts have shown a deter- 
mination to put a strict interpretation upon this 
enactment. Inthe case of R. v. the Mayor of Dover 
(ex parte Bradley), which was heard in February, 
1903, it appeared that at a statutory meeting held 
in connection with the Council’s proposed applica- 
tion to Parliament for powers to carry out a pur- 
chase agreement with the company supplying elec- 
tricity to the town, the resolution was put to the 
meeting and declared carried. A director of a local 
gas company then demanded a poll as a ratepayer, 
and Bradley said, ‘‘I second the demand, if neces- 
sary.” The town clerk informed him it was 
not necessary. Subsequently, after the meeting 
had terminated, the gas company director withdrew 
his demand. The question for the opinion of the 
Court was whether a demand was necessary. The 
Lord Chief Justice held that an effective demand 
had been made by Bradley, in accordance with the 
statute. Mr. Justice Darling went even further, 
and stated his readiness to hold, if necessary, that 
|a demand for a poll could not be withdrawn after 
it had been accepted, and a statement that a poll 
would be held had been made, and the meeting had 
terminated. 

This outline of the law will have made it plain 
that ratepayers have it in their power to check out- 
rageous expenditure in the bud, if they are so in- 
clined. No scheme of any magnitude can be under- 
taken by a local authority without application to 
Parliament. In particular, if large sums of money 
are necessary for the purpose of any undertaking, 
the aid of Parliament must be invoked. As a rule, 
however, notice of a statutory meeting fails to 





‘catch the eye of the ratepayer, who does not be-|the subject, and recently Mr. 





poll when the local election is being held, it is not 
to be expected that he will take the trouble to go 
to a statutory meeting. 

It is interesting to inquire into some of the causes 
of this apathy among ratepayers, which has let the 
so-called municipal trader run riot with the public 
money. We say ‘‘ so-called” municipal trader ad- 
visedly, for the instances which we have quoted 
at the head of this article are certainly not examples 
of sound or advantageous trading. Who are the 
ratepayers in great cities? Take a central part of 
the Metropolis —the borough of St. Marylebone 
forinstance. A large number of the ratepayers in 
this district are men of large means, in whose 
annual budget rent and rates form a comparatively 
small item. Others are professional men who must 
live in this district and who accept the position 
that both rent and rates must necessarily be large. 
But there is another class of ratepayer which is 
increasing both in number and importance in all 
the residential districts of London. We refer to 
those who live in flats. As a rule, the tenant of a 
flat pays to his landlord alump sum, which includes 
rent, rates, and taxes. If he holds his flat fora 
term of years, he cares but little whether the rates 
go up or down. The loss or gain affects his land- 
lord. Is he likely to trouble his head about 
municipal elections, or go to statutory meetings to 
demand polls of his fellow ratepayers?’ Of course, 
it may be that a general lowering or raising of the 
rates may affect the total sum paid each year in the 
course of time; but the tenant is more likely to 
look to the immediate demands which are made 
upon him. 

This is one of a number of reasons which causes 
apathy amongst ratepayers. 

That there is such apathy, at any rate in the 
Metropolis, is manifest from a record of voting 
recently published. It appears that the total 
number of electors on the registers for 1903 was 
705,725 ; of these 49,375, or 7 per cent., did not 
have an opportunity of voting in consequence of 
uncontested elections. The total number who 
might have voted was, therefore, 656,350, of whom 
310,513 actually did vote ; this means that 47.3 per 
cent. of the electorate of contested wards voted, 
compared with 45.9 in 1900. It appears that in the 
borough of Woolwich 69.6 per cent. of the elec- 
torate recorded votes, while the figures for St. 
Marylebone were 45.2 per cent., and for Paddington 
35.3 per cent. If those who pay the rates are 
sufficiently indifferent to take the trouble to vote 
for a candidate who may put a check on expendi- 
ture, it is not surprising that they should refrain 
from seeking election themselves. 

Hence the administration of local funds are left 
to persons who, from their education and train- 
ing, are not really competent to consider financial 
questions of any magnitude. It is hoped that the 
recurrence of cases like those which have occurred 
in London and Dublin may rouse ratepayers from 
their lethargy, and tend to stir up a more active 
and intelligent interest in municipal government. 








ELECTRIC TRACTION WITH 
ALTERNATING CURRENT. 

NEARLY two years ago, when the Institution of 
Civil Engineers and the Institution of Electrical 
Engineers both discussed the question of electric 
traction on railways within a few weeks of one 
another, the most pertinent and illumirative speech 
was made by Dr. Silvanus Thompson, who pointed 
out that the solution of the problem did not lie in 
complicated systems, like the three-phase cascade, 
the Ward-Leonard, and the like, but in the per- 
fection of the single-phase motor. If that could 
be put on an equality, or near an equality, 
with the series direct-current motor, then a 
large number of difficulties in relation to main- 
line working would disappear immediately. Dur- 
ing the past two years great progress has been 
made in this direction, although considerable reti- 
cence has been observed by inventors as to their 
methods. We know, however, that alternate- 
current motors, which are practically direct-current 
motors with laminated fields and some small modi- 
fication in relation to the armature, are about to 
be used on a commercial scale, and the electrical 
world is awaiting the result with eagerness. After 


a pause, railway. engineers are again returning to 
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chester Section of the Institution of Electrical | volt railway motors, rated at 80 brake horse-power 


Engineers a full account of the present condition 
of atfairs in relation to electric traction by alter. 
nating current. 

The author commenced by classifying the pos- 
sible spheres of utility of alternating currents, so 
far as electric traction is concerned, under four 
headings—namely, Urban Tramways, Suburban 
Railways, Light Railways, and High-Speed Point- 
to-Point Railways. 

The first of the above-mentioned classes may be 
passed over with the remark that, under existing 
circumstances, continuous current seems in every 
way more suitable for tramway work than alternat- 
ing current. The advantages to be gained by the 
use of transformers are more than neutralised 
by the inherent defects of alternating-current 
power distribution, which are especially pronounced 
in the case of tramways, where the constant 
starting and stopping necessitates frequent accele- 
ration and demands a more perfect system of speed- 
control than the designers have as yet obtained 
for alternating-current plant. 

The second class of work to which the application 
of alternating current may be considered, comes 
under the heading of Suburban Electric Railways. 
These railways differ from tramways in having con- 
siderably longer runs without stops, and thus in 
being able to maintain a fairly high uniform speed 
for a considerable distance. ‘These points un- 
doubtedly minimise the advantages which the 
continuous-current motor displays with regard to 
speed-control ; but, even then, high accelerations 
being such a vital point in the economy of the 
system, until an alternating-current motor is pro- 
duced which can compete with the continuous- 
current motor in this respect, the latter will con- 
tinue to hold the field. 

In the two latter classes of work enumerated 
above—viz., light railways and high-speed point- 
to-point railways—the conditions depart still 
further from those obtaining on tramways, for 
the distances between stopping - places become 
still greater, so that during the greater part of the 
running a high uniform speed is kept up. Thus 
the inflexibility of alternating-current motors with 
regard to speed-control is not of so much import- 
ance, while with the increased length of the lines, 
the advantages due to high-tension transmission, in 
the matters of first cost and maintenance, soon 
begin to outweigh the features which give con- 
tinuous current its pre-eminence for local traftic. 
The author expressed the opinion that electric 
traction on all such lines as the projected Man- 
chester-Liverpool and London-Brighton, as well as 
on light railways generally, would in future be 
entirely performed by means of alternating cur- 
rents. 

An interesting table, which we reproduce, was 
given, comparing in parallel columns the chief 
features of a three-phase and a continuous-current 
motor. Both motors were typical standard 500- 


TABLE I, 


Type of Motor. 
Leading Particulars. ———-- 


Three-Phase. | Direct-Current. 


+ = ay om 7 2 
Normal rating at 500 volts... 80 B.H.P. 





80 B.H.-P. 


Momentary safe overload* 200 _ ,, 1" = 
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Relative cost of two controllers 
and the resistance 


* For three minutes. 
' Power factor = 8.4 per cent. 
t Series-parallel control for the direct-current equipment and 
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at 720 revolutions. No very great difference 
appears in the weight or dimensions of the two 
machines, though the figures certainly favour the 
coutinuous-current motor ; also the cost of the latter, 
including controlling equipment, comes out about 
20 per cent. less than that of the other. The 
efficiency of the three-phase motor is uniformly 
good atall loads, and the rather low power factor is 
explained by the greater air-gap which has to be 
allowed for safety in a machine designed for the 
rough usage of traction work than for stationary 
work. From a general engineering standpoint the 
absence of the commutator entitles the three-phase 
motor to be ranked as the better machine, while 
the ability to use high voltages effects a saving in 
first cost, which on long lines may well be set off 
against the difficulties of speed regulation and the 
necessity for two or more trolley wires. 

The author places the limit of pressure at which 
it is advisable to work at 2000 volts, as, though 
there is no great difficulty or danger in building or 
operating motors at far higher pressures, the extra 
liability to breakdown more than balances the 
saving in the initial cost of the line. 

The weak point of three-phase motors is, of 
course, the difticulty of speed-control. The method 
of tandem-parallel control, in whatever form the 
details are carried out, is analogous in some 
respects to the series-parallel arrangement used 
in connection with continuous-current work, as the 
motors may be run at half speed without loss of 
efticiency due to waste in resistances. This method 
will probably come into greater prominence as 
three-phase traction work is developed, for its 
economy and flexibility must undoubtedly outweigh 
its comparative complications. One form of tandem 
control devised by Steinmetz for regulating the 
speed, and also obtaining a large starting torque, 
consists in connecting the stator of the second 
motor in series with the rotor of the first, the 
rotor of the second being short-circuited through a 
regulating resistance, while the stator of the first 
motor is fed from the trolley lines. This insures a 
large torque at starting, and all speeds up to half 
speed may be obtained by adjustment of the regu- 
lating resistance in circuit with the rotor of the 
second machine. For greater speeds the stators 
are connected in parallel to the trolley lines, the 
speed being regulated by resistances in the rotor 
circuits. 

The system of control described by the author 
necessitates the two motors being mechanically 
connected. It was devised by Professor Gorges, 
and the most noteworthy example of its use is 
on the Valtellina Railway. In this method the 
rotors of the two motors are in series, the stator 
of the second motor being now short-circuited 
through the regulating resistance, the stator of 
the first being connected to the lines as before. 
A number of devices have been suggested to obtain 
intermediate speeds without the use of resistances, 
but owing to complexity they have not been utilised 
in practice. One of the principal defects of induc- 
tion motors, as compared with continuous-current 
motors, is the weakness of the starting torque. 
Some method of increasing the torque at starting 
is desirable, especially when the motors are con- 
nected in tandem, and various ways have been sug- 
gested. Mr. C. E. L. Brown proposed to change 
over the stator windings from star to mesh connec- 
tion, which would result in increasing the torque by 
about 50 per cent. A less complicated method 
would be to increase the pressure at the motor ter- 
minals by a boosting transformer or other arrange- 
ment ; for since the torque increases as the square 
of the pressure, a moderate rise of the latter would 
have a considerable effect. Another method of 
increasing the starting torque would be to arrange 
the motors to run normally in series, but to put 
them in parallel at starting, so as to obtain double 
the usual voltage across the terminals. The arrange- 
ment adopted on the Valtellina Railway for increas- 
ing the torque has already been described in these 
columns. 

The author concludes the consideration of the 








|question of the speed-control of three-phase 
|motors by the remark that the system to be used | 
can only be decided by taking into account the | 
class of work for which the equipment is intended. | 
| He thinks that, in the present state of know- | 
ledge, the use of alternating currents should be | 
| contined to light railways, branch lines, and high- | 


ing substations are necessary. For these classes 
of work, the inefticiency of the rheostatic control 
is of relatively small importance, and it is thought 
that its use is preferable, notwithstanding the dis- 
advantage of having to take all gradients at full 
speed. If, however, for any reason, three-phase 
working is employed for cases where it is necessary 
to attain rapid accelerations with economy, the 
tandem-parallel system must be used ; and of the 
two forms in which it can be applied, that advo- 
cated by Messrs. Ganz is, perhaps, preferable on 
account of its greater simplicity. 

Without enlarging on the obvious merits of 
single-phase working for long-distance lines, the 
author turned at once to the question of motors. 
These are the crux of the whole matter ; for with 
the advent of a really satisfactory single-phase 
motor, the days of polyphase work will be num- 
bered. This is the point put forward’by Dr. Sil- 
vanus Thompson, as already referred to, and is of 
great interest. Neglecting synchronous motors, 
there are at present four types available :— 

1. Pure induction motors. 

2. Series motors (Lamme, Finzi). 

3. Repulsion induction motors (K. Arnold, Deri, 
Schiiler). 

4. Repulsion series motors (Latour, Eichberg- 
Winter). 

Pure induction motors can be only indirectly 
applied to traction work, as to show any reasonable 
efticiency they must run at something near syn- 
chronous speed. They have a lower efticiency and 
power factor than three-phase motors, a small speed 
regulation is all that is obtainable, while their 
capacity to withstand overload and ability to start are 
both poor. The absence of the commutator, which is 
possessed by the three latter classes, is not sufticient 
to compensate for these disadvantages, and it is 
very improbable that single-phase induction motors 
will be generally used for traction purposes. It 
has been suggested to combine the motor with an 
air-compressor, which should store power, to be 
liberated as required for starting or speed-regulat- 
ing purposes, cr to couple it to a direct-current 
machine, which should generate current for. driving 
motors on the car axles. Both these methods avoid 
some of the main objections to the induction motor, 
but the extra weight and complications involved 
seem too serious for the schemes to be practicable. 

The second class of single-phase motors is the 
revival of an old type under the influence of the 
demand for asuitable traction motor. The original 
form was very much the same as that of the direct- 
current series motor, the principal change being 
the substitution of laminated fields for the solid 
cast or wrought-iron fields of the direct-current 
machine. Such motors, in the smaller sizes, 
attained a fair efficiency and considerable applica- 
tion, both in this country and on the Continent, 
though the sparking and low power factor ren- 
dered the use of larger sizes almost impossible. 
The best modern example of the series motor is the 
type devised by Dr. Finzi for tramway purposes, an 
account of which is given in the Electrical Review 
of November 6 and 13, 1903. Dr. Finzi reduces 
the sparking by the employment of German-silver 
armature connections, to check the heavy currents 
induced in the short-circuited coils, and also by 
axial slits in the pole-pieces, which reduce the 
armature flux. The power factor is also increased 
by the use of a very low frequency, 15 cycles being 
used by Dr. Finzi. When used for railway work, 
this type of motor requires a step-down transformer 
on the car, as the commutator prevents the use of 
high voltages. The transformer can be used for 
speed control by varying the ratio of transforma- 
tion, and the economy of this. feature helps to 
compensate for the relatively smaller efficiency of 
the motor at low pressures. 

The third class of motors start as repulsion 
motors, and are changed over to induction motors 
by short-circuiting the windings when speed has 
been attained. The latest and best example of 
this class is the Schiiler motor, built by Messrs. 
Ferranti, Limited. A motor which should possess 
the qualities of the repulsion motor when starting, 
and those of the induction motor at full speed, 
was seen to be a desirable machine. Arnold 
and Deri effected the change suddenly, but Schiiler, 
by a gradual change, avoids the current fluctuations 
in the circuit. The rotor is designed similarly to 
an ordinary continuous-current armature, the wind- 
ings being connected to three slip-rings at one end 


speed point-to-point railways, and then only when | of the shaft and to a commutator at the. other. 
control with rotor resistances only, for the three-phase equipment. | the length of the lines is such that many convert- | The stator winding is similar to that of a three- 
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phase induction motor, two of the sections only 
being in circuit at once, and the direction of rotation 
depending only on which section is out of circuit. 
There are six commutator brushes which are always 
short-circuited, the amount of current passing 
through them depending on the manipulation of 
the star-connected rotor resistance between the 
slip-rings. The Schiiler motor will start under full 
load, the starting torque being 25 per cent. greater 
than the normal torque with the same current ; 
with not more than twice the current, the starting 
torque is three times the normal. 

The author thinks that, while the Schiiler motor 
is the best of its class, it will not take precedence 
of the pure series motor, or series repulsion motor, 
and considers that the same difficulties in commu- 
tation would occur as exist in the series motor. It 
may be pointed out, however, that in the Schiiler 
motor the brushes are considerably out of the 
neutral position, so that the electromotive force of 
the short-circuited coils must be less than in the 
case of the series motor. _It may be further noted 
that the amount of resisfance between the rotor 
and commutator in the Schiiler motor may be made 
sufficient to prevent undue sparking, as it is only 
in circuit when the motor is running up; while in 
the series motor the resistance is limited by the 
fact that it is constantly in circuit. The fourth 
class of single-phase motors represented by the 
Latour and Winter-Eichberg types share with 
the Schiiler motor the property of being able to 
work directly at high voltages. 
two important respects from all other series or 
repulsion motors in that the power-factor is nearly 
unity under all conditions, while the rotor, having 
more ampere turns than the stator, produces the 
field flux. The stator winding is just like that of 
ordinary polyphase motors, and the rotor is simply 
a specially-proportioned direct-current armature, 
with an ample commutator of many segments. The 
motor has a. starting torque equal to that of a 
three-phase motor, but obtained without the use of 
resistances, a speed variation over wide limits, and 
excellent commutation at all loads. 

Whether one or other of these types of single- 
phase railway motor will eventually take the place 
of the three-phase motor remains to be seen; 
though, to judge from recent progress, the tendency 
appears to be in that direction. In any case, the 
use of the commutator seems to be firmly esta- 
blished in alternating-current machinery, and the 
near future may witness the alteration of many 
ideas at present held by electrical engineers. 





WARSHIP STEAM TRIALS IN 1903, 

DvrinG the year which has just closed twenty- 
nine new ships for the Navy passed through their 
steam trials. The number includes four battle- 
ships, eight armoured cruisers, one protected 
cruiser, and a sloop; while three gunboats, which 
had been re-engined, have also been tried. In 
addition there were ten torpedo-boat destroyers 
and five first-class torpedo-boats. This number of 
vessels exceeds the average, and, in view of the high 
designed speed, the results are of special interest. 
In the previous year there were sixteen ships, 
with two torpedo-boat destroyers ; in 1901, four- 
teen large ships and eighteen torpedo craft ; and 
in 1900, ten new ships and fifteen torpedo craft. 
The results of the trials of the larger ships are 
set out in Table I., and of the torpedo craft in 
Table II. 

One feature of the results tabulated is due to the 
inclusion of a larger variety of types of water-tube 
boilers. For instance, we have two battleships, 
one with Babcock and Wilcox boilers and the other 
with Belleville boilers. These are the Queen and 
Prince of Wales. In both cases the machinery is 


alike, and the hull has, in each instance, been made | 


from the same drawings; a comparison between 


the performance of these two ships may thus| 


be justifiable. It is notable, in the first place, 
that in the Babcock and Wilcox boiler a larger 


allowance of heating surface is made for the same | 
power, the ratio in the one case being 2.56 square 


feet of heating surface per unit of power, while in 
the case of the Belleville boiler ship the proportion 
is 2.47 square feet per unit. At the same time the 
grate area is larger in the case of the Belleville 
boiler, there being 1 square foot of grate to 31.37 
square feet of heating surface, as compared with 
1 square foot to 33.5 square feet in the case of the 
Babcock and Wilcox steam generator. The coal-con- 
sumption results are distinctly in favour of the Bab- 


They differ in| 


cock and Wilcox boilers, so far as these two ships are 
concerned, the apparent difference being about 20 per 
cent. ; it would, however, be a mistake to dogmatise 
on these two isolated instances. A more comprehen- 
sive trial, under exactly corresponding circumstances 
—and possibly, also, for a longer period under ser- 
vice conditions—could alone yield results on which 
to base anything like a conclusive opinion. More- 
over, the personal equation, as we have aforetime 
pointed out, must always be an important factor 
in the case. Of course, we do not presume to state 
that experience will not bear out the difference 
recorded above : the facts given will incline many 
to look forward with very considerable interest to 
the subsequent comparative trials of these and of 
other ships similarly conditioned. 

The other two battleships in the list—the Corn- 
wallis and the Albemarle—differ from those to 
which we have just referred in respect that they 
were designed to attain a speed of 19 knots, 
and for this reason greater weight was afforded to 
machinery and less to armour protection. The 
broadside belt was therefore reduced in the case of 
the 19-knot ships to 7 in., as compared with 9 in. 
in the Queen and Prince of Wales ; this enabled 
the weight of machinery to be 1580 tons, as com- 
pared with 1530 tons in the Queen and 1430 tons in 
the Prince of Wales. At the same time it was 
required that in the Cornwallis, and the other five 
vessels of the class, 11.4 indicated horse-power 
should be realised per ton of machinery, whereas 
in the Prince of Wales the power to be attained 
is at the rate of 10.49 indicated horse-power, and 
in the Queen 9.80 indicated horse-power per unit 
of power. All the six vessels of the 19-knot class 
have now been tried, and have given very good 
results. The class includes the Duncan, Russell, 
Montagu, Exmouth, Cornwallis, and Albemarle. 
The noticeable feature in connection with their 
machinery is the fact that it conforms fairly closely 
to the design adopted in the case of cruisers, there 
being four cylinders working on the triple-compound 
system. The high pressure cylinder is 33 in. ; the 
intermediate, 54} in. ; and the two low-pressure cy- 
linders 63 in. in diameter, the stroke being 48 in. The 
full power was to be realised with a piston speed of 
960 ft., which is considerably higher than in pre- 
ceding battleships, where 918 ft. was the designed 
speed. But in our later battleships 960 ft. has 
| been adopted as the standard. It may not be 
without interest to note the results of the trials of 
all these ships, especially as we have already made 
important reservations in connection with com- 
parisons :— 








Tas.eE I1I.—Steam Trials of Six Vessels of the 
** Duncan” Class. 
30 Hours’ Trial at 30 Hours’ Trial at 8 Hours’ Trial at 
One-Fifth Power. 70 p.c. Power. Full Power. 


Name. 
Coal Coal Coal 
L.H.-P. = Con- LH-P Con- LH.-P. Con- 
sump- “ng “ * §ump- 


tion. tion. tion. 





lb. 
Duncan 13,717 1.99 18,222 
Russell 13,685 2.14 18,199 
Montagu 13,652 1.78 1¥,113 
| Exmouth 13,774 1.95 18,285 2.117 
Cornwallis 13,687 2.09 18.201 1.89 
Albemarle. 3606 2.26 13,576 2.11 18,301 1 96 


The speed of the ships varied considerably, but 
there can be no question about their being able to 
steam 19 knots. The Exmouth, on the measured 
mile, made 19.015 knots; and although the speed 
of the two ships tried on the measured mile during 
|the past year fell slightly short of the 19 knots, 
there is no reason to question their ability to attain 
this speed under normal conditions. 

But, as regards speed, the most interesting 
results are unquestionably those associated with 
the seven cruisers of the County class included 
in Table I. These vessels, of which a large 
|number have been ordered for the Navy (two 
having passed through their trials in 1902), have 
been the subject of much comment, alike as regards 
their gun-power, their armour protection, their 
lines forward, and their speed. It is not proposed 





here to enter into the question of the gun-power, 
excepting to note that the later vessels of the class 
| have had modifications to increase their ordnance 
and also the thickness of their side armour. As 
regards hollow lines, these have been continued, 
/not only in the Devonshire class, but also in the 
| Duke of Edinburgh, although in the latter the hull 





more closely approximates to a straight line ; aft, 
there is a slight hollow at the water-line, which 


may assist the wake. But, after all, we are con- 
cerned here more with those machinery elements 
which make for speed, and reference may be made 
to the very interesting trials conducted with diffe- 
rent forms of propellers. In the earlier of the 
County class, the propellers were 16 ft. in mean dia- 
meter, of 19 ft. 6in. mean pitch, and had an exposed 
area of 54 square feet. These vessels, however, did 
not quite come up to their full speed, even when 
the designed power was indicated. Thus, the speed 
of the Bedford was 22.7 knots ; the Kent, 21.7 knots ; 
the Monmouth, 22.38 knots; and the Essex, 22.79 
knots. As the result of experiments, it was de- 
cided to adopt propellers of increased surface, and 
the later ships have been fitted with screws, still 
with four blades, but having a diameter of 15ft. 9 in., 
a pitch of 20 ft., with a surface increased to 80 square 
feet. The result has been most marked. 

The five ships which have since been tried have 
ranged in their speed from 23.568 knots to 
over 24 knots, so that the addition to the 
surface of the propeller has, for practically the 
same power, yielded an extra mile per hour to the 
speed. These five ships have each given very good 
results so far as the machinery is concerned. The 
boilers are of the Belleville type, with the excep- 
tions of the Berwick and Suffolk, in which the 
Niclausse design has been adopted. It should be, 
perhaps, interpolated here that the practice of adopt- 
ing cylindrical boilers for one-fifth power was re- 
sorted to after the ordering of the ships comprised 
in Table I. It may be noted that in those cruisers 
the allowance of heating surface per indicated 
horse-power embraced in the design was about 2.29 
square feet, while 13.65 indicated horse-power was 
to be realised per square foot of surface. The weight 
allowed for machinery averaged about 1750 tons, 
so that 12 horse- power had to be attained 
|per unit of weight. This marks the highest 
lresults called for in recent design, and it is not 
/too much to say that, without this limitation in 
weight, the high speed could scarcely have been 
realised. In the later cruisers of the Duke of 
Edinburgh class the weight has been considerably 
|increased, the total for about the same power being 
2250 and 2300 tons, which works out to about 10} 


| mat 
i» 


| indicated horse-power per ton of machinery. 

The trials of the ‘‘ County” ships were carried 
through promptly and without trouble. It will be 
noted that the coal consumption on the low-power 
trial varied between 1.83 lb. and 2.1 lb., while on 
the trial at about 16,500 indicated horse-power the 





rate ranged from 1.45 lb. to 2.22 lb.; at full power 
the consumption was at the rate of from 1.91 Ib. 
to 2.22 Ib. per unit of power per hour. Perhaps 
|the most interesting fact about the later ships is 
ithat at 16,000 indicated horse-power they can main- 
tain a speed of 22 knots. This is regarded as the 
speed which may be maintained so long as coal 
can be got from the bunkers; and, as the 
duration of the ofticial trial at this power was 
30 hours, it may be assumed that this performance 
ought to be maintained for an unlimited period so far 
as the machinery and boilers are concerned. The 
Niclausse boiler ships, it will be noted, have low 
coal-consumption results on all three trials ; but the 
Monmouth, with Belleville boilers, is quite as 
economical, which only shows again that one must 
not reason from the particular to the general. 

The Euryalus, which comes next on our list, is 
one of the Cressy class, aud her trials have been 
delayed owing to an unfortunate accident in the 
dock, which can only be placed under that com- 
prehensive phrase, ‘‘an act of God.” Perhaps 
the interesting point of this ship is the apparent 
difference which increased displacement makes in 
the speed of a vessel. Here the power anticipated 
in the design was 21,000 indicated horse-power ; 
but as the vessel displaced 12,000 tons, as com- 
pared with 9800 tons in the case of the seven cruisers 
of the County class in the list, the speed, for 
almost the same power, was practically 2 miles per 
hour less. This vessel, however, is fitted with pro- 
pellers having a smaller surface per unit of dia- 
meter; and as it has been found with the Drake 
class, as well as with the later County cruisers, 
that these large-surface and coarse-pitched pro- 
pellers give better speeds, it may be assumed 
that part of the difference is attributable to the 
propeller. The next cruiser on the list—the Chal- 
lenger—is, perhaps, interesting because it is the 
largest yet engined by the Wallsend Company. In 





this case the Babcock and Wilcox boiler was 
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TABLE I.—RESULTS OF OFFICIAL STEAM TRIALS OF WARSHIPS MADE DURING 1903. 
First 30 Hours’ Coan Seconp 30 Hours’ Coan . 
CONSUMPTION, ConsUMPTION. FULL PowER. 
3 2 sal n oly gs : 2.9 38 
NAME OF TYPE OF BUILDERS OF MAKERS OF = < ‘ Z Z z S26 2 Sos B Sos 
VESSEL. SHIP. SHIP. MACHINERY. 2 r= x = : s seo) Ss _ ae S = 43 
5 I s a 2 os BRS) os BS) x oS 
me o nas 6 a z 2 Lad a. ¥ = ao. 2 ~ 
a 8 3 | ae hee 3s |“ oBl SB , |obl Se _ ee 
tr a PS = g z =e) Se = —=8#) Se 3 =z 
ef & ee $ 2 i339 x $sf| Ze 2 Ss Be g 8a 
fe a oa xq So jm D dated (oc D = ged a a vt Be ig 
tons sq. ft. ‘sq. ft. knots Ib. knots Ib. knots Ib. 
Cornwallis Battleship Thames Company Thames Company 405, 14,000 Belleville 43,310 1380 3724 10.9 log. 96 | 13,687 17.94M.M. 2.09 18,201 18.984M.M. 1.89 
Albemarle Ditto ChathamDockyard i 405 14,000 Do. 43,310 |1380 3606 1, 2.26 | 13,576 17.75 ,, 2.12 | 18,801 18.68 ,, .96 
Queen Ditto Devonport Dock- Harland and Wolff 400 15,000 Babcockand 38,400 1146 | 3058 ie . 1.84 11,670 16.97. ,, 1.6L | 15,556 18.039 ,, 1.76 
yard Wilcox | 
Prince of Wales Ditto ChathamDockyard Greenock Foundry 400! 15,000 Belleville 37,018 1180 | 3128 10.45 ,, 2.21 11,669 17.043 ,, 2.08 15,864 t 2.02 
Monmouth . First-class cruiser London & Glasgow London & Glasgow 440! 9,800 Do. 50,316 1610 4711 15.676 ,, 1.83 16,826 20.49 log 1.45 22,189 22.88 log. 1.97 
Essex itto Pembroke Dock- | J. Brown andCo., | 440 9,800 Do. 50,306 1618 4642 14.043 ,, 2.08 16,182 19.97M.M. 2.17 22,219 22.79 M.M. 2.22 
yard Clydebank 
Berwick. . Ditto W. Beardmore Humphrys, Ten- 440 9,800 Niclausse 652,340 1656 4671 14.59 ,, 1.75 16,622 21.644 ,, 1.78 | 22,681 23.613 ,, 1.91 
and Co. nant, and Co. 
Donegal. Ditto Fairfield Company Fairfield Company! 440 9,800 Belleville 50,330 1610 4678 14.75 ,, 2.07 | 16,350 | 22.856 ,, 2.07 | 22,173 28.568 ,, 2.16 
Lancaster Ditto Armstrong Com- a Leslie,| 440 9,800 Do. 50,388 1610 4643 13.43 ,, ke 16,044 22.03 ,, 2.16 | 22,881 24.01 ,, 1.94 
pany and Co. 
Cumberland Ditto London & Glasgow London & Glasgow, 440 9,800 Do. 50,826 1615 4930 Ie ... 2.09 | 16,472 | 22.138 ,, 1.98 | 22,784 23.68 ,, 2.01 
Suffolk Ditto Portsmouth Dock-- Humphrys, Ten- | 440 9,800 Niclausse 52,340 1656 4954 Mat. 1.89 16,350 | 21.2 log 1.89 | 22,645 t 2.2 
yard nant, and Co. 
Euryalus Ditto Vickers Company | Vickers Company 440 12,000 Belleville 51,585 1645.2 4780 14.457 ,, 1.99 | 16,510 20.45 M.M. 2.22 | 21,302 21.685 ,, 1.98 
Challenger Second-class Chatham Dock- Wallsend Com. 355 5,880 Babcockand) 30,755 | 828 2636 13.5 M.M. | 1.745; 8,972 1924M.M. 1.74 | 12,781 21.09 ,, 1.78 
cruiser yard pany Wilcox 
Clio oe Sloop Sheerness Dock- Humphrys, Ten- 185 1,070 | Niclausse 4,000 135 311 8.7 log. 2.32 1,041 13.0 log. 1.94 1,435 13.33 ,, 2.03 
yard nant, and Co. 
Leda* Torpedo gunboat re Fairfield Company 2,850 Thornycroft) 12,800 265.2 1225 14.0,, 1.8 _ - 5,827 (21.843 ,, - 
Jason* i Ditto 2,850 Do. 12,800 265.2 1208 15.0 M.M. 1,74 - ~ 6,863 21.931 — 
Circe Ditto Ditto 2,850 Do. 12,800 266.6 1211 14.318 ,, | 1.76 -- 5,821 21.624 a 


* Re-engined, 


TABLE II.—ReEsvutts or OrrictAL Steam TRIALS O 
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M,M. = Measured Mile. 


¥ TorpeDO-Boat DESTROYERS AND TORPEDO-BOATS 
ING 1903. 






















: 3 Four Hovrs’ Four Hours’ Coat 
= = : Spreep TRIALS. CONSUMPTION. 
NAME OF VESSEI. eS ; 3 a = & ode 

$ 3 ‘3  @ Indicated Indicated Coal per 

— 7 8 S Horse- Speed. Horse- | Speed. LH.-P. per 

PB a fe] c} Power. Power. Hour. 

ft. tons sq. ft. sqft knots Ib. 
Erne Palmers Company 225 540 Reed 15,514 319 6957 7108 25.395 2.25 
Usk Yarrow and Co. 225 550 Yarrow 16, 000/270 7633 7739 25.§ 1.79 
Teviot Ditto 225 550 Ditto 16,000 | 270 7827 ‘ 7833 25.405 1.99 
Itchen Laird Brothers 220 549 Laird 14,880} 233 | 6842 25.25 2.46 
Ettrick .. .. Palmers Company 225 540 Reed 15,514) 319 7067 25.313 2.33 
Exe Ditto 225 540 Ditto 15,514} 319 6856 25.292 2.11 
Arun... Laird Brothers 220 «549 Laird 14,880) 233 6885 25.39 2.68 
Blackwater Ditto 220 549 Ditto 14,880} 233 7237 2 2.62 
Foyle Ditto 220 «549 Ditto 14,880} 233 6956 4 2.79 
Velox Armstrong (hull) 210 440 Yarrow 13,200) 252 Turbines 27.124 

Parsons Company 
(engines) 
First-Class Torpedo-| Thornycroft 165 200 Thornycroft 6,200,105 2871 2778 2.809 
Boat ‘‘ No. 109” 

Ditto ‘‘ No. 110” Ditto 165 200 Ditto 6,200 105 3030 2885 2.68 
Ditto ‘‘ No. 111” Ditto 165 200 Ditto 6,200 105 2926 3001 2.73 
Ditto ‘‘ No. 112” Ditto 165 200 Ditto 6,200 | 105 3030 2991 2.49 
Ditto “No, 113” Ditto 165 200 Ditto 6,200 105 2934 2830 2.80 





installed, and it will be seen that the coal consump- | 
tion on all of the three trials averaged only 1.75 lb. 
per unit of power. Doubtless the Admiralty’s 
satisfaction with the results had something to do 
with the awarding to the same company of a contract 
for machinery of 23,500 indicated horse-power, for 
the Warrior, recently laid down at the Pembroke 
Dockyard. 

The Clio, which was fitted with Niclausse | 
boilers, completes our list so far as new ships are | 
concerned; but there is added to the table the | 
results of the trials of the three gunboats, which | 
have had new engines constructed by the Fairfield 
Company. These three gunboats were included in | 
the Naval Defence Act fleet, and were launched 
about twelve years ago. They were originally | 
fitted with boilers of the locomotive type, the | 
power then developed being 3500 indicated horse- 
power, with aspeed of 19} knots. Thornycroftsteam- | 
generators have been substituted, and new engines | 
of the four-cylinder triple-expansion type, of greater 
power, were installed, with the result that the full | 
power was increased to 5800 indicated horse-power, 
and the speed to 21? knots, the Jason coming out 
at 21.93 knots. This is an increase of 24 knots to | 
the speed for an addition of about 66 per cent. to | 
the power. 

Turning now to Table II., which gives the results | 
of the trials of the torpedo-boat destroyers, it will | 
be noted that nine vessels of this description are | 
included. These ships were designed to attain a | 
speed of 254 knots, the scantlings of the hull being | 
considerably strengthened as compared with the 
original 30-knot destroyers, while at the same time 
a high forecastle was added, so as’to make the 
vessels more seaworthy. The result has been to 
increase the displacement of the boats from 300 





or 330 tons to 540 or 550 tons, the length re- 
maining at 225 ft., as compared with 210 ft. to 
215 ft. There has been a proportionate increase 
in beam. It has been necessary to develop 
from 7000 to 7800 horse-power in order to attain 
the speed, whereas 30 knots was got in some 
of the earlier destroyers for from 5500 to 6500 
indicated horse-power. It will be noted that 
Messrs. Palmers have completed during the year 
the trials of three of these vessels ; Messrs. Laird (of 
Birkenhead), of four; and Messrs. Yarrow, of two. 
The results are all set out in the table, and the 
reader will no doubt find there interesting matter 
for comparison. In three instances the coal con- 
sumption has exceeded 24 lb., and in this case, of 
course, the vessels had to carry a weight equivalent 
to this increased consumption during a four-hour 
trial. It is, perhaps, worthy of note that on the 
full-power trial the boilers—in the case of the 
Itchen, for instance—burned 72 lb. of coal per 


isquare foot of grate. 


The trials of the Velox were of special interest, 
as she is fitted with Parsons turbines instead of 
ordinary reciprocating engines. This vessel, how- 
ever, is considerably lighter than the destroyers 
to which we have just been referring, her displace- 
ment being only 440 tons, so that it is not 
possible to make any comparison as regards 
the results. None of our previous destroyers ap- 
proximated to this displacement, but we are glad 
to note that the Admiralty have in contemplation 
a very exhaustive trial of this vessel, with a view of 
determining the steam consumption, and therefore 
the relative efficiency, of the turbine, as compared 
with the ordinary piston engine, for such craft. 
Five of Thornycroft’s torpedo-boats are also in- 
cluded in the table. All of these vessels are of the 
































+ Speed not taken on measured mile. 


same design, and it will be noted that the variations 
in speed are between 25.12 and 25.43 knots. 
Curiously enough, this minimum and maximum 
speed was attained with practically the same power. 
The weather, or some other of the many variant 
conditions, might militate against speed, so that, 
however interesting such comparisons may be, they 
are more or less illusory. 








THE PARIS MOTOR-CAR SHOW. 

THe Paris Automobile Exhibition closed a few 
days ago. It was so large and miscellaneous that 
a detailed notice of the various stands would not 
only run beyond the limits of our space, but would 
also be tedious for the reader, even if he were an 
ardent votary of the motor-car. The main interest 
to the mechanic lay in studying the tendency of 
design to crystallise in certain definite directions. 
In the early stage of an industry every maker 
strives to be original, and he impresses on his 
customers that his creations are different from 
all others. But the practical test of experience 
often brings disappointment both to him and 


those who buy from him; and then comes 
the second stage, in which imitation super- 
sedes invention. Gradually one feature after 


another drops out until a final type is evolved 
which combiries the best points of all the early 
attempts. It can scarcely be said that the motor 
industry has yet attained to this position, but it is 
rapidly advancing towards it, and we take advan- 
tage of the occasion of this Exhibition to point 
out the direction in which affairs are moving. To 
the most casual observer it was perfectly evident 
that the use of electricity as a motive power in 
automobilism was still insignificant, the very first 
place being, as usual, occupied by explosion motors. 
Some few firms who have acquired a well-deserved 
reputation in the construction of steam-driven auto- 
mobiles—and here M. Serpollet may be mentioned 
in the front rank—have continued to work on the 
same lines, with improvements in detail; most 
exhibits of steam-driven vehicles, however, were 
confined to heavy types for goods traffic, such as 
are now frequently seen in London streets. 

The show of electric cars was a very modest 
one indeed, the disadvantages experienced with 
the accumulators remaining the same as formerly. 
Attempts have been made in the construction of 
combined cars fitted with an explosion motor and 
a dynamo, the current from which is supplied to 
a motor, the armature of which is keyed on the 
driving axle. Seeing, however, the progress made 
in the construction of petrol cars, the success of 
the combined types may be considered very pro- 
blematic. 

Heavy steam-driven vehicles were in large num- 
bers, and included goods trucks and several four- 
wheel vans for heavy goods traffic. These occupied 
almost a whole side of the Grand Palais. Some of 
| the types, it should be added, have not yet been 
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tested in actual service, while others have been 
built by manufacturers of passenger automobiles, 
and, apparently, without sufficient regard to the| 
conditions required for heavy goods service. Among 
the British exhibits of these types we noticed those 
sent by Napier and Sons, Hotchkiss, Hozier Engi- 
neering Company, the Wolseley Tool and Motor- 
Car Company, and the Motor Manufacturing Com- 
pany. Belgium, Holland, and Germany made also 
a good display. 

The writer endeavoured to ascertain whether 
tubular chdssis had been abandoned in the new cars 
or were still in use; also whether pressed steel 
chassis had superseded those made of rolled 
section bars, or of wood with strengthening iron 
fittings. It is difficult to give fully accurate par- 
ticulars as to this point. Some of the foremost 
firms in automobile construction still maintain 
that a tubular frame combines two most important 
qualities—viz., very high resisting power and ex- 
treme lightness. Their competitors, on the other 
hand, state that this very favourable opinion with 
reference to tubular chdssis is simply put forward 
in order to insure the sale of a large stock of tubular 
chassis. But this cannot be the case; for there 
is such a demand for automobiles at the present 
time that the good firms can hardly have any very 
extensive stock on hand. It may be stated, 
however, that, as a rule, tubular chdssis are used 
for the lighter types of cars, the heavier types 
being carried on pressed steel or on wood and iron 
chdssis. We believe there is a slight falling-off 
in the manufacture of the latter chdssis, notwith- 
standing the fact that some of the best known 
makers are fully satistied that they are most satis- 
factory, both as regards resisting power and 
elasticity. Pressed-steel chdssis are simple in 
appearance, the parts are easily made and fitted 
together, and shapes can be worked up which it 
would be difficult, if not impossible, to obtain with 
rolled sections; the ties are readily made by 
gussets, which form an integral part of the main 
portions of the frame. There appears a tendency 
to increase the number of ‘‘armoured chassis,” in 
which the pressing of the frame yields at the same 
time a suitably-shaped plate to form, underneath 
the motor and the gear, a kind of dust-guard, 
and a receiver forthe overflow of oil and petrol. This 
plate, while affording an extra lateral stay, would 
replace the copper covering which is generally fitted 
underneath the mechanism asa protection. Pressed 
steelwork has become the fashion of the day, and 
fashion has quite as great an influence in automo- 
bile construction as logically necessary conditions ; 
pressed-steel chassis are now being made all in one 
piece with their cross-stays. 

The chdssis being generally longer than in 
former types, means have been devised to secure 
a perfectly reliable construction of this element of 
the motor-car industry. Longer wood and iron 
frames to meet the present requirements have 
been deemed of insufticient strength, and a com- 
bination of pressed steelwork and tubes has been 
preferred, the tubes entering in the construction of 
the false-frame, which withstands the reactions of 
the change-speed gear, the elasticity of the pressed 
steel parts, on the other hand, reacting against the 
unevenness of the road. Nickel steel is gradually 
being used in chdssis construction. Some of the 
most noted firms had frames built up of rolled 
sections ; frames made of rolled sections with wood- 
filling were also to be seen. An important feature, 
clearly noticeable, was the progress made in the 
construction of less intricate chdssis and the readi- 
ness with which the makers pointed out the robust- 
ness and simplicity of their designs. To sun 
up, the general tendency points to the manufac- 
ture of one common type of chdssis which will 
supersede all others, any variations of little import- 
ance lying with points of detail only, the question 
of uniformity in this case being practically similar 
to what obtained years ago in the matter of loco- 
motive and rolling-stock construction. 

Comfort is sacrificed to a less extent than 
formerly in favour of speed, and the passengers | 
are better protected against the weather. 

The motors exhibited were of a great diversity of 
types; but they almost all worked on the four-stroke 
cycle principle. There was still a good number of | 
one-cylindermotors ; those with eight cylinders do 
not appear to have given the results expected, and 
the six-cylinder ones were very few in number. 
The three-cylinder motor seems to meet with the 
greatest favour; the balancing is found quite as 
good as in the four-cylinder type, and it is 
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a more simple machine. Opinions are, however, 
very divided as to this point, as was evidenced by 
the numerous designs advocated by the different 
firms. Some cylinders are made with ribs for cool- 
ing purposes, but water cooling is generally found 
much preferable. There are also a few horizontal 
engines ; but they are lost in the number of vertical 
types. Vis-d-vis engines are an exception, but the 
results obtained by Messrs. Gobron-Brillié with this 
type would tend to show that this design is likely 
to prove very satisfactory. In many of the latest 
motors the bore is equal to the stroke ; ina few 
the bore is even greater than the stroke. Some 
makers now cast single cylinders instead of twin 
cylinders ; the working is the same, but the group- 
ing together of the mechanical parts is said by 
this method to be possible under better conditions ; 
the action is more regular, and the parts are easier 
of maintenance. The value, or otherwise, of all 
these modifications remains to be proved in actual 
service. 

One of the main features of the former exhibi- 
tion—that of 1902—was the almost general adop- 
tion of mechanically-operated valves ; some makers 
still prefer automatic valves, and find their 
action much more simple than cam-gear action. 
Races and trials, however, prove more and more 
that the best results are obtained by cars fitted 
with motors with mechanically-operated valves. 

With regard to ignition, the use of the incan- 
descent tube has almost completely disappeared 
from new cars, although it may occasionally be 
fitted as an emergency device. Some firms had 
hoped to be able to replace it, and even electric 
ignition also, by a catalytic device, in which a 
special material would become incandescent under 
the action of the gas influx ; but no progress can 
be reported under this head. Ignition is generally 
electric in the usual way ; but the magneto-electric 
device seems to be gaining in popularity, and is 
thought the most logical form of ignition, the 
motor generating the necessary current in the same 
manner as it operates the circulation of the cooling 
water. Magneto-electric devices would appear to 
produce a particularly hot spark, which much im- 
proves the working of the motors. 

The radiators are still largely of the beehive type, 
but made stouter in order to decrease their fragility. 
The use of a fan is now almost general. 

It is interesting to remark, in concluding these 
few brief notes, that the various makers find it 
necessary to build less costly vehicles, and they put 
forward a number of types at prices which are 
accessible to persons with moderate incomes. The 
makers have hitherto governed the market, and 
have been able to obtain 6001., 8001., and more for 
their cars, both owing to the demand and by reason 
of new inventions they have embodied in their 
types. We believe, however, that these high 
prices will fall considerably in the near future. 








NOTES. 
Unpvure PREFERENCE. 

PeruHars the most interesting questions which 
come before the Railway and Canal Commissioners 
from time to time are those which relate to ‘‘ undue 
preferences.” As all who transmit goods by rail 
are aware, the railway companies are bound to 
grant equal facilities to all traders who want the 
cransport of the same class of merchandise. The 
company cannot, of course, be held responsible for 
the geographical position of its customers ; thatis a 
matter which is deemed to be adjusted by the mileage 
rate. But where two traders—say coal owners 
—are situate at equal distances from the railway 
dépot, it is incumbent upon the company to show 
no undue preference in the transmission of coal. 
A case of considerable interest to mill-owners and 
colliery-owners has just come before the Commis- 
sioners. We refer to the case of Spillers v. the 
Taff Vale Railway Company, which raised the point 
whether home consumers are entitled to have coal 
carried at rates as low as those which are charged 
for the conveyance of coal intended for shipment 


|to the foreigner. The applicants, who owned 


mills at Cardiff, complained that the defendant 


|company gave an undue preference to shippers of 


coal, inasmuch as the rates charged to the appli- 


}cants for delivery of coal from the pit mouth at 
| Merthyr amounted to 1s. 7d. per ton, whereas the 


shippers were only charged 1s. per ton. The 
evidence was that the coal was shipped at Welsh 
ports and brought round to the Thames for use by 
millers, who keenly competed with the applicants 
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in the Southampton and other markets. It was 
argued on the part of the respondents that it was 
clearly for the benefit of the public to have a large 
sale of coal at foreign ports. If the company did 
not charge a lower rate for shipment coal, the mer- 
chants of South Wales would be beaten in various 
markets, even nearer home than Singapore and the 
East. After hearing the arguments, the Commis- 
sioners decided that there was no undue preference. 
In the course of his judgment, Mr. Justice Wright 
said :—‘‘ The railway company, as one branch of 
their justification, have submitted calculations 
showing that the difference in cost of working as 
between full train-loads for shipment and smaller 
train-loads of traffic to:be distributed at various 
works amounts to as much as 3d. and 6d. per ton. 
. . . Nine-tenths of their coal traffic is carried at 
the lower rate, and it is clear that under their statu- 
tory agreements, and in view of the low rates of the 
Barry Company and ofall the general circumstances 
of the case, no increase can be made in the shipment 
rates. . . . It has been made clear that the competi- 
tion to which the applicants have been subjected in 
consequence of the existence of a lower shipping rate 
is not of asubstantial character. . . . In reality the 
whole case becomes reduced to the simple question 
whether the existence of a low shipping rate will 
oceasion by itself an infringement of the law of 
undue preference. The answer of the Court is 
that it does not.” The reasons put forward by the 
learned judge will show that the Court is bound 
by no hard and fast rule in deciding the question of 
undue preference. Had the issue been between 
two companies in the same position, relief would 
have been granted at once. 





THE SMOKE NUISANCE IN CALCUTTA. 


The Indian Government have just issued, in the 
form of a blue-book, an interesting report by Mr. 
Frederick Glover, A.M.I.C.E., of Leeds, on the 
smoke nuisance in Calcutta. It appears that, 
though considered as a whole Calcutta is only 
one-thirtieth as smoky as Leeds, yet in certain 
portions of the city such large volumes of smoke 
are poured into the atmosphere as to be extremely 
offensive. A law for the abatement of smoke was 
passed so long ago as 1863, but has proved almost 
a dead letter, partly on account of its inadequacy, 
and in part because certain high officials were of 
opinion that a smoke inspector needed little tech- 
nical knowledge. When, therefore, cases came 
before the magistrates, the defendants, being ade- 
quately represented by expert evidence, had 
great advantages over the police authorities, 
backed merely by an inspector of little educa- 
tion or experience. The jute and cotton mills 
are, it appears, mainly responsible for smoke 
contamination at Calcutta. These have to use 
native coals, some of which are fairly smoke- 
less, but are difficult to burn; whilst others are 
good steam-raisers, but, unless handled with the 
greatest skill, give rise to vast volumes of smoke. 
From Mr. Glover's investigations, he found that 
where mills produced little smoke the boilers were 
being worked much under their full capacity, 
and so soon as the output of steam was increased, the 
mills in question lost their good character. With a 
rate of combustion not exceeding 16 lb. per square 
foot of grate per hour, and a good draught, it was 
easy to get good results in the matter of smokeless- 
ness ; but with higher rates of combustion, such as 
23 lb. per square foot, even when the furnaces were 
fired in accordance with the recommendations of 
the Boiler Commission, smoke was produced unless 
the firing was done with only two shovelfuls at a 
time, and the fire-doors opened for two minutes 
after putting coalon. It appears, however, to be 
almost impossible to train native firemen to stoke 
in this way. Several of the mills, in an honest 
attempt to abate the smoke nuisance, put in 
automatic stokers of practically all the well- 
known makes, but with no success, the apparatus 
being invariably removed at the end of a short 
time. This is no doubt mainly due to the fact that 
the stokers in question have been designed for 
English coals, and neither millowner nor maker has 
experimented to find the changes necessary to ob- 
tain good results when worked with Indian coal. 
A special difficulty with the latter lies in the 
fact that it is supplied to the mills in an un- 
screened state, and therefore considerable labour 
is necessary to reduce it to a condition suited to 
the limitations of the automatic stokers. Mr. 
Glover reports that in general the water-tube 
boilers proved worse offenders than the Lancashire 
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type; but that by modifying the furnaces at the | to.Sunderland, where he worked in the shops of the 
Gondalpara mills he succeeded in greatly diminish- | North-Eastern Marine Engineering Works. This was 


ing the production of smoke, whilst at the same | in 1866, when the position of the company was by no 
time somewhat increasing the evaporative efficiency eens fortunate ; but the works were removed to 

: : ; _ | Wallsend-on-Tyne, Sir William Allan, then Mr. Wil- 
of the boiler. The main drawback to the arrange | Sen oAllaeg bleun:ceenhh seebiene: . lic ANOS thbcahented 
ey - pcmepers prong ra — gpa acronis | the Scotia Engine Works, which within quite recent 
O88 SS eer : “pee » OWeVET, | times, have become a part of the combined firm of 
further experiments with the idea as applied also | Moggrs, Richardsons, Westgarth, and Co. It is said 
to Lancashire boilers. Nevertheless, he suggests | that at one period of his career the late Sir William 
that ultimately the whole problem may be solved | Allan was an engineer in the Royal Navy ; but this is 
on different lines, by the adoption of Mond gas and | hardly probable ; though, for a brief time, perhaps, he 
gas-engines, to replace the existing steam-engines may have been connected with the engine-room staff 








and boilers. 


Exectric Lines oF Force. 


The convenient way of demonstrating magnetic 
lines of force, with the aid of iron filings, has sug- 
gested various experiments on exemplifications of 
electric lines of force. Dust figures, after the 
manner of the well-known Lichtenberg figures, 
were produced by D. Robertson a few years ago. 
Starck succeeded with powdered tourmaline, 
whose particles arrange themselves in lines of force 
on the principle of least resistance, even with- 
out being heated, when their pyro-electric forces 
would come into play. Other scientists have tried 
various methods. Max Seddig, who has recently 
made a special study of this subject (see Annalen 
der Physik, vol. ii., page 815), finds suspensions 
of non - conducting particles in non - conducting 
liquids most suitable; but there is little choice 
of materials. Oil of turpentine answers best as 
the liquid ; it must be quite pure and free from 
water. Of the many powdered substances tested, 
sulphur and lycopodium, so convenient for Lich- 
tenberg figures, fail altogether ; hard rubber, sand, 
shellac, and several chemicals arrange themselves 
more or less in the neighbourhood of one pole, 
but do not answer for both poles; and only 
wood (charcoal), quinine sulphate, and glycin (or 
glycocol) can be recommended. Glycin gives the 
best lines, but the suspensions cannot be pre- 
served for a long time. Quinine sulphate is 
better in this respect, though it has a preference 
for the negative pole. The suspension is prepared 
in a shallow tray, made of insulating material. 
The poles of an induction machine are dipped 
into the liquid, and the machine is turned 
slowly and uniformly ; the lines will soon form. 
Two point, or small ball, electrodes give lines of 
force very much like those of magnetic poles. Ifa 
metallic ring is put on the tray in the liquid, 
between two charged condenser plates (placed edge- 
ways), the parallel lines of force are seen to con- 
verge towards the ring into which they do not enter. 
If the ring is made of vulcanite, the lines of force 
bend round the ring and enter into the inner space. 
This bending out is due to the circumstance that 
the dielectric constant of the vulcanite is smaller 
than that of the liquid. For lantern-slide pro- 
jections, glycin suspensions are alone suitable. 
The suspensions need by no means be concentrated ; 
0.5 gramme of glycin for 100 cubic centimetres of | 
oil is sufficient. Charcoal powder is used when the | 
lines are to be fixed. This method is very easily | 
applied. Paraffin is melted, and the charcoal, 0.6 | 
or 0.75 gramme per 100 cubic centimetres, as before, 
stirred into it; the mixture is then poured into | 
the glass tray, which should be preheated. 


| 
| 


| who use their heads as well as their hands, to produce 








SIR WILLIAM ALLAN. 

By the death of Sir William Allan, following 80 | 
closely on that of Mr. John Penn, the House of 
Commons loses another of its too-few engineering | 
members. His death, which took place at his resi- | 
dence in Sunderland, on the evening of Monday last, | 
was sudden, he having been in his usual health up to | 
the morning of the day preceding his decease. He 
had, in quick succession, three attacks of angina | 
pectoris, the last of which proved fatal. | 
_ Sir William Allan was the son of the senior partner | 
in a firm of ironfounders in Dundee, in which town he | 
was born in 1837. Shortly before his birth, financial | 
disaster led to straitened circumstances in the family, | 
and young William Allan had to seek employment at | 
the earlyage of ten in some engineering shops in Dundee. | 
After serving his time, he worked as a journeyman in 
various places in Scotland for a year or two, after- 
wards proceeding to the United States. Subsequently 
he took service as chief engineer on a vessel engaged in 
running the blockade of the Southern porte during the 
American civil war. The ship on which he was en- 
gaged was taken, and her chief engineer was sent to 
prison for six weeks, but was ultimately released on 
parole. On his return to England he obtained a post 
im an engine works in Carlisle ; but shortly proceeded 





| machinery, to whom the advent of same is due, allow me to 


| Sweaters, but in these modern times, in the shop I work, 


‘of the service. 

| It was, however, as a member of the House of 
| Commons, rather than as an engineer, that Sir William 
| Allan came prominently before the public notice. He 
| was eminently picturesque, both in his natural person, 
| his dress, and, above all, his flowing locks. His tall 
| figure, abundant proportions, florid oratory, and forcible 
gestures, made it impossible to ignore him; to use a 
| theatrical expression, ‘he filled the stage.” In no 
|cause were his powers more worthily employed than 
|in advocating the need for improvement in the status 
|of engineers in the Royal Navy. He formed one of 
| the famous deputation which waited on the present 
First Lord of the Admiralty to urge reform, and 
which, unlike so many other deputations, ultimately 
found what it sought. Sir William Allan, like his 
colleague Mr. D. B. Morison, was a strenuous advo- 
cate of the higher recognition it was necessary that 
the engineering element should receive, if the Royal 
Navy was to be brought to that state of efficiency the 
safety of the country, and honest dealing towards the 
taxpayer, demanded. If Sir William Allan had done 
nothing else, he would deserve remembrance for the 
good work he did in this field ; and it must be satis- 
factory to his friends to remember now that he lived 
to see the cause he so worthily fought for brought to 
a successful issue, and a source of serious weakness to 
the Navy within measurable distance of being re- 
moved. 

In some other of his parliamentary excursions Sir 
William Allan was not so fortunate; unhappily, they 
were those which chiefly brought him before the public 
eye. His denunciations of the water-tube boiler were 
always more vehement than discreet. No one ever 
questioned his sincerity, but his attachment to what, 
we believe, he was the first in this country to call the 
‘*Seotch” boiler, led him to make statements which 
were more indicative of an impetuous temperament 
than calm engineering inquiry. In some other respects 
the late sti for Gateshead—which constituency Sir 
William Allan has represented since 1893—did good 
work in Parliament as a critic of the departments. 
But here again he was apt to weaken his cause by an 
over-exuberant method of declamation ; and although 
the House listened to him, it often did so more with 
good nature than with conviction. 

As an employer of labour Sir William Allan was 
popular, which, strange to say, is not always the case 
with those who have risen from the ranks of labour. 
He was one of the first—if not the first—of the engi- 
|neering employers who conceded the eight-hours’ day. 
| The arrangement was that at first there should be a 
|5 per cent. reduction of pay, but if, after six months’ 
trial, no loss to the firm followed the change, the 
money deducted should be returned. The experiment 
— successful, and the eight-hours’ day was estab- 
ished at the Scotia Works. 











“THE SIX O’CLOCK MAN.” 
To THE EprTor OF ENGINEERING. 
Srr,—In defence of ourselves, the educated mechanics, 


more work in less hours, on automatic and sem auton. tic 


raise my voice once more on the above subject, that I may 
throw back in his face the vapourings of one who admits 
he is an ‘‘old fogey.” He says he knows a young man 
‘‘who,” &¢e., &c., ‘‘and ends with a plunge in cold water.” 
Well, with all due respect, I may say that if he knows one 
who will do that, I know hundreds who would not. He 
seems to revel in looking back to the good old days of 


and also in some I have worked, an old fogey would not 
now be tolerated in present-day managership, and he 
would tind himself promptly shunted forthwith. 

I know perfectly well, without an old fogey telling me, 
that outdoor work has got to be done, and at all times out 
of the 24 hours, but that does not debar a single human 
being working all night to rest all day, does itg If he 
refers back, he will see stated, ‘‘for the indoor manu- 
facturing and allied engineering trades only ;” there is no 
suggestion of bricklayers, &c., who, no doubt, should 
avail themselves of as much daylight as summer and 
winter afford. 

If I were to take his general attempted ridicule as 
serious, which is impossible, I should re-echo his own 
words in the commencement of his letter, that ‘‘such 
suffering demands redress ;” and, as a friendly word of 
advice to him and others, I may say that, if redress be not 
given in the next ten years, it will be politely requested, 





in a manner perhaps a little better managed than the great 
strike of 1897 ; but, as he signs himself ‘‘An Old Fogey,”’ | 


perhaps it is his old-fogeyish ideas, as he has only to 
open his eyes to see all round him a more refined nature 
springing up around in the shops than was met with in 
his good old days of sweaters—or, shall we say, the dirty 
days of yore—and no decline of physique seen or felt, 
owing to the use of heavy turret-lathes, pneumatic 
hammers, hydraulic lifts, presses, and other labour-saving 
appliances ; in fact, his reasons are invalid. 

I remain, yours truly, 

*“A Workinc May,” 








RAISING WATER BY COMPRESSED AIR. 
To THE Epiror OF ENGINEERING. 

Srr,—Now that the symbols used by Mr. Hanssen in his 
formula have been explained, I have, with much interest, 
compared results of published tests with the quantity of 
free air one would expect in theory. In very few cases does 
theory and practice approximately agree, and I beg to 
submit the working out of one well-known example as a 
sample ; this more nearly agrees than any I have tried. 

‘aking the plant at Ilford, erected and tested some- 
time in 1902, the only knowledge or interest I have in 
this plant is from the newspapers’ published tests. 

The approximate equivalents to Mr. Hanssen’s symbols 
would be—from tests :— 


V, = 1.66 cubic feet. 

Q = .52 

hy = 209 ft. 

hg, ="1335, aaa 

f = approximately 12 ft. 

po = 14.7 |b. sbuabebe, 

pm = 45 1b. absolute (calculated), 
op. = HST .,, 


Working V, from formula we get :— 
52 133412, 45 4, 

1 209 14.7 

I should like to be sure that even now the formula 
is correctly stated, and understood by, 

Yours, &c., 
A. M. PHILPs. 
39, Derby Grove, Nottingham, December 21, 1903. 


= 
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GAS-THREADS. 
To THE Eprror oF ENGINEERING. 

Srr,—When comparing the table of gas-threads in 
different pocket-books, a slight variation is found. 

In Messrs. Seaton and Rounthwaite’s Marine Engineer- 
ing Pocket-Book the diameter for top and bottom of 
threads for 1}-in. gas is stated to be 2.047 in. and 1.9305 in., 
whereas the Mechanical World Pocket-Book gives 2.16 in. 
and 2.042 in. for the two diameters. These dimensions 
are also given in other books. 

Threads actually cut with tools made by Messrs. Ludw. 
Loewe and Co. agree very closely to first given dimen- 
sions. 

Also for 3?-in. gas there seem to be a variation. 

What is correct ? 

Yours, &c., 








TURNING FLYWHEELS. 
To THE Epitor OF ENGINEERING. 

Srr,—On page 694 of ENGINEERING, November 20, 1903, 
describing rsig’s Works, it reads: There is a face- 
plate lathe with a 20-in. spindle with a pit in front to 
enable flywheels 30 ft. in diameter to be turned. And to 
insure absolute trueness, they are mounted on their own 
shaft carried on bearings on each side of the pit. To the 
face-plate there is secured a 14 ft. geared wheel for rotat- 
ing the flywheel and its shaft. have seen rope fly- 
wheels 28 ft. in diameter turned on a mandrel, one end 
of the mandrel fitting a hole in the spindle, the other end 
on a bearing at one side of the pit. I do not see how, if 
the bearing is next to face-plate, the drivers pass it. 

Yours, 

December 3, 1903. FLYWHEEL. 

[We find on inquiry that there was a slight inaccuracy 
in our description. The 14-ft. spurwheel is mounted on 
the same shaft as the flywheel, and is driven from a7- 
horse-power electric motor through a train of gearing.— 
Ep. E.] 





Contracts.—Messrs. Mellowes and Co., Limited, of 
28, Victoria-street, S.W., are supplying their ‘‘ Eclipse ” 
glazing to the Midland Railway Company for their new 
station at Sheffield and their new goods shed at Heysham. 





Prersonat.—Mr. William Gray, who for some time 
has assisted Professor J. H. Biles in his private work, 
has agreed to enter into partnership with him. The 
co-partnery will be known as Messrs. Biles, Gray, and 
Co., and the business will be conducted at 175, West 
George-street, Glasgow, and 6, Lloyd’s-avenue, London, 
E.C. Mr. R. W. Yardley, formerly engineer in the 
Bibby Line, is also at present associated with them as 
marine engineer.—Messrs. F. A. Robinson, of 54, Old 
Broad-street, London, E.C., announce that they have 
taken into partnership Mr. Malcolm H. Butcher, 
M. Inst. Mech. E., A.M.I.E.E., and Mr. Arthur E, T. 
Lees, M. Inst. C.E. Both of these gentlemen have been 
connected with this firm for many years.—Mr. John 
Hardisty, Wh. Sc., M. Inst. C.E., M.I. Mech. E., &c., 
has commenced business as a consulting engineer and 
machinery valuer at 10, Independent Buildings, Fargate, 
Sheffield. 
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WE illustrate above a valve of the Hubner and 
Mayer’s patent type, which is being introduced into 
this country by 'T’. Sugden, Limited, 180, Fleet-street, 
E.C. The chief feature of the valve consists in its 
closing automatically in both directions in case of acci- 
dent—that is, either in the event of a fracture or other 
mishap to the steam-pipes or engines on the one hand, 
or, on the other hand, in case of any accident or failure 
in any part of the boiler. Ifa tube should burst in a 
water-tube or multitubular boiler, for instance, the 
valve automatically closes and prevents any escape of 
steam from the boilers at work through the defective | 
boiler. The valve also acts as an ordinary stop-valve. | 





It is worthy of note that more lives are lost owing to| suctional action in the space between the valve and | difference in pressure. 
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kept in position by its own weight and a certain 
yap of steam caused by a partial vacuum formed 
»y the flow of steam past the valve, which exerts a 


AND ISOLATING 





VALVE. 








|steam jet discharged from the opening N into the 


|atmosphere. By adjusting the size of the opening N, 
|the isolating valve D1 may be set to close at any 
The valve C 1 acts in a similar 


what may be termed minor accidents than result from | spindle, as indicated by arrows at E. The valve can | way, and is in all respects the same as described in 


actual boiler explosions. A larger percentage of such | 
accidents result directly from scalding, owing to the | 
escape of steam and water, which makes it difficult, | 
and in many cases impossible, to approach the stop- 
valve. For this reason it is desirable to take all pos- 
sible precaution to insure safety. Another feature of 
the valve is that it automatically connects the boiler 
in which steam is being raised with the boilers at work 
and under full steam. The steam pressure on the out- 
let or upper side of the valve keeps it closed until the 
pressure in the boiler being set to work is suflicient 
toopen it. Boiler attendants are at times deceived by 
inaccurate steam-gauges, and are liable to turn on steam 
and connect the boiler when there is a considerable 
difference in pressure. Many accidents have resulted 
from this cause. 

The valve is constructed to work at 300 lb. pressure 
on the square inch, the bodies being made of cast steel 
having a tensile strength of about 30 tons on the 
square inch, with an elongation of 20 to 25 per 
cent. in pieces 4in. long. The working parts are 
made of a special mixture of gun-metal, and the 
seating is of a special combination of nickel to 
withstand the action of superheated steam. In order 
to protect the valve itself from any liability to 
fracture it is made excessively strong, and for this 
reason cast iron is entirely avoided. Hand-wheels are 
provided for testing and operating the isolating valve 
from the outside, and the valve spindle is so arranged 
as to cut out the stuffing-box when the valve is fully 
opened, and thus protect the packing from the action 
of the steam. This arrangement also admits of new 
packing being put in while the valve is under full 
pressure, 

Fig. 1 is a section and Fig. 2 a perspective view of 
an angle stop-valve. The horizontal flange A is con- 
nected to the boiler, and the vertical flange B to the 
steam-pipes. The arrows indicate the direction of 
the flow of steam. The combined valve consists of two 
separate valves—the upper valve C and the lower valve 
D, both being loose on the spindle. When valve C 
1s screwed down, it acts as an ordinary stop-valve and 
shuts off the boiler ; and when the spindle is raised, 
the valve is opened by the flow of steam from the 
boiler, when the pressure on both sides is equal. The 
valve C, being loose on the spindle, acts as a non- 
return valve, and immediately closes in case of acci- 
dent to the boiler, and prevents escape of steam from 
the other boilers. The lower valve D operates in thé 
Opposite direction—that is, in.case of steam-pipe frac- 





be set to close at any desired difference in pressure by 
an adjusting screw. When once adjusted, a padlock 
or seal may be applied to prevent anyone tampering 
with the valve. When an accident has occurred and 
the automatic valve D is closed against its seat T, it is 
kept in this position by the steam pressure until the 
stop-valve C is closed. When this is done, the steam 
pressure on both sides of the valve D is equalised by a 
small quantity of steam passing to the upper part of 
the valve through the space between the valve and 
spindle; this causes the valve to return to its normal 
working position. 

Hand-wheels for testing are connected by means of 
spindles to the levers F and G, and in this way the 
valves C and D can be controlled from the outside and 
kept in working order. 

A valve facing H is formed on the spindle, which, 
when the steam stop-valve C is fully open, comes in 
contact with the seating J immediately under the 
stuffing-box; this protects the packing, and also 
admits of new packing being put in while the valve is 
under full steam. The working parts of the valves C 
and D are made of a special mixture of gun-metal, and 
the seating K is made of a special preparation of 
nickel, for working with superheated steam. 

Fig. 3 illustrates the type of valve used for marine 
purposes, as well as for land purposes, when it is 
desired to place the valve at an angle or in an in- 
verted position. This valve is in all respects the same 
as shown in Figs. 1 and 2, excepting as regards the 
design of the isolating valve D 1. The special object 
of the arrangement of the isolating valve D1 is to 
keep it in position under normal working conditions, 
quite independent of the position of the stop-valve or 
any movement due to the rolling action of the vessels. 
For this purpose valve D 1 is provided with a small 
valve at L, which rests in a seat formed at the top of 
the hollow guide-spindle M, which opens to the atmo- 
sphere at N. The valve is thus kept in position by 
direct pressure of steam. In case of accident, the 
increased velocity of steam, consequent upon the differ- 
ence of pressure, easily overcomes the pressure re- 
quired to keep the valve in position under normal 
conditions, and closes the valve D1 on the seating R. 
The valve D1 is kept by the steam pressure against 
its seating R, and can only be released by shutting 
the stop-valve C1, when steam passing through the 
small openings P and 8 causes an equal pressure on 
both sides of the valve. The valve D1 will then 
return to its seating L, and resume its normal posi- 


| Fig. 1 
Both types can be adjusted to open at any desired 

difference in pressure, but generally they are set to 
|open with a difference of about 20 per cent. Such a 
| difference never occurs under normal working con- 
| ditions, but only in case of accident. The valves are 
|made of various designs, both with and without 

spindles, and of the angle and straight-way type. 
| Various other modifications in type are made for 
| working in ring mains, in vertical and horizontal 
| pipes, and a modification of the valve is also used for 
| hydraulic purposes. They are made in sizes varying 
|from 14 in. to 20 in. in diameter. The valves are 
|protected by numerous patents in the principal 
| countries of the world. 








| INDUSTRIAL NOTES. 
| WuatTever may be our feelings regarding it, the 
| year 1903 has passed away, and is now only a memory 
|—~a fraction of history to be reviewed and appraised, 
| according to the standpoint of writer and reader. As 
regards matters industrial, it was not remarkable for 
any incident or event in the labour world of conspicuous 
|importance. Indeed, its most remarkable feature con- 
|sisted rather of what was unseen than of what was 
|seen. ‘This seems like a paradox, and needs explana- 
|tion. Last year there was a more or less gradual 
| decline in trade ; in some branches it was serious, in 
| others less so. As is usual in such cases, there was 
|also a decline in wages. But what was unusual was 
|the comparative fewness of labour troubles—of re- 
| sistance to reductions. In no former period, under 
\like circumstances, were strikes so few and unim- 
|portant. One explanation of this is that employers 
| were less inclined than formerly to take advantage of 
|a declining market ; and when they did, they made 
‘such moderate proposals that the officials of trade 
| unions exerted themselves to adjust differences as best 
| they could, and tried to minimise the amount of reduc- 
ition, and restrict the time during which the decrease 
should operate. In some cases the decrease in wages 
|was regulated by sliding - scales; in others, where 
those had ceased to operate, the matters in dispute 
were arranged by conciliation boards or by joint com- 
mittees composed of representatives of both parties, or 
by reference, in some cases, to an umpire. 
In the great shipbuilding centres on the Clyde and 
| the North-East Coast there was considerable friction. 
| At Glasgow the engineers, in spite of the decision of 





tures or any other mishap on the outlet side of the 
valve. Under normal working conditions this valve is 


tion. When the valve D 1 closes, due to the occurrence | the Council of the Amalgamated Society, resisted the 


| of an accident, this is at once indicated by a small | reduction in wages, which other sections and allied 
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trades had agreed to accept, in view of the circum- 
stances. The strike of engineers only came to an end 
when the local leaders and the men found that the 
society refused its sanction to strike pay. This caused 
a good deal of friction at the time, and much ill-feeling 
on the part of the Glasgow men towards the council 
and officials of the union. On the North-East Coast 
the ship-joiners resisted the reduction, with the sanc- 
tion of the union ; but in the end the matters in dis- 
pute were adjusted. At Belfast the boiler-makers and 
iron shipbuilders resolved to take the same course as 
the engineers did at Glasgow, but the authority of the 
union was such that the local men speedily bowed to 
it. There was a similar instance of resistance to 
the authority of the Miners’ Union in Yorkshire, 
the strike lasting a long time, and causing much dis- 
tress; in that case strike pay was given, with the 
result that litigation was commenced on the lines of 
the Taff Vale case, and there has been no public 
announcement as yet of any withdrawal of that action. 
The proposed reduction in the wages of coal-miners in 
the Federation districts was referred to the umpire as 
the parties could not agree; his award was a 5 per 
cent. reduction only. The reductions in wages in the 
iron and steel trades were adjusted by sliding-scales ; 
in the cotton trades, boot and shoe and other trades, 
by conciliation boards or joint committees of both 
parties. 





Although the labour disputes in the year were com- 
paratively unimportant, yet there were many of them. 
The number recorded up to December was 339, in- 
volving an aggregate of 110,594 workpeople, as com- 
pared with 406 disputes, involving 249,172 persons, 
in 1902. The aggregate duration of all the recorded 
disputes in 1903 was equal to about 2,157,000 
working days, as compared with 3,182,000 working 
days in 1902. Looking at the matter from this 
standpoint, the losses in wages and in trade were 
considerable. This is one of the wastes in our indus- 
trial system. Anything that can reduce that waste is 
to be commended, for it is like economising fuel, or 
material, the waste of which is a dead loss, not only to 
the individual, but to the community. 

The changes in wages during the same -period 
affected individually 548,601 workpeople, as compared 
with 875,178 in the corresponding period of 1902. Of 
the total affected in 1903, about 17,148 persons ob- 
tained a net increase in wages of about 1275/. per 
week ; 525,013 sustained a decrease of 22,561/. per 
week ; the remaining 6440 workpeople had changes, 
the net effect of which was that the wages level 
was about the same as at the beginning of 1903. 
The net result of all the changes was a reduction of 
21,8262. per week in the wages of all affected. The 
chief sufferers by reductions were 413,300 coal-miners, 
74,650 men in the engineering and shipbuilding trades, 
22.493 in the iron and steel trades, and 12,321 in mines 
and quarries, other than coal. In the building trades 
4430 increased their wages ; 4028 employés by local 
authorities, and 7882 in other trades, also obtained 
advances. The total reductions in the clothing trades 
was only 77/. 





The prolonged strike of quarrymen at the slate 
quarries of Lord Penrhyn was terminated in the later 
part of the year after a stubborn struggle of years. The 
men were wholly beaten, and had to accept such 
terms as the management dictated. The cause of the 
termination of the dispute was the withdrawal of 
support by the General Federation of Trades, after a 
close investigation of the facts, which showed how 
utterly impossible it was for the men to win. In this 
respect the Federation acted wisely and well. 

In the early part of 1903 the last scene was enacted 
in what is known as the Taff Vale case. The ver- 
dict was against the Amalgamated Society of Railway 
Employés, and the council of the union, without 
awaiting the Judge’s decision as to the penalty and 


costs, and how they were to be adjusted, agreed to | 


pay into Court the sum of 23,000/. in settlement of all 
claims, inclusive of the costs of the Taff Vale Railway 
Company. 





In Parliament there was a dearth of labour legisla- 
tion in 1903. The measure prepared by the Trades 
Union Congress Parliamentary Committee was so 
badly drawn up that part of the Bill had to be aban- 
doned before the second reading; then the whole 
measure was rejected. But the Labour members were 
increased by three—one for the Borough of Woolwich, 
and one each fora Lancashire and for a Durham consti- 
tuency. The first represents what is called unskilled 
labour, the second the cotton industry, the third the 
ironfounders—one of the branches of the engineering 
and allied trades. Labour representation was, indeed, 
the chief subject upon which the organised trades 
spent their energies. 





The Commonwealth of Australia, together with the | One is the address of President Gompers, delivered at 


Colony of New Zealand, would seem to be Labour's 


Utopia. Excluding the latter for the moment, the | of restriction of output. This he condemned. He 





/not confined to one section or to one area. The pro- 
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Labour Party have attained the distinction of holding 
the balance of power—a thing devoutly desired by 
some in this country—in much the same way as the 
Irish Party can make or mar success in the British 
House of Commons. But in Australia the balance is | 
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appealed to ali who knew him as a worker at his trade 
as to whether they ever knew him shirk his work. He 
went further and asked whether he now shirked work 
as an official of the Federation. He said emphatically 
that a workman should do his level best, and for that 


a real balance, for the numbers are so large that they | best he should have fair conditions, an equivalent in 


can turn out either party at leisure, unless, which is | 
not at all likely, both the other parties combine | 


against the Labour representatives in the Assembly. 
The figures to hand are :—In the Senate :—8 Minis- 
terialists, 14 in Opposition, and 14 Labour Party. In 
the House of Representatives :—Ministerialists, 26 ; 
Opposition, 27 ; Labour Party, 22. The result of this 
close vote is that both the Ministerialists and the Oppo- 
sition are bidding for the Labour vote. There are dif- 
ferences on the question of Protection and Free Trade, | 
so that on these it is difficult to prognosticate the | 
result of any discussion or measure brought forward. | 
It is possible that on other questions there will be 
division in the ranks of labour, and possibly in the 
other parties. The accredited Labour leader is 
opposed to Australia’s subsidy of 200,000/. a year 
towards the maintenance of a British squadron in 
Australian waters. He advocates a local squadron. 





wages, hours and other labour conditions. It was a 
question of bargaining, in which hirer and hired should 
have a fair chance of equal terms. Mr. Mitchell’s 
paper on the refusal to wo:k with non-union men 
is the best defence of the kind ever published. He 
sees and recognises the dangers and difliculties which 
beset the question, but argues that the union man has 
a right to refuse to work with non-society men if he 
so pleases. But he does not go further than this. 
That question has wrought more mischief tn Great 
Britain than all the disputes as to wages or hours of 
labour. It is like falls of roof, &c., in mines : there is 
less heard of these than of explosions, but the latter 
kill fewer than falls of material. Thereport presented 
to the convention tells of the growth of the Federation, 
with over 22,500 societies attiliated in the 113 inter- 
national unions, besides 2325 State federations, central 
labour unions, and social, trade, and labour unions. 


He favours a ‘‘ White Australia,” the exclusion of! It is a vast and powerful organisation, which will 


aliens, and the taxation of absentees, whether holders 
of land or shareholders in public companies. These 
are some of the points insisted upon by the recognised 
| leader of the Labour Party in the Australian Parlia- 
ment. 

The outlook in South Africa appears to be most 
| gloomy from an industrial point of view, and it is 





| posal to introduce Chinese labour has evoked a storm 
| of opposition, in which some of those associated with 





| the mines have shared. The Government seems to be 
| undecided ; but the mine-owners and their supporters 
| have been pressing the matter forward in the hope of 
scoring a success. The great mass meeting at Cape 
Town indicates that the white population, apart from | 
those directly or indirectly personally interested, are 
opposed to the importation of Asiatics. The desire 
appears to be on the part of many that the Home 
Government should take the responsibility by legisla- 
tion or Imperial proclamation. But this will evoke 
much opposition in this country. Meanwhile there is 
acute distress and destitution in the South African 
colonies. The ruin wrought by the war, the failure of 
crops, the dearth of cattle, the poverty of the farming 
population, and other causes, have created a serious 
situation. In the towns mechanics and artisans are 
in a state of distress and unemployed, with provisions 
dear. Instead of a white man’s paradise, South Africa 
bids fair to become his purgatory. There does not 
seem to be a ray of light upon the horizon, for political 
difficulties only accentuate the gravity of the situation. 
It is suggested that there is a need of financial help 
from the Home Government to tide over some present 
difficulties; but no grant can be made except with 
the sanction of Parliament, and that will not meet 
for over a month. It is a sad outlook; not at all 
what was expected to result at the close of the war. 





The American /ederationist in its last number for the 
year 1903 is pretty full of matter relating to the great 
Labour Convention at Boston—the 23rd Annual Con- 
vention of the American Federation of Labour. They 
are used to great things in the United States, and 
those ‘‘ conventions ” may be included as one of them. 
An English congress or conference of from 300 to 500 
is often thought to be uncontrollable ; it is regarded as 
a mass meeting rather than a conference. But in the 
States such conventions nearly reach or overstep the 
number of 1000 delegates—truly a great audience, even 
for a great orator. The Boston Convention will be 
remembered for long years to come because of its 
emphatic condemnation of socialism—the modern 
socialism which seeks to sink the individual in collec- 
tivism ; a system in which the State shall rule and 
|control all things connected with life and labour. 
There isa collectivism which is not inconsistent with 
|a manly individualism, where the State takes the re- 
| sponsibility, and pays the wages or salaries of all con- 
|cerned. That is so as regards the Post Office, the Mint, 
|and some other things. Then the local authorities 

have large powers of collectivism as regards health 
and sanitation, water, light, and other matters. Those 
| functions will doubtless extend as a result of experi- 
ence and evolution. But that is not the socialism 
which was denounced and defeated at Boston—it was 
the claim that the-State should appropriate and 
| administer ‘‘ all the means of production, distribution, 
and exchange,” a dream so wild that the wonder is that 
'so many profess to believe in its possibility. While 
| that craze lasts, mere social reforms are delayed, at 
| least for a time. 
| There are two contributions in the American Federa- 
| tiontst which are of value as regards the policy of the 
| federation, and of the chief unions which belong to it. 





| the Boston Convention. Among other things he spoke 





exercise almost unlimited influence in the United 
States. 


The iron and steel trades in the Wolverhampton and 
Birmingham, and, indeed, in all the Midland districts, 
were chiefly employed in finishing up and executing 
such contracts and orders as were on the books on the 
eve of the Christmas holidays. There is now very 
little to indicate the probable condition of trade at the 
opening of the New Year ; but unless some unforeseen 
circumstances arise to give the various branches a 
spurt, the markets will open drearily by reason of 
the slackness of trade. The general run of the engi- 
neering and allied trades is in the direction of slack- 
ness, as also must be said of most of the hardware 
industries. There is uncertainty, and a feeling of 
insecurity as to what will happen in 1904. There is 
a lack of buoyancy all round. South Africa, as a 
field of speculation, is almost a dead failure, and yet 
so many great hopes were built up in that direction. 
For the present the future is uncertain and gloomy. 

The engineering and allied industries in Lancashire 
exhibit no indications of a revival in the early months 
of 1904. In nearly all districts increasing slackness 
is more or less perceptible, but it is more pronounced iu 
those where textile machinery is mainly constructed. 
The best branches still are the electrical branches and 
locomotive builders; to these may be added certain 
specialities in machine-tool-making. Boiler-makers 
and ironfounders are quiet generally ; some other 
sections are worse. There is nothing in the condition 
of the iron and steel trades to indicate a revival of 
trade. 


The threatened strike of bakers in Paris is not in 
respect of wages or hours of labour, but in protest 
against the ‘‘registry offices,” which, it appears, 
exploit the workmen, with the sanction of the State ; 
that is to say, the State sanctions the system, whether 
aware or not of the methods employed. It is stated 
that the Marseilles bakers intend to strike in sympathy; 
but how that can help the Parisian bakers is not quite 
clear. 





The threatened cab strike in London seems to have 
been abandoned or postponed. No material conces- 
sions have been made by the proprietors to the men’s 
demands. Neither side seems to recognise—certainly 
does not acknowledge—the fact that the ‘‘ prowler” 
system is at the bottom of the evil. 


As we near the end of the year, labour disputes 
flicker out, unless they are of an acute kind. This is 
especially the case as regards the close of 1903. But 
one or two strikes seem to loom in the near future 
unless the parties can negotiate and agree. One of 
these affects a branch of the Staffordshire iron trades, 
but it might be that it will be averted, early in the 
year, by concessions. 








SOUTH AFRICAN DIAMOND-MINING. 

Dre Brrrs Consolidated Mines, Limited, is still a 
highly profitable undertaking. The sales of the dia- 
monds raised by the company in the twelve months 
ending June 30, produced 5,241,173/. The working 
expenses in the same period were 2,938,874/., leaving 
a profit for the year of 2,302,299/. The current ex- 
penditure for 1902-3 included an allowance of 738,161/. 
for depreciation, 167,900/. for the redemption of deben- 
tures, 219,683. for interest on debentures, and 
100,000/. applied in reduction of the life-governors 
interest purchase account. The 2,309,299/. represent- 
ing the profit for 1902-3 was increased to 3,221,764. 
by a balance of 798,686/. brought forward from 1901-2, 
and 120,779/. for dividends and interest on invest- 
ments, rents, &c. Of the 3,221,764/. representing the 
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final divisible balance for 1902-3, 2,000,000/. was 
applied to the payment of the dividend and 
bonus for the year, 200,000/. was reserved for in- 
vestment on reserve fund account, and 100,000/. 
was added to the insurance fund, leaving a reliquat 
of 746,764/. to be carried to the credit of 1903-4. ‘The 
reserve fund stood at the close of June, 1903, at 
1,089,650/., the fund having suffered somewhat during 
1902-3 from the depreciation of Consols; it will now 
be increased by 200,000/., as already indicated. The 
average yield of diamonds per load of blueground 
for the company’s De Beers and Kimberley mines was 
0.61 carat, and the average value obtained per carat 
was 48s. 6d., so that the average value per load for 
De Beers and Kimberley mines was 29s. 10d. The 
average yield of diamonds per load of blueground for 
the Premier mine (Wesselton) was 0.30 carat. The 
average value per carat was 34s. 4d., so that the 
average value per load for the Premier mine was 
10s. 3d. The average yield of diamonds per load of 
blueground for the Bultfontein mine was 0.24 carat; 
the average value per carat was 30s. 10d., so that the 
average value per load was 7s. 54d. The stock of 
blueground and lumps on the De Beers and Kimberley 
floors at the close of June, 1903, was 2,343,950 loads ; 
on the Premier floors, 1,571,859 loads; and on the 
Bultfontein floors, 482,159 loads. The first stock was 
taken into the accounts at ls. 6d. per load, and the 
two latter stocks were taken at ls. per load. Not- 
withstanding the depression prevailing in other indus- 
tries, the diamond market was not adversely affected 
in 1902-3; and at the close of June it still showed a 
buoyant tone. We have already stated that the sales 
of diamonds effected by the company in 1902-3 
amounted to 5,241,173/. ; it should be added that this 
total compared with 4,687,194/. for 1901-2. The com- 
pany had a claim of 54,641/. against the Imperial 
Government for services rendered during the war. 
A commission was appointed by the general officer 
commanding to go into the account, the chairman 
being an officer who was in Kimberley during the 
siege, and who, accordingly, was conversant with 
the-expenditure which the company was called upon 
tomake. The commissioners ultimately recommended 
the payment of 38,634/., giving as their reason for not 
passing the whole of the account that vouchers for 
several items could not be produced. This was due to 
the hurry and confusion which prevailed during the 
first stages of the war, in preparing fortifications and 
enrolling men for the company’s service. The War 
Office, however, declined to accept even the reduced 
finding, and tendered 30,000/. in full settlement, which 
the company, after some hesitation, accepted. The 
company charged no interest in respect of its 
claim, notwithstanding that the account extended 
over the period from September 15, 1899, to April 25, 
1903, and that only cost price was charged for all 
material used. The whole special expenditure and losses 
sustained by the company during the war are estimated 
at 272,904. The company paid no dividend for the 
financial year ending June 30, 1900, and this repre- 
sented a loss to the shareholders of 1,579,000/. The 
company has erected a central power station at a cost 
of 80,0007. The station is now in working order, and 
it will in all probability play an important part in the 
future of Kimberley; as it is proposed by this means 
to light Kimberley and Beaconsfield, to do a great 
deal of necessary work in the mines, and ultimately 
to work a tramway to Alexandersfontein. 








YEAR-BOOKS AND ANNUALS. 

Year-Book of the Scientific and Learned Socicties of 
Great Britain and Ireland. London: Charles Griffin 
and Co., Limited, Exeter-street, Strand. [Price 
7s, 6d.]—The present issue constitutes the 20th volume 
of this useful publication. The record given of the 
learned and scientific societies of the United Kingdom 
seems pretty complete, though we find no reference 
to the new British Academy which was inaugurated 
this year. An excellent feature of the publication, 
however, lies in the fact that it is not only a directory 
of the different societies listed, but by giving some 
account of the papers read during the past twelve- 
months whenever this information was available, a 
better idea of the scope of each society’s work is 
afforded than could be obtained from its title and 
list of officials. There are many “literary and 
philosophical ” societies in the provinces, but their im- 
portance varies greatly. In some cases the literary 
side greatly predominates, while in others the list of 
papers includes a greater proportion devoted to 
matters of scientific or philosophical interest. 





Calvert's Mechanics’ Almanack and Workshop Com- 
panion. Manchester: John Heywood. [Price 4d.]— 
In spite of the competition with more recent and 
ambitious publications, this little almanack evidently 
meets a want amongst a large class of workmen and 
others. The contents are by no means entirely tech- 
nical, and doubtless one of the features contributing to 
the popularity of the volume is the ready reckoner, 





which occupies two pages out of the totalof 68. Another 
feature likely to be of use in increasing the class whose 
pape tnt is sought is a glossary of electrical terms ; 
ut the miscellaneous items of technical information are 
not always selected with care. Thus we find an absurd 
account, taken from the Daily News, of an aluminium 
air-ship being built at San Francisco. It really is 
astonishing "how few daily papers, even of fair re- 
pute, have as a member of their editorial staff any 
man with a respectable knowledge of science and 
mechanics. If items of the character instanced were 
referred to a technical sub-editor before publication, 
there might be an increase in the cost of blue pencils 
accompanied by a marked reduction in the amount 
of nonsense which finds its way into print. 





Post Office London Directory, 1904. London: Kelly’s 
Directories, Limited, 182-184, High Holborn, W.C. 
[Price 32s. |—If a census were taken amongst the busi- 
ness people of London as to the most useful book 
published, we feel certain that a very large majority 
of votes would be given in favour of this directory, 
because it is one of the most frequently consulted, 
and certainly one of the most reliable publications 
issued. This year it comes to us a few days later 
than usual, owing to a fire at the binders, when over 
half a million sheets were destroyed, These were 
reprinted, but with very little delay. The directory 
now contains 3433 pages, exclusive of advertisements, 
which is 37 pages over the edition of 1903. This last 
issue is the 105th annual production, and the in- 
crement still continues at a very high rate, notwith- 
standing the degree of completeness attained in 
previous years. One remarkable feature is the up-to- 
dateness, events which transpired in the early days of 
December last being included. 





Diary and Almanack of the P. and O. Company.— 
The Peninsular and Oriental Steam Navigation Com- 
pany have issued an annual which, in addition to the 
usual diary and almanack, contains a good deal of 
useful information. A list of the vessels of the com- 
pany’s fleet is first given, and from this it appears 
that there are sixty vessels, of a combined registered 
tonnage of 353,142 tons and 365,000 horse-power. 
Besides this, the company own tugs and other auxiliary 
vessels of 10,000 tons in the aggregate. The largest 
ships are the twin-screw steamers Macedonia and 
Marmora, each of 10,500 tons and 15,000 horse-power. 
The Moldavia and Mongolia follow, each of 9500 tons 
and 14,000 horse-power. Extensive tables of mail 
dates and tables of sea distances are given. The 
longest trip tabulated is from Tilbury to Sydney— 
12,555 miles, vid Marseilles. There is a list of the 
ships, built and building, of the navies of the Great 
Powers; and another of the merchant navies of the 
world, excluding vessels of less than 100 tons. A 
table dealing with the growth of population, trade, 
railways, and shipping during thirty years is also 

iven. Except the figures relating to national 
ebt, all show increase, imports notably so, though 
exports have increased also. ‘The railway capital has 
rown from 569 millions in 1872 up to 1216 millions 
or last year. The net tonnage of shipping belonging 
to the United Kingdom alone has grown from 5,751,327 
tons in 1872 up to 10,054,770 tons in 1902. The 
figures as to colonial and foreign trade with the 
United Kingdom are also given, and a table of popu- 
lation and trade statistics completes a very useful 
compendium, which should afford subject for reflection 
on the part of those making the long voyage to our 
distant possessions on the other side of the world. 
There is also a series of well-executed maps of the 
countries and continents comprised in the route. 





Diaries.—Messrs. Siemens Brothers have sent us a 
pocket diary in a handsome leather cover and contain- 
ing an accident insurance policy for 1000/._ There are 
some pages of useful tables and memoranda, and a few 
modest advertisements setting forth what the firm 
makes. The rest is for the, user, and is ruled and 
dated, each two pages serving for a week.—The Elec- 
trical Power Storage Company, Limited, of 4, Great 
Winchester-street, E.C., send us a useful blotting-pad 
combined with a calendar and diary, the latter having 
annexed to it a number of pages giving useful parti- 
culars and data relating to the numerous varieties of 
E.P.S. batteries, of which this firm are the makers. — 
Messrs. Clarke, Chapman, and Co., Limited, of Gates- 
head-on-Tyne, send us a neat little pocket diary, 
which includes a number of pages of useful informa- 
tion, and which is accompanied by a coupon insurance 
policy on the General Accident Assurance Corporation, 
Limited, entitling the legal representatives of the 
holder to 1000/. in the case of the holder’s death from 
certain accidental causes, or to smaller sums under other 
contingencies.—According to custom, the Campbell 
Gas-Engine Company, Limited, of Halifax, have issued 
a handsome leather-covered diary, of a size that will 
go into a waistcoat-pocket. It carries a life-assurance 
policy for 1000/. 





THE JOHN COCKERILL COMPANY. 


THE company had a satisfactory year’s business in 


1902-3. The company’s metallurgical departments were 
especially favoured, a current of American orders having 
prevailed throughout the year, and having also left the 


company with plenty of work in hand at the commence- 
ment of 1903-4. The satisfactory results attained in 
1902-3 were, at the same time, largely due. to constant 
improvements in tools, and consequent economies in pro- 
duction. This could not have been the case without a 
considerable expenditure on capital account, and in the 
last five years his expenditure amounted to 583,560/., or 
nearly 120,000/. annually. The expenditure was provided 
for by deductions amounting in all to 480,000/. from cur- 
rent profits, and 120,000/. taken from the contingency fund, 
which was reduced in consequence at the close of June, 
1903, to 153,932. The gross profits realised last year by the 
company were 212,600/., reduced to 200,552/. by deduc- 
tions made for the renewal of furnaces, &c., and increased 
by sundry miscellaneous items to 201,381/. Out of this 
balance of 201,381/., 64,3567. was written off for depre- 
ciation of premises and tools, the allowance made being 
6 per cent. on premises and 12 per cent. on tools. 
Interest and commissions paid to bankers, interest on 
obligations, &c., absorbed 12,840/.; general expenses, 
22,348/.; subsidies on funds formed by employésand work- 
people, 9159/.; and sundry liquidations, 41,615/.; leaving 
a balance of 51,064/. still disposable. Out of this balance 
a dividend of 2/. 8s. per share has been declared, absorb- 
ing 48,0007. and leaving 3064/. to be carried to the credit 
of 1903-4. 
At the company’s Collard pit, at which the working 
of its collieries is being more and more concentrated, 
the results secured are becoming more satisfactory from 
year to year. All the services of this important col- 
iery are being organised so as to make it practically 
a model one. A new extension of 52 coke furnaces 
upon the Solvay system will be completed in the course 
of 1903-4. Applications have been made for colliery 
concessions in the Belgium Limbourg, and are now being 
considered by the Belgian authorities. The council of 
administration expects that these applications will be 
favourably received, and that it will be enabled to 
turn considerable new mineral wealth to profitable 
account in future years. The company has obtained 
a participation in the Montiers mine, in French Lorraine, 
and the necessary installations are now sufficiently 
advanced to enable the management to work excellent 
minerals at an immediate profit. The company’s blast- 
furnaces produced last year 230,000 tons of pig, which were 
fully disposed of. In consequence of the large production 
effected Jast year the expenses of manufacture have been 
appreciably reduced ; at the same time, the cost of pro- 
ducing pig was affected during the past financial year by 
the higher prices current for minerals and coke. Orders 
received by the company kept its iron works well em- 
ployed during the past year, and a large increase was 
effected in the profits ; sundry improvements continue to 
be made in the plant, so as to bring it up to the most 
modern standard. A large increase took place last year 
in the production of the company’s nal works. The 
steel foundries produced 210,000 tons of ingots of various 
kinds; this output had the effect of appreciably reducing 
the cost of production, and the results worked out were 
the most satisfactory ever attained. There is still no want 
of employment in the steel works. The company’s con- 
struction workshops profited last year from orders for 
locomotives received from the Belgian Government, and 
the council of administration are looking hopefully for 
new orders. As regards gas-engines, the company has now 
ranted licences for France, Germany, Austria, Great 
ritain, and the United States. The number of engines 
in operation, or in course of construction, by the company 
and its associates, now amounts to 108, representing an 
aggregate force of about 70,000 horse-power. An engine 
of 3000 horse-power is at present in course of construction. 
The company’s artillery department was not un- 
occupied last year, and the Belgian Minister of War 
recently stated that the supply of future artillery 
matériel required by the Belgian Government would be 
entrusted to Belgian industries. The company has con- 
structed a turning bridge at Velsen on the canal from 
Amsterdam to the sea ; this bridge is 426 ft. 8 in. long 
and weighs 1424 tons, but it is easily turned by four 
men. he company is now building two important 
bridges over the Meuse. The working of the com- 
pany’s steamers benefited last year by the advan- 
tages attending its new flotilla of four large steamers 
of 4000 tons; the tonnage carried over the Ostend 
and Tilbury line increased in 1902-3, and it is ex- 
ected to make further progress in 1903-4. The orders in 
ee at the commencement of October, 1903, represented 
a value of 547,480/., as compa with a corresponding 
value of 532,280. at the commencement of October, 1902. 
The number of workmen and employés at the close of 
June, 1903, was 9429, as compared with 9560 at the close 
of June, 1902. The salaries and wages paid in 1902-3 
were 477,762/., as compared with 453,834/. in 1902-1. The 
assistance rendered to sick and necessitous workpeople, 
and the retiring allowances and pensions paid in 1902-3 
amounted to 8898/.; other grants for the promotion of 
thrift and sundry charitable objects were also made in 
1902-3 to the extent of 17880/. A savings bank formed by 
the company for the benefit of its workpeople and em- 
ployés held deposits at the close of June, 1903, to the 
aggregate amount of 314,175/.; the corresponding deposits 
at the close of June, 1902, were 277,947/. 








DIAMONDS IN THE TRANSVAAL.—There are now four 
diamond mines in operation in the Transvaal. The value 
of the production, which is constantly growing, is at pre- 
sent about 500,000/. per annum. 
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AIR RESISTANCE OF PLANE SURFACES 

At the ordinary meeting of the Institution of Civil 
Engineers on Tuesday, the 22nd ult,, Sir William H. White, 
K.C.B., President, in the chair, the paper read was on 
‘The Resistance of Plane Surfaces in a Uniform Current 
of Air,” by T. E. Stanton, D.Sc., Assoc. M. Inst. C.E. 

The paper deals with the results of experiments made 
in the engineering department of the National Physical 
Laboratory on the distribution and intensity of the 
pressure on thin plates and combinations of plates placed 
in a uniform current of air, and is intended as the first 
part of a research on the nature and distribution of the 
pressure of the wind on structures. Bya uniform current 
of air is meant a current in what is known as ‘‘ eddying 
motion,” as distinguished from stream-line motion, the 
mean velocity at any point in the direction of flow being 
uniform across the current. This condition of motion is 
considered to be the nearest approximation to that of 
winds of fairly high intensity. The main object of the 
present research was to determine, if possible, a general 
relation between the velocity of the current, the dimen- 
sions of the plates, and the resultant pressure, as it was 
felt that experiments in the open air could not be under- 
taken with any prospect of success until some general 
relation of the kind had been established. The results of 
the experiments show that, under the given experimental 
conditions, a definite relation of the kind existed, and 
may be stated thus :—For similar and similarly-situated 
plates, or combinations of plates, in a uniform current of 
air, the intensity of pressure is the same for the same 
velocity of current and general atmospheric conditions. 
On the assumption that the motion of the wind approxi- 
mates to that of a uniform current as defined above, the 
above relation shows that the distribution and intensity 
of the pressure of the wind on structures may be studied 
experimentally by means of models of the structures set 
up in a current of air produced by means of a fan, as in 
the present case. In illustration of this, the results of 
experiments made on models of roofs and lattice girders 
of simple form are given in the paper. 

Tabulated results are also given for the cases of parallel 
plates at varying distances apart, plates inclined at vary- 
ing angles to the direction of the current, and rectangular 
plates of varying ratio of length to width. 








THE INSTITUTION OF CIVIL ENGINEERS: 
MEETING OF STUDENTS. 

AT a meeting of students held at the Institution on 
Friday evening, the 18th ult., at 8 p.m., Mr. W. H. 
Wheeler, M. Inst. C.E., in the chair, a paper on ‘‘ The 
Action of the Sea upon the Foreshore” was read by Mr. 
C. B. Case, Stud. Inst. C.E., and a paper on ‘* The Causes 
of the Loss of Beaches, and an Outline of Coast Defence,” 
by Mr. F. W. Cable, Stud. Inst. C.K. The following are 
abstracts of the papers: 

‘*The Action of the Sea upon the Foreshore.” By 
Cecil Bertram Case, Stud. Inst. C.F. 

In this paper the author describes the difficulties in the 
way of tracing the origin of phenomena resulting from 
the action of the sea, and classifies the forces which are 
chiefly instrumental in producing them. Distinction is 
made between foreshores which are susceptible to sea- 
action and those of an opposite character ; and the in- 
vestigation is devoted chiefly to foreshores of the fermer 
kind, the action of waves and of currents being, as far as 
possible, dealt with separately. The influence of wave- 
action upon the angle of repose of shore material is 
described, showing how the angle of repose differs accord- 
ing to the shape and disposition of the shore-particles 
situated in the course of the recoiling water, and how the 
angle is sometimes affected by the frequency of the 
breakers. The motion of individual particles, and of a 
mass of particles, under the influence of waves striking 
the coast normally or obliquely, and the effect on this 
motion of the shape and buoyancy of the particles, are 
investigated. Reference is made to the effects produced 
by intercepting material drifting along the coast, and an 
explanation of the accumulation at Dungeness is offered. 
The raanner in which high groynes intercept drifting 
material, and the consequences of the interception, are 
indicated. The action of waves upon upright sea-walls, 
and upon those prolonged seawards by an apron, is 
described ; and steep and gently-sloping aprons are com- 
pared, in respect of their effects upon the foreshore. The 
manner in which a scouring sea-wall hastens its own 
destruction is explained, and conclusions are drawn as to 
the correct form for a sea-wall. The action of currents is 
investigated, distinction being made between tidal cur- 
rents and wind-raised currents, and various ways in which 
material may be distributed by current-action are indi- 
cated. It is also shown how current-action interferes with 
wave-action, by scouring out channels on the foreshore. 
A comparison is drawn between those methods of sea- 
defence which entail the erection of massive structures, 
and those which can be worked out by the use of com- 
paratively slender structures. The effects resulting from 
landslips upon the foreshore are also described. Refer- 
ence is made to the large expenditure incurred in the | 
defence of our coasts from sea-encroachment, it being | 
shown that much of it is frequently misapplied; and 
conclusion is drawn as to the main principle to be observed 





in sea-defence schemes. 

‘The Causes of the Loss of Beaches, and an Outline 
of Coast Defence.” By Frederic William Cable, | 
Stud. Inst. C.E. | 

The most important part of a scheme for the defence of | 
the coast against the action of the sea is that which is | 
designed to protect the foreshore. The foreshore is acted | 


upon by the waves, which suck the shingle downwards in | 
such a way as to form a small bank near low-water level. | 
Meanwhile, the tidal currents are carrying away the sand | 
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and other light materials which compose the bed of the 
sea, and eventually the bank of shingle becomes under- 
mined, and falls into the sea. In the case of the east 
coast of England the sand and light materials are carried 
towards the Straits of Dover, the tidal currents flowing 
from north to south. The same action is in progress along 
the south coast, where the tidal currents flow from west 
to east ; and thus the material becomes deposited in the 
Straits of Dover, where the two tides meet. There is no 
way of completely stopping the loss of beaches; but by 
means of groynes the pemrentive forces may be so con- 
trolled as to considerably modify or diminish their effect. 
The longer the groynes are made, at any place, the slower 
will be the alteration of the coast-line. Sea-walls should 
be either built for the reflection of the waves, or for 
gradually diminishing their force. A wall for reflecting 
the waves should present an almost perpendicular front to 
the sea; but if the slope of the foreshore be such as to 
necessitate the latter form of wall, this should have a 
gradually sloping face towards the sea, which will destroy 
the force of the waves by causing them to act up an 
incline. 

The reading of the papers was followed by a discussion, 
in which Messrs. EK. M. Bull, H. O. H. Etheridge, H. W. 
FitzSimons, O. F. Parker, H. E. Steinberg, J. W. M. 
Topley, and 8. M. Udale, Studs. Inst. C.E., took part. 








PRELIMINARY EXPERIMENTS ON AIR 
FRICTION.* 
By W. Opve.i, A.R.C.Sc. 

THE tendency now-a-days to increase the speed of 
many classes of machinery has resulted in several forces, 
formerly negligible, becoming important. For instance, 
want of balance of the moving parts, which did not have 
to be considered in a beam-engine revolving under fifty 
times a minute, has become the crux of engine design 
now that 400 revolutions per minute is a common speed, 
both afioat and ashore; and with the far higher speeds 
which the steam-turbine is bringing in, forced lubrication 
is becoming a necessity. 

Amongst other effects of change in this direction, the 
loss of power due to the friction with the air of large 
rotating objects promises to become noticeable, and 
about two years ago my friend Mr. W. Cramp, of the 
Central Technical College, suggested to me that I should 
try and get some figures as to the power thus wasted by 
dynamo armatures, fly- wheels, and rotating bodies 
generally. Obviously it was best to start with the 
simplest form, and the following is an account of some 
attempts to measure the power required to keep a plane 
circular disc rotating. 

First EXPERIMENTS. 

In my first experiments I used a pair of falling weights 
attached to threads wound on an axle of known diameter, 
to which a cardboard disc was fixed, and which was 
supported symmetrically on friction-wheels. There was 
an arrangement for supplying extra weight at the start 
whilst speed was being got up, and then, by timing the 
intervals taken by the weights through two equal suc- 
cessive intervals, the constancy and magnitude of the 
speed could be ascertained, as well as the power employed. 
To eliminate solid friction, a cylinder of lead equal in 
weight to the disc was substituted for it, and whilst the 
sum of the weights on the driving threads was kept 
constant, they were made unequal, and wound against 
one another, so that the heavier had to raise the lighter, 
and the difference adjusted till the speed was the same 
as before. 

As the force of the solid friction in this apparatus was 
exceedingly small, and any errors of observation tended 
to eliminate one another, this method is in some ways a 
very accurate one, especially for small speeds, and I may 
have to return to it in the future; but it is very tedious 
to carry out single-handed, and unless a great height is 
available for the fall of the weights, there is much 
difficulty in getting a constant speed, and the intervals 
of time are too short to measure accurately with an 
ordinary stop-watch. 

Then Professor Perry suggested to me the use of an 
electric motor, taking the difference of the watts re- 
— to run it with and without a disc fixed to its 
shaft. This appeared a much more convenient plan, so 
I commenced a fresh series of experiments, which are 
described below. 


DESCRIPTION OF APPARATUS, 


The Motor.—The motor was a two-pole, 12-segment, 
ring armature, series-wound machine, marked ‘ 16-volt 
Greenhalg patent.” In these experiments the field was 
separately excited, and as about 1.8 amperes were 
required in the field windings, whose resistance was 
about 0.4 ohm, to saturate the magnets a P.D. of at least 
0.85 volt was maintained across the field terminals by 
means either of three pairs of Daniell’s cells or, whenl 
available, by a couple of 2-volt accumulators in paralle 
through an adjustable resistance of manganin wire. By 
this means a constant field was insured. 

Counter.—A_ revolution counter was attached to one 
end of the motor shaft by a piece of india-rubber tubing, 
and was clamped firmly to a stand rigidly fixed with re- 
spect to the bed-plate of the motor, so that the alignment 
of counter and motor remained unaltered through each 
series of experiments. 

Ammeter.—The armature current was measured by a 
Stanley ammeter graduated to 0.1 between 0.30 and 3 
amperes. It had not been made for scientific work ; the 








* Paper read before the British Association, Section G, 
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graduations were too thick, and it was stronger at the 
upper end of the scale than at the lower. 

Voltmeter.—The electromotive force across the brushes 
was measured by a Weston portable standard instrument 
graduated to 0.05 up to 5 volts, or to Lup to 100. These 
scales did not fit in with the pressures at which the motor 
worked, and the higher ones could be read with but a 
small degree of accuracy. 














METHODS OF EXPERIMENTING. 


When all the connections were made and the field pro- 
perly excited, a series of blank experiments was made. 
In each experiment, after the volts and amperes had be- 
come steady, they were noted, and the time taken by 
means of a stop-watch for some round number of revolu- 
tions to be made. T’rom this the speed was calculated. 
Current was then plotted on a speed base, and the best 
straight line drawn throvgh the plotted points. Taking 
the armature resistance as 0.8 ohm, the CR drop was 
subtracted from the volts observed at each speed, and the 
net volts thus obtained were also plotted on a speed base ; 
this gave astraight line passing through the origin, whose 
equation was about 

230 revolutions per minute 


The experiments proper were then performed in an 
exactly similar manner after the disc had been fixed tu a 
flange on the free end of the motor shaft. The volts were 
observed more asa check on the running of the motor 
than anything else, as the net-volt-speed curve should 
coincide in both series of experiments. The current- 
speed curve was plotted with the same axes as before. 

Paper discs were used instead of cardboard ones, as the 
latter substance warped too badly. 


15-In. Disc. 

The motor was first run light at five different speeds 
(including zero), and the current and net volts plotted 
separately on speed bases, and the best straight line 
drawn through each set of points (see Figs. 1 and 2). 

The net-volt curve passed through the origin, and gave 
231 revolutions per minute as being the equivalent of one 
useful volt. From this we may calculate that 1 ampere 
through the armature produced a torque of 0.366 inch- 
pound nearly. 

A drawing-paper disc, 15.04 in. in diameter, was now 
attached and driven at various speeds. The first four 
columns of the table below give the figures observed. 


1 net volt. 





. Speed in 
Observed Cur- Ret Timein Kevolu- OR Net 
Volts. rent. Counter) \Seconds tions per "Volts 
‘ Minute. | 
Motor Liyht. 
F 33 Just no motion 
11.5 .85 2600 62.2 2508 .68 10.8 
10.85 79 2400 64.6 . 2230 .63 10.2 
9.15 74 2000 59.8 | 2007 .59 8.56 
6.8 64 1500 62.8 1433 | 51) 63 
Motor with 15-In. Dise on Main Shaft. 
11.1 | 2.78 2000 58.8 2004 2.22 8.9 
9.0 2.00 2009 71.3 1683 1.6 7.4 
7.7 1.56 1500 63 1429 1.25 6.45 
7.4 1 56 1500 62.2 1448 1.25 6.15 
69 1.30 1500 70.6 1275 1.04 5.86 
6.0 1.12 1200 62.8 1146 9 6.1 
5.3 .99 1000 58.8 1021 79 4.5 
4.6 .87 1000 | 66.6 901 Bcf 3.9 
4.59 .87 1000 66.4 903 i 3.89 
3.90 .78 1000 78 769 62 | 3.28 
3.37 72 800 72.6 661 .58 2.79 
2.90 66 600 63.8 665 .53 2.37 
2.52 61 500 62.2 482 49 2.03 
2.11 56 400 60.8 395 45 1.66 
1.70 54 300 59 305 43 1.27 
1.35 -50 300 77.6 232 40 .95 
1.05 47 200 70.8 1694 .38 67 
.80 45 15€ 79.8 113 .36 44 


The volt-speed curve is the same as when unloaded, so 
that the value of 1 ampere in inch-pounds of torque is 
the same, ‘The current-speed curve is given in Fig. 1; 
its shape is suggestive. Interpolating from the current- 
speed curve of the blank experiment and subtracting gives 
us the figures in columns 3 and 6 below for net torque ; 
they are also plotted in Fig. 1. 





Current Net Torque 

Gross from Blank (1 Ampere = Log. Net Log. ry 

Current. Experiment  .366 Lb. Torque. Speed. "Pee 
Curve. Inches.) | 

amperes |r. p.m. 
2.78 74 2.04 0.3096 3.302 2004 
2.00 -685 1.315 0.119 3.226 1683 
1.56 64 .92 1.964 3.158 | 1440 
1.30 61 .69 1.839 3.1055 | 1275 
1.12 -585 -535 1.728 3.059 1146 
.99 57 42 1.623 3.009 1021 
3l 1.491 2.954 902 
78 515 -265 1.423 2.886 769 
A | 1.342 2.821 661 
.18 1.255 2.752 565 
15 1.176 2.683 482 
Al 1.041 2.597 395 
«105 1.021 2.484 305 
.08 2.903 2.3655 | 232 
-06 2.778 2.230 170 
-05 2.699 2.053 113 


Taking logs of columns 3 and 6 in the above table gave 


| columns 4 and 5, which were plotted in Fig. 3, in which 
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they are indicated by crosses (+) on the lowest of the 
curves. There is no mistaking the character of the locus 
of the points to the right of log 900. It is a very good 
straight line, and its slope is about 24—7.e., 


log. T = 2.33 log. w + ¢, 
T = C w?33, 


To the left of log. 900 the character of the locus 
changes very evidently, as might have been anticipated, 
erhaps, from a careful examination of the torque curve 
in Fig. 1. The exact nature of the low-speed locus is not 
so evident owing to the increase per cent. of the errors 
owing to the torque being obtained by difference. Now 
the ordinary assumption about fluid friction is that for 
low speeds it follows a linear law ; and that, unlike solid 
friction, it vanishes when the speed becomes indefinitely 
reduced, is common experience. So I have ventured to 
draw a straight line from the origin in Fig. 1 through the 
low-speed points of the net torque curve and a line at 
45 deg. through the corresponding logarithms in Fig. 3; 
and I think it will be agreed that it fits in as well as any 
other single locus would do. At any rate, we may pro- 
visionally conclude that at a certain speed a discontinuity 
occurs in the law connecting torque and speed, above 
which a higher law than the second power is followed. 

To test this I repeated my experiments with this disc, 
examining the higher speeds more particularly. The 
results will be found plotted, in the same way as before, 
in Figs. 4and 5. From Fig. 5 we see that the induction 
was the same as before. From Fig. 4 we may get the 
following :— 


or 


Current Net Torque 








Gross from Blank (1 Ampere Log. Net Log. Speed 
Current. Experiment .366 Pound-| Torque. Speed. °* ! 
Curve. Inches). 
amperes r.p.m, 
-25 1.398 2.914 820 
96 .56 -40 1.602 3.000 1000 
71 1.851 3.114 1309 
.63 .86 1.935 1400 
.65 104 0.017 1500 
70 1.55 0.190 1800 
438 1.975 0,296 2009 
15 2.21 0.344 2100 
-025 2.398 2.083 121 


Columns 4 and 5 are plotted in Fig. 3, the points being 
marked with small circles (@)), and they will be found to 
lie even more exactly on the line drawn through the 
earlier points than those points themselves. As they are 
all high speeds except the last, they give us no informa- 
tion about what occurs below the discontinuity ; but it 
may be noted that whereas the torque of the slowest 
experiment of the first series came out higher than might 
have been expected, the value found here for 121 revolu- 
tions per minute is much lower. 


22-In. Disc. 

The second dise tried was 21.82 in. across, and was of 
thinner, smoother drawing paper than the last. The 
first series of experiments is plotted in Figs. 6and 7. The 
net-volt speed curve in the latter gives 231 revolutions 
per minute per volt, as before; the points for the slower 
loaded experiments come out a little higher. I take it 
that the commutator was dirty, and that the resistance 
was increased thereby across the brushes. The torque 
curve in Fig. 6 was not easy to draw completely, as, un- 
fortunately, I had got no readings for speeds between 600 
and 800 revolutions per minute. From the two ends of 
the curve the following numbers were obtained : 


Current Net Torque 


Gross from Blank (lL Ampere= Log. Net Log. 








Current. Experiment  .366 Lb. Torque. Speed. Speed. 
Curve. Inches.) 
amperes 
.22 } 342 2.544 350 
ve 27 1.431 2.602 400 
1 07 59 48 1.681 2.699 509 
1.48 -615 .865 1 937 2.778 600 
2.44 67 1.87 0.272 2.903 800 
2.99 -69 2.21 0.344 2.929 850 


Columns 4 and 5 will be found plotted in Fig. 3. Ex- 
cepting the first, they lie very nearly ona straight line 
above the one drawn for the 15-in. disc. Its slope is 
2.82. The lowest point is above this line, thereby sug- 
gesting that the discontinuity remarked in the experi- 
ments with the 15-in. disc occurs here at between 350 and 
49) revolutions per minute. 

A second series of experiments was performed with this 
disc, and the results plotted in Figs. 8 and 9. An inspection 
of the points in the latter reveals one thing at once—the 
field weakened between the two parts of the series from 
231 toabout 240 revolutions per minute per volt, and that 
therefore the value of one ampere in pound-inches of 
torque had gone down in that ratio between the end of the 
blank experiments and the commencement of those with 
the disc. Consequently, before subtracting to get the net 
torque, it was necessary to increase the height of the 

( 
loss line in the blank experiment by wi of its original 
height. This gave the upper of the two straight lines 
shown in Fig. 8, which was used to get the following 
figures :— 








.) 
—- Net Torque | : = ‘ 
Gross 9 (1 Ampere= | Log. Net Of. ig 
Current, from Blank "9 3595 Lb. | Torque. Speed. * peed. 
Experiment Inches.) 
Curve. Ki 
amperes i r.p.m. 
ee aa 105 1.021 2.301 200 
685 495 -19 1.279 2.477 300 
-84 51 33 1.519 2.602 400 
oo oie 56 1.748 2.699 500 
1.41 585 875 1.942 2.778 600 
1.84 55 1.29 0.110 2.845 700 
2.325 -565 1.76 0.246 2.903 800 
2.93 58 2.40 0.380 2.954 900 


The fourth and fifth columns are’plotted in Fig. 3, the 
points being marked by a ring (@). The six upper points 
lie in a very good straight line, whose slopeis 2.55. The 
discontinuity appears at the same speed as before (about 
350 revolutions per minute), and it is noteworthy that 
below it the curve does not support the hypothesis men- 
tioned above--that at lower speeds the torque is propor- 
tional to the speed. 

27-In. Disc. 

The next disc was made of cartridge paper and measured 
26.83 in. across. It weighed about 4 0z.; so to eliminate 
its effects on the solid friction of the apparatus, a drum of 
lead was placed, in the blank experiments, round the 
flange to which the disc would be subsequently fastened. 

The figures observed will be found plotted in Figs. 10 
and 11. From the net-volt-speed curve in the latter we 
see that in the blank experiment one volt stood for every 
235 or 236 revolutions per minute—i.e., 1 ampere through 
the armature was producing a torque of 0.36 pound- 
inch. The points for the machine loaded come very 
slightly lower. This was probably due to the figure for 
the armature resistance being too high. C R is over 


rises to 110 per cent., so that an error of 5 per cent. in R 
would produce an equal error in the net volts. 

From the two-current-speed curves (Fig. 10) the follow- 
ing figures were obtained :— 


Net Torque Log. Net 











: 2S speed. 
(1 amp. = 36 Ib.-in.) Torque. Log. Speed Speed 
amperes revs. per min. 

.24 1.380 2.243 175 
-29 1.462 .301 200 
Al 1.618 -398 250 
.595 1.775 77 300 
.895 1.952 -54t 350 
1,297 0.113 .602 400 
1.72 0.230 653 450 
2.20 0.342 .699 500 
2.385 0.378 714 617 


The logarithms will be found plotted in Fig. 3, as usual. 
The upper part of the curve has a slope of about 2.47, 
and the discontinuity appears at about 250 revolutions per 
minute, but it is not as well defined as in some previous 
experiments. 

The experiments were repeated, and the results plotted 
in Figs. 12 and 13. From the former the following num- 
bers have been obtained :— 





Net Torque. Tee 
(1 Ampere -> haem Log. Speed. Speed. 
.36 Inch-Pounds.) : 

amperes revs, per min. 
.104 1.017 2.000 100 
12 1.079 2.065 116 
.137 1.137 2.109 128} 
145 1.161 2.151 141} 
153 1.185 2.158 144 
175 1.243 2.201 159 
.20 1.301 2.232 1704 
.22 1.243 2.264 1834 
23 1.362 2.274 188 
274 1.438 2.318 208 
.38 1.580 2.398 250 
-56 1.748 2.477 300 
.87 1.940 2.544 350 

1.26 0.100 400 
1.71 0,233 450 

2.20 0.342 500 

2.485 0.395 525 





The slupe of the curve drawn through the points in 
Fig. 3, corresponding to columns 2 and 3 above, is 2.59 
above the critical speed, which comes out at about 250 
revolutions per minute, as before. For the very lowest 


portion, curiously straight, whose slope is of intermediate 
value, and it is worthy of note that the lines through the 
points immediately below the critical speed for all the 
other series of experiments have all approximately the 
same slope—viz., 1.5. This concludes the first and main 
portion of the preliminary experiments. 


CONCLUSIONS. 
A glance at Fig. 3, where the results are collected, shows 
that in every case, at above what I have called the critical 
speed for each disc, log. torque plotted on a log. speed base 
gave a straight line, and the slope of all the straight lines 
was about the same, 





60 per cent. of the net volts every time, and sometimes | 


speeds the slope is 1, as demanded by the usual hypothesis | 
of fluid friction, but between the two there is another | 


| 3°33 }15-in. disc. 
2.82) o0 : 
| 3 bp }22-in. ss 


2.47 \ on : 
a5 f27-in. 5 


Mean 2.515 


This means, of course, that the torque required varied 
as about the 2.5th power of the angular velocity ; and, 
therefore, that the power absorbed was proportional to 
the 3.5th power roughly. 

The simplicity of this formula seems to me to make it 
almost certain that the power measured was almost 
wholly expended in overcoming the force I wished to 
measure. Had the other losses been considerable—unless 
they all followed the same law, which is scarcely con- 
ceivable—it would have been impossible for such a simple 
law to be arrived at. 

I have not paid much attention to the points obtained 
for speeds below the critical, owing to the way errors are 
multiplied by this method at low angular velocities ; but 
the torque would certainly seem to vary as some power of 
the speed higher than the first, for speeds not much below 
the discontinuity. I hope,’ however, to go into the 

question of low speeds again, probably by a different 
| method, 

| The critical speeds mentioned above, of course, vary 
with the size of the discs ; they may, perhaps, also vary 
with its surface and the atmospheric conditions. I have 
not determined them very exactly for the three discs used 
in the above experiments ; but they seem to be roughly in 
the inverse ratio of the squares of the diameters :— 


Diameter of disc in inches: D .. ns 15 22 27 


Critical speed in revolutions per | 
minute (approximate): 7 ..' 800 350 250 





nD? .. is os ae ** ..| 180,000 | 170,000 | 182,000 


I hope to repeat these experiments with ebonite discs, 
which will all have the same kind of surface, and which 
will be so stiff that they will not exhibit the waves and 
other vibrations that travelled over the paper ones when 
the draught became excessive. 
The barometer, thermometer, and hygrometer readings 
were not taken when the experiments were made, and 
the influence of the state of the atmosphere, if any, is a 
thing I hope to determine in the future. I also intend to 
| determine the influence of form on the amount of torque. 
That it has a great influence is certain ; in some experi- 
|ments on the bursting speeds of wheels carried out at 
| the Ease School by Professor Benjamin, and described in 
| Fielden’s Magazine for September, 1902, it was found im- 
| possible to speed one form of wheel (something like a 
bicycle wheel) up to the bursting point till it had been 
encased in a cover, giving it a smooth outline. 

One of the first experiments to be done when I have a 
rigid disc will be to try it with and without a rim, and 
see whether it will reduce the effect of friction by hinder- 
ing the escape at the periphery of the air pumped out 
from the centre, as probably it is in this pumping effect 
that the power is lost. 

I have left the consideration of the effect of size till 
last, because it was in this directlon that I got what were 
| to me the most astonishing results, and those which most 
| tended to show how important the effects here measured 

may become. 

If T represents the torque required to keep a disc of 
diameter D rotating at a certain constant speed, it seems 





___ | natural to suppose that 


T =k D* 
where k and a are constants ; whence we have 
) am, BY 
| ) —_ ’ 
| T, caltans D, 
i A 
| log. T, — log. T, = a (log. D, — log. Dy), 
or, 
| sas log. T, — log. Ty 
| log. D, - log. De 


Now from Fig. 3 we can get 1.400 and 0.300 as the 
values for log. T for the 15-in. and 22-in. dises respectively 
at a certain speed (rather more than 800 revolutions per 
minute) above the critical speed of the smaller. For our 
very rough calculation we may neglect the small differ- 
ence in the value of 1 ampere in pound-inches in the two 
experiments due to difference of field strength, and this 
gives us 0.90 for log. T. — log. T, whilst log. D, - D, = 
| log. 21.82 - log 15.04 = 0.1617, whence we get a = 5.56 
about. 


| oe T : 
| Asa mean of several estimations of log. —* at two dif- 








1 
ferent speeds, both above the critical speed of the smaller 
disc, I found 0.619. Now, log. 26.83 —log. 21.82 = 0.089. 
Here we get, therefore, 6.9.as the value for a. : 

By prolonging the curves in Fig. 3 for the 27-in. disc 
upwards till they cut the ordinate at log. 1000, we find 1.1 
for their mean height for that spee1, at which the height 
of the two sets of points for the 15-in. disc is 1.6, Sub- 
tracting, we get 1.5, into which log. D3 — log D, = .2514 
goes about six times, which is, of course, about the mean 
of the two previous values for a, 

Now this value appeared to me preposterously large. 
It means that if a certain disc rotating at a certain speed 
absorbed only 6 watts—as, for instance, a 27-in. disc at 
| 550 revolutions per minute—then one only twice that size 
| —i.e., only 4 ft. 6in.—would dissipate no Baty than 4 horse- 
| power, and a 9-ft, dise 32 horse- ,ower ! 
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[ was advised at this point ‘by Mr. Castle to test this 
by a disc very much larger than any I had yet tried, so I 
made one 47.1 in. across, out of canvas-backed diagram 

xr, which I damped and ironed to flatten it. It alone 
weighed 11 oz., and with the boss for attaching it to the 
shaft, 140z. It would manifestly have overpowered the 
small motor I had hitherto used, so I employed a 4 horse- 
wer motor by the General Electric Company, which 
was run off the 200-volt mains. Its field, unfortunately, 
was not saturated, and as the pressure in the mains varies 
about 2 or 3 volts throughout the day, the induction was 
apt to change. : 

When running light at speeds below 800 or 900 revolu- 
tions per minute, it took below 0.30 ampere; and as my 
ammeter did not read below that point, I had to arrive at 
the torque necessary to keep the motor running light at 
those speeds by the unsatisfactory process of extrapola- 


n. 
othe Stanley voltmeter I had to use at speeds when the 
P.D. across the brushes was over 100 volts, read about 
5 volts low from 80 to 100 volts, so that for speeds over 
about 500 revolutions per minute the electromotive force 
had also to be extrapolated for. From these considera- 
tions it will seen that these experiments were very 
rough, and cannot be accepted in details where they con- 
tradict the previous ones. The resistance of the arma- 
ture was about 15 ohms, and the main shaft of the motor 
made 6.5 to 6.8 revolutions per minute per useful volt, 
according to the pressure in the mains. 

The volt-sp curve is given in Fig. 15, in which the 
figures obtained from the Weston instrument are marked 
@. From them we get 6.6 revolutions per minute per 
volt, which means that one ampere through the armature 
gave 12.8 1b. inches of torque, which is 35.6 times that 
given by the small motor when revolving 235 times per 
minute per volt. The points in the figure corresponding 
to the readings of the Stanley instrument are given to 
show that whether light (X) or loaded (0), the law was 
about the same. 

The current-speed curve is given in Fig. 14. After 
producing the blank experiment line backwards, the fol- 
lowing numbers were obtained :— 


Net Torque 








(1 Ampere = og. Torque. Log. Speed. Speed. 
12.8 Lb.-Inches. 

amperes r.p.m. 

. 255 1.406 2 398 250 

355 1.550 477 | 300 

45 1 810 602 | 400 

1.020 0.009 -699 | 500 

1.260 0.100 -740 | 550 


To make the relation of the curve obtained by plotting 
columns 2 and 3 to the other curves in Fig. 3 more clear, 
however, before plotting 1.551 a 35.6) has been added 
to each value of log. torque given above, thus giving 





| 
Log. speed 2.398 2477 2.602 2.699 2.740 


Log. torque .. .. | 0.958 1.101 1.361 





1.560 1.652 


The slope of the line drawn through these points is 
only 2.06. From a number of odd experiments made 
before the above series was performed, it seemed probable 
that the torques given above for the lower speeds were 
too high. A second series was therefore performed, which 
gave the points to be found in Figs. 16and17. In the 
latter the line through the net volts obtained from the 
readings of the Weston voltmeter gave 1 volt=6.67 revo- 
lutions per minute, whence 1 ampere = 12.7 lb.-in. of 
torque. By subtracting the ordinates in Fig. 16, as 
usual, we get 


Torque (1 Am-| 








cap ft Log. (35.3 
pere iw In. Log. Torque. Torque). Log.Speed. Speed. 

amperes, r. p.m. 
205 1 312 .860 2.298 250 
310 1.491 1.039 477 300 
59 1.771 1.319 -602 400 
93 1.969 1.617 .699 500 
1.34 0.127 1.675 -778 600 
1.83 0.263 1.811 845 700 
2.055 0.313 1.865 -869 740 

In column 3 I have added 1.548 (= log. 12.7) to the 


numbers in column 2 in order that when plotted with 
the numbers in column 4 as abscisse in Fig. 3, they should 
fall in their proper place. For the first time in any of 
these experiments I seem to get a slightly curved line ; 
but I have drawn through the points a straight line 
whose slope is 2.1 about. 

I am not able to say why, for this disc, the slope should 
be so much less than in previous cases, and will proceed 
at once to consider the point, to clear up which these 
experiments were made. 

The height of the curves in Fig. 3 for the 47-in. disc 
above those for the 27-in. disc varies from 1.1 to 1.3 about. 
Dividing by 0.2444 (="log. 47.1 — log. 26.83) we get from 
4.8 to 5.3 for a. 

The difference between the ordinates of the 47-in. and 
22-in. discs is from 1.68 to 1.86, which, divided by 0.334, 
the difference of the logarithms of their diameters, gives 
from 5.0 to 5.6. 

Taking these results with those previously obtained, 
I think we may safely infer that the torque varies as some 
power of the diameter higher than the fifth, but consider- 








ably below the sixth. Even this result astonished me, 
till Mr. H. C. Booth pointed out to me that the average 
linear velocity, as well as the area, increases with the 
size, and that the arm of the couple also increases, so that, 
supposing that the force of friction is jointly proportional 
to the area, and a power of the linear velocity rather 
greater than the second—a couple of hypotheses not very 
improbable—we should have the force on an elementary 
ring of radius r and breadth dr when rotating at w 
radians per second proportional to (w r)?+¢ r dr, where 
a is a proper fraction, probably less than 0.5. This would 
produce a torque proportional to (w r)?+¢r dr x 7, say 
=C(wr)t4rdr x r. 

=C w2ta rita d>, 


Integrating this with respect to x from the centre to the 
rim we get 
T=C w2ta pita 


which would roughly explain the numbers obtained. It 
is not a complete theory of the results, of course, and it 
takes into account none of the changes which occur when 
we pass below the critical speed. I hope in future to be 
able to determine C and a accurately and to get out a for- 
mula which shall include the parts of the disc below the 
critical speed. 

The following method of getting very nearly the same 
result as that given above was sketched out for me by 
Professor Perry on the assumption that all the loss of 
energy is due in the end to the pumping action of the 
disc on the circumambient air. 

Let A B, Fig. 18, be the edge view of a disc of radius r 
rotating on a shaft C D in an infinite room with angular 
velocity w. Then it will act asa pump receiving air at its 
centre parallel to C D, and delivering it radially at A and 
B to travel along the path indicated a the arrows, and to 
return ultimately to the centre again. The length / of 
any such path must be proportional to the linear dimen- 
sions of the disc—i.e., to 7, and so will d, the mean 
hydraulic depth of the path it takes; so, using the usual 
formula for the loss of energy in 1 Ib. of a fluid flowing 
through a pipe of length / and diameter d, loss of K.E. 
: ae we see that fora disc of any size the loss of 
d 2g 
energy of each pound of air set in motion by it will be 
proportional to the square of that air’s velocity, and inde- 
pendent of the size of the disc. 

Now, the law for a centrifugal pump or fan is that the 
difference of pressure it causes close to its surface varies 
as w?7?, and therefore that the work done on the air is 
proportional to w? r?, and this must be equal to what the 
air loses subsequently —i.e., 


w2 72 x v2 
or ura 
(This is also one of the rules arrived at from fan practice. ) 
Now, the quantity of air set in motion per second is 
proportional to the area of the dise and to the velocity 
with which it leaves it, or 
W« vr. 
But the energy dissipated per pound of air has been shown 
to vary as v2, 
Therefore the energy dissipated per second will be— 
a W= K ver? x 22 = K 2 72, 
Butv x wr. : 
Therefore the rate of the loss of energy is = Cw r°, 
which agrees pretty well with the experimental results. 








SANITARY LAW.* 
By H. Harcourt VERDEN. 


THE law relating to sanitation being of a complicated 
and intricate nature, it is only possible for me to dwell 
upon the points of the utmost importance to sanitary 
engineers in the ordinary course of their profession. 

The task I have before me—of compressing into a paper 
of twenty minutes’ duration the law with reference to 
sanitation—is a difficult one, as many volumes could be 
written upon this important branch of our law. 

I shall divide my paper into two parts—viz. :—(1) The 
law relating to sanitation as laid down-by statute, and (2) 
the law relating to sanitation as settled by the Courts. 

In both cases I shall endeavour to place before you the 
most important points, which are, perhaps, not so gene- 
rally known to members of this useful profession as one 
might imagine. 

1. The law relating to sanitation as laid down by 
statute :— 

The principal Act passed in recent years, and well 
known, I presume, to everyone’ present this evening, is 
the Public Health Act, 1875, which, with its amending 
Acts, forms the basis of our sanitary law. 

Part III. of this Act deals almost exclusively with 
sanitation, which word includes sewerage, drainage, 
scavenging, cleansing, occupation of cellar dwellings, 
common lodging-houses, nuisances, offensive trades, 
unsound meat, infectious diseases, hospitals, and mor- 
tuaries. 

The first important item we arrive at on glancing 
through this Act is the definition of a ‘‘drain” and the 
definition of a ‘‘sewer.” 

The Act of 1875 defines a ‘‘drain” thus :—‘‘ A drain 
means any drain of and used for the drainage of one 
building only, or for premises within the same curtilage, 


and made merely for the purpose of communicating | 
therefrom with a cesspool or other like receptacle, for | 


drainage, or with a sewer into which the drainage of two 
or more buildings or premises occupied by different per- 


* Paper read before the Institute of Sanitary Engi- 
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sons is conveyed ;” whilst a ‘‘sewer” includes sewers and 
drains of every description except drains to which the 
word ‘‘drains” applies, and except drains vested in or 
under the control of any authority having the manage- 
ment of roads, and not being « local authority under the 
1875 Act. The words of this Act defining a drain and a 
sewer are fairly clear toany lay mind, and I shall therefore 
not dwell upon them here. 

It may be useful to cite a case in the first part of m 
paper which decides what the Act of 1875 means with 

ard to a sewer. This case—Meader v. West Cowes 
Local Board, 1892—decided that a ‘‘sewer” in the 1875 
Act meant something which carried something away, and 
a set of pipes leading from houses and ending in a cesspool 
was not a sewer, nor a work belonging to a sewer within 
the Act (Court of Appeal). 

I need hardly say that every local authority should keep 
all sewers belonging to them in repair, and also make all 
necessary sewers for effectual drainage under the Act. 

The definitions of ‘‘ drain” and ‘‘ sewer” in the Metro- 
polis Management Act, 1855, Section 250, are the same 
as those in the 1875 Act, with this qualification—that the 
word “drain” in the Metropolis Management Act also 
includes a drain for the draining of any group or block 
of houses by a combined operation under the order of any 
vestry or district board. 

Numerousdecisionshave been given with reference to this 
part of the definition, but they apply only in the Metro- 
polis, and need hardly be commented upon here; three 
of the most important of these decisions might be read up 
by those who desire the fullest information on this point, 
and I will therefore give you the names of those cases, 
with their respective references, in order that you may 
do so at your leisure :—Bateman v. Poplar District Board 
of Works (33, Chancery Division, 360); Appleyard v. 
Lambeth (66, L.J., Q.B., 27); Green v. Newington 
Vestry, 1898. 

The definition of a ‘‘ sewer” does not include a cesspool, 
reservoir, or deposit bed for collecting sewage for purposes 
of disposing of 1t (Sutton 7. Norwich). 

I must not, however, burden you with many cases in 
the first half of my paper. Returning to the Act of 1875, 
I might mention that it gives powers for the making of 
sewers, the purification of sewers before their discharge 
into streams, alterations of sewers, and the enforcing of 
drainage of undrained houses, which powers you are no 
doubt well versed in. 

Section 13 of the Act says that all existing and future 
sewers within the district of a local authority, together 
with all buildings, works, materials, and things belonging 
thereto, except (1) sewers made by any person for his own 
profit, or by a company for its shareholders’ profit ; (2) 
sewers made and used for the purpose of draining, pre- 
serving, or improving land under any local or private Act 
of Parliament, or for the purpose of irrigating land ; and 
(3) sewers under the authority of any Commissioners of 
sewers appointed by the Crown, shall vest in and be 
under the control of such local authority. There have 
been many cases decided by the Courts on this section of 
the Act, the most important of which will be dealt with 
later on. 

Section 14 of the Act empowers any local authority to 
purchase sewers, or otherwise acquire them from any 
person. But any person who, before such purchase or 
acquirement, has acquired a right to use such sewer, 
shall be entitled to continue to use the same, or any sewer 
substituted in lieu thereof, to the same extent as he 
would or might have done had not the purchase or 
acquirement taken place. A local authority can, of 
course, accept, as a gift, a sewer. 

Section 19 of the Act relates to the cleansing and ven- 
tilation of sewers generally. The word ‘* ventilation ” is, 
however, new. It has been suggested that the erection 
of a ventilating-shaft attached to a private house is 
within the power of a local authority, having regard to 
the use of this term, and the language of the Lord Jus- 
tice, in Swanston v. Twickenham Local Board (11 Ch. D. 
833 


I think that these are the most important points of the 
1875 Act. It remains, however, for me to glance over the 
amending Acts, with their chief objects :—(1) The Hous- 
ing of the Working Classes Act, 1890, consolidates and 
amends the Acts relating to artisans’ and labourers’ 
dwellings and the housing of the working classes ; (2) the 
Private Street Works Act, 1892, was to amend 
the Public Health Acts with relation to private street 
improvement expenses; (3) the Local Government Acts 
of 1888 and 1894 were passed to amend the laws relating 
to local government in England and Wales—e.g., the 
entire maintenance of the main roads by the county 
councils, and dealing with boundary questions and altera- 
tions thereof, power as to unions, acquisition of -land, 
hiring same for allotments ; (4) the Factories and Work- 
shops Act, 1895, was passed for the purpose of laying 
down the laws with regard to the overcrowding of fac- 
tories and workshops. The statutes I have just referred 
toare no doubt useful to sanitary engineers and architects 
on many occasions, and I strongly advise those who have 
not studied these Acts to do so at their leisure. 

The most important branch of sanitary law, so far 
as sanitary engineers and architects are concerned, is 
undoubtedly that which is laid down and settled by our 
Courts of Law, and known as ‘‘ Case Law.” I have been 
carefully through some hundreds of interesting cases, all 
of which are more or less important, and I have had 
great difficulty in sifting out for you to-night those which 
are the most important from an engineer’s point of view. 

My first cases relate to drains and sewers. The 
| Hornsey Local Board v. Davis (C. A., 893):—In this 
| case a local authority had duly accepted a sewer made in 
|@ private road, which, although it had an outfall, was at 
| the time of acceptance incapable of being used as a sewer. 
| It was held by the Court of Appeal that the road having 
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once been sewered to the satisfaction of the local 
authority, the expense of constructing a new and more 
efficient sewer was not chargeable on the frontager. 
Vowles v. Colmer, 1895, is my next case. Vowles, a 
land-owner, made a sewer in the half-road adjoining his 
land, which he disposed of in building lots, charging the 
purchasers for connecting the drainage of their premises 
with his sewer; Colmer, who had a house on the other 
side of the road, connected his drain with Vowles’s sewer. 
It was held by Lord Justice Romer that Vowles was not 
entitled to an injunction to restrain Colmer from con- 
necting with the sewer. 

With regard to “sewers” and ‘‘ drains,” and drains 
passing through private ground, it has been held that 
‘* A drain passing through private ground, but receiving 
the drainage of more than one building, is a ‘sewer’ 
within the meaning of Section 4 of the 1875 Act.” 
(Travis 7. Uttley.) 

Rather an interesting point arose in the well-known 
and important case of Hilt ». Hair, 1895. Where adjoin- 
ing houses were, previous to 1848, drained by a brick 
construction on A’s land, which conveyed the drainage 
into an adjoining ditch, and the brick construction was 
connected with it, it was held that the brick construction 
was not a “‘single private drain,” but had become a sewer 
vested in the local authority, and repairable 7 them on 
the passing of the Public Health Act, 1848. ‘This ques- 
tion ie not been before the Court of Appeal, although it 
was disapproved by the Divisional Court in Bradford v. 
Eastbourne Corporation. 

Under Section 15 of the 1875 Act, a local board pro- 
ceeded to carry a sewer across the plaintiff’s pleasure 
grounds on such a level that the bottom of the sewer 
would be only slightly below the surface, and a permanent 
embankment about 6 ft. high would be made. It was 
held by the Court of Appeal, affirming the judgment of 
Jessel, M.R., that the board was authorised to do so, 
for that the Act did not confine them to carrying a sewer 
underground. (Roderick 7. Aston Local Board.) 

A rather important point with regard to a manhole 
was settled in the case of Swanston v. the Twickenham 
Local Board: This case decided that a manhole is part 
of a sewer, and may be made without purchasing land 
for the purpose, the owner of the land being only entitled 
to compensation for the damages arising from making it. 

If an owner of land refuses to allow a local authority to 
enter his lands for the purpose of making a sewer under 
Section 15, it seems that Section 305 of the Act of 1875 
does not énable the local authority to obtain from a Court 
of Summary Jurisdiction an order authorising such entry. 
(Lammacroft v. St. Thomas’s Rural Sanitary Authority.) 
The same point has been decided in Wheatcroft v. Mat- 
lock Local Board. 

A local authority is liable in an action for damage, and 
may be restrained by injunction from proceeding under 
this section, if the proposed sewer would cause a nuisance. 

With regard to the question of lateral support, which 
comes under this section, it may be observed here that 
though the Local Board may make the sewer, they do 
not, as it seems from Metropolitan Board of Works v. 
Metropolitan Railway, acquire any right against the 
owners of adjoining lands to a lateral support. This, 
therefore, must be purchased if it is considered to be 
requisite. 

An important case relating to cesspools is Simmons v. 
Malling Rural District Council, 1897. The power of a 
rural authority under Section 157 of the Public Health 
Act, 1875, as amended and extended to rural sanitary 
authorities by Section 23 of the Public Health Act, 1890, 
to make bye-laws with respect to (inter alia) cesspools in 
connection with buildings, extends to old buildings in 
existence before the making of the bye-law as well as to 
new buildings. A bye-law of a rural sanitary authority 
provides that ‘‘ Every 4 who shall construct a cess- 
pool in connection with a building shall construct such 
cesspool at a distance of 50 ft. at least from a dwelling- 
house ” is not unreasonable merely by reason of the fact 
that in a particular case it is not possible to construct a 
cesspool at the prescribed distance. 

With regard to ‘‘cleansing,” Section 299 of the Act of 
1875, in providing for complaint to the Local Government 
Board, where a local authority has made default in the 
maintenance of existing sewers, does not apply to Sec- 
tion 19 of the Act, which imposes on the local authorities 
the duty to cleanse sewers vested in them, and con- 
sequently does not affect the right of action of a person 
who has sustained damage through the negligence of a 
local authority in not cleansing a sewer vested in them 
(Baron v. Portsdale Urban District Council), C.A., 1900. 

Another case of much interest, relating to the Com- 
missioners of Sewers, is the Tynemouth Rural Dis- 
trict Council case. There an owner of land in a rural 
sanitary district, who proposed to lay it out as a building 
estate, and to erect on it blocks of houses arranged in 
streets, deposited with the local anthority plans of the 
proposed buildings, from which it appeared that each of 
the houses was to be drained with a separate drain, ending 
in the middle of one of the proposed new sites. The 
local authority refused to approve the plans unless the 
owner would undertake to construct, at his own expense, 
the sewer with which the drains were intended to com- 
municate, and also the necessary main outfall sewer. 
It was held, affirming the decision of the Divisional 
Court (1896), that the local authority were not entitled 
to attach such a condition to their approval. 

We now arrive at ‘‘ Nuisances ” and ‘ Dilapidations,” 
on which points the books are full of case law. One 
case is as important as another, and as I am unable to 
quote every case, I shall endeavour to summarise the 
most interesting. 

Lyon v. Greenhow. — This case, which, no doubt, 
everybody here knows by name, is of much importance 
to sanitary engineers and others connected with their 





work. By a covenant in a lease the tenant covenanted 
to pay all rates, taxes, and assessments whatsoever 
which then were, or during the term would be, im- 

or assessed on the demised premises, or the land- 
lord or tenant in respect thereof, by authority of Parlia- 
ment or otherwise, and also to make, uphold, support, 
cleanse, repair, and keep in repair, all sewers, drains, 
cesspools, necessaries, privies, vaults, and other easements 
belonging to the demised premises. The local authority 
served on the mortgagee in possession (as the owner) a 
notice requiring him to abate a nuisance arising from the 
pumping of sewerage from a cesspool, and, on the owner’s 
default, did the work. The owner paid the expenses 
under threat of legal proceedings and brought an action 
to recover them from the tenant. 

At the trial before A. L. Smith, it was held that the 
tenant was not liable under either covenant. This case 
has been referred to with approval in cases dealing with 
like questions. 

In another case, a lessee covenanted to pay, bear, and 
discharge all land tax, sewer rate, main drainage rate, 
and all other rates, taxes, assessments, charges, or im- 
positions whatsoever, Parliamentary, local, or otherwise, 
taxes charged, assessed, or imposed upon the demised 
premises, or on the lessor for, or in respect of, the said 

remises. The lessee also coyenanted to repair. The 
essee, however, failed to repair, in consequence of which 
a drain in the premises got out of order and caused a 
nuisance. Thesanitary authorities made an order on the 
lessor under the Public Health Act, 1891, to abate the 
nuisance. ‘he lessor incurred expense in complying with 
the order, and sued the lessee to recover the amount. 
It was held that these expenses were a ‘‘ charge imposed 
on the lessor in respect of the premises,” and that the 
lessor was therefore entitled to recover. (In Re Betting- 
ham ; approved in Smith v. Robinson, 1893.) 

It has been held that drainage expenses are not repairs 
unless the agreement specifically states that they shall be. 
(Re Barney, 1894.) 

A case this year decided that a district surveyor must 
receive notice to the effect that the owner of property is 
cutting, or intending to cut, through a wall for the purpose 
of laying drains. (Dicksee v. Elsdon, May, 1903.) Notice 
must also be given, of course, to the surveyor by the 
person intending to connect any drain with the sewer. 

Stockdale v. Ascherberg, 1903, is an interesting case. 
The defendant had agreed to pay all rates, taxes, assess- 
ments, and outgoings of every description, and to keep 
the premises in good repair. The drains were found to be 
bad, and consequently the usual notice was served, with 
the result that an action was brought, and the defendant 
had to pay for the relaying of the drains. 

With regard to contracts, rather an important point 
comes to my mind, and which I think is worth our con- 
sideration. A contract, whereby the parties agree that 
a certain sewer shall be called a ‘“‘drain” for their own 

urposes, and to take themselves out of the Act, is invalid. 

t is settled law that no part of an agreement can be valid 
which has for its object the elimination of an Act of Par- 
liament, unless that Act specifically states that it shall be. 

Another interesting point which has been decided by 
the Court is that for a manhole which is required in a 
sewer (no matter for what reason) the local authorities 
must bear the expenses. 

Now, gentlemen, it will be a great relief to you all to 
hear that I have only a few more remarks to make before 
I conclude the reading of my paper. I wish to read to 
you six important points, which practically are an out- 
line of sanitation well summarised, if I may use the 
ener. : : 

hese points were written by a well-known authority 
on sanitary law, upon Acts and cases; but I have had to 
boil them down into a few words for my purpose. 

1. The district council is required to cause to be made 
such sewers as are necessary for effectually draining their 
particular district. 

2. The owner or occupier is entitled to connect with an 
sewer on condition that he gives notice and complies with 
council’s regulations, and subject to control by council’s 
appointed officer. 

3. Every owner without the district has the same 
rights, subject, however, to such conditions as may be 
agreed to or settled by law and arbitration. 

4. If a house has no sufficient drain, the occupier may 
be required to provide one, and to discharge into the sewer 
if there is one within 100 ft., otherwise into a cesspool, 
as council may direct. 

5. New houses in urban districts must have sufficient 
drainage as council requires ; and 

6. In an urban district no building to be newly erected 
over a sewer without council’s consent first had and 
obtained. 








ARGENTINE Rattways.—A branch from Catitas station, 
on the Argentine Great Western Railway, to San Rafael, 
has just been opened. The branch was projected 15 years 
ago, but the Argentine Great Western Company was 
not then in a position to proceed with the works. The 
journey from Catitas Junction to San Rafael occupies 
about five hours. 


THE WeEaAR.—At a meeting of the River Wear Com- 
mission last week, Mr. F. Gordon stated that during 
the year just closed there had been gratifying increases of 
traffic, including timber, esparto, and ore. The greatest 
increase was in coal, for it was estimated that the com- 
missioners had handled 4,700,000 tons during the year, as 
against 4,479,000 tons in 1902. The revenue of the com- 
mission in 1903 had been 146,500/., against 141,5007. in 

A scheme for laying out an extended area behind 
the Hudson Dock North for general traffic purposes, at an 
estimated cost, including railways and cranes, of 6500/., 
was adopted. 





CATALOGUES, 


A NEw variant of the electric sign is now being intro- 
duced by the British Electric Signs Company, Limited, 
of 5, York Buildings, Adelphi, who have sent us a 
pamphlet describing their apparatus. The sign proper 
consists of a number of tablets fitted with electric lights, 
and each tablet may be made to represent any letter at 
will by selecting the lamps to be lighted. This is done 
by a revolving selector, and by changing this the sign can 
be changed at will without touching any part of the sign 
proper. 

We have received from Messrs. Doulton and Co., 
Limited, of the Albert-embankment, Lambeth, London, 
S.E., a copy of their new catalogue of sanitary appliances, 
Great Britain has long held the lead amongst the nations 
in matters of sanitation, and this comprehensive volume, , 
just issued by Messrs. Doulton, may be taken as evidence ” 
that she will not be easily displaced from her present 
pre-eminence in this regard. The appliances listed (many 
of which are illustrated by coloured engravings) cover 
practically the whole field of house and public building 
sanitation. The styles shown range from the most simple 
but efficient appliances suitable for workmen’s dwellings 
up to the most elaborate and expensive equipments for 
the modern club or palatial hotel. 

Messrs. Neville Brothers, of 7 and 9, James-street, 
Liverpool, have sent us illustrated price-lists of a number 
of special tools they supply for dynamo and motor 
builders. Amongst them we note a slot broaching and 
slitting machine, an armature disc varnishing machine, 
and an automatic tissue-papering machine for coating 
sheet-iron to be used for armature discs. 

We have received from the Joseph Dixon Crucible 
Company, of 26, Victoria-street, S.W., a copy of a small 
pamphlet describing different industrial uses of graphite. 

Messrs. H. J. H. King and Co., of the Newmarket 
Engineering Works, Nailsworth, have issued a new 
edition of their catalogue of King’s patent friction 
clutches and of their patent turbine governors. 

We have received from Messrs. M. Glover and Co., 
sawmill engineers, Leeds, lists of their ‘‘ Ideal” saw- 
guards and planing and moulding-machine guards. 

The Goheen Manufacturing Company, of 18, Billiter- 
street, London, E.C., have sent usa pamphlet showing 
various applications of their ‘‘carbonised coating” for 
protecting iron and steel from corrosion. 

Automatic telpher plants, suitable for handling coal or 
other minerals, are described in a pamphlet just received 
from the United Telpherage Company, of 20 and 22, 
Broad-street, New York, U.S.A. 

A method of purifying water by electricity is described 
ina pamphlet sent us by Mr. A. V. Young, of 37, Wal- 
brook, London, E.C. 

A new catalogue of tachometers has been published by 
Messrs. Schiffer and Budenberg, Limited, 77a, Queen 
Victoria-street, E.C. The types in stock cover the 
whole range of ordinary shaft or spindle speeds, and 
some of the patterns are fitted with automatic recorders 
showing the speed variations over a number of hours. 

Messrs. J. T. Ryerson and Son, of 18 to 22, Milwaukee- 
avenue, Chicago, have sent us a copy of their monthly 
stock-list of iron and steel sections and of machine-tools. 

Messrs. Thomas Smith and Sons of the Old Foundry, 
Rodley, near Leeds, have sent us a copy of a neat little 
catalogue they have recently published, giving illustra- 
tions and descriptions of their different patterns of electric, 
steam, and aad cranes. 








Tue Himatayas.—A rich copper mine has been dis- 
covered in the Garwhal district of the Himalayas. A 
company with a capital of 75,000/. is being formed in 
Calcutta to develop the mine. Seventeen American 
mining engineers are prospecting in the Himalayas. 


JAPANESE STEAM NAviGaTion.—The Nippon Yusen 
Kaisha has now four steamers in course of construction at 


Nagasaki. One of these steamers, which will have a dis- 
placement of 5000 tons, is intended to be placed upon the 
company’s Australian line; another, with a displacement 
of 1900 tons, is to be employed upon the North China line; 
a third, which will have 7000 tons displacement, will run 
upon the American line ; and the fourth, which will have 
a displacement of 3000 tons, will be employed as a cargo 
boat. 

WATER IN CUMBERLAND.—A gravitation water-supply 
scheme, promoted by the Aspatria, Silloth, and District 
Joint Water Board, under an Act secured in 1901, is 
approaching completion, and the water has been turned 
on at Silloth this week. The project was proposed in 
1899 with the object of tapping the Cumberland hills, and 
conveying water through a hitherto badly-supplied dis- 
trict to Silloth. Small streams, which drain the western 
slopes of Carrock, and which go to form the Ellen, have 
been collected in a reservoir or dam at Chapel House, 
near Uldale. Thence the water is conveyed in iron pipes 
alenne route which includes several villages, and Aspatria 
and Silloth. The distance from the intake to the sea isa 
little over 19 miles. The Ellen is compensated from 
Overwater lake, an expanse of 52 acres, and by its own 
flood-water. It was necessary to form a by-pass, some 
12007. having been expended in making the valley site 
adaptable for a combined storage and service reservoir. 
The quantity of water which the board has to put into 
the Ellen below the dam for compensation purposes is 
440,000 gallons per day of 24 hours, and the board expects 
to draw, for some years at least, 600,000 gallons per day 
to supply its own district. This latter quantity is divided 
as follows:—Aspatria, 270,000 gallons daily; Silloth, 
330,000 gallons daily. Various outside parishes ar 
partially supplied. 
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| wheels are held in ition by pins d, and are actuated’ by eccen- | the brakes without the use of a separate circuit. In the arrange- 
“ ENGINEERING ?? ILLUSTRATED PATENT trics e keyed to the driving-ohatt f, The drum a revolves on the | ment illustrated three electric conductors a, b, ¢ are arranged 
RECORD dises g, which are supported in bearings h. The discs g also are | along the train. The conductors a, b are connected ‘with the 
° | slotted for the reception of blocks d!, in — the ends of the pins | source ~- pe ett — switches e, oe the voneune- 
ILED \ YD | d are mounted, the slots thus forming guides in which the pins | operated air-brake valves f, are arranged in the several carriages ; 
Cour sy W. LLO WISE. are free to oscillate. The driving-wheel j is keyed to the shaft fand | g is a solenoid controlling an air-escape valve? in the main air- 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS | j, driven from an electric or other motor. The gear is enclosed in pipe h. The operation is as follows :—As long as the source of elec. 
UNDER THE ACTS OF 1883—1902. a practically eaoarens chamber, formed na the chain drum and | tricity nee the Porninemas a aa * proper oe the —— 
views gi ‘ Specification Drawings is stated dises on which the drum revolves. (Accepted November 11, 1908.) | is energised and the escape valve ic’! hb e source of electri- 
a paved pote tioned, the Specifi he is not 443. Sir W. G. Armstrong, Whitworth, and Co. )| _ fails, or any rset sesrorc ep — conductors @ wae _— 
- : ‘4 ee J ov ol the valve 7, and the pressure in the pipe / 
trated. Limited, and L. Newitt, New -Tyne. px} DEsonger ae Oo ee P 
where inventions are communicated from abroad, the Names, head Carriers. (2 Figs.| umn te tae Sepaceot eh @ resent apply he —— yew a eg —— damien 
&e., of the Communicators are given in italics. invention is to provide a carrier or runner for use on an overhead N rae 1 ~ ot ee Se a ee : P 
Copies of Specifications may be obtained at the Patent O Sale | rail of either inverted T or I section for the transport of heavy | *\?’¢"wer 18, 1903.) 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at | fittings from one part to another of a shop. The carrier is so| 24192, W. E. Rowlands, Live 1. Trolley- 
the uniform price of 8d. | designed that it can be easily and quickly unshipped and taken | Heads, [3 Figs.) November 5, 1902.—Trolley-heads as used in 
The date of the advertisement of the ——— of a Complete | to the position where lifting and transport has to be done, and | electrical traction comprise a collector wheel journalled in a fork 
Specification ts, in each case, given after the abstract, unless the | the greater the weight of article transported the more securely is | having a vertical spindle, the latter being swivelled in the bedy of 
Patent has been sealed, when the date of sealing is given. the trolley-head. It is requisite that such swivel should work 
Any person may, at any time within two months from the date of | freely in order that the wheel may follow any sharp turnings in 











the advert of the of a Complete Specification, | the conductor or points or cross-overs, and, further, that such 
give notice at the P atent Oflos of opposition to the grant of a swivel may be readily detached from the head for renewal or 
Patent on any of the grounds mentioned in the Acts. | repair. To this end the swivel works on a ne. some 
Y-\ ing to this invention a cavity is formed around the orifice of the 

ELECTRICAL APPARATUS. tot i ha socket F for the reception of the ball race. This race is formed by 





two rings G, H. One of these rings possesses a coned surface g 


25,149. A. F. Berry, Ealing, Middlesex. Distribut- 
Alternating Currents. [3 Figs.) November 15, 1902. 
—In the distribution of alternating electric currents by means of 
stationary transformers supplying conductors the load upon 
which is subject to considerable variation, it has heretofore been 
usual to employ at each transforming station one or more static 
transformers having, or each having, two similar primary windings 
and two similar secondary windings, and means wherebs the two : 
primary windings can be connected in series with each other, UY t443) [? 
and also whereby the secondary windings can be connected in 
series when the load is light, and whereby they can be connected | j¢ fixed to its rail. The carrier, as shown in end and side elevation 
in parallel when the load increases beyond a certain amount. | jn Figs. 1 and 2, consists of two arms a, b, pivoted like a pair of 
| scissors by means of a bolt or pine, The upper ends of the arms 









































Ftg.7 | carry rollers d running on the overhead raile. At the lower ends 
[fez ssa rte |of the arms an attachment is provided for linking the arms 
| ————— together, and it will be seen that when a weight is hung from 
| vo Jo J | this attachment that the arms are forced together. a’ and b’ are 
J { stops to prevent the arms being forced so close together as to 
Le grip the rail. (Accepted November 18, 1903.) 
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i 72 | 264. G. A. Lambert and H. A. Cardozo, Paris, anda lip /, and also an internal thread for the reception of the 

'France. Rolling or Welding Tubes. [2 Figs.) January other ring H. The balls are disposed between these two rings, 
5, 1903.—The improved machine substantially comprises two | # Portion of the balls protruding and_ bearing on the spindle A. 
series of grooved cylindrical rollers mounted loosely on axles at | BY the arrangement described the spindle can be removed and 
i each side of the work to be rolled, the said rollers being rotated | the balls maintained in their place. A further improvement 
| | about axes eccentric with regard to the axis of the work, the relates to the mounting of the trolley-head upon the trolley-pole 








latter being mounted on a mandrel to which continuous helical | #%d consists in the provision of a spring actuated contact O upon 

movementis imparted. The helical movement produces a torsion | the insulated end of the pole I, which will complete a metallic 

of the fibre of the work at the same time as the latter is com- | Circuit between the trolley-head and the cable, and which will 

pressed by the rollers, so that greater strength is imparted to the | permit of the removal of the head from the pole without any frac- 

tubes, and their separation from the mandrel is facilitated. The | ture or derangement of the parts and of the ready replacement of 
such head. (Accepted November 11, 1903.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


361. A. L. and F. Normandy, London. Distilling 
Liquids. [3 Figs.) January 6, 1903.—An apparatus for evapo- 
rating and distilling liquids according to this invention comprises 
a casing enclosing two steam chambers, and supplied automati- 
cally with the liquid to be evaporated. a is the evaporating vessel, 
and ¢ are tubular steam chambers. d is a pipe which supplies 





tubular body to be rolled is heated and then placed on the mandrel 
a i, which is driven by gearing so as to receive a helical advancing | 
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The present invention has for object to reduce the magnetising 
losses that occur under the conditions mentioned, and at the 
same time obviate the disadvantages which attend the use of the 2 meng meen) 
old arrangement. For this purpose there is employed at each | sib 
transforming station a supplementary transformer 11, 12 that is | 
of less size than the main transformer 5, 6 ; and in connection with | 
these transformers, switches 13, 14 are provided, by means of | 
which the windings of the supplementary transformers can be | 
coupled in series with the windings of the main transformer, or | 
can be short-circuited, as cireumstances demand. The switches | 
13, 14 may be operated by hand, as shown in Fig. 1, or automatic- | Ey 
ally, as shown in Fig. 2, by variation of current in the primary and | 

secondary leads. (Accepted November 25, 1903.) | 


ING G APPLIANCES. steam to one of the chambers c, and e is an outlet for steam and 


19,631. G. E. Holland and H. Johnston, Rangoon, : : ‘ ¥ . condensed water. The two chambers are connected with each 
Burma. Elevator-Driving Gear. [4 Higs.] September 17, see ery Povo me amg — — ee W08 | other by tubes f, preferably bent in a flat coil and inclined from 
1903.—This invention relates to driving gear for coal-elevators or | joosely mounted on axles e and f carried by plates cand d. The | the inlet steam chambers down to the outlet steam chambers, so as 
like machinery, and has for its object the provision of powerful | The plates cand d are themselves carried by axles a and b, which | to provide a fall for the water of condensation. g is the inlet pipe 
| are simultaneously rotated in opposite directions and at equal | for liquid to be evaporated. (Accepted November 11, 1903.) 
| speeds. Since a high speed of rotation can be imparted to the! 97,699. Makins, Limited, and E. Makins, Jun., 
| rollers, a reduction of section with one heating of the work can | Manchester. Steam-Generators. [5 Fiqs.] December 16, 
| be obtained by the rapid repeated actions of the rollers, more | 1902,—To prevent scale and sediment being deposited in what are 
| rapidly than is possible by means of apparatus hitherto known. 

This is of considerable advantage with metals which have to 
be treated in a heated condition, and more particularly in the case 
of metals which can only be heated -within narrow limits of tem- 
perature, (Accepted November 11, 1903.) 


RAILWAYS AND TRAMWAYS. 


778. Siemens Brothers and Co., Limited, London. 
(Siemens and Halske Aktien - Gesellschaft, Berlin.) Brake | 
Gear. [2 Figs.| January 12, 1903.—By this invention in a/| 
system of air-brakes, of which the several valves throughout the 
train are controlled by opening or closing an electric circuit, 
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| there is provided an inlet and an outlet valve of any known con- | 
dust-proof gear, suitable for driving machinery of the kind men- | struction in the main air pipe, which is kept closed by an electric | 
tioned, The drum a carries the endless conveyor chain @!, and | current continuously passing through the circuit, the opening or | known as “ Makin’s Patent Cones” when the boiler cools down 
18 provided on either side along its internal periphery with circular | closing of which controls the valves of the brakes. The arrange- | the nipples or short tubes 5 connecting the hollow cone 4 with 
racks b, which gear with toothed pendulum wheels c. These | ment affords an indication of any fault in the eircuit which works | the water space are provided on the upper or delivery sides of the 
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cones with a pipe 6 which extends upwards to above the water 
level and terminates in a cowl or bent head, so that water passing 
upward from the cone issues from the cowl or bent head, and is 
delivered approximately horizontally and into the steam space of 
the boiler. (Accepted November 11, 1903.) 


1683. R. H. Fowler and G. Achilles, Leeds. Steam- 
Generators. [3 Figs.) January 23, 1903.—This invention 
relates to the construction of fire-boxes, and especially to the 
crown-plates thereof. To add strength to the crown of the fire- 
box, a hollow flanged girder or girders is or are placed trans- 
versely in the fire-box. The girder or girders is or are riveted to 
the side plates, and also to the internal surface of the crown, so 
adding considerable strength and improving the circulation of the 
water and the generative efficiency of the fire-box. The hollow 
girder or girders is or are fixtures to the side plates and crown of 
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the fire-box, and so relieve the stress on the flange of front and back 
plates. In a locomotive boiler the arrangement relieves the tube- 
plate of stress and consequently admits of such tube-plate being 
made comparatively thin. a is the crown plate, which is rein- 
forced transversely by means of the hollow steel girder b, the 
flanges b! of which are riveted to the under side of the crown plate 
and to the side plates. The walls of the girder are braced, at 
intervals along its length, by the bolts 62. c are the external 
bridge stays supported at either end by the tube-plate d@ and end 
plate e, and also by means of central saddles f. h are bolts which 
support the crown-plate. (Accepted November 18, 1903.) 


VEHICLES. 


26,914. A. Hudson and J. Bowring, Manchester. 
Life-guards. [4 Figs.] December 6, 1902.—According to this 
invention the rod which, as described in the Specification of 
Letters Patent No. 2448, of 1902, holds the cradle or tray elevated 
by abutment with the gate axis, is now linked or pivoted to the 
end of a short lever or projection on the gate axis in such a manner 
that when holding the cradle or tray elevated, the rod and lever 
or projection act as a toggle, and the cradle or tray cannot fall 
until the toggle is broken, which takes place as soon as the gate 
is swung backwards. The cradle or tray is elevated and the 
toggle reset by means of a foot-plate connected to the gate axis. 


4 
ae: 


EF asus, 





C is the gate suspended from an axle A, mounted on brackets 
placed near the end of the car. The cradle or tray Eis carried by 
an axle F mounted on the car-body. Springing from the axle F 
isa lever H, to which is connected a rod I, and to such rod is con- 
nected the short lever J fast on the axle A. Upon the gate C 
meeting an obstruction and swinging inwardly, the axle A is 
rotated and the arm J raised so as to break the toggle and allow 
the front edge of the cradle or tray to fall. For resetting the 
cradle or tray a rod M that passes through the car-floor is pro- 
vided with a foot-plate, by means of which the driver can force 
the rod M down, and so rotate the gate axis. (Accepted Nov- 
ember 11, 1903.) 


MISCELLANEOUS. 


622. The Pulsometer Enginee Company, 
Limited, and G. E. Kenney, Reading. 
Machines. [4 Figs.) January 9, 1903.—The present invention 
has reference to type-setting machines of the kind specified in 
Patent No. 6845, of 1896, and has for object to insure that each type 
shall cant backwards and fall into the discharge passage after the 
pusher has forced the type upward above the edge of the fixed 





stop which terminates in a knife edge at the top. The canting 
backward of each type when raised by its pusher is insured, should 
such canting for some reason not have taken place automatically, 
by causing the upper end of the type to abut against a type-de- 
flecting device k of elastic or yielding material, which will be 
thereby compressed and will then react and force the upper end 
of the displaced type f! backward so as to insure the type de- 
scending the discharge passage e. (Accepted November 4, 1903.) 


476. Schaffer and Budenberg, Limited, Man 
chester. (Schijer_and Budenberg, G.M.B.H., Magdeburg- 
Buckau, Germany.) Pressure Gauges. [1 Fig.) January 8, 
1903.—It is known that, under some conditions of use, internal 
corrosion of steel tubes, such as are used in pressure gauges, is 
liable to occur, and that in order to avoid this result attempts 
have been made to coat these tubes with a protective metal ; but 
hitherto these attempts have not been successful, since local 


and the gauges have consequently indicated a higher pressure 
than actually existed. This result has been entirely avoided by 
the present improvements. According to the present invention, 
the outer tube is fitted with a lining tube made of metal or 
material which will not corrode under the conditions of use. b is 
the steel tube, which is connected at one end, as at a!, by a socket 
with the indicating needle. At the other end it is similarly 





mounted in a socket, through which access of steam or other 
fluid is permitted. Within the tube b is a lining tube a, which is 
constructed to fit easily in the tube b, and is only connected 
thereto at its ends, which may be flanged or re-turned, as at c, 
so that the flanged part c may be securely gripped between the 
end of the steel tube and the socket, when the two are combined 
together. The sockets must be made of the same metal as the 
liner, and the liner must not be rigidly connected to the outer 
tube. (Accepted November 18, 1903. 


21,663. J. R. and J. Temperley, London. Bulk 
Storage Chambers. [11 Figs.] October 4, 1902.—This inven- 
tion relates to chambers for the storage of coal or other materials 
in bulk, and to apparatus connected therewith adapted to facilitate 
the egress and handling of the material in the process of with- 
drawal from the stored bulk. In the case of filling bags or supply- 
ing a conveyor by hand, it is preferred to make the dead-plate 
broad enough for the men to stand and work on the plate clear of 
the toe of the coal ; but in some cases it is advisable to provide 
the holes through which the bag or conveyor supply takes place 
under the toe of the coal. This introduces considerable diffi- 
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culties. One object of the present invention is to overcome these 
difficulties, and consists in providing a plate a, to which a bag 
can be detachably secured, the said plate being adapted to be 
moved so as to open the opening k, and place the bag ” under- 
neath, and the plate, on withdrawal to its original position, to 
close the opening and bring the bag back into an easily accessible 
position for detachment. The plate a can be moved by means of 
worm and worm-gear, or otherwise. The bags, when filled, may 
be removed by conveyors. Fig. 10 shows a general view of appa- 
ratus for discharging coal into a vessel. (Accepted November 11, 
1908.) 


15,690. J. S. Thurman, St. Louis, Miss., U. 
Compressed-Air Carpet-Cisamere, [5 Figs.) July 15, 
1903. (Convention date, October 23, 1902.)—To enable a carpet- 
renovator to be operated both backwards and forwards, the direc- 
tion of the blast is changed automatically at each reversal of direc- 
tion of movement of the apparatus ; 7 indicates the blast nozzle, 


Fig. 7. 




















Fig.2. 











extending transversely of the machine. The ends of this nozzle 
have secured thereto suitable head castings which project through 
openings in the walls of the casing 1. The handles 11 are secured 
to these head castings at a part below the pivotal point of the 
blast-nozzle, so that when the renovator is pushed forward the 





electrolytic action has been set up in such coated tubes, with the | 


nozzle will turn forward on its pivot and come in contact with 


result that the corrosion has been very much more pronounced, | the nap of the carpet. Air is supplied through the handles to a 


1908)” pipe 12 connected to the nozzle. (Accepted November 11, 


20,892. A. McConnell, Fazakerly, Lancs. Metallic 
Packing. (8 Figs.] September 29, 1903.—This invention relates 
to improvements in metallic packing of the kind in which there 
is employed a relatively long ‘soft-metal central portion with 
conical ends, witha gun-metal or like ring fitting over each coned 
end of the intermediate soft metal ring. In the two arrange. 
ments illustrated, e is the intermediate soft-metal ring coned at 
each end, and d are the internally-coned gun-metal rings ; ¢ is 
the gland for keeping the packing in place and up to the piston- 
rod a. According to the present invention the rings d are 
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formed with curved faces, and work on faces that are at right 
angles to the part being packed. In Fig. 1 the bottom of the 
stuffing-box b and the inner end of the gland bush c! have faces 
disposed at right angles to the axis of the rod. In cases where 
the gland-bush and bottom of stuffing-box are bevelled, the 
arrangement shown in Fig. 2 is adopted. At the bottom of the 
stutting-box a false face 7 is introduced to form a surface on 
which the inner ring dcan work. At the other end of the packing 
is employed, next the ring d, a flat ring k, between which and 
the conical face of the gland-bush is a ring J of soft packing. 
(Accepted November 11, 1903.) 


22,386. A. Winton, Cleveland, Ohio, U.S.A. Gear- 
ing. [4 Figs.) October 16, 1903.—This invention pertains to 
a gear which is specially adapted and intended for use in con- 
nection with automobiles, for the purpose of throwing the driving 
mechanism in and out of gear, changing speed, and for reversing 
purposes. Power is applied to the end 3 of the drive shaft, and 
this portion of the drive shaft has rigidly secured to it a gear 
wheel 4. The adjacent end of the portion 2 of the drive shaft 
stops at point 5, and is journalled in the adjacent end of the part 
3, which is provided with a clutch member 20. 7 is a countershaft, 
provided with gear wheels 8, 81, and 9. The gear wheel 8 is in 
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constant mesh with the gear wheel 4, and there is a gear wheel 10 
in constant mesh with the gear wheel 9. 12 is a gear wheel on the 
drive shaft 3, movable endways thereon by means of a rod 18. The 
gear wheels are so formed that the ends of every other tooth of the 
gear at both sides thereof will be cut away asshown ata, b. Ifa pair 
of gears are to operate only from one side, then it will only be 
necessary to cut away a portion of every other tooth at one side. 
The teeth in Figs. 1 and 2 are arranged in what might be aptly 
termed a staggering relation. When, however, the teeth are cut 
away at only one side of the gear, as shown in the pinion 10, then 
the teeth are in an overlapping relative arrangement. (Accepted 
November 25, 1903.) 








Coat In Honpuras.—A large coal-bed has been 
discovered in the Yoro mountains in Honduras. It is 
believed that excellent coal will be found at a depth of 
from 50 ft. to 100 ft. 





Batpwin_ Locomotives. — The Baldwin Locomotive 
Works continue busy inalldepartments. Inquiries for loco- 
motives are fair, with a prospect for early business. 
The present output of the plant is the largest in the history 
of the works. -Various improvements to plant which have 
been under construction during the past year have now 
been completed, and are in active service. Deliveries of 
locomotives during the month have been large, and in- 
clude, among others, some to the Chicago, Milwaukee, 
and St. Paul Railroad ; the Chicago and North Western ; 





the Baltimore and Ohio; the Philadelphia and Kending ; 
the Pennsylvania, and other railroads. Shipments of 
engines to individual concerns and for mining purposes 
have also been made, per 
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r YAQ |trip-gear, as shown. Both the gas and the air are|rature. On the other hand, if the engine is on light 
THE VOGT GAS-ENGINE. | pumped to the cylinder under pressure, the gas! load, the exhaust-valve closes later and the gas- 
By Hersert A. Humrnrey, M. Inst. C.E., | pump being driven off the crankshaft by acrankpin | valve opens later, the first portion of the in-stroke 
M.I. Mech. E. set in advance of the main crank, and the air-pump | serving only to expel some of the air previously 
Tue rapid advances made in the development of | being directly attached to the extended piston-rod | drawn in. At a given ‘point, determined by the 
the gas-engine during the last few years have | R of the motor cylinder. Intermediate receivers | governor, compression begins, and even with a light 
claimed the attention of many engineers and/ may be used for both gas and air supplies. An/charge the same compression pressure is reached, 
attracted numerous inventors, who have poured | ordinary water service under about 10 lb. pressure | but more water is retained in the chamber, so as to 
into the Patent Office endless specifications of so- | is utilised to inject a little fresh water at each | reduce the clearance to the proper capacity. 
called ‘‘ ifmprovements ” of all pe sible kinds. | stroke, as required for cooling purposes, and below! From the operations described above it is obvious 
Probably none of these specifications exhibit such | each vertical chamber are water valves K, com-| that a movement of the governor as the load de- 
a complete grip of the problems to be solved and | municating to spring-loaded valves L, which are | creases has the following results :— 
such a painstaking effort to embody the best con-| so operated and adjusted as to retain more water) (a) Closing of exhaust delayed. 
ditions of theoretical efficiency as those of Adolf) in the chamber when the quantity of the explosive) (b) Inlet of gas delayed and gas-valve throttled. 
Vogt, describing the gas-engine which forms the | mixture is diminished, and so regulate the clear-| (c) Amount of water escaping at valve K reduced. 
subject of this article. | ance as to give a constant compression pressure for| The effect of these controlling operations is 
At the time of writing, only a small model of the | all charges. }seen in Fig. 4, page 38, where three indicator 
engine has been constructed, and it is remarkable| Starting with the piston in the position shown | diagrams are superimposed. In all the diagrams 
that this little 1}?-horse-power engine should only | in Fig. 1, and with a charge of gas and air com-|the numbers representing definite portions of the 
consume about the same amountof town gasper indi-! pressed in the chamber B,—i.e., in the space! cycle are the same, thus :— 
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cated horse-power hour (16 to 18 cubic feet) asa 200-| at the top above the water surface W—the 1 = me ee ape re stroke ; air-valve opens. 
2 = Air-valve closes. 
3 


horse-power ordinary type of gas-engine under usual action of the engine is as follows :—Ignition is| ‘ 4 dec oe ee ; . 
working condiiienae ys engine that gives in one | effected by the electrical igniter I, Fig. 2, explosion) ° ~ —— closes gae-valve opens ; bompecaiion 
cylinder two impulses per revolution, that explodes | takes place and pressure upon the water surface at | a= Gas-valve closes ; compression of air and gas. 
its gaseous mixture in contact with water, that | W drives down the water column, and forces the| 5 = End of compression; beginning of combustion. 
has no water jacket or externally-cooled valves, | piston to move towards B, the work being trans-| 6 = Combustion complete. 
that gives always the same quality of mixture and mitted through a crosshead and connecting-rod to| 7 = End of expansion ; exhaust-valve opens. 
the same compression for all loads, and, finally, | the crankshaft in the usual way. Towards the end| The long period during which the exhaust remains 
has its greatest efficiency at normal working load, of the stroke the exhaust valve is opened and the} open will be noticed, and in consequence the air- 
rather than at full load, is worth careful examina- pressure drops to atmosphere. The water level is| supply pressure may be smaller than usual. One 
tion. It may seem strange to talk of a gas-engine then below the air-inlet valve, and this valve now of the difficulties in the Kérting engine is found in 
with its cylinder and piston requiring no lubricat- opens, admitting air under slight pressure and in| the short time for exhaust and scavenging, and a 
ing oil, and working with the temperature of these excess of the total combustion chamber volume, so| comparison of the Kérting and Vogt engines in 
parts lower than ina common steam-engine ; and that all the burnt products are swept out and the) this respect is shown in Fig. 5, where both types 
yet the simple device which makes this possible is| cylinder left full of fresh air. If the engine| are assumed to have a mean piston speed of 
the filling of the cylinder with water. | happens to be on full load, the exhaust valve closes|4 metres per second. Fig. 5 will also serve to 
Figs. 1 and 2 are sections of the engine, and Fig. 3,| soon after the in-stroke has commenced, at the/| bring into notice the fact that as the gas is sup- 
page 38, gives a skeleton diagram of the valve motion. | same time gas is supplied under sufficient pressure | plied to the Vogt engine after the cylinder is full 
The cylinder C carries vertical combustion chambers | to force it into the cylinder, and then both gas and | of air and the exhaust-valve closed, the total charge 
B, B, at its ends. The cylinder is completely, and | air are compressed together. The amount of water | of producer gas and air may amount at full load to 
the combustion chambers partly, filled with water, | expelled through the valve K during compression one and a-half times the stroke volume. The nor- 
the height of the water in the chambers depending | is in this case a maximum, and the final clearance mal load of the Vogt engine is intended to be that 
on the position of the piston as it reciprocates. is that necessary to give the desired compression! load at which the expansion finishes but slightly 
€ gas, air, and exhaust valves are situated at G, | pressure, which pressure is constant (being equal to | above atmosphere, or, say, as in the intermediate 
A, and E respectively, and are all operated in a/ that at which the spring-loaded valve lifts), and in- | diagram of Fig. 4. Although much larger indicator 
positive manner by means of eccentrics, rods, and | dependent of the quantity of mixture or its tempe-| diagrams can be obtained for overload purposes, 
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yet the efficiency is obviously better where all the | 
available energy is taken out of the burnt gas at|™ 
the end of expansion ; and it is interesting to study | 
the shape of the calculated curve for efficiency | 
given in Fig. 6. 
Turning for a moment to the small model engine; The aie and aalinwt-velves ne a well cooled, as they 
apes waist ip. eas aie nen ae ene Tha gereiva ts cooled by the inflowing and expanding 
ments (employing his own assistants, gas-meter, | ,., , 
and indicating devices), it should be stated that the |” No water jacket is required, and consequently the 
small dimensions prevented the employment of | castings are greatly simplitied, and one of the worst diffi- 
such properly-designed stufling-boxes, glands, and | culties in ordinary gas-engines is removed. Also, om 
valves as are required to withstand the high pressures possible to use thick cylin ers of large diameter capable 
i ‘ : : 5 1: :| of withstanding high pressures. te 
without leakage. With an engine of only 316 in. 1N| The valve gear and eccentrics are very similar to those 
diameter of cylinder and 5}% in. stroke, it is more | ysed on modern steam-engines, and are on well-known 
astonishing that any good results could be obtained | lines. All valves are positive acting. , , 
than that the best results were only reached after! The quality of mixture and the high compression remain 
careful adjustment and attention. Indeed, the | . ee 
writer was not able to get quite such good results | med igh aeieeney- anil a xr than is pos- 
x = S| At normal load expansion is carried further than is pos 
as those - sig ig ie who tested the pre | sible with the ordinary Otto — a , na 
at an earlier date, when every part was new, and; The compression pressure, being independent of the 
when 1 indicated Naseedeneer no was shown on | temperature, may be safely increased. 
the diagrams for about 16 cubic feet of London gas. | The Vogt engine ee er ee 
Still, the engine ran well, fired regularly, and gave | — ee en re 
diagrams with 350 lbs. to 600 lbs. per square inch | ~ For a given horse-power it is a cheap engine to build. 


umber of impulses as a double-acting steam-engine. 
The piston and stuffing-boxes are under water, and can 
be kept tight without much friction. 

There is no unequal expansion between the piston and 
cylinder. 





| constant, thus favouring the conditions for sure ignition | 


Double acting two cycle Power Gas Engwe. 





The engine (like the Kirting engine) gives the same | engine, with a higher piston speed, will the water 


give trouble’? One finds in practice liquid com- 
pressors running at piston speeds of 2 metres per 
second, but beyond this speed the tendency is for 
‘the water to break away from the piston on the 
suction stroke. With the Vogt engine, however, 
there is always the pressure of compression avail- 
able to accelerate the water and to keep the water 
column and the piston in contact, and calculation 
shows that 5 or 6 metres per second should not 
break the contact. As 4 metres per second is 
generally high enough for the piston speed of 
most gas-engines, the Vogt engine would appear 
safe from the evil of tearing asunder of the water 
column. Again, the explosion of the charge above 
the water surface does not appear to disturb the 
surface in the small engine ; for if the water was 
thrown about, the electric igniter would become 
short-circuited, which is not the case. Will a much 
larger surface be equally undisturbed? This can 
only be determined by experiment, and a 1000- 
horse-power engine is to be built to settle this and 
a few other points, about which it is hardly safe to 


| generalise, from a smal] engine to a large one. If 
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maximum pressure, and as much as 97 lbs. mean | 


It has a large reserve above its normal load. 

ressure. Actual diagrams under various condi- | The explosion chamber being conical, the wall surface 
— Ata. . Fig | exposed to the explosion temperature is a minimum, being 
tions are reproduced in Fig. 


and certain | 
theoretical efticiencies calculated. 


7, 3 i 7 ae : 

| almost proportional to the volume of each charge. 
Here are the = 8 
dimensions of the model :- - 


| The gas coming in last gives a richer charge close to the 
| igniter. 


Millimetres. | The air pressure never exceeds 3 1b. per square inch, 
Diameter of cylinder 80 jand the surplus pressure of the gas is not all lost, but 
Stroke ee s ae 150 partly reappears in increasing the volume and compression | 
Piston-rod diameter—front 20 | of the combustible charge. The pump friction may be 
e a back 15 partly counterbalanced by having a greater power for the 
Air-pump cylinder—diamcter 100 same dimensions, and a thereby increased mechanical 
Stroke ... ; = : 150 | efficiency. 
Piston rod... we ‘ 15 The working parts of the engine are readily accessible, 
Gas-pump cylinder—diameter 38 and the whole valve gear is worked from two eccentrics. | 
Stroke << rE ‘ 205 With badly-cleaned furnace or producer gas, the dirt or 
Piston rod 10 dust will not have the usual injurious effect, as such dust 


gets carried away with the circulating water. A mixture 
of dust with the cylinder oil has caused much trouble in 
ordinary engines. 

No cylinder oil is required. 

The engine is at once adapted to use gas and air sup- 
plied from independent compressors ; and in a central 
station this course could be followed, and all directly 
attached pumps dispensed with. 

The efficiency is high. 

With such a string of advantages one naturally 
looks round for some disadvantages, and, perhaps, 
the first point one would inquire about is the possi- 
bility of running the engine at any considerable 
the combustible fluids. The advantages of the piston speed. In thesmall model the water column 
Vogt engine, some of which have been incidentally does not break when the engine is run at its full 
mentioned, may be eonveniently summarised here. | speed of 100 revolutions per minute ; but in a larger 


Fig. 8, page 40, contains four diagrams. The first 
is a distorted diagram, obtained by connecting the 
indicator drum to a small crank set 90 degrees behind 
the engine crank; it is useful for showing more 
clearly the rise of pressure when the working piston 
is moving near the dead centres with the slowest 
velocity. A light spring card at nearly full load 
follows, which shows rapid and complete drop to 
atmosphere ; and, finally, two cards, one of the 
gas and the other of the air-pump, are given to in- 
dicate the pressures at which these pumps supply 
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the water-piston extension is proved satisfactory in 
|a large engine, then there are no mechanical diffi- 
culties of any magnitude to stand in the way of 
the progress of this remarkable engine. 

There are quite a number of interesting points 
raised in the working of the Vogt engine, which 
can only be properly dealt with by following 
through a series of calculations for a complete 
cycle ; and the writer now proposes to do this 
with the help of Fig. 9, page 40. 

A pair of actual indicator diagrams were selected, 
and the back-end diagram chosen for calculation. 
The compression space for this was found to be 
181 cubic centimetres, and the stroke volume for 
this end is 724 cubic centimetres, or about four 
times as large as the compression space. 

The commencement of the opening of the 
exhaust, the closing of it, as well as the com- 
mencement and end of the blowing. in of the com- 
bustible, were determined from diagrams taken 
with a weak spring, and compared with the 
| distorted diagrams taken as before described. 

The exhaust-valve is opened 7.3 per cent. before 
the end of the stroke, and is shut at 17 per cent. 
of the compression stroke. 

| During this time about 1130 cubic centimetres of 
air are blown through the combustion chamber. A 
| 18 per cent. of the compression stroke the blowing 
|in of the cembustible eommences, and is shown 
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completed at 34 per cent. One hundred and fifty- 
three cubic centimetres are blown in, of which (as 
the capacity of the gas-pump was too great, and 
some air had to be let in the pump suction) 
104.8 cub. em. are gas and 48.2 cub. cm. are air, 
the total charge then consisting of 
0.83 x 724+ 181 + 153 = 938 cub. cm. 
The mixture proportion is 
938 — 104.8 
104.8 


or 1 of gas to 8 of air. 
The pressure at the commencement of the blow- 
ing-in is about 1.05 atmosphere absolute. 


= 8 approx., 





During expansion the water surface in contact 
with the gas will be considerably heated to a certain 
depth, and will certainly be hotter than the tem- 
perature of steam at 1.05 atmospheres absolute. 
Accordingly, there will be a rapid formation of 
steam at thissurface the moment the exhaust.pres- 
sure has sunk enough, and this steam will rise 
fairly uniformly and drive out the products of com- 
bustion still remaining in the cylinder above the 
water ; thus when the air-valve opens to admit the 
scavenging air, there will only be steam at about 
100 deg. Cent. (373 deg. Cent. absolute) in the ex- 
pansion chamber. With the instantaneous develop- 
ment of the steam, one may assume it to be very 
wet, and so it will cool the walls of the explosion 


atmospheres takes place ; then the temperature of 
the mixture rises as compression proceeds. ‘The 
temperature at the end of the compression is the 
next point to settle, and all Mr. Vogt’s experi- 
ments go to prove that at the end of compression 
the gaseous mixture is saturated with water vapour, 
and that the temperature is that of saturated steam 
at the given pressure. In this case it will be 
about 187 deg. Cent., or 460 deg. Cent. absolute. It 
must be remembered that the blowing in of the 
gas left the gaseous contents of the chamber in a 
state of violent agitation, so that all particles are 
brought into intimate contact with the water sur- 
face and the wet walls of the chamber. That the 
temperature is kept down to about the extent 
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Diagrams taken from a double acting two gycle“Vogt & Recklinghausen” Motor, workang with London Coal Gas. 


Di ter of cylinder 3% inch; stroke 5"%e unch; revolutions per minute 100-120 ; two explosions per revolution. 
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In the diagram, Fig. 9, the line drawn under the|space. This steam is now driven out by the cold | required by the saturation theory is proved by the 
actual compression line represents the increase of | scavenging air ; but as this air expands from 1.25 / fact, as determined by experiment, that it requires 
pressure due to the blowing in of the fuel and the | atmosphere down to 1.05 atmosphere absolute, aja compression of 25 atmospheres to cause spon- 
isothermal compression, without considering the | still further cooling will take place. The assump- | taneous ignition. 


increase in the volume due to steam and increase | tion of 127 deg. Cent. (300 deg. Cent. absolute) at | 
f compression, or rather at the | starts at 300 deg. Cent. absolute and ends at 460 


of pressure due to increase in temperature. 


commencement oO 


Returning, then, to our temperature curve, it 


_ Dividing the actual compression pressure by the | commencement of the blowing in of the fuel, will | deg. Cent. absolute, and follows a regular form, as 
isothermal compression pressure another curve is | therefore be about correct, and this furnishes us|shown. With this assumption we have all the 


obtained, showing the ratio of these pressures at| with the starting-point in the temperature curve. 
. It may also be remarked that the 938 cubic centi- 
is 1.97; for whereas isothermal pressure would only |metres contents of the expansion space will be 
give 5.9 atmospheres absolute, the actual pressure | scavenged with an excess of air, since the 1130) 
|cubic centimetres supplied gives 20.5 per cent. 
Before drawing the temperature curve it is neces- | excess. 


all points. At the end of compression this ratio | 


shows 11.6 atmospheres absolute. 


Sary to consider what takes place during the exhaust 
period, 





medium at first, as expansion from 2.1 to 1.05 


The blowing in of the fuel also acts as a cooling 








data required to deal with the increase of pressure 
above the isothermal, and to show how far this 
increase is due to the formation of steam and to 
increase of temperature respectively. Temperature 


| alone will account for 5.9 x 4¢8=9.05 atmospheres 


at end of compression, but we have actually 11.6 
atmospheres absolute, or 1.281 times as much ; 
therefore the total volume present must be 1.281 x 
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938=1205 cubic centimetres when measured at|in which T,, p,, and v, represent the values at the | leakage is greater than assumed here, the degree of 


atmospheric pressure. 
the gas and air we have 
1205 — 938=267 cubic centimetres of steam present 
at the end of the curve, showing increase of volume 
due to steam. 


The ‘‘increase of temperature curve 


’ 


’ rises at 


first very slowly whilst the fuel is being blown in, | 


as during this time, although there is an increase 
in temperature owing to the warm walls, there is 


|at any point of the combustion line. Commencing 
'from the end of the combustion and down to the 
| end of exhaust, the temperature may be determined 
| from 

T, 


0.3865 


i fos = a constant. 
} Pe 
na 


P2 
| That these temperatures in reality are higher to 


Deducting the volume of! end of compression, and T., p,, and v, the values | fulness is even higher. 


| The gas consumption works out at 18.3 cubic 
| feet per indicated horse- power hour. 

| It may be remarked that, by removing the 
| exhaust-pipe, the exhaust is found to be quite dry, 
and may be felt by the hand without burning, 
| This would agree with the temperatures calculated. 
| Also, by measuring the exhaust temperature at the 
| junction of the connecting-pipe of the two exhaust 


also the cooling action due to the expansion of the | the extent to which they are affected by the piston | valves, it was found to be 116 deg. to 120 deg. Cent. 
blown-in fuel. Between 30 and 40 per cent. of the leakage is obvious. The highest temperature at | — 389 deg. to 393 deg. Cent. absolute, which is in 
compression stroke the line rises more rapidly as | the end of combustion is 1420 deg. Cent. absolute. | very good agreement with that calculated, 


the whole charge comes in contact with the still | But as the leakage considerably increases the ratio | 


It is not intended that the above calculations 


warm walls and takes up heat; that isto say, the| "2 | as v, will be much larger than the value | should be regarded as exact, but they are made on 


rise of temperature is not brought about solely by 
the compression. 
form. The temperature line found agrees very 
well with this explanation. 
Distorted Diagram with Motion 90° late shewanng 
steady Ruse of Pressure on Explosion 
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of the charge at 1.05 atmospheres absolute is then 
about 1205 cubie centimetres, and weighs 1.26 
grammes. The specific heats of the charge are 
about 

C p=0.288 and C v =0.213. rig =1.352=n. 


But if n is determined from the expansion curve, 
one gets as a mean 1.63 from 
i= log. p> — og. Pm _ (1.63), 

log. v2 — log. 7 
in which p, and p,, v, and v, are pressures and 
volumes at two different points on the expansion 
line. The very high exponent is due to a great 
leakage of water past the piston. 

The ‘‘ actual temperature curve” is determined, 
after the exhaust valve is closed, from the line 
showing the ‘‘ increase of temperature” up to the 
end of compression. 


1 


During the time of combustion and expansion . 


(neglecting shrinkage due to chemical changes) 


T.= "7, 


Pi %} 


| 
v5; 


temperature would be higher to this extent. This 


The total volume! leakage will also be most noticeable just at this | it. 
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| point, as the greatest difference of pressure and the 
| lowest piston velocity occur together. 
| If we assume that to the end of combustion only 
|5 per cent. of the stroke volume has leaked to the 
other side, the calculation becomes as follows : 
The highest temperature is found to be at 5 per 
cent. of the stroke. 
For this position 
= 49) = 12. 
" 
| In consequence of the leakage v,=350 and 32° = 
1.4; the ratio is“ 


1420 x 1.4 
9 


= 1.166, or the temperature T, 


is then = 1656 deg. Cent. absolute. 


The last curve on the diagram is that showing 
the total heat present at all parts of the stroke. 
Theoretically, if ( is the total heat added in 
calories per kilogramme of charge, 


Q - c (71-7) 


Cy 
460 x 350 _ 160) 


Wek 460 x 350 , 397 ~ ee 250 
250 0.213 
= 644 + 1615 = 2259 deg. Cent. absolute. 


T, % 
= ie 


"1 


T, 


The degree of ‘‘ fulness of diagram” would then 
1656 
2259 

as a very good result for large engines, 


= 73.3 per cent., which is looked upon 


As the 


|the assumptions which Mr. Vogt believes to be 


Then the curve takes a regular | corresponding to the piston position, the highest | correct, and they serve to show the important part 


| played by the water and the steam generated from 
One is rather reminded of the excellent results 


Fi 


2. 


E038.C 


obtained with the Banki oil-engine, where water 
vapour is mixed with the vaporised fuel. 

The writer has described but one type of engine 
invented by Mr. Vogt, and then only partially, for 
the model engine has an air-cushion auxiliary piston 
which almost instantaneously absorbs the energy 
of explosion, and gives it out again gradually as the 
motor piston proceeds on its stroke. However, 
this was not in operation during the tests, and its 
utility remains to be proved. 





BORSIG’S WORKS IN GERMANY. 
(Continued from page 796, vol. laxvi.) 

Havine completed our description of the works 
of Mr. A. Borsig, at Borsigwerk, Upper Silesia, 
and at Tegel, near Berlin, we propose now to review 
briefly some of the distinctive characteristics of 
design of the leading manufactures of the firm, 
believing that a consideration of these will be sug- 
gestive to our readers. 

We take locomotives first, as this is a staple 
industry of the firm. The total number built up to 
the beginning of 1903 was 5244, of which number 
Germany hed been supplied with 3938; Austria 
and Hungary with 35; Holland, 179; Norway and 
Sweden, 48; Denmark, 82; Belgium, 8; France, 
12; Italy, 76; Spain, 22; Russia, 782; India, 32 ; 
Portugal, 6; Dutch Kast Indies, 6; Cochin China, 4; 
China, 12; and Roumania and Mauritius with one 
each. 

The principal clients of the Borsig Works have 
always been, and still are, the Prussian State Rail- 











= SSS eS ae 











Cre eee 
a 


Gk ARES & 





41 





Jay. 8, 1904. ] ENGINEERING. 








ways, and as these have their standard types, which | the upper part being fitted in with a driving fit and 
have been gradually developed, it may be interest- | lined with white metal. The horn-blocks are also 
ing to note some of their main features. As we | steel castings ; and in order to reduce friction and 
have from time to time issued two-page plates with | prevent gripping, gun-metal rubbing-plates are 
drawings showing the general design, it is not | fitted to the axle-boxes. 

necessary to offer a full description: our idea is| The cabs are exceedingly roomy and comfort- 
rather to write of characteristic details. Generally able, spring seats being provided. The roof is 
speaking, the German locomotive is of the ‘‘all carried well back over the tender, so that the fire- 
outside type. Compound engines are very man is protected from weather as far as possible. 
largely used, being, indeed, the rule for all, The sand-boxes are always on the top of the boiler, 
jocomotives Which are not used for purely local and compressed-air sanding apparatus is general. 
or shunting work. The superheating engines, Many engines have their head Jamps lit by gas, the 
to be described later, are the only exception. necessary reservoirs being carried at the back of the 
Four-cylinder compounds on the De Glehn and tender. : 
Von Borries systems are also being used. The| The boiler, cab, and tanksare painted a dark olive 
starting valves of the two-cylinder compounds have green, with red lines, the wheels and frames a red- 
been the subject of much study and experiment, | dish brown. This somewhat singular combination 
and the tendency is new towards using one or other of colours is, however, soon softened down when 
of. the several good arrangements existing which | working into more harmonious, though dingier, tints. 
permit the engine to start asa simple engine, each The vacuum brake is unknown on main lines in 
cylinder taking steam direct from the boiler and Germany, the Westinghouse or Schleifer brakes 
exhausting direct into the blast-pipe; the valve! being generally used. It will probably be found 
being, either automatically or by means of a special | interesting to know what are the general require- 


it 
Fg.73. 


Standard Prussian engine have been preserved, 
the chief difference being in the boiler, smoke-box, 
and the cylinders. The superheater consists of 
three rows of solid-drawn mild-steel tubes placed 
in the smoke-box, and shut in by a thin plate casing, 
fitted with dampers. The gases are taken from the 
fire-box by means of a 11}-in. tube (im the latest 
series the diameter is 12 in.), placed in the lower 
part of the boiler-barrel, and this insures sufti- 





cient direct superheating power to raise the tem- 
| perature of saturated steam of 12 atmospheres pres- 
|sure from 187 deg. Cent. to 380 deg. Cent. during 
long runs. The gases, having passed through the 
superheater, emerge through dampers placed at the 

top into the smoke-box and up the chimney in the 
| usual way. When the driver shuts the regulator, 
the lever working the steam-jet is opened, and this 

is connected with the above-mentioned.dampers, so 
|that there is no danger of excessive heat in the 
| superheater damaging the tubes when steam is not 
| passing through them. When the engine is stand- 
|ing, the steam-jet is, of course, closed; but the 
| fire-door is generally then slightly opened, and the 

















lever, put into the ‘‘compound” position as soon | ments of the specifications of the Prussian State 
as the train is under way and the motion can be/| Railway, and we therefore reproduce on page 66 


linked up. | a, translation of those parts more particularly refer- 
The boilers have generally a working pressure of | ring to materials and tests. 

170 lb. per square inch. The fire-boxes are of copper; | 
steel does not seem to make any more headway | 
for this purpose on the Continent than in England. | HBATER. 

The fire-door openings are flanged outward on the| Among the most interesting types of locomotives 
Webb system. The fire-box roof has always screwed | which the Borsig Works have turned out in recent 
stays, the roof-bar being quite obsolete. The dome years are the express, engines, with superheaters, 
is, a8 a rule, made in two parts, and bolted | supplied to the Prussian State Railways. . The first 
together by solid rolled angle-rings, so that the | engine of this class was shown at the Paris Exhibi- 
upper part can easily be removed, and the regulator | tion in 1900, and gained for its builders a Grand 


Prussian Express Locomotive with Svuper- 


head got at for repairs. The tubes are of solid-| Prix. As the photograph reproduced on. our two- | 


drawn mild steel, reduced in diameter at the back _page plate shows, this type is a four-coupled bogie 
end by some ;%; in., and swelled at the front end|engine. The superheater, of which details are given 
by } in. Neither ferrules nor copper ends are used. | on the two-page plate (Figs. 60 and 61), is placed in 

On the two-cylinder engines the cylinders are | the smoke-box, which has consequently a somewhat 
always outside the frames, and latterly the Wal-| unusual appearance, and is of the type patented 
schaert valve- gear may be said to have been| by Herr Schmidt, of Wilhelmshéhe, Cassel. The 
exclusively used. The Trick slide-valve is general, | designs were worked out by Mr. Borsig’s staff, under 
and is often balanced on the Von Borries plan. | the direction of Mr. Garbe, a men.ber of the Berlin 
The pistons are of forged steel, and the motion | directorate of the State Railways. The trial engine 
bars are of extra mild steel case-hardened. Solid | attained sufficient success to justify the placing of an 
bushed coupling-rod ends are not used, as the| order for a series of these engines with the Tegel 
return crank on the main crank-pin is in the way. | shops, and a repeat order was recently given. 

he wheel centres are now invariably of cast steel, |The arrangement has remained unaltered, only 
and the tyres are secured to the rim by fastening |those modifications of detail being introduced 
Tings sprung in. | which experience has proved to be advisable. 

The axle-boxes are steel castings, the steps in| Generally speaking, the main features of the! 


ashpan dampers are closed, so that here again no 
inconvenience is caused. 

The steam passes through the regulator in the 
usual way, into one of two steel headers (castings) 
placed in the smoke-box on each side of the chimney. 
This header has a partition in the middle of its 
length, so that the saturated steam first passes 
through the rear half of the tubes into the oppo- 
site header, and this having no partition, the steam 
returns in the opposite direction into the forward 
part of the first header, and thence by way of a 
breeches pipe into the steam-chests of the cylinders. 
It is, naturally, very important to prevent any accu- 
mulation of hot ashes, small cinders, &c., among 
the tubes of the*superheater, and an unusually 
capacious cinder-shoot is provided, sufficient to 
hold all accumulations during the longest runs. It 
is fitted at the bottom, with a screw-clamped door 
for cleaning purposes. In addition » second and 
smaller shoot is fitted outside the superheater, and 
between this and the door-plate of the smoke-box. 

The headers are provided with covers bolted on 
by studs, and the upper and lower halves of the 
smoke-box are bolted together, so that, having re- 
moved the bolts, the whole upper portion with 
headers and tubes can be lifted vertically out by a 
crane for examination or repairs. 

The typical piston, illustrated by Figs. 67 to 69 
on the two-page plate, is of the ordinary Swedish 
form, with three Ramsbottom packing-rings. The 
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rings are each provided with a groove and small- 
bored holes, so that when the piston is on its dead 
centre and the steam entering the cylinder tends to 
compress the ring nearest the cylinder cover, it also 
passes through the holes and relieves the pressure. 

The piston-rods pass through the front cylinder 
covers and have at both front and back metallic stuff- 
ing-boxes, the composition rings being placed as far 
away from the heat of the steam as possible.. The 
front cover has in addition a bushed outside bear- 
ing for taking the weight of the pistons off the 
packings, which are of the ball-and-socket type. 

The pistons are made considerably larger than 
is otherwise usual in non-compound locomotives, 
as it is found in practice that earlier cut-offs are 
practicable owing to the dryness of the steam. 
The lap of the slide-valve is therefore also consider- 
ably larger than is generally the case. 

The slides illustrated by Figs. 65 and 66 on our 
two-page plate are piston valves with steam admis- 
sion in the centre of the valve-chest. The stufting- 
boxes of the valve-rods are therefore only subject to 
exhaust pressure, and are, in fact, only long bushes 
with labyrinth grooves for catching any small 
amount of steam which might otherwise puff out. 
The valves themselves are the outcome of con- 
siderable study and experiment, as special precau- 
tions had to be taken in view of the high tempera- 
ture of the steam. As will be seen from the detail 
views, Figs. 65 and 66 on the two-page plate, they 
have no packing rings. The rod has a nut at each 
end screwed dead up to a shoulder, the nut having 
a spherical base working on a socket which bears 
against the body of the valve. The valve itself has 
3 millimetres (} in.) play on the shoulder of the rod, 
so that it really ‘‘ floats,” and can adjust itself when 
necessary should the valve-chest or valve-bush 
slightly distort by reason of the high temperature. 
The valve-bush or seating is cast hollow, super- 
heated steam circulating through it and round the 
exhaust edge, thus avoiding as far as practicable any 
change of shape when working. Experience has 
shown that these precautions have the desired 
results, the valves being entirely free from any 
tendency to ‘‘stick,” and the wear is practically 
nil. The exhaust takes place through the castings 
fitted at each end of the valve-chest, which form 
also the valve-rod guides. The motion is of the 
Walschaert type, and is made very light, the fric- 
tion of the valves being very small. It is illustrated 
by Figs. 63 and 64 on our two-page plate. 


A pyrometer is fitted to each engine, so that | 
when running the temperature of steam can be | 


observed and regulated. The chief dimensions of 
the engine in question are as follow :— 


Diameter of cylinders... 207 in 
Stroke of pistons. ai ee 23% ,, 
Diameter of driving-wheels ... 6 ft. 6 in 


170 lb. per sq. in. 


Steam pressure 
1120 sq. ft. 
320, 


Heating surface—boiler 


s superheater 32 . 
—_ total ; es 1440, 
Ratio Heating surface in superheater 1:35 


Heating surface in boiler 
Grate area cee se - : 24.3 sq. ft. 
Weight of engine empty sa 49 tons 

mR in working order on % 

The favourable results obtained with these en- 
gines have induced the management of the State 
Railways to extend their application, and at pre- 
sent further locomotives of additional types have 
been built—viz., Mogul engines for heavy passen- 
ger and fast goods trains, eight-coupled goods 
engines, and Mogul tank engines. It may there- 
fore be accepted that superheating in locomotive 
work has a future before it. 

The details of tube joints at the tube-plates, and 
of the mode of securing the tyres, are shown respec- 
tively in Figs. 62, 70, and 71, on the two-page plate. 

We also give on page 41, in Figs. 72 to 76, details 
of a form of balanced slide-valve, of the Trick type, 
applied by Messrs. Borsig to some of the locomo- 
tives made by them. 

Locomotives For East InviAN Rattways. 

These engines, illustrated by Fig. 77 on page 52, 
are of the usual six-coupled class, ordinarily used for 
goods trains, and are built for the 5-ft. 6-in. gauge. 
The cylinders are placed inside the frames, slightly 
inclined to allow the slide-bars to clear the front 
coupled axle, and are cast separately, being bolted 
together at the steam-chests. The pistons are of 
extra tough cast iron, and the shide-valves are of 
gun-metal. The slide-bars are of steel, and the 
crosshead is of cast iron. The motion is of the ordi- 
nary Stephenson type, with very long eccentric- 





'rods. To give room for the links, the cast-steel 
, motion plate is curved forward and the links swing 
| between the slide-bars. The reversing shaft is 


pressure cylinders are on the rear truck, which 
carries the boiler. The high-pressure steam-pipes 
can therefore be rigidly connected with the cylin- 





| placed below the motion, the screw-reversing gear | ders—a great advantage over the Fairlie system, 


| being situated on the left-hand side of the cab and 
| fitted with an extra steel nut. 
'of the f}-type are of cast steel, and the axle-boxes 
| are of extra tough gun-metal. The driving axles are 
| fitted with adjustable spiral springs, while the 
coupled axles have plate springs with adjusting 
‘nuts bearing on the horn-block keeps. The crank- 
| axle is not provided with hoops. The wheel centres 
are steel castings. 

The boiler shell is of mild steel, the tubes are of 
| brass, and the fire-box with its rivets and stay-bolts 
| are of copper. Thelongitudinal stays are so arranged 

that those under the dome are not a hindrance to 
getting into the boiler for cleaning and examina- 
ition. The regulator is of the Stroudley pattern, 
| the lever in the cab being double-ended, so as to 
| be capable of being worked from either side of the 
cab. The boiler is pitched high to allow of a deep 
| firebox at the rear end. The engine has vacuum 
| brake fittings. The engine and tender brakes them- 
|selves are, however, operated by steam cylinders, 
| the ejector and steam brake valve being combined. 
|Gresham and Craven’s combination injectors, 
|Gresham’s steam sanding gear, and Dewrance’s 
| water-gauges and blow-off cocks are used. The 
tender has a tank of the sloping-top type, but 
presents generally no unusual features. 

The main dimensions of both engine and tender 

| are appended. 


| Diameter of cylinders 18 in 

| Stroke of pistons ae = a 26 ,, 

| Diameter of drivers ae 5 ft. Lin. 
| Wheel base 15 ft. 


160 Ib. per sq. in. 


| Steam pressure... 
1247 sq. ft. 


| Heating surface 


Grate area S ; : 24 sq. ft. 
Weight empty ... oe a¥ ... 40 tons 15 ewt. 3 qr. 
Weight in working order... ee re. 
Tender. 
Tank capacity ... = a 3000 gallons 
Coal capacity a 5 tons 
Weight empty ... : on ... 18 tons 12 ewt. 2 qr. 
Weight in working order... sie igh ARE weg Oe 


All steel castings and plates were supplied by 
the Borsig Iron and Steel Works, Borsigwerk, 
Upper Silesia, where furnaces are always with acid 

i linings, to suit the requirements of customers who 

prefer acid steel, as in this case. The wheels and 

|axles were manufactured by Krupp, of Essen, and 

the copper plates and boiler tubes by A. Hirsch 

and Sons, Halberstadt. 

Comrounp Tank Locomotive, 5-Fr. 6-IN. GAUGE, 
Maer System. 

This type of engine is largely used on Continental 
lines of both narrow and standard gauge, and is 
steadily increasing in favour. The photograph 

| reproduced in Fig. 78 on page 52 illustrates a series 
'which have been built at Tegel for the Central 
Aragon Railway of Spain. They are used for haul- 
ing goods trains, up to 375 tons in weight, over 
gradients of 1 in 46 with numerous sharp curves. 
A tank engine was therefore selected for the pur- 
pose, and is said to be the heaviest engine now 
running in Europe. The 5-ft. 6-in. Spanish gauge 
lends itself readily to the design of engines of a 
| size which could hardly be brought within the limits 
| of the 4-ft. 8}-in. gauge. Although the grate area 
|is 46 square feet, yet the length is only 9 ft. 2 in., 
|so that it is possible to fire it efficiently. The 
|tanks hold 4400 gallons of water, and the coal- 
' bunker 5 tons—a respectable amount even for a 
| double bogie tender. The wheels are 43 in. in 
| diameter, and the fire-box is extended over them. 
The wing tanks are carried forward to the centre 





is built in between the frame under the coal bunker. 
The engine is fitted with the Westinghouse brake, 
the air reservoirs being placed inside the frames 
over the second and third axles. Each wheel is 
provided with a brake-block, a 15-in. vertical cylin- 
der being used for each truck separately. 

The boiler centre is 8 ft. 6 in. above the rails, 
the mean diameter of the barrel being 65} in. The 
| boiler tubes, 266 in number and 1} in. internal 
| diameter, are 17 ft. 10 in. long between the tube- 

plates. The cylinders have the well-known Wal- 
|schaert valve-gear, which is all ‘* outside,” and 
therefore easily accessible. The axles of each 
truck have compensating levers to allow of easy 
motion and an equal distribution of the load. 

The steam pressure is 170 lb. per square inch ; 
and, as is usual with this type of engine, the high- 





The horn-blocks | fruitful source of trouble. 


of the smoke-box, and in addition a further tank | 





| as ball and socket joints with such a pressure are a 
| The receiver pipe is 
| provided with a vertical stuffing-box in the plane 
|of the high-pressure cylinders, and a horizontal 
stufting-box just behind the low-pressure cylinders, 
| thus allowing for movement in every direction. 
| The pipe is, in addition, carefully clothed to prevent 
|loss of heat by radiation. The exhaust from the 
| low-pressure cylinders to the blast-pipe has ball- 
| and-socket joints ; but as only the back pressure is 
here present, not the slightest difficulty is found 
in keeping these steam-tight. Steam and hand 
reversing gears are provided, the weigh-shafts being 
coupled, so that one movement reverses all four 
cylinders. The leading dimensions are as follow :— 


Diameter of high-pressure cylinders 184 in. 
” low ” ” 28 »” 
Stroke of pistons 23.6 in. 
Diameter of wheels SS 4, 
Steam pressure... 170 lb. 
Heating surface 2360 sq. ft. 
Grate area j 


wee 46 9 
Rigid wheelbase 9 ft. 10 in. 


otal = Deli x9, OM xs 
Tank capacity ... 4400 gallons 
Coal ms a mn mS a 5 tons 
Weight of engine empty _... ss 78° ,, 
is a in working order 108 _,, 


It is worthy of note that these big engines were 
supplied by the makers in four and a half months 
from date of order. 


JAROSLAW-WoLoGpA ARCHANGEL RaiLtway 
LocoMOTIVE. 


A large number of similar engines, but much 
lighter, have been built by Borsig’s for the Jaroslaw- 
Wologda- Archangel Railway, in Russia, a line with 
3-ft. 6-in. gauge, which, owing to the limited 
traffic, was laid with light rails, allowing only a 
load of 8 tons per axle. These engines are fitted 
with wood-burning fire-boxes and a six - wheel 
tender, and have given such satisfaction that 
several repeat orders were sent to the makers. One 
of these is illustrated in Fig. 79 on page 52. 

As these engines were built for the narrow gauge 
of 3 ft. 6 in., it was necessary to adopt special means 
to get as wide a grate as possible. The rear truck 
has therefore outside framing, the cranks having 
a long neck, which is used as the journal for the 
axle-boxes. According to the Russian regulations, 
the foot-plate is made accessible by doors in the 
front wall of the cab, and a hand-rail runs round 
the engine on the outside of the foot-plate. To 
prevent the throwing of sparks to an undue extent 
the chimney and smoke-box are provided with 
special deflectors. A registering speed-indicator is 
fitted in the cab, being driven from the rear coupled 
axles. For storing the wood fuel a high fence is 
fitted to the upper part of the tender. The main 
dimensions are as follow -— 





Diameter of high-pressure cylinders 13 in 
ie low a . 18 ,, 
Stroke of pistons yD a 


Diameter of wheels... ae = 43 ,, 








Working pressure 170 1b 
Heating surface 1200 sq. ft. 
Grate area ee 19:5: ,, 
Weight empty ... a: can ot 42 tons 

Hes Se in working order... rs 475 ,, 

Tender. 

| Tank capacity ... 2000 gals 

Fuel space 4 tons 


Weight empty Re ‘a _ ss 10? ,, 
»» in working order __... We 234 4, 


|Srx-Couptep Tank Locomotive witH LEADING 
AND TRAILING AXLES. 

These engines are built for the Asturias Rail- 
way Company, Spain, on the metre gauge, and are an 
adaptation of the American type to European require- 
ments. The bar-frame, spring arrangement, and 
Stephenson valve-gear with rocking-shaft have been 
retained, also the double dome-shaped sand-boxes 
on the top of the boiler. The pony trucks have 
swing-links and compensating levers. The autc- 
vacuum brake is titted, two 18-in. cylinders working 
brake-blocks on each of the coupled wheels. The 
main dimensions are as follow :— 

... 14} in. in diam. by 
194 in. stroke. 


Cylinders 


Stroke of pistons 19.7 in. 
Diameter of drivers 43 ,, 
m truck wheels -) 
Rigid wheelbase 8 ft. 6 in. 
Total wheelbase 21 ft. 7 in. 
170 lb. 





Steam pressure... 
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Heating surface 

Grate area - 
Tankcapacity ... 

Coal capacity ... 

Weight empty ... 

in working order ... 


24 ewt. 
28 tons 10 cwt. 
3 4, 16 


” ” 


Similar engines for passenger trains, with four 
coupled wheels somewhat larger in diameter, have 
also been built for the same line. 

Among other notable engines which have lately 
been built at Tegel are a number of six coupled 
four-cylinder bogie locomotives with cylindrical 
tenders for the Italian Southern Railway. The 
first of these was built by the company in its own 
workshops, and exhibited at Paris in 1900. This 
engine was described and illustrated in our columns 
at the time. The results obtained in working 
seem to have been very favourable, as Mr. Borsig 
was entrusted with an order for twelve more, a 
few modifications only being made. 

The photograph of the engine, Fig. 80 on page 
52, represents one of a number supplied to the 
Italian Southern Railway for their goods trains. 
It has outside cylinders and inside valve-gear, 
single guide-bars, and is fitted with the Westing- 
house brake and a speed-indicator. The leading 
dimensions are appended : 
Diameter of cylinders 
Stroke of pistons Se 
Diameter of coupled wheels.. 
Steam pressure... mas 
Heating surface 
Grate area ae 
Weight empty 
Weight in working order 


18 in. 
258 ” 
5 ft. : 
170 lb. per sq. in. 
1310 sq. ft. 
214, 
38} tons 
43h ,, 


(Zo be continued.) 








MACHINES AND TOOLS EMPLOYED 
FOR DIE-CUTTING.—No IL. 
By JoserH Horner. 

Tue slotting-machine, and slotting attachments 
to other machines, divide favour with milling- 
machines and milling attachments in the work of 
die-cutting. Slotting is not adaptable to some of 
the shapes required, but milling is capable of pro- 
ducing almost all conceivable forms, unless sharp 
angles come in, and then the work of the rotary | 


‘little hand work. 


cutters can be supplemented by slotting, or by a|can be milled as well as edges, and at the same 
| setting. A slotting-tool will not do this, neither 

The value of the milling-machines lies, first, in | is it practicable in many cases to reset the work for 
the fact that the forms of the cutters can be varied | a second cut at right angles with the first. The 
in many ways to suit different sections, ranging| value of this does not come in specially in the 
from rectangular to profiled outlines ; second, in| cutting of the punch portion of dies, or in dies 
the facilities which are afforded by the system of| that are cut right through, but in the dies that 
compound and circular tables, with which the best | have solid bottoms. These can be tooled with either 


' milling-machines are fitted, and the use of stops, by | end or face mills, at the same setting as that by 
‘which the traverse of cutters is automatically | which the edges are done. Bottom faces that stand 


arrested at a definite point. A belt drive, however, | at different levels can also be done thus. 

is almost essential in a milling-machine that is being} When a slotting attachment, such as those which 

adapted for die-cutting, because the cutters, being | were shown in the last article, is fitted to the pillar. 

small, are rotated at high speeds, and gearing does | and-knee type of miller, the full advantages of both 

not permit of the fulfilment of these conditions so/| types of tools are secured. But there is often a 

well as the belt drive. | sufficient volume of die-sinking work to keep mill- 
Another advantage which the milling-machine | ing-machines wholly occupied, and slotters also, 


. . | . . . 
possesses over the slotter for this work is that faces | each on its own sphere of operations ; and in such 
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—— : a 
conditions there is no advantage in combining the 
two mechanisms in one machine. In this and the 
succeeding article, therefore, we propose to con- 
sider the milling- machine and its adaptabilities 
specially to the work of die-cutting. 

Any vertical milling-machine built on the belt- 
driven model, with compound tables, is suitable 
for die-cutting. The two rectangular slides permit 


of tooling straight edges, and the circular table | 


curved work. Angular relations can be obtained 
by setting the circular table round by its indexed 
edge after one or more edges of the work have been 
tooled. An advantage which the vertical milling- 
machine possesses for this class of work is that it 
can be used for drilling also, and a good deal of 
this work has to be done in some classes of dies. 

A feature of considerable value in a machine for 
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this service is the capacity for vertical adjustment, 
and movement of the spindle-head bodily. This 
allows the spindle bearings to follow and support 
the cutter at all distances below the sliding faces, 
and is conducive to rigid cutting. In such a fitting 
the exact range of vertical adjustment should be 
capable of regulation by means of a graduated dial 
to the hand-wheel, as in the Herbert machine of 
this type, and an adjustable dead-stop is necessary 
to control the vertical movement. This stop is of 
especial value when several dies are being cut, or 
when different portions of the same die have to be 
cut to the same depth. During the horizontal 
traverses of the table the head is clamped to the 
body. All heavy milling-machines that are used, 
therefore, for die-sinking should have a sliding- 
head, with adjustable stop, because it permits of 
more delicate operations than are possible when the 


|advance of the dead-stops, so preventing risk of 
accident by the dead-stops coming into contact 
| before the feed has been thrown out. The tripping 

is effected by dropping worms out of engagement 
with their wheels. Another point is that the feeds 
| are capable of instant reversal. 





also has its stop coming into action automatically, 





vertical feed has to be given to the knee and table. | 
In light machines it is not necessary. 

In the Becker-Brainard machines the vertical | 
movement of the head is controlled by a foot-lever | 
coming round to the front of the base, being a} 
similar device to that adopted in some power- | 
hammers, light drills, and other machines. This | 
leaves both hands at liberty to manipulate the table- | 
slides, both hands being wanted when tooling irre- | 


gular outlines by lines alone that are marked on 
the face of the die, and when no former attachment 
is available. 
The same speeds and feeds that are available 
for ordinary milling are obtainable in machines used 
| for die-cutting. A wide range in both of these is 
| desirable if the most economical results are to be 
| secured. 
In the table feeds of the Herbert machine auto- 
matic trip-stops are fitted to both slides, as well as 
| dead-stops. These are arranged to trip slightly in 


The circular table 















































a device which is serviceable when milling a portion 
of a circle up to a shoulder, such as in dies where a 
boss joins a straight part. 

As such machines are not fitted with tilting- 
tables, like many slotters, the alternative is either 
to use tapered cutters to provide the necessary 
draught, or to insert packing-pieces beneath the 
work, neither of which devices offers any special 
difficulties. 

The machine vice affords a convenient means of 
holding dies of rectangular shape. Being bolted 
to the ordinary or to the circular tables, it partakes 
of their movements. Work that is not of outlines 
suitable for holding in the vice is clamped down by 
the aid of the tee-slots. Clamping-pieces may be 
fastened directly on the faces of the dies, or clamp- 
ing-dogs, similar to the dogs on face-plates, can be 
used, the bolts being tightened against the edges 
of the dies. 

The high belt-speeds which are necessary with 
milling-machines using small cutters would tend to 
rapid wear unless special devices were adopted 
to lessen, or to correct, the wear. One device is to 
make the driving-pulley run on a fixed sleeve, or 
in a larger bearing, which takes the side pull of the 


is sometimes driven by two keys through an equalis- 
ing driver. This method is adopted on the heavier 
machines. 

Another occurs in the Becker-Brainard machines, 
in which there is an auxiliary support to the spindle, 
fitted above the upper bearing. This is mounted 
on the head of the main frame, with power of adjust- 
ment by means of a set-screw at the rear of the 
slide. On the slackening of the main bolts the 
screw is used to move the auxiliary slide forwards. 
In this case, too, the pull of the belt is transmitted 
from the spindle to the auxiliary bearing. 

One type of milling-machine which is suitable for 
die-cutting is illustrated in Figs. 11 to 18, page 43, 
this example being manufactured by Messrs. Webster 
and Bennett, of Coventry. It is of medium dimen- 
sions, as is most suitable for the average sizes of 
dies, its spindle measuring 1} in. in diameter, its 
rectangular table 24 in. by 11 in., and its weight 
being 16 cwt. The machine possesses the good 
points which should be embodied in those of this 
class, as the following :— 

The spindle drive is by belt, coming from the 
pulley adjacent to the four-stepped cone A, over the 
guide-pulleys B, to the spindle pulley C. The pull 
on the latter does not strain the spindle sideways, 
but it is taken bya sleeve D (compare with Fig. 12), 
which is made a press fit into the top boss F of the 
spindle bearing. An extension of the boss of the 
age 2 C is provided to afford a hold for the short key, 
»y which it drives the spindle above the sleeve D. 

In the illustration, Fig. 12, the belt drive is un- 
geared. But in some of these machines internal 
back gears are fitted to the pulley C, which is then 
made in two portions, the outer receiving the belt, 
and carrying pins to form the pinion spindles, the 
inner being keyed to the spindle sleeve. This 
design is indicated in Fig. 11. In this type also a 
steady-bracket is introduced above the pulley to 
prevent vibration arising from the use of the double 
gears. 

The knee in this machine is solid with the 
standard, the vertical adjustments being given to 
the spindle. This has a traverse of 8 in. by means 
of the slide KE. In its descent the parallel portion 
of the spindle moves freely through the bracket 
F, which is fitted and fixed to the main frame, 
to permit of which movement is the object of the 
key groove in the spindle at a. The provision for 
taking up wear on the spindle neck by means of 
lock-nuts and taper bush is seen in Fig. 12, also 
its ball thrust and its taper nose, which is a No. 4 
Morse standard. 

The method of adjusting or feeding the spindle 
vertically admits of a fine degree of precision. A 
balanced handle fitting on the neck of the spindle 
G, Fig 13, at one side of the slide, turns a worm 
H, Figs. 12 and 13, its wheel being seen at J, Fig. 
12; its boss passes through a lug at the back of 
the slide E. The boss encircles a screw K which 
actuates the slide. The screw is double-threaded, 
and of } in. pitch. The collar of the spindle G has 
fifty divisions, and these, with the exact pitch of 
the screw, permit of effecting settings in minute 
fractions of the inch. 

The table movements include that towards and 
from the standard by hand, the longitudinal either 
by hand or automatically, and a circular table 
which is rotated by hand. The longitudinal power 
feeds are derived from the stepped cones L, Fig. 11, 
giving four rates of feed. The table fittings and 
the operating mechanism, outlined only in the 
general view, Fig. 11, are shown in detail in Figs. 
14 and 15, Fig. 14 being the front and Fig. 15 the 
side view. 

The rectangular table M slides longitudinally on 
the cross-traverse table N, which is moved across 
the knee O of the main frame of the machine, P 
being the cross-feed screw. is the feed-rod, on 
which a worm R is keyed, and which engages with 
the wheel S, feather-keyed on the traverse screw T, 
which is double-threaded ; the rotation of the 
wheel S carries the screw through the capped nut 
U on the slide N, and so traverses the table M. 
Or a ball handle fitted to the right-hand end of the 
screw effects the same movement by hand. 

The automatic trip at the end of a traverse is 
performed by the dog V, shown separately in 
Fig. 16, the latch W, and the catch X. The dog 
is adjustable along a tee-groove on the underside 
of the table M. The bevelled edge strikes the 


latch W, and forces it outwards, compressing the 
spring Y and releasing the catch X, and thus 
allowing the worm R to drop out of engagement 


with its wheel, 





belt, relieving the spindle of the strain. The spindle 





The trip-dog is bevelled on two 
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edges, to enable it to trip when the table is fed in|the rotation of the cutter along one side. Each 
either direction, whether to the right, or to the| has its own sphere. 
The oil-box which contains the worm is|a former, when the table-slides alone will do the 


left. 


hinged at b, Fig. 14, so permitting of this drop. 


The circular table, which is a separate fitting, is | properly without the aid of a former. 
It is in two parts—the | ample shown on this machine—a die for stamping 
upper, with the oil-tray, and the worm-wheel cut | elliptical flanges—it would not be easy to follow 
in the solid with it ; and the lower, which is bolted | lines neatly by moving the table-slides by hand, 
to the rectangular table through the slotted lugs at | but with the former it is simple, and a number of 
A single tongue on the base ensures | dies may be cut in duplicate, so ensuring uni- 


shown in Figs. 17 and 18. 


the corners. 
the correct longitudinal fitting on the table. 

The machine shown in the figures on page 44 is 
built by Messrs. J. Parkinson and Son, of Shipley. 
It includes a profiling attachment. The plain 
machine, without the profiling arrangement, is illus- 
trated in Figs. 19 to 22, showing a machine in which 
the tables have automatic movements; but the 
same build is also made non-automatic. 

In these figures the main cones A furnish the 


| 


drive to the spindle pulley B and to the feed-cones | 


For each of the three speeds of the main cone 
rates of feed are obtainable (see Fig. 20), 


Cc, 

tive 
making fifteen in all. 
has no vertical movement, this being imparted 
instead to the table. This is not objectionable in 


the case of a light machine such as this, the weight | 
| proved 


of which is 16 ewt. The vertical adjustment of the 
table is by hand from the handle D, actuating 
bevel-wheels a and the vertical screw b in its 
threaded foot c. The self-acting traverses, longi- 
tudinal, and cross-feeds are derived from the feed- 
cones through the mitre-wheels d and worm gear e 
(compare the latter with Fig. 22, where the ball- 
thrusts to the worm are shown), on a vertical shaft, 
at the top of which the mitres f actuate the cross- 
traverse movement. A pair of mitres yg on the 
cross-shaft transmit movement to a pair h, by which 
the longitudinal motion is imparted to the upper 
or work-table E. <A trip motion, not shown, is 
actuated by the dog j striking the lever k. A 
balanced handle at each end of the table allows it 
to be run along from either end. The handle F 
for cross-traverse, and the one D for vertical ad- 
justment of the knee, are both divided round their 
bosses for micrometric adjustments. 


wey, 


The profiling mechanism is shown separately in | 
The copy, or | 
}It has passed an Act fixing a minimum wage. 


92 


~~ 


the engravings, Figs. to 25. 
former, is seen at A, fixed on a circular revolving 


table, which is rotated by worm-gear. The latter is | 


driven by another set of worm-gear, indicated in 


Fig. 25, B being the worm, and C its wheel ; thence | 


a train of gears D drives to the table-worm, Fig. 24. 
A telescopic shaft a, coming from a bracket on the 
side of the machine framing (not shown), is driven 
from the three-stepped feed-conesin Fig. 19 on the 
main cone-shaft. Three rates of feed are thus pro- 
vided, which are started and stopped by the lever 
and clutch at E, Figs. 23 to 25. The slide which 
carries the revolving table is drawn towards the 
vertical face of the column by weights ), b, Figs. 24 
and 25, hung on chains guided over suitable pulleys 
ce, c, and in this way the copy, or former, is held 
against the roller F as the table rotates. This 
roller is carried on a casting, which is adjustable 


in a slide on the bracket H, Fig. 25, the adjusment | 
In this way variations | 
The table can | 


being made by the screw J. 
in depth of cut are easily effected. 
be readily drawn outwards for effecting changes 
or examinations of work, by the screw K, which is 
threaded through a loose nut L, that is prevented 
from turning by a groove and key. On the front of 
the nut is a collar, which, coming against the front 
of the slide, prevents the nut from traversing any 
further in that direction, and then continued rota- 


| Labour Party is strong, and the members thereof | 
: { ‘ | generally seek to embody in legislation their views of 
In this machine the spindle | 


| minimise the effect of the judgment in the Taff Vale 








tion of the screw draws the work-slide away from the | 


cutter. If the direction of rotation of the screw K 
is reversed, the work-slide is drawn back by the 


¢ >. 7E10 Ss j > > » 1S £ a1 st | m4 
balance-weights until the templet comes wainst | employers then dictated terms, now the employed 


the roller. Then continued rotation of the screw 


traverses the nut L outwards, allowing the work- | 


slide to be freely reciprocated by the templet. 


the work easily drawn clear of the cutter. 


As the circular revolving-table is carried on com- | motion argued that such an important measure ought 


pound slides lying at right angles with each other, 
adjustment can be easily made, and: linear and 


curvilinear profiling, or ordinary die-sinking, be | aggerated ; and that the mining magnates were them- 


readily done without the employment of a former, 
though the latter can be utilised when desired by 
the mechanism just described. The advantage 
claimed for profiling by movements embodied in 
the mechanism itself is that all edges of the work 
done are equally smooth, because the work travels 


constantly against the rotation of the cutter. Using | 


In | 


; | . ° ° 2 
this way the cut can be put on very gradually and | resolution in favour of the importation of Chinese 


| 


| 
| 





It is not necessary to rig up 


work, while large volumes of work cannot be done 
In the ex- 


formity in the forgings. 

Figs. 26 to 28 illustrate the circular table for 
this machine. It is rotated by hand-wheel, worm 
and worm-wheel, and graduated in degrees around 
its periphery. The worm is thrown in and out of 
engagement by a lever beneath. 





INDUSTRIAL NOTES. 
Somer of the Australian colonies aspire to become 
ideal States in respect of labour’s claims. The 


what should be in Labour’s Utopia. The colony of 
New South Wales has taken the lead in an attempt to 


case, which judgment has been more or less ap- 
in both Australia and the United States 
by the Courts. The Bill introduced into the Legis- 
lative Council of the colony amends the Law of Con- 
spiracy and makes provision for safeguarding the funds 
of trade unions and other labour organisations. It 
frees all such associations as are under the operation 
of the Arbitration Act from the liabilities at common 
law ; also it saves them from attack on the ground 
of agency, unless the union or association, as such, 
sanctions the act, or acts, of its official or agent. If 
the union or association denies any instruction to such 
officials or agents, or repudiates their acts within a 
reasonable time, it escapes liability. The effect of 
such legislation will be watched with interest by all 
parties connected with industrial enterprises and 
labour. Already, it is stated, the Pastoralists, and 
others dependent upon labour, feel some alarm as to the 
nature and scope of the measure, but the Government 
seem to depend upon the labour vote, and hence they 
yield to the pressure brought to bear upon them. 
Whether in the long run the measure will operate to 
the advantage of labour remains to be seen. | 

The Queensland Parliament has gone a step further. | 





on the Wages Board can give a 
binding decision. Witnesses may be compelled to 
give evidence on oath. Apprentices are unlimited, 
but they must be indentured for three years, their 
wages being determined by the Wages Board. All 
other ‘‘ infants’—that is, those under 21 years of age 
—are declared to be ‘‘ improvers ;” their numbers are 
limited and the wages fixed. An Appeal Court, con- 
sisting of a Supreme Court judge and two assessors, 
may revise the decisions of the Wages Board. But 
this Court must not fix a minimum wage above the 
average paid by ‘‘ reputable employers ’’—that is, pre- 
sumably, those who pay trade-union rates. The Court 
may not fix a wage, or determine hours of labour, or 
do anything else that may injure an_ industry, 
and it may not substitute for the decision of the | 
Wages Board any lower rate than the living wage. 
Piece rates are to be fixed to prevent task work, 
or what is called there the ‘‘ pirating” system. Children 
of employers, if working in their parents’ factories, &c., 
are to be exempt from the minimum wage provisions. 
The Act is to apply to an area within ten miles of all 
cities and towns, and may be extended elsewhere if 
the municipal councils in the State so determine. 
The Act is a revival of the Statute of Apprentices of 
the reign of Queen Elizabeth, except that in that Act 
the maximum wage was fixed rather than the minimum. 
The operation of the measure will be watched with 
much interest in all parts of the civilised world. It is 
anew departure in modern legislation, a revival of 
the Statute of Labourers in the days of Edward III. 
in this country. But it is under different conditions- 


si e majority 
imple majorit 


do so, 


The Transvaal Legislative Council have adopted a 
labour by 22 votes to 4. Those who opposed the 


not to be carried until at least responsible govern- 
ment was granted ; that the dearth of labour was ex- 





selves responsible for the evils of which they com- | 
plained. On the other hand, it was pleaded that | 
imported labour was necessary for the mines. Mean.- | 
Ww 
is reported to be very sad indeed. 
unemployed white men is large, and their condition 
pitiable. Relief funds are being organised to deal 
with this state of things. 


bad things are. It is so difficult to reach ‘the 
man in the street,” who sometimes hears one side 


of a story, while the other side never reaches him, 


The great danger will arise when John Chinaman comes 
upon the scene. How will the natives, Kaftirs and 
others, relish the new arrivals? How, also, will the 
British workman regard the yellow-man, against who 
there is such a deep prejudice both here, in the United 
States, and in Australia? It is racial hatred in part, 
but that is intensified by the smallness of pay. which 
the Chinese are prepared to accept, and the long hours 
which they will work if so required. Then, also, their 
mode of living is decried. All these things point to 
strife in the newly-organised territories. It is a diffi- 
cult problem, in which the Mother-Country is deeply 
concerned, 


While Britain, South Africa, and Australia are beset 
with difficulties about white labour and the unem- 
ployed, Canada is crying out for more labour, 
both in the agricultural and in the manufactur- 
ing districts. There is room, it is stated, for farm 
labourers and domestic servants, and for all classes 
and grades of mechanics and artisans. So pressed are 
employers of labour that they are glad, it is said, to 
engage hands a long time ahead, so as to be sure of a 
supply of labour when the season for such labour is 
needed. But it appears that emigrants should have 
some little capital on landing. The area is vast, the 
journeys long, and ready money is required. If only 
efficient labour could be placed where it is needed, the 
problem of the unemployed might be solved. Willing 
and able hands are oftener required than many sup- 
pose, and yet they fail to find a market for th«ir 
labour. At the present time funds are being started 
for the unemployed, both in London and in the pro- 
vinces. There is an increase of out-of-work men in 
nearly every branch of industry, and there are no indi- 
cations of any material revivalin trade. The season of 
the year is not propitious. All out-door trades naturally 
suffer about this time annually. Were it not for the 
out-of-work benefit in many of the larger and _better- 
organised trade unions, there would be great distress in 
the land. Donation benefit reduces the privation, but 
it does not cover the cost of a decent workman’s home. 
Still from 7s. to 10s. per week helps to keep the wol 
from the door, and children from starvation. 

The strike of textile-workers at Crimmitschau, (er- 
many, is being maintained with fierce determination 
by the workpeople, and the employers as stubbornly 
hold out. It is watched with eager interest by all the 
textile-workers in Germany, for all will be affected by 
the result. The workers demanded a reduction ot 
working hours to ten per day, and also a slight increase 
in wages. The latter has become a secondary con- 
sideration as compared with the ten-hours’ day. The 
struggle was fought out in this country more than 
fifty years ago, and the Ten-Hours Bill was carried. 
Now the hours are fewer still in the whole of the 
textile trades. Theattention of the GermanGovernment 
has been directed to the subject for several years past, 
but hitherto nothing has been done except for children. 
The number of women employed in the industry is large, 
and of those a large proportion are married, and they 
are badly paid for their labour. The employers say 
that they are not able to pay more, and that if the ten- 
hours’ system is adopted they will not be able to com- 
pete in the markets of the world. The total on strike 
are reported to be 7500; of these three-fifths are 
women and girls ; but the men are at one with them 
for the ten hours. German workers of all sections are 
pouring in money to help the strikers. In Berlin alone 
the unions have given 8500/. The employers, too, 
are helping each other in the struggle. It is becoming 
a national struggle on both sides, for the success of the 
textile workers would mean a shorter day at no dis- 
tant date to most of the trades in Germany. It is to 
the interest of the British textile trades to wish the 
workers success, as competition would thereby be 
reduced. 


The stop-day litigation in South Wales is still loom- 
ing in the distance ; but a step further has been taken 


in relation thereto. It appears that one firm or com- 
pany has been selected as a basis of investigation to 
fix damages, and that firm’s particulars of claim have 
been delivered. The amount is 5825/. As their output 
was only about one-fifteénth of the whole of the col- 
lieries stopped, the aggregate claim will be about 
100,000/. Mr. Justice Bigham has decided that the 
men committed a breach of contract, which was a 
judgment in favour of the coal-owners. The claim 
will now be made on the South Wales Federation of 
Miners; but probably the National Federation of 
Miners will come to the former’s assistance. In any 
case, the claim will be a very large one, and, if sub- 


hile the state of the labour market in South Africa | stantiated, will cripple the Federation for some time 
The number of | to come. 


A curious incident has occurred in connection with a 


And still men flock to] dispute at the Marquis of Bute’s colliery at Hirwain. 


a former, the work travels in the same direction as | South Africa, though they have been told how|Some months ago the men ceased work because of some 
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non-union men refusing to join the Federation. The 
non-union men agreed to join the union ; but when the 
miners returned to work, the pit was closed against 
them, as their contract had ceased. ‘They were told 
that the pit would be reopened only if the men agreed 
to compensate the owner for the losses incurred by the 
stoppage. At last a concession was made to a deputa- 
tion, that if the men would put their own places in 
order at their own expense they could resume work. 
The deputation agreed to this on behalf of the men. 
3ut the men repudiated the arrangement, and refused 
to abide by the terms suggested. They are still out 
by the authority of their own lodges. 


At the Scottish Miners’ annual meeting, held in 
Edinburgh last week, an astounding proposition was 
moved, seconded, and supported, but was defeated 
when put to the vote. The resolution was to the 
effect that, upon representations made by the union 
men’s delegates at any colliery or pit, the mine- 
owner or manager should be empowered to deduct 
from the wages of any non-union worker, as well as 
from the union men’s wages, the amount of subscrip- 
tions due to the union, and to pay over such sums to 
the union or to any person or persons chosen by the 
men. A more monstrous proposal was never made 
by any so-called labour leader. For more than 
50 years the best efforts of all capable labour leaders 
and trade-union officials have been devoted to legis- 
lative prohibition of deductions from wages, and toa 
very great extent they have been successful. The 
good sense of a majority in the conference rejected the 
absurd proposal. Other resolutions were carried for 
an eight-hours day from bank to bank, amendment of 
the Compensation Act, Trade Union Acts, and other 
measures. It was stated by the president that the 
Federation had done good work in regard to a mini- 
mum wage, but he declared for a higher minimum of 
7s. or 8s. per day. It was stated that the Federation 
had promoted peace, and it was doubtful if even the 
mine-owners would desire to return to the old state of 
things antecedent to the formation of the Federation. 
The meeting resolved to support Parliamentary re- 
presentation by a uniform levy of 6d. per week in 
support of that scheme. 





The iron works in the Midlands—furnaces, forges, 
mills, &c.—were mostly idle all last week, the holiday 
lasting from Christmas Eve until Monday last, Janu- 
ary 4, 1904. In the Wolverhampton district iron- 
masters report the receipt of inquiries, which may 
result in early orders, but little is expected to be done 
until the quarterly meetings are held. The bookings 
for the most part have been limited to immediate re- 
quirements, stocks generally being low. Makers of best 
bars and sheets have still on hand unfinished orders, 
specifications of which are on their books ; with these 
they began work thisweek. Sheet-makers are antici- 
pating more activity, as galvanisers have some good 
orders from their agents in Australia, South America, 
and the Cape. Hoop and rivet iron are also expected 
to be in good request. There are no reports to hand 
as to the state of trade in the engineering and allied 
industries, nor in the numerous branches of the hard- 
ware industries, most of which have been idle through- 
out the holidays—Christmas and New Year’s Day. 





In the Birmingham district little was done last 
week, and the attendance at market was small. The 
bookings that took place were orly small—for present 
requirements. It is said that some lots of pig iron 
were sold at lower rates, but only by small producers 
whose stocks were larger than they needed. The 
engineering and allied trades were mostly idle during 
the whole of the holidays, as also were many of the 
workshops of the other iron, steel, and metal-using 
industries. There is little to indicate the state of 
trade, and there will not be until after the first full 
week in the New Year. Quietude is at present the 
general characteristic. 





There is nothing new to report as to the condition 
of the engineering trades in the Lancashire districts. 
The works were mostly idle throughout last week. It 
is a sign of quiet trade when the usual holidays are 
prolonged. In times of great activity all are anxious 
to put in as much time as they can. The outlook for 
the present year is not as satisfactory as ‘could be 
desired ; but it is too early in the year to forecast 
further slackening off in any of the chief branches of 
the engineering trades. 





The Lancashire cotton trades are still in a state of 
suspense. It is proposed to work short time—40 hours 
per week instead of 554 hours. The wicked gambling 
in raw cotton is universally condemned, and efforts 
are being made to see if some legisiation cannot be 
effected to deal with the causes of the present 
Situation. 





As a result of the auditors’ report for the three 
months ending with November 30 last, the wages of 
the iron and steel workers in South Wales and Mon- 





mouthshire are to be reduced 2 per cent. from January 1 
of the present year. 





The proposal to reduce the wages of the men em- 
ployed at the Leeds Steel Works has been met by an 
offer from the men to refer the matter to arbitra- 
tion. 


The officials of the Swansea Dockers’ Union have 
agreed, after several conferences with the employers 
engaged in the manufacture of patent fuel, to con- 
tinue at work on the terms of the present agreement 
and at the old rates. The tariff was to have been revised 
for the New Year. 





The threatened strike of bakers and others engaged 
in the provision trades of Paris has been postponed, 
in order for an application to be made for the release 
of the men arrested in connection with the dispute. 
It is thought that the Government will take some 
action on the question, as the matter is one of public 
interest beyond the men primarily affected by the 
registry oftices. 


The strike of coach-builders at Barcelona continues, 
no settlement having been effected hitherto. Some of 
the strikers have attacked the employers who refuse to 
consent to the demands made, and several arrests have 
been effected of the chief offenders. 

There is some disquietude in Leicester over the 
question of restriction of output. The employers 
complain that the work at the machines is arbitrarily 
restricted, and the men allege that they do it according 
to rule. The union officials deny the allegation, but 
defend a limit, as so many members are out of work. 

The London postmen continue to complain of their 
low rates of wages, and of the Christmas-box collec- 
tion, which they say is degrading to the men. Public 
officials of all classes and grades think that because 
they are employed by a public authority— Government 
or municipal, or by county, district, or parish councils 
—that their pay should be a high standard. This is 
the industrial view. ‘There is the political and also 
the ratepayers’ view, which is that economy should 
be the key-note in all such undertakings. 








THE LAW OF MASTER AND SERVANT. 

Green Vv. Britten.—This case, which came before the 
Court of Appeal on December 15, raised a question 
of importance to those who carry on business in disused 
railway arches. It appeared that the plaintiff was a 
workman in the employ of the defendants, and, while he 
was engaged in unloading some cases of glass at a rail- 
way arch used by the defendants in their business, three 
cases of glass fell on him and injured him. The de- 
fendants carried on business as oil and colour merchants 
and dealers in glass. This business was chiefly a whole- 
sale one, but they had also a retail trade, which, however, 
formed only a small part of their business. This business 
was carried on in a shop and two railway arches. <A pas- 
sage led from the shop to one arch, and there was a com- 
munication between the two arches. One arch was used 
as a workshop; the other arch, where the accident hap- 
pened, being used for storing the goods sold by the de- 
fendants. Orders for goods were obtained by them either 
by means of travellers or from customers in the shop, and 
the goods were then either sent away from the arch in 
vans or brought into the shop. There was no buying or 
selling in the arch. The plaintiff commenced proceedings 
for compensation under the Workmen’s Compensation 
Act, 1897, in the Southwark County Court, contending 
that the arch where the accident happened was a ‘* ware- 
house,” and was therefore a ‘“‘factory” within Sec- 
tion 7 of the Act. The County Court Judge was of 
opinion that the arch in question was ancillary to the 
business carried on in the shop, and that it was therefore 
not a ‘*warehouse” so as to bea ‘“‘factory” within the 
meaning of the Act, and he dismissed the plaintiff’s 
application. The plaintiff appealed. It was decided 
that the County Court Judge had misdirected himself in 
saying that if the arch was used as ancillary to the retail 
business it could not be a ‘‘warehouse” within the 
meaning of the Act. Here the defendants’ business was 
in the main a wholesale business, and the arch, being 
ancillary to that business, was a warehouse. The mean- 
ing of the word ‘‘ warehouse” in connection with the 
Workmen’s Compensation Act, 1897, involves the idea 
of a place normally of considerable size, mainly used for 
the storage of goods in bulk, or in large quantities, and 
in which, consequently, the dangers incident to the hand- 
ling of goods in bulk or in large quantities might natur- 
ally arise. In the result the appeal was allowed. 

McCabe and Others vy. Jopling and Palmer’s Travelling 
Yradle, Limited.—In this case, which was also heard in 
the Court of Appeal (on December 15 and 16), the ques- 
tion was whether a contractor was entitled to be indem- 
nified under somewhat peculiar circumstances, against 
claims arising under the Act of 1897. It appears that a 
builder who had entered into a contract for the outside 
painting of a building exceeding 30 ft. in height for the 
sum of 159/., for the purpose of carrying out the contract, 
entered into a sub-contract with another person for the 
supply, fixing, and removal of four travelling cradles for 
the sum of 23/. These cradles were hung from poles 
fixed on the roof of the building, and could be moved 
laterally and raised and lowered by means of ropes and 





pulleys, so as to enable the painters when in the cradles 
to reach all parts of the building. Each cradle held two 
men. This was the only scaffolding used in the painting 
work, and the cradles were to be fixed and removed by 
the sub-contractor’s men. The painting work having 
been finished, the cradles were being removed, when a 
workman in the employment of the sub-contractor, while 
lowering a cradle, fell from the roof and was killed. His 
dependents having been awarded compensation against 
the builder under the Workmen’s Compensation Act, 
1897, it was decided that the sub-contractor took part in 
the process of repair, and was therefore an ‘‘ undertaker ” 
within the meaning of Section 7 of the Act, and that the 
builder was entitled to an indemnity from him. 

Sharman vy. Holliday and Greenwood, Limited.—In 
this case, which came befere the Court of Appeal on 
December 18, the question arose whether, after a County 
Court Judge had made an award of 1d. per week in 
favour of a workman, this award can 5 increased 
if the workman’s health subsequently deteriorates. Upon 
an application by employers to review a weekly pay- 
ment, which they had agreed to make to a workman 
who was totally incapacitated for work by an accident, 
upon the ground that he was able to work and earn full 
wages, the County Court Judge, having heard medical 
evidence as to the workman’s condition, reduced the 
weekly payment to 1d. per week, saying that the work- 
man might apply again at any time. Later on the work- 
man applied to increase the weekly payment to its former 
amount on the ground that he was totally incapacitated 
for work, alleging that he had been refused employment 
on account of his condition, and that on one occasion 
when he got employment he was discharged as being in- 
capable of doing the work. The County Court Judge 
dismissed the application on the ground that his former 
decision that the workman’s total incapacity for work 
had ceased made the matter res judicata, and that there 
were no facts alleged showing any alteration in the cir- 
cumstances. The Court of Appeal decided that there 
was a change in the circumstances which would justify 
the Judge in reviewing his former decision, and that in 
such a case the doctrine of res judicata has no application. 

Blovelt v. Sawyer.—-In this case, which was also heard in 
the Court of Appeal (on December 11), the question was 
whether the applicant was injured ‘‘in the course of his 
employment” in the following circumstances :—It appears 
that he was employed in building a house which exceeded 
30 ft. in height. He was paid by the hour, the dinner- 
hour being excluded in calculating the number of hours 
he worked. The workman remained on the premises 
during the dinner-hour, and ate his dinner under a wall 
which he had been building, intending to resume work 
after the dinner-hour, when the wall fell upon and 
injured him. Their lordships decided that the accident 
arose out of, and in the course of, his employment, within 
Section 1 of the Workmen’s Compensation Act, 1897. 








LeepDs AND ROTHWELL Raitway.—A new line between 
Leeds and Rothwell was opened for traffic on Monday. 
When the East and West Yorkshire Union Railways 
Company obtained powers to construct a mineral line 
through the district some years since, it undertook in due 
course to give the residents general railway facilities also. 
Difficulties have been encountered since then with respect 
to a terminus in Leeds; but, by arrangement with the 
Midland Railway Company, aservice of trains will now 
be run into its station off City-square. There are four 
stations on the new route. The first, at Hunslet, is the 
property of the Midland Company. The next is at 
Stourton, near the copper works of Messrs. Elmore. 
The old racecourse at Stourton is being sold for manu- 
facturing purposes, and there is every prospect of this 
side of Leeds extending rapidly. The next station at 
Rothwell is conveniently situated in Wood-lane, close to 
the colliery of Messrs. J. and J. Charlesworth, and one 
at Robin Hood, in Matty-lane, not far from some large 
quarries. Two other stations will be opened as soon as 
possible—one at Ouzlewell Green, near Carlton, and the 
other at Patrick’s Green, between Carlton and Stanley. 
The line at present is 5 miles long, and it will be 3 miles 
longer when the last two stations are completed. 

Pic Iron Propuction.—We have become increasingly 
dependent of late years upon foreign ores in the produc- 
tion of pigiron. This is shown by the following table, 
illustrating the proportion of pig made from British ores 
and foreign ores in the 14 years ending with 1902, inclu- 
sive :— 


British Ores. Foreign Ores. 


Year. Tons. Tons. 

1888. . ve ... 5,130,861 2,868, 108 
1889... a ... 5,181,733 3,141,091 
1800. ... «sw 48485748 3,055,463 
1891... oe ... 4,528,312 2,877,752 
1892... te ... 4,041,178 2,658,077 
1893... mt ... 3 978,694 2,998, 296 
1894... AEe .. 4,347,472 3,079,870 
1895 .. site .. 4,394,987 3,308,472 
1896... om ... 4,759,446 3,900, 235 
1897... fe ... 4,736,667 4,059,798 
1898... a ... 4,850,508 3,759,211 
1899 .. es ... 4,913,846 4,507,589 
1900 .. a ... 4,666,942 4.292.749 
1901 .. ee .. 4,091,908 3,836,739 
1902... 4,400,431 4,279,104 


The value of the pig made from British ores in 1888 was 
computed at 9,492,092/., whilé the value of that made 
from foreign ores was 5,306,0007. In 1895 the correspond- 
ing values were :— Pig from British ores, 10,534,325. ;_ pig 
from foreign ores, 7,930,0622. 1n 1902 the corresponding 
values were :—Pig from British ores, 14,246,934/. ; pig 





from foreign ores, 13,854, 1242, 
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provided on the locomotive to take its place. The 
vacuum brake has never before been used on electri- 
cally-worked trains. 

The current for the motors is picked up from the 
live-rail by means of cast - steel slippers and is 
returned through the wheels to the running rails, and 
thence to the centre rail and the power-house. 

There will be a service of stopping trains in both 
directions on this line between Liverpool and Hall road, 
with not more than a ten minutes’ interval; every 
second train will go on as a stopping train to or come 
from Southport, thus forming a service to Southport 
every twenty minutes. There will also be, in addition 
to these, an hourly express in each direction between 
Liverpool and Southport, and at certain times the 
trains which arrive at Southport will goon to Crossens. 
It is not intended, however, that the expresses shall 
do the journey in less time than the fastest steam 
train now running. 

We understand that the whole of the work, with 
the exception of the rolling-stock, is being carried out 
by Messrs. Dick, Kerr, and Co., Limited, of London 
and Preston. The rolling-stock is being made at the 
Horwich and Newton Heath Works of the Lancashire 
and Yorkshire Railway Company. 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Tron Market.—Last Thursday forenoon 
there was a resumption of business in the Glasgow pig- 
iron market, but the transactions were only moderate in 
amount, and prices were a trifle easier. Operations were 
suspended at noon till Tuesday morning. so as to pay 
deference to the desire to hold the New Year holidays, 
which are almost as universal on this side of the Border 
as Christmasis in England. Business was done in the fore- 
noon in Scotch iron at 49s. 9d. buyers, and 50s, sellers. The 
Cleveland price was 423. 7d. buyers, sellers holding out 
for 1d. more per ton. The settlement prices were :— 
Scotch, 49s. 104d.; Cleveland, 42s. 74d.; Cumberland 
hematite iron, 52s. 9d. per ton. A firm tone prevailed 
on Tuesday forenoon, when business was resumed after 
the holidays. The price of Cleveland warrants im- 
proved 1d. per ton to 42s. 84d. cash and 42s. 10d. 
one month; but the business done at these rates was 
comparatively small, and did not exceed 5000 tons. 
In the afternoon the market was idle, and_ the prices 
of Cleveland were steady and nominally 4d. lower at 
42s. 8d. per ton cash buyers, and 42s. 94d. a month. 
Scotch iron was offered at 50s. per ton cash, and 
hematite iron 52s. 9d. cash per ton. The unfavourable 
influence of the outlook in the Far East has had its effect 
on the iron market.to-day. Cleveland ranged from 42s. 6d. 
to 42s. 7d. cash and 42s. 84d. one month. In theafternoon 
no further change took place, but Scotch iron was offered 
at 50s. The turnover was 4000 and 5000 tons, and the settle- 
ment prices were: —49s. 10}d., 42s. 6d., and 52s. 7}d. per 
ton. The market quotations for No. 1 iron were:—Clyde, 
58s. 6d.; Gartsherrie and Calder, 593.; Summerlee, 60s. ; 
Langlvan, 70s. 6d.; Coltness, 72s. per ton—the foregoing 
were all shipped at Glasgow; Glengarnock (shipped at 
Ardrossan), 58s. 6d.; Shotts (shipped at Leith), 61s. 6d.; 
Carron (shipped at Grangemouth), 62s. 6d. per ton. 
Business was generally contracted by the holiday season, 
and there was no exception to the rule in the pig-iron 
warrant market. The trade done in Cleveland warrants 
amounted to about 320,000 tons ; and to that class of pig 
iron business was practically restricted. Owing to the 
more warlike outlook in the Far East some holders were 
inclined to realise. The usual American cables report 
over there dull markets, and an uncertain outlook. The 
number of furnaces in blast is 79, against 85 a week ago, 
and 80 at this time last year. 

Scotch Steel Trade.—In the past year the steel trade 
has suffered considerably, partly in consequence of the 
decline of the shipbuilding trade, and prices have declined 
very sensibly in the later months of the year. The plate 
mills were very busy during the summer, owing in some 
measure to the shutting down of the Mossend Steel 
Works. In November the trade in plates necessitated 
a reduction of wages, and that was claimed early in 
December, to be followed by actual reduction, it is 
thought, early in January. In the armour department 
Messrs Beardmore did a big business during the 
year. The amount of armour delivered during the past 
year amounted to fully 4700 tons, and for the coming 
months the prospects at Parkhead are somewhat brighter. 
In the forge department work was not plentiful during 
the year. Seven sets of forgings have been supplied 
during the year for large gas-engines, ranging from 500 to 
1000 horse-power each, The Dalzell Steel Works of 
Messrs. Colville and Co. were not so full of work at the 
beginning of the year, but the result was a very big 
turnout in the course of the twelve months. Appliances 
for economical handling and manufacture of steel have 
made very considerable progress during the year at the 
Dalzell Works. 


Sulphate of Ammonia.—The market for sulphate con- 
tinues strong, and prices have improved at all points, 
both for prompt and forward delivery. Up to from 
12/. 12s. 6d. to 127. 15s. has been paid for delivery during 
January to June. 





New Shipbuilding Contracts.—It is expected that new 
contracts for steamers will by-and-by be laid with Clyde 
shipbuilding firms. Here are a few that have just been 
eg :—Messrs. A. Rodger and Co., Port-Glasgow, 
1ave contracted to build a large cargo steamer of 6300 
tons dead- weight for Messrs. T. L. Duff and Co., Glas- 
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gow.—Messrs. Napier and Miller, Yoker, have booked an 
order for a steel cargo steamer of about 250 ft. in length, 
for foreign owners. Messrs. David Rowan and Co. will 
supply the machinery, which will be constructed under 
special survey, the vessel and engines to take the highest 
class of the Bureau Veritas Registry.— Messrs. Lobnitz and 
Co., Renfrew, are reported to have concluded a contract 
with the North-Eastern Railway Company for a large and 
powerful hopper-dredger, for service at the port of Hull. 
Work at the Giateow shipyards is very scarce at present, 
and this contract will be welcome.— Messrs. P. Hender- 
son and Co., Glasgow, have contracted with Messrs. Denny 
and Brothers, Dumbarton, for a steamer to be employed 
in their Glasgow, Liverpool, and Rangoon service. She 
is to be similar in general design and arrangement to 
the Irrawaddy, which lately set out on her maiden 
voyage.—A Dundee shipbuilding firm was lately in close 
treaty for a large steamer, specially designed for the grain 
trade. An interesting feature in connection with this 
steamer is that the plans provide for the longitudinal 
sub-division of the holds by a bulkhead, to provide 
against cargo shifting, as it did in the case of the ill-fated 
steamship Loch Maree. 

A 250,000/. Undertaking: Great West Fife Electric 
Scheme.—A_ provisional order to provide the burgh of 
Dunfermline with electric light and power has received 
Parliamentary authority; but it is also intended to give 
power to the great coal-mining district near Dunfermline, 
with Cowdenheath as the headquarters. Various sites 
have been surveyed for the erection of the works, which 
are expected to cost 250,000/. complete. 


Death of Mr. W. T. Courtier Dutton.—Much regret has 
been expressed at the death, a few days ago, of Mr. 
Courtier Dutton, at Helensburgh. He has sm ailing 
since the month of August, but his death was not antict- 
pated by his large circle of personal and business friends. 
Mr. Dutton was the chief official of the British Cor- 
poration for the Survey and Registry of Shipping 
from the time that it was started, chiefly by Mr. Archi- 
bald Denny and Mr. Nathaniel Dunlop. Mr. Dutton 
commenced his shipbuilding experience at Liverpool, and 
from Liverpool he came to the Clyde. He was a member 
of the Institution of Naval Architects, the North-East 
Coast Institution of Engineers and Shipbuilders, and of 
the Institution of Engineers and Shipbuilders in Scotland. 
He was also a member of the Engineering Standards 
Committee. As the chief surveyor to the British Corpo- 
ration for nearly twelve years, Mr. Dutton was brought 
into intimate contact with the Clyde shipbuilders, and 
with shipowners in almost all parts of the world. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Mr. W. Cornthwaite.—The death occurred, on Tuesday, 
of Mr. William Cornthwaite, at the ripe age of seventy- 
seven. He was well known in Sheffield as one of the 
older race of steel manufacturers and merchants. His 
works were in Denby-street. 


Tron and Steel Trades.—At the large iron and _ steel 
works prolonged holidays in almost all departments is 
rather the rule than the exception. Work has not been 
resumed, and the interval is being utilised for carrying 
out repairs and stocktaking. A similar state of affairs 
prevails in almost all the lighter industries, and conse- 
quently there is no demand for material. What orders 
there are on the books of iron and steel firms with which to 
start work are light, and prospects are not encouraging. 
In the cutlery and white-metal branches orders were 
generally cleared off before the end of the year, and there 
will be longer holidays than usual, and short time when 
work is resumed. Relief funds are in operation for the 
people out of employment. 


The South Yorkshire Coal Trade.—The demand for 
house coal since Christmas has been very quiet, especially 
for the better qualities. In common sorts there is more 
doing. A fair business is being transacted in steam coal. 
The contracts with railway companies are not yet all 
settled. The coal-owners asked 9s. per ton, and the com- 
panies offered 8s. 6d. An attempt has been made to come 
to a settlement on the basis of 8s. 9d. per ton. The 
North-Eastern Railway are buying rather freely Durham 
way. Owing to the long stoppage of collieries slacks have 
not accumulated as usual, and, the demand being fairly 
good, prices are firm. Several collieries are reducing their 
make of coke to avoid stocking and to keep up prices. 








Raitway Coa Conrracts.—The Midland and Great 
Northern Companies have agreed to pay 8s. 9d. per ton 
for locomotive coal in connection with new contracts. 
Other companies, including the North-Eastern and the 
Lancashire and Yorkshire, have had coal offered at 9s. 
per ton, but they have not accepted that price. The 
coal-owners are said to be firm in their resolve to insist 
on the price named ; and knowing the quality of the coal 
they have to offer, they consider the terms reasonable. 


NewcastLE Tramways.—The accounts of the New- 
castle electric tramways continue to show satisfactory 
results. From a report of the professional auditor, it 
appears that during the half-year, from March 26 to 
September 29, 1903, the receipts amounted to 120,697/. 
This sum was made up as follows :— Balance at March 25, 
1903, 22,380. ; traftic receipts, 89,969/. ; capital expendi- 
ture repaid, 78562. ; and sundries, 492/. The total pay- 
ments were 102,627/., comprising traffic expenses, main- 
tenance, &c., 62,732/. ; capital suspense account payments 
chargeable against capital, 10,809/.; interest on loans, 
11,0802. ; city fund on account of advance, 10,0002. ; and 
loans repaid, 7,489/. The credit balance at September 29 
was 18,0707, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esprouGcH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the weekly 
market here was only moderately attended, and business 
was quiet. Buyers were rather backward, and, as a 
rule, would only purchase to meet early requirements, 
notwithstanding that some traders endeavoured to en. 
courage the hope that the outlook for the future was less 
discouraging than it has been. No. 3 g.m.b. Cleveland 
pig was put at 42s. 9d. f.o.b., and it changed hands at 
that figure, there being both makers and merchants _pre- 
pared to sell at that price. No. 4 foundry was quoted 
42s, 6d.; grey forge, 42s. 3d.; mottled, 42s.; and white, 
41s. 9d. East Coast hematite pig was not a great deal 
asked for, but it was steady in price. Nos. 1, 2, and 3 
realised 51s.; whilst No. 1 was 51s. 6d.; and No. 4 forge 
was about 49s. 6d. Spanish ore was quiet. For 50 per 
cent. rubio 14s, 9d. to 15s. ex-ship Tees was named, and 
dealers here complained that such prices were unprofit- 
able. Quotations to-day were unaltered. 


Manufactured Iron and Stcel.—It is difficult to find 
anything encouraging to report with regard to the manu. 
factured iron and steel branches of the staple trade. Com- 
— for new work is very keen. Steel joists have 
»een reduced by 5s. per ton, and some other descriptions 
may be said to be tending downwards, though they are 
hardly quotably altered. The following are the market 
rates :—Common iron bars, 6/. 2s. 6d.; best bars, 6/. 12s. 6d.; 
iron ship-plates, 6/. 2s. 6d.; iron ship-angles, 6/.; steel 
ship-plates, 5. 7s. 6d.; steel ship-angles, 5/.; steel boiler- 
plates, 7/.; joists, 5/. 5s.; and heavy sections of steel rails, 
4l. 12s. 6d. to 4/. 15s.—all less the customary 24 per cent, 
discount, except rails, which are net cash at works. 

Tron and Steel Shipments.—The shipments of iron and 
steel from Middlesbrough during December, 103, totalled 
115,176 tons, of which 65,300 tons were pig iron, 18,139 
tons manufactured iron, and 31,737 tons steel. Clearances 
of pig iron compare very unfavourably with those for the 
corresponding period a year ago, when a big trade was 
doing with the United States. The American demand 
has gone. Foreign customers last month took 27,812 tons 
of pig iron, and Italy was the largest buyer with 4930 tons. 
The quantity of pig shipped coastwise reached 37,488 tons, 
Scotland taking by far the most—viz., 25,897 tons. The 
manufactured iron cleared was in 4779 tons to foreigners 
and 13,360 tons coastwise; and of the steel shipped, 
26,242 tons went abroad and 5405 tons were despatched 
coastwise. India was the largest customer for both manu- 
factured iron and steel. 


Coal und Coke.—Fuel is steady. Durham gas-coke 
deliveries are large, and prices range from 8s, 6d. to 9s. 
f.o.b. The local consumption of coke is pretty heavy, and 
— blast-furnace qualities are about 14s. delivered 
1ere. 








Tue Tyne Coat Trape.--The shipments of coal from 
Tyne Dock last year were 6,703,300 tons, while coke 
was shipped to the extent of 143,658 tons, making an 
aggregate of 6,846,358 tons. The shipments, year by 
year, for the decade ending with 1903 inclusive were as 
follows :— 

Year. Total. 

Tons. 
5,569,511 
5,429, 586 
5,744,097 
6,473,545 
6,951,908 
6,654, 269 
6,850,744 
7,206,877 


Coal. 
Tons. 
5,325,178 
5,205,765 23,821 
5,566,023 178,074 
6,214, 182 262,363 
6,707,828 244,080 
6,426,054 228,215 
6,567,039 283,705 
7,003,622 203,255 
1902 6,927,024 170,015 7,097,039 
1903 6,703,300 143,058 6,846,358 
It will be seen that substantial progress has been made 

during the ten years. 


Coke. 
Tons. 
1894 207,333 
1895 
1896 
1897 
1898 
1899 
1900 
1901 


PERSONAL. —Messrs. Manlove, 
Limited, engineers, Nottingham, have removed their 
London office from 57, Gracechurch-street, E.C., into 
more commodious premises at 41 and 42, Parliament- 
street, Westminster, S.W.—We learn that Mr. A. I’. 
Head, chief of the firm of Messrs. Jeremiah Head and 
Son, of 47, Victoria-street, S.W., has taken into partner- 
ship his brother, Mr. Benjamin Wrightson Head, M.A. 
Cantab, A.M.I.C.E., who has been his chief assistant since 
the death of the late Mr. Jeremiah Head, in 18!!.— 
Messrs. Alfred Herbert, Limited, of Coventry, ask us to 
call the attention of our readers to the fact that their 
London show-room has been removed from 7, Leonard- 
street, Finsbury, to 24 and 26, Holborn, E.C., whilst 
their Liverpool show-room has been moved from 23, 
Canning-place, to 12 and 13, Cleveland-square.—We are 
informed that Mr. Robert Mitchell, formerly demon- 
strator in the Physical Laboratory of the Royal College 
of Science, South Kensington, and latterly with Sir 
George Bullough, of Messrs. Howard and ——. of 
Accrington, has joined the directorate of the Phcnix 
Dynamo Manufacturing Company, Limited, Bradford. 
—From January 1, 1904, the business of the Electrical 
Transmission Company, Albert Works, Hammersmith, 
is amalgamated with that of the Sturtevant Engineering 
Company, Limited, whose works are at 29, Bankside, 
S.E., and offices at 147, Queen Victoria-street, E.C. All 
communications should be addressed to the latter.—Mr. 
R. Heber Radford, of 15, St. James’-row, Sheffield, 
announces that he has taken into partnership his son, 
Mr. Reginald Heber Radford, and also his chief’ assis- 
tant, Mr. Frank Squire. The firm will in future be 
known as “‘ R. Heber Radford, Son, and Squire.” 


Alliott, and Co., 
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NOTES FROM THE SOUTH-WEST. 


Cardiji.—There has been rather more inquiry for best 
and second-class large steam coal. The best large has | 
made 14s. to 14s. 3d. per ton, while secondary qualities | 
have brought 13s. 3d. to 133. 9d. per ton. Household 
coal has shown little change. The best ordinary qualities 
have been making 14s. to 15s. per ton, while secondary 
descriptions have been quoted at 10s. 6d. to 13s. per ton. 
No. 3 Rhondda large has brought 14s. Gd. to 14s. 9d. per | 
ton. Foundry coke has been making 18s. to 19s. per ton, 
while furnace ditto has brought 17s. to 18s. perton. As | 
regards iron ore, Rubio and Almeria have made 14s. to | 
Hs. 3d. per ton, while Tafna has been quoted at 15s. per | 
ton. 

Brynecthin.—It is stated that a strong company is | 
about to restart the Bryncethin pits. These pits were 
sunk by a Barrow-in-Furness company about thirty | 
years ago. 

Barry.—The combined exports and imports at Barry 
docks last year amounted to rather more than {,000,000 
tons. In 1902, the corresponding total was 8,940,000 tons; | 
in 1901, 8,085,417, tons; in 1900, 7,486,996 tons; in 1899, 
7,489,317 tons; in 1898 (which witnessed a great coal | 
strike), 4,551,399 tons; in 1897, 6,107,604 tons; in 1896, 
5,495,448 tons; in 1895, 5,266,548 tons; and in 1894, | 
5,067,014 tons. The trade of the port has accordingly | 


experienced a satisfactory expansion during the last ten | profitab } 
| in districts served by the South-Western Railway. 


years. 
The American Mails.—Commencing with the New Year 
the American mails conveyed by the packets of the | 
American line will be landed at Plymouth instead of at | 
Southampton. It is anticipated that the new arrange- | 
ment will accelerate the delivery of the American mails | 
for South Wales. 


Changing its Name.—The directors of the Alexandra | 
(Newport and South Wales) Docks and Railway Com- 
pany intend to apply to Parliament for leave to drop the | 
name by which the company has been known since 1882, 
and to adopt the shorter designation of ‘‘The Newport 
and South Wales Railway Company.” 


Welsh Coal Exports. —An approximate idea may now 
be formed as to last year’s coal exports—foreign, coast- | 
wise, and bunkers—from the ports of Cardiff, Newport, 
and Swansea. The shipments for December are partly 
estimated in each case. Subject to this remark, we find 
that the total shipments from Cardiff in 1903 were 
19,490,756 tons, as compared with 19,056,310 tons in 1902, 
and 18,135,608 tons in 1901. The exports from Newport 
last year came out at 4,344,453 tons, as compared with 
4,070,917 tons in 1902, and 3,841,541 tons in 1901. The 
exports from Swansea were 2,500,310 tons, as compared 
with 2,487,210 tons and 2,456,968 tons. 


Welsh Coal for the Extreme East.—There were several 
inquiries on Cardiff Exchange on Saturday for Welsh 
steam coal for the Extreme East; and as the demand has 
been growing steadily for months past, prices are harden- 
ing. The names of several of the steamers chartered have 
been disclosed, and new orders for between 16,000 and 
18,000 tons have been booked for immediate despatch. 
Ihe total quantity of large steam coal required by 
Japan is reported to be 80,000 tons. 


Progress of Plymouth.—In order to successfully cope 
with the large increase of traffic which will arise at the Mill- 
bay Docks early this year, in consequence of the decision | 
of the American line to employ the Great Western Rail- | 
way for the landing and despatch of mails and passengers, | 
it has been decided to increase the excellent accommoda- | 
tion already provided. Plans have been approved for 
the construction of an additional quay for passengers 
and mails to be landed on the north side of the jetty, which 
is connected with the pontoon by a bridge. The work of 
dredging the harbour in the vicinity, in order that tenders 
may go alongside steamers at any state of the tide, will be 
begun in a few days, and the building of the quay, which 
will be 140 ft. long by 40 ft. broad, will be rapidly proceeded 
with. The quay will be sheltered by a large roof, which 
will be extended to join the shelter already provided out- 
side the baggage warehouse and waiting-rooms, so that 
passengers, as with the other quay now in use, will be 
protected from the weather. The American Line steamers, 
as a rule, carry a heavy mail, and in order that there may 
be the least possible delay, two tenders will be sent to 
meet every ship, one to convey mails and the other pas- 
sengers ashore. This is already done with the fast 
trans-Atlantic liners which call at Plymouth to land 
= and passengers, and considerable time is thus 
saved. 





Bristol Docks.—Bristol dock and city dues last year | 
amounted to 144,551/., showing an increase of 18,585/., as 
compared with 1902. The outlook for the future is also | 
stated to be favourable. 








Cuinian Rainways.—Messrs. Leopoldo Ottenheim and 
Carlos Gibbes have obtained a concession for a narrow- 
gauge line between the mineral district of Collahuasi and 
& point on the Iquique Railway. 





Conrracts.—Messrs. Hayward, Tyler, and Co., of 90} 
and 92, Whitecross-street, E.C., furnished the pumping | 
equipment which is to lift the water from a 6-in. bore: | 

ole now being sunk for the supply of the troops in 
Somaliland.—The Linde British Refrigeration Company, 

imited, 35, Queen Victoria-street, London, E.C., have 
received an order from the Northern Counties Icemaking 
and Cold Storage Company for an electrically-driven plant | 
to produce 20 tons of ice per day and to cool nearly | 
200,000 cubic feet of cold-storage space, to be erected at | 
their new premises, Quayside, Newcastle cn-Tyne. | 





|cars running over their metals. 


MISCELLANEA. 


Ravtvum in ‘‘appreciable” quantities has been discovered 
by the Hon. R. J. Strutt in the iron deposits left by the 
Bath waters. ‘The amount cf radium, though appreciable, 
is, it appears, much less than in pitch-blende. 


Wireless telegraphy, by way of experiment, is about 
to be established between Karlskrona, the most important 
naval port in Sweden, and Berlin, at the initiative of 
German and Swedish naval officers. In Berlin the Slaby- 


| Arco station will receive the messages. 


A Geographical Exhibition, got up by the Geographical 
Association and the London County Technical Education 
Committee acting in conjunction, was opened on Tuesday 
last at the South-Western Polytechnic, Manresa-road, 
Chelsea. It will close on Tuesday next. 


In their annual trade report, just issued, Messrs. 
Matheson and Grant, of 13, Walbrook, London, express 
the opinion that if peace is maintained, numerous works 
projected, but at present postponed, must soon restore 
an equilibrium between the demand and the producing 
power of the country. 


The London and South-Western Railway Company are 
now completing at their Nine Elms locomotive works 
a powerful motor-car, which will shortly be experimented 
with in order to see whether the tit motor-car can be 
wrofitably utilised in affording increased transit facilities 


The Inter-State Commerce Commission of the United 
States have given orders that the railway companies are 
in future to tile and publish their tariffs for export and 
import traffic. As matters stand, a Chicago merchant 
gets an advantage in rates to Liverpool as compared with 


| a New Yorker, who has already paid the ordinary railway 
}rates on his goods to New York, and then wishes to 
| export them. 


Our railway companies complain somewhat bitterly as 


| to how they are mulcted in rates, but hitherto there has 


been no attempt to include in the valuation made the 
This very thing has, 
however, been recently attempted in the States, the tax- 
appraisers including in their valuation of railway property 
in their district the average number of cars traversing 
daily that particular piece of line. The courts, however, 
have supported the railway companies as against the 
taxing authorities. Z 


The last financial year of the Danish State Railways 
shows a much better result than the previous one. The 
receipts amount to 29,300,000 kr., and the expenditure 
amounts to 26,250,000 kr., leaving a surplus of over 
3,000,000 kr., whilst the previous year showed a deficit 
of 141,000 kr. This improvement has been brought 
about both by an increase in the receipts and a reduction 
of expenditure. The increase in the receipts is all on 
the goods traffic. ‘The decrease in expenses arises out of 
various circumstances more or less incidental, coupled 
with a stringent economy, where such has been possible. 


With the close of last year the Manchester Guardian 
issued a special commercial supplement dealing with the 
present status of industrial matters in the Manchester 
district. Perhaps the greatest interest attaches to the 
article dealing with the growth of the city as a seaport. 
The weight of merchandise handled there is now about 
34 million tons per annum, and we note that whilst the 
revenue receipts have nearly doubled since 1897, the 
working expenses have been almost stationary. Con- 
comitant with the constructions of the Manchester docks 
has been the development of the Trafford Parks Estates 
as an industrial district, where upwards of 10,000 men now 
find employment. 


A Commission appointed to consider an addition to the 
water supply of New York has reported in favour of 
filtering the whole of the present supply at the earliest 
date possible. Any further supply should, they recom- 
mend, be a high-service one, to be distributed from a 
reservoir situated to the north of the city, where there 
is a site available at 295 ft. above tide level. They esti- 
mate that in another 25 years the population to be served 
by the New York supplies will number seven millions, 
and that the amount needed will be 120 imperial gallons 
per head per day. The present supply to New York 
amounts to 96 imperial gallons per head per day. ‘Tl'o 
supply the quantity estimated in their forecast the 
present sources of supply should be augmented by 400 
million imperial gallons daily. In support of their high 
estimate of the quantity required per head, the Commis- 
sion state that their observations‘on water waste in New 
York show that apparently not more than 15 per cent of 
the present supply is now actually wasted, though their 
methods of arriving at this figure are not entirely satis- 


| factory, as their methods of testing have not been above 


criticism, 

M. Lancrenon’s system of heating railway carriages 
by a mixture of steam and compressed air is to be 
made general on the Eastern Railway of France, the 
company having been testing the system for some years 
before coming to a final decision. The method is 
stated to have many advantages over steam heating, 
which, moreover, is unsuitable for trains of more 
than ten to twelve carriages. Trouble also arises from 
plugs of condensed water obstructing the pipes. The 
troduction of a certain proportion of compressed air 
along with the steam is said to overcome all difficulties. 
Any condensed water is carried along with the air current 
to the proper traps and got rid of without difficulty, 
and quite small pipes can be used without occasioning 
trouble. In an experimental train fitted up by the 
railway company there were sixteen carriages and 
three luggage vans. When steam only at a pressure 








of 57 lb. per square inch was admitted to one of the 
heating mains, the pressure at the end of the train was 
only 10 lb. per square inch. On introducing a little air 
so as to raise the pressure at the near end to 60 lb. per 
square inch, the pressure at the far end immediately rose 
to 284 1b. per square inch, which fell to 21.33 1b. per 
square inch when the steam-traps opened. In another 
train, consisting of 26 carriages and four vans, it was 
impossible to carry the steam (used alone) to the end of 
the train, even when the initial pressure was 64 Ib. per 
square inch. On admitting air, however, bringing the 
initial pressure up to 674 lb. per square inch, the pressure 
at the tail of the train rose to 214 lb., ond fell to 18? lb. 
per square inch when the traps opened. The amount of 
air used is about 10 per cent. of the steam supply. With 
this system the heating-up of a train is very rapid, 
10 minutes sufficing for a train of 12 carriages, und 
20 minutes for one of 18 


In his interesting lecture on radium, delivered at 
Birmingham on Wednesday, Sir Oliver Lodge claimed 
that though when the X-rays were discovered theory was 
for the moment behindhand, this were not the case with 
radium, since the theory of bodies of this kind had 
already been worked out. ‘This theory they owed 
to the labours of many, but to two Englishmen in 
especial did they, in his judgment, owe it—viz., Messrs. 
Larmor and Thomson, now professors, at Cambridge, of 
mathematics and physics respectively. From them and 
others they learned, Sir Oliver Lodge proceeded, that 
electricity existed in small particles, which they could, in 
a manner, ‘‘see” in the cathode or Crookes’ rays, and 
which were called ‘‘electrons.” These composed the 
atoms of matter. Atoms were small; three hundred 
million of them could lie in a row side by side in an inch, 
and there were a trillion of them in each granule of 
lycopodium dust. But electrons were very much smaller, 
100,000 of them could lie in the diameter of an 
atom, for they were a thousand-million-million times 
smaller in bulk than atoms were; they were to atoms 
as a grain of dust shot is to the size of the Town Hall. 
An atom of matter, as near as they could estimate it at 
present, consisted of positive and negative electricity, and 
nothing else; the negative electrons in a state of violent 
movement, with occasional possibility of escape. An 
electric charge in motion constituted all the electric 
currents and magnetism, and it ae pg momentum ; 
further, when accelerated, it should, by Poynting’s 
theorem, generate radiation. Hence, on the view, or 
mathematical theory, that the atom was actually so con- 
stituted, the absence of atomic radiation in the year 1895 
was a difficulty ; the escape of the electrons as projectiles 
was probable ; and soon afterwards it was realised that, 
since the atom was composed of parts, the occasional dis- 
integration of an atom was not unlikely. These three 
expected effects had now been experimentally observed in 
the radiation from two or three different elements, and 
constituted what were called the Gamma rays, the Beta 
rays, and the Alpha rays respectively. 








KEEPING OUT ForEIGNERS.—A new law regulating rail- 
way ownership in China provides that not more than 50 per 
cent. of the stock of any Chinese railway is to be owned 
by foreigners. 

Mexican Rattways.—A railway is projected from the 
Pacific port of Altata, in the State of Sinaloa, to the 
mining district of Topia. Mr. J. Almada, a Mexican 
capitalist, is associated with the enterprise, in which he 
has interested people in the United States. A concession 
has just been granted to Senores José Arce and Francisso 
F. Castello for a line from Tlalpujahua to Angangueo, in 
Michoacan, and preliminary surveys are now being made. 





A Swept1sH Trust.—The proposed amalgamation of a 
number of Swedish iron works wil], in all probability, 
soon be completed. » It*comprises, amongst others, the 
well-known establishments of Iggesund, Torsbacka, 
Hofors, and Fagersta. The capital will be about 600,000/., 
and the form will be that of a limited company. The 
principal object of the amalgamation is to bring about 
more simplicity in the manufacture of the various works, 
each of which, at present, manufactures a vast number 
of articles, whilst under the new order of things each 
establishment will confine itself to some few leading 
specialities. 

Tur Tees.—At a meeting of the Tees Conservancy 
Commissioners at Middlesbrough, on Monday, the 4th 
inst., Mr. Alderman Bell, in reviewing the accounts for 
the past year, said that they were in every way satis- 
factory. The receipts were 6500/. more than last year, 
and the expenditure 3900/. less, so that their improved 
condition, in regard to receipts and expenditure, was 
10,0007. on the year. The river dues showed an increase 
of 6900/., while there were a few small decreases, leaving 
a net improvement of 6580/. The increased receipts had 
been largely drawn from ships going into the river, and 
from goods imported, the increase on the latter item 
being 723/. He regretted that the income from vessels 
launched and machinery showed a reduction of 715/. A 
large increase in the expenditure was represented by the 
transference to the dredging account of 10,5887. On the 
other hand, a large expenditure which the commissioners 
incurred last year for the issue of a loan had disap 
This item amounted to 12,243/., which accounted for the 

reat reduction in the expenditure. There was also an 
item of 1618/., the decreased cost of management and 
maintenance, and 1262/. decrease in interest paid. The 
present indebtedness amounted to 878,237/. Considerable 
expenditure would soon be necessary for the purchase of 
new dredging plant, while 80007. would have to be spent 
on a new graving dock, 
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BORSIG’S WORKS IN GERMANY; TYPICAL LOCOMOTIVES BUILT. 


(For Description, see Page 40.) 






















Fic. 77. Cour.ep Goopvs Locomotive; East Inpran Rarway. 




















Fic. 73. Courounp Tank Locomotive, Matter System ; CentraL Aracon Rarbway. 











Fic. 79. Comvounp ArticuLaTeED LocomoTivE; JAROSLAW-WoLOoGpA ARCHANGEL Raiiway. 














Four-CyLinpeR Comrounp Exrress Locomorive; Ivattan SourHern RatLway. 
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NOTICES OF MEETINGS. 


January 9, at 7 p.m., at the Institute, Dudley. Mr. 
Parkes, M.P., will deliver an address on ‘‘ Foreign Competition.” 


Paper to be read : 


‘*Marine Petrol Engines and Motor Launches,’ 
by Mr. 0. S Memb 
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an Important Factor in the Solution of the Housing Problem.” 

Tue INSTITUTION OF MECHANICAL ENGINEERS: 
AssociaTion.—Monday, January 11, at 7.30 p.m. 
read :—‘* Electric Passenger Lifts,” by Mr. P. 
Graduate. 


H. 


8 p.m. 
System,” by Mr. Alexander Millar, Assoc. M. Inst. C.E. 
8 


entitled ‘‘ Motor Vehicles.” 

Society oF Arts.—Wednesday, January 13, at 5 p.m. 
Lectures. 
M.A. (Lecture IL.). Thursday, January 14, at 4.30 p.m. 
Section. 
Warner, K.C.S.1., Member of Council. 
Brodrick, M.P., Secretary for India, will preside. 

THe INstiITUTION OF ELECTRICAL 


Member. (Adjourned discussion.) 
these Machines,” by Dr. Hans Behn-Eschenburg. 
RoyauINstiruTion OF GREAT Brirain.— Friday, January 15, at9 p.m. 
The Right Hon. Lord Rayleigh, 0.M., M.A., D.C.L, LL.D., D.Sc., 
F.R.S., M.R.1., on ‘‘Shadows.” Afternoon lectures next week :- 


ture I.). 
Ocean,” by Mr. G. R. M. Murray, F.R.S. (Lecture I.). Saturday, 
January 16, at 3 p.m.—‘ British Folk Song (with Vocal Illustra- 
tions), by Mr. J. A. Fuller Maitland (Lecture J.) 

Tue INSTITUTION OF MECHANICAL ENGINEERS.—Friday, January 15, 
at 8 p.m. Paper to be read and discussed :—‘“ Sixth Report to 
the Alloys Research Committee on the Tempering of Steel,” by 
the late Sir William C. Roberts-Austen, K.C.B., D.C.L., D.Se., 
F.R.S., Honorary Member, 
Member of the Committee. 
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and Professor William Gowland, 


ENGINEERING TRAINING AND THE 
NORTH-EAST COAST. 

In our issue of December 18 we published an 
article on the influence of the naval and military 
services on the education of engineers, but we feel 
no apology is needed for returning to the subject 
after so brief an interval, as the education of those 
into whose hands industry is to pass is the foun- 
dation of the prosperity for the State. Our first 
object at present is to call attention to the admir- 
able work being done in this field by the North- 
East Coast Institution of Engineers and Ship- 
builders. This country, and, indeed, the whole 
Empire, already owes much to this public-spirited 
society for being chiefly instrumental in bringing 
about reforms that will lead to higher efticiency 
amongst naval officers. That in itself is a matter 
bearing closely on technical education, and it 
naturally leads up to the wider and more important 
aspect of the question which the North-East Coast 
Institution has now taken up. 

It will be remembered that at a general meeting 
of this Institution, held in May last, a committee 
was formed to consider and report upon questions 
affecting the training of young men in engineering 
|and shipbuilding works. The Committee was an 
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Tuk STAFFORDSHIRE IRON AND STEEL INsTITUTE. — Saturday, 
Ebenezer 


THE INsTiITUTE OF MARINE ENGINEERS.—Monday, January 11, 


at 7.30 p.m., at the London Institution, Finsbury-circus, E.C. so far as the term ‘‘ education” is understood to be 


Tur Surveyors’ Instirution.— Monday, January 11, at 8 p.m. 
Discussion on the Paper read by Mr. H. T. Scoble (Professional 
Associate), on November 23, entitled ‘‘ Industrial Decentralisation, 


GRADUATES’ 
Paper to be 
Stevens, 


Tue InstiTuTION OF CiviL ENGINEERS.—Tuesday, January 12, at 
Paper to be submitted for discussion :—‘‘ The Electrical 
Re-Construction of the South London Tramways on the Conduit 


LIVERPOOL ENGINEERING Soctety.—Wednesday, January 13, at 
.m., at the Royal Institution, Colquitt-street, when a paper 
will be read by Mr. W. Norris, Assoc. M. Inst. C.E., M.I. Mech. E., 


Juvenile 
‘* Navigation of the Air,” by Mr. Eric Stuart Bruce, 
Indian 
“The Presidency of Bombay,” by Sir William Lee- 
The Right Hon. St. John 


EnatnEErs. — Thursday, 
January 14, at 8p.m., at the Institution of Civil Engineers, ‘‘ The 
City and South London Railway :Working Results of the Three- 
Wire System Applied to Traction, &c.,” by Mr. P. V. McMahon, 
i ““On the Magnetic Disper- 
sion in Induction Motors, and its Influence .on the Design of 


Tuesday, January 12, at 5 p.m.—‘‘ The Development and Trans- 
formations of Animals,” by Professor L. C. Miall, F.R.S. (Lec- 
On Thursday, January 14, at 5 p.m.--‘‘The Flora of the 


large part of their time and energies to the service. 
The names of those appointed were as follow :— 
Henry Clark, W. H. Dugdale, G. B. Hunter, Sum- 
mers Hunter, F. T. Marshall, D. B. Morison, 
Robert Thompson, R. L. Weighton, Henry Withy, 
and John Tweedy, the latter being chairman. Mr. 
Duckitt acted as secretary. It speaks well for the 
North-East coast, and for the Institution in par- 
ticular, that it should be able to produce a purely 
local committee the membership of which would 
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include as much as is likely to be obtained. It is 
better to ask little and get something, than to ask 
much and get nothing. 

The report deals with two classes—the ordinary 
shop apprentice, qualifying to be an artisan, and 
the ‘‘pupil,” who aspires to a leading position, 
either as an employer or in some position of higher 
trust. Inregard tothe former class, the Committee 
consider that they should have some instruction in 
elementary science at school. This is almost equiva- 
lent to saying they should have had some education, 


a training for an engineering career: In the next 
place, the Committee believe that ‘‘the industrial 
conditions in this country now call for some change 
in the methods of selecting and training those 
destined to work in the higher branches of engi- 
neering and shipbuilding,” and that ‘‘if we 
are to maintain our position in those industries 
in which science now plays so important a part, 
more vigorous efforts than hitherto must be 
made to secure the highest and most suitable 
education and training for adequate numbers of 
selected youths.” The expression of opinions such 
as these are extremely hopeful as coming from a 
body in which the employer element is so largely 
represented ; but the report goes even further than 
this, for it describes as ‘‘ obvious” the fact that 
‘* the attitude of employers will largely determine 
whether such youths will be induced to equip them- 
selves for competition on equal terms with the 
more highly-trained young men of other nation- 
alities.” What has been ‘‘ the attitude of employers” 
at home is well known to the majority of our 
readers ; an example was given of how it sometimes 
compares with the attitude of employers abroad in 
a recent article on this subject.* 

In order to improve the general position the 
report in question suggests certain details which 
should govern the procedure of engineering firms 
—both in regard to the employment of appren- 
tices and pupils. Taking the former class first, 
15 to 16 years is accepted as the starting age, 
and it is proposed that marks should be awarded 
for science examinations, for time-keeping and 
good conduct. Additional pay will be given 
to those who conform-to certain standards in 
accordance with the success achieved. For ex- 
ample, an apprentice who in any one year passes 
in two science subjects at: an evening science 
school will be entitled to 40 marks—20 for each 
subject ; if he has not lost any time (sickness and 
special leave do not count), he will receive another 
40 marks ; whilst if the chief foreman of the de- 
partment gives an unexceptionable. report of good 
conduct, perseverance, and progress in the work- 
shop, thereswill be added another 40 marks, making 
120 in all. 

This successful result would, under. the scheme, 
entitle the apprentice to 1s. a week extra pay— 
quite a substantial addition for an ordinary ap- 
prentice. A total of 70 marks would give an 
additional 7d. per week, and other sums would 
be paid in proportion down to a total of 60 marks, 
below which nothing would be awarded. The 
apprentice who failed to get any marks for time- 
keeping, good conduct, and perseverance would be 
liable to dismissal. It is also proposed that if, 
during the first three years, an apprentice should 
show marked ability at evening classes, and obtain 
maximum marks in other respects, that he should 
be allowed to spend his fourth and fifth year at 
college day-classes, the fees being paid by the 
employer. It is also suggested that each year one 
vacancy in the drawing-oflice should be filled by 
| the apprentice obtaining the highest marks under 
| the scheme. 
| So far as ordinary apprentices are concerned, 








* See ENGINEERING, Vol. Ixxvi., page &9. 
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the proposed arrangements are liberal and fairly 
open the door to higher positions for those of 
humble birth. Although employers are asked to 
make some sacrifice, there can be little doubt 
they would be exercising a wise liberality that 
would more than repay them. Perhaps one of the 
most unfortunate conditions of modern industrialism 
consists of the way in which employers have grown 
to think that the goodwill of the rank and file does 
not affect the success of their business. It is a 
foolish and short-sighted idea, which is largely 
accountable for the enormous power the militant 
trades unions have been able to usurp. No doubt, 
with the irregular nature of modern trade, and the 
consequent fluctuating demand for labour, it is 
very difficult for an employer to keep in touch 
with the nomadic artizan. In a_ well-managed 
engineering works of the ordinary kind, however, 
the bulk of those employed should be old servants, 
who have found regular employment in the works 
for years past, and, preferably, have been trained 
on the establishment. A scheme such as that put 
forward by the Committee would tend towards such 
a state of affairs, which we hope—-if faintly—may 
not be considered altogether utopian. 

We now pass to the part of the report which 
deals with the regulations that apply to the ‘‘pupil” 
class. It is anticipated that pupils will have passed 
through a three or four years’ engineering day 
course at a university college, and have obtained a 
certificate or degree. They are to ‘‘serve a three 
years’ pupilage.”” The expression is somewhat con- 
tradictory, and illustrates the confusion of mind 
respecting the status of ‘‘ pupils” so called ; for if 
these young men are pupils within the proper mean- 
ing of the term, they receive instruction, and can 
hardly be said to ‘‘ serve.” However, the expression 
has the sanction of usage, and its meaning is fairly 
well understood. For the first year the scale of 
pay is to be that of an ordinary apprentice in 
the third year, whilst the scale of pay for the 
last two years will be that of ordinary appren- 
tices of the fourth and fifth years, plus three 
to five shillings a week respectively. We may 
conclude, therefore, that the pupil will enter the 
works generally at the age of about 20 or 21 years. 
He will receive 10 to 12 shillings a week for the 
first year, and from 16 to 19 shillings a week for 
the last two years. If, however, the pupil has 
taken honours, the extra pay would be, according 
to the scheme, 1 and 2 shillings a week more res- 
pectively for the last two years. 

This proposed arrangement will open the door of 
the engineering profession to a class that has hitherto 
been shut out—namely, the sons of those with 
small means, but who still have a limited surplus 
from which they can supplement the earnings of 
their children. A youth of extremely frugal habits 
can be supported on a pound a week, supposing he 
dresses like a workman and foregoes amusement. 
Now we are far from wishing for young engineers 
a ‘“‘kid-glove and cotton-wool” environment, but 
we have to face a practical question which must 
be decided apart from sentimental bias. The 
problem is, Are the inducements held out to 
young men of promise sufficient to induce them 
to adopt engineerig as a calling, and then to 
follow it up in this country. We must here repeat 
what we said on a recent occasion—that the most 
fruitful recruiting ground is in the ranks of the 
moderately well-off classes ; those who have means 
to give their children sufticient education—both 
at home and at school—but are not so rich as to 
subject them to the dangers of luxury. Under 
existing circumstances, is a parent of this class 
likely to give his son an expensive course at a tech- 
nical college with the expectation that at the age 
of 25 years he will be receiving no more than 19s, 
to 1l, a week, if so much ? 

On the other hand, what is the employer likely 
to get’? Are these young men who have had the 
advantage of a scientific education really worth less 
in the shops and the drawing-office than a common 
labourer? It is a favourite saying of owners of 
works, managing directors, and others, when 
interviewed by parents, that an apprentice is use- 
less, or worse than useless, for the first year, and 
very little good until he is nearly out of his time. 
There are a few young men like that, as there 
are useless persons in all walks of life; but the 
average apprentice who has previously been through 
a technical course is, in a few weeks, to be found 
doing work that would command three or four 
times the price he receives for it if he were a 
journeyman out of his time. We are not now 








speaking of the ordinary young apprentice fresh | 
from the Board school—although these soon learn 
to do excellent swork—still less of the premium 
pupil, who has paid for the privilege to loaf, but 
of the young men of 19 to 25 who have been 
through a college course, but who enter the works | 
in any capacity they can get employment, because | 
they cannot pay the premium. 

We are aware that these views as to the useful- 
ness of apprentices and pupils will be traversed | 
by a good many employers, a number of whom | 


make large incomes from premiums ; but it would | 





be well if some of these were to turn to a report | 


that was issued on behalf of employers during the 
last great engineering strike. 
proved to have done the same work as regular 
journeymen in a large number of instances that 
were brought forward as examples. 

Returning to the report of the Committee, we 
find two other schemes for the regulation of pupils. 
Youths who desire to combine workshop experience 


By doing so they | 
will find that apprentices again and again were | 





with college study, and who hold no certificate or 
degree from a university college, are to be admitted 
to works as pupils if they have received a sufticient 
preparatory education ; if they have passed a gra- 
duating examination for a science course at an engi- 
neering college, this would be considered sufficient. 
These young men are to undertake to attend for at 
least three academical years at a university college 
during the currency of their pupilage, which is to| 
extend over a period of six years, including the time 
spent at college. Their pay will be that of an 
ordinary apprentice plus four shillings a week sub- 
sequently to the first year’s college training. This 
arrangement, which gives an alternation of works 
and college, offers great advantages, of which we 
think young men of moderate means will be likely 
to take advantage—supposing, of course, employers | 
give it encouragement. 

The remaining scheme is for the benefit of ordi- 
nary apprentices who have been able, during ap- 
prenticeship, to matriculate for an engineering 
course. These will be put onan equal footing with 
those in the last-named class in regard to privilege 
in breaking the continuity of work, so as to take 
the day classes at college, and will also receive the 
additional pay. It is to be hoped that this con- 
tingent will be a numerous one. It gives the 
young man of parts, who is of humble parentage, a 
chance that has too seldom, if at all, been at his 
command. 

It will be interesting to see what the report 
brings forth. It is being ofticially issued to the 
members of the North-East Coast Institution, and 
we have little doubt that its principles will be 
adopted by many of those who are employers. Cer- 
tainly the report does not ask anything unreason- 
able from the owners of engineering works. Under 
its provisions they are likely to lose nothing by 
their apprentices and pupils, even under the 
most favourable conditions to the latter. In 
the United States the graduates of a technical 
college are considered worthy of the ‘‘ living wage,” 
as Professor Dalby’s report amply proved. As the 
American employers declare that the young men 
they get from the colleges are well worth the money 
they receive—the demand greatly exceeds the supply 
—it would seem, either, that the British graduate 
from a technical college is a more worthless article 
than his American confrére ; or, that the British em- 
ployer, taking advantage of his position, pays those 
who work for him inadequately for their labour. 

Whatever may be the cause, there is no doubt that 
we have got into a vicious circle—the legacy of the 
pernicious premium system. We cannot hope to 
shake off bad habits all at once, and the North- 
East Coast Committee have been wise in not sug- 
gesting an heroic remedy at first. The report is, 
however, a fairly long step in the right direction, 
and we think there could be no more promising 
field than the Tyne, Tees, and Wear valleys for an 





advance towards an enlightened policy of fair 
dealing on the part of employers with those who 
do so much towards the prosperity in which all | 
share. Probably the Council of the Institution will | 
tind it convenient to publish in its Transactions a | 
list of those firms, not only in its own province, | 
but throughout the country, who agree to follow 
the recommendations contained in the report. 
The engineering industry of a district that first 
takes up a more enlightened and less foolishly 
selfish attitude towards its recruits is sure to 
score heavily, and we hope local patriotism will | 
induce strong competition in this field. | 








THE CHICAGO THEATRE FIRE. 

We have in these columns, some years back, dealt 
at considerable length with matters pertaining to 
theatre safety, and more particularly regarding the 
stage, which is the principal seat of danger in any 
playhouse. It will be remembered that we strongly 
advocated the application of the metallic stage as 
affording, among other advantages, the least amount 
of inflammable material, not only in its structural 
parts, but also in its cables, battens, &e. Given a 
metallic stage and impregnated scenery, the fire 
risk of « theatre should be reduced to a minimum, 
more particularly, if every possible care is taken in 
the installation and handling of the electric light- 
ing, which in itself affords a considerable safeguard 
to the playgoer, as compared with the dangerous gas 
illumination so common until a few years back. 
In London the metallic stage has been adopted ona 
large scale at the Royal Opera House, Covent 
Garden, where, combined with the reduction of 
manual labour through the application of electric 
power, and with the duplicate system of elec- 
tric lighting recently installed, a stage that was 
of a most highly dangerous character has been 
transformed into a comparatively safe one ; and the 
maximum amount of danger, which was to be found 
there some five years ago, has been turned into very 
nearly a minimum of danger, which only still 
requires the application of impregnated materials 
in the scenery, &c., to make it quite complete. 

We think that if the principle of this metallic 
stage and impregnated scenery were adopted in all 
our theatres, the chief cause of serious tires would 
be done away with ; and although fires must neces- 
sarily originate from time to time, either through 
open lights, accident, electric sparking, or other 
causes, they would be of such a trivial character as 
to be easily extinguished, and would have no chance 
of making that headway which leads to panic and 
calamity. It is outside practical possibilities to 
compel all theatres existing to adopt metallic stages 
and impregnation, but these conditions should 
certainly be made compulsory for all new buildings, 
and the licence should be made subject to the 
maintenance of impregnated scenic equipment. — It 
is, of course, difticult to tamper with the vested in- 
terests. A compromise can only be arrived at; 
but we would seriously ask managers and theatre- 
owners whether the metallic stage of the Royal 
Opera House, Covent Garden, would not, besides 
according a greater immunity from fire, be of such 
practical benefit for their general work, and so re- 
duce their pay-sheets for manual labour, that the 
public interests and their own pockets would be 
equally served by their gutting their wooden stages 
and putting in metallic ones. 

To take a striking example : we have in the Metro- 
polis a house such as the Drury-lane Theatre, a build- 
ing at the present moment wisely subject to a search- 
ing investigation on the part of the London County 
Council as to its safety. This theatre is the home 
of scenic effect of the first order, but excepting 
for the individual electric and hydraulic stage-lifts 
installed some years ago, the general mechanism 
and general construction of this stage is of the 
most antiquated character, and requires a large 
staff of men to work it. Surely this is a case to 
point, where economic principles go hand-in-hand 
with the public interest. Yet better stage effects 
could be obtained more economically in this build- 
ing if a modern stage were applied, and much 
of the fire risk would be obviated. We know 
there is no law, or by-law, that can compel a 
manager of an old theatre to apply the modern 
principles which we advocate, and which have 
been so excellently and voluntarily adopted at 
Covent Garden ; but we hold that self-interest, as 
much as anything, should lead the management to 
put themselves on a more modern basis in this 
direction, and thereby obtain greater safety for 
their patrons. Drury Lane Theatre has the credit 
of being the first establishment in which an elect- 
rical ‘‘ bridge” was applied ; but the attempt was 
not sufficiently far-reaching, and the whole of this 
stage, to our mind, should be gutted and recon- 
structed. Given both Covent Garden and Drury 
Lane with such equipment, we believe other mana- 
gers would follow suit by force of example and 
interest in pocket. 

The stage, to our mind, as we have said above, 
is a source of danger, but mechanical science 


and engineering knowledge have advanced sutfli- 
ciently to enable this danger to be obviated, both 


practically and economically. It is to be hoped 
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that the Chicago fire will lead to a reduction of 
risk from this source. As to the matters of 
construction, we do not wish to speak here. They 
are primarily matters of architectural interest. Of 
the fire and the defective curtain we will write 
at a later date, when we have received more tech- 
nical details from America; for, as far as the 
mechanical and fire-service interest is concerned, 
we shall give this fire considerable attention, and 
we trust that our efforts in this direction will bear 
some fruit in the interests of the community. 








THE LAW OF COMPENSATION. 
Tue compulsory purchase of land, for the purpose 
of railways and all other undertakings of great 
magnitude, is of such vital importance that every 
legal decision which explains, or elucidates, the 
state of the law upon the subject is of the greatest 
interest. While the landed proprietor whose land 
is taken from him by statute is anxious to avail 
himself of every opportunity of increasing the 
selling value of his holding, the compulsory pur- 
chasers are glad to limit their liability as much as 
possible. 

The recent case of Sewell v. the Harrow and 
Uxbridge Railway Company, which was heard on 
appeal from Mr. Justice Ridley on November 5, 
raised a question of some nicety. The action was 
originally brought for a mandamus to compel the 
defendants to issue their warrant to the Sheriff of 
Middlesex to summon a jury to settle the amount 
of compensation due to the plaintiffs in respect 
of certain lands at Harrow. It appeared that on 
July 16 the defendants served a ‘‘ notice to treat” 
on a Mr. Hervé, who was at that time:the owner 
of the land. He sent in his claim, and certain 
correspondence followed, which, the defendants 
alleged, resulted in the price to be paid to Hervé 
being agreed upon. In the meantime he had sold 
the land to the plaintiff, who thereupon served 
notice on the defendants to summon a jury for the 
purpose of assessing the price payable to him. The 
company contended (1) that the price was already 
fixed and could not be re-opened ; (2) that Hervé 
had no power to sell the land after having a notice 
to treat served upon him. Mr. Justice Ridley 
held that no concluded agreement had been come 
to as to the price, and, secondly, that while 
no new interest in the lands might be created 
by a person who had had notice to treat and 
to part with them compulsorily, yet it was com- 
petent for him to part with them in toto. When 
the case reached the Court of Appeal, it was 
settled by the parties, so that no judgment bearing 
the seal of that Court was given upon these in- 
teresting questions. Nevertheless, the decision of 
Mr. Justice Ridley holds good, and is still law. 
It may be of interest if we consider its real bear- 
ing upon the law of compensation. 

As a general rule the notice to treat is so far 
binding that it fixes the interest in respect of which 
the owners can claim compensation, and determines 
the time at which the value of that interest shall 
be considered for the purposes of the assessment of 
purchase money or compensation. In other words, 
the interest in respect of which compensation has 
to be assessed cannot be varied after receipt of the 
notice to treat. 

But this rule is strictly construed ; and an agree- 
ment for the creation of an interest in lands, which 
is entered into prior to the service of the notice to 
treat, gives the beneficiary under such agreement 
the right to receive a notice to treat for the sale of 
his equitable right to purchase the land. 

In the case of the Birmingham and District Land 
Company v. the London and North-Western Railway 
Company ((1888) 40 Ch., D. 268), it appeared that 
the lessee of a building estate and his lessor entered 
Into an agreement under which the lessee might 
have claimed an extension of time under a build- 
ing agreement. It was held that the defendant 
company, in acquiring the building estate, could 
not disregard the interest of the lessee which gave 
him this right to an extension of time. 

As a matter of practice, it is generally agreed 
that the amount of compensation shall be assessed 
as from the date of the inquiry, or from the date 
when the promoters would take, or had taken, 
possession of the lands in question for the pur- 
pose of their undertaking ; but if the claimant can 
prove that he has suffered loss between the time 
of his receiving notice to treat and his dispossession 
by the promoters, he is entitled to claim for it. 
But the person upon whom the notice is served 








has no right to create other interests in the land 
after the notice. Thus in ex parte Edwards ( (1871) 
L.R. 12, Eq. 389) it appeared that the owner, after 
the receipt of the notice to treat, agreed to let the 
property for three years to a person who had pre- 
viously occupied part of it as a weekly tenant. It 
was held that the tenant could not recover any 
compensation from the undertakers. Lord Romilly 
(then Master of the Rolls) said :—‘‘ I am of opinion 
that the owner’s power of dealing with his property 
is concluded when the notice to treat is served, 
and that a lease granted subsequently to that period 
to a tenant cannot properly be compensated for.” 

The time of the notice to treat, however, is not 
always the crucial time at which the purchase price 
is to be estimated. 

In Tyson v. the Mayor, &c., of London, it was 
decided that where the promoters, in accordance 
with provisions contained in a special act, have 
expressed by some act, from which they cannot 
recede, their intention to take certain lands, the 
value of any interest taken must be assessed as at 
the time when such act was complete. In this case 
a notice had been served under Section 64 of the 
London City Improvement Act, 1847 (10 and 11 
Vict., c. cclxxx.), which provides that all persons 
in the actual possession of any lands to be taken 
as owners, leaseholders, tenants-at-will, or lessees 
for a year or any shorter time or otherwise, should, 
at the expiration of six months from and after 
notice in writing from the Corporation, peaceably 
and quietly deliver up possession of such lands ; 
but no such possession to be delivered up until 
such payment or deposit of purchase or compensa- 
tion money should have been made as is directed 
by the Lands Clauses Act, 1845. Mr. Justice 
Wills said in his judgment :—‘‘ That notice, when 
it is given, whether it be in such a form as to 
include a notice to treat or not, has an equally 
binding effect on the parties concerned. It is not 
to be treated as merely an intimation that the 
promoters will take, if they afterwards make up 
their minds to give notice to treat. That being so, 
it appears to me that the period of giving such 
notice is the period to which all questions relating 
to the right of compensation must be referred.” 








GOVERNMENT SPECIFICATIONS FOR 
INDIA-RUBBER. 

A NEW departure recently made by the War 
Office, through the Director of Army Contracts, 
calls for a word of comment, not only because of 
its intrinsic importance to those contractors imme- 
diately concerned, but also because it testifies to a 
disposition on the part of the authorities to take 
into their counsels those who have an intimate 
knowledge of existing conditions of trade, in pre- 
ference to relying entirely on those whose acquaint- 
ance with affairs is academic rather than practical. 
For some considerable time it has been urged by 
india-rubber manufacturers that the tests which 
the tender forms stipulated the rubber must stand 
were not devised in the best interests of the pur- 
chaser, and, further, that the restriction to the use 
of Para rubber was inadvisable. It is an open 
secret that the stipulation as to the exclusive use 
of Para rubber has been habitually disregarded, 
and this entirely on account of the price quoted 
in the tender having been to, a large extent, the 
determining factor in the placing of the contracts. 
Of course, the prevailing idea of the authorities 
has always been that their tests showed whether 
the rubber submitted was, or was not, fine Para. 
As a matter of fact, however, the tests were quite 
inadequate for this purpose, and this was point- 
edly brought to the notice of the authorities a 
year or so ago by representatives of the India- 
Rubber Manufacturers’ Association. 

It will be recognised that the state of affairs was 
extremely unsatisfactory when a contractor of repute 
knew perfectly well that, if he acted fully up to the 
letter of the specification, he had not the remotest 
chance of securing the contract, because he was sure 
to be outbid by a competitor who supplied samples 
of a lower quality, but fully capable of standing 
the official tests. The fact of the insufficiency of 
the tests having been brought home to those 
applying them, it would have been a surprising 
thing if some action had not been taken to bring 
practice more into line with existing knowledge; 
we say ‘‘existing knowledge” pointedly, because 
we are well aware that, of late, much has been done 
in the way of elucidating obscure problems in the 
chemistry of india-rubber. To speak, therefore, 











of the advisability of bringing tests up to the 
state of existing knowledge is in no way equivalent 
to making disparaging remarks about those who 
were responsible for the evolution of these tests 
in the earlier and darker days of the industry. 

It is pretty generally known that Para rubber 
is the best quality ; but where the term ‘* Para”’ 
is used without any qualification, it may easily be 
read by those so inclined as including what is 
called ‘‘Negroheads.” ‘This certainly is Para rubber 
in a sense, because it comes from the same tree ; 
but it is not what is understood by manufacturers 
as Para rubber. Briefly described, Negrohead, 
or Sernamby, to give it yet another name, is 
that part of the rubber milk which escapes the col- 
lecting vessel, and which undergoes coagulation 
on the trunk of the tree, or on the ground, by 
natural agencies, instead of by the smoking process 
by which the pure rubber is prepared. This rubber 
contains a certain amount of vegetable matter and 
dirt, and naturally fetches a lower price in the 
market. But making allowance for the loss in 
washing, the purified rubber always contains more 
resinous matter than the pure Para, and lacks the 
high resilient properties of the latter. It is not 
our purpose, however, to go into technical details 
at length, and we have only given this much as an 
instance to show that the stipulation for Para 
rubber is not sufliciently explicit if the very highest 
quality is really what is wanted. 

Turning now more particularly to the altera- 
tions which have, in accordance with the repre- 
sentation of the manufacturers, been made in the 
specifications, we find that instead of Para rubber 
being specifically mentioned, the selection of 
material is left to the manufacturer; he is en- 
joined, however, to use the best quality rubber, 
which, though it practically means Para, does 
not yet debar him from utilising an admixture of 
the highest quality African, if his intimate know- 
ledge of the manufacture has revealed to him 
paths by which he can steer his way through 
the laboratory jungle. For it is here that 
Nemesis will oyertake him if he fail to respond to 
the call for the best quality rubber. We have 
referred. above to the insufticiency of the usual 
tests: useful as they were for the detection of 
admixtures of oil substitutes, they failed lament- 
ably in discriminating between the best quality and 
the second quality of rubber. These tests have 
now been made more stringent, and instead of one 
hour’s dry heat at 280 deg. Fahr., and three hours’ 
moist heat at 320 deg. Fahr., the times are advanced 
to two hours and four hours respectively. The 
supposition is that the extra degree of severity 
imposed will afford all the information required as 
to conformity with the demand for best quality 
rubber. On this particular point we have no 
desire to express an opinion. If we may make a 
suggestion, however, it is that particulars should 
be afforded to manufacturers of the exact way in 
which the testsare carried out. It is notorious that 
in the past manufacturers have had occasion to resent, 
or have imagined that they had occasion to resent, 
the adverse verdict passed upon their samples or 
supplies. The tests carried out by themselves 
showed that the goods corresponded in every 
respect to what was asked for. These discrepancies, 
no doubt, arose quite innocently from the fact of 
different types of testing apparatus being used, 
though, in addition to this, we have to remember 
that tests such as these cannot be carried out with 
mathematical accuracy. Even supposing thata stan- 
dard set of apparatus were devised for the use of 
buyer and seller alike, this would not do away with 
the difficulty introduced by the personal element. 
Unless it is very succinctly stated what physical 
effects after the tests are to be considered as con- 
demnatory of the rubber, it is quite possible for 
one experimenter to pass and for another to reject 
asample. That this has frequently occurred in the 
past we know from actual experience ; and though 
it is not desirable to raise imaginary troubles, we are 
strongly of opinion that unless exactly the same 
method of making the test is followed by the Govern- 
ment authorities and contractors alike, the troubles 
of the past will repeat themselves. 

The matter, of course, is not one which entails 
any obligation for action on the part of the 
authorities. Any movement on the lines indicated 
would be dictated by courtesy alone; but we are 
sure that, were this courtesy extended, it would 
find its reward, and in more ways than one. In 
view of the alterations made by the War Oftice and 
Admiralty, it becomes an interesting matter for 
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speculation as to how far other Government de- 
partments will follow suit. There are the railway 
companies also, who have largely adopted Govern- 
ment nomenclature and tests in their specifications. 
Will they continue to advertise for Para rubber, 
and then make contracts at a price which precludes 
the employment of anything approaching to first- 
class rubber? These are interesting matters for 
conjecture, but it would hardly be cause for surprise 
if the bodies we have just mentioned took stock of 
the situation, and decided to follow in the foot- 
steps of the Government departments in effecting 
some advisable revisions in their specifications for 
india-rubber. 











THE MOLECULAR MOBILITY OF 
CAST IRON. 

Ir is probable that the peculiar behaviour of 
cast iron under certain conditions has frequently 
been noticed by engineers and others, who, though 
fully aware that molecular changes were taking 
place in the metal, yet may have been at a loss to 
account for the real cause of the results they wit- 
nessed. We may refer, for instance, to the twisting 
and cracking of such things as cast-iron furnace- 
grates, range fittings, &c., which are subject to 
alternate heating and cooling, and which, under 
this treatment, are frequently distorted and some- 
times broken. 

In The Foundry, of April, 1897, appeared a refer- 
ence to the fact that the repeated heating and 
cooling of cast iron reduced its strength; but it 
appears to have been left for Mr. Alexander E. 
Outerbridge, who is connected with the well-known 
firm of Messrs. Sellers and Co., Philadelphia, to 
examine further into this very interesting subject, 
and to carry out a series of experiments, which 
show that not only is the strength of the metal 
reduced by the treatment to which we have 
referred, but also that the dimensions of the speci- 
men are materially increased. 

We may mention, by the way, that Mr. 
Outerbridge has found that there is a definite 
relation between the cross breaking stress of a test- 
bar 1 in. by Lin. by 15 in., broken with the sup- 
ports 12 in. apart, and the direct tensile strength 
of the same bar if the broken pieces are turned up 
and pulled in a testing machine, his experiments 
showing that the ratio for ordinary foundry iron 
is about 10 to 1. Where very strong cast iron is 
taken, the ratio is about 11 to 1. 

Mr. Outerbridge states that his attention was first 
called to the ‘‘ growing” of cast iron by noticing 
that some castings which had been subjected 
for several months, in the foundry of Messrs. 
Sellers and Co., to repeated heating to redness 
and cooling, were considerably larger than new 
castings made from the same pattern ; the diffe- 
rence being far too great to be accounted for by 
any difference in the shrinkage of the metal of 
which they were made. 

Test-bars were then made and heated in an open 
fire, when it was found that they increased in length 
by each heating until they exceeded, when cold, the 
full length of the mould in which they were cast, 
while it was further found that the elongation 
became less with each successive heating until it at 
length ceased. The particular method of making 
the test-bars was as follows :—T wo bars were cast 
side by side in one mould, the ends of the mould 
being formed: by the; ends of iron yokes, which 
were machined to give 15 in. space between their 
ends. A similar yoke to those used as moulds was 
mounted on a frame, and was kept solely for 
measuring the shrinkage of the casting, by insert- 
ing a hardened steel graduated wedge between the 
end of the ‘‘master-yoke” and the cast-iron bar. As 
soon as the bar had, in consequence of successive 
heatings and coolings, grown to be 15 in. in length, 
so that it just fitted in the ‘‘ master-yoke,” thus 
showing that all shrinkage of the casting had been 
eliminated, the ends of the yoke were ground off 
and the experiment continued, records being kept 
of the length of the bar after each heating. 

No record was kept of the expansion of the bars 
at varying temperatures, but two bars were heated 
side by side in a furnace, one bar having been 
lengthened by repeated heatings and cooling, and 
the other untreated. The expansion was then 
measured while both were red-hot. The experi- 


ments showed that the coefficient of expansion of 
the bar elongated by previous heatings was less 
than one-half that of the untreated bar, cast in the 
same mould at any given temperature. 


These 








results seem to show that furnace-plates and stove- 
plates may be prevented from cracking if the 
castings are heated several times before being put 
together. Prolonged heating without cooling does 
not appear to produce the same result. 
above experiments there was a marked decrease in 
the strength of the bars so treated. 


Another interesting feature of these experiments | 


is the alteration in specific gravity, for it was 
found that a bar of cast-iron had, before heating, 
a specific gravity of 7.13 when tried in distilled 
water at 79 deg. F.; while a companion bar, which 
had been heated and cooled sixteen times, had 
increased in length $ in., and had a specific gravity 
of 6.86. In other words, the untreated metal 
weighed 16.8 lb. per cubic foot more than the 
bar which had been elongated by heating. 

When the elongated and annealed specimen was 
placed in water it was found that bubbles of gas 
came out copiously from its entire surface, although, 
to all appearance, it was not more porous than the 
untreated bar. In order to thoroughly eliminate 
all air or gas from the specimen, it was plunged into 
a vessel containing distilled water, where it remained 
till quite cold. It ceased to give off bubbles, and 
maintained a constant weight when suspended by a 
tine thread in distilled water at 79 deg. Fahr. 

One bar 1 in. by 1 in. by 14.8 in., heated and 
cooled twenty-three times in a forge fire, actually 
grew in length 1 in., and more than ,}, in. in trans- 
verse dimensions. It was treated in a charcoal fire 
and cooled in the air. This, of course, caused oxida- 
tion to take place, and smal cracks appeared on the 
surface ; but there was nothing otherwise in its ap- 
pearance to denote that it had been subjected to any 
special treatment. When the bar was red-hot after 
the twenty-third heating, it measured 0.10 in. longer 
than after it had cooled ; and when quite cold, it 
measured 0.01 in. longer than after the twenty- 
second heating. 

The above bar was ultimately heated 35 times, 
which produced a total elongation of 1.374 in., 
but the increase in cross-section was not perfectly 
uniform over the whole length of the specimen. 
This, however, may have been due to irregular 
heating. At this point several thin slices were cut 
off for microscopical examination and specific gravity 
determinations. One face of the slice was smoothed, 
and one half of it was etched with dilute nitric acid. 
A slice was also taken off the untreated metal of 
the same grade. The specific gravity of a piece of 
the treated bar was found to be 6.79 in distilled 
water at 80 deg. Fahr. It was found, however, 
that when bars were repeatedly heated by pouring 
molten cast iron over them, and allowing the 
mould to remain intact until cold, there was no 
appreciable change in their weight, as they were 
protected from oxidation. 

The bubbles previously referred to did not 
appear to come from any holes that were visible, 
for the metal seemed finer in grain, if anything, than 
the untreated specimen. The specimen was dried and 
set aside for a day (after the bubbling had ceased), 
and the experiment was repeated on the following 
day. The result was as before, an energetic bub- 
bling taking place from the surface of the metal. 

Mr. Outerbridge thinks that the cause of this is 
that occluded gases, which may have been origi- 
nally in the metal, were driven out by heating 
through the pores, and as the bar cooled air rushed 
in to fill the voids. Also, when the absorbed water 
slowly evaporated, the air again entered. 


Another point that Mr. Outerbridgetried to settle | 


was the amount of distilled water absorbed in the 
pores of the little piece of fine-grained iron. In 
order to ascertain this, a small piece of the metal 
was heated in the flame of a Bunsen burner and 
plunged into distilled water. When cold it was 
carefully dried superficially and weighed. It gained 
870 milligrams, its specific gravity being 6.79, and 
when this specimen anda specimen of the untreated 
iron were placed under the microscope, and mag- 
nified about 50 diameters, a marked difference 
between them was visible, and Mr. Outerbridge 
thinks that this difference is quite suflicient to ex- 
plain the absorption of air. 

The untreated bar showed the ordinary structure 
of soft cast iron, while in the other was seen a net- 
work of minute cracks, which radiated in all direc- 
tions. These could not be seen on the polished 
unetched surfaces. 

It may be remembered that about 1879, when Mr. 
Edison was experimenting with platinum and other 
metallic conductors for his incandescent system, 
before adopting the carbon filament, it was stated 


In the} 


|that copper wire heated to redness in an ex- 
hausted vessel shrunk in size, and gained in specific 
| gravity. This was attributed to the driving off of 
occluded gases. The result in this case was the 
exact opposite of what was obtained with cast iron 
by Mr. Outerbridge ; the one great difference in 
|the conditions being that Mr. Kdison’s experi- 
ments were conducted in vacuum, while those of 
Mr. Outerbridge were carried out in the air. 
Referring again to the practical value of tle 
above properties of cast iron, Mr. Outerbridge calls 
attention to a case that came under his notice. It 
was that of a cast-iron protective grating in the 
floor of a core oven over a flue, and situated about 
'8 ft. above the fire and well removed from the 
flames. The outside frame of the casting was pro- 
tected from the direct heat of the fire, and 
| consequently increased very little in size. Not 
so, however, the grating itself, which was ex- 
posed to the direct rays of the fire. Here, owing 
to the repeated heating and cooling to which 
it was subjected, nearly all the bars became very 
much distorted, on account of their not being able 
to expand freely in the unaffected frame. Fig. 1 
shows this grating after it had been subjected to 
the treatment described, while Fig. 2 is a view 
of the pattern from which it was cast. On 
measuring the amount of expansion, it was found 
that it agreed very closely with that of test-bars 
subjected to repeated heatings and coolings. The 
width of the bar on the tapered pattern was ? in. at 
the top and } in. at the bottom. When these bars 
were measured transversely, it was found that they 
had increased to }§ in. at the top and }} in. at the 
bottom, or ;'; This increase is 


in. in each case. 
remarkable, being at the rate of 4} in. per foot. 
It seems to us, however, that this transverse in- 
crease may not have been altogether due to expan- 
sion by heating and cooling per se, but, in a 
measure, to the compression put upon the bars 
by the outer frame, which compression would 
naturally tend to make the metal swell out 
sideways. This, however, is only an assumption 
on our part. The grating just referred to had, 
when the photograph was taken, been heated and 
cooled more than a hundred times. The behaviour 
of this grating is very interesting, as it is a strik- 
ing confirmation of the results obtained by Mr. 
Outerbridge with test-bars. 

Following up his investigations on bars of cast 
iron, Mr. Outerbridge next turned his attention to 
similar bars of wrought iron, soft steel (0.14 per 
cent. carbon), and tool steel (1.25 per cent. carbon). 
In each case the material was of commercial quality, 
and each specimen was 12 in. long by 1} in. square. 
On heating these samples to redness forty-one times 
over an anthracite fire, it was found that there was 
no permanent increase in dimensions ; but, on the 
contrary, that there was a very slight contraction 
in length, which might have been due to scaling, 
though there was little evidence of this, as the ends 
had been’ coated with chalk, in order to show any 
scaling off there might be. The apparent contrac- 
tion amounted to only 0.03 in. in the case of the 
wrought-iron bar, and to 0.05 in. in the case of the 
steel bar, after forty-one heats. 

A bar of bronze 12 in. long by } in. in diameter 
was then tried, and heated and cooled seventeen 
times, when it showed an apparent increase in size 
of 0.01 in., which it was thought was due to oxide 
on the ends. _ 

The conclusions to which these results point 
| appear to be that grey cast iron, when repeatedly 
heated and cooled, either in an open fire, by direct 
radiation from an open fire, or by pouring over the 
test-bars molten metal of the same composition as 
the bars, behaves quite differently from commerci- 
ally pure iron, or iron in which carbon is chemically 
combined, as in various grades of steel or malleable 
iron. 

Two interesting experiments carried out by 
Mr. Outerbridge show very clearly this remarkable 
difference in the effect of repeated heating and 
cooling in cast and wrought iron. First : one end 
of a steel pipe was closed by pouring some molten 
pig iron into it, soas to make a plug about Lin. thick, 
and the pipe was subjected to repeated heatings, 
with the result that the cast-iron plug expanded 
and split the end of the steel pipe. Second: a 
piece of wrought-iron pipe was obtained, and was 
filled with molten cast iron, and, when cold, the ends 
were ground off flush. This compound cylinder 
was then heated three times in an open fire, and it 
was then found that the cast-iron filling had grown 
so that it projected about ,}; in. beyand the ends of 
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the pipe at each end ; and further heating would, 


no doubt, have resulted in the wrought-iron pipe 
being split by the transverse expansion of its cast- 


iron core. 


In subsequent experiments on bars, the number of 
heatings required to produce a given elongation were 
Improved methods of heating 


very much reduced. ‘ t 
were also devised, the bar being placed in an iron 
pipe, with closed ends, the result being sharp edges, 
freedom from scale, and no surface cracks. Speci- 
mens treated in this way were weighed before and 
after they were subjected to treatment, and it was 
found that they showed no difference in weight. On 
being fractured, a bar heated in this manner showed, 


to the eye, a somewhat closer fracture than an un- | 


treated bar cast in the same mould. All the bars were 
originally 1 in. by 1 in. in section, but at the com- 
pletion of the test they were 1} in. by 1,% in. 

In order to test the specific gravity of these 
specimens after heating, and before the air they 
had absorbed could escape from the pores of the 


higher the temperature reached, short of melting- |a type-casting machine, was found to be a few 
noint, the greater the permanent expansion for each | thousandthsof an inch too long; it had on it a number 
1eating. It was also shown that under 1200 deg. | of lugs, spaced at regular intervals, the whole being 
Fahr. the effect of heating was comparatively cut out of a solid plain steel bar, on a milling 
slight, and at 1500 deg. Fahr. the expansion was | machine. Unfortunately, it could not be shortened 
twice—or even more—as much as it was at 1200| by simply milling off the ends, because this would 
deg. Fahr. Metal expanded in this way is quite | have thrown the lugs out of true relation to other 
different from ‘‘burnt ” metal, such as old fire bars, | parts of the machine ; so the bar was subjected to 
as it has no increase of sulphur, and there has been a few heatings in a furnace and was soon reduced 
'no burning of carbon or oxidation of iron ; subject, to the exact length required, and the contraction 
of course, to the operation being carried out in a/ was so uniform that the lugs were not measurably 
|closed iron pipe. The chemical tests made on the | out of their true position with regard to the rest of 
| bars, so far as they could be carried out, indicate |the machine. But for the discovery of this remark- 
| that the only change that took place in the specimens | able property of steel, which we have described, the 
(apart from increase in size) was the conversion of | faulty part of the machine would have been scrapped 
/ combined carbon into graphitic carbon by annealing. | as useless. 
| It will naturally occur to the mind of the prac-| Mr. Outerbridge has discovered yet another in- 
teresting phenomenon in connection with the heat 
treatment of test-bars made of low silicon high 
chilling iron, cast and made in a sand mould against 
the ends of an iron yoke placed in the mould, the 








|ticeal engineer to ask whéther this remarkable 
| property of cast iron can be applied to any useful | 
' purpose ; for, after all, that is what chietly interests | 
It is not difficult to foresee many ' 


him in the end. 
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| ends of the bars being chilled white to a depth of 











about j in. When heated the white iron of the ends 
was annealed to grey, as in some of the methods 
employed in making malleable cast iron, but—and 
| here comes the curious part of the experiment—the 
‘grey iron thus made at the ends of the bar did not 
{continue to increase in cubical dimensions when 
reheated and cooled, as did the normal soft grey 
iron. The result of the treatment was that the 
ends of these bars formed themselves in the shape 
|of a cup. The bars, which were cast in moulds 
15 in. long and 1 in. square, had, after being 
| heated forty times, expanded nearly 1} in. in 
length and } in. in section. The ends were then 
| cut off, leaving a bar 12 in. long. The heat treat- 
ment was then continued, and the bar increased in 
‘length, but showed no more tendency to cup. 








Fie. 3. 


metal, they were carefully varnished before being 
weighed. It was then found that a piece of the 
bar which had been heated 89 times had a specific 
gravity of 6.01, as compared with 7.13 before 
treatment. This being the case, it is not to be 
wondered at that the strength of the treated bars 
was found to be considerably less than that of the 
untreated bars. 

Some photomicrographs of treated and untreated 
specimens have been made by Mr. Job, chemist to 
the Reading Railway Company ; and these are of 
particular interest, as they show in a very striking 
manner that the particles of iron have been pushed 
apart by heat, and have not had sufficient cohesion 
to return on cooling to their original positions, 
and have thereby caused the bar to increase in size. 

We reproduce two of these micrographs, which 
were prepared from a bar that was heated and 
cooled thirty-five times. Fig. 3 represents the 
metal before treatment, and Fig. 4 after. The 
magnification of these micrographs is 50 diameters, 
and the specimens were polished, but not etched. 
The bar increased in length nearly } in. in 12 in., 
and in cross dimensions nearly ,}; in. in 1 in. 

With regard to the effect of different degrees of 
temperature on the expansion of the test pieces, 
by using a case-hardening gas-furnace with a pyro- 
meter attachment, Mr. Outerbridge found that the 
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Another curious instance of the molecular mobi- 
| lity of cast iron is the increase which takes place in 
the strength of castings when they are tumbled for 
ways whereby this extraordinary property could be | some time in the barrel which is used for cleaning 
turned to useful account, and some striking examples | sand off them. Some tests made by the Committee 
are mentioned by Mr. Outerbridge where this has | of Science and Arts of the Franklin Institute showed 
been done, one of them being the case of a cast-| that an increase in strength of as much as 40 per 
iron piston of a small pump used in a type-casting | cent. accrued to castings subjected to this treat- 
and setting machine, and used to force the molten | ment. As the pickling process in sulphuric acid and 
type-metal into the mould. This piston, which | water, for cleansing castings, causes a decrease in 
had been originally ground toa diameter of 0.875in., | strength, as compared with bars not pickled, it has 
wore rather rapidly ; the amount of reduction | been very much abandoned in America in favour 
permissible being limited to 0.008 in. One of) of the tumbling process ; and some Government 
these pistons, which had worn down to 0.869 in., | specifications now provide that test-bars must not 
was placed in an iron tube, the ends of which were | be tumbled or hammered, the reason being at once 
luted up with fireclay to prevent oxidation, and | manifest. 
was heated five times, when it was found that the} The whole subject of the molecular mobility of 
diameter of the finished portion of the piston was | cast iron is full of interest ; and we think it is 
0.914 in.: a gain in diameter of 0.045 in., or nearly |one well worthy of further notice by scientific 
eight times the increase needed. The metal ap-|men who have time and means at their disposal 
| peared as fine-grained as before, and was in good | to enable them to carry out investigations. In the 
|shape for re-grinding to size. As several hundred | meantime, all credit is due to Mr. Outerbridge, 
|new pistons have been made within two years, to| who, as a pioneer, has, in the midst of other 
| replace those worn below the allowed 0.008 in., the | pressing duties, deyoted so much time to the 
| value of the discovery is at once manifest. |subject ; and we learn with much pleasure that 
| We have already stated that Mr. Outerbridge | the Sub-Committee of Science and Arts of the 
| found that wrought iron and steel bars treated in a Franklin Institute have recommended that he shall 
receive the award of the Elliott-Creeson Gold 


isimilar manner to those of cast iron decreased 
islightly in length, and this property he put to|Medal. We are ourselves much indebted to him 
for having placed at our disposal the results of his 


practical use in the following ingenious way. A 
steel rocking-bar 16 in. long, and made for part of ! most interesting experiments, 
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NOTES. 
Lioyp’s QUARTERLY SHIPPING RETURN. 


Tue return of vessels totally lost, condemned, 
or otherwise removed from active service during 
the quarter ending June 30 last, just issued by 
Lloyd’s Registry, shows that British-owned vessels 
still maintain their pre-eminence in the matter of 
comparative immunity from sea risks ; since the 
steam tonnage thus disposed of during the quarter 
has been only 0.21 per cent. of the total of 
British-owned boats, whilst French shipping has 
suffered to the extent of 0.57 per cent. ; Sweden 
to about the same degree ; whilst Norway, which 
has gone in largely for buying worn-out British 
steamships, suffered to the extent of 0.71 per 
cent. of her total tonnage. For once in a way, 
Germany, however, makes the best showing, as, 
though her gross tonnage ranks second to ours, 
her losses during the last quarter have been only 
0.14 per cent. of the total. The returns show that 
atthe present time the total steam shipping of the 
world (exclusive of the American Lake traftic) con- 
sists of 15,678 vessels, aggregating 24,458,665 gross 
tons, of which Great Britain owns 7530 vessels, 
aggregating a total of 13,410,980 tons, so that we still 
own more than half of the total steam tonnage of 
the world. Our ships, on the whole, are, moreover, 
somewhat larger than the average size of steam- 
ship, which for the world, as a whole, is 1560 gross 
tons ; whilst that of British steamers is 1780 gross 
tons. In sailing ships the lead as to numbers is 
taken by the United States, where 2119 vessels are 
registered, with a total of 1,259,986 tons ; but the 
1622 sailing ships of Great Britain aggregate 
1,478,677 tons, and the average loss of these for 
the quarter in question was 0.12 per cent. 


Surrace-Contact System FoR ELectric TRACTION. 


On the 6th inst. we had the opportunity of inspect- 
ing an experimental tramway line which has been 
laid down at ford by the ‘*G. B.” Surface-Contact 
Company, of Hamilton House, Bishopsgate-street 
Without, London, E.C., in order to test their new 
conduit system of surface contact for electric trac- 
tion. The track is about one-fifth of a mile in 
length, and contains several sharp curves, which test 
very fully the applicability of the system to roads 
where such curves are necessary. This line has been 
in experimental operation for about a year, and 
appears now to have reached a stage when it may be 
considered a practical success. We understand that 
the company have received an order from the Folke- 
stone Corporation to lay down tramways on this 
system. In the short notice we are now able to give, 
it will be impossible to describe very minutely all 
the details of the system, and we can but give very 
briefly a rough outline of its chief characteristics. The 
cable which carries the current consists of stranded 
galvanised iron wires, and is laid bare on insulators, 
in a conduit constructed of ordinary glazed vitrified 
stoneware pipe 5 in. in diameter. ‘The insulators 
which carry the cable are large, and the creeping 
surface is long, providing a high insulating resist- 
ance. The current is conveyed to the cars through 
studs, which are placed at intervals along the middle 
of the track, and the connection between the studs 
and the cable is made magnetically at the moment 
the car comes over them, and ceases immediately 
it leaves them, so that they are only ‘‘ live ” while 
the car passes. The studs have cast-iron heads, 
the top surfaces of which are level with the paving, 
and they are supported on granite blocks, specially 
shaped to receive them. They have each a vertical 
stem like the upright part of the letter T, and this 
vertical part passes down through a hole in the 
conduit pipe, and is forked at the lower end and 
lined with brass. Into the fork is fitted a piece of 
iron protected with copper, and suspended by a 
phosphor-bronze spring from the top of the fork, its 
movement being governed by a brass pin. A carbon 
contact block is fixed on to the iron, and, under the 
magnetic influence of a passing car, is drawn down on 
the top of the cable. Flexible copper leads connect 
the moving part with the main portion of the stud. 
When the car has passed, the phosphor-bronze 
spring pulls the block off the cable, and breaks the 
connection between the latter and the stud. The 
joint between the stud and the upright connecting- 
pipe on the top of the conduit-pipe is made by 
means of bitumen, and is quite water-tight. The 


insulators which support the cable are carried on 
galvanised steel pins, which pass through the conduit- 
pipe on one side, and rest in holes on the other 

i 





The projecting ends of the pins are con- 
nected together by means of a galvanised -iron 
strip, which is fixed at intervals to the rails. 
The magnets on the car are suspended rigidly 
therefrom, at a distance of about 2 in. above the 


side. 


road level. They are excited by a battery, so con- 
nected that when the motors are taking current, this 
current, when small, assists the battery in exciting 
the magnet, and, when large, also recharges the 
battery. The collectors which take the current 
from the studs consist of iron tongues, connected 
together by links, and form a sort of chain, which 
is drawn over the studs. When the pole of the 
magnet passes over the stud, the magnetic attraction 
‘auses the tongues to move down into contact 
with the stud ; and when each collector reaches the 
end of a stud, it is drawn up out of contact with the 
road by a spring. The system appears to have 
overcome many of the difticulties of the conduit 
system of electric traction, and its simplicity and 
low cost are greatly in its favour. 


Ligur ALUMINIUM ALLOys. 


On page 705 of our last volume we gave some 
particulars of the alloy of aluminium and mag- 
nesium, called magnalium, which possesses the 
remarkable property of being lighter than alumi- 
nium, and also the useful quality of working much 
better when machined. Among what are known 
as the light aluminium alloys may also be included 
two which have recently been brought to our 
notice—viz., zisium and ziskon—which are manu- 
factured by Carl Zeiss, of Jena. These two alloys, 
although heavier than magnalium, possess some 
valuable properties, which ought to make them 
especially useful where light castings are required, 
as, for instance, in scientific and surveying instru- 
ments ; for although they do not lend themselves 
kindly to rolling into sheets and tubes, they make 
excellent castings, which possess great rigidity, and 
are of a silvery-white colour. ‘These metals are 
capable of taking a very high polish, and can be 
machined dry, like brass; being also of a close, 
regular texture, they make excellent screw-threads, 
which do not chafe in use any more than do those 
made of brass. Zisium is the lighter of the two 
alloys, having a specific gravity of less than 2.95. 
It can be employed where exceptional strength is 
not necessary, and where a small amount of duc- 
tility is desirable. Ziskon, on the other hand, has 
a specific gravity of 3.35, and is more like gun- 
metal, being harder than zisium, and possessing 
greater strength ; its ductility is, however, less. 
No special instructions are required for turning these 
alloys. We give below a series of tests of zisium and 
ziskon, which are interesting as showing some of 
the mechanical properties of the two alloys, and 
the points where they differ. The tests contained in 
Table I. were carried out at the National Physical 
Laboratory, and show the properties of turned 
specimens of the diameters given. The yield stress 
is in no case given, because it was so near the break- 
ing stress as to be practically the same. 








TABLE I, 
. 3 Breaking . : 
Diameter Breaking Stress in Extension 
- in Load in aie per per Cent. 
Inches. Tons. Square Inch in 6 In, 
{ .491 -903 4.78 1.3 
Zisium 4 -486 .922 4.98 0.9 
\. .500 973 4.98 1.3 
{ -495 2.290 11.93 07 
Ziskon 499 2.155 11.06 0.7 
\ .£00 2.106 10.93 0.7 


It will be seen by the above that there is a marked 
difference between the ultimate strengths of the 
two alloys, ziskon being much stronger than zisium, 
as well as less ductile. It is therefore very suit- 
able for the castings used in many surveying instru- 
ments, where ductility is not an advantage, but 
where strength and rigidity are. Some very 
interesting tests were also carried out at the works 
of Carl Zeiss, on a number of flat rings made of 
zisium, ziskon, and aluminium, several rings being 
cast of each metal, and tested by stretching. The 
rings were cast in sand, the inner diameter being 
200 millimetres, and the outer diameter 224 
millimetres, with a thickness of 8 millimetres. 
These rings were subjected to loads tending to 
pull them out of shape, or clongate one diameter 
over what it was before the test began. The amounts 
of distortion caused by different loads were care- 
fully measured, and are given in Table IJ. 





TABLE II, 


Amount of Stretching in Millimetres. 
Stress in 





Kilometres. 
Zisium. Ziskon. Aluminium. 
100 0.4 0.4 1.6 
150 1.00 0.8 6.4 
200 2.00 1.00 15.3 
260 3.7 1.4 x 
300 6.0 1.6 
350 90 1.9 
400 x 2.3 
450 2.7 
500 2.9 
550 oe 3.3 
60 3.7 
650 - x 


The above figures show the great superiority that 
ziskon has over either aluminium or zisium, where 
stiffness is required. The mark x denotes that at 
this point the ring gave way altogether. We under- 
stand that both zisium and ziskon can now be pro- 
cured from Mr. J. Arthur Williams, 92, Hatton 
Garden, London, E.C. 








RAISING WATER BY COMPRESSED ATR. 
To THE Epitor o¥ ENGINEERING. 

Srr,—In reference to formule for the design of air-lift 
pumps, may I submit the following theory on the subject 
to your readers :— 

Let V cubic feet of water passing up rising main 
r second. 

weight of 1 cubic foot of water in pounds. 

length of rising main from level of water 
in well to point of delivery in feet. 

length of rising main immersed in water 
in feet. 

additional head due to friction in hy + hy 
in feet. 

hy + ho 

cubic feet of air at mean pressure required 
per second ; the air expanding isother- 
mally from supply pressure to atmo- 
spheric pressure. 

velocity of mixture of air and water in 
rising main in feet per second. 

area of rising main in square feet. 

diameter of rising main in lineal feet. 

a coefficient of friction, or fraction of energy 
dissipated in friction. 


Assuming no hydraulic resistance, V cubic feet of water 
falling hy ft.could do V x 62.4 x hg foot-pounds of work ; 
but having regard to the discharge this h. ft. can produce, 
the expression must be multiplied by a coefficient of dis- 
charge, which, in view of want of knowledge on the 
contraction under varying heads, may reasonably be taken 
as 0.62. 

The process of operation may be divided into three 
headings :— 

I. The driving energy—i.e., V x hy x 62.4 x 0.62. 

II. ‘The residual energy in the water delivered :— 

mass 
as 


, 624 
» ky = 


he 


” 


” hg 


Wu 


9» a 
» a 
»o J 


Weil i 


x velocity?. 
III. Energy lost in friction—7.e. (V x 62.4) hs, so 
that the process can be represented by the equation :— 


V x 62.4 x hy x 62 - (v x 024 , ) cs 


2x 32.2 


(Vx62.4)hg=0. . 2. () 
7 2 
Now, v = V = “ andh3 = 4f x : xs 
, “ L L(V +c)? 
Repl g v2 we get hj = 4 f ~ x , and (1 
— aan 


becomes :— 


V x 62.4% hy x 62 = V*824 (v4 op ax 62.4 x4f x 
; jad 
L (V+eP 
ad 64.4 a2’ 


which readily gives a value for c. 

In the above equations the mass of the air as affecting 
the residual energy and the friction head has been 
neglected, it being so inconsiderable compared with the 
mass of the water. 

The excess of air pressure necessary to depress the 
water surface above the pressure due to the hydrostatic 
head to allow the air to flow into the rising main is hardly 
capable of calculation, as there is considerable doubt as 
to how air actually behaves in flowing through an orifice. 

The above formula appears to indicate that the system 
of passing the air-supply pipe down the inside of the 
rising main is wrong, as it both increases the surfaces in 
contact with the water, and also compels the mixture of 
air and water to take up a greater velocity. 

As taking into account both the volume of the water 
delivered and the diameter of the rising main, it appears 
to fulfil the conditions Mr. Maxwell asks for in his paper 
in your issue of November 13 last. 

In one respect the formula is wanting: it is in this:—It 
contains no elements showing how the volume of air and 
the area of the rising main are connected ; experiment has 
shown that a small tube can deliver very varied quan- 
tities of water without impairment of efficiency, but 
that these limits are narrower for larger pipes. On this 
point I will speculate as follows :— 

In the figure which shows a rising main fitted with a 
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foot-box, the distance 2, and hence z, may reasonably 
depend upon the velocity of the globule of air P, a velo- 
city that with the same depression y (dependent upon the 
initial pressure) and a larger volume of air increases. In 
the case of a small rising main this velocity may be such 
as to make the two globules P on opposite sides of the 
pipe impinge, and so get a better grip of the water. In 
case of no impingement, it appears that the air will 
rebound from the water surface and seek contact with the 
sides of the rising main and pass up the rising main 
without having had a grip of the water. In this connection 





it seems as though a bell-mouth to the rising main, with 
an annular orifice for the entrance of the air, would both 
enable the air to grasp the water better and reduce the 
coefficient of resistance. 

Perhaps if engineers having to do with air-lift pumps 
would give full particulars of the effect of varying the 
volume of air, and give the other data of each test, a 
formula might be got in which the unknown effect of the 
behaviour of the air on expansion might be eliminated 
and this relationship incorporated in the formula. 

[ should state that I have tested it with two of the sets 
of data given in Mr. Maxwell’s table, and get a fairly 
accurate result when the coefficient of friction f is taken 
at a value given by Darcy’s rule. 

With your permission, Sir, I should appreciate criti- 
cism, and be glad to see my deductions analysed in these 
columns. 

Tam, &e., 

December 30, 1903. De tke, WK 


To THE Epttor OF ENGINRERING. 

Str, —There appears to be an error in the formula given 
by your correspondent on page 25 in your current issue. 
As stated, this formula— 

y 52. 182x 12 
V ae os 
1 209 
and not 1.1, as stat-d. 
Should this be 


45 
14.7 


=15 


bo 


y 


a 


63 132x123, 14.7 
x x ; 
495 


1 209 
which would work out to 1.2. : 
I am, yours faithfully, 
H. J. Woopnovsr. 
27, Albion-street, Brook’s Bar, Manchester, 
January 3, 1904. 
To THe EpiTor oF ENGINEERING. 

Sir,—In reply to Mr. Philps’s letter on page 25 of your 
last issue, I would point out that air-lifts must be very 
carefully designed in order to give economical results. 
The velocity of the mixture of air and water should be 
high enough to prevent the air from escaping and low 
enough to prevent excessive frictional resistance, and as 
these increase as the square of the velocity, the value 
of f is often very much greater than expected. The form 
of the air-nozzle may also make as much as 25 per cent. 
difference in the economy. It is, therefore, not likely 
that air-lifts designed according to rule of thumb should 
give economical results. With regard to the Ilford air- 
lift, referred to by Mr. Philps, I understand that it is 
of a special type, the rising pipe tapsring upwards in 
proportion to the expansion of the air in order to give 
auniform velocity to.the mixture of air and water, and 
thus to reduce the frictional resistance f. It seems, how- 
ever, evident that the larger volume of water contained 
inthis taper pipe must necessitate a correspondingly 
large volume of compressed air to reduce the specific 
gravity of the mixture, and that, therefore, the advantage 
of a reduced frictional resistance is more than counter- 
balanced, and the consumption of air increased instead of 


decreased. 
Yours, &c., : 
C. T. ALFRED HANSSEN, 
Assoc. M. Inst. C. E. 
319, Lordship-lane, East Dulwich, S.E. 








“THE SIX-O’CLOCK 
To THE Eprror or ENGINEERING. 

Str,—‘‘ Old Fogey’s” argument is, reduced to a nut- 
shell, that what was good enough for our fathers should 
be good ensuzh for us, a doctrine which has well-nigh 
ruined the mining industry of this country, to say nothing 
of scores of others, and one which cannot be supported by 
one logical argument, for if it was good enough for our 
fathers, then what was good enough for their fathers was 
good enough for them, and so on back to the coal age. 

Just think how horribly effeminate the men of 40 years 


MAN.” 


bloaters, hot coffee. Why their ancestors dressed in 
skins, never washed, ate raw meat, and drank what they 
could catch, from blood to water. 

The whole question is, I take it, how the greatest 
amount of good work can be turned out with the least 
inconvenience to all parties. In reply to ‘‘A Working 
Man,” who started this controversy, 5a say that he is 
by no means right in supposing that his suggested hours 
would meet the views of all men, at least not in this 
district. I have made a few inquiries, and, given a 54 
hours’ week, I could find very few who seemed inclined to 
care fora change. The trouble of getting breakfast early 
enough was too much for their wives, especially where 
men live a good way from the works. 

I suggested myself the hours—7 to 12.30, and 1.30 to 6; 
but, on the whole, I think the average man prefers the 
present arrangement of 6.30 to 5.30, and the two breaks. 

If working men really want as a body to shift the hours 
on a bit, I do not think there will be the slightest 
difficulty in doing it, but Iam by no means certain that 
there is this unanimity. 

J. 8. V. Broxrorp. 

Camborne, Cornwall, January 2. 

P.S.—Be it noted I am by no means opposed to the 
change myself as an employer; on the contrary, I should 
prefer it to the 6.30 arrangement were I running a 
54 hours’ week, which I am not. 








INGINEER’S RETROSPECT OF 
THE YEAR 1903. 


BEING THE First YEAR OF THE H&GIRA, OR FLIGHT OF THE 
EXECUTIVES TO (THE) MEDINA. —They afterwards fell upon 
the Meccanitians (sic), like the Moslems of old, and killed 
or banished the Elders, thrust the juniors into slavery, 
seized the “high places” with much loot, and raised 
the triumphant cry, ‘There is but one God! The 
Executive is the Lord ! and Jackie is his prophet.” 

To THE EpiToR oF ENGINEERING. 

Str,—The above (though far-fetched) just about epi- 
tomises an engineer’s retrospect of the year 1903 ; but wath 
your permission I should like to amplify the text. 

The year 1903 opened amid the too-loud and somewhat 
over-hasty applause of the Press, and of a too-large num- 
ber of naval experts, upon the Christmas present which 
Santa Claus (in the person of Lord Selborne) thrust into 
Jobn Bull’s already over-full stockings. ‘The said present 
was received with great misgiving and more than doubt- 
ful thankfulness by all engineer officers who had already 
arrived at ‘‘ years of discretion” in His Majesty’s Navy, 
though the unthinking, inexperienced ‘‘ colts” were de- 
lighted and ensnared by the ‘‘ dangling carrots of execu- 
tive titles.” The misgivings, and even croakings, of the 
‘old ’uns” have been more than justified, for Lord Sel- 
borne’s precious (I had nearly written specious) scheme 
has resulted in nothing for the engineers but *‘ barren 
titles” which so little took the fancy of the older officers 
that many memorandums were required from Post and 
Reserve offices before they could remember that their old 
titles had been abolished since (fatal date !) April 1. 

Ever since January 1 the Navy List has borne a note 
to the effect that ‘*the retiring allowances of engineer 
officers are under revision,” and, as far as is known, the 
same note is likely to appear until the Greek Kalends. 
Medical and accountant officers have received most 
generous (as Admiralty practice goes) treatment, in 
striking contrast to the shabby treatment meted out to 
the unfortunate engineer. The increase of pay following 
upon the scheme, due to the higher ranks, could not be 
obtained until September or later, whilst the promotions 
to lieutenants of over eight years’ (these officers had 
mostly hailed the ‘‘ Heaven-sent” ministers’ scheme with 
acclamation, consequently the irony of the whole show 
has been rubbed into them very thoroughly—they do not 
much care for the engineer part of the title) and to 
Eng. Com., were delayed until long after the fuli 
fruition of the ambition of the other branches ; and even 
then neither pay nor service are in accordance with 
promises made in the scheme, and other written state- 
ments of the Admiralty—which, as usual, are never 
binding where engineers are concerned. 

On the other hand, those portions of the scheme which 
refer to the executives have been rushed for all they 
were worth. A large portion of the Osborne estate has 
been nobbled, and ‘‘Jackie Fisher's Kindergarten 
School” is in full swing, where dear little boys (executive 
cherubs) fresh from dame-schools are being taught how 
to take off the ends of their fingers in the back-motion of 
a lathe, to plane off microscopic sections from the fleshy 
portions of their left hands, and.to hit the wrong nail 
(generally that of the left thumb) with a nice little 
hammer. To those executive officers who had the plea- 
sure of witnessing the embarkation (from amid a great 
crowd of relatives, and in the presence of the Great 
Panjandrum himself) of the first entry of the dear little 
boys upon the nobbled ‘‘ volcano” (late Dockyard tug), 
one incident must have afforded food for reflection. A 
friend of mine was heard toexclaim, ‘‘ Great Scott! every 
mother’s son of ’em is sticking to the bridge, barring one 
lout.” And it wasso. Absit omen! 

Every hulk, and nearly every old tub, that the Admi- 
ralty has no farther use for, is having its belly filled with 
machine-tools, as though thereby everyone (officer, man, 
and boy) who came anywhere within their range, would 
have an induced current of practical engineering know- 
ledge set up within them. 

Reorganisation (some call it disorganisation, but then 
they are captious critics) proceeds apace. Some of the 
very few highly-placed engineer billets have already dis- 
appeared because they overtopped executives ; whilst a 
crowd of billets have been created for admirals and cap- 
tains, with commanders, lieutenants, warrant - officers, 
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instructors, and other ratings to help them in their 


arduous duties, showing the truth of the ancient saw— 
‘*that big fleas have fleas upon their backs to bite ’em, 
while fleas have lesser fleas, and so on ad infinitum.” 
(Note the gradations of rank.) 

The year 1903 will be noted for the rehabilitation (7) of 
the Belleville boiler, though it did not require this in the 
opinion of many who should know. The real causes of 
the disfavour shown this type of steam generator were 
mostly due (1) to the tinkering and alterations which M. 
Belleville’s designs received at the hands of the Admi- 
ralty wiseacres, ‘‘who stick to their desks and never go 
to sea,” and should therefore know all about this and 
every other boiler; (2) to the bad—very bad —treatment 
the elements received at the hands of the builders, in this 
country, before and after construction ; (3) to the want of 
knowledge and experience of the users ;” (4) and, above all, 
to the usual dog-in-the-manger action of Admiralty engi- 
neers in keeping all records of practice, experience, and 
experiment pigeon-holed in office. Now the Belleville is 
the boiler, and splendid results have been obtained from 
ships on every station; and naval engineers have the 
satisfaction of knowing that one of their number—a 
member of the Boiler Committee—could, if he were so 
minded, say, just now, ‘‘ There ! I told you so.” 

Of course all machinery requires more care and atten- 
tion while idle, to keep it efficient and fit for early use, 
than is even necessary whilst it is in action ; and it is in 
this direction that all our present troubles lie, for the 
Admiralty will not take steps, notwithstanding the many 
representations made them, to get sufficient men—-stokers 
—to keep ships efficient whilst in Reserves. The past 
year has been a notoriously bad one in this very respect 
at all our ports, and ships have correspondingly suffered, 
hence various mishaps in mobilised or newly-commis- 
sioned ships. Admiral Fisher, taking his responsibility 
in both hands, has partly solved a difficult problem, and 
upset the pet ideas of ‘‘naval barrack-life lovers” by 
placing some 200 stoker ratings upon compensation, 
making them keep dockyard hours, wear any rig they 
please, and sending them to work in ships in Fleet Re- 
serve. Free from the petty details of executive control, all 
their time and attention devoted to ‘‘ work,” these men 
form a valuable asset towards efficiency and readiness. 
All the ports have naval barracks now in full occupation, 
and extremely good institutions they are to live in, but 
out of them no work is to be obtained, and ships are 
suffering accordingly. 

The year wound up with My Lords serving out ad- 
monishments to engineer officers with no niggard hand 
—it is about the only thing they are not niggardly with 
to engineers—forgetting, oc in technical ignorance not 
knowing, that in very many of the ‘‘ breakdowns ” which 
occurred during the 1903 manceuvres the fault was largely 
due to administrative shortcomings—viz., lack of men, 
delay in undertaking refits, by keeping the ships idle in 
basins until the last possible minute before mobilisation, 
and then rushing defects through. No doubt some of 
this is due to the ‘‘general disorganisation ” which has 
taken place, for neither yards nor Reserves know quite 
‘*where they are” in respect of responsibility for defects. 

“Word has been passed,” as they say in the Navy, 
‘that nothing in the shape of a breakdown or prevent- 
able defect is to happen in the engine-room without some 
one being hanged for it.” Truly this opens out a de- 
lightful vista to the engineer officer of a ship, and is 
beside a really fine Gilbertian method of obtaining the 
best work out of an officer; but ([ am aware that ‘‘tu 
quoque” is not argument) engineers are not the only 
officers who should be hanged, even if they have no 
friends, for engine-rooms are:not by any means the only 
departments in which breakdowns occur. Capstans and 
windlass gear smash up, anchors and cables get lost, 
torpedoes disappear, gun-mountings and fittings break 
up. Ships are nearly sunk in harbour through ill-usage 
of submerged tube gear, destroyers rush into each other, 
and battleships have even been known to do the like, and 
yet no one is hanged ; on the contrary, very often kudos 
is served out for doing work which there should have been 
no cause for, and that’s the end o’t. It is a funny world, 
my masters ! 

uring the year there has been no improvement in 
respect of the timely publication of engineer appoint- 
ments and promotions, as in other branches, where pro- 
motion follows vacancy at once ; and instead of being the 
last appointed to a newly-commissioning ship, engineers 
should be the very first. 

In conclusion, let us hope that 1904 will close with 
brighter prospects for the future of engineering than are 
at present in view, both as regards its personne/ and its 
material. g 
Being of a retiring disposition, and having no wish to 
ape the orchid in its grand titles and gorgeous colouring, 
I content me by signing myself 


January 4, 1804. OLD Fern. 








NAVAL ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—I am forwarding to you an extract taken from 
a recent issue of the Naval and Military Record, which 
will, I think, be of interest to you in_ view of the recent 
changes made by the Admiralty with reference to the 
engineering branch of the Navy. 
It still remains for the Board to do justice to the trained 
engineer officers, whose claims have been repudiated. Incongrous 
composite titles have been bestowed upon them, but executive 
control of their own subordinates is still withheld, and the pay 
has not been improved. Yet these are the officers upon whom 
the Admiralty must rely for the training of the young executives 
who are to replace them. 
Surely the Admiralty must have foreseen how the revised 
regulations concerning pay and promotion were bound to ‘‘ dash to 
the ground,” as one of our correspondents puts it, the hopes of the 
present engineering branch of the Navy? Lord Selborne’s Board 





has shown such a praiseworthy desire to improve the organisation 
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of the Fleet that it is difficult to reconcile these obnoxious rules 
with the more enlightened policy of the Board. The existing 
engineer officers must inevitably control the machinery of the 
Fleet for at least another quarter of a century. The executives, 
who are destined to perform this important work in the future, 
are now only twelve years of age, and have but recently joined 
the Osborne College. In ten years or less these young gentle- 
men may be competent to keep a watch in the engine-room, but it 
will be much longer before any of them become engineer- 
commanders, or, in other terms, chief engineers. 

Surely, then, it should be worth while, since new regulations 
were to be framed, to so frame them as to improve the conditions 
of service for the present engineer officers, no less than for the 
future engineers and other branches. There is a distinct im- 
provement in the pay and rank of the medical officers, and a 
marked improvement in promotion in the accountant branch. 
Besides this, the promotion of executive officers will be accele- 
rated by the recent Order in Council. Yet the engineers gain 
nothing by the revised rules governing pay and promotion, 
except that the rank of engineer-commander may be reached a 
few years earlier ; but the pay on reaching that rank has been 
reduced, and the engineers are naturally aggrieved. In the 
press of business it is probable that the First Lord may have 
overlooked the dismal effect of these rules upon a deserving 
body of officers. We beg to direct his Lordship’s attention to 
the plain fact that these new rules are most unwelcome to 
naval engineers. 


the age of promotion to the higher ranks. Since they are still 
denied executive control over their own men, this is surely the 
least that can in justice be done for them. 


In view of the general opinion outside the Service that 


everything has been put right, the above will no doubt | 


prove interesting. 
Yours, &c., 
A DISAPPOINTED ONE. 








WORKING STRESSES. 
To THE EpiTor oF ENGINEERING. 


Srr,—It is to be hoped that your interesting leader of | 


January 1, on ‘“‘ Working Stresses,” will be read with 
attention by locomotive engineers. Bauschinger’s experi- 
ments show very clearly that under repetitive stress the 
number of repetitions before fracture tends to vary 
directiy as the elastic limit of the material. The first 
locomotive superintendent who has the courage to make 
crank-axles of a steel having an elastic limit of 36 to 40 
tons per square inch will effect a large increase in the 
mileage of his axles, always provided that the all- 
important fillets are kept of decently-large radius. Given 
equal conditions of work, it would be interesting to know 
how the mileage of the old style crank-pin with heavy 
fillets meeting at the pin centre would compare with the 
mileage of the more modern parallel pin. 
Yours faithfully, 
IRISHMAN. 








GAS-THREADS. 
To THE EpIToR OF ENGINEERING. 
Srr,—Replying to your correspondent ‘‘ M.,” the dia- 
meters at top and bottom of 1}-in. gas-thread, given in 
Seaton and Rounthwaite’s ‘‘ Marine Engineering Pocket- 
Book ”—viz., 2.047 in. and 1.9305 in. respectively—are 
correct. 
The diameters of 3}-in. gas-thread are 4.1255 in. and 
4.0090 in. at top and bottom of thread respectively. 
Many of the figures given in cheap books on mechanics 
are incorrect. 
Yours truly, 
Joun Harpisty, M. Inst. C.E. 
10, Independent-buildings, Fargate, Sheffield, 
January 4, 1904. 





SILENCING GAS-ENGINES. 
To THE Ep1ToR OF ENGINEERING. 

Srtr,—A year or two ago I observed a statement in— 
trusting to memory—one of the technical journals to the 
effect that the exhaust pipe of a fixed gas or oil-engine 
might be made to act as an effective ‘‘ silencer ” by split- 
ting its distal end by means of two diametrically opposite 
longitudinal saw-cuts for a distance which was given in 
terms of the diameter of the pipe; the end thus divided 
being then flattened out fan-wise. 

May I ask the favour of publication for this letter, in 
the hope that, through the courtesy of some reader, I 
may be enabled to trace the statement in question, or, 
possibly, to obtain more extended information ? 

I am, Sir, yours obediently, 
“* Peto.” 

3, Crescent-avenue, Plymouth, January 2, 1904. 








COMMERCIAL CORRESPONDENCE. 
To THE Eprror oF ENGINEERING. 

Srr,—In these days, every engineering firm that wishes 
to conduct the commercial side of its business in an up- 
to-date manner must necessarily be provided with a good 
system for filing correspondence. There are many such 
systems, any of which can be made thoroughly efficient 
and satisfactory. But the room taken up by the elaborate 
filing-cabinets, binding-cases, &c., becomes quite a serious 
consideration, and anything that would tend to lessen the 
space required would be an obvious advantage. 

I have a suggestion to make, which, I think, would 
tend to this end, and would lessen the amount of corres- 
pondence to be filed by from five to ten per cent.; thus 
not only lessening space required, but at the same time 
making useful correspondence proportionately more 
accessible. Many engineering firms are in the habit 
of sending out what I call useless or superfluous letters, 
and under this heading I include all letters commencing 
with any such wording as the following :— 

“In reply to yours, I have pleasure in enclosing here- 
with quotation for .. .” 

‘“*T enclose herewith order for , , .” 


The position of these officers needs to be | 
levelled up to that of the executive branch as regards pay and | 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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other cases. 
70 lb. to 801b. The metal prices are per ton. 
Tin plates are per box of I.C. cokes. 


” 


‘*Please find enclosed cheque for . . . 

‘*‘T beg to thank you for your remittance of .. . 
enclose herewith receipt for same.” 

Now, such letters as these, once received, presumably 
have to be filed ; and yet I must maintain they are abso- 
lutely valueless. I am satisfied to receive a quotation, an 
order, a receipt, or a remittance from another firm, without 
an accompanying letter expressing the sender’s pleasure 
in forwarding it. I must confess that, for my own part, I 
|adopt the, perhaps questionable, practice of destroying 
all such letters. 

Mine is a private firm, and I destroy these letters with 


and 








| my own hands, so I cannot see that I am doing anything | 
| very wrong ; but it would be impossible to permit such a | 
thing to the officials of a limited company, as it would | 


give rise to the possibility of bad practices. I feel sure 
| I have not exaggerated the saving that would be effected 
| by dispensing with such letters as these. 

There are three other forms of letter (or, generally, 
post-card), which every firm must send out and receive 
in considerable numbers—viz., worded in substance as 
follows ;— 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal 
line represents Is. in the case of tin plates, hematite, Scotch, and Cleveland iron, and 1l. in all 
The price of quicksilver is per bottle, the contents of which vary in weight from 
Heavy steel rails are to Middlesbrough quotations. 


‘* Re my order No. ..., please say when you will deliver 
|this...;” ‘*We beg to acknowledge receipt of your 
esteemed order of ...;” ‘‘In reply to yours re your 
order No. ..., we shall deliver this . . .” 

I cannot see much value in these communications for 
filing purposes, and T should be inclined to recommend 
keeping them unfiled, and destroying them at periodical 
intervals. 
| I should be glad to see the opinions of other firms on 
| these points, 
| Yours truly, 

CHARLES TAYLOR. 
Bartholomew-street, Birmingham, December 23, 1903. 








| Coat IN GeRMANY.—The production of coal in the 
| Zollverein in the first eleven months of last year was’ 
| 106,714,278 tons, as compared with 97,827,672 tons in the 
corresponding period of 1902, showing the large increase 
| of 8,886,606 tons. The production of Prussia figured in 


last year’s total for 99,722,777 tons, as compared with 
91,412,841 tons, 
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Our readers will remember that during the dis- | 
cussion on Captain Longridge’s paper on ‘‘ Oil Motor- | 
Cars,” which was read before the Institution of | 
Mechanical Engineers on November 21, 1902, reference | 
was made by some of the speakers to the fact that | 
English builders of motor-cars were too largely 
dependent on French manufacturers for various com- 
ponents, such as springs, piston-rings, &c. Among | 
those which have been largely imported from abroad | 
have been the piston-rings used in internal-combustion 
engines. We are glad, therefore, to notice that these | 
are now being produced in this: country of a very 
satisfactory nature. We recently had an opportunity | 
of seeing some tests made of oil-motor piston-rings at 
the works of the Standard Piston-Ring and Engineering | 
Company, Limited, in Sheffield. These are plain-cut | 
rings of cast iron of special quality, the mixture being | 
such as to give considerable elasticity, and, at the 
same time, good wearing properties for the ring, | 
whilst it is of such a nature that it will not score the 
cylinder. One of these rings, 3} in, in diameter, and | 
having an opening of 4 in., was first sprung open | 
until the opening was 14 in., the extension being | 
therefore 1 in. It was again tried, the width of the | 
opening being extended, 4 in. at a time, until it| 
reached 14 in. On the next trial, however, the ring | 
broke. These rings are, naturally, made of greater | 
section at the back, opposite the opening, than they are | 
at the ends. The one in question was } in. deep| 
throughout, the thickness at the back being’ in., | 
and at the ends +‘; in. In order to get equality of 
pressure against the cylinder all round, these rings | 
are turned in batches, about a dozen each being held | 
in the jig in such a way that they are turned so as to 
be a perfect circle on their periphery when sprung into | 
the cylinder. We illustrate in the present issue the | 
jig used, showing the various parts. The rings are| 
first placed in a cylinder, which exactly represents | 


| diameter of the rings as compressed. 

















Fig. 3, 


two sizes of cylinder. A plug template is used, 
round which the rings are placed. The base-plate is 

erforated at the end, and through it there passes a 
olt ; at the other end of the bolt there is a second 
plate, slightly smaller in diameter than the outside 
When the rings 
are in position in the cylinder, they are held firml 
between the base-plate and the other plate mentioned, 
which also fits over the bolt. By setting up a nut, the 
rings are pressed together endwise, and this holds 
them in the same position which they occupy in the 
cylinder, when the latter is withdrawn. The rings 
can now be turned up, and, naturally, when: they are 
placed in the engine cylinder, they will ‘be perfectly 
circular. A large number of rings of this character 
have now been supplied for motor-car and gas-engine 
purposes, and have, we understand, given very satis- 
factory results. 

The same company manufactures a split piston-ring, 
which is used both for gas and steam-engines. In 
Fig. 1 we give an illustration of this ring, an example 
of which has recently been taken out of a gas-engine 
after being in work for seven years, the wear being 
inconsiderable. Special iron is also used for this type 
of ring, although occasionally: brass is used. We 
recently saw one of these cast-iron split-rings, 10 in. 


in diameter, sprung open at the joints for $$ in. with- | 


out breaking. The blanks from which these rings are 
made are solid ring castings. The first operations are 
to turn and bore them cylindrically ; after this they 
are sawn almost completely round, leaving only a 
short piece, which is known as the “ bridge,” and this 
is shown in the illustration. The joints are then 
milled out to form the overlapping parts; after this 
the rings are put into a template and faced up so as to 
make the depth equal all round, and exactly. the 
width of the groove in the piston. This operation 
corrects the unequal depth of ring which would 


the engine cylinder in which they are to be used,| be due to the metal removed by the saw. The two 
having to be compressed to fit this cylinder, so that} parts of the ring, where it is split, tend to come apart 
they will spring out sufficiently to make a steam) the thickness of the saw cut, and this causes the 
or gas-tight joint. The object of the jig is to hold them | ring to fit tightly in the groove in the piston. Taking 


in their compressed position while they are being, off the superfluous metal in this way also makes 
turned. There is a base-plate, grooved as shown. The| the rim tapering; that is to say, it is somewhat 
one we illustrate has two grooves in it, so as to take! thicker at the part where it springs from the bridge 





than it is at the end. These rings can be fitted into a 
cylinder very easily, and will yet keep tight, and 
the half-lap joints are also practically steam-tight. 
The split-rings are turned up in a jig similar to that 
aueehea for the solid rings; they are thus made to 
the form they will assume in the cylinder, and will be 
a fit all round without undue pressure at any one part. 
The split piston-ring has been made for cylinders up to 
6 ft. in diameter, and over 200 lb. to the square inch 
pressure. It is possible to spring them over solid 
— from 4 in. in diameter up to 6ft., and they may 
ye made for use with any existing piston. These rings 
are made both for steam-engines and internal-combus- 
tion engines; for pumping work, and other special 
operations, they are made of brass. They are found to 
wear the engine cylinder very evenly all round, so that 
it remains cylindrical. 

We also had an opportunity of seeing the steel 
Ramsbottom rings, which are chiefly used for steam- 
hammers, made at these works. They are also pre- 
ferred occasionally for steam winches and pumps, or 
other positions where there is a considerable jar. These 
steel rings are cheaper than the cast-iron rings, but 
the latter are considered preferable, excepting in the 
cases referred to, where the blow is sudden, and would 
be apt to break the cast-iron ring. The steel rings are 
formed of cold-drawn steel rod, which is made exact to 
gauge, to within ; ;‘55 in., under or over, that being the 
allowance made. The rod is bent up in rolls to a coil, 
which is afterwards sheared so as to produce the 
separate rings. These are flattened by hand on a 
plate. Over 400 different sections are made for various 
purposes, ranging from jin. square up to 14in. by Zin: 








WOOD'S WATER-GAUGE. 

Tue risks which are run by boiler attendants, due 
to the fracture of gauge-glasses, particularly in these 
days of high-pressure steam, are clearly recognised by 
engineers, who have from time to time devi various 
automatic arrangements whereby the steam and water 
may be cut off in case of accident. 

On this page we illustrate a new form of safety water- 
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gauge, which is the invention of Mr. A. Wood, of 
| Glasgow. Its object is, like that of all similar appli- 
ances, to automatically prevent the escape of water 
and steam from a boiler should the gauge-glass be acci- 
dentally broken. In the case of the water-gauge before 
us, the object is attained by a simple and ingenious 
method of holding steam and water valves apart during 
normal conditions by means of a thin glass rod, which 
,is fixed at the top to the steam-valve and at the 
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bottom to the water-valve, and is sufficiently strong 
under normal conditions to keep the two valves off 
their seatings. The rod is of small diameter and 
sses centrally inside the gauge-glass from top to 
yottom, and there is ample room for the free flow of 
steam and water round it. Should the gauge-glass be 
accidentally broken, the pressure of steam and water 
on the two valves at once fractures the thin glass rod, 
and the valves are forced on their seatings. If the 
gauge-glass should break without the internal rod col- 
lapsing, the latter can easily be broken with any handy 
instrument. This, however, is not likely to occur. 

The construction of the apparatus will be better 
understood on reference to the figure. . A and.B are 
the two conical valves, which are held apart by the 
rod C, which at itslower end is inserted into a socket 
D, which is a continuation of the valve B, while at the 
top it is inserted in a split, externally screwed and 
slightly tapered socket E, made on an extension of the 
valve A. A smallnut F is screwed on this extension so 
as to tighten the latter and cause it to grip thn rod C. 

An open guide-frame G is secured to each valve, 
and this frame slides in the cylindrical passage ‘H, and 
forms a guide for the valve. The upper guide-frame 
is provided with a small knob J, by means of which 
the valve A, the rod C, and the valve B can be with- 
drawn out of place after the cap L has been removed. 
If desired, the valves can have ordinary radial. webs 
for the purpose of guidin g them. 

It has been found that with a working pressure of 
100 lb. per square inch, a glass rod } in. in diameter is 
sufficient to hold the valves open under normal con- 
ditions. 

These water-gauges may be obtained from Mr. 
Alex. Wood, Woodlands, Partick, Glasgow. 








SHIPBUILDING AND MARINE 
ENGINEERING, 1903. 
(Continued from page 13.) 

Nortu-East Coast. 

We turn now to a consideration of the reports 
received from the respective builders in the different 
districts, and we take first those of the North-East 
Coast, where the state of trade has for two years been 
considerably depressed ; and 1903 marks a still further 
decrease even on the figures of 190%. In the district 
extending from Blyth, in the north, to Whitby, in the 
south, 280 vessels, of 632,386 tons, were launched 
during the year—a decrease, as compared with the 
preceding year, of five vesscls, and of 132,403 tons, 
which is equal to 17.3 per cent. The drop from the 
highest aggregate recorded in this district—that of 
1901, when 292 vessels, of 907,828 tons, were launched 
—is 275,442 tons, equalling 30.4 per cent. This diminu- 
tion is very much more serious than that experienced 
thus far on the Clyde, where the decrease from the 
highest total is only 16.2 per cent. For a total less 
than that of the past year we have to go back to 1897, 
when the aggregate production was about 76,000 tons 
less than in 1903. The totals for the North-East 
Coast, as well as for the Clyde, are given in the 
appended table : 


1903. 1902, 1901. 1900. 1899. 1898. 
Tons. Tons. Tons. ‘Tons. Tons. Tons. 
North - East 
Coast 632,383 764,789 907,828 875,839 878,762 846,027 
Clyde 440,500 525,670 513,298 486,424 493,703 473,714 
Ratio of 
North-East 
Coast to 
Clyde total 1.44:1 1.45:1 1.77:1 18:1 1.78:1 1.78:1 


It will be noted that the proportion of the North 
East Coast production to the Clyde output is the same 
for the past two years, and is much less than in 
the four preceding years. Indeed, it is the lowest 
for some time, and seems to suggest that in times of 
depression the Clyde builders are more successful in 
securing orders. This may be due in some measure 
to the fact that a greater variety of work, much of it 
of a special nature, is done on the Clyde ; whereas on 
the North-East Coast the staple production is the 
moderate-sized cargo ship—vessels between 3000 and 
5000 tons; and reduced freights and consequent 
decreased demand for tonnage is usually most pro- 
nounced in connection with this type, so that the 
North-East Coast very often experiences a depression 
in trade more readily than the Clyde. 

There has not been any further reduction in the 
proportion of tonnage built for foreign owners, the 
total for the past year being 135,680 tons, which, 
although less than last year, bears a slightly greater 
proportion to the total output—namely, 21.4 per cent., 
as against 19 per cent. in the previous year. In 1901, 
however, 24 per cent. of the total was for owners abroad ; 
in 1900, 26 per cent.; in 1899, 254 per cent.; in 1898, 
27 per cent.; in 1897, 31 percent.; and in 1896, 35 per | 
cent.; so that it will be seen that there has been a 
steady diminution during the past seven years, the 
decline being equal to about 15 per cent. of the aggre- 
gate. In this respect also the North-Kast Coast has 
suffered more than the Clyde; because, although the 
percentage there is this year less than for the English 
district—being 15.5 percent. —the maximum has seldom | 





been so high as on the North-East Coast, the average 
there being 25 per cent. To the foreign tonnage the 
Tyne has contributed almost half—namely, 61,782 tons, 
equal to 23.3 per cent. of their total tonnage. But the 
Tees has the highest proportion to its total—namely, 
32.1 per cent.—its quota for foreign clientele being 
30,586 tons. The Wear proportion was 34,433 tons. 
MARINE-ENGINE OvTPUT. 

Although there were constructed vessels aggregating 
8443 tons which were not propelled by steam, none of 
these can be ranked as ‘‘sailing ships;” they consisted 
for the most part of docks, ship-shaped caissons, with 
a few barges. This left 623,943 tons of shipping to 
be provided with machinery, and as the total engine 
production of the district was 523,000 indicated horse- 
power, it would seem at the first glance that the pro- 


portion of power to tonnage was unusually high ; but | 


certain deductions fall to be made from this total 
before any conclusions can be tested. Thus, there 
were engines supplied for ships built in Continental 


countries to the extent of 10,990 indicated horse- | 


power, while Messrs. Parsons sent from their works 
turbine machinery for three Clyde - built vessels ; 
35,160 indicated horse-power also falls to be deducted 


for gas-engine and electrically - driven machinery | 


built by marine engineering firms, and included in 
their totals. If with these deductions for vessels not 
built on the Tyne we eliminate 84,000 indicated horse- 
power for machinery for warships, we find that the 
total power of machinery for North-East-Coast-built 
merchant ships was 380,450 indicated horse-power, so 
that the ratio of power to tonnage is about the same 
as it was last year—namely, 0.60 per ton. But, even 
so, there were many ships built which had much less 
power of machinery than this. It is a comparatively 
low mean rate. 

Dealing with the returns from the individual firms, 
we may take first those constructing machinery. In 
Table VI. there is given a list of the firms, with the 
total power of the engines they built during the past 
four years. The North-Eastern Marine Engineering 
Company, Limited, who have works at Wallsend and 
at Sunderland, again top the list, with a total engine 
production of 89,275 horse-power, In their report, how- 


ever, they include boilers to the extent of 3628 indi- | 
cated horse-power, making in their reckoning a gross | 


total of 92,903. Of this total, 54,630 indicated horse- 


power was constructed at the Wallsend works, and | 
38,273 at their Sunderland Works. The total includes | 


TasLE VI.—Production of Marine Engines on the 
North-East Coast. 


103. 1902. 1901. 1900 


Name of Firm. i 


LH.-P. | LH.-P.| LH.-P. LHP. 
North-Eastern Company, ii 
Limited, Wallsend and } 
91,023 


Sunderland . 89,275 86,036 81,910 
Richardsons, Westgarth, 

and Co., Limited, Mid- 

diesbrough, Sunder- 

land, and Hartlepool... 82,600t | 80,550 | 120,150 _ 
Hawthorn, Leslie, and 

Co., Limited, New- 

castle,* .. ; .. 50,000 65,000 59,500 30,200 
Palmer’s Company, Jar- 

row-on-Tyne* .. . 48,800 16,000 39,050 32,700 
G. Clark, Limited, Sun- | 

derland.. ..  .. 48,000 41,000} 48,700 33,000 
Wallsend Slipway and 

Engineering Co., Ltd. 42,360¢ 69,150t} 46,650 51,750 
Blair and Co., Limited, 

Stockton a ..| 26,850 34,150 | 62,000 48,650 
The Parsons Marine | 

Steam - Turbine Com- 

pany, Ltd., Wallsend 26,400 15,500 | _ 

J. Dickinson and Sons, 

Limited, Sunderland.. 24,723 31,030 31,044 41,622 
Central Marine Engine 

Works, West Hartlepool 21,900¢ 25,400 | 47,700 46,600 
Swan, Hunter, and 

Wigham - Richardson, 

Limited, Newcastle*... 21,750 | 26,900; 20,200 20,100 
W. Doxford and Sons, 

Limited, Sunderland* 16,050 19,650 19,450 18,500 
J. Readhead and Sons, 

South Shields* .. 14,650 14,350 12,300 11,550 
MacColl and _ Pollock, 

Sunderland ae 7,410 7,530 10,000 6,950 
Shields EngineeringCom- 

pany, Limited, North 

Shields .. ek " 5,465 3,195 1,950 _ 
G. T. Grey, South Shields 5,210 3,865 4,374 2,415 
J. P. Rennoldson and 

Sons, South Shields*. . 3,170 5,525 3,337 3,615 
J. S. Vaux and Co., 

Limited, Sunderland. . 2,860 2,250 1,050 -- 
Baird Brothers, North 

Shields .. ¥% s 1,325 160 —_ 
Hepple and Co., South 

Shields*.. i - 1,200 1,000 1,050 _ 


" These firms also build the hulls. 
+ Includes electric and other machinery. 


dock, which was built by Messrs. Swan, Hunter, and 
Wigham-Richardson, Limited, and they have done con- 
siderable repair’ work. The Northumberland Forge, 
| owned by the company, have turned out during the 
| year about 2000 tons of marine-engine parts, chiefly of 
| ingot steel and wrought iron. The total production, 
| it will be seen, is only slightly less than in the pre- 
| ceding year. The second firm on the list is Messrs. 
Richardsons, Westgarth, and Co., whose total of 
| 82,600 indicated horse-power is also slightly higher 
than in the previous year, but on this occasion 
;it includes 27,560 indicated horse- power as gas- 
| engines, electric power engines, steam owiigaagien, 
| boilers, &c. The marine work therefore totals about 


55,000 indicated horse-power, the collective power of 


| the propeller engines of thirty-six steamers. Messrs. 
Hawthorn, Leslie, and Co.’s return of machinery work 
makes up exactly 50,000 horse-power, and includes 
the machinery of two torpedo-boat destroyers, a 
County cruiser built at Elswick, an Ottoman cruiser 
| constructed at the same famous works, while the fifth 
set of machinery was for a foreign steam-yacht. In 

|addition, the firm have supplied boilers for the 
| torpedo-boat destroyer Eden, built by them, but fitted 
| with Parsons turbines, and also steam-generators for 
the third-class cruiser Amethyst, built at Elswick, 
and to be driven by turbines. The horse-power of 
| these boilers is not included. This total of 50,000 
| horse-power is 15,000 less than in the previous year, 
and 9500 less than in 1901, but represents a good year’s 
| work. The Wallsend Company have a reduced total, 
| the output during the past year having been 42,360, 
including the very large engines for the Manchester 
| Corporation Electric Tramways, and a set of air-com- 
ressors. Included in their marine-engine production 
| is the machinery of fifteen vessels, three of them being 
| about 4500 indicated horse-power, while the others 
| range down to 1300. In addition, the company fitted 
| fourteen vessels with new boilers, representing a total 
| of 9000 indicated horse-power ; but we are glad to 
| note that they have not sought to include boilers in 
their total, as is done by some other firms, in such a 
way as to prevent any deduction being made for them. 

Palmer’s Shipbuilding and Engineering Company 

| come next on the list with a total higher than in the 
three preceding years, but not a record output. This 
year’s return by this company includes five torpedo-boat 
destroyers and several merchantmen, to which we shall 
refer in dealing with the shipbuilding return from the 
same company. Messrs. George Clark, Limited, 
Sunderland, have also a good return, and up to the 
| average of recent years. They supplied the machinery 
| for eyghteen ships constructed in the district, the total 
hetse-power being 43,000. Next on the list is the 





} 








+Parsons Marine Steam-Turbine Company, Limited, 


| . . . . . 
| who include in their return the machinery for the 


| yacht Lorena, of 4200 indicated horse-power ; for the 
| Dover and Calais Channel steamer of 8200 indicated 
horse-power ; for the Newhaven and Dieppe Channel 
| steamer Brighton, of - 7000 indicated horse-power ; 
/and for the torpedo-boat destroyer Eden, to which 
| we have already incidentally referred in connection 
| with Messrs. Hawthorn, Leslie and Co.’s return, the 
| horse-power in this case also being returned at 7000. 
| This makes a total for the company of 26,400, as 
| compared with 15,500 in 1902. The work in hand 
|includes the machinery of the third-class cruiser 
Amethyst, already launched from the Elswick Werks; 
|also engines. for. four cross-Channel steamers, three 
| ocean-going steamers, and one Atlantic liner for the 
| Allan line. The Central Marine Engineering Works, of 
West Hartlepool, produced sixteen sets of machinery 
of an aggregate indicated horse-power of 21,900, as 
| compared with eighteen sets, of 25,400 indicated horse- 
| power, in 1902; but in the three years prior to that 
the total varied between 44,000 and 47,700 indicated 
horse-power. All of the engines turned out were of 
the triple-expansion type, and there is included 
one of 650 horse-power for electric driving. In the 
boiler department there have been 31 boilers built 
and, in addition, six. for renewals in old steamers. 
During the year further progress has, the company 
|inform us, been made in the provision of Borrow- 
| man’s patent superheating apparatus for the boilers 
| of ordinary cargo steamers. The experience gained 
| with high pressure (267 lb.) has enabled the company 
| to apply this addition to the ordinary type, with 
| satisfaction to the owners of steamers. Messrs. 
| Blair and Co., Limited, of Stockton, produced ma- 
|chinery of 26,850 indicated horse-power, which is 
7300 less than in 1902, but in the three preceding 
| years the average was double the production of the 
| past twelve months. Messrs. J. Dickinson and Son, 
Limited, of Sunderland, supplied machinery for eleven 
ships, totalling 24,723 tons, which is about 20 per cent. 














| less than the average of the four preceding years. The 


| the machinery for 64 vessels, eight of which were | company also built seventeen boilers in addition to 


built on the Continent, and the remainder on the | those for the ships referred to. Messrs. Swan, Hunter, 
North-East Coast. The power of the machinery | and Wigham-Richardson, Limited, at their engine 
ranges from 395 up to 5700 indicated horse-power, but | works, constructed engines for eleven of the vessels 
the great majority come within the range of 1000 to | built by them, the machinery for the remaining eleven 
1700 horse-power. The company also titted a complete | having been supplied by other firms on the Tyne. 
pumping and electric installation in a large pontoon | The company’s engine production is therefore 21,750 
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indicated horse-power. As this was the output at the 
works formerly owned by Messrs. Wigham-Richard- 
son and Co., we must compare the total with the out- 
put (in previous years) from the same works ; it will 
then be seen that although 4150 indicated horse-power 
less than in the year 1902, it is still above the output 
of the three preceding years. Messrs. William Doxford 
and Co. return 16,050 indicated horse- power, the 
machinery of the vessels built by them, the total being 
about 3000 less than the average of the four pre- 
ceding years. Messrs. Readhead and Sons, South 
Shields, have an aggregate indicated horse-power 
exceeding that of the four preceding years. Messrs. 
McColl and Pollock’s total is made up of the machi- 
nery for twenty-one vessels—several of the trawler 
type—for which they have constructed in all twenty- 
three boilers. The work on hand consists. of fourteen 
sets of engines of about 4400 indicated horse-power. 
This firm is making a considerable extension to their 
works; a new pattern-shop has been completed, 
while a new boiler-shop is now being built. The 
Shields Engineering Company’s production is made up 
of the machinery of twenty-five small craft for the 
fishing fleet, four of which were built at Dartmouth, 
and the remainder on the Tyne. These engines range 
from 360 indicated horse-power downwards. Messrs. 
G. T. Grey’s total 3 more than in the preceding years, 
and includes the machinery of fourteen vessels, ranging 
from 590 indicated horse-power downwards. One of 
these vessels was built in Holland and four of them 
in Hull, while the remainder were constructed on 
the North-East Coast. Messrs. Vaux constructed 
three sets of engines, one going to Norway, another 
to Dundee, while the third was for a Sunderland 
vessel. Messrs. Baird Brothers, of North Shields, 
include engines for six steamers in their total, three 
of which were built at Dartmouth, one at Yarmouth, 
and the other two by Tyne builders. 
TuE TYNE. 

We have returns from fifteen firms on the Tyne, and 
they have launched during the year 146 vessels, as 
compared with 140 in 1902 and 121 in 1901. The total 
tonnage shows a considerable decrease, having been 
for the past year 265,434, as compared with 322,136 
in 1902; this latter total was the highest reached in 
the district, and the decrease now is equal to 17.7 per 
cent. ; but in 1897, when the last period of depression 
attained its most severe stage, the output was only 
211,000, so that the condition last year is by no means 
the worst experienced by the present generation. 
There has been very little difference in the character 
of the work done on the Tyne. We have again a very 
large number of North Sea fishing craft, which has con- 
siderably increased the number of vessels of less than 
500tons. Three or four years ago such a small vessel 
was almost an exception on this river, but now 67 
of the vessels come under this category, as com- 
pared with 60 in the previous year, and 43 in 1901. 
The only two ships exceding 10,000 tons launched on 
the river were warships—one the Chilian battleship 
Constitucion (now H.M.S. Swiftsure), and the other 
the armoured cruiser Hampshire, both of which were 
constructed at the Elswick Works. The largest mer- 
chant ship was the Goldmouth, of 8093 tons, with 
engines of 3800 indicated horse-power. In the previous 
year, on the other hand, there were three merchant 
vessels which exceeded 10,000 tons, and two between 
8000 and 10,000 tons. In 1903 there were four vessels 
between 6000 and 8000, as compared with five in the 
preceding year ; whilst last year there were over 6000 
tons, seven vessels in all, as compared with 10, 9, 13, 
17, and 12 in the five preceding years. It will thus be 
seen that the leviathan ships were much fewer than 
usual. Of ships between 5000 and 6000 tons there were 
four,as compared with three and seven in the preceding 
years. Of between 4000 and 5000 tons there were 
twelve—the same number as in the previous year, but 
two less than in 1901; between 3000 and 4000 tons 
there was a considerable decrease, nineteen only being 
built, as compared with twenty-five and twenty-two. 
In the number of the smaller ships, however, there 
was an increase. Thus, between 2000 and 3000 tons 
there were seven vessels, as compared with fifteen and 
six; and between 1000 and 2000 tons there were 
twenty-two vessels, as compared with twelve and four- 
teen; and between 5000 and 1000 tons there were 
eight, as compared with three and five. The experience 
of 1902—when there was a decrease in the larger 
vessels—has therefore been continued and intensified 
during 1903. 

The foreign tonnage, as completed on the Tyne, 
shows a slight increase as compared with the previous 
year, but does not attain the same high proportion to 
the total as in the later ‘nineties. Thus, there were 
sent to foreign owners vessels aggregating 61,782 tons, 
as compared with 65,431 tons; but the proportion is 
23.3 per cent. now, as compared with 24.04 per cent. 
in 1902, while in 1901 it was 24.4 per cent. ; in 1900, 
40.5 per cent. ; in 1899, 29.1 per cent. ; in 1898, 
38.85 per cent. ; and in 1897, 41.28 per cent. It thus 


fluctuates very considerably, but averages well over 
one-fourth of the total. 


Germany has taken more of 


the foreign tonnage than any other country. Out of | 34,085 tons, which is considerably above the average. 
the 28,590 tons taken by the Fatherland from British | Seven of these vessels are of a type of which the com- 
shipbuilders during the past year, 20,276 tons were got | pany have made a speciality, and they have built no 
from the Tyne. ‘This, while considerably more than | ae than 24 of them in the past four years. They are 
in 1902, is very much less than in the two previous | of the spar-deck type, with a length * 373 ft. over all, 
years, 1900 having 52,000 tons to its credit, and 1901 | with a poop, a bridge, and a top-gallant forecastle, 
33,436 tons, but 1902 only 2235 tons. Austria has the tween decks being especially well fitted for cattle, 
again been a good customer, having taken 8702 tons ;/ troops, or emigrants, while water ballast may be 
but this is only about one-third of the proportion of | carried in a cellular double bottom and aft-peak tank. 
last year, and less than half what it was in 1901. Nor- | These vessels were of 4670 tons gross measurement, 
way has taken much more than usual—774] tons, as | carry 7000 tons dead-weight, and have engines of 2200 
compared with 1440 tons. For colonial owners 10,711 | indicated horse-power, giving them a speed of 10 
tons were constructed, as compared with 9064 tons in| knots, The eighth ship on the list was built for the 
the previous year. Other foreign countries taking | Canadian Inland Navigation, and has a speed of 13 
tonnage were Russia, 3629 tons; Turkey (a cruiser| knots. Messrs. John Readhead and Sons launched 
and yacht from Elswick), 4830 tons; Holland, 1664) eight vessels—the same number as in the preceding 





tons ; Spain, 2426 tons ; and Belgium, 1803 tons. 
The productions of the various firms on the Tyne 
for the past four years are given in Table VII. 
TaBLeE VI1.—Production of Tyne Firms. 











1903. 1902, 1901. 1900. 
Name of Firm. 
No.| Tons. | Tons. Tons. Tons. 
Swan, Hunter, and 

Wigham - Richardson, 

Limited .. re .. 22 | 66,452*/103,575$ 85,878 77,774 
Sir W. G. Armstrong, 

Whitworth, and Co., 1 

eT ree | 48,740 | 52,039 36,936 46,237 
Northumberland Com- 

pany, Limited ... 8 | 84,985 24,790 | 29,602 32,482 
John Readhead and Sons 8 27,775 | 24,764 24,043 | 23,898 
Palmer’s Company, Ltd. 9 | 22,024 | 31,313 | 51,291 33,808 
Robert Stephenson and | 

Co., Limited .. .. 8 | 17,633¢ 15,994 | 13,586 11,613 
Tyne Company, Limited 6 14,674 15,271 | 13,693 15,236 
R. and W. Hawthorn, 

Leslie, and Co., Ltd. ... 6 | 14,370 | 26,658 | 20,641 | 28,327 
W. Dobson and Co. =the 7,926 | 15,6268, 14,712 | 14,367 
Smith’s Dock Company, | 

Limited . . nk A 4,984 3,725 2,039 3,565 
Wood, Skinner, and Co., | 

Limited . . a toik nae 4,556 6,499 | 9,602 9,251 
J. P. Rennoldson & Sons 6 1,076 1,632 2,609 2,206 
J. T. Eltringham and Co. 5 672 1,770 | 1,114 1,679 
Hepple and Co., Limited 3 325 239 120 _ 
W. P. Huntley ‘ 3 142 66 205 160 


* Includes a 6940-ton floating dock. 

+ Includes a 437-ton caisson for graving dock and two pairs of 
steel dock gates (400 tons). 

t Includes two floating docks and two pontoon docks. 

§ Includes erections. 

Messrs. Swan, Hunter, and Wigham-Richardson—the 
combination of two firms—top the list this year with a 
total of twenty-two vessels, of 66,452 tons. This, indeed, 
places them in the second position in the United 
Kingdom, but the total is only about two-thirds of 
the output of the two firms in the previous year, and 
is about 20,000 tons less than in 1901, and 11,000 tons 
less than in 1900. There is included the largest ship 
built on the river—the Goldmouth, of 8093 tons; a 
dock for Durban of 6940 tons; three steamers for 
Germany of from 5285 to 5060 tons; while two Hall 
liners of over 4000 tons make up the large ships; the 
others are between 2000 and 1000 tons. 

Sir W. G. Armstrong, Whitworth and Co., Limited, 
are second, the combined output of the Elswick and 
Low Walker yards being 13 vessels of 48,740 tons, 
practically the same as in the previous year, and 12,000 
tons more than in 1901. The list includes a protective- 
deck Ottoman cruiser, Abdul Hamid, of 3800 tons, with 
engines of 12,500 indicated horse-power ; the Chilian 
battleship the Constitucion (now the Swiftsure), 11,800 
tons and 12,500 indicated horse-power; the County 
cruiser Hampshire and a third-class cruiser Amethyst, 
fitted with turbine machinery. Fully one-half the 
production, therefore, is represented by warships, to 
which we referred in ‘‘ Warship Building during the 
Year,” in our issue of December 25. There was also 
built a very fine yacht, the Erthogroal. This vessel, 
of 260 ft. in length and 900 tons displacement, has 
been built to attain a high speed, the machinery being 
2500 indicated horse-power. She is for the Sultan, 
and is luxuriously fitted with imperial suites of rooms. 
She also mounts eight 3-pounder quick-firing guns. 
The other ships included in the list are of the merchant 


built by them since 1852, and this we give :— 


Particulars of Various Classes of Vessels Built at 
Walker and Elswick from 1852 to 1903. 


| 











‘ Indicated 
u Gross 

Type. No. Horse- 

I Tonnage. Power, 

War Vessels .. a a ..| 109 216,459 | 606,805 

Passenger and cargo steamers . | 386 533,411 299,281 

Petroleum steamers .. Pe, oat 223,394 110,136 

Ice-breakers, dredgers, &c... .. Sl | 49,340 35,250 
Paddle steamers ne ee ..| 92 | 24,624+) 29,106 | 


745 | 1,047,228 | 1,680,578 











The Northumberland company are third on the 











list, having launched eight vessels of an aggregate of 





| year, but the tonnage shows an increase of 3011. 
| The vessels range between 3000 and 4000 tons, and 
jin all cases they were fitted with their engines and 
boilers bythe builders. The total tonnage for the year is 
| 27,775, but with the deck erections included it would 
| have been 30,175 tons—a difference of 2400 tons. The 
| firm report that they have been very busy in the repair 
|department. Messrs. Palmer’s are next with nine 
| vessels, including five torpedo-boat destroyers, three 
|of which have since passed through their steam trials 
| successfully. ‘Two oil steamers of over 7000 tons are 
| included, a City liner of 4683 tons, and a steam-yacht, 
| built for Mr. Markham, of Chesterfield, and fitted by the 
'owner’s company with her engines. The total tonnage 
| is nearly 30 per cent. less than in the preceding year, 
|and less than half what it was in 1901, but the im- 
portance of the work fairly makes up for this differ- 
ence in figures, Messrs. Robert pe. $a and Co., 
Limited, have built eight vessels, of 17,633 tons, 
including a caisson for a graving dock and two pairs 
of steel dock-gates. The output of this firm shows a 
steady progress since 1900, each successive year having 
marked the addition of 2000 tons. The Tyne Company 
built six vessels, of 14,674 tons, but had the deck erec- 
tions been included, this total would have been 16,564 
tons. Three of these ships were for British owners, 
while one was for Spain, another for Norway, and a 
third for Belgium. The total is well up to the average. 
Messrs. R. W. Hawthorn, Leslie, and Co. include in 
their list three torpedo-boat destroyers, one fitted 
with Parsons turb?.es, a twin-screw passenger steam- 
boat of 7252 tons, and engines of 6150 horse-power, 
a paddle steamer, and an ordinary screw steamer of 
the intermediate cargo type. The total is 14,370 tons, 
or with deck erections 17,819 tons ; but this output is 
considerably less than in the four preceding years, 
when the average yearly output was 10,000 tons 
greater. Messrs. William Dobson and Co. launched 
six vessels—two for Holland, one for Norway, and 
one for Russia, leaving. two for this country. The 
largest, for Greenock, was 33,121 tons; the total, it 
will be seen, is only about half what it was in the 
three preceding years. The output of the Smith’s 
Dock Company is made up almost entirely of 
fishing - craft, and is in excess of the total of 
|any preceding* year. Messrs. J. P. Rennoldson’s 
| boats were all for British owners, and the interest- 
ing feature, perhaps, is that three of them were 
| fitted with side-lever engines of 400 horse-power. 
| Messrs. J. P. Eltringham’s five vessels ranged be- 
itween 194 and 90 tons, and included one or two 
| fishing-boats. All three of Messrs. Hepple’s ships 
| were tug-boats for British owners; the two -larger, 
jof 133 tons, each having side-paddles, and the 
other a 59-ton boat with screw propellers. 





THE WEAR. 


We have again thirteen firms making returns from 
Sunderland, and collectively they completed sixty 
vessels—seven fewer than in the previous year, and 
seventeen fewer than in 1901. The tonnage of the 
ships of the past year make up 181,662, which is over 
50,000 tons, or 21.7 per cent., less than in 1902, and 33 
per cent. less than in the year of greatest prosperity— 
1901—when the total was 270,481. Curiously enough, 
| the output for 1903 exactly equals the lowest attained 
|during the depression of 1897. Practically all the 
| vessels were steamers, and all were merchantmen. 





type; but, perhaps, the most interesting feature of |The largest vessel launched from the Wear was 
the return sent us by this firm is a note of the vessels |the Thongwa, of 6600 gross tons, built by Sir 


James Laing and Sons, Limited; and the Granges- 
burg, of 6571 tons, built by Messrs. William 
Doxford and Sons. Bat in the previous year there 
was a ship of about 9000 tons, the largest built 
in the district, while another was between 6000 
and 8000 tons; so that in 1903, as in’ 1902, the 
number of vessels over 6000 tons was two; but 
in 1901 there were four in this category ; in 1900, 
eight. In 1903 there were seven vessels between 
4000 and 5000 tons; while in 1902 there were 
three between 5000 and 6000 tons, and twelve 
between 4000 and 5000 tons, so that it will be seen 
that there were fewer vessels of over 4000 tons than 
for several years. Twenty-six vessels were between 
3000 and 4000 tons, as compared with twenty-five, 
thirty-three, and thirty-eight in the three preceding 
years. Nine were between 2000 and 3000 tons, as 
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compared with fourteen, and thirteen were between 
1000 and 2000 tons, as compared with ten. This year 
there were thrée vessels under 500 tons, which is 
very exceptional. Two of these were lightships, and 
a third was a small vessel for Dunkirk. Of. foreign 
tonnage 34,433 tons were constructed—equal to 19 per 
cent. of the total, a much higher ratio than in the pre- 
vious year, when the proportion was 11.9 per cent, ; but 
in 1901 it was 19.8 per cent.; in 1900, 20.3 per cent. ; 
and in 1899, 18.6 per cent, Since 1896 there has been a 
steady decrease from 31.8 per cent. Norway was again 
the best customer, the Sunderland shipbuilders sending 
the exceptional quota of 16,512 tons, or fully half the 
total taken by these two northern kingdoms from the 
United Kingdom ; France had 6247 tons—also a very 
large proportion ; Greece, 1250 tons, as compared 
with 4534 and 2743 tons in the two preceding years ; 
Austria had one ship, of 3853 tons, as compared with 
3847 and 17,816 tons; and Holland, 6571 tons ; Ger- 
many and Spain were fairly good clients in previous 
years, but this year they are absent from the list. 
We give in Table VIII. a list showing the production 


TaBLE VIII.— Production of Wear Firms. 


1903. 1902. 1901. 1900, 


Name. 


Tons. Tons. 


Tons. Tons. 


W. Doxford and Sons, 
Limited ste 
J. L. Thompson and 
Sons, Limited : 
Sir J. Laing and Sons, 
Limited ms ; 
Short Brothers, Ltd. .. 
J. Priestman and Co. 
Sunderland Company, 
Limited é ad 
W. Pickersgill and Sons 
J. Blumerand Co. . 
R. Thompson and Sons 
Bartram and Sons 
8. P. Austin and Son, 
Limited ; 
Osbourne,Graham, and 


39,860 43,780 35,055 34,829 


27,677 37,823 | 39,137 83,649 
40,307 
23,849 
20,362 


27,450" 
30,558" 


14,548* 


32,312 
22,628 
12,938 
12,735 16,388 
11,224 
11,040 
9,483 
6,763 


11,752 
12,371 
16,780 
12,613 
11,342 


19,465 
15,867 


15,656 


$,842 6,638 11,189 
11,214 
4,916 


1 3,820 
520 


Co. a 7,604 
John Crown : oa 2 3,664 


* Inc!udes erections. 


of the various firms in the district for the past 
four years. Messrs. William Doxford and Sons, 
Limited, top the list with a total of 39,860 tons, 
which is about 4000 tons less than in the previous 
year, but considerably better than the totals of 190] 
and 1900, while-as compared with 1899 the increase is 
10,000 tons. Their list includes the Dutch ship 
Grangesburg (6571 tons), to which we have referred, 
and which is of a special type. She is a turret steamer, 
having 14 masts, which are simple derrick standards, 
placed two abreast, with 24 derricks in all, to facili- 
tate the discharge of cargo from the 12 large hatches. 
The other vessels on the list range from 3956 tons to 
3565 tons, the two largest being Clan liners. . Messrs. 
J. L. Thompson and Sons, Limited, again come 
second, but with a total 10,000 tons less than in 
the previous year, and 12,000 tons less than in 
1901. Two of their ships were for Norway, and 
the remainder for British owners. They range 
from 4091 to 2995 tons, the two smaller being the 
Norwegian ships. Had the erections been included in 
this case, the total would have been 31,233 tons. Sir 
James Laing and Sons, Limited, have also a less total 
than in previous years, the decrease being about 5000 
tons on the figure for 1902, and 12,900 tons on the 
highest figure reached — that of 1900. The largest 
ship—4824 tons—was for French owners, and the 
others for Great Britain. The Sunderland Company, 
Limited, comes next on the list, which includes three 
foreign ships, the tonnage ranging from 3546 tons 
down: to 1196 tons. This output is about half the 
production attained by the firm in 1899—26,163 tons. 
Messrs. Short Brothers’ total is higher than in any of 
the four previous years. 

Only exigencies of space prevent us from referring 
to the returns of the other firms individually. Several 
of the firms sent us only the tonnage, including erec- 
tions, a fact which we regret, as, although it may do 
injustice to some, the fairest way to get an accurate 
and uniform basis is to calculate the tonnage exclusive 
of erections. One notable fact about the work may be 
mentioned—-namely, that Messrs. Robert Thompson 
and Sons cs ae the French vessel built by them 
sideways ; that Messrs. John Crown’s boats were 
lightships ; and that Messrs. 8. P. Austin and Sons 
have added to their works a new pontoon dock, which 
is capable of lifting vessels 400 ft. in length, and of 
7000 tons dead-weight. 


BiytH AND WuitTBy. 


Hitherto we have bracketed these two ports ; but 
this year no work was done at Whitby, so that the 
production of the Blyth Shipbuilding Company stands 
alone—six steamers, of 5394 tons, as compared with 
four, of 9352 tons, in the previous year ; but this total 
was the largest in any ‘year except 1899. The total 





for 1901 was 8625 tons ; for 1900, 7637 tons ; for 1899, 
10,663 tons ; and for 1898, 6076 tons; so that this 
year’s output is the smallest for several years. The 
two ports together last year produced 16,211 tons— 
three times the total for 1903. 


(To be continued.) 








INDIAN RAILWAY PROPERTY. 

Tue close of the year has brought with it the cus- 
tomary mass of information with respect to the working 
of Indian railways, but the position of these under- 
takings is greatly changing, as two of the more 
important concerns—the Madras and the Bombay, 
Baroda, and Central India—will probably shortly pass 
under the control of the Anglo-Indian Government. 
It is, perhaps, satisfactory to state that before Lord 
George Hamilton. retired from oftice as Secretary of 
State for India, his lordship promised that the India 
Office would interpret every contract in a broad spirit, 
and that should any doubt arise as to the interpreta- 
tion of any agreement entered into, no objection 
would be raised to the question being discussed 
and determined in the courts of law. Meanwhile the 
Bombay, Baroda, and Central India Railway continues 
to obtain satisfactory profits for its proprietors. The 
company’s original undertaking only comprised 461 
miles of line (of which 252 miles are double track), 
but it is also working 1784} miles for the Anglo- 
Indian Government, so that the system practically 
comprises 2245} miles, to which should be added 565} 
miles, representing lines worked for Native States or 
other companies, making a final aggregate of 2811 miles. 
Of the lines worked for the Anglo- Indian Government, 
314 miles are mixed gauge. The capital expended 
by the Bombay, Baroda, and Central India Railway 
to the close of June, 1903, was 10,896,756., of which 
358,559/. had been temporarily advanced by the Secre- 
tary of State for India in Council. The renewal of 
girder bridges and the doubling of the company’s main 
line between Bombay and Baroda have now been com- 
pleted, and the construction of the Baroda and Godhra 
Chord line is so far advanced that traffic is expected 
to be commenced upon it in the course of a few weeks. 
The improvements just mentioned have made it practic 
able for the company to establish a faster and more con- 
venient train service between Bombay and Guzerat, and 
also to run additional trains. There has also been an 
acceleration of trains on the State metre-gauge lines 
worked by the company between Ahmedabad and 
Agra and Delhi and Bhatinda. The number of locomo- 
tives upon the Bombay, Baroda, and Central India 
system stood at the close of June at 187, five engines 
having been added during the first half of this year, 
while one tank engine was broken up. The actual 
number of locomotives in running i at the close 
of June of this year was 157, thirty being then under 
repair. The number of vehicles in the coaching depart- 
ment was 488, of which 418 were in running order at 
the close of June. The number of vehicles used for 
the carriage of goods and minerals amounted at the 
close of June to 4975, of which 4763 were in running 
order at the same date. The aggregate distance 
run by engines in the first half of this year was 
1,533,013 miles. 

The expenditure of capital made by the Madras 
Railway to the close of June, 1903, was 11,719,548/., 
39,3231. having been expended in the first half of this 
year. Of the 11,719,548/. expended to the close of June, 
1903, 341,763/. had been furnished by the Secretary of 
State for India in Council. The Madras system proper 
comprises 845 miles of line ; but this total is increased 
to 1486 miles when account is taken of various other 
lines worked by the company. The revenue of the 
Madras system for the first half of this year was 
582,927/., as compared with 554,095/. ; while the work- 
ing expenses were 293,564/., as compared with 257,394/. 
It will be observed that while the revenue increased 
5.20 per cent., the working expenses expanded to 
the extent of 14.05 per cent. The Madras system 
fully clears the 5 per cent. guaranteed upon its stock 
by the Secretary of State for India in Council, the 
net return obtained for the first half of this year having 
been at the rate of 5/. 1s. ld. per cent. per annum. 
The increase in the receipts from goods traffic in the 
first half of this year was 22,875/. ; there was a large 
increase in the movement of cotton and grain; but it 
is interesting to note that the receipts from the carriage 
of coal and coke fell off 8958/., as a result of the re- 
duced consumption of such fuel on the Kolar gold-field 
in consequence of the introduction of electric power. 
An increased outlay was made by the Madras Railway 
in the first half of this year on the maintenance of way, 
works, and stations. ‘The additional expenditure was 
no less than 32,321/., there having been heavy replace- 
ments of the old iron rails laid upon the system. 
During the first half of this year 32 miles of line 
were relaid with bull-headed steel rails, and 23 miles 
with second-hand rails, as compared with 20 miles 
and 11 miles similarly relaid in the corresponding 
months of 1902. The percentage of maintenance ex- 
penditure to the gross receipts in the first half of 


this year was 12.91 per cent., as compared with 7.75 
per cent. in the first half of 1902. The expenditure in 
the locomotive department showed a reduction of 
4792/., as compared with the corresponding period of 
1902. No replacement of engines, as a whole, took 
place during the past half-year, but the expenditure 
on renewals and repairs of parts, as well as of boilers, 
was considerably in excess of that made in the June 
half of 1902, 74 engines having undergone repairs, as 
compared with 55, while the nature of the repairs 
executed was generally heavier. The Government 
Inspector, in signing a certificate upon the subject, 
records his opinion that a larger programme of engine re- 
newals, as compared with repairs, is still necessary. The 
cost per engine-mile run in the locomotive department 
in the first half of this year was 13.86d., as compared 
with 14.82d. in the first half of 1902. The percentage 
of locomotive expenses to gross receipts in the first half 
of this year was 18.68 per cent., as compared with 
20.52 per cent. Extensions of the Madras system 
from Calicut to Azikhal, and from Azikhal to Man- 
galore, are under construction. The number of engines 
upon the Madras line at the close of June, 1903, was 
174, of which 140 were in working order at the same 
date, 34 being in course of repair. 

The Indian Midland Railway, which is a com. 
paratively new concern, is now working 1112 miles 
of line, of which 7964 miles relate to the Indian 
Midland system properly so called. In addition to 
the mileage of 1112} miles, it should be observed 
that 654 miles of foreign lines are being worked 
over for purposes of through communication. In 
the first half of this year the gross earnings showed 
a decrease of 8.91 per cent., while the working 
expenses were reduced to the extent of 7.90 per cent. 
The ratio of the working expenses to the tratftic 
receipts in the first half of this year stood at 43.27 per 
cent., as compared with 42.80 per cent. in the first 
half of 1902. The number of engines upon the Indian 
Midland system at the close of June, 1903, was 173, 
tive engines having been added during the six months 
ending with that date. The actual number of engines 
in running .order at the close of June was 134, thirty- 
nine engines being under repair. The aggregate dis- 
tance run by engines during the first half of this year 
was 2,175,990 miles. Without being a brilliant affair, 
the Indian Midland Railway has responded fairly 
well to the expectations entertained respecting it: 
It enjoys a guarantee of interest from the Anglo- 
Indian Government, but not at the old lavish rate. 








THE BOTTOM OF A GREEN-SAND MOULD.* 
By Tuomas D. West. 


In selecting the subject for this meeting I have, as 
will be noted by the title, made a radical departure from 
the character of papers heretofore presented to your 
Association ; I trust, however, that the new thought 
presented, and the advocacy of standards for making beds, 
will assist me to deeply interest all those present in the 
direct work of the moulder, or principles involved in his 
making green-sand castings. 

Wrong principles and errors in forming the bottom 
part of green-sand moulds are to be seen in almost 
every foundry. When moulders are left to follow their 
own ideas, it is uncommon to find two working on the 
same lines, and the chances are that many will be follow- 
ing incorrect principles or working unintelligently. 

Before proceeding to illustrate methods commonly 
practised, it will be best to define principles involved in 
the right construction of mould bottoms or beds. 

Two of the first lessons we learn when engaging in the 
art of founding is that molten iron will not lie quietly 
upon dense, damp, or rusty bodies, and that it exerts 
pressure, according to the height of its head or column, 
similar to water or other fluids. The way some moulders 
work would lead one to believe that these fundamental 
principles were only discoverable after many years of sad 
experiences. 

faving knowledge of the fact that molten iron will not 
lie quietly upon dense, damp bodies, and that as height of 
head increases, so does pressure, we have the foundation 
for principles which can serve for intelligent manipula- 
tions in making mould bottoms or 8. 

In defining these principles we have first to ask, Why 
will molten iron not lie quietly upon dense, damp bodies ? 
It is because the metal’s heat creates a steam, whieh will 
endeavour to escape by the road of the least resistance, 
and which as a rule is up through the molten metal when 
poured into rammed moulds. 

This escape may be of a mild character, or so violent 
as to not only cause scabs, &c., on a casting, but blow the 
metal in a mould so much as to make what is left of a 
casting nearly unrecognisable in relation to its pattern. 
In considering head pressure we have but to recognise 
the fact that, with equal pressure of metal, we must have 
equal density or hardness of mould body under it, if we 
would wish the bottom of a casting true to its pattern. 

Having briefly considered the effects of steam and 
pressure, it is next in order to treat of the effects of their 
combination and the conditions which should prevail to 
best counteract their evils in utilising dampness and 
density to construct mould bottoms. 

The dampness or “‘ temper” is controlled by moulders 


* Paper presented to the New England Foundrymen’s 
Association, Boston, Mass. 
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generally much better than the density. The chief 
trouble lies in obtaining a proper and uniform density. 
The ideal density lies in having the face of a mould the 
softest, and the under body sufficiently hard or solid to 
withstand the head pressure or strains that will be exerted 
upon it when the mould is poured, and which, if not 
uniform, can cause thin castings to warp or crack, due to 
disarranged or unequal thickness, or heavy ones to have 
swells on the bottoms, or give away so as to cause burst- 
outs and loose castings. é 

To overcome evils of dampness and density we resort 
to venting. This can often prevent the injury that errors 
in ‘‘tempering” and ramming sand can cause, provided 
it is done intelligently. While venting is a necessity 
with most all kinds of bottoms, excepting with most 
‘open sand ” work, there is a limit to its utility. Venting 
cannot prevent ill results where the surface sand is ex- 
cessively damp, fine, or is rammed too hard. A moulder 
can ram the under body of a bottom excessively hard, 
and all will work well if it is well vented and the surface 
is of open sand, dry as can be worked and sufficiently 
soft. Asarule, the damper or finer the sand, or harder 
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wire was passed through a body of dry sand or dust, that 
the hole, upon the removal of the wire, would fill up with 
sand, similar as if the wire was in and out of a 
body of water. Another factor to be considered in con- 
nection with the point just raised is that in dampening 
| sand it has the effect, up to a certain limit, of decreasin; 

| its density, so that in using the ‘‘tempered” or mix 

| sand, as used in the ordinary green-sand mould, it must 
| berammed, in order to transform it back to something of 
the density that exists when the sand is in a dry state. 
If we dampen the sand to the degree of making a mud, 
then we again effect a density much nearer to what exists 
when sand is in a dry state; in other words, dry sand 
packs itself similar to mud, whereas, when it is in the 
mean state between dust and mud, we must ram it to 
obtain a similar density. I have found by tests, that I 
| made for this paper, that a pailful of sieved loose-tem- 
pered sand can be rammed down about 3 in., while a pail 
| of sieved dry sand will godown by ramming but about | in. 
| The same sand made into a mud cannot be depressed or 
| rammed down to any perceptible degree. Then, again, a 
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the ramming, the more venting required. This leads to the 
inquiry, How damp should sand be mixed, how fine should 
it be used, and what degree of hardness is desirable ? 


CoMPARISON OF COMPRESSION IN Dry AND Wet SANDS. 


The drier sand can be used the better, as the drier the | 


sand the less steam is created to cause trouble and labour | 
m venting. Dampness is required wholly for the pur- 
pose of maintaining forms, affording an opportunity to 
finish them, and to prevent the rush of flowing metal | 
washing away the sand. Excepting the first inch or two 
of the surface, the bottom of some moulds could be sus- 
tained with sand in a dry powdered state, were the sand 
sutticiently coarse to admit the downward escape of the 
steam that would be generated from the damp surface | 
sand. On account of the inconvenience to use all dry 
sand, and the risk of the damp surfaces parting from it 


during the action of pouring, damp sand is used for the+ without creating too great a loss in castings by not run- 
under body, as well as for the surface. A study of this | ning full and ‘‘ blowing.” 


point will show that the degree of dampness necessary for | 
the hard body under the surface is only such as sens | be | 
sufficient to allow the sand to pack solid and hold the 






| decrease the loss of bad work. There would be less loss 
| of light castings by the use of coarse sands than by fine, 








| pail of the same sieved dry sand tempered suitable to ram 

| moulds will fill the same pail one and a-half times, whereas 

|when in a mud state it will equal closely the space 
taken up with dry sand when packed as closely as it can 
be rammed. 


Utinity oF FINE AND CoARSE GRADE OF SANDS. 
The grade of sand best to use is dependent chiefly upon 
the thickness and design of castings. In plain plate 
work, the lighter the castings the finer the pre should be. 
This is not necessary on the grounds of making it prac- 
ticable to produce variation in the thickness of castings or 


were the question of smooth and sharp surfaces ignored ; 
| but as this is one of the chief points sought in making 
| light work, sands are used as fine as they can be worked 


Smoothness and sharpness of face in light castings is 
chiefly dependent upon the character of sand used. It 


form of vent-holes, as it can be readily seen that if a vent- 





ing sharp, clean, full indentations that is derived by 
different sands. 

Coarse grades of sand are necessary for heavy work, 
chiefly on account of the thicker bodies of metal creating 
extra gases, which must have a freer exit than fine grades 
of sand can give. By extra skill, care, and labour, fine 
sands may cften be used, with the result, as in light cast- 
ings, of giving smoother surfaces, &c.; but in many classes 
of very heavy castings or complicated light ones, the 
chances of blowing, scabs, and total losses would be so 
great as to make it unwise to attempt their adoption. 

There is a great difference in the physical character of 
sands. Some localities will produce a character of 
sand that cannot be found in any other section of the 
country. The foundry that has the best sand to be found 
for its work in its own locality is in luck. There are few 
things more harassing to moulders and management than 
being compelled to work with inferior sands. 


Utinity AND TrestTING OF DEGREES IN HARDNESS OF 
RAMMED SAND. 








is surprising the difference in smoothness.and jn obtain- 





The density or hardness that is best for the face and 
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under body of a mould’s bottom may be said to be due 
chiefly to the speed of pouring and the head pressure of 
the metal, the extreme of which is demonstrated in the 
making of a bottom for a deep pot that had a 36-in. head 
and an open sand-plate with a head of 4 in., as seen in 
Figs. land 2. In ramming the bottom A for the pot it 
must be made very hard, or of such a density as to pene- 
trate the bed 4 in., with a pull of 25 1b. by the hardness 
testing device, seen at Figs. 3 and 4, to be described later 
on, whereas with the ‘‘open sand” plate B, Fig. 2, it 
required but a pull of 2 lb. to penetrate through the 
packed surface to the under body of soft sand. 

The extremes of hardness presented by Figs. 1 and 2 
illustrate the wide variation that exists in demanding 
different degrees of hardness, and displays in a measure 
the delicacy of touch, high skill, and sound judgment 
that founding demands of the man competent to make the 
great variety of green-sand castings that exists in many 
foundries. 

The moulder that can change from any one job to an- 
other, and make perfect castings without making from 
two to three or more to obtain one good one, is worthy of 
the name artist, for in no other trade is there the high 
exaction for the work of hand and mind as in the 
moulder’s. 


Tuer NEED oF SYSTEMATIC PLANS FOR MAKING Bottoms. 


Foundries having a large business in different classes of 
work have, to a greater or less degree, experienced losses 
in casting and in obtaining imperfect work by reason of 
unsystematic shop methods and unintelligent working of 
moulders. These foundries should welcome any means that 
could aid in establishing more uniform methods of working. 
There is no reason why, in the making of bottoms, greater 
uniformity of system should not exist. If, in foundries 
allowing moulders to follow their own ideas, duplicate 
ws of fire fronts, for example, were distributed to 

our different moulders, we would most likely find one 
rolling it over, another one resting it on four corners and 
tucking it up, another sledging it down into a bed of soft 
sand, and another making it on a hard bed. A _ perfect 
casting could be produced by either method if ame ag by a 
careful and skilled moulder, but as these are rare, we 
would more likely not find a perfect casting in the bunch. 
If, instead of this go-as-you-please plan, each shop would 
have some established method that had proven a success 
for all to follow, there would be a noticeable reduction in 
bad work. It is not to be expected that all shops would 
follow like methods; nevertheless, there are workings 
that could be made much more universal than they are. 
This is especially true in the matter of making bottoms 
or beds, and in which there is great need of some standard 
test for hardness. In my study to offer something new 
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here, that would serve for such a test, I present the de- 
vice seen in Figs. 3 and 4. 

By resting this device upon the face of a mould, or 
above it, and pulling on the steelyards (spring balance) as 
seen at D, the compressor or hardness testing-rod EK is 
pressed downward into the bed of sand or bottom at F, 
according to its degree of hardness or density, which is told 
by the scale of inches at G and the weight pulled by the 
steelyards, its limits being in pressing the compressor-rod 
D from the fraction of an inch to 6 in., and pulling the 
steelyards from 1 lb. to 25 1b. While the hardness-tester 
is limited to a depth of 6 in., it will be seen that this is 
sufficient when it is stated that rammed courses rarely 
exceed this depth. 

The sheave-wheels H, also the steelyards D, can be 
purchased in almost any hardware store. Tle compressor- 
rod E should be made of hard wood. The strings K should 
each be strong enough to lift 40 lb., and is kept back from 
being caught in the compressor-rod’s guides by little 
staples, as seen at M. The base N, uprights P, and top 
R are all made of pine or other soft wood. The con- 
struction need not cost over 2 dols. With the above 
explanation, and the two views shown, anyone should be 
able to construct a machine. The ideas presented in this 
device could be embodied in a machine made after the 
plan of scales by our scale manufacturers, to no doubt 
give a machine to surpass the utility of the one shown. 

The adoption of such a device as shown in Figs. 3 
and 4 should afford the management of many foundries 
a much better control of the moulder’s work in making 
beds or bottoms for both light and heavy work than 
exists at the present day. Take the case of light 
plate-work — stoves, as an example — where it is_im- 

»ortant to hold a uniform weight in duplicate castings. 

ere we find the difference in moulders’ ramming, 
which can vary greatly in hardness, will make some 
duplicate casting much heavier than others, especially 
where new men are brought into action. The evils 
arising from having excessive differences in weights need 
no recital here ; suffice to say that with a device like 
Figs. 3 and 4 the management should be able to sustain 
standards for hardness that by the time a new man, or 
old ones on new jobs, had rammed two or three moulds, 
he should know how to gauge his ramming to obtain the 
hardness desired, and fies avoid the ramming of fifty or 
more moulds to give undesirable weights, with its accom- 
panying losses, before correcting the evil. 

In the case of heavy work .we would be enabled to fix 
standards for hardness that could greatly prevent swells, 
scabs, and other evils to come from un-uniform and incor- 
rect hardness of beds, 

The more one will think of the advantages to be gained 
by having some arrangement whereby standards for hard- 
ness could be adopted, the more he will perceive its value. 


STtanDARD METHODS FoR MAKING BEDs. 


There are two classes of beds—soft and hard. There 
is, no doubt, more difference displayed in moulders doing 
work in this line than others, although it is a line which 
greatly admitted of being standardised. To demonstrate 
the practicability of standardising this: work, I will illus- 
trate plans for making beds (which I have used successfully 
for many years) in a general manner, avoiding the details 
in order to not tire the patience of any that may be 
familiar with such work. 

The first work in making a bed after the sand has been 
tempered is to level the straightedge, which is_ best 
done by resting the ends on mounds as at 8, and then 
bringing them to a level in the order of Nos. 1, 2, and 3, 
Fig. 5, after which the space between the muunds S is 
filled in and tucked up solidly to look like T (Fig. 6). In 
making a soft bed, sand is filled in and struck off to pro- 
ject 3 in. to} in. above the top of the straightedge, as seen 
at U. This done, the projecting body U is knocked down 
all over the bed with the straightedge V to a level of W 
and X. On this ‘“‘open sand” castings ranging from 4 in. 
to 14 in. thick can 2 made. By having the projection 
U in. high, ‘‘open sand” castings 2in. to 3in. thick 
can be made on soft beds without the use of a vent wire 
in any manner. This method insures a definite action, 
and results in obtaining true castings; but instead of all 
moulders following such plans, many are more likely to 
shovel in their sand toa height of 2 in. to3 in. above the 
straightedges, and pound its face down with the flat of a 
shovel, piece of a board, or with the palm of the hands, 
methods that are sure to afford more or less ununi- 
formity in the face of a bed, and hence give imperfect 
castings. 

In making hard beds we must resort, more or less, to 
venting, and their success in preventing scabs depend 
largely upon the method of venting practised. ard 
beds can be used for open-sand casting as well as coped 
ones ; although, as a rule, they are an for coped work. 
A hard bed that will work for ‘‘open-sand” casting is 
made by ramming the sand with pein and butt up to the 
top of the straightedge and striking off the sand within 
4 in. to } in. of the top of the straightedges, as shown at 
Y, Fig. 7, and then closely venting all the bed down to 
cinders, as at A}, or to connect the down vents with 
under vents, as at B!. After the bed is all vented, the 
hand is passed over the vent-holes to close their top open- 
ings, and sand is then shovelled on and struck off } in. 
above the straightedges, as seen at D'. This done, the 
guide-strips D! are removed, and the projecting sand is 
then knocked down with a straight edge to the level seen 
at El, On this we can cast ‘open-sand” plates from 1 in. 
to 4 in. or more in thickness For plates under ? in. 
thick the 4 in. to }in. of compressed sand F! would be 
best vented with a fine wire, as at H!, to connect with the 
larger under vents. So much for hard beds for ‘‘ open- 


sand” castings. In tarning to beds for coped work, we 
vary the operation merely by harder ———e of the 
body Y, 


varying the distance between Y and the top 





of the straightedges, and also in the thickness of the 
pieces D!. By these variations we can obtain any degree 
of hardness necessary to the work in hand. The contrast 
to these systematic methods lies in placing go-as-you- 
lease heights of sand, patting it with the hand, tramp- 
a down with the feet, or running over the surface 
with pein and butt, in connection with all styles of care- 
less and unreliable methods of venting, to describe all of 
which would occupy more than my allotted time. How- 
ever, should anyone during the discussion of this paper 
desire me to go into the details of any points, I would be 
pleased to do so. 

This paper should demonstrate that there can be syste- 
matic methods for making bottoms or beds; and in view 
of the present erratic and bad practices followed in 
making such, I would suggest some action being taken to 
have the subject brought before the American Foundry- 
men’s Association, with the view of that national body 
ultimately adopting standards for making beds.* Such 
would surely goa long way in causing our moulders to 
work more systematically, lessen the worry of managers, 
and greatly decrease bad work and losses in our foundries. 








PRUSSIAN STATE RAILWAY 
LOCOMOTIVES. 

IN connection, with the article on page 40 on 
the locomotive practice at Mr. A. Borsig’s works, the 
following quotations fyom the Specification of the 
Prussian State Railways, dealing with the quality and 
testing of material to be used in building rolling- 
stock, &c., will be interesting, in view especially of 
the negotiations in this country in connection with 
standardisation :— 

QUALITY. 

The materials used in the construction of rolling-stock 
must conform, in regard to their nature and method of 
production, to the following conditions :— 

The lowest tensile strengths are to be so understood 
that the test-pieces must be capable of supporting the 
given loads per square millimetre of the original cross- 
section. The lowest elongation is to be so understood 
that the test-pieces must elongate in a length of 200 
millimetres (8 in.) by the stated fraction of their length, 
in so far as no other special figure than 200 millimetres is 
stated. The tensile strengths and elongations are to be 
conformed to whether the material has been worked up 
by forging, pressing, or rolling. 


Cast Iron. 

The cast iron must: be sound and strong, clean at the 
corners and edges, free from stresses and blemishes, such 
as cracks, gas-holes, &c. It must have a smooth surface ; 
the fracture must be of a homogeneous nature, gray in 
colour, and, where it is not especially required otherwise, 
it must be so soft that it can be easily worked. The 
different castings must be strictly according to the pat- 
terns and drawings, clean and thoroughly free from 
moulding or core sand ; cross-winding must not occur. 
The heads and risera, as well as the fins, must be care- 
fully chipped off. 

Cylinders.—The tensile strength must be at least 18 to 
21 kilogrammes per square millimetre (11.4 to 13.3 tons 

rsquareinch). For the purpose of testing, test-pieces at 
east 350 millimetres (14 in.) long must be cast on in suit- 
able positions. Special importance is attached toa hard 
and close nature of those surfaces which are to be machined. 
Hard spots in a casting are sufficient to cause its rejec- 
tion. 
Slide- Valves and Piston-Rings.—Slide-valves and piston- 
rings are to made of a softer material, with a tensile 
strength of from 12 or at the most 14 kilogrammes per 
square millimetre (7.6 to 8.7 tons per square inch). The 
castings must be perfectly close, and so tough that the 
finished rings can be set by the hammer. Hard spots in 
the castings are sufficient to cause their rejection. 

Engine Details.—The tensile strength must be at least 
12 anne per square millimetre (7.6 tons per square 
inch). 

Castings for Brake-Blocks.—The brake-blocks to be 
made of a tough, close, and clean mixture with steel scrap. 
It must be easily bored. 

Malleable Iron.—The malleable iron must be capable of 
being hammered, drawn, and bent when cold, without 
breaking. As regards its external aspect, see condition 
No. 1. 

SremeNns-MartTIN STEEL IN GENERAL. 

The steel must be tough and of homogeneous structure, 
and comprise the following qualities :— 

u. Tensile strength ranging between 50 and 60 kilo- 
grammes per square millimetre (31.5 to 38 tons per 
square inch); the elongation being at least 20 per cent. 

b. A tensile strength of at least 50 kilogrammes (31.5 
tons) per square inch. As scale for judging the toughness, 
tests will be made with falling weights. Tyres of this 
material must be so tough that they can be shrunk on the 
wheel centres with an allowance of yo00 the inside dia- 
meter for shrinkage, without cracking or showing any 
defect, as regards the material or the method of produc- 
tion of same. This material to be suitable for axles and 
tyres. 
¢ tensile strength of the unhardened steel of at least 
65 kilogrammes per square millimetre = 41 tons per 
square inch. The elongation, at least 10 per cent. of the 
tested length and the sum of the tensile strength in kilo- 
gramme plus twice the elongation, must be equal to at least 
95—e.g., steel of 50 kilogrammes tensile strength must have 


*The executive committee of the New England 
Foundrymen’s Association were empowered to have the 
suggestions carried forward, 





at least 15 per cent. elongation, and steel of 75 kilo- 
grammes tensile strength must have at least 10 per cent. 
elongation. This material to be suitable for laminated 
and volute springs. 

An unhardened bar of laminated spring steel, 90 by 13 
millimetres, must show no permanent deformation when 
loaded with 1800 kilogrammes, the distance between 
points of support being 600 millimetres. The steel must 
be capable of being hardened in water. 

A tensile strength in the unhardened steel of at least 
75 kilogrammes (47.5 tons per square inch), and an elonga- 
tion of at least 12 per cent. Thesum of the tensile strength 
divided by twice the elongation to be at least equal to 105. 
A hardened bar of laminated steel, 90 by 13 millimetres, 
must show no permanent deformation when loaded with 
1800 kilogrammes, the distance between points of support 
being 600 millimetres. This material to be crucible cast 
steel, as used for laminated springs. 

Crucible Cast Steel for Tyres.—The material must have a 
tensile strength of at least 70 kilogrammes per square 
millimetre (44.5 tons per square inch). As scale of tough- 
ness, tests will be made with falling weights. The tough- 
ness must be such that the tyres can be shrunk on to the 
wheel centres, with an allowance of ;;4, the inside 
diameter for shrinkage without cracking or showing any 
defect as regards the material or the woes Se of production 
of same. 

STEEL CASTINGS. 

The steel castings must be tough, close, and thoroughly 
homogeneous. The tensile strength to be at least 
50 kilogrammes per square millimetre (31.6 to 41 tou: per 
square inch), pet at the most 65 kilogrammes per sq ue 
millimetre, the elongation to be at least 12 per cent., 
measured on 4 in. of original length. 


MILD STEEL. 

Under mild steel is understood a material made by the 
open-hearth process, the tensile strength not exceeding 
50 kilogrammes per square millimetre (31.6 tons per square 
inch). It must have a homogeneous structure, must be 
rolled clean and sharp to the desired section, must be 
thoroughly sound, and have neither cracks in the edges, 
nor other defects. 

Soft Mild Stecl, Produced by the Open-Hearth Process, 
Capable of being Easily Welded and Case-Hardened.—-The 
tensile strength must range between 34 and 41 kilo- 
grammes per square millimetre (21.5 to 26 tons per square 
inch), according to the needs of the particular case in 

uestion, and “ms elongation must be at least 25 per cent. 

he tensile strength of plates must be the same both in 
the direction of rolling and at right angles to same. 
Further, this material must fulfil the following condi- 
tions :— 

Bending Test.—Strips of plate, 30 to 50 millimetres 
(1} in. to 2 in.) wide, with the corners rounded off, taken 
both in the direction of rolling and at right angles to 
same, and also square and round rolled bars, must in each 
case be capable of being bent double when cold without 
showing any cracks, 

Temper Test.—Similar test-pieces must be plunged at a 
dull.red heat into water of a temperature of + 28 deg. 
Cent., and afterwards be capable of undergoing the same 
tests. 

Upsetting Tcest.—A piece of round bar, the length of 
which is equal to double the diameter, must be capable of 
being upset ata red heat until one-third of the original 
length, without showing any cracks. 

Punching Test.—Strips of plate which at a red heat 
have been punched at a distance from the edges equal to 
half the thickness of the strip, must not tear in the direc- 
tion from the punched hole to the edge. The same tests 
to be made with rolled bars. 

Welding Test.—Two test-pieces to be welded together 
without special means. These two pieces must not sepa- 
rate again at the welding place, neither in a hot nor ina 
cold state, whatever be the strain exercised on same. 


Harp MILp STExEL. 


The method of production is not prescribed, with the 
exception of the steel that is to be used for draw-gear, 
and for which Siemens-Martin mild steel is to be used. 
No welding and punching tests are necessary. As to the 
bending test, it will be considered sufficient to bend the 
test-piece round a mandrel of half the thickness of 
material through an angle of 180 deg. In addition, the 
material has to fulfil the conditions named under a, and 
those regarding the toughness, and which will be given 
later on. 

Mild Steel for Draw-Gear.—The different parts of 
screw and safety couplings, as well as draw-hooks, must 
be made of Siemens-Martin mild basic steel, having a 
tensile strength of at least 37 kilogrammes, and of at 
most 44 kilogrammes per square millimetre (23.5 to 28 
tons per square inch), with an elongation of at least 
20 per cent. 

Hard Mild Steel for Various Purposes.—The tensile 
strength is to be at least 37, and at the most 44, kilo- 
grammes per square millimetre (23.5 to 28 tons per square. 
inch), and the elongation at least 20 per cent. 

Mild Steel for Wheel Centres.—The tensile strength to 
be at least 40 kilogrammes per square millimetre (25.3 
tons per square inch). As scale for the toughness, tests 
will be made with falling weights. 

Mild Steel for Pressed Plates.—The tensile strength to 
be from 42 to 50 kilogrammes (26.5 to 31.6 tons per square 
inch), with an elongation of at least 16 per cent. 

Ribbed iron plates must have well-rolled and clean ribs 
of at least 1.5 millimetres in height. 


Mitp Stee. Castings. 


The castings must be close, tough, and of a homo- 
geneous structure. The tensile strength to be at least 
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37 kilogrammes, and at the most 44 kilogrammes, per | 
square millimetre (23.5 to 28 tons per square inch), with an | | 
elongation of at least 20 per cent., measured on a length - 
8 | 
scale for the toughness of the wheel centres, tests with | 
falling weights will be made. Tensile tests will not be | —— 
taken from small pieces, if the material will stand bending | 
cold through an angle of 30 deg. to 45 deg. without signs | Between 26a 


only 100 millimetres (4 in.) of the original length. 


of damage. 
Wrovcat Iron. 


The wrought iron must be close, capable of being upset | 
and welded, neither hot nor cold short, free of slag, blow- | 
holes, and other defects, without corner cracks, and must 


be perfectly clean when rolled. 


Bar and Angle Iron.—Tensile and Elongation Tests. 





£24 | 6 
$8 m 
See Se sé 
am2S 8s & be00 
ES 55/38 il 
DR. aE gs 
Name of Material. 22 2e\8e 
gfe 32 8. 
a ge 
a = “i 
oes 9/s2\ee 
gaa Sa 85 
3 4 3 30a 
(a) Iron for stay-bolts, roof-stays, chains, 

rivets, and bolts; with a thickness up to) : 

25 millimetres inclusive e aa 33 24 18 
With a greater thickness than 25 millimetres) 36 22.8) 15 
() Iron for draw-gear .. oe <2 ..| 86 |228; 15 
(c) Iron for buffer-bars, draw and safety) 
hooks, and draw-bars_ .. 7” ‘Ki ra 34 21.6, 18 
(d) Bar-iron, round, square, flat, and angle} 

for different purposes. Quality II. with a| 

thickness up to 10 millimetres inclusive 36 (22.8; 12 
With a thickness of more than 10 millimetres) 35 22.2) 12 
Up to 15 millimetres inclusive, with more | 

than 15 millimetres thickness. . 84 (21.5) 12 


Bending Test.—a. Iron for stay-bolts, roof-stays, chains, 
rivets, and bolts ; test-bars must be capable of being bent 
without cracking :— 

1. At a dark cherry-red heat, bent double. 

2. When cold, to a loop over a mandrel whose diameter 
is half the thickness of the material. 

A screwed bar of 25 millimetres diameter and of 180 
millimetres length must be capable of being bent round 
a mandrel of 25 millimetres diameter without showing 
any tearing in the thread. 

) to d. Tron for draw-gears, buffer-bars, draw and 
safety hooks, draw-bars, bar iron, round, square, flat, 
and angles for different purposes. 

Test-pieces of flat iron bars with rounded-off corners, 
30 to 50 millimetres wide, as well as square and round 
irons, must be capable of being bent through an angle 
round a mandrel of 26 millimetres diameter without 
showing any tearing. 

The angle a which a flat iron has to make at the bend 
will amount in degrees (according to Fig. 1) to 

(«) for bending cold :— 


fig.1. 





50 deg. for bars from 8 to 11 millimetres thickness. 
3 5 


oF 


12 ,, 15 
2 5. a 16 ,, 
15 ” ” 21 ” 
()) for bending at a dull cherry red :— 
120 deg. for 25 millimetres thickness, 
90 deg. above 25 millimetres thickness. 


” ” ” ” 
” 
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UpsettinG TEST. 

Tron for Stay Bolts, Roof Bolts, Chains, Rivets and Bolts. 
—A piece of bar iron the length of which is equal to 
double its diameter must, at a suitable heat, be capable of 
being upset down to one-third of this length without 
showing any cracks. 

Spreading Test.—A strip of 30 to 50 millimetres width, 
cut off cold, must, when heated toa dull red, be capable 
of being spread with a blunt wedge, held parallel to the 


fibre and rounded to a radius of 15 millimetres, to 14 times | 


its original width without showing any trace of parting 
in the iron. 


Tensile and Elongation Tests for Plates. 


Quality I. Quality IL. 
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Ror < Ror & < 
Lowest tensile strength per square 
millimetre of the original section in 

kilogrammes a Ae oa 36 34 35 33 

Ditto in tons per square inch .. .., 22.8 | 21.6 | 22.2 20.8 
Lowest elongation per cent. ona length 

of 200 millimetres a ka AA 12 12 8 


Millimetres 











If the plates are more than 26 millimetres in thickness, 


Quality I. 


Thickness of Plate. | : 
| Direction ' At Right | Direction 
lof Rolling.; Angles. of Rolling. Angles. 


Quality IT. 


' At Right 


The piping for the compressed-air brake, and for the 
steam-heating must, when cold or hot, be capable of being 
easily worked without showing any defects ; it must, when 
filled with sand, and ata heat, be capable of being 
bent round a mandrel of the thickness of the outer tube 
diameter to a right angle without showing any defects, 





» 30 
30 ,, 32 ,, 
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the value of which is given below :— 


Quality IL 


kg. tons’ kg. tons | kg. tons kg. tons 
nd 28 mm.| 35.5 (22.5) 33.5 (21.2)) 34.5 (21.9) 32.5 (20.5) 
1 | 35.0 (22.2) 33.0 (20.8) 34.0 (21.6) 32.0 (20.2) 
| 34.5 (21.9) 32.5 (20.5) 33.5 (21.2) 31.5 (19.9) 
», 82 ,, 33 ,, | 840(21.6) 32.0 (20.2)) 33.0 (20.8) 31.0 (19.6) 


| Test-strips 30 to 50 millimetres wide must be capable 
of being bent in the above-mentioned manner round a 
| mandrel of 26 millimetres diameter through the angle a, 








| Quality I. | 
—— N | 
| Direction At Right | Direction | At Right 
| of Rolling. Angle. of Rolling.| Angle. 
| deg. deg. deg. deg. 
| UptoSmm. .. ie 110 110 90 
| Between Sand10mm.| 120 100 100 80 
| ae ie 110 90 90 70 
| oy) ae ge ee 100 80 80 60 
| Wee. ores 90 70 70 59 
| + 164 5.38% 80 60 60 40 
» 18,, 20,, 70 50 55 30 
| ue 20... 285, 60 40 50 25 
ic Se 55 Be os 55 30 45 20 
| 98 86,; 25, 50 20 40 15 
| 
| 
Test AT A Dutt Cuerry RED Heart. 


Test strips must be capable of being bent over a — 
rounded edge through the angle a, the value of whic 
is :— 





For any Thickness of Plate. | Quality I. Quality II. 
deg. deg. 
In the direction of rolling .. iol 180 180 
At right angles toit .. Ps cl 180 150 


The test strips may be slightly rounded off at the 
corners. Such a strip is considered broken if the iron 
shows a tear in the bend. 

Punching Test.—Strips of plate punched at a red heat 
at a distance from the edges equal to half the thickness 
of the plate must not tear in the direction from the 
punched hole to the edge. 


Rolled Sections, Girders, &c., Tensile and Elongation Tests. 


Lowest Tensile Lowest 
Strength per Elongation 
Name of the Material. Unit of the per Cent. 
Original on a Length 
Section. of 200 Mm. 
kg. per tons per 
sq.mm. sq. in. 
(a) For flanges (direction of 
rolling) up to a thickness 
of 10 mm. and less .. 36 22.8 12 
Ditto, from 10 mm. to 
15 mm. inclusive... a ee a 12 
Ditto, from 15 mm. to 
25 mm. inclusive... ee 21.6 12 
(b) For webs (direction of 
rolling) up to a thickness 
of 10mm. and less 35 22.2 10 
Ditto, from 10 mm. to 
15 mm. inclusive... . 34 21.6 10 
Ditto, from 15 mm. to 
25 mm. inclusive... sen, ow 20.8 10 


Bending Test.—This test is to be executed in the same 
manner as with the bar and angle iron, with test-pieces 
taken in the direction of rolling. 


BomtER AND OTHER TUBES. 


Piping for the compressed-air brake and steam heating: 

The material to be best wrought iron or mild steel, 
capable of being welded. 

If the tudes are not solid-drawn, they must be welded 
together with a lap of at least 6 millimetres. [Borsig’s 

always supply, however, solid-drawn tubes of mild 
| steel.] They must, externally and internally, present a 
| smooth surface, be quite circular, and of a uniform sec- 
| tion. Deviations of the required thickness of the walls 
| are only allowed to + 0.3 millimetre. 
| The tubes must be capable of resisting an inner test 
| pressure of 25 atmospheres (355 lb. per square inch) with- 
out showing any leakage or other defects. Their ends 
must be cut straight, and at right angles to the longitu- 
dinal axes. 

Cold and unannealed boiler tubes must be able to be 
expanded 3 millimetres by means of a mandrel without 
showing any defects. When being upset, expanded, or 
beaded over in order to be connected to the boiler, they 
rhust neither tear nor show any other deformation. 
| A temper test is in addition prescribed for boiler tubes 
| of soft steel. For this purpose a strip of about 200 milli- 
| metres length is to be cut in the longitudinal direction 
| out of every tube that is to be tested. This strip is to be 
' warm and flattened, and to be finished to a width of 
| 40 millimetres. The corners must be slightly rounded. 





in the dark, 





the tensile strength diminishes for an increase of the | This strip to be heated to show a cherry 
thickness of 2 millimetres by 0.5 kilogrammes per square | and then cooled in water of 28 to 30 deg. Cent. In this 
millimetre of the original section, so that, ¢.g., there is | state the strips must be capable of being bent double or of 
enly required a tensile strength as follows i— being hammered double without showing any cracks, 








tearing, or deformations of the welded parts. 

Copper.—The copper must be of first quality ; it must 
not crack, whether hot or cold, and the fracture must be 
close grained. The copper plates must, if it is not other- 
wise stipulated, be of a uniform thickness, correctly rolled 
or hammered, and well straightened, without laminations 
or parts doubled over, or any other defects. 

Tension and Elongation Tests.—The copper rods and 
copper plates of more than 4 millimetres thickness must 
fulfil the following conditions :— 


Copper Copper 
Rods. Plates. 
Lowest tensile strength per 
square millimetre of the origi- 
nal section in kilogrammes ... 22 20 
Tons per square inch _ :: =e 14 12.7 
Lowest elongation per cent. in a 
length of 200 millimetres 38 38 
Or lowest contraction per cent. 
of the original section... se 45 50 


Benpine Test. 

Copper Bars.—A screwed piece of copper rod, 30 milli- 
metres in diameter, and of a length of 180 millimetres, 
must, when cold, be capable of being bent double without 
showing any cracks. 

Copper Plates.—Copper plates up to 4 millimetres thick- 
ness must, whether cold or warm, be capable of being 
bent round a mandrel, the diameter of which is equal to 
double the thickness of the plate, until the ends meet 
without cracking. 

Upsetting Test.—A piece of a copper bar, twice as long 
as thick, must be capable of being upset, when cold, to 
one-third of the original height without cracking. 


GUN-METAL. 
Thegun-metal must be close, tough, and of homogeneous 
structure. It is to be composed out of 84 parts copper, 
14 parts tin, and 2 parts zinc—e.g., for bearings, slide- 
valves, and fittings. Any deviation from this composi- 
tion must be beforehand authorised by the Administra- 
tion. 

Wuite METAL. 

The white metal is to be composed of copper, antimony, 
and tin, in the following manner :—1 kilogramme of copper 
is melted together with 2 kilogrammes of antimony and 
6 kilogrammes of absolutely pure tin. Add the antimon 
as soon as the copper melts, and the tin as soon as both 
these metals are liquid. Of this alloy thin plates are 
cast, 9 kilogrammes of which are melted again with 9 kilo- 
grammes of pure tin. This mixture is cast in ingots 
15 millimetres thick, ready for use. Larger quantities 
than the above quoted may not be melted together at one 
and the same time. 

The components of this alloy must be as pure as pos- 
sible. Antimony, ¢.g., may at the most have 1 per cent. 
impurities, and of these not more than 0.1 per cent. of 
arsenic. Tin may not contain more than 0.2 per cent. 
of impurities. There must also be neither lead nor zinc 
contained in the mixture. 

ZINC. 

The zinc must be of a uniform thickness, presenting a 
smooth surface without any defects, and so tough that 
it may be bent double and folded without breaking. 


LEAD PLATES. 


The rolled lead must have a smooth surface without 
any defects, and must be of a uniform thickness. 


InDIA-RUBBER TUBES. 
For all india-rubber tubes only first-rate material is to 


used. 
The tubes for the compressed-air brake and for the 
steam-heating are to consist of at least five layers of 
strong canvas, each layer being separated from the other 
by a layer of india-rubber. The feeding-pipes between 
the locomotive and the tender, as well as the overflow 
pipes, are provided with an internal spiral coil, and the 
feed-pipes finally with a coating of canvas. The spiral 
coils to be made of brass or galvanised iron wire. hen 
exposed to hot water or steam, the canvas lining and the 
india-rubber layers must not separate. 
The tubes for the compressed-air brake and for the 
steam-heating must, when they are tested cold, bear for 
15 minutes an inner pressure of 10 atmospheres (140 lb. 
r square inch). The tubes for the steam-heating must, 
oat this, when tested with steam, resist for 30 minutes 
a pressure of 5 atmospheres (70 lb. per square inch), and 
the feeding pipes, when tested with cold water for 15 
minutes, an inner pressure of 10 atmospheres without 
showing any defects. 


2.—QuaLity TEsTs. 
All parts that are approved will be marked with a 
stamp, which, in the case of the finished bearing springs, 
will be on the upper side of the buckle. Stamped articles 
are considered as accepted and fit for use; the spiral 
springs are not stamped. 

The material which is to be examined must, until the 
test-pieces are selected, be treated in exactly the same 
way as all the other pieces of the same kind that are 
intended for the same order. After stamping the test- 
pieces, it is not permitted to againanneal them. (Excep- 
tions for tyres and plates 2, No. 4.) All the test-bars 
| which are to be selected by the inspectcr in order to 
examine the quality are to be eut cold from the pieces 
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which are to be examined, and are to be finished cold. 
Each test-bar must be plainly stamped and marked (in 
the case ef the plates also the direction of rolling), and 
be taken from parts which have the same dimensions, and 
have been manufactured and treated in the same way as 
the material to be accepted. 

The wood which is to be used is to be cut square and 
with sharp edges. The inspecting official is entitled to 
stamp each piece on the planed side, and care is to be 
taken that this stamp is not removed in working. 

The Administration of the railway reserves to itself the 
right to subject the parts to tests in their own work- 
shops, as well as in those of the makers. If the material 
cannot be duly tested in the works of the contractor or 
the sub-contractor, then the test is to take place in a rail- 
way workshop at the expense of the manufacturer. For the 
tests which are to be made in the — workshops, the 
prepared test-bars, as well as those which are selected 
for the tensile test, the last-mentioned with the same 
number of rough bars, with which, if needed, another 
test can be made, are to be sent, carriage paid, to the 
railway shop named. If the first-mentioned test-bars 
are in the rough state, or have not been finished according 
to rule, then they will be finished in the respective 
workshops at the contractor’s expense. 

The fractured pieces and test-bars which have been 
tested at the works of the contractor or sub-contractor 
are to be sent free of charge to the Administration of the 
railway, if desired. The contractor, however, is not 
obliged to keep the test-pieces for this purpose longer 
than three weeks, No i cetant will be made for those 
pieces which have become unfit for use by the test. 


Extent or TEsts. 

The inspecting official is entitled to select from each 
complete or partial set of 50 pieces of locomotive, tender, 
and. wagon axles, tyres, wheel-centres, return-cranks, 
crank-pins, tyre, fastening rings, draw-hooks, screw and 
safety couplings, buffer-casings, buffer-bars, and buffer- 
heads, and of each complete or partial set of 100 spring 
plates, one piece, and to test the same according to the 
specification. 

Of edch 100 bars or plates, with the exception of boiler 
and frame-plates, if of wrought iron, three, if of mild 
steel, five, tests may be taken, and as far as possible they 
will be taken from the crop ends. If the order is for less 
than 100 pieces, the number of testing-bars is to be reduced 
accordingly ; two tests, however, must be made at least. 
Tests may be taken from each boiler and frame-plate, and 
from all copper plates above 4 millimetres thickness, and 
from all firebox plates. On these plates and on 10 per 
cent. of all other plates, strips are to be left for preparing 
test-pieces, not only in the direction to which the plates 
are rolled, but also at right angles to this direction. The 
strips to be of 600 millimetres length and 60 millimetres 
width for mild steel plates, and at least 500 millimetres 
length and 50 millimetres width for copper plates, unless 
pieces of sufficient size are reduced from the scrap of 
these plates. In order to ascertain that dry wood is 
used, the inspecting official can cut up from each 50 or 
each consecutive 50 posts or boards one piece, should it 
be impossible to ascertain this in another manner—e.., 
by taking off chips. 

The axles, tyres, and cast wheel centres, which are 
made from one charge, have to be kept separate until the 
test has been made, and the contractor is bound to state 
at any time which axles, tyres, &c., belong to one charge. 
The tests to ascertain the quality of the material, of which 
the axles, the tyres, &c., are composed, are not to be 
made until a list of the various melts has been handed to 
the inspecting official. If the test-pieces are not accord- 
ing to the requirements of Section 1, all remaining pieces 
belonging to this samé charge will also be rejected. 

If the tests for the remaining materials are not satis- 
factory, then a second or third piece may be taken from 
those which have been presented for inspection. If also 
these tests do not come up to the requirements of the 
eontract, then the material can be rejected. 

If in the further tests the material does not prove en- 
tirely satisfactory, or if after the acceptance other defects 
or faults appear, which prove that the quality is not 
according to the contract, the management of the railway 
is entitled to reject the entire supply. For the losses 
which result in consequence of this, and for the delay 
caused by not delivering the goods within the specified 
time, the regulations of Sections 7, 10, and 12 of the 
general conditions for the execution of works and sup- 
plies take effect. 

Drop Tests — Construction of the Apparatus for the 
Falling-Weight Tests.—The apparatus is to have the fol- 
lowing construction:—The centre of gravity of the tup 
must coincide with the centre line of its guide. The 
weight of the tup is to be 1000 kilogrammes, or, if this is 
not possible, 500 kilogrammes. The apparatus is to have 
sufficient height to produce a moment of 5600 metre-kilo- 
grammes (dropping height by weight of tup). The 
hammer-head shall be rounded to a radius of not less 
than 150 millimetres. For dropping tests with tyres, the 
hammer-head is to drop on a light block with a plain 
upper surface, the cross-section of which corresponds 
to that of the piece to be tested. The weight of the 
block is not to exceed 20 kilogrammes. 

The releasing gear is to be so arranged that the free 
drop of the tup is not in any way influenced by it, and 
that an unintended release cannot take place. Further- 
more, an arrangement is to be made which will prevent 
the accidental dropping of the tup in a partially or fully 


The foundation is to be formed by masonry, the size of 
which is determined by the conditions of the ground ; its 
height, however, must be at least 1 metre. 

he points of support for the axles must be semi- 
cylindrical in form, with a radius of 50 millimetres, and 
must be saddle-shaped at the centre. 


radius of 150 millimetres. 

Arrangements are to be made that after the blow the 
axles and tyres do not spring out of the supports, without 
influencing in any way the free position. It must also 
be arranged that the tyres are kept in the proper posi- 
tion in order to receive the blow. 

The base is to be so formed that the points of support 
do not project unnecessarily when the axles are subject 
to heavy deflections. 

The scale for the tup-fall must be adjustable, and 
arranged so as to give the falling moment in kilogramme- 
metres. 

Drop Tests with Axles.—The axles to be inspected 
can be in the rough state or roughly turned ; at the trials 
they are to be tested lying on bearings, 1.5 metres apart, 
by Eases of the tup, which will strike the centre of the 
axle. Locomotive axles must stand eight blows of 5600 
kilogramme-metres, and must be turned over each time 
after being struck; tender-axles under the same condi- 
tions are subjected to the same number of drops of 
4200 kilogrammes each. 

Drop Test with Tyres.—The tyres placed vertically 
under the apparatus shall receive, by blows from the tup 
falling upon the centre of the tread, the following defor- 
mations as specified at foot without fracturing or show- 
ing any other defects. The moment of the blows shall 
begin with 3000 kilogramme-metres, and shall be in- 
creased 500 kilogramme-metres at each succeeding blow, 
if the deformation is less than 10 millimetres. After each 
blow the alteration of the vertical interior diameter is to 
be measured with a gauge which is provided with a milli- 
metre scale, and the dropping height of the tup is to be 
regulated according to the deformation made on the tyre. 
The last blow can be thus arranged so as to obtain the 
desired deformation. The temperature of the tyre tested 
is to be determined and noted. 

Of Siemens-Martin or Bessemer Steel.—The deforma- 
tion of the tyres shall be at least 12 per cent. of the 
original interior diameter. 

Drop Tests with Wheel Centres.—The wheel centres will 
be bedded horizontally, with the rim on wooden supports. 
In the bore a liner consisting of four segments is placed, 
the inside tapered 1 millimetre for each 20 millimetres 
length. A steel mandrel of square section exactly fitting 
into the liner is driven into the liner by blows of the tup ; 
for wheels with 145-millimetre bore with six, and for 
those with 136-millimetre bore with five blows, the blows 
having consecutive moments of 300, 400, 500, 600, 700, 
and 800 kilogramme-metres. The pin and the inner 
surface of the box are to be lubricated with oil, and to be 
rubbed dry again before being used. 

After this test the wheel centre must not show any 
cracks or defects, either in the nave, the spokes or the 


rim. 

With about a third of the test-pieces the drop-test is 
to be continued until fracture takes place. If necessary, 
the fracture of the axles and tyres can be attained by 
notching them. ; 

Extraordinary appearances, such as changing of the 
shape of the textod <0 and of the fracture, are to be 
closely examined and noted. 

4, TENSILE AND ELONGATION TESTS. 

Test-bars to be taken from the axles from the parts 
which are least bent, and from the centre of cross-section 
of the tyres, from a piece adjusted with as little heating as 
possible of the least bent parts, which, asa rule, are to 
be found at an angle of 40 deg. from the vertical line. 
Test-strips of the plates which have become curved in 
shearing may be heated and bent straight. | 

The test-bars for axles and tyres must be in accordance 
with the dimensions shown here (Fig. 2). 
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For the tensile and elongation tests for the other ma- 
terials, such as steel, iron, and copper, the shape of the 
test-bars is to be so selected that the part whids has 
the cross-section which is to be tested is 200 millimetres 
long (finished length). 

As far as practicable, the round bars shall have on the 
finished length (a) a diameter (d) of 10, 15, 20, or 25 milli- 
metres (Figs. 3 and 4). 








raised state, in this way avoiding a possible injury of the 
persons employed at the tests. 

The weight for the base-plate of the two supports is to | 
be at least 10,000 kilogrammes. This base-plate is to consist 
of one piece of cast iron, in which the points of support | 
for the test-piece are to be duly secured—e.g., by keys. | 


Flat bars are to have on the finished length a cross- 
section of 300 to 600 square millimetres. 

The breadth shall at least 30 millimetres. It is 
advisable to continue the cross-section on the finished 


| 
The block and the support for the tyres are to have a | 


If a test-bar in consequence of plainly noticeable faults 

in workmanship and quality, or as an evident result of 

| improper fixing on the testing machine, shows an insutfi- 

}cient strength test, then the same is not decisive for 
| determining the tensile strength and elongation. 


Fg. 8. 
“i ers a 


Se ena +0 
Fig. 4 


| S - ™ 
= ee ee —_- _ ~ > -—— - _ - —— 
ma i.) : j aoe 


3099 it | | 
~#0R(2-—-— -- Qy---------~-shgf%~ 


: If the fracture occurs outside of two-thirds of the 
finished length, then the test is considered determinative 
for the tensile strength, but not for the elongation. If 
the elongation appears to be insufficient, then another 
test is to be made in the second third of the test-bar so as 
to come to a correct conclusion. 














Benpine Test. 

The standard of the test-bars for the bending test 
(excepting laminated springs) is to be 200 millimetres. 

All the finished springs are to be examined at the 
reception by rapes loads, and the test shall be made 
in the same way, so that the weights attached will subject 
the springs to the same conditions as when the same are 
in actual use. 

The suspension arrangement must be such that when 
loaded the angle of inclination of the links is visible. 

The load on the springs must correspond at least to a 
tensile strain we to 100 kilogrammes per square 
millimetre, and for the crucible cast-steel springs -to 
110 kilogrammes per square millimetre. After unloading, 
the springs must return through their full range. 

In accordance with the above, the loading tests for 
bearing-springs with plates of 13 millimetres thickness 
are to be carried out as follows :— 


Length, mm. Number of Layers. Load, kilogrammes. 
1000 10 


, 000 
1000 9 9,000 
1000 9 8,300 
1100 8 7,400 
1600 10 6,300 
1600 9 5,700 
1600 8 5,100 
1750 8 4,600 
1800 14 7,$ 
2000 13 6,600 
2000 12 6,100 
2000 11 5,609 
2000 10 5,100 
2000 9 4,600 
2 8 4,100 


For springs of crucible cast steel the stated loads are 
to be raised 10 per cent. 

With a repeated load of 3500 kilogrammes under a 
steady and under a swinging load, the spiral springs of 
7.5 millimetres thickness must have a free play of 10 milli- 
metres, and the spiral springs of 10 millimetres thickness 
must have a free play of 15 millimetres when loaded with 
5000 kilogrammes. The springs must suffer no injury 
under these loads, and must not show a deflection of more 
than’2 millimetres. 








KyYNOCH’s ROLLER-BEARINGS: ERRATUM.—We are asked 
to state that the flexible rollers used in Kynoch’s roller- 
ope, - referred to in our list of catalogues on page 875 
of our last volume, are not hardened, but are made of a 
special quality of sheet steel. 





Caper Breton Coau.—The shipments of coal from Cape 
Breton collieries, in the first eleven months of last year, 
amounted to 3,253,448 tons, as compared with 3,041,986 
tons in the corresponding period of 1902. The Dominion 
Coal Company’s shipments were 2,603,391 tons, as com- 
pared with 2,704,360 tons. 

SreAM-Ferriges.—The question of steam-ferries is to 
the fore at present, and reference has often been made 
to Denmark on account of its rational and up-to-date 
steam-ferry traffic. A Danish railway official, who has 
recently visited America, thinks, however, that even 
Denmark might learn something from America in this 
respect, or, rather, he thinks the American system of 
conveying railway trucks on lighters, drawn by a tug- 
boat, might with advantage be adopted. On the Hudson 
River thousands of railway carriages are conveyed on 
large lighters -pulled by ordinary tug-boats. ‘The lighters 
are ordinary wooden lighters, of some 300 ft. in length, 
with two or three sets of rails. As a rule, the tug-boat 
has a lighter on each side, there are no men on the 
lighters and only a crew of three or four men on the 
tug-boat, which, however, manceuvres very cleverly in 
spite of a strong current. Of still greater interest is the 
much more exposed traffic between Norfolk and Cape 
Charles on the Cheasapeake Bay, about 40 miles, across 
what is practically the open Atlantic; there is also the 
traffic between Chicago and Peshtige, on Lake Michigan, 
about 250 miles. Each lighter accommodates 28 large 
railway cars, of about 30 ft. in length; they are 316 ft. 
long, 24 ft. broad, and 7 ft. in the water. The system 





length (a) in each direction for at least 10 millimetres, and 
to begin there the fillets for the heads, | 





works admirably, and competes- successfully with the 
railway running along the coast, 
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«‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. | 


Comupitep sy W. LLOYD WISE. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 

UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawin ss ia stated 
in each —— where none are mentioned, the Specisication is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent O, Sale 

ranch, 25, ae Buildings, Chancery-lane, W.C., at | 
the uniform price of 8d. 

The date of the advertisement of the pt of a Complet 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Acts, 


ELECTRICAL APPARATUS. | 


25,522. Cromptonand Com: y, Limited, London, 
and J. R. MaciIn va, Clackmannan. nn. Boosters. 
(4 Figs.) November 20, 1902.—According to this invention the 
employment of regulating cells for keeping the pressure constant 
between any pair of wires in a system of electrical distribution 
is avoided, and there is employed a pressure booster whose 
armature is in series with the battery, and which raises the 
pressure of the battery when it is less than is required and reduces 
the pressure of the battery when it is greater than is required, 
or adds to the bus-bar pressure a sufficient number of volts to 
cause the battery to charge. The booster is excited by a com- 
bination of three coils, or arrangement of coils, one of which, a, 
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earrying the whole or an adjusted proportion of the current sup- 
plied to the feeders, has a magnetising effect which varies in 
accordance with such current ; another of the coils, b, has a 
magnetising effect which varies either with the bus-bar pressure 
or the battery pressure ; and a third, c, has a magnetising effect 
which varies in accordance with the difference between the electro- 
motive force of the battery and that of the bus-bars. When the 
invention is applied to a 3, 5, or 7-wire system, there is a booster 
in series with each part of the battery and all the boosters are on the 
same shaft. Fig. 2 illustrates diagrammatically such an arrange- 
ment. (Accepted November 25, 1903.) 


1155. W.T. Henley’s Telegraph Works, Limited, 
London, and J. H.W. Pfiffner, Woolwich. Electric 
Cables. (2 Figs.) January 16, 1903.—This invention relates to 
multicore electric cables in which the conductors are made ofa 
cross-sectional form resembling that of the segment or sector of 
a circle, in order that the'total cross-sectional area of the cable 
may be reduced to a minimum. The invention consists in build- 
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‘ing up each conductor of strips or lamine superposed upon each 
other, and on a nucleus constituted by a wire whose cross-sectional 


form approximately corresponds, but on a smaller scale, to the 
intended final cross-sectional form of the conductor. In each of 
the figures, which represent in cross-section a twin core and a 
three-core cable, a is the nucleus, and b!, 02, 13, b+ are the 


| lated conducting rail is supported at one side of or within 


| ployed with such third rail. Each insulator a is provided witha 


P- | which contains the neutral filling material and the fuse-wire. 





other. The laminz may be interlocked with each other, and with 
the nucleus, as in the case of conductor B (Fig. 1), and D and £ 
(Fig. 2), or the edges of the laminw may be simply burred over 
so as to cause them to enter into engagement with the edges of 
the nucleus or lamin upon which they are applied, as shown in 
conductor D, Fig. 2. (Accepted November 25, 1903.) 


1830. Bullers, Limited, and E. J. Chambers’ 
Tipton, Staffs. Insulators. (6 Figs.) January 26, 1903- 
—The invention relates to electric railways in which an insu: 
the track, and has special reference to the insulators em- 


pair of hook-shaped clips e, ¢2, the acting parts of which over- 
hang the bottom flange of the rail, and prevent displacement 
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thereof. The clips are secured to the insulator by a bolt f and 
nuts g and h, and the insulators are each supported upon a tripod 
c, the head of which takes into a hole in the underside of the 
insulator. To prevent creeping or sliding of the rail on the in- 
sulators, the clips e? and e4, shown in Fig. 3, are employed ; that 
| is to say, the lower portion of each clip is provided with claws e!, 
which bear on the insulator a, and the pressure exerted by the 
clips is distributed by means of sheet-metal washers k. (Accepted 
November 25, 1903.) 


22,573. Siemens Brothers and Co., Limited, 
London. (Siemens and Halkse Aktien - Gesellschaft, Berlin, 
Germany.) [2 Figs.] October 19, 1908—The usual 
construction of safety-fuse devices is subject to the disadvantage 
that the condition of the fuse-stripor wire is not observable. The 
casings can practically only be made of porcelain, that affords 
great strength while it is easily moulded into any desired form ; 
and being opaque it is necessary to provide external means for 
affording an indication of the condition of the enclosed fuse-strip, 











22578. 





whereby the construction is rendered complicated and costly. 
The present invention relates to an improved construction of 
safety-fuse casings of porcelain, whereby the fuse-strip contained 
in the casing is rendered visible from the outside. The porcelain 
casing & is formed with a sight-hole /, which is hermetically closed 
| by means of glass. The casing k contains the fuse chamber of 
| straight form, in which is stretched the fuse wire s, which is in 
| conducting connection with two metal caps p. 1 isa glass tube 


| (Accepted November 25, 1903.) 


| 26,764. H. Leitner, Woking, and R. N. Lucas, 
| Byfleet, Surrey. Regulating Electric Generators. 
December 4, 1902.—This invention relates to an improved method 
of regulating the voltage of electric generators, and is specially 
applicable to generators driven at widely different speeds. The 
generator of the shunt differential or compound type is provided 
with an additional winding, so arranged that when current passes 
through it, it tends to weaken the field of the generator. The 
arrangement is such that if sufficient current is caused to flow 
through this demagnetising winding, it will completely counteract 
the effect of the ordinary exciting winding, and deprive the field 
magnet entirely of its magnetism. The demagnetising winding 
is connected to one of the brushes of the generator in such wise 
that when the speed at which the machine is driven increases 
beyond a certain speed, a movable contact suitably controlled 
operates to diminish resistance in series with the demagnetising 
winding, and to insert resistance in series with one of the ordinary 
exciting windings. This diminishes the magnetism in the field 
magnets of the generator, and prevents its output increasing with 
the speed. (Accepted November 25, 1993.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


24,194. W. J. Crossley and T. Rigby, Openshaw, 
Manchester. Producer-Gas. [3 Figs.) November 5, 1902. 
—Bituminous coals, lignites, and other fuels of similar nature, 
when subjected to heat, give off with the volatile matter con- 
tained in the fuel a more or less appreciable proportion of tarry 
vapours, which, when cooled, condense, forming tars and the 
like. When the fuel is gasified in gas-producers, such as are 
commonly used to supply gas for gas-engines and heating pur- 
poses, these tarry vapours are given off from the upper portion 
| of the fuel, and pass away with the incondensable gas generated 
|in the hotter, lower portion of the fuel. When the gases are 
| cooled, the vapours condense, and are carried forward in a state 
| of suspension in the other gases, and are difficult to remove. 
| This invention has for its object the production of gas free from 





of the fuel bed of the gas-producer, together with steam, or air, 
or both. «are the retorts in which the fuel is distilled by means 
of the sensible heat of the gases and the radiant heat of the fuel. 
The volatile matter leaving the retorts is conducted by way of 
the pipes e and * to the lower portion of the fuel bed of the pro- 























ducer and passed into it. Any tarry vapours which may be pre- 
sent in such gases are broken up during their passage through 
the heated fuel, leaving the upper portion of the fuel as per- 
manent gases, and enriching the other gases produced. (Accepted 
November 11, 1903.) 


960. S. Cutler, Mill London. Retorts. [3 Figs.) 
January 14, 1903.—In retorts set at an angle to the horizontal, it is 
found that the expansion of the brickwork of the retort bench 
distorts the buckstays from their original position, and causes the 
girders which carry the elevated stages from which the charg- 
ing and discharging machinery is worked to similarly move, 
and to thereby strain and distort the walls of the retort-house 
To avoid this difficulty, the usual a“ connection between the 
stage girders and the buckstays are dispensed with, and one end 
of the girders is carried upon roller bearings, by which means the 
buckstay can move without causing a corresponding movement 


Pig.1. 





























in the stage and building. d are the buckstays, and there are 
attached thereto, or alternatively to the stanchions or walls ¢, 
the brackets f, upon the top tables of which are fitted a series of 
turned rollers g, forming bearings for the girders h. To maintain 
the continuity of the floor plates while allowing for the movement 
thereof relatively to the buckstays d, an overlapping floor-plate 
k is provided, of a sufficient width to cover the arranged expansion 
space. The overlap is free of the main flooring, and the lappage 
will automatically increase or decrease to correspond with the 
expansive or contractive movements of the brickwork. (Accepted 
November 25, 1903.) 


GUNS AND EXPLOSIVES. 


1138. A. T. Dawson and L. Silverman, West- 
minster. Automatic Guns. (6 Figs.) January 16, 1903.— 


| This invention relates to automatic guns of the kind in which the 


barrel is adapted to reciprocate during working, the force of the 
recoil driving the barrel rearwardly against the pressure of a 
recoil spring, which, in reacting, returns the barrel to battery. 
The chief object of the invention is to provide such guns with a 
muzzle device, for enabling the requisite amoynt of energy for 
working the gun to be obtained when firing blank ammunition, 
without it being necessary to adjust the recoil spring so that the 
energy required for compressing it will be reduced. Accordingly, 
the muzzle device comprises a cylindrical outer casing C, having 
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an aperture ¢ in alignment with barrel A. Within this casing is 
a cup-shaped piston cl, having an external shoulder c2, between 
which and a shoulder c? is a spring c+. When placed in position 
on the end of the barrel, the piston c! is forced outwardly, and its 
surrounding spring c+ is compressed. On firing, the gases force 
the piston, and with it the barrel A, rearwardly against the recoil 
spring. On the return movement of the barrel the piston is 
driven forward against its spring, whereby the latter is com- 
pressed, and acts asa buffer. By reason of spring c+ being under 





these troublesome impurities ; according thereto the fuel is fed in 
| the first place into a closed retort heated by any means which may 
be desirable. The resultant volatile gases and vapours are taken | 


compression, it assists the gases of discharge to overcome the 


| resistance of recoil spring, and therefore avoids the necessity of 


adjusting the recoil spring to reduce its resistance when firing 


| away by any suitable means, and are passed into the lower portion | blank ammunition. (Accepted November 25, 1903.) 
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1149. A. T. Dawson and L. Silverman, Westmin- 
ster. Blank Ammunition. (6 Figs.) January 16, 1903.— 


This invention relates to blank ammunition for rifled guns. 
Hitherto the firing of blank ammunition has been a source of 
danger to persons who may be in the line of fire, but at a con- 
siderable distance from the gun, owing to the fact that the means 
employed for confining the explosive charge within the cartridge 
are propelled a considerable distance and with great velocity from 
the gun, and being of a hard material, are liable to inflict injury. 
According to the present invention the wad B is —— con- 
structed of very small lengths or flakes of paper or some 8! milar 
material, which are subjected to heavy hydraulic pressure. The 








wad is made sufficiently hard to take the rifling of the gun and 
acquire a high rotative speed ; but when no longer supported by 
the barrel, the centrifugal force causes it to be disintegrated or 
broken up into small harmless pieces. The wad is held in the 
mouth of the cartridge-case, by turning in the metal a at the 
mouth. To prevent the space containing the charge from being 
encroached upon when the wad is thrust into place within the 
mouth of the cartridge-case, a bridge-piece F, of combustible 
material, with longitudinal limbs /, /, is inserted into the cart- 
ridge-case. The same object may be achieved by forming the 
ease with an annular indentation a*, or a series of small indenta- 
tions. (Accepted November 25, 1903.) 


2786. Sir W. G. Armstrong, Whitworth, and Co., 
Limited, Newcastle-on-Tyne, and A. A. Common, 
Ealing, ddlesex. Gun-Sights. (8 Figs.) February 5, 
1903.—This invention consists in a method of sighting by a tele- 
scope which can be kept on the target all the time, and yet allow 
the gun to be’moved for reloading. In carrying the invention 
into effect a telescope a is mounted in bearings a, so that it can 
be moved in a vertical plane to follow or keep on an object, 
although the ship should roll. In order that the sighter may 
know when the gun is set, a pointer c2, moving vertically, is 





made to work freely in the telescope, so that its movement does 
not disturb the alignment of the telescope, and is so adjusted 
that it appears to come on the cross wires in the telescope when 
the gun is correctly set. The pointer c? is connected to a quadrant 
d, that is partly rotated by the endwise movement of a spindle el, 
driven from a quadrant f on the gun-trunnion f1. The position 
of the pointer c? relative to the gun is altered according to 
range by means of a graduated conically-arranged range-bar 9, 
which can be rotated so as to raise or lower the pointer. (Ac- 
cepted November 25, 1903.) 


PRINTING AND ALLIED MACHINERY. 


28,233. W. H. London, and J. Wick, Broad- 
heath, Cheshire. tereoplate-Casting i. 
(2 Figs.] December 22, 1902.—In the machine known to the 


printing trade as the autoplate casting machine, it is found that 
after the casting chamber has been filled with metal the metal in 
the nozzle of the delivery pipe sets, whereupon the quick-return 
stroke of the pump piston establishes a vacuum in the pipe, and 
the continuance of the stroke against this vacuum strains the 

















machine. The present invention consists in the combination with 
the intermediate chamber 112 of a valve 1, adapted to open the 
said chamber to the air as soon as the pump piston 69 starts on 
its return stroke, and to be floated up by the rising metal in the 
throat T, toclose it again during the working stroke of the pump. 
The combination includes any type of valve that will act in the 
way described, but a ball-valve in a cage projecting downward for 
a suitable distance into the chamber 112, and having its seat 
above the latter, is preferred. (Accepted November 25, 1903.) 





STEAM ENGINES, BOILERS. EVAPORATORS, &c. 


4574. John I. Thornycroft and Co., Limited, Chis- 
wick, and G. R. Bale, Hammersmith. Feed-Water 

tors. [4 Figs.) February 26, 1903.—This invention has 
reference to that kind of apparatus for automatically regulat- 
ing the supply of feed-water to water-tube and other boilers in 
which the feed valve is located within the boiler, and is controlled 


by a balanced float-lever that is also within the boiler, adjusting 
means being provided whereby the normal extent of opening of 
the feed valve, and consequently the rate of water supply to the 

e exterior 
The object 
of the present invention is to prevent the float assuming such a 


boiler or the normal water level, can be varied from t 
of the boiler to suit the rate of steaming of the boiler. 


level as to cause complete closing of the water - supply valve 
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when the adjusting mechanism has been set for maximum feed, 
thus permitting the boiler to be completely filled with water for 
testing and other purposes. The float-lever 1 is provided with 
an adjustable stop in theform of apin 10. The pin 10 is ad- 
justable in the bracket 9, and is so set that when the fulcrum 
of the lever 1 has been adjusted to its lowest position, the pin 10 
will come in contact with the boiler shell, as indicated in dotted 
lines in Fig. 2, and prevent the valvecompletely closing. In some 
cases, the balance-weight of the float might be arranged to serve 
as a stop; or other suitable means may be adopted so as, when 
the mechanism is set to give maximum feed, to prevent the ascent 
of the float above a certain level, and to such an extent as to 
completely close the valve. (Accepted November 25, 19C3.) 


1079. W. Chapman and the Warfield Company, 
Limited, Ted m, Middlesex. Steam- e- 
rators. [3 Figs.) January 15, 1903.—This invention relates to 
the feed-water supply of steam-generators, the object being in 
the case of flash or semi-flash boilers, where the continuance of 
the steam supply depends upon the continuance of the water 
supply, to provide means for supplying the water independently 
of the ordinary engine-operated pump or the inconvenient hand- 
operated pump. In carrying out the invention, the pump is con- 
nected with an accumulator A Al, in which is stored a reserve of 
water under a pressure that is sufficient to supply the generator K 
for a short period, until the engine is running, and consequently 


Fig.t. 
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the ordinary pump J is capable of taking on the work. The 
accumulator consists of two chambers A, A!, in which is a piston B 
with a cup leather C, or equivalent means for keeping it tight, 
the piston B being controlled by a powerful spring D, the strength 
of which can be varied, if desired. When it is desired to charge 
the accumulator, the spring has to be compressed. The water 
enters the accumulator through a check-valve LI, so that it cannot 
return to the pump, and either this valve or a valve M! is adapted, 
to be controlled by the driver, so that when he requires to draw 
upon his reserve in the accumulator, he has only to operate this 
valve, and the accumulator forces the water into the generator, 
and enables him tostart theengine. (Accepted November 25, 1903.) 


MISCELLANEOUS. 


22,384, E. Pritchard, Deptford. Wheelbarrows. 
(3 Figs.] October 16, 1903.—This invention relates to metal 








| wheelbarrows, and has for its object to increase the strength and 
rigidity thereof without increasing their weight. For this pur- 
| pose the barrow body is built on the angle-iron frame, and 
the sides are carried forward and backward so as to form rigid 
supports for the front and back and corners of the body. By 
this construction the configuration of the body is maintained 
against any deforming forces to which it is likely to be subjected. 
The frame consists of two angle-iron beams a, b, connected by 





























flat beams c,d. The body of the barrow is built to the frame by 
riveting the bottom e to the horizontal flanges of beams a, b, and 
through the flanges on the lower edges of the front f and back g 
to the beams ¢, d. The sides h, & are riveted to the vertical 
flanges of beams a, b, and are extended to front and rear so as to 
support the overhang of the front and back, the side edges of 
ry are flanged and riveted to the sides. (Accepted November 25, 
1903. 


26,183. C. H. Gray, Silverto Essex, and T. 
Sloper, Devizes, Wilts. Rubbered Threads. (2 Figs.) 
November 27, 1902.—This invention relates to threads or the like 
covered, coated, or permeated with rubber. According to this 
invention, rubbered cord already coated with rubber is taken, 
and there is wound upon it a thread of any suitable material—say, 
common cotton—which has not been rubbered, or, if rubbered, has 
been provided only with a very thin layer, or has been treated in 
such a manner that it is not in such a sticky condition as the rub- 





bered cord which is to be dealt with. This binding-thread is of 
muchsmaller diameter than the cord upon which it is to be wound, 
and projects above the sticky surface thereof sufficiently to prevent 
the latter from adhering to itself, or to other sticky surfaces, in such 
a manner as, when again separated, to J inten the rubber from 
being torn from one of the parts. The cord A is shown as made up of 
several strands twisted together and covered with rubber B. Cis an 
open winding of thread, which protects the rubbered cord in the 
manner described, and also has the advantage of increasing the 
strength of the cord so bound. (Accepted December 2, 1903.) 


4449. C.C.C. ter, London. Incandescent Gas- 
Burners. [4 Figs.| February 25, 1903.—This invention relates 
to incandescent gas-burners of the kind wherein the burner proper 
is in the form of a cap fitted on the top of the burner tube, so that 
it can be readily detached, and is adapted to carry a central 
supporting-rod for the mantle. The object of the invention is to 
provide means whereby the burner can be lifted off the tube 
without removing the mantle from the support. The burner 
proper A has a double wall, so as to form an annular groove or- 
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channel Al, into which the lower end of the mantle enters. The 
inner side of this double wall fits on to the burner tube B, while 
the outer side constitutes a shield, which permits of the burner 
being grasped for removal and replacement without touching the 
mantle. The two sides of the double wall can be formed out of a 
single piece of metal or out of separate — suitably united, 
the lower end of the channel being cl so as to prevent the 
free passage of air between the mantle and the burner. (Accepted 
December 2, 1903. 
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JAN. 15, 1904. | 
THE CHILIAN BATTLESHIP 
“* LIBERTAD.” 


Tue following description of the Chilian battle- | 
ship Libertad, with the illustrations which accom- | 
pany it, was prepared from information supplied to | 
ENGINEERING by authority of the Chilian Govern- | 


Fig. f 











the steady advance in the size of British battleships, | 
from the 14,000 tons of the Royal Sovereign of ten_ 
years ago to the 15,000 tons of the Formidable, the 
16,350 tons of the King Edward VII., and the 
18,000 tons of projected ships, involves too great a 


concentration of national capital, in view of the | 
comparative ease with which such units may be | 





























predominate at the expense of others. Thus every 
British ship of the line must be able to face a 
Russian ship where gan-power, and perhaps speed, 
excels, say, at the expense of protection ; it must 


‘approach in speed the Italian vessel, where ma- 


chinery has had a greater weight allowed than is 
usual in other ships ; it must be able to maintain 
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LIST _OF BOATS. Keg. a. 
1-56 Ft. Vedette. 

3-32 . Satling Pinnace 
5-27 » aler. 
6-30. Gig. 

7-30 . Cutter: 

8-36 . Steam Pinnace 
9-42 , Launch. 
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(30660) extent 3 flats & slopes. : eatent 1/4 flats & slopes. 
PRINCIPAL DIMENSIONS. ARMOUR. ARMAMENT. 


Length ., pre 436 ft. Water-line belt .. 
Breadth é Thies Citadel to upper ceck .. 
Draught .. a 24 ft.7} in. Barbettes (fronts) 
Displacement .. .. 11,800 tons 9 (rears) 

Speed on measured mile 19 knots Bulkheads. . 

Coal (normal) a 800 tons Conning-tower .. 

Coal (full)... 2000 ,, Protective deck .. 
Complement .. 700 Mild steel on bow 


Casemates (fronts) 


” 


ment, whose Naval Commission invited our repre- | 
sentative to be present at all the trials in connec- | 
tion with the machinery, guns, &c., which were 
carried out before the purchase of the ship by the 
British Government. | 
Almost from the date of the booking of the order | 
for the Chilian battleship Libertad by Messrs. | 
Vickers, Sons, and Maxim, Limited, and for her 
sister-ship, the Constitucion, by Sir W. G. Arm- 
strong, Whitworth, and Co., Limited, great interest 
has been taken in the design. It was known that in | 


these vessels an effort had been put forth to secure | 
the maximum of fighting efficiency on limited dis- 
placement and at reasonable cost. This limitation 
has been repeatedly urged as desirable by many re- 
sponsible naval critics. There may be some reason 


(backs), N.S. 


7in., 6in., Zin, A.—Four 10-in. breech-loading guns. 


7 in. B.— Fourteen 7.5-in. breech-loading guns. 
10 ,, C.—Fourteen 14-pounder quick-firing guns. 
2 D.—Four 6-pounder quick-firing guns. 
6,, E.—Four pom-poms. 
ps Ea F.—Four Maxim R.C. guns. 
1} in., 3 in. G.—Two 18-in. submerged torpedo tubes. 


2 in, 
Tos 


” 
le O55 


H.—Two 12-pounder landing-guns. 


rendered hors de combat, if not completely de- | 
stroyed, by the torpedo stealthily fired from small, | 
inexpensive craft. The cost of these immense ships | 
has increased from the 900,000/. of the Royal 
Sovereign to 1,426,0001. for the King Edward VII. 
class. The Director of Naval Construction of the | 
British Admiralty would certainly welcome any | 
scheme which would enable each ship to be of less | 
size and cost; and thus it may be taken that, if | 
the ships continue to grow, it is probably because 
there is no other method of satisfying the demands | 
of the combative ofticers of the Service. 
The problem is, undoubtedly, one of extreme difti- | 
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Fig. 3. MIOSHIP SECTION. 
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/culty, because it is laid down that British ships of | its position in combat against a French ship, in 
‘the line must be so designed as to combine all the | which the designer may have been allowed greater 
/necessary qualities to defeat each ship of any| scope in the matter of armour than in the other 
This has always been the contention, 


in this contention, as there are many who feel that | possible enemy, even if in the latter one element | elements. 
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and no one will gainsay that this aim should be 
earnestly sought. But ideals are not easily attained 
in practice, and therefore a compromise must be 
introduced in order to get the best combination of 
qualities within those limits of dimensions which are 
imperative unless our harbours and docks are to be 
improved at great cost. Moreover, we have not 
the control of foreign waterways, which may 
become the venue of naval fights, and an opposing 
fleet, even locked up in a harbour of refuge, may 
prolong a war. This difticulty encourages the hope 
that the advent of the steam-turbine may check 
the increase in keam, which is becoming serious, 
owing to the few docks in the world wide enough 
to accommodate existing ships of greatest beam. 
Further, there is always the bottom of the national 
purse to reckon with, and we are approaching limits 
in this respect, wealthy as our country is. 

Since every warship design is a compromise, 
we are forced to the question whether our 
official designs embody the best of combinations. 
The national confidence in our Admiralty admini- 
stration is great, and rightly so, but there is the 
oft-repeated allegation that some of the foreign 
vessels designed and built by the great warship- 
building firms in this country are of relatively 
less weight, and yet embody qualities equal in the 
aggregate to those of British naval ships. In 
explanation of this, it is said that the cause of the 
greater displacement of the ships of our own 
Navy is to be found in the wide interpretation 
placed on that comprehensive phrase ‘‘ Admiralty 
practice.” We have heard that on one occa- 
sion, when the combatant officers of the Ser- 
vice were asked to make suggestions for battle- 
ship design, the resultant vessel would have been 
of prohibitive displacement had all their ideas 
been acted upon. It is just possible that the 
evil officially admitted in this case prevails to a 
greater or less degree in the preparation of the 
plans of all ships. We know that tradition and 
developments in science are often in conflict, 
and it too frequently happens that the claims of 
both are met by the simple, if expensive, method 
of duplication. Admitting that the British ship 
must contain and exhibit all the qualities to be 
found in her possible opponents, there is still the 
possibility that these may be attained by other 
conditions than those briefly described as ‘* Admi- 
ralty practice.” The Libertad and Constitucion 


were therefore looked upon with special interest ; 
and this has been very materially intensitied by the 
splendid performances achieved, not only on the 
steam and manceuvring trials, but also on the gun 
tests of the Libertad ; so that the numerous illus- | 
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| trations which, through the courtesy of the Chilian 
Naval Commission—Sir Edward Reed, K.C.B., and 
Admiral Don Juan Simpson—we are able to publish 
will be studied with minute attention. 

What we have written, and the illustrations and 
description which occupy the succeeding pages, 
have a greatly added interest conferred upon them, 
as the vessels are now to be added to the British 
Navy. The official announcement of this fact was 
made subsequently to the preparation of our 
article, and we have thought it right not to alter in 
any way our comment upon the qualities of the two 
Chilian ships. We may interpolate here an expres- 
sion of satisfaction at the Admiralty’s commendable 
course in the purchase of these ships. There is the 
fact that these two battleships add appreciably to 
our sea power by reason of their splendid qualities, 
which place them high in the rank of our ships 
of the line, and make them the most effective ships 
for their size and cost in our Fleet. 

THE DESIGN. 

The evolution of the design of such a ship is 
always an interesting question. The story of the 
preparation of the drawings of British ships has 
often been told, and those acquainted with the 
system appreciate the difficulties under which the 
professional ofticers of the Admiralty labour in 
having so many advisers. This, as we have pointed 
out in our introduction, sometimes militates against 
the complete success of British design. In the 
case of a private firm designing such a ship, the 
one aim is to utilise past experience, not only of 
their own, but that which has been gleaned by 
their intelligence departments ; which latter, in 
such firms as Messrs. Vickers, are of an important 
and active nature. We believe we are right in 
saying that, as a result of such a department, the 
professional directors and their staffs have evolved 
designs to meet almost any conditions of warfare, 
with a result that, when a foreign Government 
requisitions their advice as to the characteristics 
which are necessary in a vessel to combat ships of 
given fighting qualities, it is a simple matter to 
produce such a design promptly. It has been 
stated—and we believe correctly—that this was 
the procedure in connection with the Chilian ships 
when war clouds floated over South America. The 
Chilian Government were naturally anxious that 
new ships should be delivered within the shortest 
possible time. Messrs. Vickers therefore sub- 
mitted to them sketches of one or two of the 
designs in their archives. But previous to this, 
Sir Edward Reed, K.C.B., visited Chili, and 
received instructions for the construction of the 








Tue ‘‘ Lipertap” Steamine at 20 Kwors, 


two ships which it was desired to add to the Chilian 


navy. A commission was appointed, consisting of 
Sir Edward and His Excellency the Chilian Minister 
then resident in London, to carry out the work. 

Sir Edward Reed, on arriving back in England, 
put himself into communication with the Vickers 
and the Armstrong Companies. It had been decided 
in Chili to adopt the 7.5-in. guns for the principal 
battery on the main deck, the number of them 
being subsequently increased from 12 to 14, in 
deference to a telegram from Chili, and in accord- 
ance with proposals from Messrs. Vickers, which 
reached Chili after the departure of Sir Edward. 
The main-deck guns were carried in what Messrs. 
Vickers call the ‘‘concentrated-casemate ” system, 
which they claim to have been the first to intro- 
duce in the Japanese battleship Mikasa. 

The Armstrong firm, who have designed and built 
so many foreign warships, took their part in the 
preparation of the design, so that the Chilian 
Government were particularly fortunate, and are 
to be congratulated in securing such a combination 
of talent as is here represented: having as the 
controlling mind Sir Edward Reed, a naval architect 
who has done so much in the perfecting of the 
modern warship and towards the advancement of 
marine science generally, but having also in co- 
operation with him the technical officers of two of 
the largest naval construction firms in the world. 
Some months later, Admiral Simpson took the 
place of the Chilian Minister, and has since been 
associated with Sir Edward Reed in the construction 
of the ships at both the Vickers and the Armstrong 
works. Ashe has had considerable experience in 
actual warfare, his advice and co-operation have 
been invaluable. 

THE BUILDING OF THE SHIP. 

Sir Edward Reed arrived here from Chili on 
February 5, 1902, and by dint of daily conferences 
with the two great contracting firms so quickly 
settled the details of the design and specifications 


that the ships were ordered within 21 days-—viz., . 


on February 26. 

The order for the Libertad was placed with 
Messrs. Vickers, Sons, and Maxim on that day, and 
the condition of contract was that the vessel should 
be completed ready for action on August 26, 1903, 
the time allowed being, therefore, 18 months. 
The keel was laid on April 7, 1902, and the 
rapid progress made in the construction of 
the ship will be best appreciated when it is 
stated that within seven. months of the laying 
of the keel, about 6000 tons had been built into the 
structure. There wasevery probability of the ship 
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| being built in the remarkably short time indicated 
in the contract. About that date, however, a per- 
manent peace was ratified, largely through the 
|intervention of the British Government, between 
the Republics of Chili and Argentina, and the 
| necessity for early delivery was greatly lessened, if 
not altogether overcome. Mr. T. E. Vickers, C.B., 
‘the chairman of the company, speaking on the 
| occasion of the launch, regretted the fact that there 
| was no longer any incentive to rapidity of work, as he 
| was anxious that there should be a practical demon- 
istration of the immense advantage, so far as rapid 
| construction was concerned, of the ordering of the 
|ship complete for action in one contract from his 
\firm, as against the British Admiralty method, 
under which separate contracts are made for armour, 
|guns, and ships, not necessarily even with the 
same company, and, as often as not, with little heed 
of the necessity for the simultaneous advance on 
| each item to suit the general progress of construction. 
This latter surprising fact is explained by the cir- 
cumstance that even such an important department 
as warship construction must adapt itself to the 
| financial exigencies of the Treasury. Progress on the 
|Chilian ships was very materially relaxed as the 
| result of the peace ; but, even so, the Libertad has 
| been completed within two years from the date of the 
|order, and within 21 months of the laying of the 
keel : a performance which, notwithstanding that it 
could have been improved upon, stands as one 
| of which any establishment might well be proud. 














THE LAUNCH. 

We reproduce on the present page a stern view 
of the ship before being launched, and also a 
|photograph of the vessel taking the water on 
Fic, 8. View or STERN, | January 15, 1903. The weight of the structure 
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then was 6700 tons. The declivity of the standing 


ways was 33 in. per foot, and 48 seconds elapsed 


from the first movement until the vessel was afloat. 
The dip at the stern accounted for a maximum 
draught of about 29 ft., and the wave created was 
about 7 ft. high. The ship only travelled 195 ft. 


clear of the ways when she was brought to a/| 


stop ; but it would have been quite feasible, so far 
as width and depth of waterway were concerned, 
to allow the vessel a much longer run. The ship 
was pulled up by a drag of chains, weighing in all 
400 tons. There were four bundles on each side of 
the ship, which came into operation at successive 
stages in the ship’s downward course. There was 
an additional stern-drag, consisting of an anchor 
firmly bedded inshore, and connected to the 
ship’s quarter by a 7-in. flexible steel-wire rope. 
This anchor was found to have been dragged some 
distance. 


THE GENERAL DIMENSIONS OF THE 
SHIP. 

The principal dimensions of the Libertad are 
given in the table annexed to the engravings on 
page 71, and in Table I., annexed, we give 
a comparison of the principal dimensions of some 
typical battleships, to show how the Chilian ship 
compares with others of even greater displacement. 
We have taken as representing the British Navy 
the Russell type, of which six vessels have recently 
been completed; the aim of their design being 
to so limit the displacement as to give a speed of 
nineteen knots, which was also the designed 
speed of the Chilian ships. The only smaller 
ship than the Libertad is the Austro-Hungarian 
vessel. From this table, and from an examina- 
tion of the distribution of armour in the various 
ships, we think it will be seen that the Libertad 
compares well as regards armour protection. With 
the single exception of the Austro-Hungarian ship, 
the main guns of the ships named in the table are 
of greater calibre than is the case with the Chilian 
ship, but the fourteen 7.5-in. guns give her a great 
advantage over the secondary armament of any of 
the other ships, while in the matter of smaller 
guns, for repelling attack by small craft, she far 
excels. We have added a statement showing the 
approximate weight of projectiles which may be 
fired per minute, taking the nitro-cellulose results 
of the Chilian ship, as well as of other vessels 
using this compound. The total weight of one 
minute’s fire is 13$ tons. Taking the primary 
guns only, the minute’s fire is :— 

Foot-Tuns 

Lb. Lb. in Saene. 

12 projectiles of 500 = 6,000 and 335,568 
98 200 = 19,600 ,, 1,186,754 


” 


110 25,600 1,522,322 


From each broadside there may be fired per | 


minute 12 projectiles of 590 lb., and 49 of 200 lb. 

a total of 15,800 lb., with an energy of about 
28,943 foot-tons. When chasing the enemy, this 
Chilian ship can fire ahead each minute six projec- 
tiles of 500 lb., and 28 of 200 1b. ; in all 8600 1b., 
with a collective energy of about 506,855 foot- 
tons. The vessel has also an immense gun-power 
against torpedo or submarine boat attack. Her 
smaller guns fire per minute 280 projectiles of 
14 lb., 112 of 6 1b., 1200 of 1 1b. (pom-poms), and 
21400 rifle bullets; so that the enemy, once dis- 
covered, would have little chance of escape. 

The comparison given in the table of the approxi- 
mate weight of projectiles which may be fired per 
minute under the best conditions, and of the 
resultant collective energy, is interesting, although 
it cannot be accepted as obtainable under all con- 
ditions, or for any definite period of time; it is 
really the highest possible standard. It will be 
seen that the Chilian ship comes out far ahead of 
any of the others. 

The Libertad has been regarded in some quarters 
as more representative of an armoured cruiser, 
although we think this is without sufficient justifi- 
cation ; but in view of this we have prepared a 
comparison, which is given on Table II., of the 
dimensions and fighting qualities as compared with 


typical armoured cruisers. It will be seen that the | : 
'machinery space is 140 ft. The construction of — ‘The interior of the ship under this protective 
ithe double bottom will be elearly appreciated by deck is well divided into water-tight compartments 


Chilian battleship Libertad has lost a little in 
speed, being from half to one and three-quarter 
knots slower than the armoured cruisers mentioned ; 
but that she is equal to the best in coal capacity, and 
her armour protection is very considerably superior, 
especially in the matter of protection of armament. 
In the matter of gun-power she is, of course, far 
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guns are more than double, in effect, those of any | 


TABLE I.—Comparison or ‘ LIpERTAD” WITH SOME TYPICAL BATTLESHIPS. 
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| | 
| thilian Shi , French Aust ria-Hun- ’ . Italian : ma 
—_— py merry re! ene Battleship gary: “Ersatz .. Fores »  “ Vittorio Rasslon : 
| icici gece ‘* Patrie.” Laudon.” ; * Emanuele IIL.” rel. 
| Length between per- : : , : 
pendiculars .. Re 436 ft. 405 ft. | 439 ft. 390 ft. 6 in. 398 ft. 6 in. 435 ft. 6 in. 367 ft. 5 in, 
| Breadth .. ve 3 : 75 ft. 6 in. 79 ft. 6 in, 20 wy Dine I 5: Bs 76 ft. 
| Draught = x. 24 ft. 74 in. Bw» i. ae Be sr Ds. TH) 5 BO 95 | Pe 26: ., 
| Displacement .. x 11,839 tons 14,000 tons | 14,927 tons 10,600 tons 13,200 tons 12,624 tons 13,600 tons 
Indicated horse-power 14,090 18,000 | 18,000 14,000 16,000 20,000 16,000 
Speed .. ie .. 20.17 knots 19knots | 18 knots 19 knots 18 knots 22 knots 18 knots 
| Armour-belt .. ; 7 in. —6 in. 7 in. llin.—7in.—54in. 8in.—5in. 9in.—4in. Win.—4in. 9 in.—4 in, 
| we gun positior 10 ,, —7 4, 11 in.—6 in. 125 in. — 6 in. 8.2 in.—4 in. 10 ,, —6,, 8 in. 1... 4. 
H 4 10-in. 4 12-in. 4 12-in, 4 9.4-in. 4 11-in. 2 12-in. 4 12-in, 
| 14 7.5-in. s ¢. 18 6.4-in. 8 7.5-in. 14 6.7-in. 12 8in. 12 6-in. 
| 14 14-pdrs. 12 12-pdrs. 26 3-pdrs. 6 6-in. 12 3.4-in. 12 3-in. 20 3-in. 
sit... 2 « 7s |e 28 smaller 12 1.4-in. 12 1.8-in. 20 3-pdrs. 
Armament .. ne 46 ., 3 R.C. Maxims 6 1 pars, 
a4 ” 
(pom-poms) 
4 R.C. Maxims 
Approximate weight of : : a4 
projectiles per min. 13.5 tons 8.9 tons 9.9 tons 8.8 tons 10.25 tons 8.7 tons | 9 tons 
Approximate collective 
muzzle energy .. 1,705,249 ft.-tons 381,365 ft.-tons| 1,073,3(8 ft.-tons 764,042 ft.-tons 1,011,462 ft.-ts 613,861 ft.-tons)/7314,295 ft.-tons 
Approximate energy at x 
3000 yards range ..| 850,243 99 322,506 ,, 499,837 = 376,203 ,, 536,881 ,, 275,899 ,, 307,868 
| 
TABLE II.—Comparison OF THE ‘* LIBERTAD” WITH CRUISERS OF APPROXIMATELY SIMILAR Size. 
Chilian British : British : Italian : German : United oe 
Particulars, Battleship “Oressy ” “‘ Diadem ” “Leon “ Deutseh- States : c Bevan ei 
“ Libertad.” Class. Class. Gambettio.” land.” “Tennessee.” mayan. 
Length .. tre aA 436 ft. 440 ft. 435 ft. 480 ft. 403 ft. 502 ft. 443 ft. 
Breadth .. - oe 7. 69 ft. 6 in. 69 ,, 70 ft. 3 in. 65 ft. 6 in. 72 ft. 9in. 55 ft. 9 in. 
Draught. . a : 24 ft. 74 in. | ae a 25 ft. 3 in. 9644.2 24 ft. | 25 ft. =22 ft. 
Displacement .. . 11,839 tons 12,000 tons 11,000 tons 12,550 tons 9350 tons 14,5C0 tons 7890 tons 
Indicated horse-power 14,090 21,000 18,000 27,500 18,500 25,000 17,400 
Speed .. men wh 20.17 knots 21 knots 20} knots 22 knots 21 knots 22 knots 22 knots 
Type of boiler .. << Yarrow Belleville Belleville Niclausse Durr Water-tube Water-tube 
Coal (normal) .. > 800 800 1000 1350 950 900 750 
» (full) Pe Re 2000 1600 2000 2100 1500* 2000 1100 
Armour and 
Protection. , , 
Complete Partial = { Complete Complete Complete Partial 
Water-line belt wo » and = ~ _ f Mil \ Cio. ein. 4-in. Porn. 6-in.—3s;in. 8 in.—3-in. 
Armoured gun citadel 252 ft. long, 7 in. Nil os Nil ———- 5 in. 3 in. 
in. 
Barbettes to large gun: 10 in. 6 in. - Sin. 6 in. 9 in. —8 in. - 
Casemates cae = 7 in. fronts, 5 in. fronts, 6 in. fronts, t.. Nil 5 in. a5, 
3 in. rears 2 in. rears 2 in. rears : 
Conning - tower and } 11 in. 12 in. 12 in. Biss 6 in. oe 
tube J 8,, Ts Ty . . : . : a 
Protective deck 14 in.—3 in. 1} in. — 34 in. 24 in.—4 in, , in. —2$ in. sin.—3 in. 14 in.—3 in. as 
4 10-in. (45 cal.) 2 9.2-in. 16 6-in. 47.6 in. 4 8.2-in. 4 10-in. 2 Sin. 
147.5-in. (50 cal.) 26¢ 14 12-pdrs. 1664 ,, 105.9 ,, 16 6,, SH ws 
14 14-pdrs. 14 12-pdrs, SS 22 3-pdrs. 3k. = &., 202.9 ,, 
21s ~ ft 8 R.C. Maxims - 2 es 10 1-pdr. 12 3-pdrs. a 1 
Armament .. cn es 8 R.C. Maxims 2 18-in. sub- 4 machine 41 a, 5 torpedo- 
eee 2 18-in. sub- merged tubes guns 8 machine tubes 
4 R.C. Maxims merged tubes guns 
2 18-in. sub- 
merged tubes 
* Also liquid fuel. 
| ; ; _ 78 0) 
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in excess ; indeed, taking her main armament, it | 
may be said that it is about double the power, either 
in maximum individual shot or collective energy, | 
of any of the ships on the list ; while her smaller | 








1500 a = 
2500¥ds, ————— SoS 
THE HULL. (8100.0,) — sa. saints 
The ship is built with a double bottom under the | ; soma oS 

magazines and machinery spaces, which extend | protective deck extends through the whole length 
through 285 ft. of the total length ; forward and abaft | of the ship, and slopes down at the sides to the 
this the construction is continued, as in British ships, |lower edge of the broadside belt, forming there 
with water-tight flats extending to the bow and stern; the usual shelf for the armour. The thickness of 
so that with these there is practically the advantage | this protective deck within the citadel, as shown 
of an outer and inner shell from end to end. The) on the cross-section on page 71, is 14 in., and 
depth between the two bottoms is 3 ft. 6 in. under | forward and abaft the armoured bulkheads it is 
the magazines and boiler spaces, and 7 ft. 6 in. |3 in., as recorded under the plan of the main deck, 
under the engine space. The total length of the | Fig. 4, on page 71. 


of the other ships named in the table. 








reference to the cross-section through the machinery | by transverse and longitudinal bulkheads and flats. 
space on page 88, and the half-midship section on | Even above the protective deck the interior of the 
page 71. ‘The cellular construction, it will be | ship is largely separated into compartments. Not- 
noted, extends to the protective deck. The framing | withstanding the endeavour which has been made 
consists of heavy channels at 4-ft. intervals. The!to limit the number of water-tight doors, the 
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following particulars will give some idea as to the | 


difficulty experienced by the naval architect in 
arranging effective water-tight sub-division, whilst 
at the same time providing thorough communica- 
tion between the respective compartments. Below 
the protective deck, and consequently below the 
water level, the Libertad is divided up into about 
170 water-tight compartments, and to these are 
fitted about 45 water-tight doors. It should be 


noted that out of this nuinber only five of the doors | 


are of large size, and these are fitted in the 
machinery spaces, and are of the vertical sliding 
water-tight type. The remaining forty are arranged 
as follow ; ~ 20 in the magazines, and 20 to the coal- 
bunkers aud smaller and auxiliary compartments, 
these doors being of much smaller size than those 
fitted in the main machinery compartments of the 
vessel. Ina word, it may be said that under the 
worst circumstances the only doors which could 


slightly as the process of hardening the surface of | in connection with the Mikasa (see ENGINEERING, 
_the plate has been perfected, although at the same | vol. lxxiii., page 180). The protection of the British 
time the naval architect has utilised some consider- | battléship of the King Edward VII. class is 
able part of the weight saved for a given power of | arranged on the same principle, and the Libertad 
resistance in order to increase the area of protec-| is also designed on the ‘‘concentrated casemate ” 
tion. Previously to the design of vessels of the | system. 
King Edward VII. class, in 1902, the practice had | The broadside armour, as shown on the elevation 
been to order a broad belt on the loadwater-line| and plan reproduced on page 71, extends from 
broadside for the protection of the hull, increasing | 4 ft. 6 in. below the water-line to the upper deck, 
in width from the 8 ft. 6 in. of the Royal Sovereign | a depth in all of 21 ft. This depth and thickness 
to the 15 ft. of the Formidable,* with barbettes | extends over 195 ft. of the length of the ship; but 
for the larger guns and casemates for the broadside | forward of this there is a continuation to the ram of 
quick-firers. In the Japanese battleship Mikasa |a water-line plate, 8 ft. deep—3 ft. 6 in. above and 
Messrs. Vickers, Sons, and Maxim introduced, as | 4 ft. 6 in. below the load water-line, part of it being 
has been previously stated, what has since been/6in. thick and part 3 in., while at the ram it is 
termed the ‘‘ concentrated casemate system.”’ 2 in. Abaft the citadel the armour is continued, 
The principal feature in her design was the| first with a thickness of 6 in., and then of 3 in. 
arrangement of armour protection. Instead of ap-| right to the stern. 
There is at each end of the citadel a protective 


plying the scattered casemate system for protecting 
































Fic. 11. 10-In. anv 7.5-In. Guns on TriaAL GROUND; 
WEIGHT 
Tons. Owts. Qre. Lbs. GHARGE (NITRO-CELLULOSE) Lbs, 210 
I0— 78— 3 —O pesca: inate ties Lbs. 500 
Including Breed Mechanisnv. MUZZLE VELOCITY... (Ft. per Sec) 
Fig. 12. » al » ENERGY _._____ (Ft.Tons) 27965 
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endanger the safety of the vessel are the five! 
previously mentioned as being titted in the ma- 
chinery compartments, and special means have | 
been arranged for their quick closing. The majority | 
of the smaller doors are hinged in the magazines, | 
and vertical sliding to the bunkers, and other com- | 
partments. | 

The ram (which is shown in the engraving on | 
Pages asi : me 
page 75) of the ship is a steel casting weighing | 
about 8 tons, and, as will be seen from the same 
view, the fore-foot is considerably cut away to 
facilitate turning. Aft also, as shown in the view 
of the stern, Fig. 8 on the same page, the dead 
wood is cut away ; and the rudder, which is of the 
balanced type, is supported midway in its depth 
by the heavy stern frame. 


ARMOUR PROTECTION OF THE SHIP. 


In these new battleships the proportion of dis- 


placement given up to armour protection is about | 
17.5 per cent., while in recent British ships it 


averages 14 to 15 per cent.. having decreased 


we ---- -------- ---+§—- Le 5 450 -46 Ca 
t =< a a Z, oi — , 





< Traxpl, of Shot, 85 96 
Ty maececcedccrecdccccecececccreecedceccoccccecceodeeccccedddeaetedededdeadeddeeceeceededteeededecdeeceeecceececccedeceeccoecccccecdddeachcehecedcccreceecleeccckebceccccrlibchccocechcccehcccccccchbcsicceens “Zi 0e0e 
Rllldie SSS vg HNN HD NNNS SUMMA 
oa 


Kxcirrcccddddedeldddcdgccdccccccadaddadditdésse Z 
aS SESS OOLOOOOOQQQAQA‘QQQQQ00° j 


'guns on the other side of the ship. 














SSSSSESSSSSSSSSSSSSSSsssp 





a--------=-- 40 ' 294 =46-3 Caliéres 


Fic, 12. Secrion or 10-In. Gun. 

quick-firing guns, as in previous battleships, the|screen bulkhead of 6 in. in thickness, affording 
Vickers company adopted a unique arrangement, | protection against raking fire. 

under which the guns are concentrated within the; As shown on the plan of the main deck, Fig. 4, 
central battery, so that there is no unarmoured | page 71, the barbettes are circular in shape, and the 
space on the broadside between the casemates. | armour is 10 in. in thickness in the front and 8 in. 
Such unprotected sides, where existing, may in|at the rear. There are transverse and longitudinal 
action admit projectiles to the interior of the ship, | protective bulkheads separating the 7.5-in. gun 
where considerable damage might result to the positions within the citadel, as shown on plan. 
comparatively unprotected rear of the casemate; There is a conning tower under the main bridge 
The new constructed of 1l-in. armour (Fig. 2). The four 
casemates for the 7.5-in. guns on the upper deck 


arrangement procures a combined advantage of 


| complete isolation for each of the 7.5-in. guns, along are of 7-in. armour in front and 3-in. in the rear, 


with a continuous armour-plated side for the full 


above-water depth of the ship throughout a great | 


part of the length, thus ensuring an armoured re- 
‘serve of buoyancy and stability. In other words, 
should the ends of the ship be riddled by shot, ad- 
|mitting water and increasing the draught, the 


| remaining freeboard, being armoured, affords extra | 


| buoyancy. 
This system we described at considerable length 


* See ENGINEERING, vol. Ixxi., page 209, 


| 3075 foot-tons. 


as shown in Fig. 3. 
The armour for the ship was constructed at the 
company’s River Don Works, and was subjected to 


;severe trial at the Eskmeals range of the com- 


pany, in the presence of Capt. Stuven, Capt. 
Nef, Capt. Schroder, and other officers of the 
Chilian navy. The 7-in. armour-plates tested were 


| 8 ft. by 6 ft., and were attacked by the 6-in. gun, 


using cordite. The velocities in most of the trials 
were 2100 ft. per second, the striking energy being 
The shots were of the armour- 
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THE CHILIAN BATTLESHIP “ LIBERTAD.” 





piercing type, weighing 100 lb., and the only effect 
on the plates was a penetration of from 1} in. to 
1? in., the shot being broken up completely, and 
leaving the plate with no cracks, but simply slight 
surface abrasion. 

THE ARMAMENT OF THE SHIP. 

The Libertad, for her size and displacement, is 
the most powerfully-armed ship yet constructed. | 
She carries four 10-in. guns mounted in pairs in | 
barbettes forward and aft, already described so far | 
as their armour protection is concerned. These | 
guns are smaller in the bore than those usually 
placed in the same position in British ships of the | 
line—the 12-in., of 40 calibres in length, being now 
generally adopted ; the Libertad’s guns being of 45 
calibres. But while limiting the large guns to 10-in. | 
bore, the Chilians decided to adopt the Vickers 
weapons designed to use nitro-cellulose as a pro- 
pelling powder, but at the same time capable of 
using cordite ; and te supply their ships with a pro- 
— of armour-piercing projectiles for use against 

eavily-armoured ships, and with ordinary shells 
for attacking lighter-armoured vessels. The result 
has been to give the 10-in. guns a power approach- 
ing that of the ordinary 12-in. weapons using 
cordite and uncapped shot. It is, however, in the | 
secondary armament that the Libertad excels. In 
our British battleships, up to those designed sub- 
sequently to the Chilian vessels, the secondary | 
armament, in addition to the 12-in. guns, consisted | 
entirely of 6-in. weapons, but in these Chilian 
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Ammunition Horst ror 10-In. Gun: CuarGinc THE AMMUNITION CAGE. 
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THE CHILIAN BATTLESHIP “LIBERTAD”; THE 7.5-IN. GUNS. 
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ships, fourteen 7.5-in. guns, 50 calibres lon 


5 


been installed, five on each broadside in the con-| point out here that at the trials of the ded, 
‘guns for the Chilian ships an armour-piercing | 


centrated casematé or citadel, and four of them, 
one each in a separate casemate, at the four 
corners of the citadel on the upper deck, as 
shown on the plan, page 71, Fig. 3. 
guns are more than double the power of the 6-in. 
weapons, a fact which largely explains the supe- 
riority of the Libertad as compared with ships of 
her own class, as indicated in Table II. on page 74. 

Deferring until later a consideration of the 
auxiliary armament installed principally for repel- 
ling attack by torpedo and submarine boats, we 
may note the considerations which doubtless influ- 
enced the Chilian authorities in their preference for 
nitro-cellulose. In the first place, they recognised 
that by this means they would attain a much higher 
initial velocity, adding immensely to the power of 
the gun. At the same time they fully realised 
that the utilisation of a powder containing nitro- 
glycerine (as is the case with cordite) involved, with 
such high velocities, greater wear of the gun. The 
British Government have introduced a powder 
containing only 30 per cent. of nitro-glycerine, 
but we hope that this is only a tentative mea- 
sure, and that soon they will follow the other 
principal naval powers—- including France, Ger- 
many, the United States, and Russia — in dis- 
pensing entirely with nitro-glycerine ; as it must 
now be apparent that in developing the very high 
velocities which are alone suited to modern warfare, 
much smaller proportions of nitro-glycerine must 
be employed, approximating as closely as possible 
to pure nitro-cellulose powder. 

As to the increased velocity possible with nitro- 
cellulose, it may be mentioned that with the 10-in. 
guns a velocity of 2840 ft. per second with a 
pressure of 17.5 tons has been attained by the use 
of this more modern propelling agent; whereas, 
with a pressure of 19 tons, cordite only developed 
2687 ft. per second. In the case of the 7.5-in. gun 
the relative velocities were 2955 ft. and 2638 ft. 
per second, as shown in the appended table. These 
results were obtained at the company’s range at 
Eskmeals during official trials, and the system of 
mounting the guns for this test is shown in the 
engraving on page 75 (Fig. 11). 

Velocities obtained with Nitro-Cellulose Powder and 
Cordite in the 10-In. and 7.5-In. Breech-Loading Guns. 











Nitro-Cellulose. Cordite. 
Gun. 7 

Pres- . Muzzle Pres- , Muzzle 

sure. Charge. Velocity. sure. Charge Velocity. 
in. tons Ib. ft. -sec. tons Ib. ft.-sec. 
10 17.5 210 2840 19 120 2687 

7.5 17.5 79.03 2955 18.5 | 44.5 2638 
| 

An important advantage is the flat trajec- 


tory resulting from increased velocity, as this 
materially lengthens the danger space of the object 
aimed at, and renders quick hitting, as well as 
quick shooting, possible at long range. In the case 
of the 7.5-in. gun, for instance, with a muzzle 
velocity of 3000 ft. per second—which is easily 
attained with pure nitro-cellulose powder without 
undue erosion—the danger space at 2500 yards is, 
as shown on the diagram, Fig. 9, page 74, 772 yards, 
as against 589 yards where nitro-glycerine powder is 
used, the velocity being only 2750 ft. per second. 
This is an increase of 183 yards, equal to 31 per 
cent. ; there is, of course, a corresponding increase 
with 10-in. and 12-in. weapons. It follows that a 
gunner can afford, with nitro-cellulose, to make 
a greater mistake in his range, and yet send his 
shot home, than if he were using a powder of less 
velocity and requiring a higher trajectory. The limi- 
tation in velocity in the case of cordite is enforced, 
owing to the excessively erosive effect on the gun. 
It is true that this erosion may be reduced by 


using a close-grained steel of high quality 
for’ the inner tubes, but the most effective 


and permanent method of combating this trouble 
is to adopt powders with the minimum of 
nitro-glycerine ; in other words, a pure nitro- 
cellulose compound. The gain which would cer- 
tainly accrue were this change effected in the case 
of some of our ships of 10,000 tons and 11,000 tons 
displacement, where the largest weapons are 6 in., 
would be very considerable, as it would greatly 
add to the power of attack, at present very defec- 
tive. 

In anticipating the use of capped shot and shell, 
the Chilians also” displayed a very progressive 
.atcitude. We have time and again proved the 


These 7.5-in. | 





shell, fitted with a Johnson cap, developing a} 
striking velocity of 2107 ft. per second, and a 
striking energy of 6301 foot-tons, completely 
penetrated a 7-in. Krupp cemented plate of the 
latest type. In another instance, the 7-in. plate | 
was completely perforated with capped shot from a 
6-in. gun, developing a striking energy of 3323 
foot-tons, while armour-piercing shot without caps, 
striking with corresponding energy, failed to make 
any considerable impression upon the plate. A 
7.5-in. shot completely perforated a 7-in. plate, and 
was found 30 ft. in the rear of the plate, buried 
in the sand butt. It is only necessary to suggest 
the damage which such a shell-—containing as it 
would five to six ounces of bursting charge—would 
have effected had it similarly penetrated through 
the broadside of a ship, into a compartment fitted 
with machinery indispensable to the propulsion or 
the fighting capacities of a ship. 


HEIGHT OF GUN PLATFORMS. 

An interesting point in connection with all 
battleship designs is the height of the gun plat- 
form above water, for on this depends, in a large 
measure, the ability of the ship to fight in a 
heavy seaway. The Libertad, like all modern 
battleships, has been built without a forecastle or 
poop, although with cruisers the forecastle is now 
becoming almost universal. There is an idea that 
such an addition adds to the sea-going qualities of 
a ship, but even this is questionable. There can 
be no question that the higher free-board forward, 
which the forecastle-head gives, makes a ship drier 
in a head sea; but in a battleship comfort must 
be a secondary consideration : and when it is re- 
membered that the forecastle must involve an 
addition to displacement enormously dispropor- 
tionate to the advantage it brings, it will be seen 
that there is abundant justification for its being 
dispensed with in battleships. 

Even in the modern cruiser this view has been 
accepted as regards the provision of a poop, and 
since the Powerful and Terrible were con- 
structed none of our large cruisers has a poop. 
With a forecastle or a poop, the bow and stern- | 
chasing guns are, of course, more advantageously 
mounted ; they are about 8 ft. higher above the 
water-line ; but here, as with most conditions, the 
element of compromise must come in. The 
Libertad has her bow guns 25 ft. above the water- 
line forward, which is the same height as in the 
case of the latest class of British battleships. As 
regards the after barbette guns, the height is 
between 23 ft. and 24 ft., or about 1 ft. more than 
in the case of our King Edward VII. class. 

In comparison with cruisers having a forecastle, 
the conditions in the Libertad are not quite so 
favourable. For instance, the ships of the Cressy 
class have an advantage of about 9 ft., those of the 
Drake class 10 ft., and those of the Diadem class 
about 8 ft. ; but it must be remembered that in all of 
these ships the guns are of less calibre, involving not 
only less weight for the gun, but considerably less 
weight for the mountings, whilst at the same time 
the armour-protection for gun and gun-mounting 
is very considerably less; and even were it con- 
sidered desirable to have battleship guns at such a 
great height as 33 ft. to 34 ft. above the water-line, 
it would involve a serious question for the naval 
architect as to how far the placing of such a load at 
such a great height would influence the seaworthi- 
ness and stability of the ship. And without adequate 
protection, which involves very considerable weight, 
the guns and mountings must be necessarily liable 
to serious damage in action, and the battleship 
must be able to withstand all attack in the line of 
battle. This, indeed, is one of the main differences 
between the battleship and the cruiser. 

As regards the after guns, the Libertad is in 
a more favourable condition than the cruisers we 
have mentioned, because these cruisers have no 
poop. This erection has been dispensed with 
because of the considerable weight which it in- 
volves at a part of the ship least able to bear it, 
because of the constant pitching and scending in a 
seaway. In other words, as the sailor might say, 
to puta poop, or even a forecastle, on a fast fighting 
ship is like loading a light-weight boxer with a sou’- 
wester lest it should rain during the contest. 
The after-barbette guns are therefore from 1 ft. to 





* See ENGINEERING, vol. Ixxv., page 533, 


Libertad, while the 6-in. 


g, have | efficiency of the capped shot,* and need only|3 ft. higher than in the cruisers of the three 


classes named. 

Turning now to the broadside guns, very con- 
siderable interest has been awakened amongst naval 
authorities as to the desirability of having such 
long and powerful weapons mounted in the ‘tween 
decks, or within the concentrated casemate of the 
Libertad. These guns are of 7}-in. calibre, and 


/occupy the position devoted to weapons of 6-in. 


calibre in all British ships. It has been suggested 
that these 7}-in. pieces, because of their greater 
length compared with 6-in. quick-firers, are less 
advantageously situated for firing when the ship is 
rolling in a seaway. Were this true, it would 
certainly be a serious objection to the placing of the 
guns in this position; but examination of the 
published records of British ships has enabled us 
to produce the diagram on page 74, which clearly 
demonstrates that, notwithstanding the great 
length of 33 ft. of the 200-pounder guns in the 
Libertad, as compared with about 10 ft. less length 
of the 100-pounder guns as fitted to our modern 
battleships and cruisers, the muzzles of the larger 
guns are more advantageously placed for similar 
angles of heel than the 6-in. guns. 

The diagram, Fig. 10 on page 74, represents the 
half-section of several ships to the water-line. Th¢ 
left-hand vertical line is the centre line of al! the 
ships. The outer line is that of the hull of the 
King Edward VII. class, which is of 78 ft. beam : 
the next the hull of the Drake class, the third 
the hull of the Libertad, whilst the inner line 
represents a mean for ships of the Cressy and of 
the Diadem classes. The base-line is the normil 
load-line, and drawn parallel to this are lines to 
represent the axes of the guns of the various ships 
at normal height, with muzzles shown at the point 
when they are run out for fire. From this it will be 
seen that the 6-in. guns of the King Edward VII. 
class are 5} in. below the 7}-in. guns of the 

quick-tirers of the cruisers 
already named are in the Diadem class 1 ft. 11 in., 
and in the Cressy and Drake classes 2 ft. 8 in., 
nearer the water-line than the Libertad’s 7}-in. 
guns. The diagram also shows comparatively the 
effect of the vessel’s rolling on the efficiency of fire 
of the main deck guns. For this purpose we have 
assumed a condition when the rolling of the 


| Libertad would bring the centre line of the bore at 


the muzzle of her euns down to the water-level ; 
and the diagram clearly proves the efficiency of the 
placement of the Libertad’s guns. 

The height of the 74-in. guns, as shown in our 
diagram, applies to the ten guns fitted on the two 
broadsides. Four of the 7}-in. guns are placed 
within the casemates on the upper deck, and have 
their axes about 21 ft. 6 in. above water, while 
the guns for repelling torpedo and submarine-boat 
attack are situated exceptionally high; the 14- 
pounders being placed in three positions—namely, 
20 ft. 6 in., 25 ft., and 30 ft. above the water-line, 
the 6-pounders 29 ft., while the pom-poms are fitted 
in the military tops, a practice which has not been 
adopted before. 

THE 10-In. GUN. 

Coming now to the guns themselves and the 
mechanism, we take first the 10-in. weapon. This 
gun, of which we givea section in Fig. 12, page 75, 
is of the following dimensions :— 

TaBLE III.—Ballistics of 10-In. Gun. 


Diameter of bore * 10 
Length of bore. . ‘ 422.75 in 
Total length of gun .. = 500 ,, 
Maximum pressure in chamber 17.5 tons 
Weight of charge of nitrocellulose 210 Ib. 
ms ee cordite PS 178 Ib. 04 02. 
” projectile, uncapped .. ee 500 Ib. 
~ a capped ie se se 500 ,, 
Total weight of gun, including the breech 
mechanism .. of .. 80 tons 13} cwt. 


Muzzle velocity, using cordite M.D. 2787 ft.-sec. 


= nitrocellulose 2840 as 
» energy, using cordite M.D. 26,930 ft.-tons 
me ; nitrocellulose ts ‘cn SOO ss 
Penetration of wrought-iron plate at muzzle 
by Garve’s formula, using uncapped shot 
and cordite .. se a v ow hen 38.85 in. 
Penetration of wrought-iron plate at muzzle by 
Garve’s formula, using uncapped shot and 
nitrocellulose an * os oF oe 39.9 ,, 
Penetration of steel plate at muzzle by Girve’s 
formula, using uncapped shot and cordite .. 80.1 ,, 
Penetration of steel plate at muzzle by Garve’s 
formula, using uncapped shot and nitrocel- 
lulose .. - es s =f oe a 30.95 ,, 
THE BREECH MECHANISM FOR THE 


10-In. GUN. 
The breech mechanism for the 10-in. gun is 
so arranged that the whole of the breech-action 
is operited and controlled by the rotation of a 
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hand-wheel, and is suitable for either right or 
left-hand guns. By turning the hand-wheel the 
breech-plug is first rotated and unlocked, and 
then swung out of the breech of the gun. The un- 
locking of the breech-plug is effected by means of 
what is usually known as a toggle joint. The 
longer arm or link has one end fitted on a pin pro- 
jecting from the rear face of the breech-plug, and 
the other end is fitted by a pivot-joint to a shorter 
art 
ae of the gun. Both the link and crank work in 
a plane parallel to the face of the breech. Round 
the boss of the crank are formed teeth, engaging 
with similar teeth formed partly round the boss of 
a quadrant, which is mounted on a vertical pivot. 

This quadrant has also formed, partly round the 
boss, ordinary spur-teeth, which engage with 
similar teeth on a second quadrant fixed on the 
hinge-bolt of the carrier. The hinge-bolt, together 
with its quadrant, is revolved by means of a worm 
and worm-wheel, which are in turn actuated by 
the hand-wheel mounted at the breech of the gun. 
To open the breech the hand-wheel is rotated, and 
this, by means of the worm-wheel, the second 
quadrant causes the first quadrant and crank to 
turn, thus rotating the breech-plug until it becomes 
unlocked. By continuous turning of the hand-wheel, 
the carrier with the breech-plug is swung out clear 
of the breech of the gun. The ordinary retaining- 
catch is employed for holding the plug in position 
when out of the gun. The opposite action takes 
place on closing the breech. 

For operating the breech-block by hydraulic 
power a spur-pinion is attached to the upper end of 
the hinge-pin, and is coupled thereto by means of 
a clutch, this clutch being so arranged that it can 
either couple to the hinge-pin the spur-pinion, for 
hydraulic power, or the worm-wheel, previously 
referred to, for hand-power. It is, however, so 
arranged that both worm-wheel and pinion cannot 
be in gear at the same time. The pinion is rotated 
by means of a rack, which can be pushed backward or 
forward by means of an hydraulic cylinder attached 
to the recoiling portion of the gun - mounting. 
Automatic cut-off gear is employed to effect the 
movement of a special hydraulic valve controlling 
the admission of water to the hydraulic cylinder 
which operates to control the motion of the block 
and bring it gently to rest after opening. At the 
same time it also serves to bring the carrier round 
quietly against the breech of the gun when the 
breech is being closed. The control of the opening 
and closing of the breech is effected from a lever 
placed conveniently on the gun-platform somewhat 
to the rear of and to one side of the gun, so as 
to be well clear of the gun’s crew. A system of 
jointed pipes serves to connect the pipes leading 
from this controlling position with the recoiling and 
oscillating parts of the pipes attached to the gun- 
mounting. The hydraulic cylinder for opening and 
closing the breech is placed over one side of the 
breech end of the gun, and is seen in the engraving, 
Fig. 19, on page 76. 

The breech-plug is of special construction, and is 
threaded in segmental portions on steps of varying 
radii, as has already been fully described in Enat- 
NEERING. By this arrangement the plug, which is 
divided into 12 segments, has three-fourths of. its 
circumference threaded and useful for meeting the 
strains on the breech, while the ordinary breech has 
only half of its cireumference threaded and similarly 
useful. This enables the breech-plug to be very 
short. Owing to the shortness of the breech-plug, 
it can be swung clear of the breech after unlocking 
without any curvature, and without the usual longi- 
tudinal withdrawal of the plug. 

The gun is arranged to be fired by electric or 
percussion tubes. For this purpose a nut is fitted 
on the end of the obturating-bolt. In this nut a 
horizontal slide, which covers the end of the firing- 
primer, is worked by means of a spring bolt, which 
engages with a sliding-bar working in the face of 
the carrier. The sliding-bar is also provided with 
a spring bolt, which engages with a cam on the 
crank of the toggle joint, and an eccentric adjusting 
stud to compensate for any wear taking place in the 
cam groove, 

An ejector, actuated by the movement of the 
slide, is fitted in the nut, and is provided with a 
toe, which acts as a powerful wedge by engaging 
with an inclined plane on the slide. A spring- 
retaining catch is fitted in the obturating-bolt, 
having a lip which prevents the tube from being 
jerked out, however violently the mechanism may 
be closed. The action is as follows :—When the 








n or crank mounted on a pivot parallel with the 





hand-wheel of the breech mechanism is turned to 
open the breech; the crank begins to move, and by 
means of the cam it forces the slide in the nut away 
from the primer. When the slide has been moved 
horizontally far enough, it actuates the ejector, first 
wedging, then finally jerking out the firing-tube. 
Previous to ejecting the tube, the retaining-catch 
is automatically lifted by the ejector so as to allow 
a free passage. On the first movement of the slide, 
and before the breech has been unlocked, the firing- 
needle is automatically withdrawn for safety by 
means of the toe, with which it is provided, engag- 


‘ing with a quick incline on the rear of the firing- 


gear nut. The spring bolts are arranged so that 
in the case of missfire the slide may be pulled down 
by hand to a certain extent, sufticient to eject the 
tube without its being necessary to open the breech. 
The obturator has a steel rear ring split, front 
protecting disc of tin, and steel front ring. 


BARBETTE MOUNTING FOR 10-IN. GUNS. 

In the barbette mounting for large guns there has 
been in recent years many improvements, which, 
although confined to detail, have had considerable in- 
fluence on both the accuracy and the rapidity of fire. 
These are the desiderata in design, which, together 
with the effort towards reliability, apply to all 
mechanics. The ordnance engineer, in this instance, 
has, as a rule, preferred hydraulic mechanism for 
this, amongst other reasons: that with the severe 
shocks which are experienced in firing such powerful 
guns, there is less likelihood of the massively-built 
hydraulic mechanism being injured than would 
be the case with electric gear; and in the event 
of slight damage resulting, its existence and loca- 
tion are at once discovered, owing to water leakage. 
In the Libertad, therefore, all operations in con- 
nection with the guns, including the raising of the 
charge from the magazine, the ramming of the shot 
home, the operation of the breech mechanism, as 
well as the training, elevating and recoil of the gun, 
are effected by hydraulic appliances. At the same 
time hand-gear is provided for each of these move- 
ments ; and when it is noted that the guns, the 
shield, and the mechanism which require to be 
rotated for the working of the twin guns, make 
up a total weight of 277 tons, it may be accepted 
that care has had to be exercised in design to 
ensure perfect balancing of weight and to reduce 
friction to a minimum. 

The hydraulic control has been developed so 
as to effect the concentration upon the trigger 
handle of the levers for actuating the hydraulic 
valves, whereby the gunner, without moving 
his hands, can work each gun separately or both 
guns together, in following the target; more- 
over, the rammer as well as the other loading gear 
moves simultaneously with the gun, so that the 
relative position of the rammer to the chamber of 
the gun is ever the same—an arrangement which 
enables the gun to be reloaded in any position. 
Aided by these devices, the gunner need never 
raise his eye from the enemy seen through his 
sighting telescope, nor need the muzzles of the guns 
be directed away from the enemy. All the psycho- 
logical and mechanical conditions conducive to 
accuracy and rapidity of fire are thus attained. 

To turn to details, we may note first that the 
moving weight represented by the mounting of the 
two 10-in. guns, as illustrated on one of our two- 
page plates, is made up as follows :— 








tons cwt. 
Armoured hood, with its fittings 117;,;. 0 
Mounting, and its accessories 98 10 
Two 10-in. guns of 45 calibre ... 61 10 

277 «OO 


The armour forming the barbette is 10 in. in thick- 
ness for the greater part of the circumference, the 
rear part, as shown on the plan, Fig. 4, page 71, 
being 3 in. in thickness. It is of the Krupp- Vickers 
cemented type, and was manufactured at the Com- 
pany’s River Don Works. The diameter of the 
barbette is 21 ft. The guns and the whole of 
the mechanism, including the armoured hoods and 
ammunition hoist, rotate on rollers running on a 
path formed on the inner walls of the barbette, and 
turned truly in position in the ship by portable 
electric planers.* The turntable, carrying the 
whole load on rollers working on this path, 
is built up of steel plates and angles, and is arranged 
to rotate on a live roller-ring, with suitable upper 
and lower roller-paths, the planing of which to 





* See TRACTION AND TRANSMISSION, vol. iv., page 176, 


absolute accuracy is an important undertaking at 
the Barrow works of the company, where all gun- 
mountings are manufactured. The rollers which 
support the turntable are of special forged steel, 
with flanges formed on both ends to take the hori- 
zontal thrust ; they number thirty in this ship, and 
all are bound together by a ring of plate-steel, to 
which the roller-axles are secured. The whole 
forms the live roller-ring, which is clearly shown on 
Fig. 13 on the two-page plate. A rack, into which 
there gears a pinion for training the turntable, is 
attached to the lower roller-path, which is carried 
on the machined surface of the circular supporting 
structure provided on the inside wall of the barbette, 
as already indicated. Supported by the turntable 
by means of girders, &c., are the guns and all their 
firing mechanism, and the gear for loading them, 
as well as the shield for protecting them. This 
shield is of hardened armour, and its form is well 
shown, not only on the sections of the barbette 
mountings on the two-page plate, but also by the 
plan of theship on page 71. The girders supporting 
it are to be seen in our interior view of the barbette 
(Fig. 19). The shield is attached to the upper 
floor of the turntable by a suitable angle-bar frame. 
The front plating is 9 in. thick and sloping, the 
sides and rear are 8 in. thick. The shield is fitted 
with a leather apron, with suitable screws and 
brackets for making it water-tight with the barbette. 

The method of mounting the guns is the most 
interesting feature. Each of the two weapons is 
carried on a separate slide-frame, independently 
of the other. The slide-frames are built up of 
steel plates and angles, and are provided with 
bearings upon which the guns slide during recoil. 
The slide-frames are supported by trunnions on 
bearings in brackets secured to the upper part of 
the turntable. Two presses are provided for con- 
trolling the recoil of each gun. These presses are 
fixed to the slide-frames, one on each side. They 
are provided with pistons and rods, the latter, 
attached to the lug-bands secured to the guns, are 
arranged to slide on a prolongation of the slide- 
frames. The presses have an orifice of varying 
area, to allow the liquid in the cylinder to pass from 
one end to the other during recoil at approximately 
constant pressure. The guns are held in the firing 
position by two rows of recuperator springs, ar- 
ranged conveniently below the guns and inside the 
slide-frames. These springs are of sufficient power 
to return the guns to the firing position at any 
angle of fire. Suitable fittings are provided in the 
recoil presses to prevent shock, when returning to 
the firing position with the guns horizontal or 
depressed. 

In describing the accessories we may adopt the 
sequence in which they are utilised in the operation 
of firing the guns. And first we take the lifting 
and the transporting of the ammunition from the 
magazines. In all cases overhead rails and sus- 
pended tackle have been utilised for transport in 
preference to deck rails, as this obviates any delay 
by obstructions or splinters on the deck. The 
system throughout the ship is similar to that shown 
on the arrangement at the base of the ammunition 
hoist in the engraving, Fig. 20, on page 76. 

The ammunition hoists and loading gear are 
arranged to give a rate of fire of, at least, two rounds 
per minute for each gun. Two hoists are provided in 
each turret to raise the ammunition from the maga- 
zines to the gun-platform. A view of the loading- 
trays at the base of the turrets is given in the 
engraving on page 76 (Fig. 20). The hoists are 
arranged to deliver on the outside of each gun-car- 
riage. The top of the hoist is partly seen at the 
right bottom corner of the engraving, showing the 
interior of the barbette, Fig. 19, page 76. The hoists 
are operated independently by hydraulic power, and 
bring up projectiles and charge in one lift. Means 
are provided so that as each cage arrives at the gun- 
platform, the projectile which it carries is automati- 
cally discharged on to a fixed receiving-tray on the 
gun-platform. The projectiles are then quickly 
lifted by overhead radial cranes and transferred to 
the parallel-motion loading-trays carried at the 
rear of the respective gun-slides. The loading 
trays are provided with gear so that they can be 
rotated round into the breech of the gun for loading. 
A similar loading-tray is well shown in the illustra- 
tions of the 7.5-in. gun on page 77. Servo, carmel 
rails with hoisting tackle are provided for loading- 
the gun by hand. Ten projectiles per gun can be 
stored around the rear of the gun-platform in each 
barbette for ready supply. Powder charges, on 





emergency, can be raised by hand-whips through 
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THE CHILIAN BATTLESHIP “ LIBERTAD.” 
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the ladder-ways in the revolving trunk to the gun-| on the vertical wall of the chamber below the gun- THE 7.5-IN. GUNS. 
platform. platform. It is of sutticient power to rotate the, 4 section of the 7.5-in. gun is given in Fig. 21, 


The charge having been deposited in the tray in 
front of the gun-breech, a rammer of the flexible 
chain type, arranged at the rear of each gun, is 
utilised for loading the weapon at any angle be- 
tween 5 deg. elevation and 3 deg. depression. Each 
rammer is driven by an hydraulic motor, and is, as 
we have already explained, kept central with its re- 
spective gun by means of a wire rope and compen- 
sating attachment operated from the gun-slide. The 
rammer, with its brush attachment, is partly seen 
to the left of the view of the interior of the bar- 
bette, Fig. 19. 



















turntable at its maximum speed with the ship 
inclined up to an angle of 10 deg. A pinion on 
the end of the crankshaft is arranged to gear with 
a spur-wheel connected to a vertical shaft carrying 
at its lower end a spur-pinion gearing with the 
training-rack. The latter is conveniently attached 
to the lower roller-path, supported, as already indi- 
cated, on a ring bulkhead extending down to the 
main deck. On the same shaft, carrying the spur- 
wheel pinion referred to, a worm-wheel is provided, 
by means of which the turntable can be operated 
by hand-power, the training-handles being con- 





|page 77. This, as we have already pointed out, is 
'a most effective weapon for the secondary arma- 
ment of ships, as it is — of penetrating at 
long range any armoured cruiser afloat. The 
dimensions of the gun itself are given in Table IV. 
By way of comparison we give the dimensions of 
the 6-in. gun manufactured by the Vickers Com- 
pany, which is certainly one of the most powerful 
of this calibre made, so that the comparison is on a 
similar basis so far as excellence is concerned. 


TABLE [V.—Ballisties of 7.5-Ia. Gun in Comparison with 












































. : 6-In. Gun. 

While this loading operation has been in pro-| veniently placed in the chamber below the gun- | iba a 
gress we may presume that the gunner has trained | platform. The worm-wheel is attached to the shaft | piameter of bore 75 in. a 
and elevated his gun, as this proceeding may be| by means of a series of friction-plates, the pressure | Length of bore .. 375 0, 269 5 in 
going on at the same time as the loading. Both| upon which is automatically released when the feealasuer eases it ee ee = pla 
guns are operated from a central sighting position | hydraulic power is put in motion, and which again | Weight of charge of nitro-cellulose.. 79 Ib. 0} oz. 36 Ib. 
between the two guns, where all the controlling | goes on as soon as the hydraulic power is stopped. | “= Rovian: M.D. .. 56 sot r» 2» 
levers and the principal sighting mechanism is| Two sets of hydraulic buffers are arranged to limit | Rong “capped.. .. 200, 100” 
placed (Figs. 13 and 14). There is an cbservation | the training movement of the turntable in both | ao pape nag including the am elite 
position on the right side of the turret for the officer | directions. They are attached to the revolving ysumte velocity, using cordite M.D. 2769 fl osecs. 9800 ftises 
in charge ; and here also sights are provided. Both/ structure, and suitable stops on the ship come | - 5 ie nitro- cellu. 
positions are provided with armoured hoods fitted into contact with the buffers at the required posi-| 108. cilia ihtaaihiiniiitan.”” snes on 
with steel shutters and covers. Levers for con-| tions. The cylinders are under constant pressure nitro-cellulose 12,110 57. 
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SECTION THROUGH RECOIL CYLINDER. 
Fries. 22 anp 30. Deraits or Mountine or 7.5-Ix. Gun. 

trolling the elevation of the guns and the rotation of | from the hydraulic supply, which causes the buffer- pre a Breen gence plate at 
the turntable, when the hydraulic power is em- head to run out again immediately the stop leaves | {incapped shot and cordite.. -.—27.25in oh te. 
ployed, are provided at the central sighting position, it. A dial-plate, with indicator, is placed in the | Penetration of wrought-iron plate at 
both guns being operated from this position. The! sighting position, and shows ata glance the posi-| ™uzme by tiarve’s formula, using 
levers have a combined action, the vertical — tion of “the gun rg ro to oe ship when training. Penetration ss plate at mut ne spain 
ments controlling the elevation of the gun, and|It is connected by suitable gearing with the} >y Garve’s formula, using un- 
the horizontal movements the training. On the training-rack. -_ remtetion domed ebehe aad _. 
end of each lever is fitted a pistol-grip and firing-| The hydraulic motor which actuates the training-| by Garve’s formula, using uncapped < 
key, so that the guns can be fired without the gear has three oscillating cylinders of the usual) Shot and nitro cellulose » 23.15 ,, 17.35 ,, 
operator moving his hand from the lever. pattern, the rams of the cylinders being con- os Sieadia 

Turning now to the training and elevating nected direct to the crankpin without the inter- THE BREECH MECHANISM FOR THE 
mechanism thus controlled, we begin with the| mediary of connecting-rods. The admission and 7.5-In. GUN. 
turntable carrying the whole load of 277 tons, exhaust of pressure water from these cylinders} The breech mechanism for the 7.5-in. gun is 


including gun, shield, and all the mounting. It is 
arranged to be rotated either by hydraulic power 
or by hand: the former by means of a three- 
cylinder hydraulic engine attached to the under- 
side of the turntable, and shown by Figs. 13 and 
14 on one of our two-page plates ; and the latter by 
means of handles situated in the working chamber 
below the turntable, also shown in Fig. 14. The 
training-shaft is supported vertically below the turn- 
table, and carries the necessary gearing for con- 
nection with the training-engine, the hand-gear, 
and the training-rack. Clutches are interposed in 
the gearing, and arranged so that hand and power 
mechanism cannot be in operation at the same 
time ; 
prevent undue stress on the gearing when the guns 
are fired separately. A hand-brake is provided to 
secure the turntable, when changing from hydraulic 
to hand power, and vice versi. The training gear 
allows of a movement of 120 deg. on each side of 
the fore-and-aft centre line of the ship. Strong 


locking-bolts are fitted for securing the turntable, | 
and buffer-stops are provided for limiting the 
training movements 
training. 

The hydraulic-power motor is of the three-cylin- 
der side-by-side type, and is placed conveniently 


in both directions when 


frictional attachments are also fitted to) 


is controlled by means of a combined revers- | 


/ing and controlling valve, the motion for the 
latter being governed by a connection on the trun- 

| nions of the oscillating cylinders, the former being 
controlled by a servo-motor acted upon by the 
pistol-grip lever previously described. 

For elevating each gun by power there is an 
| hydraulic press attached to the floor of the turn- 
table, and its ram is connected by means of two 
links to a bracket attached to the underside of the 
slide-frame at its end nearest to the muzzle of the 
gun. The admission of pressure fluid in the 
cylinder thus raises the slide and gun, while the 
| exhaustion of the fluid depresses the gun. 
Hand-wheels are suitably arranged on the gun 
| platform for elevating the guns by hand. They 
| are connected through worm-gearing with elevating- 
| arcs attached to the underside of the gun slide- 
|frames. Means are provided for automatically dis- 
connecting this gearing when the hydraulic power 
is employed. 

Two steam pumping engines are provided in the 
'ship, together with all the necessary pipes, valves, 
and other connections for the supply of water under 
| pressure to the various machines connected with 

the turrets, of which a description is given in 
another section of our present article, 





of the ‘“‘single motion” type—i.e., the breech 
is opened or closed by the single motion of 
'a hand-lever. In this design of breech mechanism 
| the horizontal swing of the hand-lever rotates (locks 
|or unlocks) the breech-plug, swings it in or out of 
|the gun, and withdraws the firing - striker for 
safety. 

| The firing-gear is arranged for firing by electricity 
|or percussion, and is directly operated by the 
hand-lever, so that the gun is rendered absolutely 
safe before the breech commences to open. It is 
practically the same as that described for the 10-in. 
guns. The breech-plug is of special design, and is 
mounted and free to turn on a carrier pivoted at 
| the right-hand side of the breech. 

The threaded portion of the breech-plug is 
divided into segmental portions of varying radii : in 
the case of the 7.5-in. breech-plug there are nine 
segments, and six of the seare threaded—i.e., two- 
thirds of the circumference is used for resisting the 
strains when firing. This enables a very short 

_breech-plug to be employed, with the advantages 
ialready referred to in-connection with the 10-in. 
|gun. The arrangement for actuating the breech- 
| plug is very simple, and consists of a link, one end 
lof which is pivoted on a pin projecting from the 
| face of the breech-plug, while the other end is 
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,a short crank, which is mounted on the 
carrier. Around the boss of the hand-lever, which 
is pivoted on the carrier, are teeth, which gear 
with similar teeth formed on the boss of the short 
eae centres of the link and crank are arrange 
to form a “* locking” point when the breech is | 
closed. This arrangement of link and crank provides | 
jower when opening or closing the breech. 


pivoted to 


The hand-lever lies close up to the gun, 


great I 


CENTRE-PIVOT MOUNTING FOR 
THE 7.5-In. GUN. 

The mounting (see Figs. 22 and 23, page 77) | 
consists of a steel top carriage resting ona hori- 
zontal roller bearing on a steel pivot, the bearing 
being easily accessible by the removal of the 
pearing-cap. The cradle, in which the gun slides 
during recoil, is of the semi-circular open type, 
having a cap at the trunnion end which bolts to 
the cradle, forming with the latter a guide for 
the gun-keys. Attached to the cradle are three 
cylinders—one to overcome recoil, and the other 
two (one on each side of the recoil cylinder) to 
contain the springs for running the gun up to 
the firing position after recoil. On page 82 we 
give a section (Fig. 29) showing the recoil cylinder, 
while Fig. 30 is a section of the spring-case. The 
connection between the three cylinders and the gun 
is made by arms projecting from the breech-ring | 
The whole weight of the moving parts—gun, cradle, | 
and carriage—is balanced on the roller-bearing above | 


nged | 


‘owing to the weight to be moved, and partly to} 
|the great projection of the muzzle when guns of/| these engines are built into the structure of the 
|such length are mounted on the broadside. 


| backwards or forwards by means of an hydraulic | vided, so that when in harbour the engines may be 


cylinder, shown in Figs. 25 and 27, The carriage| turned round easily by one man. Sight - feed 
|is readily attached at two’ places to the cradle—at | lubricators are fitted on the main steam-pipes, and 
}about the centre of gravity and at the rear end. | all moving parts are provided with an efficient water 
By means of a capstan-head the carriage is arranged | service. ‘The cylinders and covers, slide - valve 
to take the weight of the gun and cradle, and so | casings and covers, are completely clothed with in- 
runs them back together. This system of dis- combustible non-conducting material, covered with 
mounting - gear was rendered necessary, partly|planished sheet steel secured with brass screws. 
The tanks for the necessary supply of water for 


The | ship, and are fitted with strainers, gauge-glasses, 
movement is conveniently controlled from a single air-valves, and combined air and relief valves. 
lever operated by one man. |The whole of the water-pressure and exhaust pipes 
These 7.5-in. guns are served from under the’ are solid-drawn, and made of copper and manga- 
protective deck through armoured hoists communi-| nese bronze, the latter material being used for 
cating with each gun position. The loading! pressure pipes over | in. in diameter. The water- 
arrangement at the base of the hoist is shown in| pressure in the system is 1000 lbs. per square inch. 
the engraving, Fig. 26, on page 81. The main pressure pipes inside the turntable are 
arranged on the ring system, the connection be- 
THE HYDRAULIC POWER FOR WORKING | tween the pressure pipes inside the turntable and 
GUNS. | those outside being effected by means of a system 
Two sets of pumping-engines are employed for| of jointed pipes, which are at all times readily 
supplying the hydraulic power for working the accessible, and capable of being renewed. 
guns, and other purposes. These pumps are of the | 
compound-tandem type, each pair of cylinders being TORPEDO 
coupled up direct to the pump-ram of a double- 
acting pump. Each engine is of sufficient power 
to fulfil the maximum requirements of both 
turrets, the other engine remaining as reserve. 
The steam pressure in the cylinders does not 
exceed 150 lb. ver square inch, and the engines ex- 





GUNS FOR REPELLING 
ATTACK, 

The Chilian ships undoubtedly excel anything 
afloat so far as the installation of guns for the 
repulsion of torpedo and submarine-boat attack is 
concerned. In the Libertad there are fourteen 14- 
pounders, which fire 20 rounds per minute each, with 
a muzzle velocity of 2690 ft.-seconds and a muzzle 
energy of 102.5 ft.-tons, The disposition of these 














guns is shown clearly by the diagrams on page 71, 
Figs. 1to 3. It will be seen that there are four—two 
on each side—on the upper deck, in the waist of the 
ship, and two right forward and two aft on the 
main deck. Well over the casemates—therefore at 
very high level—there are four more, the remaining 
two being placed under the navigating bridge. In 
addition there are four 6-pounders, placed as shown 
in Fig. 2, on the boat deck, and commanding a 
very good view of the surrounding water. These 
6-pounders fire 28 shots per minute each, with a 
muzzle velocity of 2500 ft. per second, developing 
an energy of 260 ft.-tons. On each of the military 
tops there are two pom-pom guns, whereas in 
British ships the practice has been to tit here only 
Maxims. There can be no question as to the 
relative power of the two guns, the Maxim having 
a muzzle energy of only .73 ft.-tons, whereas the 
relative power of the pom-pom is 47.9 ft.-tons. There 
are, also, two 12-pounder guns, used principally for 
landing service, and also four Maxim guns—these 
are placed two on the aft bridge and two on the 
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forward bridge. These guns we describe later. 





14-PounpER Quick-Firtne Gon, 


BREECH MECHANISM FOR 14-POUNDER 
(3-In.) QUICK-FIRING GUN, 


referred to, thus making the training very easy. | haust into the atmosphere or into a closed exhaust- 
The elevating and training operations are performed | pipe. ‘The parts are, however, designed to stand 
by the rotation of two hand-wheels, conveniently | the full boiler pressure of 300 lb. per square inch. 
placed with regard to the shoulder-piece against |The engines are constructed so as to admit of 
which the gunner leans. Anti-friction bearings are| ready examination of all working details, and 








used where most required, so that these operations 
are the more easily performed by one man. The 
training worm-wheel is clamped to the pivot, so 
that the gear may be easily and quickly dis- 
connected. The recoil cylinder is of the usual 
construction, fitted with an adjustable retarding 
valve to control the speed of running out of the 
gun after firing. Suitable electric contacts are 
fitted to prevent the gun from being fired unless 
fully run home. 

_The sighting arrangement comprises two Grubb 
sights—one on each side—each mounted on a bar, 
which enables it to be adjusted fore-and-aft, as 
circumstances may require. 


The loading-gear consists of a shot-tray pivoted | 


on a bar at one side of the cradle, so as to move 
with the gun during elevation or depression, and 
capable of swinging on its axis in such a manner 
that the longitudinal axis of the tray is always 
parallel to the axis of the gun, due to the use of 
bevel-wheels and a shaft between the respective 
pivots. The tray is kept in position at the side of 
the gun by a powerful catch, so arranged that when 


the handle at the side of the tray is grasped for the | 


purpose of swinging it into the breech, this catch is 
at the same time released. 

The dismounting-gear, fitted for the between- 
deck 7.5-in. guns, is clearly illustrated in the en- 
gtaving on page 80 (Fig. 25). It consists of a suit- 


able carriage, mounted on rollers on a rail overhead, 
attached to the deck beams. 


This carriage is run | 


|arranged conveniently to drain into a ‘‘save-all” 





jare capable of maintaining, if required, un- 
|loaded, a uniform speed of three revolutions 
| per minute. This is effected by means of speed and 
| pressure governors, arranged to control a steam 
| throttle - valve on the high-pressure cylinders. 
| These governors also maintain automatically an 
|approximately uniform working pressure in the 
| system, and will likewise prevent the engines 
|from racing should the pressure fall abnormally 
| low, owing to the bursting of a pipe, or other cause. 
|A relief valve for each engine is fitted on the 
| hydraulic supply near to the pump, loaded to some- 
| thing slightly in excess of the working pressure of 
|the system, so that when the engines are moving 
round dead slow, and no water is required by any 
of the various hydraulic machines in the ship, the 
water will pass through this relief valve to the 
suction side of the pump. 

The high-pressure slide-valves are of piston type, 
but the low-pressure are ordinary D slides with a 
balance-ring on the back of each to relieve the pres- 
sure. The cylinders, valves, casings, and passages 
are all arranged to be practically self-draining. The 
piston and piston-valves are fitted with cut packing- 
rings with free ends. These rings are of hardened 
bronze, and have their outward movement re- 
stricted in the manner which is now usual. Relief 
and drain valves and pipes are fitted at each end 
of the cylinders, receivers, and pumps; they are 


The breech mechanism for the 14-pounder (3-in.) 
quick-firing gun (see Figs. 31 to 34, page 84, and 
Fig. 35, on the present page) is of the Vickers 
single-motion type—i.e., the breech is opened or 
closed by the single horizontal motion of a hand- 
lever; the horizontal swing of the hand-lever 
rotates, locks or unlocks the breech-plug, and swings 
it in or out of the gun. The breech-plug is of special 
design, and is mounted and free to turn on a carrier 
pivoted at the right-hand side of the breech. The 
threaded portion of the breech-plug is divided into 
segmental portions of varying radii. In this erse 
there are six segments, and four are threaded--i.c., 
two-thirds of the circumference is used for resisting 
the strains when firing. The mechanism for 
actuating the breech-plug consists of a link, one 
end of which is pivoted on a pin projecting from 
the rear end of the breech-plug ; the other end 1s 
pivoted to a short crank, which crank is pivoted on 
a bolt, which may be quickly withdrawn when dis- 
sembling mechanism. Teeth are formed partly 
round the periphery of the crank, and are engaged 
with similar teeth formed partly round the axis 
of the hand-leyer. The hand-lever lies close to the 
gun, and is so mounted that it may be quickly 
replaced or removed. The centres of the link and 
crank are arranged to form a locking point when 
the breech is closed. 

The firing-gear, which is arranged for percussion 
and electric firing, and may be removed as one 
piece, is contained in a central hole formed through 
the stem of the carrier. It is retained in position 
by a cap, with interrupted threads fitting into the 
rear face of the carrier. The rear part of the cap 
is fitted with a sleeve, this sleeve having inclined 





placed below the engines. Turning-gear is pro- 








planes on it, so that a partial rotation of the sleeve 
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2 | 
causes the striker to be drawn back clear of the 


firing-primer on the first movement of the hand- 
lever to open the breech. The partial rotation of 
the sleeve is effected by a stud projecting from it, 
and engaging with a cam-groove formed on the top 
of the hand-lever. 
turned to a sufficient extent the hand-lever swings 
clear of the stud. The sleeve is retained in posi- 


When the sleeve has been | 


tion by a sliding-bolt, acted on by turning the | 


breech screw. 
percussion firing, and a safety-piece in the rear of the 
breech-screw prevents the striker from being re- 
leased until the breech is completely locked. 

A powerful extractor is used, which extracts and 
ejects the empty cartridge-case. This extractor is 
pivoted at the same side of the breech of the gun 
as the carrier, and is fork-shaped, the arms of the 
fork being approximately concentric with the cart- 
ridge-case. 
lips for ejecting the empty cartridge-case. A third 
lip is formed in the bottom of the fork for unseat- 
ing the cartridge-case. This third lip is arranged, 
with respect to the lips on the arms of the fork, so 
that it comes into action first. A toe, or third arm, 
of the extractor is acted on by a cam surface 
(formed on the carrier) during the last part of the 
swing-out when opening the breech. The action of 
this extractor is as follows :—When the breech has 
been partly swung open, the cam surface on the 
carrier exerts a wedging action on the toe of the 
extractor, gradually unseating the cartridge - case 
before the lips on the fork of the extractor come 
into action ; and just before the mechanism is com- 
pletely swung out, the toe of the extractor receives 
a sudden jerk, which causes the empty cartridge- 
case to be completely ejected from the breech by 


The striker is cocked by hand for | 


The arms of the fork are provided with | 
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Fig. 31 
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means of the lips formed on the fork of the ex- 
tractor. No small screws are employed, and no 
tool is required for use with the mechanism. 


CENTRE-PIVOT MOUNTING FOR 3-Iv. 

14-POUNDER QUICK-FIRING GUN. 

The 14-pounder (3-in) mounting (see Fig.’ 36) 
consists principally of the cradle, pivot, pedestal, 
and shield. The cradle, in which the gun is free 
to slide during recoil, is cylindrical, aud is sup- 
ported by trunnion arms in bearings formed in 
the pivot. The hydraulic cylinder, of the usual 
construction, to overcome the recoil and retard 
the running out after recoil, is formed at the 
tear end of the cradle underneath the breech end. 

case containing the spring for running the 
gun up to the firing position after recoil is placed 
Immediately in front of the hydraulic cylinder, 
and is of telescopic form, the front part being 
arranged to slide rearwards over the other part 
when the gun recoils. The connection between 





the cylinder and the sliding part of the spring-case 
with the gun is made through an arm projecting 
downwards from the breech-ring. 

The pivot is in the form of a Y-piece, the stem of 
which is socketed into the pedestal, and rests at its 
lower end on a hard-steel friction-plate of small 
diameter. The whole of the weight of the moving 
parts, gun, cradle, pivot and shield, is balanced on 
this plate. 

The operations of elevating and training are 
effected by means of an arm projecting rearward 
from the left-hand side of the cradle and terminating 
in the shoulder-piece, having a soft rubber tube, 
against which the gunner leans, and below which 
are formed suitable hand-grips, by means of which 
the gun may be trained and elevated. 

The firing pistol is fixed in a convenient position 
on this arm. The sighting arrangement is fitted 
on a bracket fixed to the elevating-arm, and is a 
Grubb sight, the same as that on the 7}- in. 
mounting. A friction-grip worked from outside 





the pedestal helps to keep the training of ‘the 
mounting under better control when on board ship ; it 
is used also to lock the gun in any position. Anarm 
projects rearwards from the Y-piece, and on this arm 
is a friction-grip which engages with an elevating- 
rod pivoted on the cradle. This grip is worked by 
a handle conveniently situated with regard to the 
shoulder-piece. 

The shield is of the usual curved-fronted type, 
having an upper shield of lighter construction, 
inclined rearwards, and easily detachable from the 
carriage. 

THE 6-POUNDER QUICK-FIRING GUN, 

AND MOUNTING. 

In this gun, which is illustrated by Figs. 37 and 38, 
the breech mechanism is opened and closed by the 
horizontal movement of a hand- lever, which is 
pivoted on the carrier, and is provided with a bevel 
pinion,’ which engages in a toothed segment on the 
rear face of the breech-plug ; at the other end the 
hand-lever is fitted with a retaining-catch. The 
breech-block, which is provided with interrupted 
threads, is tapered, the larger diameter being in 
front. The centre of the breech-plug contains a 
recess for the firing-pin. At the rear of this recess are 
two cams, which engage the-studs on the firing-pin 
and force the latter back when the breech-plug is 
revolved. The firing-pin is kept in its cocked 
position by means of the sear. An extractor is 
a near the carrier hinge, and is actuated upon 

y the carrier just before the breech is fully open. 

On grasping the hand-lever with the right hand, 
the retaining-catch is released, and the hand-lever 
is free to turn, and in so doing the breech-plug is 
| caused to revolve 90 deg., when the threads on the 
| breech-plug are clear of those in the breech of the 
gun. At this instant the hand-lever bears against 
| the face of the carrier, and the locking-bolt moves 
forward, locking the breech-plug to the carrier, so 
| that the continued motion of the hand-lever causes 
both to swing round together. The revolution of 
the breech-block has caused the firing-pin to be 
forced back in its cocked position. When the 
| breech-plug is clear of the breech, the carrier strikes 
| the short arm of the extractor, causing the latter to 
| eject the empty cartridge case to the rear. 

A new cartridge is inserted, and on moving the 
‘hand-lever to the left the breech-plug enters 
the breech, forcing the cartridge home into the 
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chamber, and as soon as the carrier comes against 
the face of the breech, the locking bolt is released, 
and the plug is free to turn by the continued move- 
ment of the hand-lever. Directly the hand-lever is 
quite home, the retaining-catch engages with the 
carrier, and the gun is now ready to be fired by 
pulling the lanyard to the rear. In the event 
of missfire, the firing-pin can be recocked without 
opening the mechanism, by pulling the projecting 
hook of the firing-pin. The mechanism is readily 
taken to pieces, and any broken or damaged part 
can be replaced in a few seconds. 

The mounting consists of a steel crosshead, which 
is in one piece with the pivot, mounted on a steel 
cone. The gunslides in a cradle carrying trunnions, 
so that the gun does not of itself require trunnions, 
and the cradle is by means of capsquares secured to 
the crosshead ; it is provided with an hydraulic 
buffer, in which there works a piston attached to a 
projection on the under side of the breech of the 
gun. The left arm of the crosshead is prolonged to 
the rear to form a bracket, through which slides an 
clevating-bar, which can be fixed at any suitable 
elevation by means of a clamping screw. 

The elevating and training are effected by means 
of a shoulder-piece attached to the cradle. The 
pedestal is fitted with a clamping-screw, which, when 
tightened, secures the gun in any required position. 
The cylinder of the hydraulic butfer is provided with 
tapered grooves, which allow the liquid to escape 
round the piston-head, and so regulate the flow 
that a constant pressure is maintained during 
recoil. Inside the cylinder is a strong spiral spring 
surrounding the piston-rod, which, being com- 
pressed by the rear motion of the piston-head, 
causes the gun, after firing, to return instantly 
to its former position without shock to the 
mounting. 





MAST-TOP MOUNTING FOR 37-MILLI- 
METRE AUTOMATIC GUN. 

This is the first occasion on which pom-poms 
have been fitted in the military tops, and the 
mounting is therefore of some interest. We illus- 
trate this mounting on page 87. As is now well 
known, the gun consists of two portions, one of 
which is fixed and the other recoils. The non- 
recoiling portion comprises the barrel-casing for 
water-jacket, the breach-casing, and the back-block. 
The construction of these parts is similar to that of 
the automatic rifle-calibre gun, with the exception 
of the back-block, which is fitted with an hydraulic 
buffer for controlling the recoil. At the lower part 
of the back-block, and extending to the rear, is the 
pistol-grip, containing the trigger-pull. The other 
part of the gun recoils with the barrel, and consists 
of a couple of plates attached to trunnions on each 
side of the barrel, extending rearwards. The rear 
ends of the plates form bearings for a crank, the 
shaft of which projects through the outer casing. 
At one end of the crank is a volute spring, and at 
the other is a handle resting against a roller 
attached to the outer casing of the gun. To the 
crank is attached a connecting-rod, to which is 
linked the mechanism. The barrel is surrounded 
by a strong spiral spring, which returns the recoil- 
ing parts back to firing position after the recoil. 
The gun is fed with cartridges from a belt placed 
in a box on the right-hand side of the gun. 

The mounting consists of the following parts : 
crosshead, pivot with training-gear, and elevating- 
gear. The crosshead, to which the gun is attached, 
is of the usual construction, the lower part forming 
a socket which fits on the pivot of the mounting. 
The crosshead is formed with trunnion bearings to 
take the gun, which is retained by capsquares. 
The crosshead is fitted with a clamping-bolt, so 
that it can be clamped in any position on the pivot. 
The pivot to receive the crosshead is capable of 
being trained all round the mast-top, by means of 
a hand-wheel, bevel-wheels and pinion, engaging 
with a cog-rack on the top of the rail. To facilitate 
the training, the pivot is fitted with rollers. The 
pivot is provided with a clamping-screw to secure 
the pivot in any position on the mast-top. The 
elevating-gear consists of an elevating-are attached 
to the left-hand side of the gun. This slides into 
a socket formed in the crosshead, and the gun may 
be clamped at any angle by means of a clamping- 
screw. A shoulder-piece is attached to the gun, by 
means of which the man firing has full control over 
the gun. The 57-millimetre automatic gun is also 
arranged to be mounted in the steam-launches and 
vedette boats. For this purpose pivots which 


fit into ordinary holding-down rings are supplicd, 





so that the gun with the crosshead and elevating- 
gear can be — removed from the mast-top and 
placed in a launch. 

THE INTERNAL FITTINGS OF THE SHIP. 

No description of the battleship Libertad would 
be complete without reference to the old question 
of fittings on foreign warships, as compared with 
the ships in the British Navy ; and this opens up a 
question of extreme difficulty. The thousand and 
one fittings placed on board a modern battleship 
must necessarily vary with the customs of each 
particular navy, and more or less with the ideas of 
each particular commander and inspecting officer 
who, for the time being, is in charge of the vessel 
or the work. In the British Navy the measure 
of standardisation is too rigid; that is to say, 
fittings which should now be obsolete, on account 
of better methods of manufacture and the better 
quality of material, are still fitted on board, simply 
because that special kind happens to be accord- 
ing to Admiralty practice. Thus, the particular 
fittings which were probably useful, especially in 
the transition ene from wood to iron vessels, 
but are no longer efficient or requisite, are 
still too frequently continued. This is more or 
less to be expected in a navy of such magnitude 
and full of such traditions as the British ; but in 
newer navies, such as those of Japan or the South 
American Republics, this conservatism does not 
obtain, because the records of the fleet do not 
extend so far back, and the fight against innova- 
tion is not so great. This is, indeed, a point 
admitted by the professional officers at the Adini- 
ralty, and raised in a paper read by one of them at 
the spring meeting of the Institute of Naval 
Architects last year,* so that our criticism is in this 
respect also clearly against a system rather than 
against individual effort. 

To go over a warship of any nation and to 
specifically state what is, and what is not, requisite 
is always a matter of great difticulty ; because 
what one admiral or captain would consider of vital 
importance, others might condemn as being obsolete 
or useless. And so in the newer navies, such as 
that of Chili, it becomes a question of applying 
common-sense rather than traditional opinions 
as to what items in the general equipment 
of the vessel may be omitted without en- 
dangering or jeopardising her safety or her 
utility as a fighting machine ; saving at the same 
time this weight, and thus reducing the dis- 
placement. Amongst the items of serious import 
upon which a solid saving of weight might be most 
readily effected may be mentioned, amongst others, 
the steering engines and gear, which, in British 
ships, seem generally to be about twice the 
necessary strength and weight; the anchor and 
cable gear, usually of a ponderous and cumbrous 
type, and the great*disparity in weights of cement 
as fitted, sometimes varying as much as 100 tons for 
vessels of equal displacement. With regard to other 
fittings, such as water-tight doors, sluice-valves, 
ordinary screw-down valves, pumping and draining 
arrangements, ventilation arrangements, hot and 
cold water service, fire service, &c., a saving of 
weight can generally be effected, as compared with 
the British practice, on all of these items, while 
still retaining necessary efficiency. But where and 
how to save is not a matter which can be put in 
black and white in an article, and depends more 
upon incessant supervision and a departure from 
the conservatism of a system which states that only 
certain fittings can be used for certain purposes, 

In the Libertad, for instance, the internal fittings 
have been arranged with due regard to general 
efficiency, but in no case because the fitting hap- 
pened to belong to a stereotyped order in the 
particular navy for which the ship was designed. 

The cabin accommodation of the Libertad com- 
pares well with that of larger ships. One of the 
notable features is that admirals of the Chilian 
navy are content with less space than that usually 
allotted to the flag officer in a British ship, and, 
as a consequence, the quarters of the subordinate 
officers are much larger. The Chilian admiral has 
the usual number of rooms—namely, dining, recep- 
tion, and sleeping rooms, together with bath and | 
water-closet, and an inspection of each of these | 
rooms suggests that they are comfortably large. | 
The admiral’s rvuvums are in the extreme after- | 
compartment, with secretary’s office and also the 
pantry. They are reached from the quarter-deck 








* See ENGINEERING, vol. Ixxy., page 163. 








by a companion-way, having an intermediate land- 
ing, which is unusual in our ships. On the port 
side are the cabins for the principal executive 
officers. There are two splendid rooms—a sleeping 
and a day cabin—with bath-room and lavatory for 
the use of the captain. The commander has also 
the same accommodation, perhaps on a slightly 
smaller scale ; in addition there are six cabins for 
lieutenants, &c. On the starboard side there is a 
ward-room, with an area of about 570 square feet, 
well-appointed and furnished ; but there is the im- 
portant addition of an independent smoking-room, 
Usually on the British ship the officers contrive to 
fit up one of the casemates as a smoke-saloon ; 
but this has its disadvantages, and, as a rule, is 
draughty. In the Chilian ship, however, there isa 
room of 140 square feet, adjacent to the ward-room, 
for the use of smokers. Forward of these public 
rooms, on the starboard side, there is an extensive 
bath and lavatory accommodation, and here there 
are three or four baths, and a separate splash- 
bath, several closets, and a range of washstands, 
with hot and cold water laid on. The remainder 
of the officers are accommodated on the middle 
deck below. Here also are the engineers and 
their mess-room, the lieutenants, with the gunnery 
instructors, torpedo-gunners, admiral’s secretary, 
paymaster, doctors, &c., some of the junior officers 
being accommodated in two-berth cabins. The 
midshipmen’s sick-bay is also built in the aft part 
of the middle deck ; but here there is no lavatory 
accommodation, which is confined to the main 
deck, because there ventilation becomes a simple 
matter. At the forward end of the ship there is 
accommodation for the personnel, storekeeper, diver, 
armourer, boatswain, carpenter, blacksmith, boiler- 
maker, stewards, and cooks, all the cabins here 
having two berths. There is a sick bay, 550 square 
feet in area, placed forward, with special means for 
ventilation and access from the upper works. 
The cockpit, which is of about 400 square feet area, 
is situated on the main deck, in the forward part 
of the armoured citadel, immediately behind the 
armoured screens. This room is exceptionally well 
equipped, there being an operating table which 
may be specially heated by hot water. Within 
the armoured citadel on the main deck there isa 
gun-room for junior officers, its area being about 
420 square feet. The ordinary seamen are accom- 
modated partly in the forward part of the middle 
deck and partly on the main deck within and 
before the citadel. The gun-ports, which admit 
light and air, have specially glazed screens for use 
in ordinary conditions, so as to add to the comfort 
of the men by preventing draughts. 

Each of the following officers is provided with a 
separate and distinct bath-room :—Admiral, cap- 
tain, and commander. Six bath-rooms and wash- 
places are fitted for the use of the following :— 
Ship’s officers, engineers, and midshipmen. In ad- 
dition to the above, wash-places of large size have 
also been fitted for the accommodation of the crew 

viz., domestics and petty officers, 2; stokers, 2 ; 
mechanics, 1. An additional bath has also been 
provided in connection with the sick bay. It is de- 
serving of special mention that, so far as possible, 
the baths and wash-places have been grouped to- 
gether onthe main-deck aft in the most convenient 
position obtainable on the starboard side. 
arrangement admits of a very compact and efticient 
hot and cold-water service to the respective baths, 
and also allows the whole of the cabins aft to be 
readily provided with a plentiful supply of hot and 
cold water. 

Another special feature is the splendid hospital 
arrangement, including surgical rooms, and the 
quite new feature of supplying means whereby the 
seriously-injured combatants may be quickly and 
painlessly moved from the fighting positions to the 
operating and other rooms. A complete hot-water 
service is installed, and, although not leading into 
each separate cabin, is so arranged that water can be 
obtained with the minimum amount of trouble. A 
great feature in the ship is the immense number of 
labour-saving appliances in connection with the 
working of the ammunition, and the pumping, drain- 
ing, ventilating, and electrical arrangements of the 
ship, by which, in time of action, large numbers of 
men could be employed in the actual tighting whose 
time would otherwise be taken up with ship work. 

Indeed, no fittings have been omitted from 
this vessel which either the Chilian authorities, Sir 
Edward Reed, or his inspectors, or the Barrow 
officials, who have the British practice at their 
fingers’ ends, have thought it desirable to add ; and 
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throughout the design and building of the vessel | adopted for the Libertad and that which obtains 
the comfort of the crew, habitability, seaworthi-|at present in the British service, excepting the 
ness, and, more than all, the function of the vessel| greater number of electrical fans supplied for 
as an efficient fighting machine, has been kept|the more efficient ventilation of the various 
steadily in view. The vessel as now being com-| compartments, and the effort which has been 
pleted, and as she will be finally handed over to made to keep the ventilation of each compartment 
the authorities, bids fair to be one of the best com-| independent as far as possible, and thus in a great 
promises ever made for the purpose for which she | measure to maintain the integrity of the bulkheads 
throughout the vessel. This artificial ventilation, 


is intended, combining, as she does, the maximum | 
of offence and defence, together with a speed and | by means of electrical fans, has been rendered pos- 
sible by the great reserve of electrical power 


endurance which place her practically on the same | 

basis as the fastest cruiser afloat ; and this without! possessed by the Libertad. The number and 

lacking any of the attributes which go to make up a} power of the dynamos carried will be given when 
we come to speak of electrical equipment, but, it 


irst-class fighting ship. 

It may be of interest 1o state that the system) may be stated here, they are in excess of any 
of getting out the boats in the British service requirements even during an action. 
has, in the case of the Chilian battleship, given The coal-bunker ventilation has been kept quite 
place to wrought - steel hydraulic cranes, fitted distinct from that of the general system, and care 
one on each side of the centre-line of the vessel, has been taken in so arranging the whole of the 
commanding the whole of the boats. This, it is ventilation that the armoured deck has been perfo- 
considered, is the most effective way of dealing rated as seldom as possible ; and wherever open- 
with the vexed question of boat-lowering, and ings have been pierced in such deck, provision has 
allows of the boats being put over the side much 
more rapidly and more efficiently than by the old 
system of boat-derricks and boat-davits. 


closed from the weather decks, while automatic valves 
are arranged so as to readily close in case of fire. 
The ventilation of the magazines forms yet 
another separate system, and follows very closely 
the British Admiralty practice, special provision 
being made for thoroughly ventilating the barbettes, 


THE VENTILATING ARRANGEMENTS. 
With respect to the ventilation of the vessel, no 
great difference exists between the system as} 








been made so that the apertures can be opened or | 


| and for driving smoke and powder gases out of such 
places during action. 


ELECTRICAL EQUIPMENT. 

As regards the electrical equipment, this is 

arranged on a more elaborate scale than that 
usually adopted in British ships, and the use of 
| incandescent lamps throughout the vessel is most 
complete. The total number of lamps is about 
| 1000, generally of 16 candle-power, with 50-candle- 
power lamps in clusters on the yard-arms, and 
lamps of 50 candle-power for the coal bunkers. 

There are five dynamos in the vessel, each 
of 500 amperes at 100 volts, when running at 400 
revolutions, together with the necessary engines, 
these dynamos being all coupled up to the switch- 
board by specially insulated cables. The switch- 
board is suitable for parallel running, is capable 
of dealing with the total number of dynamos and 
, circuits required, and fitted in a position adjacent 
to the dynamos, easily accessible and convenient 
as regards manipulation of switches and other neces- 
sary work at the switchboard. 

The circuits are distributed by means of specially 
insulated cables to gun-metal section boxes, which 
boxes feed the water-tight distributing or cut-out 
boxes, from which the lamps are controlled. In 
addition to the above, there is a rotary transformer, 
the whole being arranged so that the complete elec- 
trical equipment is entirely under the manipulation 
of one engineer. 

Five powerful searchlights of a special pattern 
are fitted, and generally arranged so. that they can 
be withdrawn into cover during action or stress of 
weather. All the projectors are provided with 
automatic-feéd lamps and mirrors on the Mangin 
principle. 

In addition to the electric-lighting plant, named 
above, there are about 70 electric motors in the 
vessel generally for ventilating purposes ; but elec- 
tric ammunition hoists are also arranged for the 
73-in. guns, and, wherever suitable, electrical power 
has been applied so as to reduce, as far as possible, 
manual labour on board. 





THE DRAINAGE SYSTEM. 
A great feature in the design of the Libertad is 


‘the very complete and efficient system for the 


pumping, draining, and ventilation of the ship, 
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THE PROPELLING MACHINERY. 


| The thrust-block is of the horse-shoe type ; 
|propeller shafting is 13} in. in diameter. 


the! There is a very efficient workshop, which is ‘fitted 
The | with a double-cylinder steam-engine, one lathe, two 





The propelling machinery, which is illustrated on | stern-tubes are bushed with gun-metal at the for-| drilling machines, one grindstone, one punching 
one of our two-page plates and on page 96, consists | ward end, and at the after end and ‘‘A” bracket |and shearing machine, one planing and shaping 
of two sets of inverted triple-expansion engines, | with lignum vite. The bushes are in halves. The| machine, and the usual vices, locks, &c. 


each set having four cylinders. Each cylinder works | four propeller blades in each screw are of bronze, 
| and the bosses are of gun-metal. 

Turning now to auxiliaries, we have first an 
rtments, divided by a/air-pump, 25 in. in diameter and 19 in. stroke, 
e high-pressure cylinders | driven by means of links and levers from each of 
The low-pressure | Yarrow large-tube type, and, as shown in the 


its own crank, and all are balanced on the Yarrow 
Schlick and Tweedy system. 
placed in separate com 
middle-line bulkhead. 

are 29 in., the intermediate 47 in., and the low- 
pressure 54 in. in diameter, with a stroke of 39 in. 


The engines are | 


| 


the high-pressure crossheads. 


cylinders in each engine-room exhaust into a 


There are also separate rooms for storing the 
smaller spare parts. Bowie 


THE BOILERS, 
There are twelve boilers in the ship, all of the 


general arrangement of machinery on page 88, 


As will be seen from the drawings reproduced on | cast gun-metal condenser, having a cooling sur-|these are arranged in four water-tight compart- 


the two-page plate, all the cylinders are separate 


|face of 6250 square feet. 


The condenser-tubes | ments (see Figs. 43, 44, and 46). 


The design of 


castings, and are not connected by steam-joints, so | are § in. in external ,diameter, and 0.048 in. thick. | the boilers is shown clearly by the detail views, 
that they follow in this respect the practice of the| There is one main circulating pump for each set | Figs. 52 and 53 on page 89. Most of the boilers 
British Admiralty. All the cylinders are steam-| of engines, which can be utilised for pumping to| were made at the Barrow Works, but some were 


jacketed. 
forged-steel columns, and at the back by four cast- 
iron columns. Each pair is bolted together at the 


£1.94. 


gency. 


| are fitted to each set of engines. 
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They are supported at the front by six | either condensers, and from bilge in case of emer-| constructed by Messrs. Yarrow. Each stokehold 
Separate double-cylinder turning engines | forms a separate water-tight compartment, and is 


| fitted with feed-pumps, fans, ash-ejectors and ash- 


AIR PRESSURES. 
7-5 
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Fig 57. MEAN WATER EVAP® PER LB. OF COAL FROM 


AND AT 212°FAH. 


; 


A) 





wv 





17 713 21 2¢ 


DIAGRAMS SHOWING EVAPORATIVE PERFORMANCE OF YARROW Bol ers. 


back and front, and stays are fitted athwartship 
between the cylinders and the centre-line bulkhead. | 
. Steel pistons are fitted in all the cylinders, the 
packing rings being of the restricted form in the | 
high-pressure and intermediate, and of the deep 
single-ring type in the low-pressure cylinders, and 
held in place to the bore of the cylinders in the latter | 
case by steel spiral springs. Steam is distributed | 
to the high-pressure and intermediate cylinders by 
piston valves ; double-ported slide-valves, with 
balance-rings for reducing the pressure on the 
valve face, are fitted to the low-pressure cylinders. 
The valve gear is of the double-bar link type, all 
working parts being made adjustable for wear, and 
provided with ample rubbing surface. The reversing 
shaft, which is placed at the back of the engines, is 
carried on cast-steel brackets ; the reversing levers | 
are of forged steel. The reversing engine, which is 
of the two-cylinder type, is neat and compact, and 
is fitted on one of the front columns, the shaft being 
extended to drive a gun-metal worm-wheel, working 
on a pin on one of the back columns. Provision 
is made for reversing by hand as well as by steam. 
All the working parts are of forged steel. The 
main bearing frames are six in number, and are of 
cast steel, fitted with gun-metal bushes lined with 
white metal, the keeps for the bearings being of 
forged steel. 
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The following auxiliaries are also placed in the 
engine-rooms :—Two auxiliary condensers, two 
auxiliary air and circulating pumps, two fire and 


bilge pumps, four evaporators and pumps, and two | 


distillers ; two grease-extractors of the gravitation 
type, two crank-pit pumps, two ventilating fans in 
casing on protective deck, and also two additional 
fire-pumps on this deck. Feed-tanks of ample size 
are built into the wings of the engine-rooms. 


hoists. The two funnels are 10 ft. 6 in. in diameter 
over the casings, the height from the firegrate 
| being about 90 ft. 
| ach boiler is capable of developing about 1200 
/horse-power. The weight of each boiler complete 
| with water is 34} tons, and without water about. 
|29tons. The boilers were made for a steam pressure 
| of 280 1b. There are 1008 tubes in each boiler, 1} in. 
outside diameter and »f; in. thick, except the two 
rows nearest the fire, which are 3; in. thick. The 
average length of the tubes is 6 ft. 9} in., and each 
tube is expanded into the tube-plates and _bell- 
mouthed at both ends. One row of distance-pieces 
is fitted to each nest of tubes to maintain a uniform 
distance apart between them, as shown in Fig. 52. 
Each boiler has a heating surface of 3127 squvr- 
feet. 
| The following are the particulars of the boile:s 
in the Libertad :— 
Number of boilers ... 
Total heating surface 





12 
37,524 sq. ft. 


Total grate area... ati = 664 sq. ft. 
Ratio of heating to grate surface 56.5 to 1 
Indicated horse-power per square 

foot of grate $a — i 21.22 
Heating surface per unit of power $2.66 sq. ft. 


Experiments were carried out to compare the 
economy of one of the boilers with two differen 
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TABLE V.—EvAPORATIVE TRIAL OF ONE BorteR (YARROW TyPE) FoR CHILIAN BATTLESHIP: HEATING 
2 Surrack, 3127 Square Fret; Grate Arga, 53 Squank Fuet. 
os j | j | | 
| | Water Evapo- Total Water ir Pres- | 
| Coalper | Air Pres- 
: | Ti Coal 7 | Water rated per Pound Evaporated per 
anes) ond ot | During Square Foot of} Total During |of Coal per Hour Pound of Coal from| ,_ SUre- REMARKS. 
= Grate Area | Coal. | ‘yy f d at | Water. | ond at 212d Inches of 
Hour. | Hour. | Hour. | r Hour. our. from an a | | and at 212 deg. Water. 
pe | 212 deg. Fahr. | | Fahr. 
—_— See hee | | i) 
= | m | Ib. | Ib, | Ib. | Ib. | Ib. 
1 | 8am. | 2240 | 42.80 2 240} 14,350 | 7.88 | 14,850 | 7.88 |  .26 Steam blowing off 
g |-9 a | ree | 27.45 3,696| 12,600 10.65 | 26,950 | 8.98 17 at 230 Ib. above 
3 16° 4... |) | 30.6 | 5,820} 13,000 | 9.84 | 39,950 9.23 23 atmosphere. 
a: 8, 1568 29.6 | 6,888} 14,750 | 11.58 | 54,700 9.77 26 Mean temperature 
5 Noon | 1680 31.7 | 8,568} 15,700 11.50 | 70,400 | - 10.10 32 of feed, 47 deg. 
é 1p.m. 1792 | 33.8 | 10,360} 14,900 10.22 85,300 10.12 33 Fahr. 
- a5, | 1400 | 26.4 | 11,760 12,160 | 10.69 | 97,450 10.29 30 
8 - Saeed 1960 | 37.0 | 13.720} 10,800 | 6.78 | 108,250 9.70 34 
9 Te 1344 25.4 | 15,064} 9,600 | 8.79 117,850 9.61 33 
aoa \rBo x 1176 22.2 16,240] 9,400 | 9.83 127,250 9.63 35 
a. | Bhs 1232 | 23.2 | 17,472} 10,550 | 10.52 137,800 9.70 .58 
12 ar 1568 | 29.6 19,040] 12,150 | 9.54 | 149,950 9.70 84 
13 ee 1568 | 29.6 20,608} 12,350 9.68 | 162,300 9.68 .85 
14 98s 1176 | 22.2 21,784) 12,150 12.71 174,450 9.85 96 | 
16 | 300-6 896 16.9 22,680} 10,400 14.26 | 184,850 10.08 9 | 
i¢@ |1l, | 1948 34.9 24,528] 10,000 6.65 | 194,850 9.78 24 —‘|Cleaned fire. 
17 |Midnight | 1624 30.6 26,152} 14,450 10.93 209,300 9 85 37 | 
ig | lam. | 1568 | 26 | 27,720) 12,550 9.85 | 221,850 9.85 32 | 
19 1 | 1568 | 29.6 | 29,288] 11,700 9.18 233,550 9.81 33 
20 ae 1624 | 30.6 | 30,912} 14,600 10.98 248,050 9.87 a | 
a Ee ae 1680 | 31.7 | 32,592} 14,600 10.69 262,650 9.92 98 | 
2 | («5 ly 1512 | 28.5 34,104] 13,900 11.31 | 276,550 9.97 110: | 
one hs 'Bt ga Oo) eT 34.9 35,952| 13,800 9.19 | 290,350 9.94 i Mate] 
4 70 se 1904 | 35.9 | 37,856) 16,200 10.46 | 206,550 9.96 | 1.07 
| | 














TABLE VI.—EvaroraTION TRIAL OF YARROW BOILER FOR CHILIAN BATTLESHIP: GRATE AREA, 40 Sq. Fr. 


| | Water Evapo- 


Average evaporation from and at 212 deg. Fahr. during 24 hours = 9.96 Ib. 








' , | Coal Average Water Air Pres- | 
Number| Time at | Coal | otal rated each Hour. 'Total Water Hvapecsted per sure, — 
| 2 of End of | During) gal, Feed 47 Deg. Evaporated. Pound of Coal from | Inches of — 
Hour. Hour. Hour. | Fahr. and at 212 Deg. Fahr.| Water. | 
Ib. Ib. Ib. Ib. 
1 8 a.m. 1792 1,792 14,000 14,000 9.6 3 |Steam blowing off at 230 1b. 
2 2) 1568 3,360 13,600 27,600 10.09 +35 above atmosphere during 
Bi (30%, 1568 | 4,928 15,350 42,950 | 10.71 4 entire tri 
4 ics 1736 | 6,664 15,100 58,050 | 10.70 48 Mean — of feed 
5 Noon 1512 8,176 15,000 73,050 | 11.00 48 47 deg. Fahr. 
6 | Ip.m. | 1624 | 9,800 18,350 86,400 | 10.83 5 
, is, |. 3am | 11,144 | 13,050 | 99,450 10.98 65 
s | 8, | 1568 | 12,712 13,700 | 112,150 10.94 ‘8 
9 | 4,, | 1568.| 14,280 | 14,800 | 127,950 11.00 -85 
7°) Boy 1624 15,904 14 400 142,350 11.00 85 
ll Or 5 1344 17,248 10,800 | 153,150 10.91 -67 
12 t) 6 1512 | 18,760 10,800 163,950 10.73 8 
13 hee 1568 | 20,328 13,750 | 177,700 10.75 11 
14 er 1736 22,064 15,050 | 192,750 10.73 inc 
15 ae 1232 23,296 12,500 205,250 10.83 p Be | 
16 : 1848 25,144 8,150 | 213,400 10.43 3 Cleaned fire. 
17 Midnight 1258 26,432 13,500 | 226,900 10.57 55 
18 lam 680 28,112 16,500 | 243,400 10.65 Pe f 
19 Zs 1400 29,512 13,800 | 257,200 10.71 6 
20 3 » 1512 31,024 13,500 270,700 10.72 -75 
21 46.5, 1456 32,480 18,900 284,600 10.77 9 
22 5 1456 33,936 12,150 296,750 10.75 1.0 
28 OY es 1848 35,784 14,700 311,450 10.70 1.25 
24 7 » | 1960 | 387,744 14,200 325,650 10.57 1.2 











Average evaporation from and at 212 deg. Fahr. during 24 hours. 


sizes of grates, in both cases burning approximately 
the same total quantity of coal, giving different 
rates of combustion per square foot of grate. On 
these tests the working pressure was 230 lb. 
These experiments were made by Mr. H. E. 
Yarrow, and the results were embodied in a paper 
read by him before the Junior Institution of Engi- 
neers. As they are of considerable interest, we 
may quote the following :— 


The boiler on the first trial had a grate area of 53 square 
feet; on the second the area was 40 square feet. The 
duration of both trials was 24 hours. The original dimen- 
sions of grate were 7 ft. 94 in. wide by 6 ft. 10 in. long, 
and were reduced to 6 ft. 11 in. wide by 5 ft. 94 in. long. 
The results obtained with the greater width of grate is 
shown on the diagram on page 90 by full lines, and the 
reduced grate indicated by dotted lines. 

In the data given in Tables V. and VI. the water evapo- 
xated per pound of coal is brought down to a common 
standard from and at 212 deg. Fahr. The fire was forced 
by means of a jet of steam in the funnel, as in the case 
of locomotives. The partial vacuum thus produced was 
measured by the difference of level of water in a U-tube, 
one end of which led into the uptake, the other end being 
open to the atmosphere. a at Table V., the data 
for the first trial—that is, with the larger grate area of 
53 square feet—it will be observed that during the first 
hour 2240 lb. of coal were put on the bars; during the 
‘second hour 1456 lb., and so on. During the fifteenth 
hour only 896 lb. were put on, because the fire was cleaned 
After the end of that hour, and the amount of coal-put on 
the bars was intentionally reduced, so that nearly 
all might be burnt before the cleaning of the bars 
‘took place. When the fire was restarted, a con- 
siderable quantity of fresh coal had to be put on 
for the sixteenth a which accounts for the apparent 
extra coal consumption during that hour. It must 
therefore be noted that this column does not represent 
the amount of coal consumed in each hour, but the 
amount puton the bars during each hour. In the next 
column the total number of pounds of coal used from the 
commencement of the trial is given. The next column 


gives the amount of water evaporated each hour: for 
instance, during the first hour 14,350 lb. of water were 
evaporated. In the eighth column the total water evapo- 
rated is given from the commencement of the trial. 





10.57 Ib. of water evaporated per pound of coal. 


the next column is shown the quantity of water evapo- 
rated per pound of coal from and at 212 deg. Fahr., the 
figures in every case in this column starting from the 
commencement of the trial ; and the next column gives the 
mean air pressure for each hour, which, you will observe, 
gradually increases up to the point when the fire is cleaned, 
the reason for this being that as the clinker forms, the pas- 
sage for the air through the fire mes more and more 
restricted. Immediately after the fire was cleaned, and 
the grate unobstructed from clinker, the air-pressure fell. 
It will be seen from this that during the 24 hours 37,856 Ib. 
of coal were burnt and 306,550 lb. of water evaporated, 
which works out to 9.96 lb. as the average quantity of 
— evaporated per pound of coal from and at 212 deg. 
Fahr. 

On the second trial, with the grate area of 40 square 
feet, similar observations were taken. a reference to 
Table VI. it will be seen that the total burnt during 
the 24 hours was 37,744 1b., which is nearly the same as 
that consumed during the first trial. The quantity of 
water evaporated was 325,650 lb., which works out to a 
mean of 10.57 lb. of water evaporated per pound of coal, 
from and at 212deg. Fahr., as compared with 9.96 lb. of 
water evaporated in the former case ; so there is evidently 
a distinct advantage in favour of the smaller grate area 
under these conditions of trial, with Welsh coal of 
moderate quality. The mean air pressure with the larger 
grate was 0.56in., and with the small grate 0.75 in. 

Turning to the diagrams on page 90, the full line repre- 
sents the trial with the larger grate, and the dotted line 
that of the smaller grate, in cases; and on the base- 
line is indicated the duration of time in hours, in each set 
of diagrams ; so that it will be seen these diagrams form 
an hourly record. 

Looking at Diagram Fig. 54, which shows the coal used 
each hour, the vertical height of each point plotted corre- 
sponds to the number of pounds of coal used per square 
foot of grate during each hour. The dotted line, it will be 
seen, is always above the other one, as more coal is burnt 
on the small grate per square foot. ‘‘ Burn ashes ” 
means that the ashes were taken out of the asbpan and 
thrown on the fire; so that any combustible material 
which may have fallen between the bars should not escape 
unconsumed. The slice was used for breaking up any 
clinker which might have formed on the bars at the 
periods indicated. 


In the air-pressure diagram, Fig. 55, the vacuum in the 


In | uptake is recorded in decimals of an inch of water, corre- 


| sponding to the vertical heights, being the mean during 

each hour, and, as shown in the tables, the air pressure 
increases up to the point when the fire is cleaned ; and 
| after the fire is cleaned and the clinker removed, it sud- 
denly drops. The same total amount of air being required 
| with both grates accounts for the air pressure being higher 
with the smaller grate. 

Diagram Fig. 56 corresponds to the hourly record of 
evaporative efficiency. In this diagram pounds of water 
evaporated = pound of coal from and at 212 deg. Fahr. 
are given. In both cases a sudden drop will be noticed at 
the time of cleaning the fire, peeeeded ty a rather higher 
oqpeees efficiency. This drop is due to the extra quantity 
of coal put on after the cleaning of the bars, and, in 
co! uence, not so much was apparently evaporated per 
pound of coal for that hour. Before the cleaning, how- 
ever, the quantity of coal put on the fire was reduced, 
which accounts for the higher apparent efficiency during 
that hour. It will also be observed that there is a rather 
sudden drop during the seventh hour in the full line, which 
is probably due to the fire getting too thick, the effect of 
faulty stoking. 

Lastly, Diagram Fig. 57 corresponds to the evaporative 
efficiency. In this case it represents the mean weight 
of water evaporated oy pound of coal, from and at 
212 deg. Fahr., from the commencement of the trial up 
to any period of the trial. It will be noticed that the 
dotted line is above the full one throughout the 24 hours, 
thus showing that the advantage in economy of the small 
grate is maintained to the end of the trial. Some people 
attribute the greater evaporative efficiency of the small 
men with its more intense combustion, to the gases 

ing burnt more vag | and not being so likely to come 
into contact with the cold surface of the tubes in an un- 
burnt state, extinguishing the flame in the same manner 
as the wire gauze which surrounds a Davy lamp, as may 
be the case with the larger grate and more snap com- 
bustion. To illustrate exactly what is meant, the effects 
of different intensities of combustion may be shown by a 
simple experiment with this lamp. By means of a small 
fan a variation in the supply of air can be secured and 
forced in contact with the flame. It will be observed 
that the flame is short and bright when tbere is a very 
ome supply of air. Now, however, on stopping the fan, it 
will be seen that a long and less intense flame is obtained ; 
and if a cold body is in both cases suspended an equal 
distance above the lamp, which represents the cold sabes 
in the case of the boiler, in the former case the body 
remains clean, whilst in the latter it is blackened, proving 
that the combustion is incomplete. 

For convenience in stoking, the small grate is decidedly 
more advantageous, as a smaller area has to be watched 
and covered with fuel ; also the amount of floor area— 
which, of course, is an important item in warships—is so 
frequently limited that a small grate is an additional 

vantage. 

Now that we are considering the subject of water-tube 
boilers, the following description of an experiment to test 
the pulling force required to permanently stretch a solid- 
drawn boiler tube, and also the force needed to draw out 
a tube from the tube-plate, may be interesting. A tube 
|7 ft. 3 in. long, 1? in. in outside diameter, and ,%; in. in 
thickness, was expanded and bell-mouthed in the usual 
manner at each end into a plate representing the tube- 
plate. The two plates were pulled so as to throw a longi- 
tudinal strain on the tube (see ig. 58). From the data it will 
be observed that a pulling force of 2tons, whichis equivalent 
to 2.55 tons per square inch on the section of metal of the 
tube, stretched the tube yz, in., but the permanent stretch 
was nothing. When a pulling force of 6 tons was exerted, 
however, the tube permanently stretched hy in. Extra 
force was then applied, and it was not until the tube had 
stretched 5§ in., which required a pulling force of 134 tons, 
that it drew out of one of the tube-plates ; 134 tons repre- 
sents 17 tons per square inch on the material. The strain 
was ascertained by a Duckham dynamometer. 


As regards the machinery in the four boiler- 
rooms, it may be said first that the closed stoke- 
hold systen: of forced draught is adopted, and the 
air is supplied by means of eight steam-driven 
double-breasted fans, 72 in. in diameter. 

There are one main and one auxiliary feed-pump 
in each boiler-room; the auxiliary pumps are 
arranged to supply any of the 12 boilers. One 
ash-ejector is fitted to each boiler-room, and two 
umps—one each in No. 2 and No. 4 stokeholds. 
here are two air-compressors for supplying air 
for cleaning boiler-tubes from soot. In addition to 
the ash-ejectors, one steam ash-hoist engine is 
fitted to each stokehold, together with means for 
hoisting ashes by hand. The main steam-pipes are 
of steel. A steam-pipe separator is fitted in each 
engine-room, having a hand and automatic blow-off 
to condensers. No automatic feed-regulators are 
fitted to the main boilers, the check-valves being 
regulated from the stokehold floor. 


TRIALS OF THE ‘LIBERTAD.” 
The speed trial of any warship is always a matter 
of interest, and this applies more particularly to a 
vessel such as the Libertad, built by a British firm 
|for a foreign government, and entirely free from 
|any supervision by British Admiralty officials. 
| The published trial results of foreign warships are 
always viewed with a certain amount of suspicion 
_ by the majority of people, so that before describing 
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in detail the actual trials of the Libertad and the 
results obtained, it will be as well if we give a short 
account as to the conditions under which these 
trials were carried out. In the first place, contract 
conditions undertaken in the design stage of the 
vessel had to be fulfilled ; and to ensure that the 
trials should be carried out with strict regard to 
such conditions, the principal inspecting officials of 


Sir Edward Reed, together with other accredited | 


representatives of the Chilian Government, were on 
board during the whole time the vessel was under- 
going such trials. During the runs on the messured 
mile the actual times were independently checked 
by the representatives of the firm, the Chilian 
naval officers, and Sir Edward Reed’s officials, thus 
ensuring that, so far as the actual times on the run 
were concerned, everything was perfectly in order. 

Before leaving the anchorage for each trial, and 


again on taking up the position at the end of each | 
trial, the draughts of water forward and aft were | 


carefully taken and checked by the various repre- 
sentatives ; and during the trials the engines and 
boilers were under the immediate supervision of 
the various engineers representing Sir Edward Reed 
and Admiral Simpson, and all diagrams, &c., taken 
during the trials were checked. The trials were 
carried out under strict supervision and to the very 
letter of the contract ; and, further, to the entire 
satisfaction of Admiral Simpson and Sir Edward 
Reed® 

On Saturday, November 28, 1903,'the vessel was 
taken through the first test required under the con- 
tract—namely, the progressive speed trials; which 
trials, in addition to supplying the shipbuilders 
with valuable data for future designs, are of great 
use to the officers responsible for arranging the 
speeds at which the vessel is to be run under 
varying conditions of service. At 12 knots it was 
found that the average of the revolutions was about 
90, and that less than a sixth of the total indicated 
horse - power was being used. The next run in- 
creased the speed by about 3 knots, or 25 per cent., 
but it more than doubled the power, whilst another 
2} knots gave additional power equal to, approxi- 
mately, 80 per cent.; the runs at full power gave a 
mean speed of 20.17 knots, with an indicated horse- 
power of 14,090, and 158 revolutions of the engines. 

In addition to the above trial, according to the 
terms of the contract, a long-distance run had to be 
made, such run not to exceed 48 hours; both the 
duration and also the speed of the run were to be 
determined by the Chilian Commission. The speed 
ultimately decided upon by Admiral Simpson was 
17 knots, and the Libertad steamed down the Irish 
Sea into St. George’s Channel. Admiral Simpson, 
who was in charge of the arrangements, decided at 
the end of 27 hours’ continuous steaming that there 
was no necessity to continue the trial, the contract 
conditions having been fulfilled ; and it will be at 
once seen that the conditions imposed were quite 
equal to those required under British Service 
contract. During this run of 27 hours a mean 
speed of 17} knots was obtained; everything 
worked well, and the 12 Yarrow water-tube 
boilers fitted on board gave every satisfaction ; 
whilst the coal consumption worked out for 
the whole trial and for all purposes at 1.71 lb. 
per indicated horse-power per hour. Notwith- 
standing the severe test to which the vessel 
had been put, so confident were the directors 
of Messrs. Vickers in the capabilities of the 
ship that they at once decided to have a short run 
at full power, and the result proved that their con- 
fidence was not misplaced. For about two hours 
the vessel ran over the measured mile at Skel- 
morlie, when a speed of about 194 knots was ob- 
tained ; and this, it should be taken into considera- 
tion, was with the furnaces working under adverse 
conditions as compared with the usual speed-trial 
arrangements. 

The next test was the contract stipulation that 
the vessel should make at least six runs over the 
measured mile at her full power, so that reliable 
information might be obtained as to her highest 
speed. It was decided, so that there should be no 
question as to the draught and trim of the vessel 
when on trial, and so as to satisfy the Chilian 
officials, to run this full-speed trial at a deeper 
draught than was called for; so the vessel was 
loaded down to a mean draught of 24 ft. 8 in., 
thus giving the Chilian authorities the benefit 
of such extra displacement. This necessitated 
placing the weights so that the centre of gravity, 
both in the vertical and longitudinal positions, 
should be practically coincident with those of the 


| vessel in her equipped condition with all stores, 
| crew, ammunition and coal on board; and her 
| initial stability, or height of metacentre above 
|the centre of gravity, was identical with what 
| it would be in service. After weighing anchor, the 
engines were started slowly, and the vessel headed 
|} out to sea, allowing the engines gradually to work 
|up to full speed, until, at 8.38 a.m. on Friday, 
December 4, the six hours’ full-speed trial was com- 
| menced, the engines then running at about 150 
| revolutions per minute. During this trial there 
| was a strong westerly wind and a choppy sea. Six 
runs were taken over the measured mile at Skel- 
morlie, and the mean speed of these runs 
was 20.17 knots, with a mean of 158 revolutions 
per minute, and an indicated horse-power of 
14,090. 
|at full speed had to continue for six hours, the 
vessel was, on the completion of the measured- 
mile trials, headed out to sea to continue this trial, 
when a speed of 20.12 knots, and an indicated 
horse - power of 14,000, were obtained, with an 
average coal consumption of 1.73 lb. per ‘indi- 
cated horse-power per hour. 

Before leaving the question of speed trials, atten- 
tion must be drawn to the admirable results ob- 
tained. A comparison of the speeds and powers for 
the battleships and cruisers, given in separate tables 
in the present article, will at once show the great dis- 
— which exists between the performance of the 

ibertad and the performance of somewhat similar 
ships in other navies ; and inquiries addressed to the 
builders as to why such discrepancies should exist 
have drawn from them the statement that they 
consider the lines of the Libertad as being probably 
the best possible that could be arranged on the 
dimensions and for the speed, whilst the efficiency 


of the machinery and propellers is the maxi-| 


mum which could reasonably be expected for the 
present system of propulsion. They claim to have 
in the Libertad obtained an actual propulsive 
efficiency of about 0.6. 

Before returning to Barrow, the turning’’and 
other minor trials specified under the contract 
were carried out, and in every case ‘proved satis- 
factory to the representatives of Chili. 


RADIUS OF ACTION 
We have been furnished with information which 
has enabled us to construct the following curve, 
which will, no doubt, prove of interest. The diagram 
shows graphically the approximate distances which 


Fig. od 


% 
a 
8 
= 
= 
= 
3 
a 
e 
. 
8 
a 
7 
s 
& 
@ 


“UBER TAG® 


| 


OEM) SCALE FOR RADIUS OF ACTION AT VARIOUS SPEEDS.(MILES) 
can be run by the Libertad at various speeds from 
10 to 20 knots. 
speed of 19 knots, with her full coal supply, she 
would be able to cross the Atlantic, having still 
a reserve of coal for emergencies; whilst at a speed 
of 10 knots her radius of action is about 12,000 
knots. 

In conclusion, we wish to express our indebted- 
ness to the members of the Chilian Naval Commis- 
sion—viz., Sir Edward Reed, K.C.B., and Admiral 
Don Juan Simpson—for permission to attend the 
trials and to illustrate and describe this interesting 
vessel so fully. 








WAY. 
WE illustrate on pages 93 and 94 a special saloon, six 
of which have been built at the London and North- 
Western Railway Company’s works, Wolverton, to the 
designs of Mr. C. A. Park, Carriage Superintendent of 
the company. They are intended to run in the Royal 
train with their Majesties’ saloons, with which they 
correspond in profile. A good idea may be got of 
their external appearance from Fig. 3, which is a 








As the contract specified that the trial | 


SPECIAL SALOON FOR ROYAL TRAIN, | 
LONDON AND NORTH - WESTERN RAIL- | 


| reproduction from a photograph. The over-all dimen- 
‘sions are as follow :—Length over balconies, 57 ft., 
| and over buffers, 61 ft.; width over waist, 9 ft.; height 
from -rail to cornice, 10 ft. 74 in., and from rail to 
top of clerestory, 12 ft. 74 in. From the waist to the 
| cornice the sides are turned in so as to clear the load- 
|ing gauge. An independent underframe, made of stee} 
| and iron throughout, carries the body of the saloon, 
| and is moun on two four-wheel bogies, of the 
| London and North-Western Railway standard pattern, 
with 8-ft. centres. The distance from centre to centre 
| Of the bogies is 39 ft. The framing of the saloon 
| is constructed principally of teak and oak, the outside 
| being agg with canvassed and blocked Honduras 
|mahoghany. The exterior is painted in the company’s 
| usual colours—viz., lake for the bottom panels, and 
|French white for the upper panels, the mouldings 
| being lined out with gold, and the whole varnished. 
| Fig. 1 is a side elevation of the saloon; Fig. 2 is a 
plan, and Fig. 4 an end elevation ; the plan showin 
| clearly how the body is divided up into its different 
compartments. The interior can a arranged either 
ay or night use as desired, using all the compart- 
ments for sleeping purposes, or only the small ones, 
| The dimensions of the latter are :—Length, 8 ft.; and 
width, 6 ft. 3 in. ; while the larger ones are 8 ft. 6 in. 
| long by 8 ft. 3 in. wide, and these have a division, 
| made in the form of two pairs of double-folding doors, 
|so that they can pate? be made into one saloon, 
17 ft. 2in. long. The doors fold on each other back. 
| to the side of the saloon. 
| The sides and ends of these compartments are framed 
| in mahogany from floor to cornice, with fluted pilasters 
| at the sides of all doorways. The cornice extends all 
| round the saloon. 
| All the panelling is in plaque form, with square 
| hollow corners, co iaieel round with cross-beaded 
| frame, with 1} in. margin between it and the plaque, 
| and the whole is painted enamelled white. The ground 
| work has an egg-shell gloss, while the raised ewe: 
| tions have a brilliant surface. The ceilings above the 
{cornice are laid with indurated mil rd, and 
|compo. embellishments of various designs for the 
| centre. The end spandrels are decorated with ribbon 
|and wreath, and these are also painted enamelled 
white, like the walls. Green-figured Wilton pile 
carpet, laid on grey felt, covers the floors throughout 
the saloon, except in the attendant’s compartment 
| and the balconies. 

When the compartments are required for night use, 
the following furniture is provided in each :—One 
brass lacquered bedstead, with box-spring mattress 
complete, together with all bedding and an eiderdown 
| quilt ; two Chippendale chairs, with inlay, and two. 
| side-folding tallee, covered with embossed green 
Morocco. 

When used for day service, the furniture consists of 
three large lounge chairs upholstered in green and 
gold tapestry; one oval centre table in mahogany, 
| with inlay of tulip wood and satin wood ; also the 

two folding side-tables before mentioned. In the 
| smaller compartments only two easy chairs are used, 
| and these are not quite so large as the ones previously 
referred to. 

A very good idea of the interior of the saloon is 
| given by Figs. 5 and 6, the latter being a view of 
| the two large compartments when the folding-doors 
| between them are open, while the former is a view 
looking down one of the large compartments towards 
the bed-room. The exact part of the interior referred 
to will, perhaps, be better understood from the plan, 
Fig. 2. 

Each of the lavatories is accessible from the small 
compartment next to it and also from the corridor, 


| for 


| and each is provided with a corner silvered wash-basin 


with folding-cover. The w.c. pans are also silvered, 
| and are provided with mechanical flushing. The water 


It will be noticed that at a) is carried in copper tin-lined tanks, and gravitates to 
'the basins. The walls and ceilings are decorated in a 


| Similar manner to the other compartments. 

The corridors are fitted up with Honduras maho- 
gany, with fumed plaque panels. Their ceilings, as 
well as that of the attendant’s compartment, are white 
compo, while the vestibule roofs are polished mahogany. 
The whole of the windows (except those in the corri- 
dors) are fitted with hinged frames, which are made 

rfectly draught and dust proof. The lights can be 
owered, in order to insert framed gauze dust-proof 
blinds, so that the compartment can te kept cool and 
comfortable. Balance-blinds in blue and gold shell- 
| pattern tapestry are also provided, as well as green 
|mohair curtains with white silk laces and fringe, 





| which are hung in ornamental hinged hoods. 

The glazed roof lights have metal grilles, with pro- 
vision for the exclusion of light when the compart- 
ments are used for sleeping ; torpedo ventilators 
are fixed between and at the end of the grilles. 

The saloons are lighted throughout by electricity, 
the current being generated by dynamos off the axles. 
Each compartment has electroliers in the centre of the 
roof, as well as ornamental corner bracket lamps. 
Electric waving fans are fitted on brackets over the 
doors in the pe compartments, and can be driven 
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at three speeds. There is an electric communicator 
from the different compartments to the car-attendant, 
as well as to the driver and guard of the train, and 
combined automatic vacuum and Westinghouse brakes 
are fitted on each vehicle. Heating apparatus is pro- 
vided on the high-pressure system, having small pipes 
which run along the sides of the compartments. The 
door-handles and finger-plates are silver-plated. 








YEAR-BOOKS AND ANNUALS. 

“ Daily Mail” Year-Book, 1904. Edited by Percy 
L. Parker. Published by the Amalgamated Press, 
London, E.C. [Price 1s. 6d.]—This is the fourth issue 
of this publication, which purports to give the average 
newspaper reader full data and information, so that 
with its help an intelligent interest may be taken 
in current events. Without such extraneous help it is 
impossible to properly appreciate the significance of 
the many events which have to be crowded into the 
morning or evening journal. Evidently, special sig- 
nificance is attached in this issue to such questions 
as affect the great tariff debate, while the maps of the 
Far East, and the data given as to the countries 
involved in the dispute of to-day, will be specially 
welcomed at the present moment. We could have 
wished for a better quality of paper, but as the book 
consists of some 400 pages, and is bound in cloth 
boards, for the price of 1s. 6d., good value is given for 
the money. 


Lloyd’s Calendar, 1904. Printed and published by 
Lloyd’s, Royal Exchange, London, E.C.—This calendar 
has been prepared, with the approval of the committee 
at Lloyd’s, to furnish information to officers of the 
mercantile marine, landsmen, and others, and even a 
cursory glance at its pages indicates that its aim is 
fulfilled. The calendar gives the astronomical ephemeris 
at mean noon, and in addition other astronomical 
details to help the mariner. The book is divided into 
eleven sections. The first is the calendar information ; 
the second deals with the history and the extensive 
ramifications of Lloyd’s publications ; the third with 
the rules issued by Lloyd’s, and with data regarding 
the shipbuilding and shipping industries; the fourth 
deals with disasters and the rule of the road at sea, 
and questions affecting the management of ships ; the 
fifth is devoted to weights, measures, and distances, 


with ready-reckoning tables to help the officer when | 
concerned with commercial dealings at ports ; the sixth | 


deals with naval architecture and mechanical engineer- 


ing matters; the seventh with the sextant, chrono- | 


meter, compass deflection, and other navigating 
apparatus; the eighth with charts, stellar diagrams 
and ocean tracks, time-tables, and other helps to 
seamanship; the ninth is taken up with questions 
affecting education, examinations, and hints for 
meteorological observations at sea; the tenth deals 
with subjects usual in such calendars affecting the 


Government, consulates, customs, duties and law; , 
while the eleventh is connected with yachting. The 
book also includes lists of surveyors’ maps, showing | 


lines, signal stations, &c., and lists of Lloyd’s agents, 
salvage associations and companies, and all places in 
the United Kingdom where steam-pumps can be had, 
so that it will be recognised that the book embraces 
within its 500 pages a large amount of information of 
use to all interested in the great maritime industries. 
An index is provided. 

The Gloucester Diary and Directors’ Calendar, 1904. 
—This calendar, which is issued by the Gloucester 
Railway Carriage and Wagon Company, Limited, is 
primarily concerned with their agencies, &c. It also 
gives some interesting notes concerning Gloucester 
itself, and a very useful diary. We specially com- 
mend the practice of perforating a triangular space at 
the top right corner, so that it may be torn off as 
soon as the days dealt with on the page have elapsed. 
This enables the user to at once open the book at the 
page for a given date. 





The Sixpenny Almanick.—A_ year-book under the 
above title has been sent us by the News of the World, 
Limited, 30, Bouverie-street, London. It contains 
much useful information of a general character, and 
special attention has been paid to trade statistics. A 
special section has been devoted to astronomy and 
physics, but the contents of this are meagre, and of 
little interest or utility. 





The Year-Book for New South Wales.—We have 
received from the Agent-General for New South 
Wales a copy of a year-book issued under the autho- 
rity of the Government of that colony, giving a great 
mass of useful and interesting information, which will 
prove valuable to merchants, travellers and immigrants. 
A capital map, supplied with the volume, shows the 
existing railway system. Perhaps the most important 
step taken by the Government of this colony within 
receat years has been the sanctioning of the building of 
‘*pioneer” lines. These are railways of standard gauge 








2000/. per mile, and up to date 578 miles are in opera- 


proved satisfactory both as to working and tra 


ordinary branch lines. A short essay giving a sum- 
mary of the principal historical events in the history 
of the colony is included. 


Kalender fiir Seemaschinisten, 1904. By E. Lupwic 
and E. Linprer, Marine-Engine Builders. With an 
| Appendix on Navigation, by Professor P. VocEL, pub- 
| lished by Dr. G. BavEr, Chief Engineer of the Stettiner 





| Maschinenbau A.G. ‘‘ Vulkan.” Munich and Berlin: | 
| R. Oldenbourg. [Price 6 marks.]—-A marine engi- | 


| neers’ pocket-book, in the German language, contain- 
| ing 264 pages of information, 273 illustrations in text, 


SPECIAL SALOON; NORTH-WESTERN RAILWAY. 
CONSTRUCTED AT THE COMPANY’S WORKS, WOLVERTON. 





Fic. 5d. 





Fic. 6. 


They are built at an inclusive cost of some 1800/. to} the international signal-flags. The book opens with 


| the usual mathematical tables, formulz, figures on the 


tion and 312 miles under construction. hoe 4 have | properties of bodies, and so forth, which take up fifty- 
I c, and | six pages. Descriptions of the various component 
in some cases the latter has already developed to such| parts of engines, and details as to boilers, boiler 
a degree as to justify some of them being worked as | fittings, pumps, water and steam piping, and auxiliary 


| engines, commence with the third chapter, and form a 

carefully-selected compendium, followed by references 
| to electrical units and laws, a brief notice on electro- 
| technics, and general data on shipbuilding and navi- 

gation. The joint authors are specialists in the matter 
| of steamship construction, and the book will prove a 
| useful mz/tum in parvo to the engineers for whom it 
| has been written. 





Calendars, &c.—We have this year received a large 
|number of desk and wall calendars—that by Messrs. 
| Henry Simon, Limited, of Manchester, deserving 


fitted to take traffic at a speed of 15 miles per hour. |a map of the Atlantic Ocean, a map of the world, and | special commendation for the boldness of the dates 
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and for the quotations for each date; these have 
always been a feature of Simon’s calendar, and 
those who have experience of the rich philosophy they 
afford for daily reflection will welcome this further 
edition.—Messrs. E. R. and F. Turner, Limited, of 
Ipswich and London, also send us a nicely-prepared 
calendar, with one page for each day, containing 
appropriate quotations and smart epigrams. —Messrs. 
we - Glover and Co., Limited, of Trafford Park, 
Manchester, send a calendar of a kindred nature, but 
here, on each succeeding day, we have the embodi- 
ment of the reputed fine conceits of the electrical 
engineer, not only in quotations made from the 
Proceedings of the Institution of Electrical Engineers, 
but in the reproduction of portraits of the leading 
engineers on the date of their birth.—The United 
States Metallic Packing sigan mpe 4 Limited, of Soho 
Works, Bradford, also send us a date-pad, but confine 
themselves to giving the month, date, and, in specially 
bold characters, the day of the week. Messrs. Bemrose 
and Sons, Limited, 4, Snow Hill, E.C., issue twelve 
vest-pocket diaries—one for each month. They have 
good paper and are nicely bound.—Messrs. Thomas 
Robinson and Son, Limited, Wood-working Machinists, 
Rochdale, send us a very effective wall calendar, with a 
week on each date pad.—We have also received 
calendars from the P. and O. Company, which gives 


and Co., Wire-Rope Manufacturers, Wakefield, with a 
month on each sheet; and from Dickson and Mann, 
Limited, 7, East India Avenue, London, E.C., with a 
month on each sheet.—James Hendry, 252, Main-street, 
Bridgeton, Glasgow, send us a desk easel- case with 
monthly calendar.—A neatly got-up waistcoat-pocket 
diary has been sent us by Messrs. Dargue, Griffiths, and 
Co., Limited, of 61, North John-street, Liverpool.— 


the dates of their sailings ; from Messrs. Geo. Cradock | from now on. Expo: 


| United States, which ten years ago were merely 


| for relaying and rerolling rails. Sheet steel is still 
low in price. Negotiations are again renewed for 
large quantities of billets because of the refusal of 
manufacturers to shade prices. The condition, how- 
ever, which accompanies orders of this kind—namely, 
that the paying price for billets shall be determined 
by their market value at time of delivery—is opening 
the way to the placing of large orders. 

In plates and structural material a minimum of 
business has been done during the past week. There 
is nothing on the surface to indicate whether there 
will be any improvement in them for bridge-building 
requirements. 

he Window Glass Manufacturers’ Company has 
been organised to combine the principal window glass 
| interests of the country. The combination will repre- 
sent 1500 pots. Already the owners of 1300 pots 
have signed. A heavy drop in prices will follow be- 
cause of a cut of 1s. 3d. in wages. 
Copper is very strong after a week of fluctuation. 
| This occurred in spite of an absence of domestic de- 
/mand. The strength of pig tin abroad is reflected in 
a stronger local market, although very little tin is 
selling. There is a good demand for spelter, and the 
market has a stronger tone. 

The year closes with a good volume of business in 
|sight and with every indication of an improvement 
rts of boots and shoes from the 





nominal, will show for 1903 an aggregate of 7,000,000 


'dols. in value. The number of pairs exported, accord- 
|ing to estimates just made, is 4,197,566. 
| quantity, 986,154 
| 400,974 pairs to 
|much to British West Indies, and 475,389 pairs to 
| British Australasia, and 197,306 pairs to British 


Of this 
irs went to the United Kingdom ; 
ritish North America ; about as 


A handsome desk-diary has reached us from Messrs. | Africa. 


Cutbill, King, and Co., of 26, Nicholas-lane, E.C. It | 
| railroads of the United States, including small quan- 
| tities for export. 


bears the imprint of ‘‘La Metallurgique,” Belgium, 
for whom the senders are agents.—The Smooth-On 
Mfg., whose British agents are Messrs. Hodgson, 
Hartley, Limited, 55, Victoria Buildings, Manchester, 
have sent us a well-printed diary, arranged in monthly 
sheets, and also a pamphlet telling about smooth-on and 
its latest combination with rubber as a sheet packing. 
—Almanacks or calendars for 1904 have been sent us 
by the following firms :—Messrs. Shand, Mason, and 
Co., 75, Upper Ground-street, London ; Messrs. Ash- 
well and 
W.C. ; the Brush Electrical Engineering Company, of 
Loughborough; the Willesden Paper and Canvas 
Works, Limited, Willesden Junction, N.W. ; Messrs. 
Merryweather and Sons, Long Acre, W.C.; Messrs. 
J. Halden and Co , Great Chapel-street, S.W.; Messrs. 
Marshall, Sons, and Co., Limited, of Gainsborough ; 
Messrs. R. Y. Pickering and Co., Limited, of Wishaw, 
near Glasgow; Messrs. Robert Boyle and Sons, of 
Holborn, W.C. ; Messrs. F. W. Brackett and Co., of 
the Hythe Iron Works, Colchester; Mr. Harrison 
Ainsworth, of 197, The Grove, Hammersmith, W. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 30, 1903. 
Tue American iron and steel market has been treated 
to something of a surprise by a general hardening of 
values and an actual advance in most grades of pig 
iron. The Tennessee Coal and Iron Company has just 


advanced No. 2 iron at Birmingham 50 cents, to go | 
now taking heart. 


mto effect immediately. Agents are not permitted to 
take orders at this price beyond January 31. Other 


Southern companies, up to present writing, have not | 
jIt is probable that a great many options are now 


advanced, but the presumption is that they will do so 
this week. Makers of northern iron are gradually 
receding from their strong position, particularly on 
Bessemer irons, basic and forge. Foundry irons are 
still held as they have been for weeks. The upward 
turn that iron is taking in the South will mes ti be 
followed by slightly higher prices at Northern furnaces. 
Preparations are being seid, in the way of solicitation 
of business, for the blowing in of a number of furnaces 
in the North. If the desired business is secured, a | 
number of the more advantageously located furnaces | 
will soon blow in. Sales of 30,000 tons of Bessemer | 
iron have been made within a few days at 12.75 dols. 
at furnace. The larger consumers who have been 
figuring for some time will probably be able to ‘profit 
by the present low range of prices before any further 
advance is announced. The rolling-mills east of the 
Alleghenies have for a long time been working four 
days a week, and even with that restricted output 
production has been accumulating at mills. There 
has been no change in prices for several weeks, and 
suspension is preferable to any further shading. 
Furnace and mill interests are still declining to 
place their heavy contracts for coke because of the 
—_ —— that fuel has not yet reached 
ottom. e fact that concessions are being made 
to large Western buyers accounts for the hesitancy. 
Connellsville 72-hour coke is selling at 2.25 dols. per 
ton ; other standard coke, 2dols. Furnace coke is | 
selling at 1.40 dols. at ovens. There is a heavy demand | 





| 





esbitt, Limited, of 12, Great James-street, | 


‘in all directions is the absence of stocks. 


| consideration. 


During the closing year 154,808 cars were built for the 


This figure included all freight and 
passenger cars built for elevated and steam railroads; of 


' this number, 152,808 are freight cars and 2007 passenger 


coaches. Last year the number built was 164,547, or 
9700 more than this year. During the current year 
5152 locomotives were built, as against 4070 last year. 
This number includes eighty-eight electrical locomo- 
tives. The increase over 1902 is the largest that has 
occurred in any year. 

Reports from other industries exhibit — 
similar conditions. The strongest feature of the situa- 
tion is the absence of material quantities of raw stuff 
for manufacture. The inference from this condition 
is that in view of the increasing requirements now 
appearing, manufacturers in all lines will find it neces- 
sary to contract in advance for supplies, and if this is 
the case, the general condition of the iron and steel 
industry, so far as the minor industries are concerned, 
will be better than this year. 

January 6, 1904. 

The most significant feature of the American market 
Business 
interests enter the new year with a minimum of raw 
material and merchandise. The 30 to 40 per cent. 
restriction in crude iron has eliminated stocks, and 
the material restriction in finished products has 
enabled the mills to merely cover requirements in 
hand. Within the past week evidences of an improve- 
ment are apparent in almost every branch of the iron 
and steel industry. Moderate prices of all kinds of 
pig iron have been made, and furnace interests are 
Quotations have not been changed 
in any particular, and those who have bought have 
done so on a basis of prices named 30 days ago. 


out, and that much business will done on the 
terms named under them. No. 2% foundry iron is 


/more active than any other, and the advance in| 
| Alabama iron has aroused the attention of consumers | ~ 
|in the North, who have been parleying for a long time, | 


not knowing whether to buy or wait. A number of | 
larger consumers of Bessemer pig are endeavouring to | 
obtain better terms than 13 dots. at Valley furnaces, 
and some sales were made this week at 12.75 dols. 
Southern basic iron is being sold in Birmingham, 
Alabama, at 10 dols. All of these purchases are made 
for delivery within thirty to sixty days. Inquiries to- 
day for basic iron aggregate some 20,000 tons, and 
this volume of business will probably be closed by the 
end of the week. A meeting of lane furnace 
interests will be held within a few days to take action 
on the changed situation of the trade. It is antici- 
_ by the Bessemer pig-iron makers that there will 
e some very heavy orders placed within the next 
thirty days, and the matter of price will come up for 


Reductions of wages are taking place this week in 
quite a number of mills, and in a few some negotiation 
is being entered into with a view to effecting a com- 
promise. While the workmen are willing to accept 
reductions, they think the amount of reduction asked 
is more than the conditions of the market warrant. 
In view of the bare condition of the market and the 
absence of stocks and the increasing inquiries, it is 








probable that some friendly concesssions will be made 
and that productive capacity will be soon increased, 
sufficient at least to enable lacnten to make prompt 
deliveries. 

In the finished iron market there is much of encou- 
ragement in the way of a covering of prospective 
demand. There is also a more active demand for deli- 
veries during the first quarter of the year, provided 
specifications accompany the orders. Most of the busi- 
ness done is on a basis of 1.40 cents per pound. There 
is no particular movement in plate or structural ma- 
terial yet, as the bridge-builders have not perfected 
their arrangements, and, besides, they are not in any 
hurry to place orders until all questions as to bottom 
prices are settled. 

The steel-billet makers are holding their ground 
stubbornly, but there are some important buying 
interests that still cling to the opinion that a general 
reduction in crude steel is inevitable sometime during 
the winter. During the next few weeks announce- 
ments will probably be made as to the intention of 
two or three large railway systems in the West who 
intend to do something in the way of bridge-building. 
Much of this depends on whether the companies re- 
ferred to will succeed in securing the necessary bank 
accommodations, and this matter will be determined 
in afew days. All of the larger railway systems are 
in the way of making large loans with the intention of 
expending much money in the improvement of road 
beds, and increasing facilities of all kinds. The-neces- 
sity for additional rolling-stock is becoming more 
apparent, and an organisation has been formed among 
a number of interests throughout the West for the 
purpose of bringing pressure upon Congress through 
the Inter-State Commerce Commission to secure more 
freight cars than have been available for months t. 

There is every reason for believing that the volume 
of freight in 1904 will exceed that of the past year ; 
but the railroad companies for various reasons have 
not kep; their rolling-stock facilities up to the traftic 
requirements. The car-builders are willing to under- 
take new work, and have added capacity to enable 
them to do much more work than they did last year. 
The demand for steel cars continues to be far in excess 
of present capacity, and steps are being taken to esta- 
blish an additional steel-car plant somewhere in the 
West to meet the extraordinary railroad necessities. 





HicuH-Capacity TRucKs FOR ARGENTINA.—The Buenos 
Ayres and Rosario Railway Company, Limited, has 
ordered 410 goods trucks, to carry 40 tons each. It is 
doubtful whether the trucks will arrive from England 
sufficiently early for the wheat harvest. 





Our Rarts ABROAD.—Our rail exports for December 
showed a little dulness, having amounted for the month 
to only 38,251 tons, as compared with 40,329 tons in 
December, 1902, and 40,623 tons in December, 1901. 
The colonial demand continues to be the main support of 
this branch of our export business, having itn | on as 
follows in December, as compared with December, 1902, 
and December, 1901 :— 








Colonial Group. —— noe —- 





tons tons tons 
British South Africa aa 4,574 3 441 | 2,110 
British India ‘ia aca 13,121 9,208 =| 8,794 
Australasia .. En va 625 10,870 |} 11,753 
Canada oe ae «el nil 86 3,257 





The exports to the Argentine Republic in December 
were 9942 tons, as compared with 5054 tons in December, 
1902, and 9757 tons in December, 1901. The exports for 
the whole of last year showed a moderate progress as 
compared with 1902, and a decided advance as compared 





with 1901, the deliveries to the — colonial groups 








having been as follow during the last t years :— 
Colonial Group. 1903. 1902, | 1901. 
tons tons | tons 
British South Africa 121,400 49,066 37,476 
| British India ‘ 122,515 162,627 130,258 
Australasia .. a ae 45,337 75,935 86,269 
Canada a6 oe se 85,755 71,174 58,536 





Argentina took 46,308 tons of British rails last year, as 
compared with 60,201 tons in 1902, and 80,623 tons in 
1901. The moderate increase observable in last year’s 
rail exports was attributable accordingly to the r 
South ‘African demand, in consequence of the restoration 
of peace in Cape Colony, Natal, and the Transvaal. 
But for this happy change, the year’s exports would have 
presented much less favourable results. It does not 
appear improbable that the exports of 1904 will 
also benefit from the larger South African demand, 
as further extensions and repairs will, no doubt, 
be carried out during the current twelve months. 
The decline in our rail exports to Argentina is, of 
course, disappointing; at the same time, the present 
general prosperity of the Argentine Republic augurs 
hopefully for the future. No rails were exported from 
the United Kingdom to the United States last year, 
although 17,402 tons went to that quarter in 1902. The 
value of the rails exported last year was 3,238,426/., as 
compared with 3,173,203/. in 1902, and 2,736,264/. in 1901. 
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Avsrria, Vienna: Lehmann and Wentzel, Karntnerstrasse. 

Care Tows : Gordon and Gotch, | " : 

EpixsureH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, Librairie Etrangére, 
Rue de la Banque ; E. M. Terquem, 31bis, Boulevard Haussman. 
\lso for Advertisements, Agence Havas, 8, Place de la Bourse. 

Ry Messrs, A. Asher and Co., 13, Unter den Linden. 

L. Daube and Co. (for 


A 


ae, 


; yy, Berlin : 
— Frankfurt-am-Main: Messrs. G. 
Advertisements). 
Leipzig : F. A. Brockhaus. 
Mulhouse : H. Stuckelberger. 
: William Love. : 
InpIA, Calcutta : Thacker, Spink, and Co. 
; Bombay : Thacker and Co., Limited. 
Iraty : U. Hoepli, Milan, and any post-office. 
LiverPoon : Mrs. Taylor, Landing Stage. 
MANCHESTER : John Heywood, 143, Deansgate. ; 
Norway, Christiania : Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 
New South WaLEs, Sydney ;: Turner and Henderson, 16 and 18, 
Hunter-street ; Gordon and Gotch, George-street. 
QUEENSLAND (SoutH), Brisbane : Gordon and Gotch. 
(Nortu), Townsville : T. Willmett and Co. 
Rorrerpam : H. A, Kramer and Son. — 
Sourn AusTRALIA, Adelaide : W. C. Rigby. 
Unirep States, New York: W. H. Wiley, 43, East 19th-street. 
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DESIGN OF SUSPENSION BRIDGES. 

THE suspension bridge has for many years been 
abandoned in this country as a type of construc- 
tion for bridges of any importance, though it still 
finds a useful field as a cheap and graceful form of 
foot or cart-bridge. Probably the principal reason 
of its neglect has lain in the fact that bridges of any 
considerable span are a rarity here, and the special 
advantages of the type only become of high im- 
portance in the case of large spans. For short 
spans carrying heavy rolling roads, there is pro- 
bably no more uneconomical form of structure. 
In short, the suspension bridge is specially adapted 
to carry a dead-load, and to fit it for carrying a 








live-load it must be provided with a stiffening 


girder or its equivalent. The side spans of the 
Tower Bridge are practically suspension spans ; 
and here the requisite rigidity has been ob- 
tained by constructing the ‘‘ cables” as riveted 
girders. The general effect is certainly pleasing ; 
but, of course, the bridge was never intended to be 
built on rigidly economical lines, the authorities 
quite properly laying more stress on obtaining a 
structure which should harmonise fairly with its 
picturesque surroundings than on the saving of a 
few thonsands of pounds. It will be remembered 
that the original design prepared for the Forth 
Bridge by the late Sir Thomas Bouch was a suspen- 
sion structure, but the awful disaster at the Tay 
gave engineers such a scare that for some years 
they were inclined to lay, perhaps, undue stress on 
securing great rigidity in their structures. At any 
rate, though a few bridges of large span have been 
built by British engineers in different parts of the 
world, they have not for 20 years past ventured to 
erect suspension bridges for the carrying of heavy 
railway traftic ; although the remarkable record of the 
Niagara Bridge, built originally at atime when the 
theory of such structures was incomplete, showed that 
there was no insuperable difficulty in the preblem. 
In America, however, where large spans have to be 
erected much more frequently than here, the type 
has met with greater favour, and a few weeks ago 
a very fine bridge of this type was formally opened 
at New York, and another—the Manhattan Bridge 
—is in course of erection. The Williamsburgh 
Bridge, which is the one referred to as having been 
opened, has a main span of 1600 ft., and this exceeds 
in length the famous Brooklyn Bridge by 4 ft. 9 in. 
The roadway of the new bridge is 118 ft. wide, 
as against 86 ft. in the case of the older structure. 
The Brooklyn Bridge tovk thirteen years to build, 
but during three of these years work was suspended 
owing to lack of funds. The cost of construction 
was about 1,800,000/., and the total cost, including 
land purchases and approaches, 3,000,000/. The 
Williamsburgh Bridge, though of much greater 
capacity, took seven years to build, and the cost of 
the bridge proper has been about 1,400,000/., 
though the high price of the land required for the 
approaches brings up the total cost to nearly 
4,000,000/. Its engineer has been Mr. Leffert L. 
Buck, well known for his work at Niagara. 

The Manhattan Bridge is of smaller dimensions, 
and is not nearly so far advanced. In fact, it is 
by no means certain that the plans of the super- 
structure are finally fixed, as a technical contro- 
versy of no little interest has arisen with regard to 
it. The main span of this structure is to be 1475 ft. 
wide, and there are two shore spans of 725 ft. each. 
Its total width between parapets is fixed at 122 ft., 
divided up into a roadway 40 ft. wide, two spaces 
for tramcars, each 28 ft. wide, and two footpaths, 
each 13 ft. wide. Above each set of street-car tracks 
is, further, an elevated structure, on which will run 
the ordinary elevated railway trains ; the total live- 
load provided for being estimated at 8000 Ib. per 
lineal foot. As originally designed by Mr. L. L. 
Buck, the bridge was to be a suspension structure, 
the load being carried by steel-wire cables, and the 
requisite rigidity being provided by horizontal stif- 
fening girders designed for a live-load of 5700 lb. 
per foot run, so that the new design is intended to 
take a much greater load than the original one. 

These girders were intended to be hinged at the 
towers, but continuous over mid-span. When, how- 
ever, Mr. Gustave Lindenthal was later on appointed 
Commissioner of Bridges, fresh plans were prepared 
under his direction, in which the steel-wire cables 
were replaced by chains of eye-bars, and the re- 
quisite rigidity was attained by trussing these chains 
in place of using a separate stiffening truss, as in the 
original design. This change has, as already stated, 
given rise to a good deal of controversy, as, whilsta 
commission, including such eminent engineers as 
the late Mr. George 8S. Morison and Mr. C. C. 
Schneider, have supported the alterations, Mr. 
Buck, whose experience in large suspension bridge- 
work is of especial value, still maintains that the 
balance of advantage lies with his original plans. 

Steel wire can be obtained having a tensile 
strength of at least 200,000 lb. per square inch, 
with an elastic limit of 180,000 lb., and it was 
proposed in this case to adopt a working stress 
of 50,000 lb. per square inch in the cables. 
This wire can be purchased in’ America at 
a cost of 74d. per pound. In the eye-bar 
design it is proposed to use eye-bars of nickel 
steel, having a tensile strength of 85,000 1b. per 








square inch, and an elastic limit of 48,000 lb. per 
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square inch. The designed working stress is 
30,000 lb. per square inch, and the cost of the 
material is about 4d. per pound. It follows at 
once, from the unit stresses proposed, that a 
much greater weight of such eye-bars is necessary 
than when wire cables are used. It is true 
that whilst a wire cable must be the same section 
from end to end, it is possible to vary the eye- 
bar section from point to point in proportion to the 
stress ; but this saving must be more than offset 
by the extra weight of the eye-bar heads and pins. 
This extra weight is to be kept down as much as 
possible by adopting very long bars, which, as 
specified, are to be from 42 ft. to 45 ft. long by 
18 in. deep and 2 in. thick. Nevertheless, it 
appears that the suspension system will weigh 
about 2.2 times as much as if made of wire, which is 
a very important matter in a bridge of so large a 
span. The only structural advantage of the eye- 
bar system lies in the comparatively neat and 


secure manner in which it is possible to attach the | 


suspenders; but the plan offers much greater surface 
for corrosion, and indeed the whole scheme of con- 
structing a stiffening girder on an eye-bar system 
seems in itself open to question generally, though the 
drawbacks are less in the case of a road traffic bridge, 
such as that under consideration, than if the prin- 
cipal load was to consist of heavy goods trains. In 
fact, every panel of a stiffening girder requires 
counter-bracing, and these counter-braces have to 
be just as heavy as the main braces, a feature which 


is not met with in ordinary girder-bridge construc- | 


tion. Here the counter-braces are relatively light ; 
and it is easy to bring all the bars to a bearing by 
putting an initial tension on them by means of 
sleeve nuts. With very heavy eye-bars this system 
is less satisfactory, and if adjustable counters are 
dispensed with, hammering at the pin surface is 
likely to arise, which may occasion serious wear 
as time goes on. Again, it must be very much 
more ditticult to erect heavy eye-bar chains of this 
type than a wire cable; and whilst it is true that 
the suspender fastenings on the steep parts of the 
Brooklyn Bridge have slipped somewhat, there is 
little fear with this experience that there will now 
be any difficulty in making satisfactory attachments 
to a wire cable. 

Mr. Lindenthal, we note, claims that hitherto 
there has been very great delay in obtaining delivery 
from wire-cable makers, and that there will be a 
very large saving of time by adopting the eye-bar 
design. In view, however, of the abnormal size of 
these bars, it is not impossible that there may be 
a good deal of delay in their delivery ; and it 
would certainly seem that they must prove very 
troublesome and costly to erect. Mr. Lindenthal’s 
design has, however, a very pleasing elevation, 
and is, perhaps, superior in this regard to Mr. 
Buck’s—a matter of no small importance in the 
case of a bridge erected within the limits of a 
great city. He claims also an advantage in the 
fact that the effective depth of his stiffening system 
is varied from point to point, in place of being con- 
stant, as in the design of Mr. Buck. In the latter 
design the stiffening girder is free at the ends and 
continuous over the centre, the theoretical saving 
due to this, as compared with a three-hinge design, 
being about 6 per cent. It would, however, be 
interesting to work out in detail a design having a 
cantilever stiffening truss with cantilever arms about 
one-eighth span in length. As regards live-load 
stresses, this system seems to effect an economy of 
nearly 75 per cent. of the metal theoretically 
necessary in the chords of a three-hinged stiffening 
girder carrying an equal live-load. This method 
was proposed some years back, but so far as we are 
aware has never been adopted in any actual struc- 
ture ; but its theoretical advantages are such that 
it should receive careful consideration from practical 
bridge-builders. It does not appear that there can 
be any greater difficulty in providing for expansion 
with this system than with an ordinary stiffening 
girder. It would seem, however, that though the 
arrangement suggested reduces the weight needed 
to resist live-load and wind stresses, it should, from 
its greater stiffness, cause the temperature stresses 
to be greater, since the more rigid the stiffening 
girder the greater the temperature stresses. These 


stresses are also a function of the dip of the chain ; | 


and it is noteworthy that the versines now adopted 
are much greater than was the practice 30 or 40 
years ago. In the Brooklyn Bridge the ratio of 


equal, this change alone would diminish the tem- 
perature stresses by about 25 per cent. 








AMERICAN [TRON PRODUCTION. 

Ir the decline in the earnings of the United 
States Steel Corporation were the measure of the 
decline in the American iron and steel trade from 
the high level of six or nine months ago, there would 
be room for alarm—to America because of the bad 
outlook, and to the United Kingdom and Europe 
principally because of the certainty that the dump- 
\ing of surplus American productions on to our 
| market would before long be on a very large scale. 
|For the December quarter the net profits were 
14,845,000 dols.; for the September quarter, 
32,423,000 dols.; and for the June quarter, 
36,642,000 dols. As compared with the last three 
months of 1902, the earnings for the past quarter 
show a decrease of 17,141,000 duls. The monthly 
| figures are even more eloquent, the amount for 
December reaching 3,100,000 dols., for Novem- 
ber 4,020,000 dols., for October 7,675,000 dols., for 
September 9,121,000 dols., for August 10,918,000 
dols., for July 12,384,000 dols., and for June—the 
| best month this year—-12,993,000 dols. Further- 
more, at the end of the year the unfulfilled orders 
/on hand represented 3,215,000 tons, as compared 
| with 5,347,000 tons a year before. It seems pro. 
bable that the internal dissensions among the 
management of the Trust, and the insistence upon 
prices which the condition of trade did not warrant, 
|have told severely against the business ; and that 
while the Trust has been strenuous to maintain the 
value of steel rails and other commodities at what 
it is pleased to regard as a fair level, the independent 
people have been taking the orders on the best 
terms obtainable. 

The controlling interest has now, so it is gene- 
rally believed, passed to the Rockefellers ; and if 
that be the case, Mr. Carnegie himself helping, the 
concern may, perhaps, be pulled together. But it 
is now manifest beyond a doubt that, as we have all 
along declared, the concern is too vast for proper 
and efticient management, and its financial position 
too overweighted to permit a profitable result in 
dull or even normal times; that it has made quite 
inadequate appropriations for depreciation of plant, 
&c.; and that altogether it is in a distinctly dis- 
couraging state. The improvement in the armour- 
plate plant of the Carnegie Steel Company at Home- 
stead, which cost over 2,000,000 dols., is now 
completed, and the Corporation expects to begin 
turning out armour-plate at double the present rate 
almost immediately. This will help, of course ; 
but the policy of adhering to 28 dols. a ton for 
steel rails, with the outside manufacturers taking 
several dollars less, is foolish, and the shipping 
of the surplus to Europe cannot benefit the 
Trust. 

The output of pig iron in the United States last 
year is estimated at 17,744,840 tons, compared with 
17,821,307 tons the previous year, 15,821,307 tons iz 
1901, 13,789,242 tons in 1900, and 11,773,934 tons 
in 1898. At the close of the calendar year, for the 
last six years, the furnaces in blast compare as 
follow :— 








| Out of Blast. Capacity per Week. 


Year. In Blast. 

1903 18t 171 241,407 
1902 307 105 344,950 
1901 266 140 313,775 
1909 232 ee 289,488 
1898 202 222,067 
1897 191 


The capacity of the furnaces now in blast 
is over 400,000 tons per month less than for the 
same period last year, and is the smallest capacity 
in blast at the close of December in the six-year 
period since 1897, with the exception of December, 





| tion, the total for the month of December running 


The domestic production of pig iron, the imports, 
'—with the 1903 results estimated—are shown in 


the comparisons given in the next column. 


|the domestic production fell off 76,467 tons, the 








Pig-Iron Production and Stock in the United States. 


Stocks Un- 

















F Domestic Total 
Year, Production,  !™ports. an Supply. 
tons tons tons tons 
1898 11,773,934 25,152 874,978 12,674,064 
1899 13,620,703 40,393 415,333 14,076,429 
1900 13,789,242 42,565 68,309 13,910,116 
1901 15,878,354 62,930 446,020 16,387,304 
1902 17,821,307 625,383 70,647 18,517,337 
1903 17,744.840* 600,000 650,000 18,344,840 


* Estimated. 

years rather below that of 1902—the record year. 
The production of domestic pig iron for the first 
six months of this year was 9,707,367 tons, leaving 
8,037,433 tons for the second half ; a figure from 
which this current half-year will see a very material 
falling off. The consumption for the 12 months is 
put at about 17,990,589 tons—an apparent decrease 
of 49,292 tons on 1902, but an increase of 5,784,913 
tons on 1898. The production of steel is put at 
13,500,000 tons, as against an actual 14,947,250 
tons for the preceding year. The year 1902 was 
filled with important events. At the beginning 
prices were extremely high, and the production of 
iron was the largest in history. There was an 
enormous consumption, and the lack of fuel, and 
the failure of railroads to handle materials promptly, 
made it impossible to supply the demand. The 
result was the blowing in of a number of furnaces 
and large imports of foreign iron, which were neces- 
sary in order to fulfil contracts. For months it 
was impossible to supply the trade as promptly as 
iron was used. Some enthusiastic makers took occa- 
sion to construct new furnaces, making an addition to 
the producing capacity of the country equal to 
4,500,000 tons. These new establishments will not 
all be in blast until the end of next year. The pro- 
duction in the first half of the year was at the rate 
of more than 1,500,000 tons per month, made by 
320 furnaces. At the beginning of the year there 
were 13 less furnaces in blast than on June 30, 
but even with the addition there were 101 fur- 
naces out of blast on June 30. Many of these 
furnaces out of blast are antiquated, but it is 
evident that the capacity of production is much 
larger than the figures for the first half-year indicate. 
The production, as we have seen, was 9,700,000 
tons of iron, and if all the furnaces had worked 
to their full capacity, there might have been 
12,000,000 tons made in the half-year. In the 
last half of the year entirely different conditions 
prevailed. The consumption of iron fell off. The 
heavy production and the large imports made an 
over-supply, which at once affected prices, and in 
a very short period it was necessary to restrict the 
output. The fall in the price of iron was equivalent 
to 8 dols. per ton for No.2 X iron, or from 23.50 dols. 
to 15dols. per ton, It became necessary for some 
makers to sell large lots of iron, some of it below 
these quotations ; and notwithstanding the decline 
in the price of coal and other materials, a reduction 
in the cost of labour and of freight, a large number 
of iron producers found themselves unable to 
make iron at a profit. In the matter of steel, the 
Iron and Machinery World says :—‘‘ There is full 
assurance that fora time at least the old values 
will be maintained, and the relief to the buyers is 
sufficient cause for the more liberal buying which 
has been the feature of the past week. This better 
buying is moderate ; it indicates a fair consump- 
tion, but nothing to compare with the pace of a 
year ago.” 

The ore production of the Lake Superior region, 
including that from Canadian ports, aggregates for 
the last season 24,100,000 tons, compared with 
27,571,121 tons in the season of 1902, 20,593,537 
tons in 1901, and 19,059,393 tons in 1900. The 
present ore surplus is estimated at 7,100,000 tons, 
compared with about 3,000,000 tons surplus at the 


1898, when the weekly capacity was 222,067 tons. | close of the season of 1902. A meeting of the 
It shows what drastic efforts are being made to bring | Lake Superior ore interests will be held early this 
production more into line with actual consump- | month to determine the prices to be put into effect 
|for the season 
only to about 700,000 tons, as against 1,462,193 | April. 
| tons for October, and 1,596,703 tons for September. | held, and that the big reduction in this year’s 
}output will 
the stocks unsold on January 1, and the totalsupply | with prices no 
closing of some forty or more iron-producing 
/mines in the Lake Superior region last month has 


In this comparison the figures show that while | thrown thousands of miners out of work. The 


of 1904, which will open in 
It is believed that prices will be firmly 


insure a light output for 1904, 
lower than this year. The 


mines are almost wholly owned by the United States 


dip to span was about 1 in 12.5; whilst in Mr. | estimated imports for the calendar year of 600,000 | Steel Corporation, which has recently assumed a 
Lindenthal’s design for the Manhattan Bridge it| tons, together with the unsold stock of 70,647 tons | policy of economy, based, its officers say, on the 
appears to be about 1 to 9. 


Uther things being}vn January 1 last, make the total supply for the | uncertainty of the demand for iron during the next 
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pee SRE, 
two years, together with the fact that an enormous 
amount of ore is lying on the dumps ready for 
shipment, and which will supply the furnaces for 
several months. 








THE GREAT NORTHERN AND CITY 
RAILWAY. 

Wr had the opportunity, through the courtesy 
of the contractors, Messrs. 8S. Pearson and Son, 
Limited, of being present, on the 13th inst., at 
a trial trip on the Great Northern and City 
Railway, which line has recently been constructed, 
and will, we understand, soon be opened to the 
public. It is one of the many, now in course of con- 
struction, which are intended to relieve the congested 
traftic in the streets of London, and it connects 
Finsbury Park, on the Great Northern Railway, 
with Moorgate-street Station, at Finsbury Pave- 
iment. An extension is also in progress to the 
Bank. The course taken is from Finsbury Park 
to Drayton Park, then on to Highbury; from 
there, under Canonbury-road to Essex-road, whence 
the line passes under New North-road to Old-street, 
and from there runs on to Moorgate-street. Be- 
tween the two latter stations the tunnel is directly 
above the City and South London Railway, which 
runs from the Bank to the ‘‘ Angel” at Islington. 
The total length from Finsbury Park to the Bank is 
about 34 miles. As the stations are comparatively 
near together, it will be necessary to have a rapid 
and frequent service of trains, and to employ a 
high rate of acceleration. In order that the time 
and space required for shunting the locomotive 
at the crowded termini may be avoided, the trains 
are to be capable of operation in either direction 
from either end ; and to fulfil this requirement, 
it was decided by the company to equip the trains 
with the multiple-unit system of the British Thom- 
son-Houston Company, Limited, as it was con- 
sidered that this was specially suited to the cir- 
cumstances, 

It is intended to run a three-minute service of 
seven-coach trains, a single journey being com- 
pleted in about 135 minutes, including three 
intermediate stops of 20 seconds each, and the 
trains will be worked on the shuttle principle at 
the termini to avoid shunting. This will allow 
eleven trains to be running at the sametime. When 
normally loaded the trains will weigh about 200 tons, 
and will seat 505 passengers each. Lach train will 
be composed of three motor-cars and four trailers. 

The tunnels, which are 16 ft. in diameter inside, 
open out to nearly 23 ft. in diameter at the stations, 
and the rails are laid to standard gauge on longi- 
tudinal sleepers. In the part ofthe track which is 
open the road is of the standard type, with cross- 
sleepers. The track and the tunnels will allow of 
the existing Great Northern Railway rolling-stock 
running over the line, the tunnels being large 
enough to take the coaches even with the door open. 

The power for operating the system is supplied 
from a single generating station situated in Poole- 
street, New North-road, about a mile north of Moor- 
gate-street Station, and by this arrangement the line 
can be operated without feeding from any other point, 
and a convenient section of collector rail can be 
used. The area available for the power-house was 
very limited, and much ingenuity had to be dis- 
played in getting in the whole of the necessary 
plant. As the site adjoins the Regent’s Canal, this 
latter will be used as the source of supply for 
condensing water, the water being taken out above 
the lock and returned on the down lock side, at a 
point about 100 yards below the intake. The 
passenger lifts at Essex-road and Finsbury Park 
stations will be worked by plant installed in the 
main generating station in Poole-street, and the 
current for lighting the entire system will also be 
supplied from the same station. 

Ten Davey Paxman ‘‘economic” boilers, each with 
agrate area of 40 square feet, supply steam at 160 lb. 
yer square inch to the engines, and each boiler is 
itted with a Vicar’s automatic stoker. These 
latter are driven by two motors, each of which is 
equal alone to driving the whole of the stokers. 
Coal is delivered to the boilers by means of a Hunt 
conveyor, which is large enough to deal with 30 
tons per hour. On their return journey the buckets 
of the conveyor pass under the stokehole floor, and 
carry away the ashes from the various furnaces. 

There are four main engines of the vertical 
cross-compound type, built by Messrs. John 


Musgrave and Sons, Bolton, and running at 100 
revolutions per minute. 


They have a normal 


capacity of 1250 indicated horse-power, with 
steam at 150 Ib. pressure per square inch. They 
are connected direct to four standard British 
Thomson - Houston railway type generators, 
which are rated at 800 kilowatts each, but which 
are capable of taking a load up to 1200 kilowatts 
for two hours at any time during continuous 
service. They will also be able to withstand 
momentary overloads of 100 per cent. without 
injurious sparking. They are compound wound to 
give 525 volts at no load, and 575 volts at full load. 
In addition to these there are two Peache engines 
by Davey, Paxman, and Co. driving two British 
Thomson-Houston six-pole 120-kilowatt compound- 
wound generators at 375 revolutions per minute. 
These dynamos are compound-wound, and have a 
voltage the saine as the main generators, and they 
can be overloaded 50 per cent. for two hours. 
They are intended for lighting the power-house, 
and for operating the electrically-driven auxiliary 
plant, when it is not convenient to take power for 
this purpose from the main generators. 

Water is taken from the canal for boiler and 
condenser purposes, but as it is dirty, and varies 
in hardness from time to time, a Desrumaux 
softening plant has been installed, which is capable 
of treating 8500 gallons per hour. Water, when 
necessary, can also be obtained from the City 
mains. Oil and grease are removed from the water 
by means of a Masson-Scott separator, which can 
deal with 10,000 gallons per hour. 

A switchboard, with 16 panels, is placed at the end 
of the generating station, and the circuit-breakers 
are of the British Thomson- Houston magnetic 
blow-out type. The cables are taken from the 
switchboard along the outside of the boiler-house 
wall, and then down a special cable-shaft into the 
tunnel ; and the power is conveyed to the motors 
on the cars by means of two insulated rails on each 
track, one of which is placed 2 in. higher than the 
other, while both are outside the track-rails. They 
are of channel section, and weigh 80 lb. per yard. 


The repair-shops in connection with the railway | 


are equipped with all the necessary tools, and are 
driven by a single motor. They are situated at the 
side of Drayton Park Station, and power can be 
taken either from the rails or from the lighting main. 

The engineers for the Great Northern and City 
Railway are Sir Douglas Fox and Mr. Francis Fox ; 
the contractors for the entire plant are Messrs. 
S. Pearson and Son, whi'e the British Thomson- 
Houston Company, Limited, are responsible for 
the entire electrical equipment, the power-house, 
line, and cars. 

To those people who have had the misfortune 
at certain times of day to use Finsbury Park Station 
it must have been manifest for a long time that 
some means of relieving the terribly congested state 
of the traflic was urgently required ; and when, at 
last, high officials of the company were compelled 
to travel in crowded third-class compartments, for 
want of better accommodation in the train, the 
matter received practical attention. The new line 
has not been made too soon, and will, no doubt, 
very quickly justify its existence. 








THE LAW OF RATING. 


tenements, and hereditaments, assessable under 
and by virtue of the various Acts and laws in force 
relating to assessments. 

2. The appellants have no sole or exclusive occu- 
pation of the ground upon which the huts rest, the 
huts being erected by the privilege or easement of 
the railway company and others. 

3. The huts do not in any case possess the 
quality of permanence, nor are they in any sense 
permanently attached to the ground as fixtures, 
and accordingly they are not rateable hereditaments 
within the meaning of the laws and Acts now in 
force with reference to assessments. 

4. The said huts and offices form part of the 
appellants’ plant used by them in connection with 
the construction of the railway through the parish 
of Anston, and may be removed at any time as the 
work of construction may necessitate such removal, 
and they will be in any case removed along with 
the rest of the plant when the construction may 
necessitate such removal, and they will be in any 
case removed along with the rest of the plant when 
the construction of the railway is completed. 

5. The said appellants derive no beneficial occu- 
pation from the said huts and offices. 

6. In any case, the estimated rental of the said 
huts and offices is excessive. 

It was contended on the part of the rating 
authority that the huts were rateable as heredita- 


| ments fastened to the soil. 


The contractors, however, contended that the 
huts were built in such a way as to be capable of 
being easily removed when the work was com- 
pleted, and that, so far from being a source of 
eer they were a source of loss, as the rent paid 
ny the navvies in respect of sleeping accommoda- 
tion was not suflicient to provide a return upon 
the outlay necessary to provide the materials of 
which the huts were built. In the event the Court 
of Quarter Sessions allowed the appeal, and quashed 
the rate. 

It is curious that no case can be found in the 
books where the question, whether huts of this 
kind are rateable, was discussed. The reason 
suggested on behalf of the contractors was that 
no rating authority has ever considered them 
capable of being brought into rating. In our view 
the decision of the Sheftield magistrates accords 
with justice, and the theoretical principles which 
underlie the law of rating. It is obvious that no 
hereditament can become capable of earning profits 
until the works upon it have been brought to com- 
pletion ; and a special provision is to be found in 
the Lands Clauses Consolidation Act, under which 
a railway company who take land which may be 
thrown out of rating during the progress of works 
are bound to pay compensation to the rating 
authority. But the justice of the case is laid upon 
deeper foundations. Although rates are theoreti- 
cally levied for the relief of the poor, as a matter 
of fact the ratepayer gets a good return for his 
money. The repair of highways, drainage systems, 
&c., are carried out with public funds. Indeed, 
the increase of the rates in most districts is, to a 
large extent, explained by an increasing tendency 





| towards municipalisation of everything in supposed 
i\furtherance of the public interest. 


It cannot be 
said that those who build, or those who inhabit, huts 


A NICE point in the law of rating, which is of |like those which we have described are likely to 
considerable interest to contractors for large engi- | derive much benefit from rates paid in respect of 


neering works, was recently heard by the Court of | them. 
It is well known | progress will be watched by engineers and others 


Quarter Sessions at Sheftield. 


If the case is taken toa higher court, its 


that buildings are, as a rule, rateable to the relief | with the greatest interest. 


of the poor, and that the rate is based upon what 
the tenement might reasonably be expected to let 


} 


at from year to year, subject to certain deductions. | 


In the case in question it appeared that Messrs. 
Mitchell Brothers, railway contractors, of Glasgow, 
had a contract for the making of a railway line in 
the neighbourhood of Shireoaks. 
that the works were situated at a long distance 


| 


Owing to the fact. 


from habitable houses, the contractors found it | 


necessary to build huts for their navvies. 
huts were built of wood, with galvanised iron roofs, 
and were affixed to the soil by wooden posts driven 
a short distance into the ground. One of the huts 
(they were five in number) contained offices which 
were used partly by the contractors and partly by 


the railway company for whom the work was being | 


carried out. The assessment committee of the 
Anston Union rated each of the huts at 10/. gross 
and 6l. 13s, 4d. net. The contractors appealed 
against the rate on the following grounds :— 

1. The said huts and offices are not rateable sub- 
jects, and do not come within the category of lands, 





These | 








NOTES. 

Exectric Traction on SwepisH Raitways. 
THE Swedish State Railways have decided to put 
electric traction to a thorough practical test; the 
lan has been under discussion for some time, and 
has been favoured by the large number of water- 
falls to be found in various parts of the country. A 
vote of 425,000 kr. is asked for in the first instance, 
so that rational experiments may be taken in hand. 
It is proposed to draw the electric energy from a pro- 
visional power station at Tomteboda, three or four 
miles outside Stockholm, and confine the trials to 
the Stockholm- Varta and the Stockholm - Iérva 
sections, the first - mentioned section being as- 
signed to the preliminary trials. The second 
move, provided the necessary vote is granted, will! 
be the establishment of regular electric traftic 
between Stockholm-Iérva and Stockholm-Viarta. 
The experiments cannot be carried on on a 


very extensive scale, owing to the limited funds 
' 
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and the correspondingly short distances, yet it is 
hoped that the results will be sufficiently decisive, 
as regards the introduction of electric traffic on 
such lines as have waterfalls in the vicinity. 
The power station at Tomteboda will be worked by 
steam and have a capacity of about 500 horse- 
power ; alternate current will be adopted. Nothing 
has as yet been decided with regard to motors and 
rolling stock, but it is expected that the experiments 
will begin before the end of 1904, and that they will 
allow of a considerable speed being obtained. In 
Norway, too, the question of adopting electric trac- 
tion is being discussed ; and Norway, like Sweden, 
is possessed of plentiful unexploited water-power. 


Tae Royat TECHNICAL TESTING-STATION AT 
BERLIN. 


From the report on the work of the Prussian 
Mechanical and Technical Testing-Station at Berlin 
in the year 1902, which the director, Professor A. 
Martens, has kindly sent us, we see that the 
station will soon be transferred from its old 
quarters in Charlottenburg, adjoining the Tech- 
nical College, to new buildings at Gross Lichter- 
felde, where more commodious accommodation is 
being provided. The report briefly sums up the work 
done. The staff consisted in 1902 of the director, 
the chiefs of the four departments—Professors 
Rudelofts, Gary, Herzberg, and Holde—-with Pro- 
fessor Heyn as chief of the metallographical sub- 
departinent ; four permanent workers, 21 assistants, 
24 technical attendants, clerks, labourers, Kc. ; 
altogether 102 persons. In the metal-testing de- 
partment, which might also be called the engineer- 
ing department, 376 orders were attended to, neces- 
sitating 4500 experiments. The number of the 
previous year was 386. The slight decrease—or, 
rather, the absence of an increase — may be 
ascribed to the general depression; but, as a 
matter of fact, some important work had to 
stand over, as the 500-ton testing machine had 
to be dismounted for removal in October. Most 
of the orders came from Germany—5d from authori- 
ties, 307 from private establishments, one from a 
Swiss authority, and 13 firms in various countries 
also consulted the Institute. We notice only one 
inquiry from England in the whole report. The 
varied work comprised 1743 tensile strength tests, 
15 tests of machines, tests of 18 lubricants, and 1 
bearing, 19 load tests, 4 mirror apparatus of the 
Martens type, 1 torsion meter of the Rabert 
type, 1 spring dynamometer, &c. The load tests 
concerned stairways, beams, and ceilings ; in 
several cases the iron armures of ferro-concrete 
were tested after having been fixed. The metallo- 
graphical department studied particularly the 
action of waters on irons and coppers of diffe- 
rent compositions. The brittleness of copper and 
zinc and nickel-iron alloys was inquired into; papers 
on these subjects have been brought before the Iron 
and Steel Institute. Attention is drawn to the fact 
that sample-taking for mechanical tests should be 
based on previous microscopical examination. The 
material is not rarely heterogeneous in a cross- 
section, and the microscope may reveal an arrange- 
ment in zones which are of particular importance 
when the diameter of the specimen is in some 
places reduced through grooves or threads, The 
department investigated 27 such cases, two coming 
from abroad, The department for building materials 
had, in many cases, to deal with work similar 
to that of the engineering department. The 
609 orders involved 31,575 experiments, includ- 
ing tests of 22 different ceiling constructions 
in stone and concrete ; further, many tests of artifi- 
cial lime, sandstones, concretes, and cements, which 
have much been perfected of late. The determina- 
tion of slag admixtures to Portland cements is still 
a difficult matter. Four fire tests were carried 
out in the presence of officials. The paper-testing 
department was kept busy by the authorities, who 
sent 643 inquiries, while the private orders num- 
bered 442 ; 31 of these inquiries came from abroad. 
The inquiries concerned 1622 kinds of paper, 19 
cartoons, 10 cardboards, two roof papers, 26 kinds 
of cellulose, 50 textiles, 33 kinds of flax, two 
kinds of hair, three testing machines, &c. In one 
case a court of justice wished to have expert 
evidence why some paper wrappers tarnished brass 
fittings for lamps. The permanency of type- 
written documents has also been investigated ; it 
would seem that, on the whole, erasures are exceed- 
ingly difficult to effect. Three volunteer students 


attended this department for their own instruction. 
The oil-testing department had to conduct 867 





experiments to examine many samples of oils, 
nine Pensky - Martens flash - point apparatus, 
ashphalte-pitches, &c. The Pensky a was 
found suitable to determine the volatility of heavy 
mineral oils for steam cylinders and electric trans- 
formers. The chemical department performed 612 
analyses, and worked out methods for testing kero- 
sene and paraftin, and for the detection of oil of 
turpentine and other purposes. The director 
acknowledges his indebtedness to the chiefs of 
various works which members of the staff were 
allowed to inspect ; visits were paid, among others, 
to the chief official and private chemical laboratories 
of London, including the laboratories of Drs. 
Lewkowitch and Hehner, and the petroleuin insti- 
tute of Dr. Dvorkowitch. 








SHIPBUILDING AND MARINE 
ENGINEERING, 1903. 


(Continued from page 64.) 
TEES. 

THE six firms on the River Tees—at Middlesbrough 
and Stockton — have together launched 40 vessels 
during the year, the collective tonnage being 94,973. 
But, as in one or two preceding years, companies prefer 
to give what one of them terms the “statistical” 
tonnage, meaning the tonnage including deck erec- 
tions. The total is the lowest since 1897, when the 
vessels launched made up 89,613 tons. Following 
upon that year, there was a steady advance, until the 
record was reached in 1901—169,111 tons; 1902 saw a 
drop to 114,024, and now the figures for the year under 
review is close upon 75,000 tons less than the record 
total, which means that only about half the men, for 
whom work was found two years ago, have been em- 
ployed during the past twelve months. This is, 
perhaps, the most striking instance of depression, and 
clearly shows that it is the moderate-size freight- 
—— ship for which there is a decreased demand, 
as the vessels launched on the Tees are for the most 
part ships of this class. All the vessels launched were 
steamers, es only two small barges. As usual, 
there has been a large amount of tonnage built for 
foreign owners, about 32 per cent., which is the highest 
since 1896. The other years average about 24 per cent., 
but in 1903 the ratio was 29.9 per cent. Only one of 
the vessels constructed within the year ‘enleua 5000 
tons—the Welsh Prince, of 6389 tons, built at Messrs. R. 
Craggs and Sons, Limited, of Middlesbrough—whereas 
in each of the two preceding years there were two 
vessels of this size. bf vessels between 4000 and 5000 
tons there were five, as compared with four in 1902 ; 
while in the three preceding years the numbers under 
this category were twenty, nine, and four respectively. 
Of ships between 3000 and 4000 tons there were twelve, 
as compared with sixteen and fifteen in the two pre- 
ceding years; between 2000 and 3000 tons, five; 
between 1000 and 2000 tons, eight ; between 500 and 
1000 tons, six; and of smaller craft, three. The 
average size of the ship was pretty much the same as 
in the preceding year ; indeed, there were fewer small 
ships than in 1902. 

The total foreign tonnage was 30,586, as compared 
with 33,027 tons in 1902, 38,859 tons in 1901, and 
32,990 tons in 1900. The countries for whom these ships 
were built were France, 5416 tons, as compared with 3219 
tons in the previous year ; Holland, 3859 tons, as com- 
pared with 3830 tons ; Belgium, 2040 tons ; Sweden, 
1526 tons ; Portugal, 1554 tons ; Germany, 1800 tons, 
as compared with 3459 tons and 12,630 tons in the 
two preceding years; Austria, 612 tons; and South 
America, 1770 tons. ; 

TaBLE IX.—Production of Tees Firms. 

















1903. 1902. 1901. | 1900. 
Name of Firm. ee: 
No. Tons. | Tons. Tons. Tons. 
Sir Raylton Dixon and Co., 

Limited. 5 . 10 20,407 18,152 25,609 34,244 
R. Craggs and Sons 6 19,400 16,613 28,629 19,930 
Craig, Taylor, and Co. ‘ 8 12,014  23,397* 40,244* 36,253 
W. Harkess and Son, Ltd. 2 1,367 1,248 6,007 3,601 
Richardson, Duck, and Co. 7 22,259* 22,012 26,707 20,588 
Ropner and Son -. 7 10,526* 32,602") 42,715* 42,263 


* Includes erections. 


Table IX. records the production of each of the six 
firms on the Tees, the order being according to the 
Board of Trade total tonnage. As Messrs. Richardson, 
Duck, and Co., and Messrs. Ropner and Son, send us 
only the tonnage, including erections, we regret we 
are unable to aeuae them their exact relative posi- 
tions. Sir Raylton Dixon and Co. built ten vessels, of 
20,407 tons, which is 2250 tons more than the previous 
year, but is considerably less than the totals of the 
three preceding years, especially of 1900 and 1899, | 
when their output exceeded 34,000 tons. Messrs. 
Craggs have a total of 19,400 tons—much less than the 
high aggregate of 1901, but the same as in 1902. They 
send both measurements—the Board of Trade total | 








being 19,400, and the gross tonnage, including erec- 
tions, 22,695. 

Messrs. Craig, Taylor, and Co.’s total shows a great 
decrease ; excluding erections it is 12,014 tons, and 
with erections 13,126 tons. 

Messrs. W. Harkess and Sons launched two vessels, 
of 1367 tons—one of which was for British and the 
other for Austrian owners. Sir Raylton Dixon’s list 
includes two vessels of over 4000 tons and two of over 
3000 tons, some of them first-class passenger steamers. 
One of them, the Ambrose, for instance, has engine- 

wer of 1.35 indicated horse-power per ton. All of 
Messrs. Ropner’s vessels were for East Coast owners, 
and the list includes one vessel of 4634 tons, and four 
others of over 3000 tons. Messrs. Richardson, Duck, 
and Co. built a steam-yacht of 635 tons, with engines of 
850 mene gboni and the other six vessels were also 
for British owners. With two exceptions, all the 
vessels built by Messrs. Craig, Taylor, and Co. were 
for foreign owners, while only two of Messrs. Cragg’s 
ships were for British owners. 


HARTLEPOOL. 


Curiously enough, the output of the three yards at 
Hartlepool is practically the same as it was in 1902, 
being 84,923 tons, the measurement of 28 vessels. But 
in 1903 the vessels were of smaller size, for the total of 
84,747 tons in 1902 was for 21 vessels. This output, 
however, is, as in the case of the Tees, very much less 
than the record total of 1901, the reduction being 61,000 
tons, and here also one has to go back to 1897 to find a 
parallel for the small output. All the vessels were 
propelled by steam. The proportion of foreign work 
shows a very considerable decrease, only five of 
the vessels having been constructed for foreign 
owners — one of 2282 tons for Greece; two, total- 
ling, 3891 tons, for Copenhagen (these three by 
Messrs. Gray), and two, making together 2706 
tons, for Norway and Sweden, built by Irvines Com- 
pany. These five, therefore, make up 8879 tons, equal 
to 10.6 per cent. of the total production, whereas in the 
previous year the proportion was 17.7 per cent., and 
in 1901 29.7 per cent. The ratio of foreign tonnage 
in this district has fluctuated considerably — from 
12.2 per cent. to 29 per cent. during the past few 
years—so that it is not possible to form any deduction 
from the figures. The largest ship constructed in the 
port was one of 9247 tons, by Messrs. Furness, Withy, 
and Co., Limited, who also built two of 5200 tons, 
and two of 4545 tons, their average being high— 
5341 tons. Messrs. Gray’s vessels ranged from 1934 
tons to 3398 tons. The smallest ship built during 
the year at Hartlepool was of 503 tons. There 
were four between 1000 and 2000 tons, as com- 
pared with one and two in the two preceding 
years; thirteen between 2000 and 3000 tons, as 
compared with eight, six, and eight in the pre- 
ceding years; five between 3000 and 4000 tons, as 
compared with four, sixteen, and thirteen; two 
between 4000 and 5000 tons—the same number as in 
the preceding year, but much less than in 1901 and 
1900, when the figures were eleven and nine. Between 
5000 and 6000 tons we have two vessels, as compared 
with one ; but whereas there were five and four vessels 
over 6000 tons in the. two preceding years, we have 
for 1903 the one vessel of 9247 tons already referred to. 
It will therefore be noted that the decrease is in the 
larger size of vessel. In Table X. we give the pro- 


TABLE X.—Production of Hartlepool Firms. 














1903, 1902. 1901. 1900. 
Name of Firm. ns 
No., Tons. Tons. Tons. | Tons. 
Sir W. Gray andCo., Ltd.| 15 39,493 42,254 82,262 74,191 
Furness, Withy, and Co., 

Limited. . <e = 32,049 26,493 35,490 33,879 

Irvines Company, Ltd... 7 18,381 16,000 28,202 25,472 
duction of the firms, showing the figures for several 


preceding years, and from this it will be seen that 
Messrs. Furness, Withy and Co. maintain a high 
average, due to the large size of the vessels produced, 
while Messrs. Gray have produced barely one-half the 
totals of the three years 1899-1901, although their 
output is only 3000 tons less than in 1902. Irvines 
Company have algo experienced a very serious decrease 
since 1901, their total for the past year being only 
equal to half of the average of the three years 1899- 
1901. 
Tuy HumBers 

Thanks largely to the resumption of work at the 
Earle’s shipbuilding yard, under new management, the 
total for the amber shows an increase on those for 
preceding years, being about 11 per cent. higher than 
in 1902, and more than double the total of 1901 ; but 
when compared with the highest totals in some pre- 
ceding years—notably, with the 33,958 tons of 1898— 
last year’s production shows a decrease of 13 per cent. 
The output for the year is made up of 110 vessels, 
aggregating 29,500 tons, the great majority, as usual, 
being fishing craft. Indeed, all of the vessels, with 














JAN. 15, 1904. | 


ENGINEERING. 





IOI 





——_S 
six exceptions, were craft under 500 tons ; all these 
larger ships have been produced by the Earle’s Com- 

ny. None of the vessels were for foreign owners, 
whereas in the preceding year there were quite a number 
of fishing and other craft for Continental countries, the 
total in 1902 having been 4353 tons—equal to 16.5 per 
cent. of the aggregate output, while in 190] the pro- 

rtion was 14.1 per cent.; prior to that, however, it 
seldom exceeded 5 per cent. The inference is that 
foreign countries are now building their own steam 
trawlers and other fishing craft, having probably de- 
rived advantage from the study of the vessels already 
supplied by the noted builders of these boats on the 
Humber. Of the total, 3800 tons were sailing boats, 
most of them also for winning the harvest of the sea. 
This equals 12.9 per cent. of the total output, which 
ig rather smaller than usual, the ratio in the previous 
year having been 40 per cent.; in 1901, 55 per cent.; 
and in 1900, 23 per cent. ; 

We give in Table XI. a note of the production of 
the principal firms in the district. The Karle’s Company 
return to ‘their old position at the top, having launched 
six vessels, of an aggregate tonnage of 10,973, which 
included a Wilson liner of 4887 tons, three vessels 
ranging between 1694 and 1038 tons, and one of 672 


TabLE XI.—Production of Humber Firms. 








1903. 1902. 1901. 1900. 
No. Tons. Tons. Tons. Tons. 
Earle’s Company .. os .-, 6 10,973) 995 — 4731 
Cook, Welton, and Gemmell .. 37 7,710 8366 , 3507 6148 
The Goole Company .. 12. 3,066, 2359 | 1152 = 
Joseph Scarr and Son .. 18 2,022, 3195 | 3300 2209 
T. Dobson and Co... - .. 9 1,996! 500 — _ 
Cochrane and Sons 9 1,474! 4057 140 3921 
The Selby Company .. 10 1,188! 1714 2483 = 2407 
George Cooper... - --| 6 1,000 12183 — ~ 
Henry Searr.. Pe as <<} oe 998, 1400 964 1075 
Mr. Warren .. % ws car 840 580 500 240 
Cottingham Brothers... cal 290 440 3909 — 
Production of Principal Marine Engineering Firms. 
Total. 1902. 
1.H.-P. 1.H.-P. 
C. D. Holmes and Co. .. 13,000 10,535 
Amos and Smith .. 11,200 8,990 
Earle’s Company .. oe ss 10,550 2,600 
Tindall, Earle, and Hutchinson 760 2,010 


tons. This equals the output of 1899, from which 
year the old firm experienced dull times, and it is, 
indeed, satisfactory to record the success of the new 
firm in their first year of operations. The manage- 
ment has very considerably added to the resources of 
the establishment, so that better times are probably in 
store. The second firm on the list, Messrs. Cook, 
Welton, and Gemmell, have two yards—one at Hull 
and the other at Beverley; at the former they con- 
structed 15 steam trawlers, ranging from 171] tons to 
262 tons, all of them for local owners ; while at the 
Beverley yard they built 22 vessels, some of them 
fleeters and drifters, but most of them trawlers. Ex- 
cepting two Peterhdad drifters, all were for local 
owners, and all were steam vessels. Most of them 
were engined by Messrs. Amos and Smith. It is 
worthy of note that in many cases the power of 
the engines equalled two horse-power per gross ton of 
the trawler. The production, it will seen, is 
slightly less than in the previous year ; but, with this 
exception, it is the best total yet turned out by the 
firm. The third place on the list is taken by the 
Goole Shipbuilding and Repairing Company, Limited, 
who launched 12 vessels, of an aggregate tonnage of 
3056 tons, all, with one exception, for local owners. 
This is 700 tons more than in the previous year, and 
nearly three times the total of 1901. Messrs. J. Scarr 
and Son have also two yards—one at Beverley and the 
other at Howden; at the former they produced 12 
vessels, of 1432 tons, and at the latter 6 vessels, of 
590 tons. Most of these were lighters, the exceptions 
being three sloops, a schooner, and one keel. The 
output is fully 30 per cent. less than in the two pre- 
ceding years; the firm have on hand work totalling 
1200 tons. Messrs. Cochrane and Sons’ total, which 
is only about one-third what it was in the preceding 
year, is made up of nine vessels of a varied type-- 
three trawlers, two drifters, two lighters, and two 
small cargo-boats. |The Selby Company launched 10 
vessels, of 1138 tons, their productionalso being consider- 
ably less than in preceding years. The total of Mr. 
George Cooper, of Hull, is made up entirely of 
trawlers and drifters. Mr. Henry Scarr constructed 
eight vessels of 998 tons, including a screw-tug of 
120 tons, a launch, a ketch, a sloop, two keels, and two 
barges. The returns of the other leading firms are 
noted in our table. 

The engine production is separately recorded. 
Messrs. Charles D. Holmes and Co., who top this list, 
supplied vessels built by Messrs. Cook, Welton, and 
Gemmell, the Goole Company, Mr. George Cooper, and 
Messrs. Cochrane. The total number of vessels engined 
is 32, with an aggregate power of 13,000. The vessels 
were mostly of the trawler type, the steam-pressures 
varying from 160 lb. to 200 lb. per square inch. The 
firm have six more sets of machinery and boilers to 





make, but they indicate that the outlook is not at 
all promising. The total returned by Messrs. Amos 
and Smith is made up of 27 vessels, one of which was 
of the twin-screw type. In four cases new engines 
were fitted to old vessels, and in the other instances 
the builder of the boats was Messrs. Cook, Welton, 
and Gemmell, the one exception being a vessel with 
engines of 750 horse-power, constructed by the Karle’s 
Company. 
THE THAMES. 

Although the total tonnage returned by the several 
builders on the Thames makes up a less total than in 
the preceding year, the work in ~—— is quite up to 
the average. No large ship is included, but wa is 

rogressing satisfactorily with the first-class cruiser 

lack Prince at the Thames Ironworks, and _ this 
vessel of 13,550 tons will fall to be included in this 
year, which will tend to make up for the low tonnage 
of 1903. In all, 139 vessels have been built, making 
up a total of 15,426 tons, which is little more than 
half the total of 1902; while, as compared with 1901, 
when two battleships of the Duncan class were 
launched, there is a very great decrease. The inclu- 
sion, or otherwise, of such a large ship from the Thames 
Ironworks makes all the difference in the total, as the 
other work done on the Thames is now confined to 
torpedo craft, launches, tugs, small steamers, and the 
utilitarian barge. The horse-power is very con- 
siderably larger than was the case in 1902, due to so 
many torpedo craft being included, and, in addition, 
the engines for three ironclads not built on the 
Thames-—the Chilian battleship Constitucion, the 
British armoured cruisers Carnarvon, launched on 
the Clyde, and Suffolk, launched at Portsmouth, all 
of which had their machinery from Messrs. Humphreys’ 
establishment. The total indicated. horse-power is 
91,790, which is 40,000 more than in the previous 
year, but is 35,000<less than in 1901. The figures for 
the past seven years are as follow :— 


1897. 1898. 1899. 1900. 1901. 1902. 1903. 
Tons 6,054 38,204 13,100 @4,212 52,934 29,181 15,426 
1.H.-P. 116,301 140,000 177,280 83,259 126,637 51,129 91,790 


As we have already said, the work is entirely made up 
of small craft, the largest boats included being a steel 
floating dock, built by Messrs. A. W. Robertsonand Co., 
of Canning Town, three torpedo-boat destroyers, anda 
floating crane for one of the docks. Barges, as for- 
merly, make up a very large proportion of the tonnage. 
These bring up the sail tonnage to 10,148 tons, equal 
to 65.8 per cent. of the total. 

Of the returns of the respective builders, we take 
first that of the Thames Ironworks Shipbuilding and 
Engineering Company, Limited, who completed a 
launch for the Thames Conservancy, a tug for the War 
Office, thirteen lifeboats for the Royal National Life- 
boat Institution, and a 40-ton floating crane for the 
London and India DocksCompany, the latter of 355 tons 
gross register, with horizontal engines of 120 horse- 
power, made by Messrs. Hunter and English. As 
we have already mentioned, the firm have on hand an 
armoured cruiser, Black Prince, and are building the 
machinery for H. M.S. Devonshire, shortly to be launched 
at Chatham Dockyard, while in addition they have a 
35-ton tug on hand—an amount of work which indicates 
a fair degree of activity for the next few months. 

Messrs. Yarrow have, as usual, a varied list of ships, 
the most important, perhaps, being the two torpedo- 
boat destroyers of 350 tons, fitted with engines of 7000 
indicated horse-power, to give a speed of 254 knots. 
Both have passed through their trials with successful 
results. In addition, the firm have built two first-class 
torpedo-boats, fitted with turbine machinery, each of 
120 tons, and 2000 indicated horse-power. As the tur- 
bine machinery is of a new type not yet tried in 
this country, considerable interest attaches to these 
vessels. The firm have always been ‘noted for their 
shallow-draught vessels, and last year there were six 
of these on the list, the largest being of 100 tons, 
while there were two others of 50 tons, and three 
launches, ranging from 25 to 13 tons. Of ordinary 
screw vessels there were included two twin-screw tug- 
boats of 50 tons, one having engines of 180 horse-power 
and the other of 100 horse-power, while other launches 
made up the total production of- fourteen vessels, of 
1343 tons and 18,890 indicated horse-power. This 
compares with ten vessels of 1025 tons and 9,680 
indicated horse-power in 1902 ; and with 1210 tons and 
14,630 indicated horse-power in 1901; so that it will 
be seen that last year the firm were more busily em- 
ployed than in the two preceding years. 

Messrs. J. I. Thornycroft and Co. completed their 
contract for a series of torpedo boats for the British 
Navy, all of which gave very satisfectory results on 
their trials (already reviewed in ENGINEERING, see 
vol. lxxvi., page 150). They launched the first of their 
four 254-knot t o-boats for the British Navy, and 
completed for the Japanese Government a river gun- 
boat, the Sumida, of 132 tons and 550 indicated horse- 
power, to give a speed of 13 knots. A steam lifeboat 
was also included in the list. This vessel, which has 
already been’ illustrated in ENGINEERING, has a gross 
tonnage of 30*tons, and, with compound engines of 
140 indicated horse-power, attained a speed of 9 knots. 











These four vessels make up a tonnage for the year of 
807 tons, while the indicated horse-power is 11,090. 
This total is almost equal to that of 1902, when the 
total was 1150 tons. The firm have three destroyers 
on hand. 

Messrs. G. Rennie and Co., Greenwich, produced 30 
vessels, of 6430 tons, as compared with 10,110 tons and 
9410 tons in the two preceding years. Last year’s out- 
put included a small cargo twin-screw boat, a lightship, 
and a oc number of steel lighters for Thames 
service. essrs. A. W. Robertson and Co. made up a 
total of 25 vessels of 3369 tons, three of which were 
steamers with compound engines, and the remainder 
lighters, excepting a steel floating dock of 880 tons. 
This output is less than in the two preceding years, 
when the totals were respectively 5963 tons and 
9645 tons. Messrs. R. and H. Green, Limited, con- 
fine themselves to the construction of steam barges, 
and last year their 12 boats made up a total of 
1100 tons, while in the two preceding years the totals 
were almost double, having been 2077 tons in 1902 and 
2245 tons in 1901. Messrs. Frederick Braby and Co., 
Limited, built nine barges for the Thames trade, 
ranging from 120 to 85 tons, and totalling 840 tons. 
This compares with 285 tons and 253 tons in the two 
previous years. 

Messrs. Edwards and Co., Limited, of Millwall, 
have a somewhat varied return. They built a ferry 
steamer for Great Yarmouth, 10 tug-boats, ranging 
from 70 tons downwards, several of them for foreign 
owners ; an oil-motor launch for Khartoum, and 15 
barges. The total tonnage is 677 tons, while the 
total horse-power is 1520 indicated horse-power. This 
compares with 815 tons in the previous year, and 695 
tons in 1901. Messrs. J. Stewart and Son, Limited, of 
the Blackwall Ironworks, built and launched two 
barges of 280 tons for river work, and constructed 
nine marine boilers, sufficient to supply steam for 
2700 collective horse-power. Most of the small firms 
on the river report that they have very little work on 
hand. Of the firms that manufacture engines only, we 
have a return from Messrs. Plenty and Son, Limited, 
reporting that they have completed 30 sets of 
machinery for vessels built at home and abroad. 
Four of these vessels were constructed on the Thames, 
and one of them in Scotland, while 10 sets of machinery 
of 520 horse-power were sent to Spain, two of 120 
horse-power to South America, and six of 140 horse- 
power to Las Palmas. The total output for the year is 
thus 3330 indicated horse-power. This compares with 
two sets of engines of 4342 indicated horse-power for 
the previous year. The firm have in hand 12 sets of 
machinery, aggregating 2580 indicated horse-power. 


THE MERSEY. 


The Mersey total is much greater than in the pre- 
ceding year, largely owing to Messrs. Laird’s work, 
but it nevertheless shows a considerable decrease upon 
the years of activity ; and, while the Birkenhead firm 
—since their absorption of Messrs. Jones’s works, 
adjacent to their own, and their amalgamation with 
Messrs. Cammell, of Sheftield—promise to maintain 
their normal position, there can be no doubt that the 
prospects of the industry on the Mersey generally do 
not show any great improvement. For years the 
shipping requirements have absorbed all the space on 
the banks of the river, and so the work of construct- 
ing ships has to be done elsewhere. The total of the 
past year is 24 vessels, of 9383 tons, all British-owned. 
There is included sailing craft of 2616 tons, equal to 
27.9 per cent. of the total. This is a higher propor- 
tion than in several preceding years, due to the inclu- 
sion of a large number of lighters built by the Tran- 
mere Bay Development Company. Messrs. Laird’s 
total includes seven vessels, of 5638 tons, which is more 
than double the total of the preceding year, but falls 
far short of several other years, the fluctuations, as 
shown in the figures ——_— being due to the inclu- 
sion, or otherwise, of a battleship. Thus, in 190], 
they launched the Exmouth ; in 1899, the Glory ; and, 
in 1896, the Mars. The figures for several years are 


appended :— 

1896. 1897. 1898. 1899. 1900. 1901. 1902. 1903, 
Tons .. 25,956 8,207 1,829 14,584 5,465 16,042 2,450 5,638 
I.H.-P. 91,450 40,150 10,000 25,000 35,650 51,750 6,000 38,900 


The fluctuations in the total horse-power produced 
are due more to the inclusion, or otherwise, of high- 
speed torpedo craft or fast cruisers, and the very 
considerable increase in 1903 is owing to the fact that 
Messrs. Laird have launched four torpedo-boat de- 
stroyers, which have successfully passed through their 
steam trials, exceeding the contract speed of 254 knots; 
and a third-class cruiser Topaze, with engines of 
9800 horse-power, to attain a speed of 213 knots. 
The two other vessels were of 149 tons and 550 
horse-power. The Garston Graving Dock and Ship- 
building Company, Limited, built four vessels—two 
small steamers, for British ownérs, which had their 
machinery constructed on the Clyde, and two sailing 
barges, the total tonnage being 924 tons. This com- 
pares with six vessels, of 1314 tons, in the previous 
year. This firm have at present in hand a twin-screw 
he firm have been busy with 


tug of about 140 tons. 
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repair work, twenty-five steamers and four sailing 
vessels having used their graving dock during the 
year, in addition to vessels overhauled in the wet | 
dock. This is a larger output than in the previous 
year. 

BaRRow-tN-FURNEss. 

The year’s work at Barrow and district has been 
more satisfactory than for several years, the produc- 
tion of the works of Messrs. Vickers, Sons, and Maxim, 
Limited, being not only much greater than formerly, 
but including several vessels of an interesting type. | 
Indeed, the variety is most striking. We have first | 
two utilitarian cargo ships, of 8704 tons gross and 
16,170 tons displacement, with engines of 4600) 
indicated horse-power. Next the Chilian battleship, 
now H.M.S. Triumph, of about 11,800 tons, and | 
14,500 indicated horse-power, which excels every | 


battleship afloat in gun-power and speed. There 
is next the battleship Dominion, belonging to a class | 
of vessels which are yet unexcelled for size. Follow- | 





ing these is the Coronation, the largest sand-pump 
dredger yet constructed in this country, and having 
a gross tonnage of 3044 tons, and 2000 indicated horse- | 
power. This vessel is to dredge 5,000,000 tons of sand | 
per annum at the Mersey bar, for which work two 
vessels have preceded this dredger from the Vickers’ 
yard, and have done splendid work in widening and 
deepening the channel from Liverpool; and this third 
vessel is destined to further improve the navigation. 
We hope, however, to illustrate this boat, and to deal 
in detail with the progress of the work of Mersey bar, 
so that we need not refer to it specially just now. Two 
vessels, the Colleen Bawn and Mellifont, were built for 
the Lancashire and Yorkshire Railway Company’s 
service to Drogheda. These vessels are of 1024 tons 
gross, and have engines of 4000 indicated horse-power ; 
in connection with them, it is interesting to note that 
there were very serious limitations as to length 
and depth of the hull, while at the same time 
a high speed was desired, to enable the service 
to compete with others where more advantageous 
harbour conditions prevailed. We believe that one 
or two firms refused to guarantee the results, but the 
trials of these two Vickers’ boats proved that the 
railway company’s stipulation was within the mark, 
for the speed guaranteed, 17 knots, was exceeded, the 
Colleen Bawn on service attaining 174 knots, and the | 
Mellifont 17? knots. We may add that the length of | 
the vessels is only 260 ft., and the draught 12} ft. 
Messrs. Vickers have added during the year to our | 
submarine fieet, and have on hand ten other vessels of 
this type. Their total tonnage, therefore, comes out 
at 42,912 tons, and the indicated horse - power to 
46,900. As to how this compares with preceding 
years the following figures show :— 

















1896. 1897. 1898. 1899. 1990. 1901. 1902. 1903. 
Tons... 14,654 16,122 24,079 32,672 27,907 26,800 18,382 42,912 
1.H.-P. 34,500 45,800 35,700 34,500 42,500 51,000 9,340 46,900 


The Vickers Company, it may be said, have at present 
on the stocks two 25-knot scouts; an armoured cruiser 
of the Duke of Edinburgh class, the Natal, of 13,550 
tons, to attain a speed of 22.33 knots, with 23,500 
indicated horse-power; a high-speed boat for the 
Midland Railway service, to be fitted with turbines ; 
a twin-screw troopship, the Dufferin, for the (iovern- 
ment of India ; a twin-screw steamer, the Alexandra, 
for the [Irish Lights Commissioners; a twin-screw 
tishery protection steamer, for the Minister of Marine, 
Canada ; and several other vessels ; while, in addition, 
they have a considerable amount of work in connection 
with the gun-mountings for the ships they have them- 
selves built, as well as for others for the British Navy. 

In the adjoining port of Workington, Messrs. R. 
Williamson and Son have built three small steamers, 
two of them for local owners, and the third for 
Glasgow, the three making 1434 tons. This compares 
with 2239 tons in 1902, 1723 tons in 1901, and 2034 
tons in 1990; so that there is here—as in so many 
instances throughout the kingdom—a considerable 
decrease. 

OTHER ENGLISH Ports. 

We have returns from a large number of firms in 
various ports around the coast, and although the 
vessels are not large, they are, in some cases, of con- 
siderable interest. These firms this year account for 
192 vessels, totalling 8482 tons, which compares with 
a total slightly exceeding 10,000 tons in the previous 
year. The machinery output is 24,664 indicated horse- 
power ; not necessarily, however, for the 6377 tons of 
steam vessels included in the total tonnage, as part 
of this machinery was for vessels constructed in the 
ports already dealt with, while some of the steamers 
built in the miscellaneous ports had their machinery 
from firms in the leading shipbuilding districts. The 
total indicated horse-power of the previous year was 
17,000. The decreases in tonnage and power in this 
case show that the depression in the shipbuilding 
trade has been almost universal, influencing even the | 
small works in the outlying ports. 

Beginning with the North-East Coast, we have first | 
the firms at Yarmouth. Messrs. Fellows and Co., 
Limited, of Great Yarmouth, launched nine vessels, 





|in the previous year. 


' were launched, as compared with sev 


totalling 503 tons: three of them lighters, one an 
Admiralty barge, and the fifth a wooden steam fishing 
vessel. In the previous year they built eight vessels, | 
of 414 tons, so that their output is again about an) 
average. Messrs. Beeching Brothers, of Great Yar- | 
mouth, completed eight steam dritters, each of 63 tons, | 
making up about 504 tons, as compared with eight | 
vessels, of 457 tons, in the previous year. Mr. W. F. 
Crabtree, of Southdown Iron Works, Great Yarmouth, 
built machinery of an aggregate horse-power of 4975, 
for thirty vessels, including several of those built at 
Great Yarmouth, as well as others at Hull, Grimsby, 
and elsewhere. One set of 300 horse-power was for 
a foreign-built ship. The work on hand includes 
machinery for ten vessels, of 1750 indicated horse- 
power. Mr. John Chambers, of Lowestoft, constructed 
17 vessels, of 1031 tons, four of them steam trawlers, 
and all the others herring drifters. The majority 
of these steamers were fitted with their machinery 
by Messrs. Elliott and Garrood, Limited, of Beccles. 
The output of the firm compares with 951 tons in the 
previous year, and 873 tons in 1901, so that it is 
above the average. Messrs. Elliott and Garrood’s output 
is above the average, the indicated horse-power having 
been 1710. Messrs. J. and H. Cann, Harwich, com- 
pleted one sailing vessel of 75 tons, and they have on 
hand a similar vessel of about 80 tons. Messrs. For- 
restt and Son, Limited, Wyvenhoe, have completed a 
great variety of vessels, totalling 775 tons and 920 
indicated horse-power, including steam cutters, stern- 
wheelers, twin-screw tugboats, launches, lifeboats, 
and other such craft, the machinery being con- 
structed by Messrs. Mumford, of Colchester, and 
Messrs. Plenty and Son, of Newbury. This output 
compares with 706 tons in the previous year. The 
firm have on hand a twin-screw fire-float for the 
London County Council, three stern-wheelers for the 
colonies, and a number of smaller craft. 

Coming now to the South Coast, we have first the 
return of Messrs. G. and T. Smith, Limited, of Rye, 
who launched three sailing wood trawlers totalling 
150 tons, as compared with three sailing trawlers, of 176 
tons, in the previous year. They have on hand five 
vessels, three of them trawlers. Messrs. Stow and 
Son, Shoreham, have not put any work afloat, but 
have two vessels, together 128 tons, nearly completed. 
Messrs. Camper and Nicholson, Limited, Gosport, com- 
pleted five British vessels, totalling 288 tons, two of them 
being screw steamers. This compares with 398 tons 
At Cowes, Messrs. J. S. White 
and Co., Limited, constructed three British torpedo- 
boats, a lifeboat, five small river steamers, a cruising 
launch for the Osborne cadets, to be used for in- 
structional purposes, and 20 other boats, including 
gunboats, launches, pinnaces, and motor launches. 
The total tonnage is 1486, and the indicated horse- 
power 13,610, which compares with 1093 tons and 5800 
indicated horse-power in the previous year, and 
with 472 tons and 2960 indicated horse-power in 1901. 
Messrs. W. White and Sons built five pinnaces and 
one launch, totalling 74 tons, as compared with 353 
tons in the previous year. At Southampton Messrs. 
Day, Summers, and Co. built a yacht and a tug, and 
supplied engines to a third vessel, the total output 
being 399 tons and 1638 indicated horse-power, as com- 
pared with 1124 tons in the previous year.. Messrs, 
J. Gi. Fay and Co., Limited, also of Southampton, 
built a schooner yacht and three cutters, totalling 199 
tons, as compared with 120 tons in the preceding 
twelve months. Messrs. White Brothers, of Southamp- 
ton, built a schooner, two yawls, and three cutters, 
all for cruising, the total tonnage being 188, as com- 
pared with 196 tons in 1902. The Teignmouth Ship 
and Yacht Company, Limited, built a 3-ton yacht, 
and were not nearly so busy as in previous years. 
Messrs. Philip and Son, Dartmouth, send us an 
interesting return, which includes nearly all types of 
small craft, pinnaces, drifters, launches, twin-screw 
tugs, &c., making up a total of 469 tons, while the 
machinery for these and for others built by Messrs. 
Gibbs and Co., Galmpton, near Brixham, make up 
1096 indicated horse-power. These figures compare 
with 248 tons and 1256 indicated horse-power in the 
previous years, and 170 tons and 909 indicated horse- 
power in 1901. The firm have on hand a large amount 
of work, so that the next twelve months promises to 
be quite as busy as the two or three past years. 
Messrs. Simpson, Strickland, and Co., Limited, also of 
Dartmouth, built thirty launches, yachts, &c., of a 
total gross tonnage of 176, and machinery of a total 
of 980 indicated horse-power, as compared with 139 
tons and 1392 indicated horse-power in the previous 
year. Messrs. Gibbs, of Galmpton, near Brixham, 
launched 15 vessels, of 832 tons, as compared with 795 
tons in the previous year. Mr.S. J. Dewdney, Brix- 
ham, built four trawlers—three ketch and one cutter- 





rig—totalling 160 tons, against 88 tons in 1902. 
Messrs. R. Kitto and Sons, Portsleven, launched | 
several fishing craft, totalling 332 tons, as compared 


| with 296 tons in the previous year. 


In the Bristol Channel only ten vessels of 574 tons | 
en vessels of 1063 | 


firms who confine themselves to repair work have been 


very busy. Messrs. C. H. Walker and Co., Limited, 
of Sudbrook, built three barges and a steel tug, 
totalling 694 tons, as compared with 817 tons and 1326 
tons in the two preceding years. Mr. R. Chapman, of 
Avonmouth, built six launches, of 60 tons, and of 72 
indicated horse-power, as compared with 130 tons and 
106 indicated horse-power in the previous year. 
Messrs. W. Sisson and Co., of Gloucester, constructed 
seven sets of machinery of 898 indicated horse-power, 
one set being of 750 indicated horse-power for a yacht. 
They have work on hand totalling 71 indicated horse- 
power. 

Continuing round the coast, we have the return of 
the Port Talbot Company, who launched a hopper- 
barge and a lighter, the one of 500 tons and the other 
of 40 tons. At Northwich Mr. W. J. Yarwood com- 
pleted four vessels, totalling 538 tons, with engines of 
566 indicated horse-power, all of the compound type. 
This output compares with 1223 tons in 1902. The 
neighbouring firm of Messrs. Isaac Pimblott and Sons 
built seven small craft, barges, and launches, of 377 
tons, as compared with 489 tons in the previous year, 
and they have a grab-dredger on hand. Messrs, 
Allsup and Co., Limited, of Preston, built a screw tug 
and water boat, of 87 tons gross and 340 indicated 
horse-power, and supplied paddle engines for a tug- 
boat of 450 indicated horse-power, their output of 87 
tons and 790 indicated horse-power comparing with 
139 tons and 450 indicated horse-power of 1902. 
Messrs. Nicholson and Sons, of Glasson Dock, vid 
Lancaster, did not launch any vessel during the past 
year, but they have a 40-ton wooden sailing trawler 
on the stocks, ready for launching. The Lytham 
Shipbuilding and* Engineering Company have been 
busy during the year, the vessels launched by them 
including small passenger steamers, tugs, launches, 
and barges, numbering 16, of 540 tons, compared with 
489 tons in the previous year, while the horse-power 
of the machinery of these vessels, only three of which 
were lighters, was 1415, as compared with 1295. 


(To be continued.) 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—An easier feeling again 
prevailed in the pig-iron market last Thursday morning, 
when the price of Cleveland warrants declined 1d. or 
14d. per tonfurther. At the opening the tone was steady, 
but as the result of some realising, prices dropped to 
42s. 6d. per ton cash and 42s. 7d. one month. Business 
was also done at 42s. 6d. twenty-one days, and at 42s. 74d. 
for twenty-three or twenty-four days. The market was 
firm but very idle in the afternoon, when only 500 tons 
of Cleveland iron were dealt in at 42s. 6d. cash. Scotch 
iron and hematite iron warrants were on offer at 50s. 
and 53s. per ton respectively sellers. The settlement 
prices were :—Scotch, 493s. 104d. ; Cleveland, 42s. 74d. ; 
1ematite iron, 52s. 9d. per ton. There was but little 
change in the condition of the pig-iron market on Friday 
morning. The prices of Cleveland iron declined 1d. per 
ton to 42s, 6d. per ton cash, and 2000 tons changed hands 
at that figure. Scotch and hematite iron were again 
quoted at 50s. and 53s. per ton cash sellers. There was 
a steady tone in the afternoon, but business was almost 
at a standstill. There were no cash or month trans- 
actions, and the turnover consisted of 2000 tons of 
Cleveland, which were dealt in at 42s. 7d. per ton 
fourteen days and three months. The tone of the 
pig-iron' market was rather better on Monday fore- 
noon, when 5000 tons of Cleveland changed hands at 
42s. 74d. per ton cash and 42s, 84d. one month. In the 
afternoon the market was idle and a shade easier, and 
Cleveland iron was quoted at 42s. 6d. per ton. The 
settlement prices were :—49s. 104d., 42s. 44d., and 
52s. 9d. per ton. A flat tone prevailed on Tues- 
day forenoon. Cleveland warrants were 1d. lower 
for cash at 42s. 64d., and steady at 42s. 84d. one 
month. Only a small business, aggregating 1500 tons, 
was done at those prices. Scotch and hematite 
iron warrants were idle, and nominally unchanged in 
rices. In the afternoon there was very little change 
in the market. Cleveland warrants closed a shade firmer, 
and while there were no cash transactions, the quotation 
was 3d. better at 42s. 6d. per ton cash buyers. The busi- 
ness consisted of 1500 tons, which were dealt in at 
42s, 8d. one month. The settlement prices were:— 
49s. 104d., 42s. 6d., and52s. 9d. per ton. The following are 
the quotations asked by holders of makers’ iron :—Clyde, 
58s. 6d. per ton ; Gartsherrie and Calder, 593.; Sum- 
merlee, 60s. ; Langloan, 703. 6d. ; Coltness, 72s.—the 
foregoing all shipped at Glasgow ; Glengarnock (shipped 
at Ardrossan) and Shotts (shipped at Leith), 61s, 6d. ; 
Carron (shipped at Grangemouth), 62s. 6d. per ton. 
Cleveland warrants were quietly steady this forenoon, 
the month’s quotations showing a recovery of 3d. on 
yesterday’s close at 42s. 24d. The turnover was 2500 
tons, and there were no dealings in Scotch and hematite 
iron, prices of which were still 50s. and 53s. per ton. 
No material change took place in the afternoon. The 
Japo-Russian war cloud has hung heavily over the pig- 
iron market all the week. What influence on prices 
a war would have cannot be laid down on hard-and-fast 
lines, especially as opinions vary considerably as to what 
the final results would be. Undoubtedly, however, the 
present uncertainty is very hurtful to speculative interests, 
as all trade issues are meanwhile obscured by it. As a 


| tons in the previous year ; but, as usual, several of the j consequence, market prices have varied a little, swayed 
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eee 
hither and thither to the extent of a few pence by the 
varying war rumours. 

Scotch Steel Trade.—Although it is too early to speak 
vith any degree of confidence as to the future, the new 
rear has opened more hopefully than was looked for. 
Within the past few days there has been » Jarge number 
of inquiries for materials from all quarters, and it is just 
eanible that the new year may not be quite so depressing 
as the indications of the closing weeks of last year gave 
ground to anticipate. The steel works have now all resumed 
operations, and in the course of a few days it is quite 
possible that there may be deliverances on some impor- 
tant questions, including that of wages and that of prices 
of steel. 

Sulphate of Ammonia.—The market for this commodity 
js very strong, business having been done at 13/. per ton 
for prompt delivery Glasgow. Business has also been 
done at 12/. 10s. per ton Leith for October-March de- 
livery. Sales have been reported at Leith at 12/. 15s. 
per ton for January shipment, and makers now as a rule 
ask 122. 16s. 3d., and in some cases 12/. 17s. 6d. for 
February-March shipment. 


Weldless Chains.—Mr. A. G. Strathern, M.I.M.E., 
who has given much attention to the production of a 
perfect weldless chain, read a paper last Saturday night 
on the manufacture of such chains to the Glasgow 
Technical College Scientific Society, Mr. R. D. Munro, 
president, in the chair. The paper was very fully illus- 
trated by screen views of the machinery which he has 
devised for making the chains. These have now been 
taken up by the Admiralty and by other organisations b 
whom chains are extensively used. The process, whic 
is 2 remarkable success, is carried on near to Messrs. 
Baird's Iron Works, at Gartsherrie. In the early part of 
his paper Mr. Strathern gave an account of other attempts 
to make weldless chains. 


Institution of Electrical Engineers: Glasgow Section.— 
A meeting of this section of the Institution of Electrical 
Engineers was held last night, Mr. J. M. M. Munro, 
vice-president, in the chair. There was first a discussion 
on a paper read at the previous a by Professor 
Baily, M.A., M.I.E.E., of the Heriot-Watt College, 
Edinburgh,. The speakers included Professor Andrew 
Jamieson, Mr. Pickstone, Edinburgh; Mr. H. A. 
Mavor, the chairman, and a reply from the author. That 
gentleman subsequently showed a series of six osmium 
incandescent lamps which had just come into his posses- 
sion, and of which he had high hopes. Subsequently Dr. 
Reckenzaur gave a description of the mercury electric 
lamp, invented in America by Mr. Cooper Hewitt, which 
is now on the market, and made in America, in London, 
in Vienna, and Berlin. The discussion upon it was post- 
poned till next meeting. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Trade with Hull.—The coal trade with the 
above port showed a fairly substantial increase over the 
preceding year, and also over 1901. Taken from the 
standpoint of bulk alone, there is little ground for com- 
plaint ; but taking the market value of the coal, the balance 
issomewhat heavily against the twelve months just closed. 
The total amount received at Hull during 1903 was 
3,481,456 tons, and this total compares with 3,170,976 tons 
in 1902; 3,275,360 tons in 1901 ; 4,204,728 tons in 1900; 
3,542,000 tons in 1899; 3,459,488 tons in 1898; 2,655,744 
tons in 1897; 2,420,416 tons in 1896; 2,190,016 tons in 
1895 ; 2,256,824 tons in 1894; and 1,432,072 tons in 1893 
—the year of the great strike, when a good proportion of 
the total named was sent from Durham, and not, as was 
the case in the other years, from Yorkshire collieries. So 
that last year’s return is fairly representative of the 
average for the past half-dozen years, during which the 
popularity of Hull as a coaling port has increased con- 
siderably. Although every effort has been made to make 
water carriage more popular, the river and canal tonnage 
has varied but little of late years. 


_ Tron and Steel Trades.—The New Year has brought no 
improvement in the large iron and steel works ; and what 
is regarded as more discouraging is that there are few, 
if any, inquiries in the market. The Government have 
made no move in the direction of placing further orders 
for heavy material, and an immense amount of machinery 
is now standing. It was thought that in face of the dis- 
turbed political world there would be something doing 
in shot, shell, and projectiles, but so far no inquiries 
even have been received. When the war in South 
Africa closed, there were heavy contracts on hand for 
these munitions of war, but they have since been cleared 
off ; and no further contracts having been placed, a very 
considerable number cf men employed in the mould- 
ing departments have recently been thrown out of 
work. There is no improvement to record in the railway 
branches either on home or foreign account, and most 
firms are working much under their possible output. As 
far as employment could be found, work was resumed at 
the beginning of this week, and divided among as many 
men as possible. Some firms in the lighter industries 
have started with a full complement of people, but gene- 
rally employment is being restricted, and short time is 
being made. The works of Messrs. Cammell, at Work- 
ington, which have been idle for some weeks, are to be 
started again in about a fortnight, when employment will 
be found for some 2000 men. 


The South Yorkshire Coal Trade.—The outlook in the 
coal trade is not very cheering, although there is a fair 
demand for gas coal and some qualities of house coal. 

not so much doing in fuel for manufacturing 
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gress year by year throughout the decade. 


with the principal consumers — a quiet year. 
Most of the railway contracts which come into South 
Yorkshire have now been settled at a slight drop on last 
year’s prices. As a fact, the coal-owners have given away 
the small reduction in wages they recently secured under 
the award. The possible output is so much in excess of 
the demand, and competition so keen, that late prices 
could not be maintained. The West Yorkshire coal con- 
tracts have not all been settled. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday the attendance 
on ’Change here was not very numerous, but the market 
was fairly cheerful in tone, and on the whole quotations 
for pig iron were upheld, the only exception being forge 
qualities of Cleveland, which were reported rather more 
plentiful, and, as a consequence, were reduced by 3d. per 
ton. Buyers still confined their operations to purchases 
sufficient to meet early needs, want of confidence in the 
future continuing to show itself. Both makers and mer- 
chants sold No. 3 g.m.b. Cleveland pig iron at 42s. {d. 
f.o.b., and that price wasgenerally named, though, perhaps, 
small odd lots were bought from second hands at a trifle 
less. No. 1 was 43s. 9d.; No. 4 foundry, 42s. 6d.; grey 
forge, 42s. 3d.; mottled, 41s. 9d.; and white, 41s. 6d. 
East Coast hematite pig was rather more inquired for 
and showed rather an upward tendency, the improvement 
in the steel-plate trade being responsible for the change 
for the better. Mixed numbers sold at 51s., and No. 1 
was 51s. 6d. Rubio ore was in the neighbourhood of 15s. 
ex-ship Tees. 


Manufactured Iron and Steel.—There is not much new 
in the manufactured iron and steel branches, but it is very 
gratifying to note that orders in the aggregate amount- 
ing to about 25,000 tons have been placed for steel ship- 
plates in the district. Plate-makers are not now so keen 
to secure more orders at current rates ; and, in fact, plates 
may be advanced at any time. The following are the 
market quotations :—Common iron bars, 6/. 2s. 6d. ; best 
bars, 6/. 12s. 6d.; iron ship-plates, 62. 2s. 6d.; iron ship- 
angles, 6/.; steel ship-plates, 5/. 7s. 6d.; steel ship-angles, 
5/.; and heavy sections of steel rails, 4/. 12s. 6d. to 4/. 15s. 
—all less 24 per cent., except rails, which are net at 
works. 

Wages.—Following upon the 3 per cent. reduction on 
blast-furnacemen’s wages, the Cleveland mine-owners are 
asking the Cleveland ironstone miners to submit to a re- 
duction of 3.8 per cent. At a meeting last week the 
owners informed the men’s representatives that prices of 
pig iron had declined just about as the owners had antici- 
pated at the October meeting, and it was almost certain 
that there would be a considerable drop in prices for the 
first quarter of the year, as sales had not recently been 
made at anything like the figure of the last ascertainment. 
The men’s representatives are to wait upon the mine- 
owners again at the end of next week to further consider 
the question of wages. 


Iron Trade Statistics.—The returns issued by the 
Middlesbrough Chamber of Commerce show that at 
the end of last year of the 79 furnaces built in Mid- 
dlesbrough 53 were in operation, and it is estimated that 
they produced during the three months ending Decem- 
ber 31 last 490,000 tons of pig iron, of which 330,000 tons 
was Cleveland iron and 160,000 tons hematite, spiegel, 
basic, &c. For the previous quarter the total output of 
pig was 511,000 tons, and the make for the last quarter of 
the year 1902 amounted to 495,000 tons. Shipments of pig 
iron from Middlesbrough for the last three months of 1903 
totalled 267,966 tons, as against 290,453 tons for the corre- 
sponding period a year previous. Shipments of manu- 
factured iron and steel for the last quarter of last year 
reached 118,898 tons, against 97,344 tons for the same 
period in 1902. 

Coal and Coke.—Fuel is, if anything, a little easier, but 
a full demand continues for gas-coal. Bunker coal and 
manufacturing coal are quieter. Average blast-furnace 
coke is 13s. 9d. to 14s. delivered here. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—There has been a slightly better demand for 
steam coal for immediate shipment, and the tendency of 
prices has in consequence been upwards. A demand for 
coal for the Extreme East is still noticeable ; and this, 
of course, has had some effect upon business, especially 
now that stocks are declining. Negotiations have been 
closed for the supply of 50,000 tons of steam coal for the 
Italian fleet, deliveries to be spread over the first four 
months of this year. The best large steam coal has made 
14s. to 14s. 3d. per ton, while secondary qualities have 
brought 13s. 6d. to 13s. 9d. per ton. There is scarcely 
any change to report in the house-coal trade; the best 
ordinary descriptions have been making 14s. to 15s. per 
ton, while secondary qualities have been quoted at 10s, 6d. 
to 13s. per ton; No. 3 Rhondda large has made 14s. 9d. 
to 15s. per ton. Foundry coke has been making 18s. to 
19s. per ton, and furnace ditto, 17s. to 18s. per ton. As 
regards iron ore, Rubio arid Almeria have been quoted 
at 14s. to 14s. 3d. per ton, while Tafna has made 15s. per 
ton. 


Barry.—The exports and imports at Barry last year 
attained an aggregate of 9,244,112 tons. The correspond- 
ing aggregate in 1902 was 8,940,105 tons ; in 1901, 8,085,417 
tons; in 1900, 7,486,996 tons; in 1899, 7,489,317 tons; 
in.1898, 6,451,399 tons; in 1897, 6,107,604 tons; in 1896, 
5,495,448 tons; in 1895, 5,266,548 tons; and in 1894, 
5,067,014 tons. There has thus been an unchecked pro- 





Power in South Wales.—The first 3000 horse-power 
engine and electrical generator at the Treforest station of 
the South Wales Electrical Power Distribution Com- 
pany is now regularly at work, and electrical energy 
under pressure has been put on the mains, some 16 miles 
of which are now completed. 


Record Coal Exports.—The export coal trade of South 
Wales (foreign and coastwise) fairly beat the record last 
year. The expression ‘‘coal” should also be taken to 
include patent fuel, coke, and bunkers, The shipments 
from Cardiff in 1903 were 20,272,465 tons, as compared 
with 19,714,384 tons in 1902; from Newport, 4,461,848 
tons, as compared with 4,160,714 tons; from Swansea, 
2,951,689 tons, as compared with 2,994,463 tons; from 
Port Talbot, 944,814 tons, as compared with 718,545 
tons; from Neath, 295,418 tons, as compared with 
300,742 tons; and from Llanelly, 290,815 tons, as com- 
pared with 263,534 tons. The aggregate exports from 
the six ports last year were accordingly 29,217,049 tons, 
as compared with 28,152,202 tons in 1902, showing an 
advance of 1,064,847 tons. 


Motor-Cars for the Taff Vale.—The directors of the Taff 
Vale Railway Company have invited tenders for six 
motor-cars for use upon the company’s system. The cars 
are to be delivered not later tien April, so that they 
may be brought into use for early summer traffic. One 
steam car is at present running between Cardiff and 
Penarth, and has given general satisfaction. This car, 
which we aeatuatent and described last week, was designed 
by Mr. T. Hurry Riches, the locomotive superintendent 
of the Taff Vale. Some of the gradients on the Taff 
Vale lines are so severe that types of motor-cars adapted 
for other networks would not be suitable for the system. 


Tati Vale Extensions.—One of certain new lines which 
the Taff Vale Railway Company has been constructing 
for passenger traffic between Penarth and Cardiff, which 
was brought into use a few weeks since as far as Grange- 
town Station, was opened on Sunday throughout to 
Penarth Curve Junction with the Great Western Railway 
line. Concurrently the up-side of a new platform at 
Grangetown was brought into use. The whole of the 
trains and motor-cars from Penarth to Cardiff, as well as 
the whole of the Barry trains, will run over this new 
line. 


The ‘* Hibernia.”—The first keel-plate of the new line- 
of-battleship Hibernia has been laid on the slip on which 
the King Rdward VIT. was built at Devonport. The 
Hibernia is one of three additions to the King Edward 
class, and she will be a slight improvement on her pre- 
decessors. She will cost over 1,000,000/., and will be 
425 ft. long by 78 ft. beam. Her displacement will be 
16,350 tons, and her speed will be ish knots per hour, 
She will be one of the most heavily-armed ships afloat. 








Contracts.— Messrs. Belliss and Morcom, Limited, of 
the Ledsam-Street Works, Birmingham, are supplying to 
the Electric Construction Company, of Wolverhampton, 
for generator driving at Park Royal and Acton, engines 
aggregating 11,050 horse-power.—The United Asbestos 
Company, Limited, of Dock-House, Billiter-street, E.C., 
have again been awarded the Admiralty contract for the 
supply of asbestos goods to the Royal Navy. 





Royat AgricutturRaL Society or Eneianp. — The 
sixty-fifth annual show of the Royal Agricultural Society 
will be held at Park Royal, Willesden, London, from 
Tuesday, June 21, to Saturday, June 25. The last day 
for the reception of applications for space, accompanied 
by the necessary fees, is March 15. By payment of double 
fees applications can be sent in up to March 31. No 
prizes, beyond the usual silver medals, are offered for 
machines or implements this year. 

EXHIBITION OF MECHANICAL ENGRAVING AND COLouR- 
Printinc.—The Board of Education, in co-operation with 
the Council of the Society of Arts, intend during the 
present year to hold, in the Victoria and Albert Museum, 
South Kensington, an exhibition of engravings produced 
by mechanical means, such as photogravure and other 
ghetaemaiiie rocesses, as a sequel to the exhibition of 
engraving and etching held during last summer; and, as 
great advancements have been made in printing in colours 
since the exhibition of modern illustration in 1901, 
specimens of colour-printing will be included. A com- 
mittee, of which Sir William de W. Abney, K.C.B., 
F.R.S., will act as chairman, has been formed to advise 
the Board in carrying out the exhibition. All communi- 
cations should be addressed to the Secretary, Exhibition 
of Mechanical Engraving, Board of Education, South 
Kensington. 





Psrsona.—The Louis Pettibone Gas Machinery Com- 
pany has merged with the Holthoff Machinery Company, 
of Milwaukee, and the united businesses will now be 
carried on under the style of the Power and Mining 
Machinery Company, with offices at 52 and 54, William- 
street, New York.—The Cleveland Bridge and Engineer- 
ing Company, of Darlington, which recently secured, in 
the face of severe competition from American and other 
builders, a contract for the erection of a central arch span- 
bridge, 420 ft. above the Zambesi, at the celebrated 
Victoria Falls, has been awarded an order by the New 
Zealand Public Works Department for the erection of 
two large viaduct bridges, both carrying a double set of 
lines, for the New Zealand Midland Railway over exten- 
sive gorges. One bridge has two spans, each 190 ft. wide, 


with a third span of 60 ft. width, and a central lattice 
pier 170 ft. high ; while the second structure has a central 
span 192 ft. wide, together with several large approach 
spans, 
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WORKING STRESSES. 
To THE EDITOR OF ENGINEERING. 

Srr,—I was much interested in the perusal of your 
leader on ‘‘ Working Stresses,” which appeared in your 
issue of the lst inst. 

The point that appeared to me of greatest importance 
to manufacturing engineers—or, to speak more strictly, 
boiler-makers—were the remarks on the strength of flat 
plates and firebox roof girders. These facts have been 
tacitly acknowledged by all builders of locomotive-type 
boilers for the last fifty years, and it is about time that 
they were officially recognised by the Board of Trade, and 
their rules framed to fit proven facts rather than pure 
theory. 

It is true that the Board of Trade does not exercise 
official control over boilers built in this country, except 
those for passenger steamers ; but in the event of an acci- 
dent, be it ever so trivial, to any type of boiler what- 


ever, these rules are used asa basis for all calculations of | 


strength; and, further, in view of the new Boiler Regis- 
tration Act, many purchasers will insist on their boilers 
being constructed in accordance with these rules, if 
only to avoid the possibility of future trouble with the 
inspectors. 

hen we have some of the colonies, such as India and 


New Zealand, who have adopted the Board of Trade | 


rules en bloc, and make them compulsory. In these cases 
it is usual to interpret them in a cast-iron manner, turning 
a deaf ear to all reason or remonstrance. 

The principal rule to which I take exception is that for 
the proportioning of girder-stays. These were intended 
originally for marine boilers, where the girders are short 
and the plates thick ; therefore the disproportion was not 
noticed. But when these rules are applied to a locomotive- 
type boiler of moderate size, in which the firebox has 
been extended for burning inferior fuel, the space between 
the firebox roof and the outer shell is a dense mass of 
girders and bolts, with hardly room for the water to 
circulate between. 

A little assistance from a careless stoker and dirty feed- 
water is sufficient to convert them into a ferric conglome- 
rate; cleaning the firebox top can only be accomplished 
by cutting it out. 

There are thousands of boilers in England alone that 
have been working for 30 years and over, in which the 
factor of safety of the firebox roof girders would figure 
out to something less than 2 according to the Board of 
Trade formule. In spite of this, I have only been able 
to discover a single case in which an accident has occurred 
through a failure of these stays, and the case in question 
was one in which they were fitted with cast-iron toe-pieces, 
which snapped off short. On the other hand, there have 
been several cases in which the crown plate has collapsed 
bodily without disturbing the girders, though theoreti- 
cally the latter were much the weaker. 

Just at present reduction of costs and standardising 
are the order of the day, and astandard and authoritative 
series of rules for the construction of steam-boilers of all 
types is badly wanted. They should incorporate all the 
latest scientific investigation, cover every possible case, 
and, most important of all, be free from ambiguity. 

I think that the Board of Trade is the right authority 
from which such rules should emanate, especially as the 
Government inspection of all boilers is a possibility of the 
near future ; this function would naturally come under the 
Board of Trade, and they should, therefore, be prepared 
to act on broad, up-to-date lines, and not from the some- 
what contracted sphere of marine engineers alone. 

I feel sure that both of the Institutions, the boiler 
insurance companies, and all the leading manufacturers 
would only be too ready to co-operate in such an under- 
taking. 

There is nothing more embarrassing to a manufacturer 
than the variety of boiler regulations, in the colonie: and 
abroad. The establishment of a reliable and complete 
series of rules in this country would practically insure 
them being adopted by the colonies, and would also 
greatly influence our Continental neighbours. 

I think that the compilation of these rules would be of 
much greater service to the nation than the issuing of 
elaborate reports on the subject of ‘the blowing out 
of half-an-ingh of jointing from the starboard mud-hole of 
s.s. Mary Jane, whereby the second engineer’s cat was 
severely scalded.” 
isa very difficult, not tosay a risky, proceeding, as it is 
impossible to get a design passed in advance, either by 
the authorities in India or by the Board of Trade at 
home. The result is that, owing to the ambiguity of the 


The construction of boilers for India | 


the inspector ; ” 


varied and original. 
KREUTZKOPF. 








THE APPRECIATION OF TECHNICAL 
EDUCATION. 
To THE Eprror or ENGINEERING. 

Srr,—On November 13 last you were so good. as to 
admit to your columns a letter of mine drawing attention 
to the discouragement given to technical education. by 
| the Urban District Council of Erith, which advertised 
| for a youth in its engineer’s office, and, instead of apply- 
ing to the local technical schools for the ablest candi- 
dates, required as qualification the payment of a pre- 
mium of 50/. I beg now to enclose a copy of correspond- 
ence which has passed between the clerk of the district 
council and myself. 

I am, your obedient servant, 

London, January 9, 1904. Stivs. P. THompson. 








The Appreciation of Technical Education. 
Council Oftices, Bexley-road, Erith, Kent, 
December 17, 1903. 

Sir,—The attention of the Council has been drawn to your 
letter under the above heading published in ENGINEERING on the 
| 13th November. 

I am desired to inform you, in reply, that the Council on the 
1st December, 1902, authorised their Electrical Engineer to take 
'two pupils. In agreeing to this course the Council followed a 
practice which is a common one throughout the country. The 
pupils are the pupils of the Electrical Engineer and not of the 
Council, and the Engineer is receiving the premiums and not 
the Council. 


I am, Sir, your obedient servant, 
(Signed) Cnas. H. Fry, 
Clerk of the Council. 

Silvanus P. Thompson, Technical College, Leonard-street, 

City-road, London, E.C. 
The Appreciation of Technical Education. 
City and Guilds of London Institute, 
Technical College, Finsbury, 
Leonard-street, City-road, London, E.C., 
January 9, 1904. 
To the Clerk of the Urban District 
Council, Erith. 

Sir,—I have duly received yours of December 17, informing me 
that your Council authorised its engineer to take two pupils and 
to receive their premium. Your letter therefore confirms my con- 
tention that your Council is responsible for this instance of the 
discouragement thereby given to technical education. You are 
probably aware that England is the only country in which this 
disastrous system of requiring pupils to pay premiums survives. 
It is a farce for district. councils and county councils to pretend 
to be in favour of technical education, and then, when the 
opportunity arises of offering openings in their engineering esta- 
blishments, closing those openings to all the clever boys in the 
technical schools in their district. If your engineer's salary is 
insufticient, I suggest that you should pay him an additional 1001. 
per annum, and then open these junior posts /ree to the cleverest 
boys in the technical schools in your district. That course would 
directly encourage true technical education, and would remove a 
serious blot from the present system. It would have the direct 
effect of bringing into the service of your council a more able 
class of junior engineers. 

I am, Sir, vour obedient servant, 
(Signed)  Sitvanus P, THompson. 








MISCELLANEA. 

From returns compiled for Ryland’s Iron Trade Circular 
it appears that on December 31 last there were 316 pig- 
iron furnaces in blast in the United Kingdom, this figure 
being a decrease of 25 on the returns of the previous 
quarter. Kight new furnaces are at present being built, 
and 35 are in course of rebuilding. 


The report of the Advisory Board appointed to con- 
sider the competing designs for the great bridge which it 
is proposed to erect from Sydney, N.S.W., across the har- 
bour to the north shore, has now beén issued, and the 
tender and design submitted by Messrs. J. Stewart and 
Co. is recommended for acceptance. This isa canti- 
| lever design, with the main span 1200 ft. wide. The total 
|eost of the bridge and approaches is estimated at 
| 1,940,050/., but it was stated in the Parliament of the 
| colony that in the present state of the public finances it 
| was not intended to proceed further with the work just 
yet. 
| As the result of the recent scholarship examinations 
‘at the Electrical Standardising, Testing, and Training 
| Institution, London, the examiners recommend the fol- 
| lowing awards:—To H.S. Phillips, of Oakham School, 

hibition of forty guineas, tenable for two years ; to 





; an ex 


whose opinions, it is needless to say, are | 1 


ines at a great variety of angles, as well as the ordinary 


45 deg., 60 deg., and 30 deg. angles. Amongst them we 


| note a special angle for drawing in the threads of screws 


and similar slightly-inclined lines. 


The following extract from the report received from 
Mr. Henry Birchenough, the Special Commissioner ap- 
pointed by the Board of Trade to report upon the pros- 
pects of British trade in South Africa, is very interest. 
ing :—‘‘ Mill-engines : I consider the modern type of the 
‘ Hick-Hargreaves (English), the most modern ‘ Robey’ 
(English), and the genuine Sulzer (Swiss), to be beyond 
compare the best in the field. The German - made 
‘Sulzer’ type engines are , but steam valves and 
stems get loose, and the design and material are not by 
any means perfect in this respect.” The wider aspects of 
this report were noticed by us in our issue of December 18, 
1903. 

The electrification has now been completed of a further 
section of the London County Council’s southern tram- 
ways—namely, the lines extending from the Elephant 
and Castle to New Cross and Greenwich. These embrace 
about ten miles of double track, six miles of which 

-vid the New Kent and Old Kent-roads—are expected 
to be opened for public electrical service on Sunday next, 
and the remaining four miles— vid Queen’s-road and Cam- 
berwell—on the Sunday following. The conversion to 
electric traction of the cable line between Kennington 
and Streatham is about to be proceeded with, and also 
of the short connecting line between Kennington Park 
road and the cable line and of some further short 
lengths, principally in the Southwark and Bermondsey 
districts. On the completion of this work, all the 
lines which formerly made up the undertaking of 
the London Tramways Company south of the Thames 


| will have been reconstructed for electric traction, together 





with short sections of line formerly belonging to the 
South London Tramways Company. Some new lines are 
also to be laid, one of which will have a terminus at 
Southwark Bridge. This will be nearer the City than 
any of the existing termini, which are at Westminster 
Bridge, Waterloo-road, and Blackfriars Bridge. Between 
these last-named places and Tooting electrical working 
was inaugurated “ the Prince of Wales on May 15, 
1903. The underground conduit system of electric trac- 
tion has been adopted by the London County Council 


for all the above-mentioned lines. It was argued that 
the use of overhead conductors would be p uctive of 
enormous inconvenience in such busy thoroughfares. 


The work of conversion of the Greenwich lines was 
divided between two firms of contractors — Messrs. 
Dick, Kerr, and Co. and Messrs. J. G. White and Co., 
who acted under the supervision of Mr. Fitzmaurice, 
the County Council’s chief engineer, as regards the 
track work, and of Mr. J. H. Rider, the Council’s elec- 
trical engineer, as regards the electrical equipment. 
On a trial trip last Tuesday cars were run from 
the Waterloo-road terminus, vid the New Kent and 
Old Kent-roads to Greenwich and back vid Queen’s- 
road and Camberwell. The whole journey of about 
ten miles was covered in 14 hours, the running being 
exceptionally smooth and quiet. The speed on the 
public service will be fully twice as great, and the accom- 


| modation at least one-third more than with the horse-car 


system, while the fares charged will remain the same as 
before. 








Inpian Gotp Propuction.—The production of gold 
by the companies engaged in the Kolar field last year 


| was 597,786 oz. ; the corresponding output in 1902 was 
| 505,136 07, 


rules, new boilers frequently have their pressures reduced | [,, W. Ballard, of Dunheved College, Launceston, and to 
10 1b. or 20 1b. to suit the inspector’s fancy, or he insists|G, E. Whitton, of Wellingborough Grammar School, 
on certain alterations to the fittings, which cause much | exhibitions of thirty guineas, tenable for two years ; to 
annoyance and delay to merchant and customer, especially | H. R. Ainsley, of the Masonic School, a special prize of 





if the latter happens to be a native. 

In attempting to construct boilers to the Board of | 
Trade rules, I have frequently been pulled up short by | 
the following questions :— 

What extra strength is allowed a firebox girder when | 
it is suspended in slings from one or more points ? | 

If these girders are made of cast steel of H or T sec- | 
tion, how is the strength to be reckoned ? | 

How is the staying of irregular surfaces, such as a | 
Lancashire boiler front, to be estimated’? and also the | 
triangular (?) portions of plate between the gussets ? 

What allowance is made for a T or bulb stiffener on a | 
flat plate ? 

Under what conditions can stay-tubes be omitted from 
small locomotive boilers ? 

How is staying of cylindrical surfaces of large diameter, 
such as vertical boiler fireboxes, to be reckoned? It will 


not be fair to treat them as flat plates. 

There are, no doubt, many readers of ENGINEERING w 
will be able to swell this list of queries. 

These are the points that are ‘‘left to the discretion of 


guineas, and all particulars can be obtained on applica- 


ho | 


| twenty guineas. 

The thirty-seventh series of lectures and demonstra- 
tions for sanitary officers, arranged for by the Sanitary 
Institute, Parkes’ Musenm, Margaret-street, W., will 
be commenced on February 2 next, and will include five 
lectures on elementary physics, twenty lectures on public 
health statutes, the practical duties of sanitary in pec- 
tors and public hygiene, and seven lectures on meat and 
food inspection., The fee for the full course is three 
| 


tion to the secretary of the institute, at the above address. 


In a new form of set-square just being introduced by | 
Messrs. John Davis and Son, Limited, of the All Saints 


Works, Derby, a hint is taken from the typewriter, and | 


the set-square is fitted with ‘erasure grooves,” through 
which it is possible to rub out a particular line in a draw- 
ing without interfering with others which do not require 
alteration. The dodge should prove very useful in the 
drawing-office ; and, we may add that the set-square has 
other features of interest, since it is easy to obtain with it 


| 


Woon’s WaAtreR-GAauGE: ADDENDUM.—Mr. Wood asks 
us to state that since the description of his water-gauge, 
which appeared on page 61 ante, was written, it has been 
demonstrated before an officer of the Admiralty that a 
4-in. glass rod was sufficient to keep the valves open under 
a pressure of 230 Ib. on the square inch. 





WaceEs aT New York.—Wages at New York are 
considered to have increased 10 per cent. since 1897, while 
the proportion of working time lost by organised wage- 
earners has declined from 30} per cent. to 13 per cent. 
The cost of living is more, but, upon the whole, the con- 
dition of the New York working class is considered to 
have improved. 





3aALDWIN Locomotivk Worxks.—The output of the 
Baldwin Locomotive Works for 1903 was the largest in 
the history of that establishment. It comprised a total 
of 2022 complete locomotives. . In addition to these, 
duplicate or repair parts were furnished equivalent to 
about 250 complete locomotives additional. Of the com- 
pleted locomotives, 1966 were for service in the United 
States, and 56 for use in the following countries :— 
China, Costa Rica, Cuba, Mexico, Japan, Newfoundland, 
Yucatan, England, Hawaii, Brazil, British Columbia, 
Nicaragua, Peru, Porto Rico. Compound cylinders were 
applied to 300 locomotives, while 85 locomotives were 
operated by electricity, and 6 by air. This large output 
represents the waited efforts of a weekly average of 
14,720 men, working 10 hours per day, some on day turn 


and some on night turn. The product of the nine pre- 

ceding years was as follows :— 
1894 ... 313 
1895 ... 401 
1896 ... 547 
1897 ... 501 
1898 ... 752 
1899 ... 901 
1900 ... 1217 
1901 ... * ‘ese va ee ss LoD 
1902 ... Be - Ae ne .- ©1538 
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FIRE-FLOAT FOR THE ELSWICK WORKS. 


CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, LTD., ENGINEERS, LONDON. 








Messrs. Sir W. G. Armstrong, Whitworth, and Co. 
at their Elswick works have what is, perhaps, the 
largest private fire brigade in the world. It consists 
of about 80 trained men, under an expert officer, with 
several separate fire-stations. Call-points and tele- 
phones are fitted in all parts of the enormous works. 
The new fire-float, illustrated above, has just been 
delivered by Messrs. Merryweather and Sons, London, 
to Messrs. Armstrong as an additional protection 
for their factories, which occupy a long frontage on 
the River Tyne. he new vessel, which has under- 
gone a successful test, can pump from the river, and 
deliver powerful jets to any part of the works to 
supplement the high-pressure hydrant system supplied 
fram the Newcastle water-works. The vessel, which 
is of steel, has been built and engined at Greenwich. 
It is 45 ft. long by 11 ft. beam and 5 ft. deep. The 
draught is 3ft. to4ft. Itis fitted with a Merryweather 
patent vertical water-tube boiler and double-cylinder 
engine driving a single screw, giving a speed of 8 knots. 
Two water-tight bulkheads are fitted, and two coal 
bunkers with sliding-doors are provided, as well as 
fresh-water tanks holding 5 tons. Hand steering- 
gear is fitted, with wheel forward of the engine- 
room. The pumps are of the makers’ ‘‘ Admiralty” 
double-cylinder type, and are capable of delivering 
1500 gallons per minute. The two pumps are cast in 
solid gun-metal, and have double piston-rods of 
phosphor-bronze. The delivery is fitted with a large 
air vessel, and connected to six hose outlets on deck, 
each 3} in. in diameter, and also to a monitor on the 
top of the engine-house, from which a single 2-in. 
stream can be thrown. By means of breechings 
12 lines of hose can be fed simultaneously. Suction is 
taken through strainers placed below the water-line 
on each side of the boat, sluice-valves being fitted so 
that either can be closed, in case the boat is working 





close to shore, and one side is not deep enough for | 


suction. A large covered engine-room is provided 
amidships, and aft is a compartment for hose. Bilge- 
pump, feed-pumps, and the usual fittings are provided. 
A powerful heater is placed in the engine-room, to keep 
steam in the boiler at night, so that in case of an 


alarm the vessel can be under weigh in a few minutes. | 


Messrs. Armstrong, Whitworth, and Co. are well 
pleased with the new vessel; and have generously 
offered its use in case of fire at other establishments 
on the river. 








Tue Bartic-NortH Ska Canau.—The last report of 
the Board shows a marked increase in the traffic, and 
that the canal is being used more and more by regular 
liners. The following table shows the traffic for every 
year since the opening of the canal :— 


Year. Vessels. Tons. 

1896-7 19,960 1,848, 458 
1897-8 23,108 2,469,795 
1898-9 25,816 3,117,840 
1899-1900 26,279 3,488. 767 
1900-1 29,045 4, 282,094 
1901-2 30,161 4, 285, 301 
1902-3 32,010 4 573,834 


The number of small steamers—that is, under 100 regis- 
tered tons—rose from 5858 to 7406, whilst the number of 
steamers of 1000 to 1500 tons only increased by ten— 
from 143 to 153. The average time for passing through 
the canal was 8 hours 51 minutes for vessels of 5.4 metres 
depth, 11 hours 31 minutes for vessels of 5.5 to 6.9 metres 
depth, and 12 hours 43 minutes for vessels of more than 
6.9 metres depth, which shows a considerably shorter 
time than the previous year. A tug-boat with lighters 
takes on an average 19 hours 25 minutes. The receipts 
amounted to 2,281,764 marks, and the expenditure to 
2,507,350 marks, showing a deficit of 225,586 marks, as 
against 301,721 marks the previous year. 





WATER PACKING FOR CENTRIFUGAL 
PUMP SPINDLES. 


On October 16 we published an account of a spindle 
packing for centrifugal pumps, constructed by Messrs. 
Belliss and Morcom, Limited, Birmingham. By the 
courtesy of a correspondent we have since learned 
that a somewhat similar packing has been in use for 
some years in Victoria, Australia, in connection with 
centrifugal gravel pumps as used in sluicing operations. 
This packing consists essentially of a washer on the 
plain parallel spindle, the washer being covered by an 
annular chamber, to which is connected a pipe for 
supplying clean water. The packing is placed between 
the bearing and the pump disc, so that there is no 
possibility of any grit getting into the bearing. 

Referring to the annexed illustration, it will be seen 
that the pump spindle is surrounded with an annular 
chamber F at the point where it leaves the pump. 
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This chamber is placed as close as can be conveniently 
arranged to the pump case, and it serves to contain an 
amount of water which is capable of being revolved 
along with the spindle. Rotary motion is given to the 
water by means of a disc or plate E attached to the 
pump spindle, the plate being arranged so that any 
air that could leak into the pump must pass around 
the periphery of this plate. Owing to the centrifugal 
force, due to the rotation of the water when the pump 
is in motion, the water in the annular chamber attains 
a pressure sufficient to resist the pressure of the atmo- 
sphere forcing air into the pump. The plate being 
sealed on all sides with water under pressure, it is 
impossible for air to pass into the pump. 

Messrs. Robinson Brothers and Co., engineers, of 
South Melbourne, Victoria, Australia, introduced this 
water-packing some time since, and have applied it 
with very satisfactory results. It has stood the test 
of years of hard active service of the severest nature, 
proving itself to be eminently adapted for its purpose. 








German Rarttway Construction.—The length of new 
railway opened in Germany last ? ead was 508- miles ; the 
corresponding extensions opened in 1902 represented a 
total of 601 miles, 


ARMSTRONG’S RIVET-HEATING FURNACE. 


THE annexed illustration shows a section of Arm- 
strong’s non-oxidising rivet-heating furnace, which is 
made by the Carbon Oxide Company, Limited, of 46, 
Lombard-street, London. The arrangement of the 
furnace is so simple that it can be seen almost at a 
glance. The grate is formed of a cast-iron plate, bored 
with very numerous holes for the passage of the blast. 
This arrangement is adopted because it ensures per- 
fectly even combustion, and obviates all risk of the 
fire burning into holes, and of the air getting through 
in larger quantities at one portion of the grate than at 
other portions. The furnace is fed with coke, which is 
raised to incandescence by the action of the blast. 
According to the well-known chemical reaction, the 
oxygen of the blast first burns to carbonic acid ; then, 
as it rises up through the incandescent fuel, it takes up 
another atom of carbon, and becomes carbonic oxide ; 
but at the same time losing its high temperature. 
This gas, on escaping from the top of the bed of the 
fuel, fills the upper chamber, where the rivets or other 
articles are placed, and as there is a plus pressure 
inside, all atmospheric air is excluded. The chamber, 
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being thus charged with a red-hot reducing gas, 
remains constantly at a uniform temperature ; the gas 
only burns as it escapes into the chimney, with its 
characteristic reddish-blue flame. The result is that 
rivets may be placed on the top of the fuel, as shown, 
with a certainty that they will not attain a higher tem- 
perature than a full red heat; and as they lie in 
the reducing atmosphere of carbonic oxide, they 
will not scale, however long they may be left in 
the furnace. When they are required for use, they 
are picked out one by one by a boy, and inserted at a 
lower opening of the furnace, as shown, where the 
heat is very much greater owing to the carbon being 
burnt directly to carbonic acid. A few seconds in this 
zone raises the point of the rivet toa white heat, ready 
to be placed in the hole, and closed either by hand 
or by hydraulic power. It is the point of the rivet, 
which has to flow under the riveting process, that is 
raised to the highest temperature by this arrange- 
ment. 

The idea governing the design of this furnace is so 
simple and so rational that its utility and advantages 
will be most readily understood. 








INDUSTRIAL NOTES. 

Ir appears to be problematical whether the importa- 
tion of yellow labour will become a serious reality 
in South Africa, in spite of the efforts of the mine- 
owners and others who desire it. The Chinese Govern- 
ment, it appears, have some definite views in regard to 
the matter. It was thought that, if the way were clear, 
and the signal given, any number of coolies were only 
waiting to be called, and would flock to South Africa 
in sufficient numbers to satisfy all possible demands. 
The plans were laid, the pay and treatment defined, 
but by the Treaty of 1860, and the terms of the Conven- 
tion entered into in 1866, the Chinese Government can 
regulate or prohibit the migration of Chinamen into 
any territory of Great Britain or France. It seems 
that the Governments of the latter Powers refused to 
ratify the terms of the Convention of 1866 ; but the 
Chinese Government have the power to refuse or 





permit migration, and it seems that in the case of 
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South Africa this will be done. It is said that prohi- 
bition has been already decreed ; if so, there is an end 
to the matter. Still, it is open to the Government of 
Great Britain to negotiate with the Chinese Govern- 
ment as to the employment of Chinese in the Transvaal 
if it be so desired ; in which case, doubtless, the regu- 
lations will be such as to render the terms of service 
less severe. At any rate, the question is now on a 
different plane than it was previously. 

Meanwhile there are two sides to the question of 
employment of Chinese labour in the Transvaal—the 
Cape, it is said, is almost wholly averse to importation ; 
white labour, as a rule, is against it in the whole of 
South Africa. The petitions in favour of importation 
are being extensively signed by those more or less 
interested, either directly or indirectly ; but, on the 
other hand, all the labour organisations in South 
Africa are opposing it tooth and nail. They are now 
appealing to the labour party in this country to aid 
them in resisting importation by all the means in their 
power. A union of the forces of labour in South Africa 
with those in Great Britain will evoke a storm of 
opposition and a power of resistance which will make 
Parliament hesitate to sanction the proposal to employ 
yellow labour in the newly-acquired colonies in Sout 
Africa. There are loud complaints of want of employ- 
ment and of privation of white labour there, and still 
workmen of all grades flock to those colonies from 
all parts of the world. There is a notion, it would 
seem, that there is plenty of work and high rates of 
wages for all classes of workmen ; on arrival they find 
that the labour market is overstocked. These indus- 
trial questions bid fair to overshadow the political 
issues for a time, and may lead to complications of a 
serious kind. 

The Ironworkers’ Journal for January, 1904, reports 
the case of the Bradley boiler explosion, which 
resulted in death to one man and very serious 
injury to another. The owners, it is alleged, at first 
refused compensation, and even threatened to carry 
the case to the Appeal Courts. The society, on behalf 
of its members, replied that it would carry the case to 
the House of Lords, if necessary, in order to obtain 
compensation. At last the company agreed to pay 
1000/., of which 550/. was given to the badly injured 
man and 450/. to the wife of the member who was 
killed. After some negotiations on both sides, a 
sliding scale has been agreed to for the Moss Bay Iron 
Works, based on a minimum selling price, with wages 
fluctuations at one-half per cent. per ls. for the first 
1/., and 1 per cent. per Is. above that wages rate. 
The wages rates of puddlers in the Midland district 
remain at 8s. 9d. per ton, and millmen’s wages in 
proportion, until Saturday, February 4 of this year. 
The resolutions of the Welsh committee were contirmed 
as regards sheet millmen’s wages by the Midland 
Board. The wages of workmen in connection with 
the North of England Board of Conciliation and 
Arbitration remain the same during the current 
month as they were during October and November, 
1903. Some matters in dispute, discussed at the last 
Board meeting, are reported in the journal — that 
at the Jarrow Works, when a resolution was car- 
ried deciding the issue between the parties. It 
was a technical question as to work when the cogging 
mills were stopped. This is one of the values of such 
a Board—it can decide on the merits of the case. 





The monthly report of the lronfounders’ Society 
comes out in a new and more convenient form this 
vear. It is smaller in size, and more adaptable for 
binding, but there is no curtailment of its matter. 
The returns as to the state of trade are not very re- 
assuring; only in four places was trade said to be 
‘“very good,” whereas that description applied to 
11 last month. On the other hand, there was an 
increase from 16 to 23 of places where trade is described 
as ‘* good.” In 45 places, with 10,331 members, trade 
was from “ very slack” and ‘‘short time” to ‘‘ very bad ;” 
this description applied to 46 places, with 7445 mem- 
bers, in the previous month’s report ; so that, although 
one place less is so reported, there were nearly 3000 
more members affected. It would therefore appear 
that it is in the chief centres that trade has declined. 
The total membership was 18,427; of these, 1813 
were on donation benefit—increase, 302; sick, 473— 
increase, 34; superannuation, 1116—decrease, 3; on 
other trade funds, 195—increase, 22 ; on dispute bene- 
fit, 6—decrease, 48. The total on the funds was 
3603—increase, 307. The weekly cost of benefits was 
1245/. 4s. 4d., or ls. 4d. per member per week. The 
balance in hand amounted to 103,261/. 2s. 6d.—increase 
on the month, 224/. 18s. 3d. In a review of the past 
year, the secretary thinks that though the year 1903 
was not a good one, yet there is cause for rejoicing 
that it was not worse. But it is pointed out that 
19.5 per cent. of the total membership were out of 
work at the end of 1903—a very high percentage for 
this union. 





The January report of the Amalgamated Car- 
penters and Joiners is not jubilant at the prospects 





of trade for 1904. It states that the total member- 
ship is 72,651. Of these, 4600 were on unemployed 
benefit ; on sick benefit, 1628 ; and on superannuation 
allowance, 1422; or a total on the funds of 7650. 
This is a vast number for one society to support in 
midwinter, with the prospect, at least, of its continu- 
ance, and, it may be, of an increase. The report refers 
to the state of trade in South Africa as it affects 
carpenters and joiners. The employers there have 
given notice of 5 per cent. reduction in wages, 
and it is feared that the men will have to submit ; 
for if they strike, their places can soon be filled by 
men out of work and out of the union. In Australia 
the branches have voted in favour of removing 
the chief district office from Sydney, Victoria, to 
New Zealand; but the council will withhold per- 
mission until the general delegate meeting in June 
next. In the United States and Canada there is a 
separatist movement, the object of which is to secede 
from the Amalgamated Society, and establish an in- 
dependent union. This is said to be the work of the 
American union—the Brotherhood of Carpenters and 
Joiners. In places where the branches are small this 
influence is felt ; in the great cities of New York, Bos- 
ton, Philadelphia, and Chicago, where the membership 
is large, it is not so much felt. American unions are 
rather clannish in this respect ; though the American 
Federation of Labour favours more freedom. 





The London Trades and Labour Gazette, the organ 
of the London Trades Council, is to be taken over by 
a limited company in course of formation. In this 
month’s issue there are short articles on the progress 
of Socialism in Germany. It is said that the ruling 
classes are getting uneasy at the progress made. (ier- 
man workmen are subscribing very largely to the 
funds, and a determined stand is likely to be made 
against Imperialism, as understood in Germany. The 
‘war chest” of the Socialist party is growing 
largely, and the movement is extending to all 
parts of the empire. In Russia, too, there is an 
important labour movement going on, in some 
places quietly, in other places boldly and with deter- 
mination. Meetings are held in out-of-the-way places, 
where troops would have a‘difficulty in reaching them. 
In some places even the troops were defied until they 
fired upon the people. The London Trades Council 
have refused to accept as affiliated bodies the 
Grocers’ Assistants’ Association and the New Post- 
Office Association—a seceding body from the Fawcett 
Association. At recent meetings there have been 
squabbles about the officials’ action in regard to a 
Parliamentary candidate; at the last meeting the 
Labour candidate for Burnley was censured, as he is 
opposing a Socialist. The action of the Labour Repre- 
sentation Committee is condemned in an article for its 
meddling policy. But these squabbles are sure to 
occur, and a Labour organ must have a finger in 
the pie. 





The monthly report of the Operative Cotton 
Spinners’ Provincial Association shows that the turn 
in trade has been most favourable for them. The 
number of members in receipt of the society’s benefits 
was at the rate of 3.88 per cent. on the average 
weekly during the month, as against 18.79 per cent. 
in the month previous, and 5.34 per cent. a year ago. 
This is a change for the better, which, it is to be 
hoped, will continue. There was a loss in membership 
of 25 full financial members in the month, and of 59 
as compared witha year ago. The total number of 
members of all classes was 13,739, as compared with 
13,638 in the previous month, and of 13,818 a year 
ago. The increase was in the number of piecers, &c. 
There were 15 cases of dispute dealt with; in the 
previous month, 26 ; same month a year ago, 21. The 
accident cases were, 34 ; previous month, 21 ; same month 
a yearago, 22.. There were also 19 claims under the 
Compensation Act. The superannuation fund now 
amounts to 13,697/. 2s. 5d. 





The monthly circular of the Durham Miners’ Asso- 
ciation gives a review of last year’s operations. ‘There 
was added to the investments 41,000/. in the year ; the 
total reaches 282,000/. Yet the outlay for the year 
was large ; 41,541/. 14s. were spent in sick and acci- 
dent benefits ; in relief, 6420/. 18s.; in death benefit, 
5263/.; losses resulting from breakage of machinery, 
3420/.; arbitrations, 1231/.; and on strikes, 3/. 10s. 
only. The latter item is referred to with pride, not 
merely because of the smallness of the amount, but 
because of its moral and conciliatory side—the avoid- 
ance of friction in labour disputes. It is industrial 
peace that is needed in all branches of trade. 

The condition of the iron and steel trades in the 
Wolverhampton district was not of an encouraging 
character during last week—the first in the New Year. 
Although the large works recommenced operations, 
there were not sufficient orders on hand to keep them 
fully going. Several works remained closed for want 
of orders. The few orders given out in the week were 
simply for the completion of contracts, or for ship- 





ment. In nearly every department dulness prevailed, 
Only makers of best bars, plates, and sheets were able 
to show even nominal activity. But stocks are low, 
and it is said that heavy contracts are awaiting to be 
placed if terms can be agreed upon. As regards the 
engineering and allied trades, little can be reported at 
present. They are, as a rule, quiet—some sections less 
active than others. In the numerous hardware indus- 
tries the same may be said, but hitherto serious 
depression has not been complained of, except in a 
few branches. The variations in activity are great, 
but for the most part they range from moderate to 
quiet, some slack and dull. 

In the Birmingham district a slightly better tone 
prevailed at the week-end. The market was more 
fully attended, and there was some animation. But 
consumers withheld orders in the hope of lower prices ; 
but as foreign competition is less, prices may be 
upheld. Stocks are low in most cases, so that orders 
cannot long be withheld. In the engineering and allied 
trades the conditions have not much changed. They 
are, as a rule, quiet. In the other iron, steel, and 
metal-using industries the variations in activity are 
greater ; some are very slack; but a large proportion 
are from moderate to quiet. 

The strike of textile workers in Saxony continues. 
This is the twenty-first week of the strike, and both 
parties seem to be stubbornly determined to fight 
it out to the bitter end. It originated in the refusal 
of the employers to grant a ten hours’ day, instead of 
eleven hours, as previously. About 7000 workers were 
involved in the first instance. Now the contest is on 
alarger scale. The federated employers are assisting 
each other, and all the German workers’ unions are 
supporting those out on strike. British textile workers 
cannot but hope to see the operatives win, as the 
former won the ten hours’ day more than fifty years 
ago. 

The strike of operative crate-makers in the Potteries 
continues. The majority of the employers have con- 
ceded the demands of the men, but a number have 
refused, and locked out about 100 men. The union is 
said to be strong and able to carry the contest toa 
successful issue. 





The reorganisation of labour in the Royal Dock yards 
is being carried out. There is to be a large increase 
of ‘‘ establishment men.” Until the scheme is fairly 
completed it is not possible to say how the men will 
regard it, or whether their position will be better or 
worse. 





The inquiry into the wages of the Post Office em- 
ployés and the conditions of employment is being 
carried on by the departmental committee, under the 
presidency of Sir Edward Bradford. The evidence of 
the sorting clerks and of telegraphists seems to show 
the need for changes in some directions. 

There is a widespread movement on foot in the fede- 
rated districts in favour of a demand for a 5 per cent. 
advance in miners’ wages, and it is probable that a 
demand for that increase will be laid before the Con- 
ciliation Board before it terminates its term of office 
in March next. Lancashire and Cheshire have already 
spoken; it is believed that the other counties will 
follow suit. 

The engineers on the North-East Coast have re- 
ceived notices of a reduction in wages of 5 per cent. on 
piece prices, 2s. on day wages over 30s. per week, 
ls. 6d. under 30s., and 1s. below 25s. per week. 

At Baldwin’s Landore steel works, where frequent 
stoppages have recently taken place, some arrangement 
has been made for restarting the bar mills at the old 
rates, pending a general settlement uf the matters in 
dispute. 

The strike of sailors and dockers at various Spanish 
ports, which had seriously interfered with shipping, 
has been referred to the Chamber of Commerce for 
settlement. The men at a mass meeting endorsed the 
action of their leaders. 

The strike of sailors and dockers at Rio de Janeiro 
has ended, but the coachmen, carmen, and cabmen 
went out on Saturday last, and some disturbances fol- 
lowed. The object of the dispute is not yet reported, 
but probably both wages and hours of labour are the 
causes. 








VANCOUVER.—Arrangements have now been completed 
for the construction of a proposed floating dry dock in 
Vancouver Harbour, British Columbia. The Dominion 
Government s subsidy will be 3 per cent. on the total cost 
of the dock for a period of twenty years, on an amount 
not exceeding 1,000,000 dols. The dock is to be 500 ft. 
long, and its lifting capacity will be about 11,000 tons. 
Work is to be started on May 1, and the dock is to be 
completed within two years from that date, 














Jan. 15, 1904.] 


ENGINEERING. 





107 








— 


IS ANYTHING THE MATTER WITH 
PIECE-WORK ? 
By Frank Ricuarps, New York City. 


1. Tur title of this paper, if perhaps slangy in form, is 
not so in fact, and is, I think, fairly characteristic of 
what follows. _1t may be frankly stated that the purpose 
is not so much to convey information as it is to provoke 
discussion and to accumulate knowledge upon one of the 
unsettled and one of the most important questions which 
can engage the attention of this Society. It is also one 
which can most affect the interests of its members and of 
those most interested with them in the safe and successful 
conduct of business. A perfunctory “‘sitting down” 
upon the paper is not all that any one could properly 
desire, and cannot possibly close the case. 

9. Attention is invited to the accompanying diagram, 
which is easily understood. The purpose of it is to show 
the actual earnings of the workman, and, of course, also 
the labour-cost to the employer, for any given amount of 
work done under either day-work or piece-work at diffe- 
rent rates, the Rowan premium system, and Mr. Halsey’s 
yremium plan. The amount of work done is represented 
a the lengths of the horizontal lines, and the wages paid 
are represented by the vertical lines. ; 

3. As the Rowan system is not in use in this country, all 
may not understand its basis of computation. It starts 
with a fair day’s work, although that may not be the 
term used to designate it. The unit assumed is the 
amount or quantity of work which the man should ordi- 
narily be expected to do in a day for the ordinary day’s 
wage without any special inducement. The premium is 
earned only by the work which is done in excess of the 
regular day’s work, and the premium earned is according 
to the time saved in doing the work. If double the work 
is done in the given time, then one-half the time is saved 
and the man is paid one-half in addition to his regular 
wages, If the man does one and a half times his day’s 
work, then one-third of the time is saved, and he is paid 
one-third more than his day’s wages, and so on. ‘The 
basis of computation is thus fixed and cannot be juggled 
with, but the inducement constantly decreases with the 
amount of work done, so that whatever a man may do, 
he can never by any possibility double his earnings. 
Mr. Halsey’s premium plan, of course, requires no ex 
planation here, and it will be designated hereafter as the 
premium plan. 

4. Referring to the diagram, it will be seen that both 
day-work and piece-work, whatever the rate of the 
latter, are represented throughout by straight lines. A 
discouragement curve represents the Rowan premium 
system and Mr. Halsey’s premium plan has a bend 
sinister. It was impossible to include Mr. Gantt’s bonus 
system in the diagram because a part of it, the part where 
you do not quite earn the bonus, must be represented by 
an invisible line. 

5. It cannot fail to strike the observer at once that in 
the premium plan the work which is done in the earning 
of the premium is straight, absolute piece-work. The 
name cannot disguise it. The line in the diagram for the 
premium plan at one-half rate is exactly parallel to the 
half-rate piece-work line; the wages earned rise equally 
in each with equal increments of work done. So the 
three-eighth premium rate is parallel to the three-eighth 
piece-work rate, and so on. If, in making the premium 
plan bargain, the proposition were made to the man to 
first do his allotted quota and be credited with his day’s 
wages, and that then he should go to work by the piece 
for the remainder of the day at one-half the day rate, 
that would be the premium plan in every particular. 

6. The partial piece-work character of the premium 
plan being undeniable, a paper whose topic is piece- 
work must claim the right to handle it freely and with- 
out apology. The premium plan was invented by its 
originator nineteen years ago; it was put in operation in 
the shop at Sherbrooke, Canada, thirteen years ago, and 
was first brought to the notice of this Society in a paper 
twelve years ago. The plan, I know, has been proposed 
and advocated in all honesty of purpose; it has been 
pushed with earnestness and persistency. As a result, 
the premium plan is in operation in a few machine-shops, 
and nowhere else. I venture the personal opinion, based 
on the fullest available information, that perhaps 2 per 
cent. of the machine-work in the United States is done 
under the premium plan, while ten times as much is 
done by undisguised piece-work, and much more than half 
is still done by the day. 

7. It is not at all apparent that there are any peculiar 
conditions in the machine-shop which demand any dif- 
ferent plans of wage adjustment than are prevalent in 
other trades. While a knowledge of the premium plan 
is now widespread, the plan has not made itself appear so 
good a thing that any of the other trades have taken it 
up. It would not work with the shoemakers of Lynn, 
the hatters of Danbury, the gluvemakers of Glovers- 
ville, or the stitchers and starchers in the collar shops of 
Troy, for they all work by the piece, as do most of the 
manufacturing trades, and the ultimate possibilities of 
economical production are thereby secured as completely 
as they can ever be claimed to be under the premium plan. 
_ 8 We might by an effort imagine the effect of propos- 
ing the premium plan to one of the trades outside the 
machine-shop. Let it be tried on a lot of bricklayers. 
Say that it is first agreed that the day’s wages are earned 
when 500 bricks are laid, and that the premium plan 
oegins right there. The bald proposition is, first, that 
if 500 bricks are laid, 500 bricks will be paid for. This is 
so far meant to be an honest bargain on both sides. If 
you do not lay another brick above the 500, we will have 


: * Paper read at the New York meeting of the American 
Yociety of Mechanical Engineers, 





no cause of complaint. Well, now, having agreed td pay 
for the laying of the 500 bricks, when the 500 bricks are 
laid, go on and lay as many more as you can. 
750 bricks, we will pay you for laying 625 bricks ; if you 
lay 1000 bricks, we dee you for laying 750 bricks, and 
soon. It will be very plain that under this arrangement 
the workmen are clearly the gainers, for if you lay more 
bricks, you get some more money, and every additional 
cent. you get is, of course, clear gain to you. The 
absurdity of this thing, when dealing with bricklayers, 


ig sufficiently evident. Are machinists so vastly different | 


rom bricklayers ” 

9. They must be different, or else there are some things 
about the premium plan upon which I need information, 
and I take this way to get it. One of the inherent and 
inseparable conditions of the scheme would seem to 
be the voluntary acceptance of it by the individual 
workman. It depends entirely upon himself how 
much the man shall do after the allotted amount for 
the day’s work is done. He may do much or he 
may do little, and therefore, if he so chooses, he may 
do none at all, but just be content to work along at 
his usual rate and just earn his day’s wages. The 
premium plan as I understand it is, ostensibly, entirely a 
coaxing and not at all a driving plan; and yet it is a 
matter of common knowledge that in the State of New 
York alone there have been two determined strikes 
against the premium plan in the past year. This seems 
odd. Tf you do not choose to do what you are formally 
and distinctly allowed to choose whether you will do or 
not, what possibility for a strike can there be in that? 
Can it be that premium plan enthusiasts sometimes ven- 
ture to put on to the plan some features which do not 
belong to it? I cannot imagine any other way in which 
a strike could be possible. 

10. If they can tag things on and objectionably modify 
the premium plan, they can also knock things off. The 
one essential safeguard of the premium plan, continually 
insisted upon, is that there shall be no cutting of rates 
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when once established. This must inevitably involve 
injustice, because prices both of labour and of finished 

roducts change continually, and there must be, if justice 
is to prevail, sometimes a cutting of rates, and sometimes 
an advance of rates. So far as it is possible to fix honest 
prices, and to maintain them there as long as it is just to 
both sides to do so, it can be done as well with straight 
piece- work as with any premium plan, and is so 
done. For instance, I have knowledge of an_estab- 
lishment in the machine line, whose identity I must 
not disclose, where 1500 men are employed, and 
where piece-work prevails in all departments, so that 
90 per cent. of the productive work of the entire estab- 


lishment is done by piece-work; and it may be said | 


of that establishment that there is no cutting of 


rates there, just as truly as I suppose it is ever said of | 


works where the premium plan isin use. All prices, when 
made, run fora year. They are not arbitrarily imposed by 


If you lay | 





the employer or his representatives, but are the outcome 
of fair, free, and friendly conference ; and when changes | 


of price are imperative, they are adjusted again in the 
same way. The works are prosperous continually, and 
the relation of employers and employés are less strained 
than they were under other arrangements. 


the most honest way of paying for repetitive work in 
the machine trade, as in all others. It 1s worth while to 
note its popularity and progress, especially in the exten- 
sive line of railroad work. ‘The testimony at the meetings 
of the various railroad organisations is very pronounced 
in this direction. At the meeting this summer of the 
Railroad Master Blacksmiths, one man stated that abso- 
lutely every job in his shop was done by the piece. When 
the price could not be placed on the work to be done, it 
was placed on the ‘‘heat.” Perhaps it may not always 
be possible to do this in the machine-shop, but whenever 
the opportunity arises to consider the mode of payment, 
it should always be in order to ask: What is the matter 
with piece-work ” 








THE TOP OF A GREEN-SAND MOULD.* 
By Txos. D. West. 


In considering the top or cope surface of a green-sand 
mould we have to treat of means to suspend bodies of 
sand in a reliable form, the degree of dampness, density 
of sand, as well as the question of open or closed risers. 

In presenting these subjects it is not to be expected 
that all the features or thought presented will be strictly 
new to all those of large experience in the actual work of 
the moulder; nevertheless, there are many connected 
with foundries that may derive a better knowledge of 
principles by this paper than otherwise. Then, again 
most every large experienced moulder has different ways 
of doing things, or ideas of methods ; and for this reason 
the paper should provoke a discussion that might prove 
of value to many. 

In treating the first topic we can be best impressed 
with its importance if we will imagine a pile of sand on 
one hand, and the top forms of some large moulds on 
the other. It is as natural for sand to maintain forms 
in bottoms of moulds as it is for the water of Niagara 
to flow over its falls, as was clearly shown by one Pat, 
who, when asked if he did not think it wonderful, re- 
plied: ‘‘No; he did not see anything to prevent the 
water falling.” We must admit that in looking at the 
under sand surface of a large suspended cope, that man 
was thwarting Nature’s laws, or would, according to Pat, 
be doing something wonderful. 

Conceding it an achievement to suspend bodies of sand, 
the next in order is how to do it. To undertake such work 
intelligently, we should first know the weight of rammed 
sand, and, secondly, the largest body that can be sus- 
pended within four sides. Tests show that on an average 
a cubic foot of rammed sand weighs about 100 Ib., and 
that it can be suspended in bodies ranging from 14 in. to 
18 in. square, by 4 in. to 6 in. deep; the deeper the body 
the greater area carried. While it is true that rammed 
sand can be suspended to the dimensions just cited, con- 
ditions vary the size to be used. In some cases one 
could safely utilise bodies having an area of 14 in. to 
I8 in. square, while in others not much over one-half 
this area could be safely used. This is chiefly controlled 
by the area of the casting to be made, whether there 
are ~~ bodies extending below the joint to be lifted 
and the head pressure of metal when pouring the 
moulds. 

In cases where the area of copes exceed 14 in. to 18 in. 
square, they are subdivided by what we term “‘cross- 
bars,” and give us what might be considered sub-pockets. 
These divisions vary in form, the one of greatest 
utility being oblong, as by this form larger areas can be 
suspended than by square ones. As an example, a space 

? in. by 48 in. can be rammed to far more firmly suspend 
a body of sand than one of the same area put in the form 
of 18 in. by 18 in. This illustrates a principle in cross- 
barring copes that, if kept in mind, wouli greatly de- 
crease the number of ‘‘drop outs,” or the release of sus- 
pended bodies in handling copes, or pushing the sand up 
out of the bars, when moulds were poured, to thereby 


| cause bad castings and often heavy losses. 


Utinity or ‘‘GAGGERS” AND ‘ SoLpIERs.” 


To assist cross-bars suspend bodies of sand, we have 
recourse to what are termed ‘‘soldiers” and “‘ gaggers,”’ 
with which all founders are familiar. When and how 
these should be used are points that can here be profit- 
ably discussed. A ‘“‘soldier” or ‘‘ gagger’’ should be 
used only in cases where it is necessary to aid in sus- 
pending bodies of sand, or to assist in preventing the 
‘*drawing-down” of cope surfaces, as their use is liable 
to cause an uneven surface, or blow-holes, on the cope 
side of light castings. While they are a necessary evil, 
there is much work that demands their use; in fact, it is 


11. It must be evident that none of these premiums or | always best to give any doubt of their being necessary 


bonus, or other curved or bent or defective line schemes, 
whatever they may claim in the way of quickening the 


pace of the worker and increasing the output, can be the | or “‘ gaggers ” ‘ 


the preference. 
The question could be asked, Which is best, ‘‘ soldiers ” 
This depends upon conditions, a ‘ sol- 


most effective, for the reason that they offer a reduced | dier” of the same length as a ‘‘gagger” can ee the 
incentive at the precise time when the need of incentive | greatest body of sand, for the reason that its sides offer 


is most urgent. It is the last piece done which comes 
the hardest, and it is absurd to offer the man _half- 
price or less for doing it. With either of the pre- 





| 


greater surface for hanging sand to adhere to and that 
between the bars to be packed against. 
The character of work most largely dispensing with the 


mium plans doing its best in the way of increased output | use of “ soldiers” or ‘‘gaggers ” is such as “‘ stove plate.” 
and reduced labour cost per unit, and with piece-work | Here the faces of the bars A are evenly chamfered, as at 


prices adjusted to precisely the same price 
inducement to the worker to increase 


per piece, the | C, Fig. 1, and brought within 3 in. to } in. of the face of 
his output still | the pattern B (see next page). 


In some cases where 


further must be greater under the piece-work than under | inferior sand is used, the faces of the cross-bars may have 
the premium plan. The guarantee that prices shall not | nails driven into them every 2in. to 3 in, apart on both 
be cut is precisely as applicable to piece-work as to the | sides, or one run in the centre. Some shops, other than 


premium plan. The latter has absolutely no monopoly 


those making stove-plate, &c., adopt this nailing plan in 


of honesty, no assurance of price maintenance, any more some of their work, in preference to using gaggers. The 


than the other. With equal temptation to cut, and with 


chief objection to this lies in the projecting nails being 


the same human nature in the boss, the chances of cutting hard on the fingers when ‘ tucking the bars ;” also in the 


will average precisely equal. } , . 
12. With no one having the slightest interest in pushing 


* Paper presented to the New England Foundrymen’s 


or advertising piece-work, it is advancing on its merits as | Association, Boston, Mass, 
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liability of moulders to neglect the “‘ tucking” on account 
of the nails hurting their fingers ; such neglect will leave 
soft spots under the bars in the cope’s surface, to cause 
swells on the castings, if they were not pressed down and 
filled up with sand when finishing the cope. 

In Fig. 2 is displayed a few good and bad practices in 
setting gaggers. At No. 1 is seen a gagger coming up 
but a short distance between the cross-bars, while at 
No, 2 it extends the full height of the bar. One might 
think any workman of intelligence would not set gaggers 
as shown at No. 1 ; nevertheless, moulders can be found 
almost every day, in foundries using gaggers, setting them 
after the planshown. A gagger or ‘‘soldier,” to be reliable 
in suspending bodies which protrude below a joint, should 
outa fully two-thirds its length up between bars, as 
seen at No. 2. One would stand a better chance to lift 
a body as at D, without using gaggers, than to set them 
like No. 1, for the simple reason that the r gon occupied 
by the gagger is heavier than if it was sand, and there is 
no pressure to hold the gaggers between the bars. 

At Figs. 3 and 4 are seen practices followed in setting 
gaggers on sand sieved or placed over the face of pat- 
terns, wherein one is nearer the pattern than the other. 
Some work intelligently in this, while with others it goes 
as it happens. Where castings are heavy, and especially 
if there is any liability of the sand drawing down, it 1s 
generally advisable to have but about } in. thickness of 
sand under the gaggers; whereas with light or thin cast- 
ings 4 in. thickness is best, as by this a better chance is 
afforded the escape of gases and the avoidance of hard 
spots, which often cause defects in the cope face of thin 
castings. These are also often caused by the careless 
practice many follow of using gaggers having a lot of 
flour paste or lumps of clay sticking to the toe of gaggers 
when setting them on to the sand covering the face of the 
pattern. This causes mud-spots, that produce defects in 
the cope surfaces of thin castings. If proprietors and 
managers would notice these points in their passage 
through foundries, to let moulders know they knew what 
was bad practice in this line, there would be far less bad 
work due to these ignorant or careless practices. I 
could proceed to mention other evils in setting gaggers, 
but as time is limited, I will take up the question of 
dampness and density in relation to copes. 


REGULATION AND Errect OF DAMPNESS IN SAND 
FOR RAMMING CopEs. 


There is considerable difference in the treatment of 
sand required for ramming copes and for forming the 
bottoms of moulds. One peculiarity lies in the differ- 
ence of freedom for the escape of steam, which can be 
illustrated in a radical manner by imagining the different 
results in pouring molten iron into a ladle having water 
on its bottom, and by pouring water on top of a ladle of 
metal. In the first case we would have an explosion that 
would shake the earth and scatter the metal in all direc- 
tions ; and in the other ease no evil results other than a 
free harmless escape of steam and a little dulling of the 
metal’s surface. This is so harmless that I often, when 
in a hurry to cool off the metal in crane ladles, to get the 
right temperature for casting, pour one or more pails of 
water on top of the metal. The only thing to guard 
against in doing this is not to press the chilled crust under 
the molten metal to melt it before all signs of dampness 
on the surface of the crust has disappeared. It is not to 
be understood by this that we can in all cases have the 
top surface of moulds excessively damp or approaching a 
muddy condition. There are cases, however, when we 
require the extremes of dry and wet sands more than in 
the formation of bottoms. These extremes are to be 
found in light and heavy work, and are due, in the case 
of light work, to the sudden contact of metal against a 
large surface; while in the case of heavy work they are 
due to the exposure of large suspended surfaces to high 
heat. To illustrate the first, we will take the case of large 
boiler fronts. In pouring such castings the metal must 
as a rule be rushed in with all speed practicable, and in 
castings over }-in. thick the metal flows over the bottom 
in a thin body until it is all covered ; it then rises in a 
fairly uniform body until it strikes the cope’s surface 
and pops up the risers to denote the mould is filled. The 
filling of such moulds and lighter ones is so sudden that 
there is little time given for the escape of steam or gases, 
and hence there is greater need of precaution in prevent- 
ing their creation and providing means for the free libera- 
tion of what may be formed. 

It will be noted that I have used the terms ‘‘steam” and 
“gas.” While moisture, a compound, say, of two parts of 
hydrogen and one of oxygen, gives agas that will burn, 
as can be seen by the blue flame of hydrogen when throw- 
ing water on a cupola bottom, I make a distinction on 
the grounds that steam is due to moisture, while gases 
are due to the minerals in the sea-coal facing and the sand. 
While it is true that we have the gases from both steam 
and minerals to contend with, their actions are of such a 
distinct nature that we should consider them as separate 
agents in order to attain correct conclusions in fathoming 
ill results due to their existence. 

In considering the amount of gases that can be created 
from the minerals, sand, and moisture contained in a 
mould, it is but a step farther to perceive the necessity of 
creating as little of these gases as possible, and providing 
a rapid exit for their escape. 

When the gases are excessive and confined, we expe- 
rience defects in the cope surfaces of light castings much 
more so than in medium or heavy ones. These defects 
may be in the form of wavy rough surfaces, smooth con- 
cave indentation, corners, edges, and plain parts not 
running full to the shape of the pattern, and ‘‘ cold shuts.” 
These defects are caused by the steam or gases forming a 
cushion between the mould and metal, and are aided by 
metal being dull. The hotter the metal the longer time 


afforded the gases to escape before the metal sets or 


solidifies. To avoid these defects, we must use the sand 
as dry as possible, ram it after the manner to be shown, 
and use the vent-wire freely in connection with having 
good hot metal. 
Drawine Down or AND Skrn-DryinG Cores. 

Having shown the necessity for using sand as dry as prac- 
ticable, we will now show wherein the reverse is advisable, 
which is in the making of heavy castings having large 
cope areas that will be exposed to the direct heat of metal 
during the time a mould is being filled. 
for instance, of making a casting 4 in. to 6 in. thick by 
5 ft. or more square. Here, from the time we start pour- 
ing until the mould is filled, which can range from one 
to four minutes, the top of the mould is exposed to the 
intense heat of the rising metal, and should a mould be 
poured short and wait for iron, it may be exposed for five 
to fifteen minutes. 
cope tops have to stand can be had by considering how a 


flat body of green sand would be effected were it suspended | 


a few inches above the surface of a large ladle of hot 
metal. It will be evident that the heat from such a body 
must be very effective in drying the surface sand exposed 
to the radiation of the metal. This is found to be the case 


in the daily practice of making heavy castings, and has | 


resulted in causing much bad work and in originating 
the technical term ‘‘ drawing down,” which in a literal 
sense is the dropping down of sand that has been dried 
by the heat. Moulders without experience in making 
heavy castings have, upon starting, found the top surface 
of their casting to come out with large flat lumps, and 
the sand which came from these places floated off to form 
depressions or cavities in other sections. Some moulders 
have gone on making casting after casting, unable to 




































Take the case, | 


A conception of the heat which such | 


down,” and the latter because, if it were left damp, or of a 
loamy nature, there would not be time for the rising 
metal to dry the surface sufficiently to prevent the metal 
boiling and making defects ora bad casting. In such cases 
it is often best to surface nail the copes as at E, Fig. 3, in 
conjunction with the setting of gaggers, as with the use 
of weak sands there is great danger of the ‘‘skin dried ” 
thickness parting from the green or undried upper body 
of the sand, and by surface nailing the dry and green are 
held together. 

Loam plate covering is used only in copes for massive 
castings, or those long in filling, where the best assurance 
of preventing ‘“‘drawing down” is desired. This is effected 
by casting plates with prickers, as at F, Fig. 4, and after 
covering the surface with fine cinders, asat G, the cinders 
are then wet with clay-wash and a strong mixture of 
loam, wet to a mud state, is then packed on as at H, after 
which the whole is thoroughly dried in an oven or other. 
wise. 





DENSITY OF SAND IN RAMMED COPEs. 


In ramming copes we have much the same conditions 
to contend with as are found in bottoms. <A cope 6 in. 
to 8 in. deep is best rammed by making twocourses. The 
first course should not be over 4 in. deep, and the ram- 
ming of it by the pein should be done in a regular, close, 
even manner, so that all its surface will be alike in density. 
The second course of sand is first rammed by the pein, 
and then by the butt. The second peining can be done 
in about half the time required for the first course; all 
that is necessary is to press the pein down solidly to feel 
the first course in spaces 2 in. to 3 in. apart, whereas the 
first course requires all parts of its body penetrated with 
‘the pein. After the second peining the butt end of the 


Fig.4. 
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remedy such defects; these flaws, in some cases, would 
send the castings to thescrap pile and cause heavy losses. 
To overcome this evil the sand used for the first inch or 
so on the top face of the mould must be of such a character 
that, instead of the intense heat drying it to a dust form, 
it will bake it to form a hard crust, that, by being closely 
gagged or surface nailed as at E, Fig. 3, will not separate 
from the damp sand above its surface. To achieve this 
the sand used should be of a loamy or clayey nature, 
such as will bake hard when heated. Some localities can 
obtain sand that is suitable, without mixture with any 
material, for this work, while others must mix flour, or 
clay-wash with their sand in order to obtain a facing that 
will bake when heated. Asa rule, all such facing sand 
must be made much damper than that used for light cast- 
ings, and, apart from starting with a much damper sand, 
it is often a good plan, in case of very thick castings, or 
those exposing the top or cope surface over one minute to 
the heat of the rising metal, to dampen the finished cope 
surface with water, or, better still, mixing half a pint of 


molasses to about two or three gallons of water, by means | 


of blowing it on with a sprayer or brush. The surface 
can in that manner approach a mud, and will work all 
right for very thick plate casting long in pouring; but the 
method, if attempted for light or quickly-filled moulds, 
would cause a boil or explosion that would throw most of 
the iron out of the mould and endanger the workmen. 
Another plan often adopted is to ‘‘skin dry” the top, 
or to use a loam plate covering. The first is obtained by 
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rammer is used, and upon this dependence must be most 
largely placed for obtaining the density necessary to main- 
tain the sand between the cross-bars while handling the 
cope and pouring the mould. Some, in ramming copes 
under 8 in. deep, will avoid the second peining by putting 
in the greater depth of sand for the first peining, and 
finishing with the butt. With copes 4 in. to 6 in. deep 
this may often answer, but with those of 6 in. to 8 in. 
deep the plan is not, as a rule, a desirable one to follow, 
as it does not afford the chance of obtaining the even 
density or degree of hardness of the face secured by the 
two peinings. 

To hold the sand reliably in a cope, the butting is of 
the greatest utility. It not only packs the sand most solid, 
| but also saves timeand labour. As a rule it is used but 





once, no matter how deep the cope; or the deeper the 
cope the more courses of peining, reserving the butting, 
as a rule, for the last course. 

The surface of light-work copes should be softer than 
with heavy work, and either class will require harder 
ramming on the face to a certain limit, according as the 
height of head-pressure is to increase in pouring the 
mould. Two thin castings having the same density of 
| cope surface, but one having a higher head-pressure than 
| the other, would differ in thickness, although made off 
from the same pattern. 

MeTHODS OF VENTING AND KINDS OF VENT-WIRES 
| USED. 

The methods used for venting copes are regulated by 





making the facing of strong loam sand, or mixing weaker 
sands with flour or clay-wash, and wetting the rammed | the density and dampness of the sand, and by the class of 


or finished surface to make it very damp for a depth of | work being made. Light work copes, as a rule, should, for 
4 in. or so, and then building a fire under the cope with | plain plate work, have the vent-wire pushed closely to the 
Shavings and fine wood or gas to “‘skin dry ” the surface | surface, and not over 1 in. apart ; while with heavy plain 
to a depth of $ in. to #in. Thisis done chiefly where the | plate work the vents are best kept within } in. of the 
cope’s surface is to be exposed a long time in pouring, or | surface, and may range from 2 in. to 3 in. apart. Where 
where sands are very weak and the mould will be filled | there are projections of any character, closer venting will 
quickly, the former causing fear of the sand ‘‘drawing | be required in heavy as well as light work, The advan- 
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tages of close and distant venting will be understood when 
one considers the reason given herein for the liberation of 
vases. : ; 
“The size of vent-wires used range from 3 in. to ,° in., 
the larger wire being used for heavy work, and the deeper 
the venting or cope the larger the wire necessary. A 
feature that will strike some as being unscientific, and 
will be new to many, lies in the difference seen in the points 
of the vent-wire at Fig. 5. A novice in their use would 
select K as the one to offer the least resistance to force 
when being pressed into the rammed sand. A trial of 
both K and M will surprise the novice, and will show 
how much less force is required to press M than K. 
Some, to obtain advantage of the point feature, combine 
the two to have vent-wires appear as at P ; but the point 
does not attain the ease that one would think it should. 
However, in the case of wires over } in. in diameter, P 
is a good model to adopt. 


ADVANTAGES AND EvILsS OF OPEN AND CLOSED RISERS. 


In treating the question of open and closed risers, we 
take up a subject that moulders do not agree upon, the 
difference being that one or two writers hold that all 
risers should be kept open, while others maintain that 
much depends upon conditions, the writer taking sides 
with the latter. 

The action of risers, whether closed or open, is, in the 
former case, an action which maintains a pressure of air 
and gases between the surfaces of the rising metal and 
the cope, while in the latter case there is little or no pres- 
gure, accompanied with the friction of air and gases rush- 
ing through the mould to escape out of the risers. The 
benefits derived from affording free escape for the air 
and gases through venting and open risers lie in removing 
the chances of gas-cushions, which may prevent the 
metal filling all corners, edges, and plate parts of moulds, 
and often cause blow-holes, &c. The benefits derived 
from keeping all_ risers air-tight lie in maintaining 
an air pressure. In moulds that will aid to sustain sus- 
pended bodies and prevent the escaping air and gases 
from disturbing pieces of the mould, and carrying black- 
ing, dust, and dirt to be lodged under projections, &c., or 
thrown out of the mould. ‘The method is to be compared 
to what would occur if one could open and close the mouth 
of a volcano, or, in a milder way, the difference in the 
commotion of air that prevails in and out of doors during 
a wind storm. 

The commotion of air and gases in light work moulds, 
apart from carrying dusts, can do little harm, for the 
reason that there is little body of metal, and moulds are 
quickly _poured ; whereas in heavy work we have the 
reverse. conditions. The statement has been published 
in the ‘‘ Foundry” that all green-sand moulds could be 
cast with open risers. I am afraid that the writer making 
that assertion has had a limited experience. I think I 
could give him green-sand jobs in which he could not obtain 
perfect castings by having open risers. I believe that 
another writer claimed that the face of heavy plate- work 
was not rammed hard enough. It is true that hard ram- 
ming and good close venting may make it possible to 
cast certain lines of heavy plate-work with open risers ; 
nevertheless, I fail to perceive wherein anything is gained 
in casting such work with open risers ; and if there is not 
anything to be gained, wherein lies the advisability of 
taking chances of evil occurring, which chiefly lies in 
the danger of ‘‘drawing down” with plain open plate 
surfaces, and disturbing delicate bodies of sand in com- 
plicated designs. To start a mould to blow often permits 
the metal to come in contact with rusty nails and rods, 
and fills vent passages for the escape of gases with 
metal, causing a mould to resemble a live volcano. 








WHAT ARE THE NEW MACHINE TOOLS 
TO BE ?* 
By Joun E. Sweet, Syracuse, New York. 

1. Iv is a fact quite apparent to users of machine-tools 
(and first among them are the machine-tool builders them- 
selves) that the new high-speed tool steel calls for a re- 
designing of our machines, if. we are to get even a fair 
— of the ultimate possibilities which the new steel 
offers. 

2. I expect the machine-tool builders have already the 
reply formulated as follows: ‘‘ You just keep on tailing 
engines, and leave the machine-tool business to us.” But 
that will not quite do. If no one but the engine-builders 
had mixed in the engine business, we would have had no 
turbine engines ; and many of the standard machine-tools 
were originally devised by those who had use for them 
rather than by the man who devised things to sell. 

3. I think the machine-tool builders will admit that the 
machines must be re-designed ; but to the most of them 
will this mean anything but just to make the driving 
elements more powerful and the machines stronger ? which 
is as much as to say everything has been all right, and all 
we need to do is to change the strength and power. ‘But 
have they been all right, or half right ? 

4. It can be shown by figures, I suppose (I know it to 
be a fact by a trial with models), that a complete box is 
thirteen times more rigid against torsion, and four times 
more rigid against bending, than the same amount of 
material is in the form of side-plates and thin cross-girts. 
It is probably from four to eight times more rigid than 
the cross-girt plan in any form; and yet in the case of 
lathes, the whole business of whose beds is to resist torsion, 
only one or two builders have had the courage or audacity 
to adopt the box form. 

5. All planer beds can just as well be box beds, with 
half the cost in patterns and foundry work ; and so, too, 
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the tables which are sprung by bolting down work can 
just as well be box tables, four times as strong with the 
same material, and with a saving of half the cost in 
patterns and something in the foundry. 

6. The whole tendency of the cut is to slide the work 
endwise of the planer bed ; but who has ever tried putting 
the slots crosswise in a way to offer the greater resistance, 
and prevent the bending of the bed by the peening of the 
upper surface, as now occurs, which, with the springing 
by bolting down the work, are the primary causes of cut 
ways? 

7. Some planer and boring-mill cross-rails are of box 
section in the centre, but are thinned down at the ends 
when fastened to the housings. The most of them are 
three sides of a box only, or one-tenth the strength of a 
box, where a plain square box straight through is in- 
finitely better and cheaper. Of course, the boxes are not 
to be proportioned from what is in use now, but from 
what is to be made to meet the new conditions. To select 
enough material to meet the new demands, and then put 
the material so that it will be four times more rigid, will 
be something like it. Housings of box section will be 
just as rigid fore and aft, and much more rigid against 
side strain. 

8. Milling machines of the planer style are constructed 
like planing machines, seemingly without a thought but 
that the conditions are identical, while they are not. If 
the bed of a planing machine and the table were of the 
same length, the weight of the table and the load over- 
running the end of the bed would soon wear the top of 
the bed-crowning and the under side of the table concave 
to fit, and it is to counteract this tendency of gravity to 
wear them out of true that the beds are made longer than 
the tables. With the milling machine the load is less— 
more of it in the middle of the table—because there is less 
gained by putting on small pieces end to end, and the 
down pressure of the big cutter always in the middle 
partially, if not wholly, neutralises the tendency to wear 
out of true by gravity. When such a machine has side 
cutters or a vertical spindle, the pressure is always in the 
middle, first in one direction and then the other, exactly 
the reverse from the gravity action, and instead of the 
side guide of the tell being longer than the table, it 
should be shorter, by just about the same amount as the 
bed of a planer needs to be longer. 

9. Many times the sliding-piece and its guides can be 
the same length and keep straight. The things which do 
not tend to wear out of true do not wear much, and the 
things which do wear out of true, and have to be refitted, 
are never just right but when new and when so refitted. 
Where a short block slides on a long guide, if the scraper 
marks wear out sooner along the middle than at the ends, 
the ends of the guide need cutting off, however much 
over-run it gives to the sliding-block. 

10. The draughtsman dare not make a drawing of an 
engine cross-head over-running the guide one-third of its 
length at each end; the builder would hardly dare to 
build it if he did, and no user has the courage to take out 
the guides and cut them off, or cut away the surface, even 
when he knows it would be money in his pocket; but it is 
the thing todo. We find that in the case of a slipper 
guide, owing to the effect of inertia and momentum giving 
a twisting action to the crosshead, it is necessary to cut 
away the guide so that the crosshead will over-run very 
nearly one-half its length before the scraper marks will 
show uniform wear. This, of course, is subject to modifi- 
cation, according as the centre of gravity is higher or 
lower, or the speed of the engine is greater or less. We 
are building engines with the crossheads over-running 
that way, and people buy them. 

11. To get the best out of machines, they not only want 
to be rigid and true, but the drive needs to be powerful. 
In this respect a worm gear is about. as perfect as can be, 
or cutting spur-gear teeth spiral accomplishes about the 
same result. What appears as an objection to spiral 
teeth is end thrust against the shoulders, which does not 
amount to much; and when the shaft runs in reverse 
directions, and end play in the journals is permissible, the 
journals keep in much better condition. The mention of 
a worm gear is like the flaunting of a red rag to some 
people; but it has its place, and a good many more places 
than it has been u in. The claimed objection is 
excessive friction and loss of power; but the results do not 
seem to justify the claim. 

12. The most perfect worm-gear we have (theoretically) 
is a screw and nut, and they do waste enormously in 
friction ; and, in proportion to what they do, they wear 
out the most of any piece of mechanism. The most im- 
perfect worm-gear we have (theoretically) is the Seller’s 
planing machine drive, and yet they never wear out, and 
hence cannot lose much in friction. 

13. In the writer’s opinion, two of the things which 
never need to have been invented are the Hindley worm- 
gear and a machine for hobbing worm-gear. Experience 
convinces the writer that a liberal pitch worm skewed 
round so as to properly mesh with a plain spur gear, or 
one with the teeth at such an angle as to skew the worm 
a little more, will run more easily and last longer than the 
other sort. A machine driven with the worm is positive, 
and if there is any chatter, it comes from elasticity in the 
spindle or the work itself. The value of lathes, par- 
ticularly those used for face-plate work, is considerably 
improved by having large and short main bearings. They 
large to resist torsion, and short to resist 
bending, and the ordinary face-plates are ridiculously 
frail. To get the best of a face-plate, it should be box 
section, and as large as will swing in the lathe. 

14. Owing to the rapid wear of screws, the writer is 
convinced that a precision screw in any lathe used in 
manufacturing is of no special value over a fairly good 
one. Wearing the screw in one place while threading a 


few hundred pieces destroys the precision in a way which 
no future use will ever correct: 








If the designer will analyse every detail, he will find 
that many of the old features were not right to meet the 
old conditions, and not half right for the new. 

15. While manufacturing is going to call for many more 
simple machines—that is, machines to do one thing rapidl 
and well—the machines which will do a variety of cate: | 
will be still in demand, for the sparsely-settled sections of 
the country and the colonies will call for the country 
machine-shop as of old. 

It is the hope of the writer that this tirade will bring 
out an interesting discussion on machine design and the 
capabilities of the high-speed steel, for that is the object 
of its presentation. 








STANDARD UNIT OF REFRIGERATION.* 
By J. C. Brerrscu, Atalanta, Ga. 

For three-quarters of. a century mechanical refrigera- 
tion has been in practical use. For the first period of 
about fifty years it has been applied most exclusively for 
making ice and cooling liquids in small quantities only. 
But during the past twenty-five years its applications 
have increased so wonderfully, and on such a large scale, 
that it must now be taken care of as a special line of 
business by the refrigerating engineer. 

As an exclusive process, mechanical refrigeration is used 
for making ice, preserving perishable goods, controlling 
fermentation, fractional distillation, assisting in mining, 
and for many other purposes. It will, sooner or later, be 
applied to our dwellings and public halls, not only to 
replace the ice in the refrigerators, but to furnish also 
cooler and better air during the hot season of the year. 

In spite of the many years of practical application, and 
in spite of the thousands of refrigerating machines in 
operation all over the civilised world, no standard unit of 
refrigeration has as yet been established. We have to-day 
no commonly adopted proportions, or uniform rules, to 
measure the actual scat produced by the refrigerating 
machine, save the adoption of 284,000 British thermal 
units as an equal to the work accomplished by melting 
one ton of 2000 lb. of ice of 32 deg. Fahr. to water 
of 32 deg. Fahr. But even this value is not properly 
applied, inasmuch as it is correctly used for calculating 
the work equal to ice-melting only ; as soon as ice-making 
is to be calculated, two tons of ice-melting are considered 
as equal to one ton of ice-making, regardless of the fact 
that under ordinary conditions the making of one ton of 
ice amounts only to about 410,000 to 420,000 British 
thermal units, instead of 568,000 British thermal units. 

We find to-day the capacities of machines based on a 
condensing water of from 50 up to 75deg.; compressor 
displacements of from 6500 up to 8500 cubic inches per 
ton-minute ; and guarantees for power required of from 
one up to two horse-power per ton refrigeration. 

Realising that such pire hor could not be tolerated 
much longer, and that uniform rules for this special 
branch of engineering are badly needed, the Southern 
Ice Exchange, in convention at Atalanta, Ga., last 
February, took the lead in appointing a committee for 
standardising the proportions of the machinery and 
apparatus needed for ice-making and refrigeration. 

Ammonia Compression System. — The overwhelming 
majority of refrigerating machines in actual operation 
are of the ammonia compression system, which should 
therefore be considered first. 

With the ammonia compression system pure anhydrous 
liquid ammonia is evaporated under a low pressure within 
a system of prpes. Such a vaporisation is only possible 
if heat is supplied, and such heat is furnished by the 
substance—aur, water, brine, &c.—surrounding said pipes ; 
whereby consequently the substance becomes refrigerated 
and the ammonia takes the form of vapour. The office 
of the refrigerating machine is to compress this vapour 
and to discharge the compressed gas into the condenser, 
where it is condensed—liquefied—for further use in the 
refrigerating system. 

Properties of Aiwmonia.—The properties of the ammonia 
in the state of liquid and vapour have been calculated by 
Mr. de Volson Wood. ‘They are well known, and uni- 
versally accepted as correct. 

We know exactly what the ammonia can do under 
certain conditions; and as the temperature, pressure, 
volume, and weight of same are of fixed relations to each 
other, we can calculate two of these properties as soon as 
two of them are known. 

Standard Ton of Refrigeration.—The quantity of re- 
frigeration is now expressed in tons of ice-melting. 

As the latent heat of ice is 142 British thermal units, it 
takes for melting, or making, 1 ton of 2000 lb. of ice of 
32 deg. the quantity of 2000 by 142, or 284,000 British 
thermal units. 

The correct and better expression which would answer 
for all purposes would therefore be :— 

‘One ton of refrigeration is the latent heat absorbed or 
set free by melting or making 1 ton of ice of 32 deg, to or 
from water of 32 deg. Fahr.” 

Quantity of Ammonia Evaporated.—To transfer the heat 
of 284,000 British thermal units by means of mechanical 
refrigeration, a certain amount of liquid ammonia must be 
evaporated ; and to arrive at the actual amount of ammonia 
needed we must consider the unavoidable losses of heat 
during the process of vaporisation. 

1. The liquid ammonia coming from the condenser has 
a much higher temperature than the one at which it 
evaporates. The difference between both is a loss which 
must be deducted from the heat of vaporisation due to the 
boiling point of the ammonia in the refrigerator. 

2. The vapour leaving the refrigerator becomes heated 
on its way to the compressor, and especially by coming in 
contact with the walls and parts of the compressor, which 
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are heated to a certain extent during the compression 
period. This heating of the vapour causes expansion, and 
consequently a reduction of the weight due to its pressure. 

3. It is impossible to build a compressor which dis- 
charges every particle of the compressed gas. Whatever 
is left in the cylinder at the moment the piston begins the 
suction period will re-expand, and fill up a certain space, 
thus reducing the volume of the entering vapour, or, in 
other words, the displacement of the compressor. 

4. More or less loss is caused by leaks through valves 
and piston, radiation of the different parts of the system, 
imperfectness of the insulation and pipe covering, and 
impurities in the ammonia itself. 

The first loss is an exactly known quantity, and is there- 
fore accounted for separately in all calculations. But all 
the other losses cannot be measured correctly and in- 
dependently from each other; wherefore they are accounted 
for in form of a certain per cent. of efficiency of the 
compressor. 

Efficiency of Compressor.—Professor J. E. Denton stated 
(Transactions A.S.M.E., vol. xii.) as follows :—‘*... An 
important deduction from the measurements by meter of 
the quantity of ammonia circulated, compared with the 
weight of ammonia accounted for by the displacements of 
the compressors, is that the latter falls 25 per cent. short. 
.... Such a shortage of 25 per cent., or an efficiency 
of the compressor of 75 per cent., has not as yet been 
proven incorrect ; and as actual practice agrees indeed 
closely with such an efficiency, it can safely be considered 
as correct. 

Having now the quantity of heat equal to 1 ton of 
refrigeration, and also the loss of heat and the efficiency 
of the compressor as undisputed facts, it would seem a 
very simple matter to find the quantity of ammonia which 
must be actually evaporated under certain conditions in 
order to produce 1 ton of refrigeration. 

But just the choice of these certain conditions upon 
which the standard unit shall be based has, so far, pre- 
vented an agreement between the parties concerned. 

For the establishment of a standard unit of refrigera- 
tion it is necessary to agree on the speed of the machine, 
and on the temperatures or pressures which shall form the 
basis for all calculations. As soon as such a basis is found 
and accepted, the entire question is settled. 

Speed of Machines.—Up to the present time the most 
serious trouble is the great difference in the speed of the 
machines. 

Some of the builders follow good practice, and base their 
machines on a piston speed of from 125 ft. for the smallest 
up to 300 ft. for the largest machines. 

Others are not so particular, and use a speed of from 
150 ft. to 450 ft. per minute. Still others do not care at all 
for any proportions, but simply increase the speed of one 
and the same machine if a larger capacity is needed, just 
to meet competition, regardless of the efficiency or the life 
of the machine. 

Such conditions are not known in any other branch of 
mechanical engineering. Standard regulations like those 
accepted in steam and electrical engineering should also 
be possible in refrigerating engineering. 

Recently it has been proposed to adopt 50 revolutions 
per minute as the speed for all machines, regardless of 
size. Such an effort is arbitrary, and against the prin- 
ciples of modern engineering. It would mean for the 
refrigerating machines as much as a proposition of 80 
revolutions per minute for all steam-engines, or 500 revo- 
lutions per minute for all dynamos. 

The speed must necessarily be expressed in feet piston 
travel per minute, and the number of feet must be chosen 
with due regard to the fact that all compressors have 
poppet valves instead of positively mechanically governed 
valves like the steam-engine. For this reason, the speed 
of a compressor can never be as high as the speed adopted 
for the steam-engine. 

I have been in favour of aspeed of 250 ft. as a standard ; 
but after a careful comparison of the speed of well- 
peptone machines in actual practice, I think it will 
ye necessary to divide the speed into several classes, in 
order to prevent too great a departur® from the present 
common practice. 

All machines with a stroke of 8in. and less are of little 
or no importance, and could be excluded. The machines 
above 8.-in. strokes could be divided into four classes, for 
which the standard piston speed per minute should not 
exceed :— 

180 ft. for machines with a stroke up to and including 
12 in. 

240 ft. for machines with a stroke of over 12in. and 
including 24 in. 

300 ft. for machines with a stroke of over 24 in. and 
including 36 in. 

360 ft. for machines with a stroke of over 36 in. 

A comparison of this proposition with the present rating 
of the manufacturers of two of the leading machines shows 
the following Table of Speed :— 


TABLE oF SPEED. 


FRicK— PENNEY, ; 
Dry Compression Single-acting Machine. 


| a refrigerating machine. This fact is not at all a matter 
of choice, but it is dictated by natural conditions. 

The change in the temperature of the atmosphere and 
of the water-supply is the cause of changes of the am- 
monia pressure, but a change in the latter can never 
produce a change in the former. All the properties of 
ammonia are based on the absolute temperature from 
which the different pressures are derived ; and yet, in 
spite of this fact, nearly all calculations of the capacity of 
refrigerating machines are based on the suction and con- 
densing pressures, which are often expressed in fractions 
of one-hundredths of a pound, which, of course, cannot be 
read on any gauge. 


exact relations between temperature and pressure are 
seldom fully understood by those who operate this class 
of machines; and that it is possible that for a place 
having a condensing water with 85 deg. a machine is 
furnished of which the capacity is based on a tempera- 
ture of 60 deg. 

The present method of allowing 2 and even more 
tons of refrigeration for 1 ton of ice-making capacity is 
also caused by the disregard of temperatures, because the 
boiling point of the ammonia for ice-making must be much 
lower than the one taken at present as a basis for re- 
frigeration. I know of a case where a machine of 150 tons 
refrigerating capacity had to be worked up to its full 
capacity to produce 65 tons of ice. 

The ammonia tables in practical use give for each degree 
from — 40 up to + 100 the absolute and gauge pressures, 
volumes and weights of the ammonia, but for only two 
even numbers of pounds gauge pressure (76 1b. and 87 lb.) ; 
the corresponding temperatures and all the others must 
be calculated or assumed. This evil can be easily cor- 
rected by basing all calculations of the capacity on the 

Temperature to be produced, and the 

Actual temperature of the condensing water. 

Temperature to be Produced.—From zero, required for 
sharp freezers up to 60 deg. for certain rooms, the range 
in temperatures is a very large one. 


tures most needed, and this is no doubt the temperature 
required for ice-making, combinations of ice-making and 
cold storage, and refrigerating plants with brine circula- 
tion. 

A temperature of 15 deg. Fahr. as a basis would there- 
fore be most suitable for these purposes, and would give 
a boiling point of zero and a suction pressure of about 
151b. It could be applied for about 90 per cent. of all 
plants, and the balance of 10 per cent., for which tem- 
peratures below or above 15 deg. are required, could be 
based on especially prepared equations or tables. 

Actual Temperature of Condensing Water.—Ditferent 
parts of the country furnish water of a great difference in 
temperature. Water as low as 50 deg. is found at some 
places in the north; an average of 65 deg. in the east ; 
and from 75 deg. to 85 deg. in the west and south. But 
comparatively few plants can depend on an abundance of 
water, which is clearly demonstrated by the rapidly- 
increasing demand for cooling-towers. 

The temperature of water of the greatest part of this 
country is from 72 deg. to 78 deg., and wherever a cooling- 


Revolutions per minute 90: 85) 90 70, 65 


tower is used it will furnish a water of about the same 
temperature, whether the initial temperature was 60 deg. 
or 85 deg.—some extreme conditions not counted. 

A condensing water of 75 deg. as a basis would certainly 
be in line with the great majority of actual conditions. 
A few degrees more or less than 75 could not change con- 
ditions very materially, as a difference of 5 deg. does not 
amount to more than about 1 per cent. more or less 
capacity, which is small compared with a factor of 75 per 
cent. as the basis for the efficiency of the compressor. 

With a condensing water of 75 deg. and a modern con- 
densing apparatus, or with a special liquid cooler in 
connection with an old-style condenser, a liquid ammonia 
of 80 deg. can be easily obtained. 

Displacement of the Compressor.—The displacement of 





WoLr—LInbE. 
Wet Compression Double-acting Machine. 





Builders’ rating : 


Capacity —tons refrigeration .. os «st 20) 16° ) BB: 40d 

Revolutions per minute ae os --, 90) 8 90 | 70 

Piston speed—feet per minute ee -- 150 170 225 233 
Stroke— inches on - Sa : «| 001,12 16 | 
Proposed Standard : 

Piston speed—feet per minute +3 -. 180 180 240 240 

Revolutions per minute ee sé ..108 | 90 96 72 

Capacity—tons refrigeration .. + o-| 12 | 16.8 21.3 41 


60 80 100 200 350 6 15 2% 40 | 65 85 120 175 (225 
6 | 60 60 55) 50 70 70; 70 70) 63 57 | 57 50} 45 
260 280 320 330 400 147 175 '198 248 |263 285 285 300 360 
24 | 28 32 36 48 128) 15 17 | 214) 25 «30! 30 | 36 | 48 
240 300 300 300 360 180 240 240 240 300 300 300 300 560 


60 ' 64 56 50; 45 | 8 96 84) 68 72; 60 60 50 | 45 
556 -85)—s- 93.8:182 315 7120 30 39 74) 89 126 175 225 


Supposing the displacement of compressors to be correct. 








Temperature v. Pressure.—A glance at any ammonia | the compressor is dependent upon the conditions _— 
tabie must convince us that the temperature, and not the | mentioned. Taking as a standard basis 284,000 British 
pressure, is the basis for all calculations of the capacity of 


‘thermal units as the heat value of 1-ton refrigeration ; 


The consequence of such a faulty method is that the | 


The standard should be a fair average of the tempera- | 


15 deg. as the temperature to be produced ; zero as the 
boiling point of the ammonia to be evaporated ; 555,500) 
British thermal units as the heat ot vaporisation at said 
boiling point, and 0.1107 Ib. per 1 cubic foot of vapour at 
said boiling point; 80 deg. as the temperature of the 
liquid ammonia, and 75 per cent. as the efficiency of the 
compressor, the standard displacement per ton of 
refrigeration per minute would be— 


284,000 
se Aan aah = 4.992 
(555,50 — 80) x 0.1107 x 1440 x 0.75 


or 5 cubic feet (8,640 cubic inches). 

Standard Unit of Refrigeration. — Recapitulating my 
propositions, the requirements for a standard unit of 
refrigeration would be as follows : — 

1. 284,000 British thermal units as the latent heat of 
2000 lb. of ice constitute 1 ton of refrigeration. 

2. The efficiency of the ammonia compressor is 75 per 
cent. of the theoretical capacity. 

3. The limit of piston travel in feet per minute shall be— 


180 ft. for strokes up to and including 12 in. 


240 a 33 Over 12° 5, es 24.,, 
300, cee < RPE. 
360 3 >) jee rs 


4. The temperature to be produced, 15 deg. Fahr., and 
the boiling point of the evaporating ammonia, is zero. 

5, The temperature of the condensing water is taken at 
75 deg. Fahr., and the temperature of the liquid ammonia 
at 80 deg. 

6, The displacement of the compressor must be 5 cubic 
feet, or 8640 cubic inches, per ton and minute. 

Hence we have 


0.75 x 1440 x (555.50 — 80) x 0.1107 x 5 
= 1.0008 
284, 000 on 


representing actually one practical ton of refrigeration. 
Ice-Making Capacity. —It may be interesting to find the 
relations between 1 ton of refrigeration and 1 ton of ice- 
making, under the very same condition as taken for the 
standard unit of refrigeration. 
With a cooling water of 75 deg., the water coming from 
the re-boiler at 212 deg. must be cooled before it can 
enter the ice-making apparatus, and it can therefore be 
taken again at a temperature of 80 deg. By means of 
| evaporating ammonia it must be covled to 32 deg., and 
after being frozen, the ice must be cooled down to 15 deg. 
To simplify matters, we will take the specitic heat of the 
ice also at 1 instead of 0.5, and the work to be done would 
then be the transfer of the sensible heat of 2000 x (80 —15) 
| = 130,000 British thermal units, in addition to the latent 
| heat of 284,000 British thermal units. 

The total of 414,090 British thermal units would then 
| constitute the heat value of 1 ton of ice-making, and one 
practical ton of refrigeration would be equal to 

0.75 x 1440 « (555.5 — 80) « 0.1107 x 5 
414,000 
or 0.68 ton of actual ice making capacity. 
The following Table of Capacities gives a comparison of 
the builders’ rating with the actual capacities according to 
my proposition for a standard unit. 





= 0,686, 


Frick—PENNEY Wo ur —LinbE, 
TABLE OF CAPACITY, Dry Compression Single-acting Machine. Wet Compression Double-acting Machine. 
Builders’ Rating : | Not 
Capacity—tons ice-making ; 6 83; 114 27, 38 46 60 130 200) 2.4 8 12 20; 30 40 75 stated. 
c. tons refrigeration «<i! 20 15 20 40 «60 80 100 200 350 6 18 25 40 65 85 150 175 2z5 
Displacement. . ris cub. in. 7688 7716 8587 7910 7441 74218210 7873 7851 7983 7421 7130 7068 8144 7588 7161 7124 6649 


Feet—piston speed .. re ..| 150 170 | 225 233 260 280 320 330 400; 147 175 194 | 248 | 263 | 285 285) 300 260 


60 «60 55 50 70 70 70 70 63 67 57° 50) 48 


Compressor—diameter ; in. 73; 83} 9 12 185! 15; 168; 225: 27 535 9 OF 12) 133) 154 20; 21 21 
” stroke .. a ” 10 12 15 20 24 28 32 36 48; 128 15 168 214] 25 30 30. 3648 
Proposed Standard : 

Revolutions per minute .. ...108 99] 96 72, 6 64 56 50 45) 86 96 864 63S/| 72: 60. 60 50 45 
Feet—piston speed .. as .. 180 180 | 240 240 240 300 300 300) 360 180 240 240 | 240 | 300 | 300 300, 300 360 

Displacement ‘ie cub. in. 5 cub ft. or 8640 cub. in. 5 cub. ft. or 8640 cub. in. 
Capacity—tons ice-making ; 7 9! 14°25: 32/49) 60|112 198 4 12} 17 | 21; 41 | 58 | 85) 100) 117 
= tons refrigeration 10.6 14.2 | 21.2 37.6 47.7 |73.3 88.7 {165.6 286.2 6.8 (19.1) 25.5 | 31.8 ! 61.8 | 78.5 | 125) 149) 173 


It proves conclusively that the machines mentioned are 
not based on uniform rules. While the capacity of most 
of the single-acting machines comes very near within the 
results from applying my proposition for a standard unit, 
the capacities of most of the double-acting machines show 
very great differences. 

The true proportions between refrigerating and _ice- 
making capacity hold good for the single-acting machines, 
but not for the double-acting machines, which, for several 
good reasons, fall short in actual practice; which fact is 

| plainly demonstrated by the builders’ rating for ice-making 
capacity. 

Conclusion.—It has been my endeavour to show that the 
pressures as a basis for calculation are in place, and 
necessary for computing the power required, but that 
for computing the capacities of refrigerating machines 
the temperatures are the only correct basis. 

As this subject is of great interest to a great number of 
industries, I beg leave to suggest that a committee may 
be appointed, consisting of members of this Society 
actually engaged in refrigerating engineering ; and that 
such committee may have the power to co-operate with 
all the committees already appointed by the associations 
of builders and owners of ice and refrigerating machinery, 
for the sole purpose of establishing a standard unit of 
refrigeration. 








Tuer Suez Canat.—The transit revenue of the Suez 
Canal Company last year was 4,144,083/., as compared 
with 4,148,801. in 1902, and 4,015,456/. in 1901. A 
slight reduction in tolls was made last year. But this 
was offset by an increase in the number of ships passing 
through the Canal from 3708 to 3761, 
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CoxurttepD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902, 
mber of views given in the Specification Drawings is stated 
= vn et where none wre mentioned, the Specisication ts not 
illustrated. 7 
where Tnventions are communicated from abroad, the Names, 
&e., of the Communicators are given tn italics. 
Copies of Specifications may be obtained at the Patent Office Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 





rson may, at any time within two months from the date of 
ol advertisement of the t of a Complet ification, 
give notice at the Patent 0; of opposition to the grant of a 


Patent on any of the grounds mentioned in the Acts, 


ELECTRICAL APPARATUS. 


70. Siemens Brothers and Co., Limited, Westmin- 
ster, and L. M. G. Ferreira, West Ealing. Electro- 
Magnetic Apparatus. [5 Fs.) January 1, 1903.—This | 
invention relates to electro-magnetic apparatus of the kind in 
which ‘the movement of an armature serves to determine the 
position of some element of the apparatus which is attracted to or 
moved by the armature. The object sought is to ensure a high 
magnetic flux when a small current is used. For this purpose 
there is used as the armature a hollow iron cylinder, having one or | 
more pieces cut away to form air-gaps, and this armature is | 
arranged to revolve between suitably-shaped electro-magnet | 
poles, with only sufficient clearance to avoid mechanical friction. 
a, b,¢ are three electro-magaets mounted on a yoke d. The 








armature ¢ isa ring cut away at two places, and capable of revolving | 
between the yol:-pieces a}, b1, cl. fare stops on a disc f! on the 
armature axle which engage with notches in the periphery of a 
dise g, carrying switch arms g! and mounted free on the armature 
axle. If a momentary current be passed through coils ), ain a 
certain direction, the armature will move from the position shown 


in Fig. 1 in the direction of the arrow ; the stops / carried thereby | 


are so arranged that they will not engage the disc g until the 
armature has turned through half its movement. The maximum 
torque of the armature is exerted at the middle-of its travel when 
the switch offers the greatest resistance to movement—viz., when 
the blade is being pulled out from between the contacts. (Accepted 


GUNS AND EXPLOSIVES. 
6148. A. Reichwald, London. (lirm of Fried. Krupp, | 
Essen, Germany.) Gum-Carriages. [8 Fis.) | March 17, 
1903.--This invention relates to gun-carriages of that class in 


December 2, 1903.) | 
| 
| 
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won Sie recoil is transmitted by a rocking-barrel carrier to a 
een te device, and, as a rule, also toa recoil brake ; and has for 
object to provide a gun-carriage in which the gun-barrel can be 











withdrawn from the firing position to a lower level—say, behind a 
shelter—without its being necessary to overcome the resistance 


arrangements have been invented having this object, but these 
old arr ts do not work well with the great speeds at which 





which the returning device and the recoil brake offer to the with- 
drawal of the gun-barrel. The gun-barrel A is carried in the 
usual way in the carrier B, C, which is shaped like a two-armed 
lever, and is journalled so as to swing upon a horizontal axle EF. 
The arm C of the carrier is pivoted to the piston-rod f! of a fluid 
pressure brake-cylinder F. The barrel-carrier B, C, according to 
this invention, is divided transversely of its length, so that the 
arms B, C each form a separate portion. The arms B, C are held 
together by a coupling which consists of two sleeves H threaded 
on aspindle G, the sleeves surrounding lateral lugs b, ¢ on both 
parts of the carrier. When the gun is to be brought from the firing 
position shown in Fig. 1 to the protected position shown in Fig. 2, 
the chain J is first tightened, and then the spindle G is turned in 
the direction of the arrow 2, until the separable coupling H H, 
b, ¢ is disconnected. The chain J is now peer aes. aud the 
gun, together with the part B of the carrier, will collapse under 
the weight of the breech of the gun. The slackening of the chain 
is continued until the gun-barrel comes to rest on buffer R. To 
move the gun from the protected position to the firing position, 
the reverse operation takes place. (Accepted December 2, 1903.) 


2333. W. Beardmore, G. A. Kohler, and A. Brem- 
berg, Glasgow. Gun-Mountings and Carriages. 
{13 Figs.) January 31, 1903-—In carrying out this invention, 


the gun and cradle A are mounted in a top carriage part B, fitted 
to slide in guides ©!, C?, formed on the front part of the trail ©, 
the back end of the top carriage being fitted to work on a vertical 
pivot B!, The gun is thus trained horizontally about the vertical 
pivot B!, and to effect this movement a screwed shaft D is carried 
in bearings D!, D? in suchwise that it cannot move endwise. 
The shaft is rotated by means of a hand-wheel E through gearing 
E%, shaft E2, and gearing E!. According to this invention, the 
sight-gear is worked by a pinion K, actuated through a hand-wheel 
L! and clutch. The latter consists of a clamping segment M 














keyed to, but free to slide on, the spindle of pinion K. Teeth are 
formed on the rim of this segment, and are made to engage by 
springs M4 with corresponding teeth formed in a clamping ring 
M8 fitted to the sight-bracket. The hand-wheel L lis keyed to the 
spindle of the pinion, but it is free to turn a small amount on 
either side of its central position on the spindle. This motion 
enables the teeth on the rim of the clamping segment M to be 
forced by inclined surfaces L7, L5 on the hand-wheel and clamping 
segment out of contact with the teeth on the clamping rim M®? 
of the bracket, and the pinion is then free to be turned and move 
the sight; but unless the hand-wheel is moved, the teeth on the rim 
of the clamping segment will effectually prevent any motion of 
the pinion due to shock of discharge or other cause. (Accepted 
December 2, 1903.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


22,082. Rateau and Sautter Harle et 
Cie., Paris, France. haft Coup (2 Figs.) 
October 13, 1903. -The employment of rapidly-rotating machinery, 
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actuated either electrically or mechanically, has necessitated the 
manufacture of couplings which permit the transmission of high 
mechanical powers, but which, at the same time, allow a certain 


it is sometimes desired to use them. a and ) are two shafts 
to be coupled, and ¢ and d are two wheels fixed thereon. Each 
wheel is provided at its rim with a series of holes g parallel to the 
axis. In the holes g engage a series of flexible metal rods h, fitting 
freely therein. The axial length of these holes is sutticient to 
properly hold the rods, and, at the same time, permit them to 
have an axial movement, so that the wheels can approach each other 
during rotation. ¢ and j are two rings fixed to the peripheries of 
the wheels, as to prevent, the rods from passing out of their holes ; 
k andl are two flanges, and upon these are mounted by nuts m 
devices which limit the angular and longitudinal movement 
of the two shafts. The shaft a drives the shaft ) through the 
intermediary of the rods, which transmit the tangential strain of 
the wheel c to the wheel d. (Accepted December 2, 1903.) 


RAILWAYS AND TRAMWAYS. 


2961. Siemens Brothers and Co., Limited, West- 
minster, and L. M. G. Ferreira, E . Sema- 
phores, [2 Figs.) February 7, 1903.- By this invention the 
electromagnetic device controlling a phore arm is completely 
enclosed in a box of magnetic material, which itself forms the 
yoke of the electromagnet, and the armature, which is fixed to 
the axle that turns the semaphore arm, is so constructed that a 
much smaller current is required to hold the signal off than is 
required to move it. The semaphore arm @ is keyed to an 
axle b, journalled in casing c, which serves as the yoke of electro- 
magnet cores cl, c2. The poles of these cores are circular in cross- 
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section, and bevelled off at two sides to present a rectangular 
pole-face to the armature ¢. The armature d is of such cross- 
section that the two surfaces presented to the poles are eccentric 
to the axle, so that in the off position of the semaphore arm 
they are nearer to the poles than when the arm is at danger. 
When the magnet is energised, and the armature turns in the 
direction of the arrow in Fig. 2, the bevelled edges of plates 
d}, d? secured to the two plane-faces of the armature are brought 
against the bevelled edges of the poles. The holding surface of 
the armature is greater than the effective attracting surface, and 
the current requisite to hold it is less than that requisite to move 
it. (Accepted December 2, 1903.) 


708. J. Holden, Wanstead, and F. V. Russell 
Stratford. Sanding Rails. (20 Migs.) January 10, 1903. 

This invention has for object to enable the sand-distributing 
apparatus to be put in and out of operation in an easier and 
quicker manner than heretofore by the same hand, if need be, 
that operates the starting-handle of the locomotive engine, and 
without necessarily moving the hand from such starting-handle, 
so as to permit of the engine being started, after slipping, or ata 
place where slipping would be liable to occur, in a quicker and 
better manner, so as to save time and prevent undue waste of 
sand. In one arrangement the valve controlling the passage of 
fluid under pressure to the sand-distributing apparatus comprises 
a valve-case a and a valve ) proper, the valve-case being connected 
to two vertical pipes c, ¢, through which fluid under pressure is 





supplied from a fluid-pressure reservoir to sand-distributing 
devices. The valve ab is arranged in proximity to the starting. 
handle k, and is connected to a handle m, which may be in the 
form ofa lever pivoted at » on the starting-handle, and con- 
nected at its upper end by a pin-and slot connection o toa lever 
arm p fast on a sleeve 1 mounted to turn on the projecting pin r 
of the starting-handle. The lower end of the lever mm is jointed 
toa link s connected to the controlling valve ), The upper end 
of the lever m may be disconnected from the starting handle, 
but terminates in proximity thereto, and is so bent that it can 
be readily operated by the same hand as that used to clutch the 
starting-handle. Fig. 3 shows such an arrangement. Several 
other arrangements are shown and described. (Accepted Decem- 
ber 2, 1903.) 


26,594. G. H. Sheffield and J. D. Twinberrow, New- 
castle-on-Tyne. Railway Freight Wagons. [11 Figs.| 
December 2, 1902.—This invention relates to railway-freight wagons, 
and more particularly to wagons intended to carry very heavy loads 
and in which the sides are built as steel plate girders, the object 
being to provide a wagon of considerable length and capacity, in 
which a number of side doors may be provided without reducing 
the capability of the sides to act as girders, and also to provide a 
type of bogie for such a wagon which will render the same very 
easy in running, and facilitate the rounding of curves. The steel- 





degree of independence to the two shafts to be coupled. Several 


plate side-girders are made of special form, being shallow near each 
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end and deeper near the centre. The top flange of the girder is 
run flush with the wagon floor for a distance back from each head- 
stock and over the bogies, where the bending moment due to the 
load is small; the flange is then inclined upwardly to increase 
the depth of the girder, and is continued horizontally along the 
middle part of the body. In carrying out the second part of the 
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invention, a horizontal brace 41 is applied between the lower edges 
of the transoms 40. A hole is bored through the middle of this | 
brace, and a spherical bearing framed thereon by means of capping: | 
pieces 43, 44. 42 is a ball which fits in the recess thus formed, and | 
a vertical pin 45 passes centrally through this ball and is rigidly 
attached to, the bogie. Other arrangements of bogies are also 
described. (Accepted December 2, 1903.) 





SHIPS AND NAUTICAL APPLIANCES, 


28,246. Sir H.S.Maxim,London. Propeller Shafts. | 
[10 #igs.] December 22, 1902.—This invention relates to the shafts 
of screw propellers, and has for its chief object to overcome the | 
liability of the shafts to fracture or breakage while in use. The | 
invention relates to a sort of universal coupling, that will be flexible | 
enough to allow the shafts to bend at the coupling instead of at 
the part between the coupling. Accordingly, the shafting is made 
in suitable lengths, and the meeting ends are provided with hemi- 
spherical or other suitably-shaped flanges forged thereon, the said 
flanges engaging with each other by teeth or projections, and 
being coupled together by an external sectional casing, kept in 
place by bolts passing through the casing and the flanged ends of 
the shafts. The aforesaid flanged ends of the shafts, the external 








casing, and the bolts are so constructed and arranged that the 
coupling constitutes a species of ball-and-socket joint. A, A! are 
the flanged ends of two lengths of shafting to be coupled. a, a! 
are the teeth or projections which are formed on the meeting 
surfaces of the said ends; C is the sectional casing; B is a 
hardened metallic body which is placed within the hollow interior 
portion of the hemispherical ends, and serves to receive the end 
thrust on the shafting, and so render the teeth or projections un- 
affected by said thrust ; C% are the bolts which pass through the 
external casing and the ends of the shaftings. The drawings 
attached to this specification show several other constructions of 
shaft couplings according to this invention. (Accepted December 
2, 1903.) 


23,043. W. D. Whyte, Glasgow. Compasses. [4 Figs.] 
October 24, 1903.--This invention relates to ships’ compasses, and 
it has for its object to light them in a simple and efficient manner. 
The bottom of the compass-bow] is made with a series of windows 
or openings, through which a light can shine so as to illuminate 
the compass-card from below. a is the compass-bowl, which is 














made with a number of holes or windows / in it, and these holes 
are glazed. The light from an electric lamp / or oil-lamps j below 
the compass-bow] shines up through the holes / and through a 
glass partition c, and illuminates the compass-card e from below. 
An opaque card / may be arranged on the bezel glass } so as to 





cover the whole thereof, with the exception of a part sutticient to 


allow the man at the wheel to see the lubber’s line and a portion 
seth ay compass-card on each side thereof. (Accepted December 2, 
1903. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


1124. G. Westinghouse, Pittsburgh, Pa., U.S.A. 
Steam-Turbines, (9 Figs.) January 16, 1903.—This invention 
relates to steam or other fluid-pressure turbines, and in particular 
to engines of this character in which the velocity energy of the 
steam due to nozzle expansion is utilised. 1is the turbine casing. 
On the turbine-shaft is secured a drum 2, having rings of blades 3 
that co-operate with guide vanes 4 secured to the casing. The 
inlet for steam at 5 communicates with a steam ring 6, the inner 
portion of which consists of an annulus 7 fixed inthe casing. This 
annulus is provided with a series of depressions 8, which open 
into flaring rozzles 9. The shape of these nozzles will be clearly 








seen from Figs. 2 and 3. The outer orifices of the nozzles 9, 
whence the steam issues to the rotating blades 12, practically 
touch each other, so that a continuous opening is formed on each 
face 10 of the ring. By this means substantially all the blades 12 


will be subjected simultaneously tosteam issuing from the nozzles. | 


Fig. 4 illustrates a modification in which, after steam has passed 
through the first of the moving blades 12, it is caused to pass 
through a set of nozzles formed in a fixed ring 16. The shape of 
these nozzles is clearly shown in Fig. 5. The energy of the steam 
is utilised in the succeeding set of moving blades 19, and from 
these blades steam passes through fixed vanes 4 and moving blades 
3 of ordinary construction. (Accepted December 2, 1903.) 


MOTOR ROAD VEHICLES. 


26,363. F. Strickland, Putney, Surrey. Driving 
and Speed-Changing Gear. (8 igs.) November 29, 1902. 
—This invention has for its object to provide a construction 
wherein the speed-changing gear, or the greater part thereof, is 
contained within a casing which encloses the cranks of the engine. 
According to this invention the speed-changing gear is preferably 
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of atype in which the driven shaft a! of the engine carries a 
number of sleeves c, cl with gear wheels d, d! thereon, a third 
gear-wheel (2 being mounted directly on the shaft a!. These 
gear-wheels mesh with gear-wheels ¢, e, e2 on an adjacent shaft /. 
Each of the sleeves c, cl represents a different speed when coupled 
up tothe part to be driven, the shaft a1 itself being driven direct, 
and representing the highest speed to be transmitted. A gear 
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such as described is placed next to the engine, between the same 
and clutch mechanism, which serves to couple up to the driven 
shaft the various sleeves described. The whole of the gear 
countershaft f and adjacent parts of the crankshaft a! are en. 
closed within a casing h, which covers the cranks of the engine, 
and is so arranged that the lower portion h! can be removed for 
inspection. The sleeves c, cl of the gear wheels project beyond 
the casing and are extended laterally to form discs j, j!, having 
frictional surfaces j*, j3 which are pted to be engaged bya 
frictional surface k on a driven clutch m. The clutch m com. 
— arms / sliding with the clutch body longitudinally of a shaft 
) to position for engagement with one or other of the discs j, j!, or 
a flywheel o mounted directly on the shaft a1. The clutch-arms p 
are moved into or out of engagement by acollar p! sliding on the 
clutch-body. The clutch, as a whole, is shifted by one lever 
arrangement, while the clutch arms are actuated by another 
arrangement. The two lever arrang ts are so ted that 
movement of one does not affect the other. (Accepted December 2, 














28,249. Savage Lg te Limited, and W. J. 
Affieck, King’s iqgan. Non-Slipping Devices. [4 Fiys.| 
December 22, 1902.—This invention has for its object to provide a 
device for application to the wheels of vehicles, such as steam 
lorries, so as to enable them to travel over slippery ground, The 
device consists of a series of links, blocks, or sections, formed to 
give a grip on the road, and connected together so as to form a 
band, provided at its ends with means by which it can be drawn 
tightly around wend gre seed of the wheel. The band is made of 
links A, connnected together by hooks @ on one link, engaging 
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Wih projections on the adjacent link. The links which will 
| form the ends of the band are provided with lugs a’, through 
| Which bolts } are passed and secured by nuts /2, by which the 
ends of the bands can be drawn together so as to cause the band 
to tightly encircle the wheel, to which it can be further secured 
by passing the bolts through lugs ¢c secured to the wheel C. The 
links are provided on the side which bears on the road with 
ridges, grooves, or the like, to give the requisite grip ; and these 
are bevelled so as not to carry round earth, snow, or other 
matter from the road. (Accepted December 2, 1903.) 


MISCELLANEOUS. 


2171. W, Calderwood, Stratford, Essex. Candle- 
Moulding Machinery. [8 Figs.) January 29, 1903.—The 
invention relates to candle-moulding machinery of the kind known 
as multiple machines, and the improvements have reference to the 
circulation of water in the water-box, and in the method of raising 
the driving-board to eject the moulded candles. 1 indicates the 
water-box, in which are secured the moulds; 3 indicates the 
driving-board, to which are secured the ejector pistons 4. Secured 
at or near the centre of the box 1 is a reaction wheel 9, rotatably 
supported upon the tube 10, to which water is conducted by means 


Fig I. 
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of the supply pipe 11 passing through the outer wall of the box. 
To accommodate the wheel a number of moulds are omitted 
from the centre of the box. The water is agitated by the wheel 
9, and a greater uniformity of temperature is obtained through 
the circulation thus produced. The driving-board 3 has a boss 
15, which receives the end of a screw 17, supported in a hollow 
pillar 19. The upper end of this pillar is bored to receive a 
nut 20 carrying a worm-wheel 21, gearing with a worm 24 om 
the end of spindle 25, operated by a hand-wheel 27. (Accepted 
December 2, 1903.) 











BELGIUM AND ARGENTINA.—The Ougrée Marihaye Com- 
ener has obtained a contract, in conjunction with the 
John Cockerill Company, for 20,000 tons of rails for 
Argentina. The Angleur Steel Works Company has also 
obtained a contract for 10,000 tons of steel rails for the 





Argentine Republic. 
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LOCOMOTIVES FOR THE CAPE 
GOVERNMENT RAILWAYS. 

By H: W. Hanspury, Assoc. M. Inst. C.E. 
* Ir must be admitted by all engineers who have 
made railways a special study that the improve- 
ment made by the Chief Locomotive Superintendent 
of the Cape Government Railways, during recent 
years, in the design of the’ rolling-stock, has been 
most marked and continuous. This improvement 
as regards locomotives is due in a great measure, no 
doubt, to the special attention that has been paid 
to the practice of American and European engineers, 
any. invention or improvement, which has been 
found by them to be advantageous, having been skil- 
fully adopted, or adapted, to suit the requirements 
of the Cape railways. One of the latest steps in 
this direction has been‘ the building of two new 
six-wheel coupled engines, adapted for the use of 
superheated steam, on the Schmidt system ; this 







































































| built in this country adapted for the use of supef- 


heated steam, are of considerable interest, and it is 
| greatly to be hoped that Mr. Beatty will see his way 
|clear to publish the results of the trials which 
| are to take place on their arrival in the colony. 
| Being similar in type to engines built for the eg 
|railways a few years back, it will, no doubt, be 
| possible to compare the results from each class, and 
so arrive at a definite conclusion as to the advan- 
tages of ene over the other. 

The engines are built for the 3-ft.. 6-in. gauge, 
that being the standard gauge of the Cape railways. 
They are, as will be seen from the elevation on 
page 114, six-wheel coupled, with a four-wheel bogie 
in front, and are of the bar frame type. The 
cylinders are outside, and have piston valves in- 
stead of Richardson’s balanced valves, which are 
in general-use on these railways. Theemployment 
of piston valves for working with superheated 
steam, and the addition of the superheater, consti- 
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system having already had considerable success on 
the Prussian State Railways, on which it was first 
tried, and also on the Canadian Pacific and other 
railways. The order for these engines was placed 
with Messrs. Neilson, Reid, and Co., Glasgow, a 
few months ago, and previous to that firm’s amal- 
gamation with Messrs. Sharp, Stewart, and Co., 
Limited, and Messrs. Dubs and Co., to form what 
13 now known under the name of the North British 
Locomotive Company, Limited. The engines have 
been built at the Hyde Park. Works of the com- 
pany, from the designs of Mr. H. M. Beatty, 
C.M.G., Chief Locomotive Superintendent of the 
Cape Government Railways, and of Mr. Schmidt ; 
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|tute the essential differences between the new 
engines and those previously built. ; 
The boiler (see Figs. 2 and 3; -page 114), of a 
/mean inside diameter of 4 ft. 7,°; in., is made of 
the best Siemens-Martin mild steel, the barrel and 
back-plates being ,%; in. thick, and the firebox 
shell-plates gin. thick. The barrel is telescopic in 
| form, the larger diameter being adjacent to the fire- 
‘box. The total length of the boiler is 19 ft. 52 in., 
the barrel being 10 ft. 97 in., and the fire-box 
\8 ft. 8in. The inside fire-box is of copper, the 
wrapper being : in. thick, the door-plate ;°; in., 
and the tube-plate § in., thickening to { in. at the 
tubes. The front portion of the roof of the firebox 


purity. The tubes, which are 158 in number, are 
of charcoal iron, 2 in. in external diameter, ex- 
panded to 2} in. at the smoke-box end, and con- 
tracted to 1f in. at the fire-box (see Fig. 6 on our 
two-page plate). 

In addition to the ordinary tubes, the boiler 
is provided with a steel flue 10} in. in internal 
diameter, and 43 in. thick, which is situated in the 
lower part of the barrel, and connects the fire-box 


.| to the smoke-box (Fig. 2, page 114). The smoke-box 


and fire-box tube-plates are both flanged inwards— 
in the one case to clear the superheater tubes 
(Fig. 4, page 115), and in the other to prevent 
the joint burning, the flue being attached to these 
plates by means of }-in. countersunk screws. It 
may be of interest to mention that in order ta 
ensure these important joints being steam-tight, 
the flues, which are expanded to 11? in. in dia- 
meter for 6 in. at the smoke-box end, and con- 
tracted to 11} in. at the fire-box end, were put 
in a lathe and turned up on these portions to 
a taper of 1 in 50. They were then placed in 





the boilers ‘and driven in a_ short distance, 


~ land, on removal, the portions bearing hard on 


'the tube-plates were filed up. This was done 
| until the flues were within } in. of their final posi- 
| tion, when they were driven tight home, the screw 
| holes marked off and bored and the screws inserted, 
| As a further safeguard the joints were caulked in- 
| side and out. e 
| The boiler has been designed for a working pres- 
| sure of 180 lb. per square inch. The total heating 
|surface is 1068.12 square feet, of which 109.5 is 
| represented by the fire-box, 924.87 by the tubes, and 
| 33.75 by the flue. The grate area is 18.75 square 
feet. 
| The regulator (Fig. 6 on our two-page plate) is 
|of the double-beat type, with a cast-iron valve, 
'admitting steam above and below. It is controlled 
by a push-and-pull rod and handle, the latter being 
held in position by a detent engaging in a notched 
sector. 

The superheater is contained in the smoke-box, 
and consists essentially of a series of solid-drawn 
steel tubes, 61 in number:(see Figs. 4 and 5, 
page 115). These tubes are bent into‘ concentric 
rings and arranged in vertical planes about an 
inch apart, each plane containing alternately two 
rings and one ring, the one ring being of a 
diameter intermediate between that of the other 
two. The intermediate and outer series of rings 
are arranged to come below the level of the 
bottom of the flue, the inner series not. The 
first nine rings, however, nearest the tube-plate 
/are arched in decreasing radii from the front of the 
|flue, thus forming a sort of chamber between the 
|inner and two outer rings, into which the gases 
from the flue first flow. The inner series of con- 
centric rings consist of 21 tubes, ;°; in. thick and 
12 in. in outside diameter;-while the intermediate 
and outer series consist of 19 and 21 respectively, 
o's in. thick and 14 in. in outside diameter. 

These tubes are bent up at the ends and ex- 
panded into two boxes, or steam-chests, attached 
to the smoke-box—one to the right, the other to 
the left of the chimney (see Fig. 5). These boxes, 
which are made of cast steel, are about 4 ft:. long 
and almost semicireular in cross-section, such a séc- 
tion being better able to withstand the high pressure 
to which it will be subjected than one rectangular 
in form. They are fitted with covers outside the 
smoke-box, which, in the first instance, enables the 
tubes to be readily expanded, but which will be 
also convenient for purposes of examination. Steel 
casings attached by screws and distance-pieces are 
placed over them, the space between being filled 
with asbestos to prevent radiation. The right- 
hand steam-chest is divided into two chambers 
by, a central partition wall, half the superheater 
tubes being expanded into one of the cham- 
bers, the other half into the other chamber, 
thus dividing the tubes into two groups. This 
steam-chest is connected at the tube-plate end to 
the regulator pipe, the other end being connected 
‘through the steam-pipes to the cylinders. The 
left-hand steam-chest has no partition, but is merely 
'a plain box, open from end to end. f 
| The superheater tubes are encased’ in a box, 








the latter, of course, being responsible only for the is supported from the shell by means of partial | built up of thin steel plates adapted to the shape 


parts and details referring to the valves and super- 
heater, comprising his inventions. 

These engines, of which we this week give a two- 
page engraving, together with other illustrations on 
the present -page and pages 114, 115, 116, and 117, 
apitt “froni the fact of their being the first to be 


| girder stays, fitted with expansion links, the re- 
maining portion being directly supported with 
through stays of Yorkshire iron, each being partially 
| encased in an iron tube which is filled with Portland 
cement. The stays in the sides, tube, and door- 
plates are of the best copper, of 99.5 per cent, 


of the euter series of tubes (Fig. 5), and ending at 
the steam-chests in two narrow vertical dampers, 
the whole being composed of several portions bolted 
together, and designed in such away that any 
| portion can be readily detached from the others, 
| should it be found necessary to examine the tubes. 
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by four small holes. Should steam succeed in 
cetting under the rings, it passes through these 
holes and so keeps the piston steam-tight. 

The weight of the piston is carried by the tail- 
rod bush (Fig. 10, page 116) at one end, and by 
the crosshead at the other, thus relieving-the 
packing and permitting the piston to run with 
very little friction. The packing (Figs. 10 
and 11), which is Schmidt's patent, consists of 
gun-metal, cast-iron, and white metal rings, the 
latter being of a special alloy of antimony and lead, 
experience having shown that the ordinary alloys 
do not give satisfactory results under the high 
temperatures of superheated steam. It will be 
seen that this unusual packing is spherical in form, 
and, owing to the neck-shaped design of the casing, 
admits of cooling by air from the outside. The 
general construction is shown in Figs 10 and 11, 
the various parts being lettered as below :— 

A. Cap of cast iron. 

B. Wrought-iron tube. 

C. Cast-iron cover. 

D. Brass bush. 

E and J. Gun-metal rings. 

F and G. White metal split-rings 
angles to each other. 

I, Cast-iron bush. 

K. Steel casting. 

L. Wrought-iron ring. 

The spaces or swab-boxes M are filled with wool. 


placel at right 


Cylinder and valve lubrication is provided by 
one of Ritter’s six-piston oil-presses (Figs. 14 
to 16, page 113), which is situated inside the 
cab at the right-hand side of the engine, and 
actuated by means of a crank and rods from the 
trailing axle. Although somewhat complicated 
in appearance, this lubricator is very simple 
in principle. It consists essentially of a large 
rectangular oil reservoir, with three outlets at each 
end—one to each valve and two to each cylinder. 
Six pistons attached to a flat casting with a central 
spindle, have entrance into this reservoir, and by 
means of a worm and wheel at the top of the 
spindle, actuated by a pendulum and ratchet deriving 
their motion from the crank and rods attached to the 
trailing axle, are gradually moved down into it, 
foreing the oil into the cylinders and valve-chests. 
Arrangements are made for regulating the oil-feed 
and for recharging ; and steam-pipes are led through 
and round the reservoirs to prevent the oil freezing 
in cold weather. Furness lubricators are also pro- 
vided. A pressure-relief valve, designed to blow off 
at 180 lb. per square inch, is fitted to each cylinder 
cover, and an air-inlet valve to each steam-chest 

The motion (Fig. 6 on our two-page plate) is of 
the Stephenson link type, the valves being on the 
top of the cylinders and worked by a rocking shaft. 
The usual balance-weight, however, is replaced by 
& spring contained in a cast-steel cylinder, the 
compression of which balances the weight of the 
motion. 

The frames are of the bar pattern (see Fig. 12, 
page L116, each being in one piece from the front 
of the leading coupled wheels to the hind end of 
the engine. Unlike the American practice, the 
frames are free from welds, each being machined 
from a solid rolled plate or slab. The front bars 
to which the cylinders are attached are keyed and 
bolted to the main frame. 

Cast steel has been very much used in the con- 
struction of these engines, the wheel centres, cross- 
heads, pistons, eccentric pulleys, axle-box guides, 
fire-box supports, spring brackets, &c., being of 
this material. The axles, tyres, piston-rods, slide- 
bars, crankpins, and the coupling and connecting- 
rods are steel forgings, the axles and crankpins 
being oil-hardened. The engine axle-boxes, tender 
axle-box, and coupling and connecting-rod bushes 
are’ of bronze of the usual mixture in use on the 
Cape railways. 

The platforms are placed above the wheels, and, 
in order to make the cab as large as pussible, are 
broadened at the back end. The cab (Fig. 1) has two 
windows on each side, one being fixed, the other 
sliding in brass guides, and one also in each of the 
side portions of the back, which is partially closed 
in. The usual glasses are provided in the front of the 
cab as wellasa door on each side. For further 
ventilation there is a square opening in the roof 
fitted with a cover, which cin be raised or lowered 
at will. Comfortable seats and arm-rests in the 
windows are provided for the use of the driver 
and fireman. The engine is fitted with a steam 


brake, and the vacuum brake equipment for the 
tender and train. 
The teuder (see Figs. 17 tu 20, page 117), which 








carries 3200 gallons of water, and which has fuel 
space for about 5 tons of coal, is supported on 
two four-wheel bogies. The main frame is built 
up of, and strengthened by, transverse and longi- 
tudinal angles and channels. The bogies have bar 
frames with cast-steel guides and bogie centres. 
In addition to the vacuum brake a hand-brake is 
also provided, and each of the bogies is fitted with 
a brake-block to every wheel. The axle-boxes are 
of cast iron and have gun-metal bushes, easy access 
being given to the sponge-boxes by movable steel- 
plate covers. The weight of the engine and tender 
in full working order is 88 tons 7 cwt., the coupled 
wheels carrying 38 tons 13 ewt. The following 
table gives the distribution of these weights on 
the wheels of engine and tender : 
Distributed Weight of Engine. 


Full. Empty. 
tons cwt. tons cwt. 
Bogie: 1st pair of wheels 6 15 6 9 
‘a Zad: ,, om 6 19 6 14 
Leading coupled wheels 12 8 11 2 
Intermediate coupled 
wheels ... ae ene | 9 12 3 
Trailing coupled wheels 12 = 16 11 7 
Total ves Pe 7 47 15 
Distributed Weight of Tender (Full). 
tons cwt. 
Front bogie: 1st pair of wheels... . 8 18 
- i 2nd ,, 5 es is, She ae 
Trailing bogie : 1st pair of wheels... a 7 
- a Zaa ,, aa con awe 8 
Total ... 36 0 


Weight empty, 17 tons 8 cwt. 

The coupled wheels are 4 ft. 6 in. in diameter, 
and with cylinders of 18} in. in diameter and a 
stroke of 26 in. the engine develops a tractive 
force of 127.75 lb. for every pound of mean effec 
tive steam pressure in the cylinders. Assuming 
the latter to be 100 Ib. per square inch, the tractive 
power would be sufticient to haul a gross load of at 
least 800 tons at 30 miles an hour on the level. 

The engines have been built under the supervision 
of the consulting engineers, Messrs. Gregory and 
Eyles, and Mr. J. J. Hanbury, M.I. Mech. E., In- 
specting Engineer for the Cape Government Railway. 

The following area few of the leading dimensions 
and particulars :— 

Heating surface: Tubes 
Firebox .. 
Flue 


” ” 





” ” 


Total. .... 
Area of grate... me ‘ 
Working pressure. .. 180 lb. per sq in. 
Safety valves (two) ... = 3 in. im dia. 
Number of boiler tubes... es 158 
External diameter of and gauge... 2 in., 12 B.W.G. 
Length of boiler barrel ss oe 10 ft. 9f in. 
Mean inside diameter of boiler t ft. 7%; in. 
Thickness of plates (barrel) "5 In. 
Wrapper and throat plates } in. 
Front tube-plate—Thickness 
Fire-box shell—Length ; 8 tt. 8 in. 

Width at bottom... iy etks 
- Thickness of back- 


1068, 12 
1673" és 





” 


in. 


” 
plate . 
1 gin. 


Bm. one ose ese A 16 
Fire-box— Thickness of tube-plate 3 in. an 


a m door-plate ‘5 In. 
© <s wrapper... Biss 
Height of centre of boiler above 
rails ... oe ee os : 6 ft. 11 in. 
Cylinders—Diameter 183 in. 
& Stroke... ae as ae 
Piston valves—Travel in full gear 47 ,, 
Piston valves— Diameter tes PY 
i <3 Exhaust lap cis 99 
an *, Steam lap... o nos 
Negative lead or cover in full for- 
ward gew—front end... — Dass 
Lead in full forward gear—back end a 
Negative lead or cover in full 
backward gear—front end i _o 
Lead in full backward gear—back 
end .. Me S ; ~. tires 
Angle of forward eccentric ses 1195 deg. 
na back 118; ,, 
Centres of connecting-rod ... 7 ft. 35 in 
Thickness of frames se yak 4 in. 
Diameter of coupled wheels (six) 4 ft. 6 in. 
A bogie a (four) 2; 4b, 
Wheelbase, fixed beg | ae 
oe total engine .. é ty a 


— and tender 45 ,, 53,, 
Tender—C pacity of tank 3209 gallons 
Fuel space for about 5 tons of coal 


In conclusion the writer has to express his in- 
debtedness to Mr. Hugh Reid, of the North 
British Locomotive Company, Limited, through 
whose courtesy he has been able to prepare the 
illustrations for this article. 


‘ 








THE INSTITUTION OF MEOHANICAL 
ENGINEERS. 

On Friday last, the 15th instant, an ordinary 
general meeting of the Institution of Mechanical 
Engineers was held at the Institution House, 
Storey’s-gate, the President, Mr. J. Hartley Wick- 
steed, being in the chair. 

In opening the proceedings, Mr. Wicksteed 
announced that, in accordance with the rules of 
the Institution, the President, two Vice-Presidents, 
and seven Members of Council would retire at the 
ensuing annual general meeting. The list of those 
retiring was as follows :—The President—Mr. J. 
Hartley Wicksteed ; Vice-Presidents—Mr. T. B. 
Ellington and Mr. T. Hurry Riches ; and Members 
of Council—Sir Benjamin Baker, Sir John Wolfe 
Barry, Mr. Henry Chapman, Dr. Hopkinson, Mr. 
Ivatt, Mr. H. D. Marshall, and Sir John I. Thorny- 
croft. These gentlemen had offered themselves for 
re-election, and had been nominated by the Council. 
In accordance with custom, the Council also nomi- 
nated three additional names—viz., Lieut.-Colonel 
R. E. Crompton, Mr. H. F. Donaldson, of Wool- 
wich, and Mr. James F. Rowan, of Glasgow, to be 
included on the ballot list as Members of Council. 
The President next called upon any member who 
might wish to add to the list of candidates to do 
so. No response being given to this invitation, the 
above remained as candidates for the next election. 


THe Heat TREATMENT OF STEEL. 

Mr. Wicksteed next announced that the paper 
before the meeting that evening was ‘‘ The Sixth 
Report to the Alloys Research Committee on the 
Heat Treatment of Steel.” As our readers are 
aware, the preceding five reports were presented by 
the late Sir William C. Roberts-Austen.* Sir 
William had prepared a part, forming the first 
section, of the present report before his lamented 
death, and the work had been taken up by Professor 
William Gowland, who was a member of the Com- 
inittee. The investigations relating to heat treatment 
and photomicrography had been entrusted to Mr. 
W. H. Merrett, instructor in assaying at the Royal 
School of Mines, and had been carried out on the 
lines laid down by Sir William ; the main body of 
the report was therefore based on Mr. Merrett’s 
work. Professor Gowland, in a prefatory note, 
made reference to these facts, and also acknow- 
ledged his indebtedness to Mr. F. W. Harbord, of 
the Royal Indian Engineering College, for his 
determination of the mechanical properties of most 
of the specimens after thermal treatment. As we 
commence to print the report in our present issue, 
we may at once proceed to the discussion. 

After the reading of the paper by Mr. Worthing- 
ton, the President called on Professor Gowland to 
add any remarks he might wish to make. 

Professor Gowland said that he would not then 
detain the meeting with any remarks supplementary 
to the paper, but wished to call attention to a series 
of seventy-five to eighty photographs, which had 
been placed on the wall of the theatre. They were 
arranged to show the work of his old friend, Sir 
William Roberts-Austen, which had been done for 
the Alloys Research Committee and for the Insti- 
tution. These photographs were about to be sent to 
the St. Louis Exhibition, where they would form a 
part of the exhibit of the British Committee on 
Mining and Metallurgy, thus serving to afford to 
visitors to the Exhibition an example of the work 
done by Sir William, and the nature of the inves- 
tigations undertaken by the Institution of Mecha- 
nical Engineers. 

Mr. Wicksteed, in calling upon members to dis- 
cuss the report, said that it was the sixth of a 
series started in 1888, and would be the concluding 
one. The inquiry had therefore been fourteen 
years in progress; but this sixth report had 
occupied five years in its preparation. It would 
be noticed that the discoveries illustrated in the 
report had been traced back over 120 years, 
beginning with Bergman in 1781. The scope of 





Tank plates—Thickness } in. 
Diameter of wheels (eight) 2ft. 9} in. 
Wheelbase 15 ft. 


Weight in full working order 36 tons 

Weight empty Pc sa .. 17 tons8 ewt. 

Engine weight in working order... 52 ,, 7 ,, 
* : on coupled wheels 33 ,,13 ,, 


* See ENGINEERING vol. lii., pages 528, 548, and 579; 
vol. ]iil., page 186; vol. lv., pages 608, 629, 659, and 686 ; 
vol. lix., pages 572, 742, 778, and 811; vol. Ixiii., pages 
197, 220, and 253; and vol. Ixvii., pages 205, 210, 209, 
and 294. 
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the report was best set forth, the President 
said, in the following quotation :—‘‘ It is’ now 
known that allotropic changes in the iron itself 
are the all-important factors in determining the 
relations between iron and carbon, which are in- 
volved in the characteristic capacity of steel for 
being hardened and tempered. If iron had existed 
only in the a form, it could never have been 
hardened by quenching ; on the other hand, if 8 
and y iron were alone known, steel could never 
have been tempered or annealed. The prevalent 
belief, therefore, of nearly two centuries, which 
claimed attention for the carbon alone, has had to 
be abandoned. Bergman, in 1781, held the first 
links of evidence which have led to the present 
conclusion ; while Osmond, in the last decade, has 
forged the strong and important portion of the 
chain which we securely hold. In the future it will 
be realised how much the Institution of Mechanical 
Engineers has done to confirm, strengthen, and 
diffuse the knowledge we possess on the important 
industrial question of hardening steel.” Continu- 
ing, Mr. Wicksteed said that the thanks of all 
engineers were due to the late Sir William Roberts- 
Austen and to his successor in the chair at the 
Royal School of Mines—Professor William Gow- 
land—for this masterly report. He was sure that 
members would wish him to express their apprecia- 
tion of the ability, perseverance, and enthusiasm 
with which Mr. Merrett had carried out the large 
amount of work that had been allotted to him ; and 
the names of Mr. Harbord, Mr. Smith, and Mr. 
Reilly should also be coupled to this appreciation. 
All this co-operation illustrated the power of Sir 
William Roberts-Austen to attract other minds ; 
fresh evidence had been afforded of this, within the 
last few days, by contributions on the subject 
which the Institution had received from Professor 
Ledebur and M. Le Chatelier. The latter gentle- 
man he was glad to see present that evening. The 
Committee were to be congratulated on the results 
that had been obtained, and, as associated with 
this congratulation, he would mention the names 
of Sir William White and the late Sir William 
Anderson. 

M. Le Chatelier was the first speaker in the 
discussion. He said he trusted the meeting would 
excuse him for addressing it in French. He had 
heard with much interest the report before the 
meeting. The accurate manner in which the 
experiments had been made and the lucid way 
in with which they had been set forth were 
beyond question, and the memoir constituted a 
collection of data which would form an invaluable 
source of knowledge for future inquirers in this 
field of scientific research. Before proceeding to 
details the speaker thought it might be of in- 
terest to consider the influence of the report in a 
wider sense than that of immediate application. 
In metallurgical science, as in other kindred 
branches of philosophical inquiry, unsuspected 
problems would arise, and these became more 
numerous as the ramifications of the science ex- 
tended. Thus, after having recognised the attraction 
of a piece of resin rubbed on cloth for light bodies, 
one might hope, by further experiment, to gain 
a more complete knowledge of the phenomenon. 
To-day the whole sciance of electricity was founded 
on this first observation ; though it had been neces- 
sary for centuries to pass before the science became 
fully organised. It was reasonable to hope for a 
more rapid development of metallurgical science, 
and it was the duty of workers in this field to 
make ready for the higher development. An error 
frequent among savants was to seek to arrive at 
truth by too many roads, without taking thought 
of the ground that) had to be covered. This 
was to ignore the value of time and the waste 
labour of retracing steps. He would appeal 
to technical societies, such as the Institution 
of Mechanical Engineers, to energetically oppose 
such practice. The Institution had rendered 
signal service to metallurgy by the formation 
of research committees, and the example had 
been followed elsewhere. It was at the invita- 
tion of theCouncil that the speaker had proposed 
to the Société d’Encouragement pour |’Industrie 
Nationale the formation of an alloys committee, 
and it was by the help of the labours of Sir 
William Roberts-Austen that he was able to meet 
the first difficulties inseparable from the founding 
of an organisation of this nature. Sir William had 
desired to visit Paris in order to submit his first 
report to the Société, and to compete for one of its 


pleasure of introducing to his French colleagues 
the efforts made on the other side of the Channel 
to advance the science of metallurgy. It would 
not be out of place to remind the meeting that the 
French Society had been modelled on the Society 
of Arts in London (the full title of which institu- 
tion is the Society for the Encouragement of Arts, 
Manufactures, and Commerce), it being founded 
by Lastayrie in 1754, upon his return from a visit 
paid to England. Such international relations 
were of great value in promoting the advance of 
science and industry. The progress of science 
might be divided into two distinct stages—the first 
period was a time of creation ; the second period was 
that of progressive development. In the first period 
there was no organisation ; no elaborately-equipped 
laboratories were needed; indeed, they would be 
injurious. Boyle and Mariotte would not have 
discovered the laws of compressibility of gases if 
they had had at their disposal the improved 
apparatus of Regnault. But directly the second 
period was entered upon, more minute inquiry was 
needed, for the complexity of aspect of each 
phenomenon became every day more marked. The 
question of the thermal treatment of steel was 
certainly of principal importance ; but, he would 
ask, would it not be necessary in the future to 
apply other tests besides tensile tests? Such tests 
answered the purpose of showing the difference of 
the properties of steel when heated from 800 deg. 
to 1200 deg., or between a steel heated for a 
quarter of an hour or for ten hours. But if it 
were necessary to know the influence of a change 
of 50 deg. at high temperature, or the prolongation 
of heating for a quarter of a hour, mechanical 
tests were not to be relied upon. The errors 
resulting from small differences between trial-bars 
completely disguised results ; but, nevertheless, 
the small differences of treatment mentioned had 
most important influences on the nature of the 
steel. A much more useful method of testing was 
that by means of notching bars. In illustration 
of this M. Le Chatelier instanced tests made by 
M. Guillery, director of the Société Francaise de 
Construction Mécanique & Denain. A bar of mild 
steel, with a breaking strain of 38 kilogrammes per 
square millimetre (24.13 tons per square inch) and 
34 per cent. elongation was divided into three parts, 
and from each part a test-piece was cut so as to 
judge of the homogeneity. The three parts were 
heated to 900 deg., and tempered at 600 deg. - One 
of these was put aside, and the two others were 
brought to a white heat—one for a quarter of an 
hour and the other for half an hour. The follow- 
ing tests were made :—-1. Simple tensile tests with 
apparent raising of the elastic limit ; 2. Continuous 
bending tests by rotation (Wohler’s tests); 3. 
Tests on notched-cut bars. The results were given 
by the speaker by means of a table on the black- 
board, of which the following is a copy :— 























BO 63 
. ; oe £8 lates 
Simple Tensile Sane |S ee 
Tests. l ‘sees |BRD42 
va%7oodo |\voVves 
SHOR RHR SR 
| s j= 
Description of Test- Sige | — 
Di . 3 | 
te # | = no. Log 
wets. | 31.68] dog 
EFseeei23u' a S508 | St 
Seesigge Pi gia) #OB 
PSTS SSA So | su 08 aes 
Bana 2e8 aI 7 OLR | mas 
p.c. 
Steel untreated sof Slot 1%.3 34.2 
Steel hardened and) 
tempered .. +e| 3%0 13.3 35.0 175 32 
Steel heated to 1200 dg. | 
for {hour .. - 6 7.3 28.5 123 20 
Steel heated to 1200 dg. 
for} hour . --| 38.6 5.3 70 1 


29.0 


The tensile tests and the percentages of alloys 
gave no indication of the effect of heat in causing 
deterioration of the metal, whilst the trials by 
notched bars gave this very clearly. M. Le 
Chatelier, in bringing forward these instances, 
dwelt on the necessity of a good programme being 
arranged for investigations of this nature, and it 
was therefore most desirable to submit any scheme 
to public discussion. 

Continuing, the speaker said that of the enormous 
number of tests and experiments made in this field, 
the majority agreed fairly well in their general 
lines, though there were certain points of differ- 
ence. He dwelt in eloquent terms on the waste 
due to independent workers, unknown to each 








other, traversing the same ground, and advocated 


prizes. Such a step would have given him the | co-operation among seekers after knowledge. He 








referred to the statement in the report that there 
was martensite in a steel tempered at 720 deg. 
That would be below the points of transformation ; 
nevertheless, the metal remained malleable in a 
manner inconsistent with the presence of the 
constituent element of tempered steel. Some 
metallurgists would, the speaker said, join 
issue on this statement. M. Guillet had described 
as hardenite some crystals that M. Osmond 
would, without doubt, have called _ sorbite, 
but which the speaker himself would have called 
troostite. There was a large field of study to cover 
before the characteristic properties of martensite, 
hardenite, troostite, and sorbite were defined. 
Again, knowledge had advanced but little regarding 
the allotropical transformation of iron and steel. 
M. Le Chatelier concluded his speech by an appeal 
to all interested in progress to rapidly fill up the 
gaps in our knowledge on these subjects. 

Mr. Harbord was the next speaker, being called 
upon by the President. He said he would have 
preferred to have reserved any remarks he had to 
make until a later period of the discussion, when 
possibly he might have dealt with criticisms of 
other speakers. He was one of Sir William 
Roberts-Austen’s oldest students, and he would 
like to begin by bearing testimony to the great 
work his former master had done for metallur- 
gical science. He said that he had had an oppor- 
tunity of speaking to the late Sir William Roberts- 
Austen with reference to the research, and, in 
discussing the matter with him, he had learned 
that it was the intention of Sir William to have 
carried the investigations much further than the 
present paper. The speaker expected that some 
criticism would be made of the smallness of the 
bars used. The experiments recorded in the 
report were only intended to be pioneer experi- 
ments, with small bars, and, when the best con- 
ditions for any particular treatment had been 
obtained, experiments were to have been carried 
out on larger bars. He had, in fact, been making 
arrangements for tests with larger bars; but owing 
to the unfortunate illness of Sir William Roberts- 
Austen, and his lamented death, the matter 
had not been proceeded with. Referring to 
Table II , the speaker said that it would be noticed 
that bars heated at 620 deg. Cent. for half-an-hour 
gave a ratio of elastic limit exceptionally high com- 
pared with the tensile stress, especially in the case 
of the lower carbon steels. In the ordinary course 
the results would have been checked ; in fact, it 
was intended to confirm the experiments, but there 
were not sufticient bars for another series. For- 
tunately, he had found a few more bars, though 
not a complete set, later on; some of these he sent 
to Mr. Merrett, who treated them in the same way 
as the others for mechanical tests. He tested one 
or two himself, and also asked Professor Unwin if 
he would check one or two bars, which the Professor 
had done. The speaker said he was referring more 
particularly to low-carbon steels, and he found that 
the further tests made confirmed the results given 
in the paper within reasonable limits ; there was a 
small difference, but it was not above two tons per 
square inch in any case. The actual figures of these 
further tests would probably be given in the report 
when it was printed in the ‘‘ Proceedings.” Referring 
to Table III., which contains particulars of bars 
annealed at 720 deg. Cent. for half an hour, the 
speaker would call attention to the experiments 
made by Brinell, and described in a paper read 
before the Iron and Steel Institute at the end of 
1901. The scheme of the experiments was very 
similar to those which Sir William Roberts-Austen 
intended to carry out, and it was interesting to note 
how Brinell’s experiments compared with those of 
Sir William Roberts-Austen, producing, as they did, 
almost the same results. The probability was that 
had Brinell’s results been published earlier, the 
report then before the meeting would have been on 
different lines, as it was not necessary to go over 
the same ground twice. If the results of Brinell 
on heating steels at 750 deg. Cent. were compared 
with Table ITI. of the report, which dealt with tests 
also made at 750 deg. Cent., it would be found that 
the results were in close agreement, and he had 
had curves prepared which afforded a comparison 
of the results obtained in the two experiments 
respectively. He would also call attention to a 
paper read by Professor Arnold before the Institu- 
tion of Civil Engineers, dealing with the high- 
carbon steels. Copies of these curves were handed 


round at the meeting. Brinell’s resuits on heating 
te 1000 deg. Cent. showed no marked increase in 


120 





[JAN. 22, 1904. 


ENGINEERING, 








MACHINES 
CONSTRUCTED 











FOR 





MILLING AND DTE-CUTTING* 


BY MR, CURD’ NUBE, ENGINEER, OFFENBACH-ON-MAIN. 
(For Description, see Page 122.) 





iE 




































\SITEPIOLTIODL 





N 
YY, 





YY) 


Ee 


Wy 


rs 





YMA 












N 











Vt ts 
Y tj. 


















































Fic. 


tensile strength, except when carbon exceeded 0.8 
per cent.; but the elastic limit of the steel was 
raised, and resistance to shock improved. This 
also agreed with the results in the paper ; in fact, 
broadly, - Brinell’s experiments might be said 
to confirm those given in the report. In a paper 
read last year before the Iron and Steel Institute, 
by a Carnegie Research scholar, Mr. Campion, the 
heat treatment of 4-in. and 6-in. round bars with 
Q.2- per cent. carbon steel was dealt with, the best 
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of heating at this température were also. in close 
agreement with the results obtained by Arnold 
when: heating similar pure steels at 1000 deg. Cent. 
| These details were given in the Professor’s paper 
on carbon and iron, read some years ago before the 
Institution of Civil, Engineers. The results of these 
heatings at 900 deg. Cent. and 1000 deg. Cent: 
could hardly be said to be confirmed by Campion’s 
experiments on 4-in. and 6-in. rounds, as he found 
that heating above 850 deg. in no case improved 
the mechanical properties. of the steel, either in the 
high or low carbons, and in many cases induced 
great brittleness. When results of experiments on 
small bars were in disagreement with large-scale 
| experiments, the latter should. be accepted as 
| correct. It could only be assumed that the mass 
results being obtained at a temperature between | and time of heating produced a difference of physical 
700 deg. and_800 deg., and here a variation was | state in the case of the large masses. Although the 
found from Brinell’s results and those given in| experimental work recorded in the paper was far 
the report. Mr. Campion stated that in the case} less complete than Sir William Roberts-Austen 
of high-carbon steels the maximum temperature | intended it should have been, and would need con- 
should be somewhat lower, this confirming the | firmation by larger masses of steel, the speaker felt 
results in the paper. sure it- would be most useful as pioneer work for 
Referring to Table V. of the paper, which dealt | further research. 
with heat treatment at 900 deg. Cent., Mr. Harbord! Professor Thomas Turner, of Birmingham, said 
had plotted a curve which showed that the results that in the first place he wished to express his 
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regret, which he was sure was shared by all present, 
that Sir William Roberts-Austen was not there to 
hear the reception the report had received. 





wide knowledge and clearness of vision. 
had an opportunity of speaking to him a few weeks 
before his death, and he (Sir William) then said 
that he had done what he could to advance know- 
ledge, and hoped some of it would remain. Pro- 
fessor Turner thought that if he had done no more 
than produce those six reports, he would have 


accomplished something of which any metallurgist | 


might be proud. It could not be expected that 


a report of that nature would be perfect, or that no | 


other researches would be required to further illus- 
trate the matter. It might be that members would 
not agree with every conclusion arrived at in the 
report, but all would recognise the skill with which 
the subject had been handled. The speaker re- 
ferred to that part of the report in which there was 
a quotation from Barus, who had said ‘‘ that during 
the small interval of time within which appreciable 
annealing occurs, a glass-hard steel rod suddenly | 
heated to 390 deg. Cent. is almost a viscous fluid.” | 





As an | and, in this instance, he had drawn attention to an 
old student of Sir William’s, he could speak of his | often-neglected point—namely, that in dealing with 
He had | 


'terms, rather than a difference of opinion on the | 





‘*wolic,” ‘‘hypo-eolic,” and ‘‘ hyper- 


. yeaae . { 
Sir William Roberts-Austen had called attention to| the terms 
/matters of that kind on several previous occasions, | :eolic,” referring to pearlite, and to steels with less 
carbon than pearlite and with more carbon than 





pearlite. These terms, the speaker pointed out, 
iron and steel it was necessary to consider not only | were also used by Professor Howe in his book, 
the changes in the condition of the carbon, but also | ‘‘ Iron, Steel, and other Alloys,” published recently. 
the viscosity and other properties of the metal 


The author of that book had, in his time, coined a 
itself, Whether metallurgists were all agreed as} good many terms in connection with metallography, 
to the exact details of the allotropic theory or/and in a note on the last page of his work had said 
not, they had to recognise the fact that there| that if he had to write the book again, he would use 
were important changes in the structure and|the word ‘‘eutectoid” to express something not 
character of iron, whatever name might be given | exactly eutectic, but resembling it ; steels with less 
to them. The speaker suggested that, therefore, | carbon would be hypo-eutectoids, and steels with 
a good deal of the discussion which had taken} more carbon would be hyper-eutectoids. This, the 
place between allotropists and others was largely a| speaker thought, would form a useful addition to 
question of the definition and understanding of | the nomenclature of metallurgy. 

Dr. Glazebrook rose to echo the views to which 
real facts involved. He would refer to the dia-; Professor Turner had given expression as to the 
gram in Fig. 7, which gave freezing-point curves | indebtedness of all interested in metallurgy to the 
of carburised iron. This diagram, he considered, | late Sir William Roberts-Austen and his co-workers. 
contained more information than any of the} He gathered from what had already been said that 
others attached to the report, and was worth aj there were numerous points connected with the 
considerable amount of study. He would draw | research forming the subject of the report that still 
attention to the fact that in the report there were | needed elucidation. He trusted that it would be 
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his good fortune, as Director of the National Phy- 
sical Laboratory, with the help of those of his 
assistants who were working on the subject, to 
continue this research. 
stood by the members of the Institution that if the 
staff of the National Physical Laboratory could in 
any way help in this direction, they would be only 
too pleased to do so, and they would look to the 
Alloys Research Committee to afford the guidance 
they were so well able to give. 

Mr. C. EF. Stromeyer regretted that the tests of 
material contained in the report were not as 
numerous as they might have been. In addition 
to the bending tests, he thought that future re- 
searches might include torsion tests. These would 
give valuable information on the shearing stresses 
of materials. He was the more surprised that 
such tests were not added to the present report, as 
it dealt largely with gun-steel ; and he would point 
out that the bursting of a gun was not so much due 
to the tensile stresses as to the shearing stresses ; it 
was a cumpound stress that burst the gun. It 
would have been a great benefit if test-pieces of 
greater length had been also tried, as then the 
elastic limit could have been determined with 
closer precision ; as it was, the elastic limit had not 
been determined atall. The speaker had carried out 
some researches on mild steel, and had found that 
the quenching of that material reduced the elastic 
limit, whereas in the high-carbon steel the elastic 
limit was raised by quenching. He was sorry the 
report before the meeting was the last of the 
series, and he felt that it would be an advantage 
that the Committee should be kept together, if only 
for the purpose of giving to Dr. Glazebrook that 
advice and assistance for which he had asked. 
What constructive engineers were really anxious to 
know was not so much the qualities of high-carbon 
steels—such as were used in the manufacture of 
guns and dies—but rather the effect of heat on 
mild steel, and the results due to various impuri- 
ties. Quite recently a case had come under his 
notice in which a steel had withstood mechanical 
tests double these which were usual, yet a plate 
of this steel cracked in two or three places when 
bent in the rolls, the curvature being of no less 
radius than 20 ft. or 30 ft. This failure was due 
to impurities which had accidentally been intro- 
duced into the steel. It would, therefore, be very 
interesting to know how these impurities affected 
the bending properties of steel. He had also re- 
cently met with some steel which welded exceedingly 
well, but cracked immediately after the weld was 
made. That was another instance of the lack of 
information which engineers would like to have. 

Dr. Rose, of the Royal Mint, was the next 
speaker. As an old student of the Royal School 
of Mines, he wished to add his congratulations to 
Professor Gowland and Mr. Merrett. The present 
report, he considered, was not in any way inferior 
to those that had preceded it. He had always 
understood that when this sixth report was pub- 
lished there would be given a critical and complete 
analysis of the curves of equilibrium. These curves 
were put forward in the fifth report, and had, as 
stated, formed the basis of an elaborate study by Pro- 
fessor Bakhuis-Roozeboom, of Amsterdam. There 
were, the speaker said, a number of experiments 
described in the report that were well adapted for 
analysis. There were many points that it was 
difticult to understand. He would give as an 
example the 3 per cent. carbon iron alloy. The 
curve stated that at 1300 deg. Cent. there was 
a liquid solution of carbon and iron ; at 1100 deg. 
Cent. it consisted of a solid mixture of austenite 
and graphite ; below 900 deg. Cent. there was a 
solid mixture of austenite, cementite, and gra- 
phite. At lower temperatures—that was, below 
600 deg. Cent.— there was ferrite, cementite, and 
graphite. What he would be inclined to ask in 
regard to these details was—-although the ques- 
tion had been fully discussed by Professor Bak- 
huis-Roozeboom—had there been sutfticient ex- 
perimental proof to verify the statements? There 
were a number of experiments in the report 
which would throw light upon the problem. If, 
for example, it were required to determine the 
constitution of 1.3 per cent. carbon steel at 720 
deg. Cent., which would be a little above the W 
point of Brinell, it would be necessary to heat the 
steel at 720 deg. Cent. for twelve hours, then cool 
it suddenly, and bring it down to the ordinary 
temperature, when the changes in the constitution 
and structure could be noted. Professor Gowland 
had a vast amount of information on the subject. 


He wished it to be under- | 


| 








It would be valuable to know whether the curve 
was going to stand as it was, or whether there was 
to be an alteration ; but, assuming that it was 
going to stand as then shown, he would ask what 
useful purpose it would serve. Referring to the 
curve G, O, S, E on the diagram giving the 
freezing - point curves of carburised iron (see 
Fig. 7, page 140), this gave a separation of ferrite 
and a separation of cementite. In regard to the 
right temperature at which steel should be quenched, 
he would like to have the data on which the state- 
ment was made in the report that the temperature 
in the bath must not be altered much during the 
quenching of the metal, or the hardening of the 
bar would not be uniform; and that therefore, 
in order to prevent a large rise of temperature 
during the quenching, it was necessary to em- 
ploy a considerable volume of liquid. It was 
said that Sir William Roberts-Austen believed 
that the 0.8 per cent. carbon steel could not 
be hardened very much below 850 deg. There 
were no data on that point at the Royal Mint, nor 
details of experiments ; it was desirable to have 
such data, as they were very important. Brinell 
had tested steel containing 0.7 per cent. carbon, 
0.3 per cent. silicon, and 0.2 per cent. man- 
ganese. On quenching that metal at 690 deg. 
Cent., he obtained a hardness of 244 (absolute 
scale); when quenched at 750 deg. Cent., the hard- 
ness was 741, or three times as much; and when 
quenched at 1000 deg., it was the same. The 
results at the Mint, of which there were details, 
agreed more or less with these and other experi- 
ments of Brinell. Perhaps it was not sufficiently 
realised that steel had to be quenched at different 
temperatures, according to its composition. It was 
not to be expected that steel would be hardened 
completely if an attempt were made to quench a 
mixture of cementite and martensite—if steel were 
quenched above Ar,, the point at which the ferrite 
has separated or the cementite has separated. The 
speaker questioned whether it was always sufficiently 
considered that, for complete hardening, the mass 
should be homogeneous at the moment that it was 
quenched. The result was that it would not be pos- 
sible to say definitely, without giving the com- 
position of the steel, that any given tempera- 
at 


ture, say 900 deg., was the correct one 
which the steel should be quenched. In con- 


tradistinction tothe statement which he had quoted 
from the report, it was found that steel of 
0.8 per cent. of carbon would become glass hard 
if quenched at 750 deg. Cent.; but a 1 per cent. 
carbon steel, with only 0.1 per cent. or 0.2 per cent. 
of manganese, quenched at 800 deg. Cent., would 
not be perfectly hard, and would be unsuitable for 
the purpose for which the speaker required it. The 
curves given in the report were of great value in 
determining the temperature at which the pure 
steels had to be quenched. He understood that 
Professor Glazebrook was directing the re-determi- 
nation of the curves, and, when so re-determined, 
he considered they would be of the greatest value. 
In conclusion, he would like to make an appeal to 
Professor Gowland, who had spent an iminense 
amount of time and trouble on this report. Pro- 
fessor Gowland would know so much more about 
the subject than anyone else that the speaker would 
urge him to give a summary of the conclusions that 
he (Professor Gowland) would draw from the report. 

Mr. Wicksteed here stated that the discussion 
would be adjourned until Friday, the 29th inst. 
Many speakers interested in the subject had ex- 
pressed their desire to be heard; amongst them 
he would mention Sir William White, Mr. Hadfield, 
and Professor Arnold. 


GRADUATES’ MEETING. 

The President further intimated that there would 
be a graduates’ meeting on Monday, February 8, 
when Mr. W. H. Merrett, of the Royal School of 
Mines, would give a lantern lecture dealing with 
the recent work of the Alloys Research Committee. 


THE ANNUAL GENERAL MEETING. 


The annual general meeting of the Institution 
will be held on Friday, February 19. 








MACHINES AND TOOLS EMPLOYED 
FOR DIE-CUTTING.—No III. 
By JoserH Horner. 
THERE is a very novel design of machine, which 


is little known in this country, though employed in 
many Continental works. It is an example of a 





type, the leading features of which are embodied 
in a great variety of distinct machines with a view 
to render them adaptable to all conceivable require- 
ments of die-cutters. They are a speciality of 
Curd Nube, of Offenbach-on-Main, represented in 
the United Kingdom by Messrs. A. Schonfield and 
Co., 61, Great Tower-street, London, E.C. We will] 
explain the general mechanical construction, and 
then show how it is adopted in part, or entirely, in 
the various designs of machines that are manufac. 
tured by the firm. The design includes either one, 
two, or three spindles, to be used for milling, 
drilling, boring, or grinding. The main frame is 
modified accordingly, being either of the type 
common on drilling or milling machines, or in some 
cases of a pillar form. Perhaps the most striking 
feature in these designs is the provision that is 
made for cutting from below, by means of a vertical 
spindle coming up through the table. This is in- 
cluded in all the machines, whether the other 
spindles are fitted or not. Surrounding this spindle 
is the mechanism of the table slides, which include 
compound and circular movements. 

The engravings, Figs. 29 to 33, page 120, represent 
the machine in one of its most complete forms, carry- 
ing three spindles, A, B, and C. A is the prin- 
cipal one, rotated from the cone pulleys D through 
mitre wheels, Its weight is received in a footstep 
bearing, and wear is taken up by its conical bear- 
ing-neck above and lock-nuts below. The sleeve 
in which the spindle runs is carried in a bush in 
the lower part of the main framing of the machine. 
The work being cut is carried in the chuck or plate 
K, sunk into a circular table F, which is carried on 
transverse slides G and H, capable of movement 
at right angles with each other. 

In order to be able to alter the height of work 
in relation to the fixed spindle A, the whole of the 
table arrangements move bodily. This is effected 
by prolonging the portion of the base which carries 
the tables into a long cylindrical boss, and _ pro- 
longing the supporting plate intoa cylindrical sleeve 
to encircle the boss. The vertical movement is 
effected by the hand-wheel J, the boss of which 
is threaded to fit a screw cut on the boss of the 
base. K is a tray for waste lubricant. The upper 
spindle B is driven similarly to the lower, through 
the pulleys O and L. Its vertical movement is 
provided for by the sliding of its lower bearing M 
on guides on the main frame. These spindles can 
be driven in unison, or either one separately from 
the other. The third spindle C can be driven 
also simultaneously with or independently of the 
others. 

The standard design of table is shown in Figs. 30 
to 33, lettered similarly to Fig. 29. The plate 
or chuck E with tee grooves is only one form of 
fitting, and is not an essential portion of the table 
F, into which jaws are as often fastened to grip 
the sides of work. N, N are plates clamping K 
down to F. F is rotated by the worm-wheel a, 
worm b, and handle c. It has a veed edge, which 
is gripped by the undercut guides d, d, d, d on the 
corners of G. 

From a study of this machine we can pass to 
others in which the leading features are variously 
applied. 

In the sectional elevation and plan of the 
machine shown by Figs. 34 and 35, page 121, three 
spindles are included, but various details are 
altered. Instead of a vertical movement of the 
tables ona fixed boss, they are carried ona knee A, 
the movement of which is imparted by the worm 
and wheel B actuating a vertical screw engaging 
in a nut let into the framing below. The bracket A 
slides on a circular boss C. This is surrounded by 
the waste lubricant pan D, and receives the bush E 
for the spindle F. Wear can be taken up between 
the taper above and the lock-nuts below. The 
footstep bearing is seen at G, contained in a 
bushed casting bolted to a seating in the main 
frame. The spindle is driven from the cones H 
through mitre-wheels, The cones J are for self- 
acting feeds to the table through telescopic shafts, 
the details of which are not illustrated in the 
drawings. These are arranged in similar fashion to 
those on universal milling machines. 

The vertical and horizontal spindles K and L 
respectively are driven from the cones H through 
mitre wheels. Both spindles are fitted similarly 
to the lower one as far as the means of taking up 
wear are concerned. But K_ has provision for 
vertical adjustment in the driving-sleeve M, follow- 
ing the movements of the bearing-head Ny, which is 
vertically adjustable on the swivel-plate O by the 
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mitre-wheels, and a hand-wheel not shown, or 


ymatically by power. 
othe swivel ghieh O is an addition to the standard 


type of machine, but it vastly increases its utility. | 


It is a fitting much more common on Continental de- 
signs of machines than in English or American types. 
3 of value in cutting bevelled edges and conical 


on. The swivelling takes place round the 
axis « of the driving-shaft. The horizontal spindle 


L has no endlong movement. It is used both for 
milling and grinding, and support is given to the 
arbor by the overhanging arm Q, which is seldom 
in the way ; and if it should be so, the bracket Q 
can be removed by taking out four bolts. 

The method of securing the cutters in the spindles 
is by a tapered shank terminating in @ screw, the 
latter serving to retain the cutter in place, which 
a taper alone would not do. This is indicated at 
L. The other spindles are similar, though not 
detailed. A cap b on the lower spindle protects 
the bearing from cuttings and grit. 

On these two designs the changes are rung in 
several ways, producing machines adaptable to the 
requirements of all classes of die-cutting, three de- 
signs, selected from several, being shown in Fig. 36, 
page 120, and Figs. 37 and 38, page 128. We willrun 
through some of the most highly specialised of these. 

In the first place, there is no hard and fast method 
of driving adopted. Two methods are shown in the 
foregoing figures, through spur and bevel wheels 
respectively. But belt-drives are used for high- 
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speed machines, either alone or in conjunction with 
toothed gears. Some machines, again, have hand 


feeds to the tables, others have power feeds through | 


telescopic shafts, the driving taking place through 
gear-boxes, by means of which the feeds can be 
changed by the movement of a lever. 

Outside of these there is a large class of machines 
in which the lower portion of the essential me- 
chanism, shown in previous figures, is employed ; 
but mounted on an independent circular stand, 
instead of in the lower portion of a framing like that 
illustrated. In these there is neither upper spindle 
nor horizontal one. These are used specially for 
the cutting of dies, while those shown in the pre- 
vious figures are of universal utility, being suited 
alike for cutting the upper and under parts of 
dies, sinking dies, and for ordinary milling. In 
the stand type the spindle runs in fixed bearings, 
and the work-table is raised or lowered by hand 
in the manner adopted in Fig. 34, or with worm- 
wheel, &c. The table-slides give linear and rotary 
adjustments, and combinations of these. In cutting 
dies on these machines, a hole is first drilled, and 
then a milling cutter of suitable form substituted, 
by which the die is finished. This leaves in most 
cases a core, which falls out when the die is com- 
pleted. By this method, therefore, a large amount 
of cutting away of metal is avoided. The slides 
are manipulated by hand in some machines; in 
others self-acting gear is fitted —a more convenient | 
way if long traverses have to be taken. 

The relative utilities of these machines must 
depend on the nature of the work done. The 
stand machines, made as they are in a considerable 
range of dimensions, would answer the requirements 
of many shops; but the three-spindle machines are, | 
for several reasons, superior tools. In either type 
there is the great advantage of being able to mill 
from below, which permits the cuttings and lubri- 


cant to fall away from the work, instead of re- 
maining and clogging. As a constant supply of 
lubricant is pumped on the work, the cooling is 
effected properly. But with the upper spindle, 
milling can be done from above, which is the only 
convenient way when dies are cut down, or sunk 
to a certain depth only, instead of right through. 
Also the upper spindle can be utilised for a face 
mill, to true the top of adie; and it can be used 
for grinding hardened dies. The latter is also the 
special function of the horizontal spindle. The 
| inclusion of grinding in a die-cutting machine is a 
| distinct gain. Although in general engineers’ work 
| dies are seldom hardened, they are in the repeti- 
| tive work of the stamping-shops. When hardened, 
| they are bound to become distorted, and to remain 
so unless they can be ground, for which facilities 
do not exist in the ordinary machines used for 
die-cutting. 

The three-spindle machines fulfil the functions 
of planer and shaper, of drill and boring machine, 
besides that of grinding and milling. Yet they 
are in no sense combination machines of a make- 
shift type, but each spindle nose is fitted to carry 
the tools which produce these results. The upper 
| spindle can also be used for a steady centre, while 
the lower one is in operation. 

With regard to the bevelling of the edges of dies 
for delivery, this is done in two ways, either by 
canting the upper spindle head in the machines 
| which are fitted with this design, or, more con- 
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veniently, by employing cutters made with the 
required amount of taper. 

These machines have a wider range than that of 
‘eutting the dies for engineers’ work. They are 
, designed equally well for those used by the manu- 
|facturers of steel stamped goods of all kinds, press 
| work, and also for engraving work that lies out- 
| side the scope of the present subject. 

The principal tools supplied with these machines 
are illustrated in Fig. 39. They comprise cutters 
with taper bodies, parallel bodies, and those with 
rounded ends for roughing-out and for cutting 
concave grooves. The larger cutters have their 
shanks formed, and a screw at the end to fit in the 
machine spindle ; while the smaller sizes fit in an 
intermediary collet or chuck, which itself goes in 
the spindle ; these are shown in the illustration. 
Disc cutters are also used for the horizontal spindle 
of the machine. A centre point is included to fit 
in the top spindle, and steady the bottom cutter 
against heavy duty. Emery wheels are supplied 
for regrinding cutters, and a special fixture is manu- 
factured for the purpose, which can be fixed ona 
machine ready for use. 

A type of cutter suitable for heavy roughing-out 
is shown at the extreme left of Fig. 39, having two 
cutting lips, like a twist drill, so that a very 
| strong body is thus obtained, and heavy cuts may 
| be taken without fear of breakage. 

Another machine in which the cutter projects from 
| below, Fig. 40, page 128, is made by the Thurston 
| Manufacturing Company, of Providence, Rhode 
Island. It is constructed in two sizes—one to hold 
a plate 6 in. wide and & in. thick, the other one of 
| 10 in. wide and 2 in. thick, no limit being set to the 
length. The work is gripped in a chuck, comprising 
loose adjustable vice-jaws carried on a table, which, 
by means of compound slides, operated by hand 








The spindle stands vertically, and can be adjusted 
from below by hand ; the cutter projects through 
an opening inthe chuck. The slides and table can 
be tilted to any angle, the main frame being carried 
on trunnions on little standards bolted to the tray 
of the machine. The object of this is to throw the 
work into the best possible position for getting the 
light on it. This does not affect the relations 
of the spindle to the work, which is always perpen- 
dicular to the face of the latter. The spindle is 
driven from a belt pulley through mitre-wheels, so 
that the hands of the operator are at liberty to 
manipulate the slides. As the spindle is perpen- 
dicular to the face, taper is imparted, when 
required, by forming the cutters tapered. In 
operation, it is only necessary to drill one hole 
through the die for the insertion of the cutter, 
after which the latter carries the work to comple- 
tion. This arrangement is used when milling 
holes through plates. For die-sinking—that is, 
cutting from above through a portion of the thick- 
ness of a die-—an attachment is fitted to one end 
of the frame carrying a milling spindle above, belt- 
driven, and resembling the lower spindle, Fig. 41. 
This attachment is a fixture, and the table-slides 
are moved as when cutting from below. 

In ENGINEERING, on May 24, 1901, there was 
illustrated a machine made by Messrs. Taylor, 
Taylor, and Hobson, of Stoughton Street Works, 
Leicester, one function of which is the cutting of 
small dies. These can be reproduced from an out- 
line or copy, of the same size or smaller, using a 
pantograph. The cutters used are of rotary type, 
and are adapted to any sections required, with 
parallel or tapered edges, or having concave forms. 
In making press dies, transparent sheet celluloid is 
used as a copy, which is cut with a knife over the 
drawing of the piece, several times full size ; and 
the male and female copies are, of course, in this 
way exact counterparts, one being used for the 
punch, and the other for the die. 








SuBMARINE SienAt Beiis.—It is probable that a new 
system of submarine signal bells or clactuieas telephones, 
which has proved a success along the New England coast, 
will be established in the St. Lawrence. Itisintended for 
preventing collisions, advising the approach of a vessel 
to a harbour, and notifying the vicinity of a port. The 
device works somewhat like a telephone. A lightship is 
equipped with a bell below the water-line, and waves of 
sound travel through the water to the ship, which is fitted 
with a receiver, and notify the approach of a similarly 
fitted vessel. It is understood that a proposal favoured 
by the Dominion Minister of Marine is to instal a system 
at once at Chebucto Head, near Halifax, and to equip the 
Allan Line steamers with receivers, so that the plan may 
be thoroughly tested during the winter. 





PuospHorvus FoR Matcues.—In a recent communica- 
tion to the Chemical Society on the stability of phosphorus 
sesquisulphide, Mr. E. G. Clayton pointed out that the 
substance is not poisonous, and can be prepared without 
exposing the workers to danger, and, as it ignites under 
friction, sesquisulphide matches are used in France. 
Mr. Clayton finds that a good commercial phosphorus 
sesquisulphide undergoes little change if kept in air of 
average dryness in nearly filled well-closed vessels; it 
oxidises, however, in imperfectly-closed vessels and in a 
moist atmosphere, especially in the presence of acid 
vapours. Free phosphorus distils with water vapour, and 
if these vapours are passed up a long glass tube, a phos- 
phorescence will be noticed in that portion of the tube 
where the vapours have sufficiently cooled; this is 
Mitscherlich’s well-known test. The sesquisulphide like- 





wise gives a glow, Mr. Clayton stated, but the glow 
differs from that of yellow phosphorus, as had already 
been observed by Mai and Schaffer. 





KLecTro-PNeumatic Sicnais.—The directors of the 
North-Eastern Railway Company have decided to adopt 
the Westinghouse system of electro-pneumatic power 








wheels and screws, can be moved at right angles. 


signals at the new Paragon-street Station, Hull. A tender 
of Messrs Mackenzie and Holland, London and Worcester, 
the British agents for the Westinghouse Company, has 
been accepted for the installation, which will be similar 
to that at Tyne Dock. Certain technical modifications 
will be introduced at Hull, chiefly in the abolition of the 
principle of ‘‘ selection” of signals, where two arms for 
different lines are worked by one lever. The installation 
at Hull will be the largest in the United Kingdom, and 
ona scale equalled in extent only at Boston and St. Louis. 
It will be the second adaptation of power-signalling to pas- 
senger traffic, a smaller installation having been brought 
into complete working on the Lancashire and Yorkshire 
system at Bolton in September. There are several 
electro-pneumatic plants in operation for goods yards‘and 
docks, that at Tyne dock being the most notable. The 
plant at Hull will comprise two cabins, one fitted with 
179 levers and the other with 153. The former will be 
placed at the entrance to the station, and the other about 
100 yards to the west of the present Park-street box. 
They will control all the s‘gnals and points of four 
incoming and three outgoing main lines, and all the train 
movements at the new station, which is to con ist of 14 
platforms, 
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We illustrate on this page the two cruisers which 
were purchased from the Argentine Government when 
they were being completed at an Italian shipyard, 
and are now on their way to Japan. These vessels 
were ordered early in 1902 from the firm of Messrs. 
G. Ansaldo and Co., of Sestri Ponente, and were 


named the Rivadavia and the Moreno by the Argentine | 
Government when a state of antagonism existed between 


the neighbouring republics of Chili and Argentina. 
Like the two Chilian battleships Libertad and Con- 
stitucion, these vessels were to be hurried forward 
lest war might break out; but with peace ratified 
between the two States there has been a relaxation. 
Since Japan decided to purchase the two Italian-built 
vessels, about three weeks ago, most remarkable work 
has been done towards the completion of the ships, 
principally by the firm of Sir W. G. Armstrong, Whit- 
worth, and Co., who are responsible for the armament. 

The two ships belong to what is now known as the 
“*Garibaldi” class, the first of which was laid down 
for the Italian Government, but was bought for 
Argentina. ‘The second was similarly purchased by 
the Spanish Navy, when trouble arose with America 
over the Cuban revolt. The third vessel, also laid 
down for Italy, was purchased by Argentina; but the 
fourth, the Guiseppe Garibaldi, belongs now to the 
Italian Navy. Now we have the two Argentine ships 


bought for the Japanese navy, so that of the six ships | 


only one has ultimately been completed for the navy 
for which she was laid down. Each successive ship 
marked an improvement on her predecessor, and the 
drawings which we reproduce will be regarded with 
considerable interest. The dimensions are :— 


. 108.86 m. 


Length (extreme) 
-- between 
diculars .. 

Total width 


perpen- 


(357 ft. 2 in,) 


104.86 m. (344 ft.) 


18.71 m. 


(61 ft. 104 in.) 


Depth (moulded) ... 12.19 ,, (40 ft.) 
Draught aft a 7.70 ,, (25ft. 3.15 in.) 
a amidship 7.35 ,, (24 ft. 1.37 in.) 

forward ... 7 » (23 ft.) 


Displacement on above 
draught 


7750 m.-tons (7632 tons) 








| 
13,500 1. H.-P. 


Full power of machinery 
; 20 knots 


| Designed speed... ne 
| Total cual-carrying capa- 

city see os = 1150 tons 
| Radius of action at 10 


knots speed 5000 nautical miles 


The armour protection has been manufactured at the 
Terni Steel Works, and has been hardened by the latest 
| process. There is a central armoured redoubt, which 
| extends for about half the length of the ship, the belt 
| being 150 millimetres (5.9 in.) thick at the sides, 
{and the athwartship bulkhead plates 120 millimetres 











(4.7 in.) thick. Forward and abaft the redoubt there 
is a belt extending 14 metres above and below the 
water-line, of a thickness commencing with 150 milli- 
metres (5.9 in.), and diminishing to 80 millimetres 
(3 1 in.) at the extreme ends. The armoured deck 
over the redoubt is formed of two plates, with a 
total thickness of 40 millimetres (1.6 in.), and beyond 
this it is of 20 millimetres thickness. 

The armament in the two new ships differs slightly. , 
In one ship there is a single 10-in. gun mounted in the 
forward barbette, with two 8-in. guns in the aft bar- 
bette ; while in the other vessel a pair of 8-in, guns 
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are mounted both in the forward and aft barbette. 
Otherwise the armament is the same, and includes four- 
teen 6-in. guns protected by the citadel armour—five 





(66 E) 


on each broadside on the main deck, and four mounted | repairs to the cars, and, further, about disturbance of | 


on the upper deck at the four corners of the citadel. 
There are four of these quick-firing guns to fire both 
fore and aft in line with the keel. There are also ten 
3-in. guns, six 1.85-in. guns, two Maxims, and four 
torpedo-launching tubes in each ship. These tubes 
are above water and within the armoured citadel. 
There are two main magazines, situated directly under 
the fore and aft barbettes, and four for the secondary 
guns—two being in the centre of the vessel and one 
forward and one aft. 

The propelling machinery is of 13,500 indicated horse- 
power, and has been constructed at Messrs. Ansaldo 


and Co.’s works at Sampierdarena, and is designed to | 


give a maximum speed of 20 knots. 

The electrical plant is considerably more powerful 
than has hitherto been fitted in vessels of this class, 
there being three large dynamos placed forward under 
the protective deck, and two others for general use on 
the upper deck amidships. The electrical current is 
used not only for lighting and searchlight purposes, 
but jor the training gear of guns, for night-sights, 
for firing the guns, for the ammunition hoists, for 
driving tools in the workshop, and for speed and 
direction indicators connected with the main engines. 

One of the vessels was launched in October, 1902, 
and the other in March of last year, and they were 
completed and left Italy for the East last week. 








THE SCHEINIG-HOFMANN SHOE RAIL- 
JOINTS. 

_ Tue shoe for joining railway and tramway rails 

lavented by Messrs. Scheinig and Hofmann, of Linz, 

on the Danube, in Austria, dispenses with fish-plates. 





The first experiment with this shoe was made in Linz in 
| 1900. ‘The tramway track there rests on loose gravel, 
| and there had been many complaints about jolting and 


the Government telephone service. — It was therefore 









SHOE-RAIL JOINTS. 


than @. The length of the shoe depends upon the 
type Of rail used, and the weight of a complete joint 
varies in accordance from 17 lb. to 54 lb. 

In order to fix the joints expeditiously, gangs of six 
men—one fitter and five labourers—are recommended, 
equipped with a portable forge, hammers, a special iron 
shovel, anda clamping-bar. The ends of the rails which* 
are to be in contact with the shoes are well cleaned 
with the aid of files or emery, or a sand blast. The 
block B is pushed over the base, a strip of zine being 
interposed, and the red-hot shoe then fitted on, an- 
other sheet of zinc being applied to the rail base. This 
zinc is to melt and to fill up the gaps, while the zinc 
sheet in the block is not meant to melt. The key is 
now driven in, care being takeu that it passes in hori- 
zontally and not on an incline ; during this operation 
the clamping-bar (Fig. 7) is used. If the key should not 
fit tightly finally, a piece of sheet-iron can be wedged 
in between Band C. The joints can easily be taken 
to pieces again. Fig. 7 illustrates the type of rail 
joint used on the Austrian railway line. 

The joint has been tried ona section of the State 
railway, with the result that the creeping of the rails, 
formerly 4 in. annually, is no longer observed. Since 
these trials the Scheinig-Hofmann Imperial joint, as it 
has been called, has been adopted by many tramway 
companies in Austria and Germany, Italy, Spain, 
Algiers, &c. 

















ROYAL METEOROLOGICAL SOCIETY. 
THE annual general meeting of this Society was held 
on Wednesday evening, the 2Uth inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, Cap- 
tain D. Wilson-Barker, F.R.8.1., President, in the chair. 
The report of the Council, which was read by the 
| Secretary, described the work carried out by the Society 
| during the past year, and showed that there was an in- 
crease in the number of Fellows. One remarkable feature 
was that out of the thirteen deaths reported, four of the 

Fellows had reached the great age of 92 or more years. 
The Symons Gold: Medal for 1904 was awarded to 
Hofrath Dr. Julius Hann, of Vienna, in consideration of 





| his eminent services to the science of meteorology. 


{resolved to make comparative trials on the following | Count L. Széchenyi, First Secretary to the Austro-Hun- 


| plan. 
| s In some parts the old fish-plates and rail-bonds were 
| left in position, shoes 3 in. in length being added. In 
|other parts the bonds were not renewed, but shoes of 
| double length, 6} in., putin. In the third case, shoes 
| alone, 8 in. long, were put in without fish-plates and 
| bonds. These two latter cases are illustrated in Figs. 1 
and 2 above. The new device consists, as the other figures 
show, of three parts : The outer shoe A, the slotted 
block B, and the key C; how they are now joined, we 
will presently explain. After four months’ working 
under decidedly improved conditions, the joints were 
taken to pieces and examined, electri¢ resistance tests 
of the points having previously been made. Everything 
was found very satisfactory. The whole track was then 
relaid again on asimilar plan, with the object of obtain- 
ing comparable results, zinc strips being placed in the 
grooves in some cases. Even without the zinc strips the 
resistance of the joint proved afterwards to be less than 
with the bonds, and with the zinc strip it was very ma- 
terially reduced. There was, further, a very consider- 
able diminution in the expenses for repairs to the motors. 
The shoe is made of cast steel, of a tensile strength 
of 35 tons per square inch, with 10 per cent. elonga- 
tion ; the block B is of the same material; the key is of 
mild steel. The key is always on the outside of the 
rail and driven home in opposite directions at alter- 
nating joints. It wedges the sole-plate and block 
firmly against the rail-flange, making the shoe bear 
flat against the bottom of the flange. In order to 
secure this object, the angle @ (see Fig, 8) is made a 











little less than a right angle, and § smaller again 


rian Embassy, attended and received the medal on 

half of Dr. Hann. 

The President, in his address, dealt with the present 
condition of ocean meteorology, and began by referring 
to the early workers in meteorological science—Lieutenant 
M. F. Maury in America, and Admiral R. FitzRoy in 
England ; also to the address on the same subject, de- 
livered to the Society by Dr. R. H. Scott, F.R.S., in 
1886. He then sketched the present state of our know- 
ledge, illustrating his remarks by numerous maps. He 
reviewed the meteorological work of different nations, 
pointing out the energetic action of the United States in 
particular, and of Germany and England. He regretted 
the want of liberality shown by the Government in 
affording financial aid for the development of this im- 
portant science; and, in conclusion, he urged the neces: 
sity of interesting the youth of the country in the matter 
by making it a special subject of school and college 
curriculum. 

At the conclusion of the meeting the officers and 
council for the ensuing year were elected. 








AmericaN Locomotive Buitpinc.—During the past 
year 5152 locomotives were built at the varieus locomotive 
works in the United States, as compared with 4070 in 
1902. These totals are officially correct, as complete 
returns have been received from every locomotive-building 
firm in the United States. The total for 1903 included 
88 electric locomotives. The increase over 1202 is the 


largest ever recorded in any one year ; this is possibly due 
to the fact that American locomotive works had such a 
volume of orders placed in 1902 that they were unable to 





make immediate deliveries, and many of the orders were 
held over until 1903, 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Things were almost at a 
standstill in the pig-iron market last Thursday, only a 
few lots changing hands, and in the absence of support 
prices were easier. Cleveland gave way 14d. per ton. 
That quality of iron took the market both forenoon and 
afternoon, the former market realising 42s. 44d. per ton 
cash buyers, and in the afternoon the price realised was 
42s. 4d. per ton buyers. The settlement prices were: 
-—— Scotch, 49s. 104d. ; Cleveland, 42s. 44d. ; and Cum- 
berland hematite iron, 52s. 9d. per ton. The market 
continued very idle on Friday, and without much change 
in prices. Inthe forenoon there was a turnover of 2000 
tons of Cleveland warrants, which changed hands at 42s. 6d. 
one month, but Scotch and hematite iron were nominally 
unchanged in price at 50s, and 53s. cash respectively 
sellers. If anything, the tone in the afternoon was a 
shade firmer, when 1000 tons of Cleveland iron changed 
hands at 423. 64d. one month. There were no cash 
transactions, but buyers at the close were quoted 4d. 
dearer at 423. 5d. perton. The settlement prices were : 

-433, 104d., 423. aha. and 52s. $d. per ton. The market 
was very idle and flat on Monday morning, the busi- 
ness consisting of one lot of Cleveland warrants, which 
were dealt in at 42s. 6d. per ton cash, or 14d. under Friday’s 
quotation. Scotch and hematite iron quotations were 
unchanged. Cash transactions were nil in respect of 
Cleveland warrants, but about 5000 tons were sold at 
42s. 6d. to 42s. 44d. three months reported on behalf of 
makers, and settlement prices were :—49s. 104d., 42s. 14d., 
and 52s. 104d. per ton. A flat tone prevailed in the 
market on se morning, and there was a fair amount 
of realising engaged in; and as there was but little or no 
support, the values suffered a further decline. Cleveland 
gave way 24d. per ton for cash and 2d. for one month. 
Business was done at 41s. 104d. and 42s. three months. The 
turnover reached 3500 tons in the forenoon, and 6500 tons 
in the afternoon. A large business, aggregating 9000 tons, 
was done in the pig-iron market this forenoon at stead 
prices. Dealings were restricted to Cleveland iron, whic 
changed hands at 42s. 1d. cash, and at other prices nine 
and fourteen days. The tone was flat in the afternoon, 
when Cleveland warrants declined 14d. Some 2500 
tons were dealt in at nine and fourteen days and three 
months, and at 41s. 114d. nine days. Thesettlement prices 
were: —49s. 104d., 42s., and 52s. 74d. The following are 
the quotations for warrant iron No. 1 :—Clyde, 58s. per ton ; 
Gartsherrie, Calder, and Summerlee, 58s. 6d. ; Langloan, 
703. 6d. ; Coltness, 72s.—the foregoing all shipped at 
Glasgow ; Glengarnock (shipped at Ardrossan) and Shotts 
(shipped at Leith), 61s. 6d. ; Carron (shipped at Grange- 
mouth), 62s. per ton. The new year has started in a 
very quiet fashion in the iron and steel trades. The Far 
Kastern crisis has influenced the action of dealers and 
consumers of pig iron. The consumers are once more 
simply confining their purchases to meet urgent’ wants. A 
considerable increase in the stock of raw material in 
makers’ hands has also encouraged the conservative 
attitude. One or two of the leading firms think that there 
will be a large amount of business, and they wish to be 
in a condition to offer for it ; but the increased business 
must be done at slightly lower prices and diminished 
profits. Pipe-founders have not been booking much new 
work of late, and a lull is also noticeable in the tube 
trade. 

The Scotch Steel Trade.—The steel-makers of Scotland 
are pleased to learn that the Barrow firms are booking some 
work, and they look forward to the time when they will 
have the good fortune to go and do likewise. Foreign 
steel is coming to hand in the shape of girders, beams, 
joists, and pillars, billets, bars, and ship, bridge and 
boiler-plates, sheets and plates, hoops and strips, wire- 
rods, nails, screws and rivets, tyres and axles, &c. When 
compared with the local trade, home and export, these 
imports probably represent about 10 per cent. of the 
whole, so that practically 90 per cent. of our entire trade 
in iron and steel is not much affected by foreign competi- 
tion. Makers of steel billets and tin bars undoubtedly 
felt the effect of the large importation, but those con- 
nected with the manufacture of steel rails were kept well 
employed throughout the past year. 


Sulphate of Ammonia.—The market for tar products 
remains very dull, and there is practically nothing doing 
for early delivery. The demand for sulphate of ammonia 
has been well sustained, especially in Scotland, where the 
supplies have become scarce. The quotations at Leith 
and Glasgow have been very firm during the past week, 
and 12/, 12s. 6d. has been paid per ton, and business has 
been done even at 15/. For delivery over the spring 
months business has been hindered by the firmness of 
makers, and any orders booked have been taken specula- 
tively. For near months 12/. 15s. per ton has been 
frequently quoted. Last week’s shipments at Leith 
amounted to 2263 tons. 


New Malleatle Works at Motherwell.—The new works 
of the Motherwell Iron and Steel Company, Limited, 
Motherwell, which have been specially laid ie for the 
manufacture of iron and_ steel hoops for all purposes, 
and also of bars, have now been started. Messrs. re a 
Donald, M‘Alpine-street, Glasgow, have the sole agency 
for the sale of the finished products. 


Mr. A. S. Biggart on the Training of Engineers.—Mr. 
A. 8S. Biggart, of Sir William Arrol and Co., and _presi- 
dent of the University Engineering Society, addressed 
the members of the society last Thursday night in the 
James Watt laboratory. He said they would be ill- 


advised to listen to the doleful prophecies regarding the 
future of British industry, which seemed to give added 
weight to the advertising boastfulness of some opponents 
in trade. 


Given a fair field, British enterprise might 








always be calcilated on to lead the world. The needs of 
the world were increasing in exact proportion to the 
growth of its population, and they would find, when 
they came to think of it, that the world was, thanks 
to the genius of the engineer, a es small 
sphere to that which was known half a century ago. 
In Africa and in China amazing engineering develop- 
ments were in progress, and British engineers ought to 
have a large share in the work which they would involve. 
If there were a question as to the future, to his mind it 
was as to the fitness of the engineer—as to whether he 
would be equal to the practically limitless scope which 
was opening for the adaptations of his ingenuity. When 
they began practical work, they would find that they were 
but learners. They might have the theory by heart, and 
yet be at a loss to apply it. He did not seek to belittle 
education. On the contrary, he thought the more they 
knew the greater good they would be able to accomplish. 
But the world would more than likely prove to be their 
true Alma Mater. The completely-equipped engineer 
was a product not of sound theoretical training alone, nor 
of ripe practical experience alone, but of ripe experience 
based on a thorough grasp of theory. 


West of Scotland Iron and Steel Institute.—A meeting 
of this body was held last Friday night, the president, 
Mr. A. Lamberton, presiding. The principal business 
was a discussion on a paper by Mr. G. A. Wilson, of 
Middlesbrough, on ‘* Some Practical Hints on the Manu- 
facture of Open-Hearth Basic Steel.” The speakers in- 
cluded Mr. P. Cunningham, of Messrs. Stewart and 
Lloyds, and Mr. Rogerson, the manager of the Clyde 
Iron Works, the proprietors of which have. started the 
process at Calderbank Steel Works, as also have Messrs. 
Stewart and Lloyds. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Technical Instruction in Sheffield.—The most important 
extensions are in progress in the technical departments of 
Sheffield University College, the object of the founders 
and promoters being to make it as efficient and up-to-date 
as possible. New departments for engineering, mining, 
and electrical work were recently built ; more accommo- 
dation was provided for the metallurgical laboratory ; 
larger class-rooms were buiit; and now the old steel 
laboratory is about to be superseded by new and com- 
modious premises erected on the site of the old Caledonian 
Works. In new buildings adjoining accommodation will 
be provided for departments having to do with steam, 
applied mechanics, and chemical engineering. A new 
home will also be provided for the electrical engineering 
department, in which there are now over 250 students. 
The buildings when completed will cover about 14 acres, 
and will cost 52,810/. ‘The number of students enrolled 
for the years 1902-3 was 1271 evening and 122 day. 

The Iron and Steel Trades.—There has been a slight 
increase in the quotations for two or three brands of pig 
iron, but, generally, business remains very quiet. Messrs. 
Cammell, Laird, and Co. and the Barrow Steel Company 
have secured from the Grand Trunk Railway Company 
and the Canadian Ontario Company contracts for 27,000 
tons of steel rails at 4/. 12s. 6d. per ton f.o.b. This is 
below the standard price of 5/. per ton which has ruled 
for some time. Competition for this class of work is 
very keen, and the price paid is above American quota- 
tions.—To the workmen at the East End the news was 
very welcome that Messrs. Vickers had received from the 
Japan Government an order for another first-class battle- 
ship, as a good deal of the work will be done here. With 
the new year some of the lighter trades have opened very 
quietly. This is the case in the silver and plating 
branches, although some few houses are fairly well 
supplied with orders. On the other hand, the suppliers 
of ivory and its best imitations—of pearl and bone, and 
other hafting material—are doing more business now 
than at the corresponding period for some years past. 
Very good orders have also come to hand from distant 
markets — particularly from the Kast—for surgical instru- 
ments of all kinds. 

The South Yorkshire Coal Trade.—The feature of in- 
terest in the South Yorkshire coal trade during the last 
few days has been the acceptance by some coal-owners of 
contracts with the Lancashire and Yorkshire Railway 
Company at 8s. 6d. per ton. This is 3d. per ton less than 
the coal-owners agreed to accept, and than the Midland 
Great Northern and North-Eastern will have to pay. 
The contracts are diverted from collieries that have had 
them for a long time, and the change has seriously dislo- 
cated trade. For all qualities of fuel the demand is only 
quiet. The prices of coke have weakened. 








Tue Institution or Crvi. ENGINEERS.—At a meeting 
of Students of the Institution of Civil Engineers, held on 
Friday evening, January 15, Mr. G. Midgley Taylor, 
M. Inst. C.E., in the chair, a paper on ‘‘ Pumping and 
Disposal of Sewage at York” was read by Mr. A. D. 
Creer, Stud. Inst. C.E. In the system described in the 
paper, the sewage from a population of 80,000 is carried 
to a pumping-station at a distance of about 1} mile from 
the centre of the city, whence it is pumped a further dis- 
tance of two miles to disposal works. Here the sewage 
is treated with alumino-ferric, and after passing through 
settling-tanks, the efuent is discharged into the river. 
The sludge is mixed with lime under compressed air, and 
is then compressed into the form of cakes. The author 
concludes his paper with a description of an experimental 
continuous bacteria-bed which has been at work at York 
for the last three years. The reading of the paper was 
followed by a discussion, in which Messrs. E. M. Bull and 
G. H. Thiselton-Dyer, B.A., Studs. Inst, C.E., took part. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change here was fairly large, but the market was 
cheerless in tone and very little business was transacted, 
Sellers of pig iron were very unwilling to reduce quota- 
tions ; and, on the other hand, with a further fall in 
warrants, buyers would not pay the rates asked. 
The consequence wa3 that quotations were very largely 
nominal, As a rule, both makers and merchants put 
the price of No. 3 g.m.b. Cleveland pig iron at 42s. 64, 
f.o.b., but they did not find buyers at that figure. Pur. 
chasers were very backward, and were not at all disposed 
to purchase beyond what was sufficient to meet their 
urgent needs, believing that prices are not likely to 
advance in the near future. o. 1 Cleveland pig was 
offered at 433. 6d.; No. 4 foundry was 423. 3d.; grey 
forge, 42s.; mottled, 41s. 6d.; and white, 41s. 3d, 
Middlesbrough warrants closed at 42s. cash buyers. East 
Coast hematite pig iron was in only moderate demand, 
and quotations were somewhat easy. About 50s. 9d. 
was generally named for early deliveries of Nos. 1, 2, 
and 3; whilst No. 1 was 51s.; and No. 4 forge could be 
bought at 483. 9d. Spanish ore was dearer. Rubio (50 
per cent.) could not well be got under 153. 14d. ex-ship Tees, 
and in some cases 15s, 3d. was asked. Consumers here 
grumbled a good deal at the rise. To-day a further reduc- 
tion was made in Cleveland pig. No. 1 was 43s. 3d. ; 
No. 3 g.m.b., 42s. 3d. ; No. 4 foundry, 42s. ; grey forge, 
4is. 9d.; mottled, 41s. 3d.; and white, 41s. Middles- 
brough warrants declined to 41s. 104d. cash buyers. East 
Coast hematite pig was, if anything, a shade weaker; 
but quotations were not at all lowered. 


Manufactured Iron and Steel.—Though some branches 
of the manufactured iron and steel industries are pretty 
well employed, others are only -cnagpere engaged. Steel- 
rail makers report more inquiries, steel ship-plate pro- 
ducers are busy, and a lot of steel sheets are being turned 
out, yet quotations do not improve at all, but, on the 
contrary, sheets are down 23. 6d. A similar reduc- 
tion has been made in both iron and_ steel ship- 
angles. Competition to secure new work is very keen, 
and current rates cannot leave much profit to producers, 
The general position is not very encouraging. (Quotations 
stood :—Common iron bars, 6/. 2s. 6d.; best bars, 6/. 12s. (6id.; 
iron ship-plates, 6/. 2s. Gd. ; iron ship-angles, 5/. 17s. 6d. ; 
iron sheet3 (singles), 7/. 7s. 6d. ; iron sheets (doubles), 
7l. 17s. 6d. ; steel ship-plates, 5/. 7s. 6d. ; steel ship- 
angles, 4/. 17s. 6d.; steel sheets (singles), 7/. 17s. 6d. ; 
steel sheets (doubles), 8/. 7s. 6d. ; steel boiler-plates, 7/. ; 
and steel joists, 5/. 5s., all less the customary 24 per cent, 
discount. Heavy sections of steel rails remain at 
4/. 12s. 6d. to 4/. 15s. net cash at works. 


Coal and Coke.—Best Durham gas-coal continues in 
pretty good request, and quotations range from 8s. 3d. to 
8s. 9d. f.o.b. eliveries are still on a pretty good scale. 
Bunker coal is somewhat easier, and the supply is plenti- 
ful. Manufacturing coal is rather dull. Coking coal shows 
a downward tendency. The consumption of coke is heavy; 
but average blast-furnace qualities can now be bought at 
13s. 9d. delivered here. 








Cuina, JAPAN, AND Mancnurta.—Mr. Edward Stan- 
ford, of 12, Long-acre, London, has just issued a capital 
map showing China, Japan, and Manchuria, and, of 
course, Korea. It shows the lines of all the railways, 
both built and projected, and the chief steamship routes. 
The scale is 1 in. to 110-miles, and the price is 3s. in 
sheet and 5s. mounted, 


PERSONAL. — Messrs. Moses Eden and Sons, Limited, 
announce that they have acquired the undertaking of 
Mr. John Wilkinson, of the President Works, Sheffield, 
and will maintain a London office at 204, Bethnal Green- 
road, N.E.—Messrs. Buck and Hickman, Limited, have 
now opened an office at 191, Corporation-street, Birming- 
ham, and are there represented by Mr. J. A. Henderson. 
—The business of the late Morris Cohen, of 132, Kirk- 
gate, Leeds, has, owing to increased demands for the 
various specialities mauufaetured by the above firm, been 
transferred by the trustees to the Morris Cohen Com- 
pany, Limited, who will in future carry on the business 
at the Vulcan Works, Alfred-street, Leeds.—The Lah- 
meyer Electrical Company, Limited, of Bank-buildings, 
109 to 111, New Oxford-street, London, W.C., inform us 
that they have taken over the sale, for this country, of 
the Ferranti-Schuler alternating-current single-phase 
motor, pending’ permanent sett!ement.—The Stirling Com- 
pany, of 53, Deansgate-arcade, Manchester, have opened 
a London office at 53, Victoria-street; Westminster, 5. W., 
under the charge of Mr. G. Graham.—Messrs. Edwin A. 
Mansfield and Co., of MoorgateStation Chambers, London, 
K.C., inform us that they have been appointed sole London 
agents for Messrs. Bertrams Limited, Sciennes, Kdin- 
burgh, for the sale of machine-tools, and also for Messrs. 
Charles Wilcox, Limited, Empire Tube Works, Tipton, 
for the sale of steel tubes and electrical conduit of all 
descriptions.—-We note that the partnership heretofore 
subsisting between Messrs. Charles Hopkinson, Bertram 
Hopkinson, and Ernest Talbot, carrying on business as 
consulting engineers, under the firm of Hopkinsons and 
Talbot, at 29, Princess-street, Manchester, and 26, Vic- 
toria-street, Westminster, has been dissolved by mutual 
consent. Mr. Charles Hopkinson will continue the prac- 
tice at 29, Princess-street, Manchester, in his own name, 
and Mr. Ernest Talbot will, in partnership with Mr. A. 
D. Stevenson, continue the practice at 26, Victoria-street, 
Westminster, under the style of Messrs. Talbot and 
Stevenson, 
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— 
NOTES FROM THE SOUTH-WEST. 


Carditf,—The steam coal trade has shown less activity. 
There has been a moderate inquiry for best and second 
quality large, but in consequence of the congested state 
- colliery stems little business has been done, especially 
in cases in which prompt delivery has been required. The 
best Jarge steam coal has been making 14s. 3d. to 14s. 6d. 
yer ton, while secondary qualities have brought 13s. 6d. 
oe 14s. per ton. Household coal has shown little change. 
The best. ordinary qualities have made 14s. to 15s. per 
ion, while secondary descriptions have been quiet at 
10s, 6d. to 13s. per ton. No. 3 Rhondda large has been 
making 14s. 9d. to 15s, per ton, Coke has remained 
without change, foundry qualities being quoted at 18s. to 
19s., and furnace ditto at 17s. to 183. per ton. As regards 
iron ore, Rubio has been quoted at 13s. 9d. to 14s. per 
ton ; Tafna at 15s. per ton ; and Almeria at 14s, to 14s. 3d. 
per ton, freight charges included, 


The Swansea Valley.—The steel trade has shown little 
change. At the Duffryn Works a full complement of 
furnaces, a8 Well as power rolling-plant, has been in 
activity. ‘Che tinplate trade is considered to have im- 
proved. There is a prospect of regular employment at 
the Mannesmann Tube Company’s works. 


South Wales Coal and Iron.—The exports of coal 
from the six principal Welsh ports—Cardiff, Newport, 
Swansea, Port Talbot, Neath, and Llanelly—in De- 
cember were :— Foreign, 1,674,357 tons; coastwise, 
369,494 tons—total, 2,043,851 tons. The exports of iron 
and steel from the six ports for the month were 
10,678 tons; of coke, 6397 tons; and of patent fuel, 
70,744 tons. The aggregate exports of coal from the 
six ports in 1903 were : — Cardiff, 16,859,795 tons; 
Newport, 3,869,496 tons; Swansea, 2,140,341 tons ; 
Port Talbot, 714,418 tons; Neath, 295,418 tons ; 
and Llanelly, 290,815 tons; making an aggregate of 
94,170,283 tons. The corresponding shipments in 1902 
were :—Cardiff, 16,538,158 tons ; Newport, 3,626,756 tons ; 
Swansea, 2,140,990 tons; Port Talbot, 557,710 tons; 
Neath, 300,742 tons; and Llanelly, 263,534 tons ; making 
an aggregate of 23,427,890 tons. The exports of coke 
from the six ports last year were :—Cardiff, 51,408 tons ; 
Newport, 15,282 tons ; Swansea, 17,233tons; Port Talbot, 
17,270 tons; and Neath and Llanelly, nil; making an 
aggregate of 101,193 tons. The corresponding shipments 
in 1902 were :—Cardiff, 45.784 tons; Newport, 18,323 
tons ; Swansea, 8408 tons ; Port Talbot, 16,105 tons ; and 
Neath and Llanelly, nil ; making an aggregate of 88,620 
tons. The exports of iron and steel from the six ports 
last year were :—Cardiff, 61,251 tons; Newport, 29,500 
tons; Swansea, 16,170 tons ; and Port Talbot, Neath, and 
Llanelly, nil ; making an aggregate of 106,921 tons. The 
corresponding shipments in 1902 were :—Cardiff, 29,085 
tons; Newport, 21,359 tons; Swansea, 12,155 tons; and 
Port Talbot, Neath, and Llanelly, nil; making an aggre- 
gate of 62,599 tons. The shipments of patent fuel from 
the six ports last year were:—Cardiff, 350,877 tons ; 
Newport, 38,054 tons; Swansea, 463,758 tons ; Port Talbot, 
92,408 tons; and Neath and Llanelly, nil; making an 
aggregate of 945,097 tons. The corresponding shipments 
in 1902 were :—Cardiff, 382,290 tons; Newport. 71,474 
tons; Swansea, 498,845 tons; Port Talbot, 62,792 tons ; 
and Neath and Llanelly, nil; making an aggregate of 
1,015,401 tons. ; 








Tae ‘Lipertad”: Erratum.—Mr. H. BE. Yarrow asks 
us to state that the trials of the Yarrow boilers built for 
the Libertad were not conducted by him, as stated, but 
by Mr. Marriner and Mr. MacQueen. 





Tux German Navy.—The German navy was increased 
last year by ten new ships. This total was arrived at by 
the launching of the ironclads Elsass, Hessen, and 
Preussen, the armour-plated cruiser Roon, the second- 
class cruisers Hamburg, Bremen, and Berlin, the gunboat 
Eben, and the river gunboats T'singtau and Vaterland. 
The execution of the German naval programme of 1900 
has accordingly been pushed forward with considerable 
rapidity. Of 38 ironclads which it was proposed to con- 
struct four years since, 31 are either now in service or 
have been launched, and four are still in course of con- 
struction, Ten armour-plated cruisers have been brought 
into service, and the Roon and the Deutschland are in 
course of equipment. ‘Thirty second-class cruisers have 
also been launched, one is in course of construction, and 
the building of two more will be provided for in the next 
budget. 





Tue InstTITUTION OF MECHANICAL HNGINEERS.— 
Grapuates’ AssocraTION.—A meeting of the Graduates’ 
Association of the Institution of Mechanical Engineers 
was held at the Institution on Monday, January 11, 
Mr. E. B. Ellington, vice-president, in the chair. An 
excellent paper, dealing with electric passenger-lifts, was 
read by Mr. P. H. Stevens, graduate, of London. The 
paper described the leading features of the electric lifts 
most commonly adopted, and was illustrated with six 
diagrams, showing various lift arrangements, and some 
important details of lift designs. A number of lantern- 
slides showing various types of winding-engines, current- 
curves, &c., added interest to the paper. A short dis- 
cussion followed the reading, in which Messrs. Martin G. 
Duncan, A. Marsden, J. S. Warner, and H. Spear were 
the principal speakers. The chairman then favoured the 
meeting with some important remarks with respect to the 
relative merits of hydraulic and electric lifts. The 


meeting was brought to a close after a short reply by the 
author to points raised in the discussion, 


MISCELLANEA. 


Tue Council of the Institution of Civil Engineers have 
nominated their President, Sir William Henry White, 
K.C.B., F.R.S., to fill the place of the late Sir Frederick 
Bramwell, Bart., as one of the representatives of that 
Institution on the Engineering Standards Committee. 


Mr. Hoadley, the borough electrical engineer of Maid- 
stone, who have been trying Nernst lamps for street 
lighting, reports to the makers, the Electrical Company, 
Limited, of 121-125, Charing Cro:s-road, W.C., that the 
average life of the last 100 half-ampere lamps he has 
fitted has been 598 hours. 


A map of especial interest at the present time, when 
the arbitrators are settling the terms on which under- 
takings of the different London water companies shall be 
vested in a public authority, has just been published by 
Mr. Edward Stanford, of 12, 13, and 14, Long-acre, W.C. 
The map shows the whole area supplied by the different 
metropolitan companies, the boundary of supply being 
marked in blue ; and illustrates very pointedly the fact 
that the area of supply in no way coincides with the area 
under the control of any existing public authority. 


The Board of Trade have recently confirmed the fol- 
lowing Light Railway Orders made by the Light Railway 
Commissioners :—1. Quarry Bank, Brierley Hill, and 
Rowley Regis Light Railway Order, 1903, authorising the 
construction of light railways in the Urban Districts of 
Quarry Bank, Brierley Hill, and Rowley Regis, in the 
county of Stafford. 2. Robertsbridge and Pevense 
Light Railway (Extension of Time) Order, 1903, amend- 
ing the Robertsbridge and Pevensey Light ilway 
Order, 1900. 3. County of Middlesex Light Railways 
Order, 1°03, authorising the construction of light railways 
in the parishes of Acton, Edgware, Edmonton, Enfield, 
Finchley, Friern Barnet, Hendon, Hornsey, Little Stan- 
more, Southgate, Tottenham, Wembley, Willesden, and 
Wood Green, in the county of Middlesex. 


Messrs. Day, Summers, and Co., Limited, of Northam 
Iron Works, Southampton, have recently carried out a 
smart repair job on the s.s. Nineveh. This vessel arrived 
in Southampton Water on Wednesday, the 6th inst., 
with a fractured intermediate cylinder. A Board of 
Trade and Lloyd’s Survey was held on board the fol- 
lowing morning, when it was decided to bore out the 
cylinder and fit in a cast-iron liner, together with long 
vertical stays to strengthen the fractured parts of cylinder. 
This work necessitated the turning down of the old 
piston, and fitting the same with new junk ing Roane 
ring, and packing rings. The liner was cast, bored out, 
and fitted in place, and the vessel left on her voyage to 
the Cape and Australia at 8 o’clock on the following 
Friday morning, January 15: the whole work being 
carried out in seven days from the commencement, to the 
entire satisfaction of the company’s officials and the sur- 
veyors. The cast weight of the liner was over 2 tons. 


The Street Railway Review, which has for so long made 
a speciality of all tramway and electric railway interests 
in America, is now publishing an English edition, from 
offices at 82, Fleet-street, E.C. The first issue of this 
new edition has just been published. It contains 64 pages 
of capitally-illustrated reading matter, dealing, amongst 
other subjects, with the Underground Electric Railways 
Company, of London, this article being contributed by 
Mr. James R. Chapman, the general manager and chief 
engineer to the company. As most of our readers already 
know, the Strect Railway Review does not confine its 
attention to purely engineering matters, but has, in the 
past, printed many able articles dealing with the com- 
mercial and business aspects of such undertakings, and 
this characteristic is equally prominent in its Kuropean 
issue. The new paper will contain such portions of the 
text of the American edition as are of international 
interest, to which will be added further matter, edited and 
printed in London, dealing more especially with British 
and Continental topics. 


In a note to Messrs. Manlove, Alliott, and Co., Limited, 
of Nottingham, Mr. Alex. Wood, convener of the electric- 
lighting committee at Partick, gives some particulars as 
to the working of the combined refuse-destroyer and 
electric plant, erected by the firm in question, at that 
borough during a portion of last November and December. 
The plant consists of six cells and three water-tube boilers, 
four of the cells and two boilers being continuously in 
use. The destructor works the whole of the 24 hours, 
and the electric plant only 16 hours per day, and during 
the idle period no steam is raised, as the hot gases are 
turned direct up the chimney. ‘The figures obtained were 
as follow :— 





| Total Units Units of Elec- 
re | of | — tricity Gene- 
Electricity | Barat rated per Ton 
Generated. | r of Refuse. 
| B.T.U. | tons B.T.U. 
During four weeks ending} | 
December 6 (exclusive of} 
Sundays) .. on --| 51,000 1060 48 
During one week ending) 
December 6 ae nS 14,200 286 50 


Between the years 1897 and 1900 the Post Office 
engineering officials were engaged upon the work of 
laying an underground telegraph line from London to 
Birmingham. Shortly after it was completed, there 
occurred one of the most serious breakdowns of the over- 
head system that has ever been known in this country ; 
and the underground line, during that breakdown, was 
found of great utility, as the telegraph service between 
London and Birmingham was uninterrupted at a time 





when Liverpool and Manchester were quite isolated from 





the metropolis. Owing to the serious inconvenience thus 
caused, the Postmaster-General was approached by several 
members of Parliament and chambers of commerce, and 
urged to extend the underground wires in other direc- 
tions, and deputations which waited upon the department 
were infermed that it was intended todo so. Effect was 
given to this promise last year, by the laying of an expe- 
rimental cable between Birmingham and Warrington, 
and this cable was in use till May, 1903. Since that date 
gangs of men have been engaged in taking out the experi- 
mental wires and putting in a main permanent cable 
between the Midlands and Lancashire. The cable, which 
is laid in a 3-in. cast-iron pipe, contains 103 wires, 
enclosed in a leaden sheathing ; 74 of the wires are twisted 
in pairs, and the remainder are single wires. ‘The pairs 
of wires may be used for telephonic purposes, but it is 
believed that their primary use will be for high-speed 
telegraph circuits. ‘The route from Birmingham is vid 
Walsall, Cannock, Stafford, Eccleshall, Woore, and Nant- 
wich. At the present time the cable has been completed 
to Kccleshall. Me is hoped to have the cable completed to 
Warrington before the end of next March. At Warring- 
ton, lines connecting Liverpool and Manchester can be 
tapped. It will then be possible to work from London to 
those cities by means of underground wires. During the 
department’s next financial year probably the section 
between Warrington and Carlisle will have attention. 
A line is also being laid north-east from Manchester, to 
serve the large Yorkshire towns. 


In the course of the next fortnight the North-Eastern 
Railway will have settled the final draft of the service of 
electric trains which are to te run on the Newcastle 
suburban lines recently electritied. The whole of the 
installation is not yet completed, but the board are con- 
sidering the advisability of beginning a service of trains 
for the completed portions. The sections of Jine which 
are being supplied with electric traction are the line from 
Newcastle to Tynemouth, and round through Monk- 
seaton, Benton, and Gosforth, back to the Neweastle 
Central Station, the main line from Manors to Benton, 
and the riverside loop from Byker to Percy Main, as well 
as the railway now in course of construction from Gos- 
forth to Ponteland. The aggregate length is about 
40 miles, but as the line from the Central Station to 
Heaton South Junction consists of four tracks, and the 
greater part of the remainder of two tracks, the approxi- 
mate length is altogether 80 miles. On the main line 
the local traffic only will be worked electrically. There 
are no overhead trollies, the system consisting of a third 
rail, from which the energy will be taken. It will be 
possible to run the ordinary main line passenger service 
in alternation with the local electric trains. The energy 
is to be obtained from the supply station of the New- 
castle Electric Supply Company at Wallsend, and the 
new station which is being erected at Carville. The trains 
will attain an average speed of 22 miles an hour, it being 
intended that they shall complete the journey from New- 
castle to Tynemouth in 23 minutes, including stops, while 
quick trains, running through, will reduce the time to 15 
minutes. Nearly the whole of the open corridor carriages 
required are now completed. Though forming part of 
another scheme, it may be mentioned that preliminary 
trials to ascertain adjustments for the adaptation of auto- 
cars to the regular train service took place over a section 
of the main line going north at York on Tuesday. ‘The 
new car was run to Skelton Bridge and back with satis- 
factory results. It is proposed shortly to conduct a 
further series of trials on the light railway between Selby 
and the village of Cawood. The new autocar, which was 
recently illustrated in these pages, is between 50 ft. and 
6) ft. long, and is fitted at one end with an engine- 
chamber accommodating a Wolsey petrol engine. A 
dynamo generates electricity and supplies energy to a 
four-wheel bogie underneath the engine compartment. 
Seating accommodation is provided for 52 passengers. 
The car is lighted and heated by electricity. 








THe AMERICAN Coat TrapE.—The production of bitu- 
minous coal in the United States last year is estimated at 
280,000,000 tons. The corresponding output in 1893 was 
130,000,000 tons; in 1888, 57,000,000 tons; and in 1873, 
27,000,000 tons. These figures illustrate very forcibly the 
extraordinary development of American coal - minin 
industry during the last thirty years. American esti- 
mates as to the probable future coal production of the 
United States have, indeed, been very greatly exceeded. 
In 1883 Mr. H. M. Chance, who was then associated with 
the Pennsylvania Geological Survey, expressed an opinion 
that 200,000,000 tons of bituminous coal might possibly 
be mined in the United States by 1910. Seven years 
have still to elapse, but the output has been already carried 
to 280,000,000 tons, or 80,000,000 tons in excess of Mr. 
Chance’s estimate for 1910. In Mr. Chance’s 1910 total he 
expected Pennsylvania to figure for 70,000,000 tons, while by 
1902 Pennsylvanian production had already been worked up 
to 98,000,000 tons, notwithstanding the contemporaneous 
growth of West Virginian competition. Of the coal pro- 
duction effected by the United States last year, 25 firms 
and companies turned out nearly one-half of the whole. 
These 25 firms and companies were headed by such con- 
cerns as the Pittsburgh Coal Company and the United 
States Steel Corporation. Both these companies have 
millions upon millions of tons of coal yet untouched, and 
which they will be able in future years to place upon the 
markets of the United States and various parts of the 
world. American coal-owners are meanwhile doing all 
they can to develop an American export coal trade. 
Alabama mines are now supplying coal to the Mexican 
entral Railroad, while American coal is being further 
ship to Vera Cruz, Port Limon, Cuba, Jamaica, and 
the Isthmus of Panama. It is claimed for American coal 





that it has given satisfaction to foreign buyers, 
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(For Description, see Page 122.) 
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SANITARY ENGINEERING. 

THERE is no doubt that sanitary engineering does 
not always receive the consideration it deserves at 
the hands of the public ; perhaps, even not from 
engineers themselves, asa body. Strictly speaking, 
the sanitary engineer should be in the very front 
rank of science and citizenship, as controlling the 
destinies of the most important of all conditions 
affecting our temporal welfare—namely, the good 
health of the community. Indeed, one might go 
further than this, and say the spiritual health also ; 
for it is difficult to practise’: many of the virtues 
enjoined by Christianity when subject to the de- 
pressing effects, or more active diseases, the fruit- 
ful result of unsanitary conditions. To properly 
carry out his duties the sanitary engineer should be, 
firstly, an all-round engineer, both in the civil and 
mechanical branches; but beyond this he should 
be in a large part a chemist, something of a 
physiologist, and also a_ bacteriologist. His 
knowledge of the more delicate branch of engi- 
neering, which we generally designate physics, 
should be sufficient to enable him to deal with 
problems of ventilation, the disposal of noxious 
vapours, and other really vital questions of health 
and domestic well-being. This is a heavy pro- 
gramme of study, and a man accomplished to this 
degree would stand, as we have said, in the very 
foremost rank amongst exponents of applied science ; 
but we fear that the sanitary engineer does not 
always receive the full credit of that distinction. 
Probably the blame is to be largely attributed to 
sign-boards and shop-notices. It is the charac- 





teristic of a pinchbeck age, in whichso many aspire 


to titles to which they have no claim ; and nearly 
every plumber—some poor enough tradesmen at 
that—assumes the title of ‘‘ sanitary engineer.” 
For this reason many able men who have a right 
to the distinction hesitate to adopt it. 

Fortunately, the Institute of Sanitary Engineers 
is doing a good deal to raise the profession—or, 
perhaps, one should say the designation of the 
profession—to a higher level; but the task is not 
an easy one. It has, however, instituted an en- 
trance examination, and awards a qualifying cer- 
tificate. People are so careless about their health 
that employment in this field is restricted within 
narrow limits, so that necessarily the consulting 
sete ee are comparatively few. in number. 

ocal Government follows the fashion— perhaps 
leads—and generally considers it to be quite 
unnecessary to appoint a properly qualified sanitary 
engineer to look after the health of the district. 
The local medical officer is supposed to know all 
about these things, and to be quite competent for 
the service. We have as great respect and admi- 
ration for the medical profession as anyone can 
have ; the advances made during recent years in 
medical science are really amazing, and what 
doctors can now do with the human frame tran- 
scends miracles imagined by our ancestors. But 
it is in therapeutics rather than in sanitation that 
the physician excels ; it is the cure, not the pre- 
vention, of disease that arouses his enthusiasm, 
and upon this he brings to bear his heavy battery 
of science. We venture to say that for every 
hundred local medical officers who could display 
the most consummate scientific knowledge in the 
treatment of diphtheria, for instance, not one 
would be able to lay down the principles upon which 
a non-diphtheric sewer should be constructed. That 
want of knowledge is, of course, no discredit to 
the medical man ; but there is discredit to the local 
authorities who fail to secure competent engineering 
skill because the physician or surgeon is supposed 
at uncertain intervals to do all that is needed for the 
health of the community. One can hardly expect 
that the ‘‘ sanitary engineer ” at the few pounds— 
one might almost say shillings—a week, which 
urban, sub-urban, and rural councils consider 
sufficient for the service, can be more than a 
glorified plumber and bricklayer—indeed, hardly 
glorified. We are, of course, not referring to the 
many able men who occupy the position of 
engineer to the larger corporations; these are 
generally civil engineers at large, and not sanitary 
engineers in particular. The latter form a separate 
branch of the profession, with special qualifications. 

There are, however, on the roll of engineering 
worthies names that stand out prominently — 
Corfield, Rawlinson, and others—in spite of the 
lack of popularity of the branch they had chosen. 
But it is not enough that these men laid down 
sound principles of sanitation, for an army of 
trained and accomplished workers is needed to 
apply these principles to practice all over the 
country. We have, it is true, made some progress. 
Mr. William Maxwell, in the presidential address 
he delivered a few days ago before the Institute of 
Sanitary Engineers, reminded us that two centuries 
back the mortality of London was 80 per 1000; 
now, of course, it is less than one - fourth 
of that rate. But there is nothing that can 
be more misleading for comparison than a ratio. 
Two centuries ago medical science was so much in 
its infancy that it may almost be said to have been 
inoperative for the prevention of disease, and 
sanitary science was positively unknown. Any 
estimate of public health based on a comparison 
with two centuries ago is therefore equivalent to 
the ratio of a number to zero, which, as we know, 
is absurd. So far as the official returns afford data, 
the true estimate of our health position to-day 
should be founded on the proportion of deaths due 
to those diseases which modern science tell us are 
caused by defective sanitation—the zymotic diseases 
generally. To hug ourselves because we are better 
than the worst is to dwell in a fool’s paradise ; the 
sensible standard would be, how far we fall short 
of the best. That is told us every year in the 
tragic record of the Registrar-General’s returns. 

In the fight against the evils of our imperfect 
civilisation, the medical man and the engineer must 
work hand in hand, invoking the assistance of the 
Legislature where needed. 

Mr. Maxwell, in the address to which we have 
made reference, gives a summary of the part the 
sanitary engineer should play in lessening the bad 
results which modern conditions insure if they are 
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not counteracted. He gives some very sensible 
advice about the need of practical experience, but 
points out the absolute need of scientific knowledge, 
only to be acquired by special training. He en- 
courages a spirit of original research, which, as he 
says, 1s more active and fruitful to-day than at any 
previous time ; and here we would say a word in 
advocacy of a more liberal expenditure on the part 
of local authorities for these purposes. Bread so 
cast upon the waters does much more than return 
after many days. If some of the money lavished 
on sumptuous council chambers were devoted to 
the equipment of a modest laboratory, it would 
often be to the ultimate advantage of those who 
pay the bill. 

Sanitary building construction and house drainage 
Mr. Maxwell puts in the front of the sanitary engi- 
neer’s duties, as they are brought immediately 
home to the general public. The great evil-docr, 
he says, is the ‘‘scamping jerry-builder.” That 
is true enough; but there is another great evil- 
doer, of whom the President of the Institute of 
Sanitary Engineers, not unnaturally, failed to speak 
—the scamping jerry-inspector. There are possible 
defects of underground work of which Mr. Maxwell 
speaks, instancing cases of which he had had ex- 
perience—of surface-covers placed at each end of a 
purely imaginary drain, and other short cuts to 
profits. 
builder for dishonest practices of this kind, how 
much more so ought we to be with the local official 
who is paid to check these delinquencies. 
understand how the jerry-builder, regarding the 
tenant as his natural prey, discounts the immo- 
rality of such proceedings ; but the inspector is in a 
position of trust, and is therefore doubly dishonest. 
There is no accounting for the defective construc- 
tion of many dwelling-houses now built but by the 
wilful blunders of the minor—if not the major— 
authorities. 

Among the evils to be avoided in the erection 
of dwelling-houses are ‘‘low and damp building 
sites not readily accessible to sun and air.” Itisa 
matter over which there is hardly any control. 
Dwellings ought not to be erected until the owner 
has obtained a certificate that the ground is suitable 
for the purpose. We commend as an object-lesson 


in this respect much of the land now rapidly being 
covered with rows of cottages in the valley of the 
River Lea, more especially in the neighbourhood of 


Stratford Marshes. Made ground is also instanced 
as needing attention. For some years past the 
refuse of certain London districts has been spread 
on land on the borders of the Metropolis. There 
are, for instance, acres of this ‘‘ made ground”’ on 
what were formerly osier beds on the banks of 
the Thames. Sanitary authorities should keep a 
strict watch on such areas, for they can hardly 
fail to be fruitful breeding grounds of pesti- 
lence if they become “eligible building sites.” 
Inferior mortar is another of the jerry-builder’s 


favourite ways of balancing dear labour and heavy | 


ground rents. Mr. Maxwell tells us that ‘‘ garden 
mould” and house refuse are much in request as 


the chief ingredient ; but here again we have to | 


account for the complaisance of the jerry-inspector. 
Imaginary drains and garden-mould mortar would 
be impossible were the local authorities to do their 
duty. 
means denizens of Utopia,” and that the closest 
supervision is needed, the culprits being suitably 
dealt with when caught. 

The remedy is largely in the hands of the public, 
which is almost equivalent to saying it will never 
be exercised. Local government for local atfairs is, 
of course, an ideal form of government ; but, like 
so many ideals, it is seldom reached. Until the 
average ratepayer takes some trouble to find out 
and vote for the best men for local governors, we 
shall have the jerry-builder and his necessary 
counterpart, the blind inspector, always with us. 
So long as suburban and rural communities favour 
a policy of underpaid officials, and allow councillors 
of small capacity, or those with ‘‘axes to grind,” 
to be elected, so long will matters remain as they 
are, in spite of all that laws can do. We say 
‘allow’ councillors to be elected because it is by 
abstention from the poll that the mischief is done. 
It throws management and control into the hands 
of the few whose interest makes it worth their 
while to pull the strings. 

Perhaps our readers may here be inclined to re- 
mind us that ‘‘local government” is not our pre- 
sent subject ; but our national policy is such that 
it controls sanitary methods, and that must be 


But, if we are indignant with the jerry- | 


One can | 


As Mr. Maxwell says, ‘‘ we are not by any | 


|our excuse for this digression’ To return, how- 
|ever, to Mr. Maxwell's able address, we find him 
|next dealing with the question of ‘‘sewerage and 
sewage disposal.” Here he is able to chronicle 
substantial advance during recent years. The in- 
troduction of the hydraulic system of disposing of 
foecal matter led to fresh dangers, the serious- 
ness of which was for long unsuspected. Unless 
gross uncleanliness were present, the old dry closets 
were far less provocative of disease than the more 
modern water-closet, however offensive to esthetic 
tastes they may have been. It is only when drains 
and sewers are properly laid that they are pre- 
ferable ; and their efficient design depends upon a 
knowledge of principles, even in the present day 
not universally observed. The more complex 
| problems of frictional resistance to flow, hydraulic 
—_ depth, self-cleansing velocities, automatic 
'flushing, and calculations as to discharges of 
different size sewers and drains, of which Mr. Max- 
well speaks, can not always be stricthy carried out. 
| The level stone drains of ‘‘ample proportions ”—a 
|great virtue this—running under many fine old 
| houses, have been fatal for many generations, and 
|the more ample the proportions, the greater the 
| collection of feecal matter. The open sewer, which 
| still disgusts the fastidious, as it runs down the 
| centre of Continental towns and villages, is whole- 
some in comparison. We have, however, learnt to 
disconnect drains from dwelling-houses, and en- 
gineers appreciate the necd for straight smooth 
passages, with inspection. pits at corners, and set at 
a gradient that ensures a good scour. The rules 
and regulations of local authorities ensure that 
| construction and materials shall be efficient, 
provided the rules and regulations are efticiently 
carried out. Provision is made that pipe - line 
joints be soundly made, so as to be air and 
water-tight—a detail that should be proved by test, 
both before and after they are covered in. The 
more general use of cast-iron pipes, in place of the 
salt-glazed stoneware pipes, duplicate sewers for 
the separation of storm-water from sewage, the 
adoption of artificial means of raising sewage in low- 
lying districts, and more efficient sewer ventilation 
are all details of practice to which Mr. Maxwell 
refers as having made progress during recent years. 
In treating upon the dificult question of sewage 
disposal, Mr. Maxwell gives particulars of some of 
the modern systems. He has calculated the flow 
of London sewage for 1902, and finds it would need 
for its accommodation a canal 24 ft. wide and 9 ft. 
deep, if it were running day and night, at the rate 
of 2 ft. a second; or it would be equal to a lake 
44 square miles in area and 11} ft. deep. The 
quantity of sludge sent to sea during the year in 
the steamers built for the purpose would cover 
Hyde Park, an area of 400 acres, to a depth 
of about 5} ft. The fleet of six sludge steamers, 
which are owned by the London County Council, 
travelled a total distance during the year of 
over a quarter of a million miles, or more than 
ten and a half times round the earth. The net 
|maintenance expenditure on the main drainage 
system for the year 1902 was 246,6941.; and the 
|total net capital cost, from January 1, 1856, to 
|March 31, 1902, has been 8,386,490/. These 
figures are apt to set one thinking to what an 
| extent we are taking from the richness of the land 
|to discharge it into the sea. It may or may not 
| be, according to economic views held, a consolation 
to know that so large a part is the richness of 
other lands. 
| Since the completion of the great northern and 
}southern outfall sewers in 1865, much has been 
|done in regard to sewage disposal. Mr. Maxwell 
divides the systems into these sections: the dry- 
earth system ; discharge into the sea or estuary ; 
irrigation ; filtration ; precipitation ; evaporation ; 
electrolysis ; and bacteriolysis. Experience has 
| Shown, he says, that ‘‘ none of these methods, when 
|put to the test of practical proof, have proved 
satisfactory. Irrigation and dry-earth systems are, 
in reality, bacteriological methods ; but for large 
populations are quite impracticable.” We have on 
former occasions dealt somewhat fully with the 
|truly scientific method of sewage treatment by 
| bacteriology, and need not follow the subject into 
the merits of the aerobic and anaerobic processes 
(of which Mr. Maxwell speaks. 





they are.too cumbersome and costly. 
The address also refers to the disposal of domestic 
and trade refuse. This also is a subject upon 
| which we have commented on several former occa- 


As to chemical | 
methods, he dismisses them with the remark that | 





sions. We are glad to see Mr. Maxwell holds that 
the only system which can at present satisfactorily 
fulfil sanitary conditions, without being too costly 
to carry out, is that of destruction by fire. 








NEUTRAL VESSELS IN WAR TIME. 

Wuen the cloud of war overshadows two naval 
Powers who are at peace with England, the owners 
of British merchant vessels have, not unnaturally, 
some anxiety with respect to the safety of their 
vessels. Not only are fears entertained for the 
safety of vessels on their way to ports which may 
become ‘‘ belligerent ports” in the near future, 
but some uneasiness is felt for the security of every 
vessel proceeding on a voyage tu the neighbourhood 
of what may become the theatre of war. 

Nor are the ship-owners the only persons 
interested in this question. Naval warfare has 
been developed in recent years along lines which 
call for the exercise of the highest skill on the 
part of the engineer; and, in spite of the fact 
that other countries have largely increased their 
means of manufacturing warlike machinery to be 
used in ships, English workshops still produce 
much of the machinery which is used by foreign 
governments during time of war. Last, but not 
least, there is a continual demand for Welsh coal 
for the use of warships, and it must occur to every 
coal merchant to zsk himself whether he is, or is 
not, infringing any rule of international law by 
sending coal to either belligerent, or to some 
neutral port from which it may be delivered to one 
or other of the belligerent Powers. 

In these circumstances it may be of interest to 
discuss some of the principles of international law 
which apply for the protection of neutral vessels. 

Amongst other important questions which arise, 
we may mention the definition of ‘‘ contraband of 
war ;” the right of either belligerent to hold up and 
search neutral vessels ; and the general effect of a 
state of war upon a contract for the delivery of 
goods in one or other of the belligerent States. 

According to ‘‘ The Manual of Naval Prize Law,” 
the following goods are absolutely contraband :— 
Arms of all kinds, and machinery for manufactur- 
ing them. Ammunition, and materials for ammuni- 
tion, including lead, sulphate of potash, chloride of 
potash, chlorate of potash, and nitrate of soda ; 
gunpowder, and its materials; saltpetre and 
biimstone ; also gun-cotton. Military equip- 
ments and _ clothing; military stores. Naval 
stores, such as masts, spars, rudders, and 
ships’ timber, hemp and cordage, sailcloth, pitch 
and tar, copper fit for sheathing vessels, marine 
engines, and the component parts thereof, includ- 
ing screw - propellers, cylinders, cranks, shafts, 
boilers, tubes for boilers, boiler-plates, and fire- 
bars ; marine cement, and the materials used in 
the manufacture thereof, as blue lias and Portland 
cement. Iron in any of the following forms :— 
Anchors, rivet-iron, angle-iron, round bars of ? in. 
to § in. in diameter, rivets, strips of iron, sheet- 
plate iron exceeding } in., and Low Moor and 
Bowling plates. 

The above list was compiled in 1866, and revised 
in 1888. All the articles which, since that date, 
have been found to be useful in naval warfare must 
be added to the list. As an illustration, we might 
mention Marconi apparatus and search - light 
machinery. 

The following goods are entered as conditionally 
contraband :—All goods fit for purposes of war and 
peace alike (not hereinbefore specified as absolutely 
contraband), on board a vessel which has a hostile 
destination, are conditionally contraband—that is, 
they are contraband only in case it may be pre- 
sumed that they are intended to be used for pur- 
poses of war. This presumption arises when such 
hostile destination of the vessel is either the 
enemy’s fleet at sea ora hostile port used exclu- 
sively or mainly for naval or military equipment. 
The list comprises provisions and liquors fit for 
consumption of army or navy, money, telegraphic 
materials—e.g., wire, porous cups, platinum, sul- 
phuric acid, and zinc ; materials for the construc- 
tion of a railway, such as iron bars, sleepers, &c.; 
coals, hay, horses, resin, tallow, and timber. 

The question whether coal is likely to be treated 
as contraband in a modern naval war is not alto- 
gether free from difticulty. Unlike the actual 
muniments of war, coal can and must be used by 
the subjects of a belligerent State for peaceful 
purposes, and the privilege of declaring it to be 
contraband for all purposes during hostilities would 
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be an application of international law too favourable | 


io the States who happened to be at war. Of 
course, the declaration might be said to affect both 
States with equal severity ; but in settling ques- 
tions of international law due regard has to be paid 
to claims of traders in peaceful States, who must 
not be entirely deprived of their rights to export 
goods to any country with which their government 
is on friendly terms. 

It will be noticed that in the above list coal is 
classed amongst the articles which are conditionally 
contraband. Although there is some difference of 
opinion amongst the Powers, the international rule 
may be taken to be that the question whether coal 
is contraband or not is to be determined by reference 
to the circumstances in which it is found. If it is 
consigned to the warships of a belligerent Power, 
it is obviously contraband ; and it will also, in some 
countries, be declared contraband if the vessel 
carrying it be on a voyage to a belligerent port. 
During the Franco-German War the British Govern- 
ment refused to allow English coal-merchants to 
deliver coal to French warships ; but in spite of 
strong German protests, they did permit coal to be 
sent to French ports. The attitude of Russia appears 
to differ from that of the other Powers, for she has 
expressly declared that coal should, in no circum- 
stances, be treated as contraband. It will be in- 
teresting to see whether she will maintain this 
attitude if and when she is involved in a naval war. 

The duty of the commander of a vessel belonging 
toa belligerent State, when he visits and searches a 
neutral ship, is laid down in the ‘‘ Manual” above 
referred to, which, although it purports to prescribe 
rules for England only, may be said to contain the 
law which is accepted by civilised nations. 

Article L. of the rules provides that the com- 
mander should detain any neutral vessel which is 
engaged in the carriage of contraband, is acting in 
the service of the enemy by carrying military per- 
sons or despatches, or is engaged in breach of 
blockade, unless either (1) he is satisfied that her 
master was acting in ignorance of the fact that war 
had broken out ;. or (2) the vessel is acting under a 
licence from the British Government. 

If any of the goods are fit for purposes either of 
war exclusively, or of war as well as of peace, the 
commander of the cruiser should proceed to ascer- 
tain the destination of the vessel. This is done by 
inspection of her charter-party, her log-book, and 
other documents, and by inquiries from her master 
and crew. A vessel’s destination should be con- 
sidered neutral if both the port to which she 
is bound and every intermediate port at which 
she is to call in the course of her voyage be 
neutral, and ifin no part of her. voyage she is to go 
to the enemy’s fleet at sea. A vessel’s destination is 
considered hostile if either the port to which she 
is bound or any intermediate port at which she is to 
call in the course of her voyage be hostile, or if in 
any part of her voyage she is to go to the enemy’s 
fleet at sea. It often happens that a vessel’s desti- 
nation is expressed in her papers to be dependent 
upon contingencies. In such a case the destina- 
tion should be presumed hostile if any one of the 
ports which under any of the contingencies she may 
be intended to touch at or go to be hostile ; but 
this presumption may be whether by clear proof 
that the master has definitely abandoned a hostile 
destination and is pursuing a neutral one. The 
ostensible destination of the vessel is sometimes a 
neutual port, while she is in reality intended, 
after touching, and even landing and _ colour- 
ably delivering over her cargo there, to proceed 
with the same cargo to a hostile port. In 
such a case the voyage is held to be continuous, 
and the destination is held to be hostile throughout. 
If the destination of the vessel be neutral, then the 
destination of the goods on board should be con- 
sidered neutral, notwithstanding it may appear, 
from the papers or otherwise, that the goods them- 
selves have an ulterier hostile destination, to be 
attained by transhipment, overland conveyance, or 
otherwise. It might be observed, however, with 
reference to this doctrine of the ‘‘ continuous 
voyage” that it is an English doctrine, and it 
is by no means clear how far it will be accepted 
by other countries. We may assume, however, 


that the principles of international law recognised 
in England will also be observed by Japan, for 
as soon as the Chino-Japanese War of 1898 broke 
out, Japan issued a Prize Act, and constituted a 
Prize Court at Sasebo, one of her naval stations. 
Many other laws and institutions were made at 
The Act contained 32 articles, which 


this time. 


were derived from the standard works of Professor 
Holland and Sir Godfrey Lushington. The con- 
stitution of the Prize Court was based upon the 
English, German, and French systems. During the 
course of the war 79 cases arose for the application 
of the Prize Law, but, as a matter of fact, only a 
single case was brought to the Prize Court. 

It frequently happens that a belligerent finds it 
expedient for the purpose of bringing his opponent 
to terms to declare a blockade of one or more 
ports. A blockade, to be effective and binding 
upon neutral States, must be carried out in such a 
way that a force is maintained at the port or ports 
in question which is sufficient to prevent access to 
the coast of the enemy. 

Although neutral States recognise the above- 
mentioned restrictions upon the actions of their 
subjects, and acquiesce in the condemnations which 
follow upon breaches of them, it does not neces- 
sarily follow that those breaches are illegal in the 
view of the law of the neutral State, nor that the 
tribunals will decline to enforce contracts which 
have been made with the object of breaking through 
those restrictions, as by carrying contraband of war 
or running blockades. 

In a case decided by Lord Westbury, it was held 
that it was not illegal for neutrals to trade in con- 
traband of war with a belligerent, and that a con- 
tract made with that object wasvalid. He said :—‘‘In 
fact, the act of the neutral trader in transporting 
munitions of war to the belligerent country is quite 
lawful, and the act of the other belligerent in seiz- 
ing and appropriating the contraband articles is 
equally lawful.. Their conflicting rights are co- 
existent, and the right of the one party does not 
render the act of the other party wrongful or 
illegal. There is, however, much incorrectness of 
expression by some writers on the subject, who, 
in consequence of this right of the belligerent 
to seize in transitu munitions of war, while being 
conveyed by a neutral to his enemy, speak 
of this act of transport by the neutral as unlawful 
and prohibited commerce. But this commerce, 
which was perfectly lawful for the neutral with 
either belligerent country before the war, is not 
made by the war unlawful or capable of being 
prohibited by both or either of the belligerents.” 

With regard to blockades, also, it is clearly laid 
down that a contract made with the object of 
 blockade-running is not illegal in the view of English 
law, and it may be enforced in our Courts. 

In the case of the Helen (L.R. 1A and E 1, 
page 4), Dr. Lushington said, referring to voyages 
undertaken for the purpose of blockade-running :— 
“*Tt never has been a part of admitted common 
usage that such voyages should be deemed illegal 
by the neutral State, still less that the neutral 
State should be bound to prevent them ; the belli- 
gerent has not a shadow of right to acquire more 
than universal usage has given him, and has no 
pretence to say to the neutral ‘you shall help me 
to enforce my belligerent right by curtailing your 
own freedom of commerce, and making that illegal 
by your own law which was not so before.’ This 
doctrine is not inconsistent with the maxim that 
the law of nations is part of the law of the land. 
The fact is, the law of nations has never declared 
that a neutral State is bound to impede or diminish 
its own trade by municipal restriction.” 








COPPER SUPPLIES. 

Supplies of copper to Europe during last year 
were on a moderately large scale, and, if smaller 
than in 1902, were still well ahead of the figures of 
1901 and previous years. Messrs. Henry R. Merton 
and Co., Limited, report that the total shipments 
to Kurope in the twelve months reached 261,588 
tons, as compared with 288,561 tons in the previous 
year, and 227,921 tons in 1901. As against these 
figures, the deliveries last year reached 262,327 
tons, apart from 1950 tons shipped to America ; so 
that the balance as between supplies and deliveries 
was 3700 tons on the wrong side. In the previous 
year the takings were 291,207 tons, irrespective 
of 267 tons taken for America; and in 1901 
227,533 tons, in addition to 791 tons sent to 
the United States. This persistence of de- 
liveries over supplies explains the rapid dimi- 
nution in the total visible supply toa figure un- 
recorded for a considerable number of years. The 
quantity in sight on the 15th inst. was only 13,150 
tons, this figure comparing with 13,851 tons at the 
end of the year, 16,540 tons at the end of 1902, 





22,051 tons at the end of 1901, and 28,860 tons 








at the end of 1900. It is one of the anomalies of 
copper, since the American speculators took a hand 
in manipulating it, that prices have no longer any 
real relation to visible supplies. This is illustrated 
by the fact that three years ago the price of standard 
copper was as much as 721. 17s. 6d. per ton ; whereas 
now, with only a fortnight’s supply in sight, it is 
low relatively as 581. per ton. 

The figures show how complete is Europe’s 
dependence upon America for its copper. From 
the United States the quantity received last year 
was 135,410 tons, as against 168,141 tons in 1902, 
and only 94,670 tons in 1901. From other quarters 
supplies to Europe were about the normal, Spain 
sending 21,187 tons, as against 21,457 tons in the 
previous year ; Chili, 30,600 tons, as against 28,950 
tons ; and Australia, 23,450 tons, as against 23,200 
tons; whilst from miscellaneous sources 50,941 
tons were received, in comparison with 46,840 tons. 
From most of these quarters increased production 
of copper might with certainty be counted upon if 
only prices could be maintained in the neighbour- 
hood of 70l. per ton, which is understood to have 
been the ideal figure aimed at by the American 
Copper Trust when it set out to control the 
world’s price. But 70l. is a high price for the 
metal even in active times of consumption ; and 
when the trade demand shows signs. of slacken- 
ing, it cannot be maintained except by artificial 
means, and then only for a restricted period. 
Although there is plenty of copper waiting to be 
mined in many parts of the world, the capital re- 
quired for its exploitation is not freely obtained 
so long as prices and profits fluctuate more or less 
wildly. This explains the fact that while the 
world’s consumption is going up in consequence of 
electrical, shipbuilding, and other developments, 
production shows a tendency to lag behind. We 
have seen this from the steady decline in the visible 
supply during the last three years ; and it must be 
said, in this connection, that but for the depression 
in Germany, the quantity in sight now would be 
even less than 13,000 tons ; which, it may be ob- 
served, represents only a fortnight’s consumption. 
The recent firmness in the price of the metal is due 
to recognition by consumers of the fact that it is 
hopeless in the circumstances to look for any great 
increase in the supply,and to the consequent fear 
that before long there may be a real famine in the 
metal, when the quotation will go up toa figure 
beyond even the dreams of the Amalgamated 
Copper Company. 

Authoritative figures of production throughout 
the world last year will not be available for some 
little time yet, but Messrs. James Lewis and Son 
put the total at 568,000 tons, as against 553,000 
tons for the previous year, and 517,000 tons for 
1901. The increase for the two years was quite 
appreciable, but on the basis of the statistics it 
appears that the consumption has been on even 
a larger scale, and this is rather poor consola- 
tion. Production in the United States is said 
to have increased by 22,728 tons, Lake Superior 
being 12,763 tons, and Arizona 13,288 tons 
larger, and Montana 6234 tons smaller than in 
1902. This last decrease is attributable to the fact 
that the principal mines of the Amalgamated 
Copper Company are situated in the State of 
Montana, and it will be remembered—quite apart 
from any secret accumulation of copper by the 
Trust—that its mines were closed for a short time 
as the result of the adverse verdict given in the 
litigation instituted by Mr. Heinze. If the truth 
were known, it would probably be found that the 
Trust holds a considerable quantity of metal of 
which it would rather the outside world knew 
nothing. That, however, is entirely problematical, 
and, in relation to the demands of the immediate 
future, it has to beignored. American estimates of 
stocks are now rendered more than usually worthless 
by the fact that the Amalgamated Company with- 
drew early last year from the Copper Producers’ 
Association, and refused to make any return of the 
monthly production of the mines under its control. 

This, as Messrs. Lewis point out, and as we our- 
selves have emphasised more than once before, 
creates a suspicion that the production of the 
American mines, if it were actually and definitely 
known, would be much larger than the figures 
show it to be. From other sources than America 
the supplies to Europe last year were not extra- 
ordinary. Those from Mexico decreased about 
750 tons, and we have already seen what Australia, 
Chili, Spain, and miscellaneous contributors have 
done. Apparently, there have been small increases 
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by Peru, Japan, Italy, Portugal, Newfoundland, 
and Norway, but the exact measure of them will 
not be obtainable until Messrs. Merton’s annual 
statistics are ready. As to consumption, there has 
been an increase of 2700 tons in America and of 
7500 tons in Germany, but a decrease of 17,740 
tons in Great Britain and 4107 tons in France. 
The English increase shown appears to be 
deceptive, for the actual consumption has in- 
creased, the apparent falling-off being referable to 
the greatly reduced stocks held by smelters and 
manufacturers. ‘‘Much more copper,” write 
Messrs. Lewis, ‘‘has been used for electrical pur- 
poses ; an increased quantity of sulphate has been 
consumed in Ireland; and although there is a 
decrease of 206,605 tons in the ships launched, 
there is an increase of 65,791 tons in the indicated 
horse-power of the marine engines supplied to 
them.” Trade in the United Kingdom is mending 
now, and therefore it is quite reasonable to look 
for an appreciable increase in the consumption of 
copper during the current year, if only as a result of 
the development of electric traction and motive 
power. The authorities referred to anticipate 
an increase of from 15,000 to 25,000 tons in 
the American production, and they also look 
for some increase from Canada, Australia and 
Spain. Some shipments from Rhodesia are 
expected, but we do not see how any appreciable 
quantity of copper can come from that part of the 
world until railway facilities are provided from the 
northern part of the country to the coast at Lobito 
Bay, or until the cost of transportation to the Cape 
has been considerably reduced by the extension of 
the railway northward. That there is plenty of 
copper in that part of the world is beyond a 
doubt, but it cannot be obtained in any material 
quantities for some years to come, and Rhodesia 
may, for the present, be regarded as quite a 
negligible quantity. The price of the metal is 


against extraordinary developments anywhere ; and 
although the consumption in the United States 
may fall off as a result of the easier trade con- 
ditions, the increased requirements for England, 
France, and Germany threaten to offset that, and 
to leave the world no better supplied than it is 
at present. Therefore, the consumption increasing 


steadily if not rapidly, the outlook is not particularly 
encouraging for users. War between Japan and 
Russia would mean a curtailment of the exports 
from the former country by about 20,000 tons 
per annum. In addition to at least a moderately 
large consumption in Europe, the needs of India 
have to be kept in mind, and as India is very 
prosperous, she will probably take more copper in 
1904 than in 1903. Again, the quantity of sul- 
phate required for export and for home consump- 
tion will, it is expected, be on a larger scale. 
The future of values depends largely upon the 
quantity of metal available for shipment from the 
United States to Europe. It is estimated that 
fully 25,000 tons over the quantity sent last year 
will be required to maintain stocks even at the 
present low level, assuming that there is no in- 
crease in the European consumption, and no 
decrease in the supplies to Europe from Japan and 
other countries. 

Copper developments in South America are pro- 
gressing satisfactorily, and another year or two 
ought to see an appreciable increase in the quan- 
tity shipped thence to Europe. Chili and Peru in 
particular are expected to make a good showing for 
themselves. Both couutries, it may be stated, are 
very rich in the mineral, and it is only from want 
of capital that developments in the last few years 
have been relatively slow. Chili has two parallel 
copper belts running nearly due north to south, and 
approximately 100 miles apart. The principal 
development has been made in the western or coast 
belt by reason of the greater ease of exploitation 
and transportation. The coming developments 
will be in the Cordilleran belt, hitherto difticult of 
access, but now being gradually opened out. Con- 
sidering the disabilities arising from lack of rail- 
road, inefticient labour, high wages, and lessened 
values of ore bodies in the case of the older 
and deeper mines, the progress made by the 
country is not at all inconsiderable. Peru’s future 
in the matter of copper depends upon the deve- 
lopment of the Cerro de Pasco district, to which 
the railway is being extended from its present 
eastern terminus at Oroya. The engineering 
problems to be overcome in the extension of this 
railway make progress slow, and much money has 
been expended, with, as yet, little return. But 





there is no doubt about the richness of the district, 
and when it becomes possible to transport ore by 
railway instead of on the backs of mules and 
llamas, as at present, the district ought to become 
one of the most productive copper-mining camps 
in the world. Mexico, too, is making rapid strides 
in copper production, and the investment of large 
sums of American money ensures further progress 
in the coming years. Australia finds the present 
value of copper no great inducement to mining 
enterprise, the capital available having a way of 
going into gold-mining. But at least it is reason- 
able to expect a slight increase, especially from the 
Cobar Mines in New South Wales, and the Mount 
Lyell district of Tasmania. 








NOTES. 

THe Protection or STEEL FROM CORROSION. 

Many experienced engineers have long claimed 
that iron or steel well buried in cement or concrete 
was absolutely safe against corrosion. In building 
the first Niagara suspension bridge Roebling relied 
entirely on his concrete to protect from rust his 
cables, and an examination made a few years ago, 
when the bridge was under repair, proved that his 
confidence had not been misplaced. No very ex- 
haustive experiments on the matter have, however, 
hitherto been published, though, in view of the 
prominence which ferro-concrete is likely to take in 
future structural work, the point in question is now 
of more importance than ever. We have pleasure, 
therefore, in calling attention to some recent 
investigations of Professor C. L. Norton, recently 
carried out at the Insurance Engineering Experi- 
ment Station, 31, Milk-street, Boston, Mass., 
U.S.A. Insome preliminary work Professor Norton 
found that clean steel was thoroughly protected 
from rust when covered by Portland cement con- 
crete to a depth of 1 in. It was, however, sug- 
gested that in actual building operations the steel 
was never used in a clean condition, and it was of 
importance to determine whether the same security 
against rust was attained when the steel in question 
was already more or less oxidised on the surface. 
In view of the results of his latest experiment, 
Professor Norton has been able to answer this 
question in the affirmative. Specimens of rusty 
steel, on which the thickness of rust ranged from a 
mere surface coloration up to 4 in. thick, were 
embedded in blocks of concrete 3 in. square by 8 in. 
long, and these blocks were then exposed to 
changing conditions of warmth and moisture, and to 
the action of carbonic acid, with traces of sulphur- 
ous acid and ammonia. When similarly treated, 
specimens of unprotected steel rapidly vanished 
into a streak of rust, but the samples protected by 
the concrete resisted perfectly. It has, however, 
to be borne in mind that if the steel is not properly 
covered by the concrete, corrosion may be expected ; 
and care must be taken not to mix the concrete too 
dry. If properly mixed, even cinder concrete 
proves a perfect protection to the embedded metal. 


Srorinec anD Drawind-orr Exp.ostve Liquips. 
Recent mysterious explosions, in the absence of 
fire, of liquids like benzine and spirit, which were 
kept in closed vessels, have drawn attention to 
the system by which Hiincke and Martini, of 
Hanover, store and discharge such liquids. As a 
rule, the liquid is forced from the tank—which itself 
may be placed in a fireproof recess—by means of 
compressed air, and there will hence be a mixture 
of air and vapour above the liquid. That mixture 
is explosive. If the air is replaced by carbon 
dioxide, no explosion can ensue, and the distribu- 
ting pipes can, we shall see, be arranged in such a 
way as to make a fire, in case of fracture, very 
unlikely. The tank communicates by a syphon 
with a special vessel, which the inventors call the 
safety vessel. The latter is again connected with 
a cylinder containing compressed carbon dioxide ; 
a reduction valve is fitted into the connection, and 
a V-tube, filled with mercury, branches off for the 
purpose of regulating the pressure, and, further, of 
providing an outlet for the liquid in cases of 
accidents. As soon as a tap is opened, the pres- 
sure of the carbon dioxide forces the liquid out. 
If a fire should heat the conduit pipes, or the 
storage tank itself, the gas pressure in the tank 
would drive the liquid back into the safety vessel 
—emptying the tank. The gas in the safety vessel 
would escape through the mercury gauge mentioned, 
in which only a moderate pressure need be main- 
tained. The pipes are, further, jacketed, and the 





jacket contains the same carbon dioxide, the liquid 
feed-pipe reaching almost to the bottom of the 
tank, while the jacket pipe is fixed to the top, and 
communicates, therefore, with the gas above the 
liquid. If the internal pipe should alone break, 
the gas pressure will force the liquid back, and the 
flow of liquid would cease. If the external pipe 
should break, at the same moment the gas pressure 
would be released, and the flow would stop, simply 
because there is no pressure behind the liquid to 
make it rise. In either case, therefore, the dan- 
gerous liquid will be cut off. The device has 
repeatedly been tested, and is now recommended 
by the Prussian factory inspectors. It would not 
prevent electric sparks, but it would prevent explo- 
sions if sparks should pass. It is not necessary to 
use the pure carbonic acid, supplied in steel cylin- 
ders, as pressure fluid. The exhaust from gas- 
engines will do, and the makers of the device have 
observed that a mixture of smoke gases containing 
20 per cent. of carbon dioxide is applicable for such 
purposes. There is, of course, not much originality 
in the apparatus, but the frequency of disastrous 
accidents explains the interest which the first 
exhibition of the novelty, at the Berlin Congress 
for Applied Chemistry, excited last summer. 
A Fine Exampze or ‘‘ Press” Work. 

We illustrate below a very remarkable specimen 
of ‘*press” work, which is about to be carried 
out on a large scale by a firm in the North of 
England, for whom Mr. KE. C. Thrupp, of 39, 
Victoria-street, Westminster, is now acting. The 
barrel shown in our illustration has been drawn out 
of a steel-plate th of an inch in thickness. The 
upper head-is not soldered or welded to the body of 
the barrel, but is part of the same plate, the whole 
barrel, with the exception of the brass bung-hole 
ring, being in one piece. The work is done in, we 
are told, seven operations. The flat plate is first 











drawn out into‘the shape of a truncated cone, and 
the upper portion is then gathered in, giving the 
proper form to the top of the barrel; the upper 
edge of this is then bent over, and flattened down 
to form the upper head of the barrel. The whole 
of this work is accomplished without crumpling 
the metal, the thickness of which is main- 
tained constant throughout the lower half of 
the barrel, but in the upper half increases in 
thickness in proportion to the amount of reduction 
made in the diameter at various points during the 
final operations. The thickest part is that where 
the brass bung-hole ring is soldered in, where the 
metal is about } in. thick. This thickening here 
is, of course, a positive advantage. The specimen 
illustrated has a capacity of 5 gallons; but the 
method is believed to be quite as applicable to 
larger sizes, and the firm who are taking up the 
manufacture are about to lay down special long- 
stroke presses for the production of such large 
sizes, as well as the smaller here illustrated. 
Steel barrels are now in considerable demand for 
holding oils, petrol, spirits, varnishes, paints and 
alkalies, but have hitherto been made either by a 
process of electric welding or by building them up 
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of pressed sections, which are finally soldered 
together. The barrel illustrated is of special inte- 
rest in illustrating the remarkable progress made 
of recent years in pressing and drawing metals. 








SHIPBUILDING AND MARINE 
ENGINEERING, 1903. 
(Continued from page 102.) 

CLYDE, 

Tne total production on the Clyde in the year 1902 
attained the highest aggregate yet reached—525,670 
tons, and the output for the past year shows a decrease 
of 85,170 tons, equalling 16.2 per cent. The work of 
the past year was 258 vessels, of 440,500 tons. Not 
since 1897 has the total been so low, and on that 
occasion it was 341,817 tons, so that the state of the 
case last year was still 29 per cent. better than the 
year when the district last came under the influence of 
severe depression. In 1893—another year of minimum 
production—the total was little more than 280,000 tons, 
so that it will be seen that the periods of recurring 
‘¢slackness” in trade are at increasing distances apart, 
and that the bottom level touched is not solow. From 
this point of view, the diagram which we publish on 
page 13 ante will be of interest. About 50 firms have 
again sent returns, but, as in former years, more than 
half the tonnage is produced by the first six firms on 
the list, and three-fourths of the total by 10 firms. 
The eight leading firms have turned out more tonnage 
than all the 15 firms on the Tyne, while five firms at 
the top exceed the productfon of all the 13 tirms on the 
Wear. 

The Clyde returns always include a great variety of 

small craft, and this year is no exception to the rule, 
for one-half of the number of boats launched were 
vessels of less than 500 tons ; 133 came within this 
category, as compared with 159 in the previous year, 
157 in 1901, 174 in 1900, and 206 in 1899. There isa 
decrease, therefore, in small craft, but this is only com- 
mensurate with the very considerable diminution in 
the work done in the district. Deducting these small 
vessels from the total, we have 125 vessels of the deep- 
seagoing type; again a considerable decrease in the 
total of the preceding years, 1902 having to its credit 
153 ; while in the four preceding years the total varied 
between 142 and 154. There were six steamers of 
over 10,000 tons, but of these four were warships, the 
two others being the Armadale Castle, launched by the 
Fairfield Company, and the United States, a steamer 
of 10,082 tons, by Messrs. Stephen, of Linthouse. In 
1902 there was only one steamer of over 10,000 tons, 
and in 1901 two Atlantic boats and two cruisers. 
Last year there were six vessels between 8000 and 
10,000 tons, as compared with five in 1902, and four in 
1901. Between 6000 and 8000 tons there was a fewer 
number—8 as against 16 and 6 in the two preceding 
years. There were, therefore, over 6000 tons, 20 vessels, 
as compared with 22 in 1902; 14.in 1901 ; 20 in 1900; 
and 17 in 1899; so that, thanks to the large battleships 
and cruisers included in this year’s return, the number 
of large ships is well maintained. There were only 
four vessels between 5000 tons and 6000 tons, as com- 
pared with 15, 10, 6, and 7 in the four immediately 
preceding years. Twelve were between 4000 tons and 
5000 tons, as compared with 18, 23, 24, and 12, so that 
here there has been in the past three years a steady 
decrease. Even in the number of ships between 3000 
tons and 4000 tons there has been a further decrease : 
beginning with 1899, the numbers for the successive 
years are 30, 28, 21, 18, and 15. Between 1000 tons 
and 2000 tons, however, there is an increase over 1902, 
though the number was about the same as two or three 
years ago, the total for 1903 being 36, as against 22, 34, 
36, and 32. Fewer ships between 500 tons and 1000 
tons were launched : 26, as against 47, 32, 26, and 29 
in the four preceding years. 

Some idea may be gained of the variety of the work 
by the fact that, while there were 124 trading steamers, 
the other vessels came under 14 or 15 distinct de- 
scriptions. Of the vessels built there were four war 
vessels—two battleships, the Commonwealth and the 
Hindustan, and two cruisers, the Carnarvon and the 
Antrim. This is the same number as in the previous 
year. In addition to these, there were 33 twin-screw 
steamers, as compared with 37 in the previous year, 
and 2] in 1901. In view of the decrease in the total 
number of vessels built, it may therefore be accepted 
that the twin-screw system is making headway. In 
these, of course, we have not included the two turbine 
boats built for the Channel service, as these are of the 
triple-screwtype. There were four side-paddle steamers 
built, as compared with nine and four in the preceding 
years ; while of stern-wheelers there were five, as 
compared with six and four in the two preceding years. 
These latter were for service in shallow Colonial or 
Indian rivers. Fishing craft was not so largely con- 


structed now as in some previous years, the number 
being 11, which, although the same as for 1902, falls 
considerably short of the numbers of several years ago, 
when one or two of the Clyde firms had a monopoly so 
far as Scotland was concerned. 


always an important item in the Clyde list, three or 


four firms having made this a speciality. Last year 
we had 24 dredgers and steam-hoppers, <otiatiiee 
about 18,000 tons, as compared with 17 vessels of 
about 13,000 tons in 1902; 23 vessels in 1901; and 
30 vessels in 1900. In addition, there were 49 barges 
or lighters, which account for nearly 16,000 tons of 
the Clyde total—an amount disproportionate to the 
work done upon such vessels, which were often mere 
shells. The number of yachts built was considerably 
less: of steam craft there were six, while of racing or 
cruising boats, dependent upon the wind, there were 
21; this compares with 12 and 14 respectively in the 
previous year. The total sailing tonnage equals only 
19,128 tons, or 4.35 per cent. of the total, as compared 
with 8 per cent. in the previous year, and 4.15 per 
cent. in 1903. Indeed, the Clyde average for some 
years has fluctuated only between 3 per cent. and 
4 per cent. 

The amount of work done for foreign owners is less 
than usual. The total is only 68,148 tons, as com- 
pared with 114,074 tons in 1902, and 98,157 tons in 
1901 ; but the proportion to the total shows a marked 
decrease. Thus in the past year only 15.5 per cent. of 
the output was to the order of foreign clients, whereas, 
in 1902 the ratio was 21.6 per cent., and in 1901, 
19.1 per cent., while in 1900 the exceptionally high 
rate of 32.5 per cent. was reached, and in 1899 the 
ratio was about 20 per cent. Of foreign countries, 
America, by reason of the large ship to which we have 
already reterred, comes first, this vessel being of 
10,082 tons. While Holland only took one merchant 
ship, she had two docks built, one of 7500 tons and a 
second of 3000 tons lifting power, so that her portion 
is 11,681 tons, as compared with 2865 tons in the 
previous year. Next comes Germany, with 6514 tons ; 
but here there is a very great decrease, the total in 
1902 having been 19,674 tons ; in 1901, 10,779 tons ; 
and in 1900, 21,725 tons. Austria-Hungary is down 
for 5213 tons, which compares with 5359 tons in the 
previous year. France took a merchant ship and a 
yacht, the total being 2934 tons, as compared with 
4295 tons. The other countries which, on an average, 
took one ship only, are responsible for the remainder 
of the foreign tonnage, as follows :—Denmark, 3910 
tons ; Turkey, 2000 tons; Norway, 1979 tons ; Bel- 
gium, 1222 tons; South America, 663 tons; Greece, 
4702 tons; while for over 4458 tons we failed to learn 
the destination, one or two of the firms refusing to give 
the information we sought. For Colonial and Indian 
owners there were built on the Clyde 12,690 tons—much 
less than in the preceding year, when the tonnage was 
43,967. 

The marine machinery constructed in the Clyde 
district makes up a total of 432,384 indicated horse- 
power, which is about 10 per cent. less than in the 
previous year, and 134 per cent. less than the highest 
total recorded in any one year—namely, that of 1898. 
This, it must be confessed, is not a very great :lecrease, 
especially when one considers the degree of depression 
experienced in some of the other districts. The 
merchant steamers constructed total 367,272 tons, 
which excludes, of course, the 54,100 tons of warships 
built. The warship machinery totals 67,000 indicated 
horse-power, excluding the machinery supplied by 
Humphreys, Tennant, and Co. for one Clyde ship, and 
adding the machinery made by the Fairfield Company 
for two gunboats which they re-engined. There was 
a considerable amount of marine machinery built in 
the district for vessels constructed elsewhere. Allow- 
ing for this, the ratio of power to steam merchant 
tonnage works out to nearly 0.9 indicated horse-power 
per ton, which is higher than on the North-East Coast. 
The aggregate horse-power for several years is given, 
for the sake of comparison, in the appended table. 

1898. 1899, 1900. 1901. 1902. 1903. 

All Scotland 541,930 514,229 494,671 473,960 582,586 472,524 
Olyde 501,490 459,627 457,136 441,045 480,320 432,384 
The Clyde total represents 31.6 per cent. of the 
total indicated horse-power produced in the United 
Kingdom, as. compared with 36 per cent. in 1902; 
294 per cent. in 1901 ; and 36 per cent. in 1900; while 
in the years prior to that the average was about 32 per 
cent., so that it will be seen that the state of the trade 
on the Clyde has moved almost pari passu with the 
general condition throughout the country. In auxiliary 
machinery, the Clyde, perhaps, plays a bigger part 
than any other district, in view of the very wide appli- 
cation of many of the productions, as, for instance, the 
Weir pump, the Napier windlass and capstan gear, and 
other specialities, applied to vessels built not only in 
England, but also on the Continent. 

The output of the principal engineering firms is 
given in Table XII., and to those firms which did not 
construct the hulls of the ship there is added an 
asterisk. It will be noted that Messrs. John Brown 
and Co., Limited, of Clydebank, top the list with an 
output exactly equal to that of 1901—more than double 
the machinery total of 1902, but 8700 horse-power less 
than in 1900. The past year’s total is made up of the 
machinery for two warships and four large merchant- 
men. The Fairfield Company come second with 53,300 





Dredging craft is 





indicated horse-power, which is also partly composed 


of warship machinery and merchantmen, the firm 
having supplied new engines to two gunboats, the 
machinery of the battleship Commonwealth, two Union- 
Castle liners, and several other craft which will be 
referred to later. The third firm on the list is Messrs. 
Denny, of Dumbarton, who have been so closely iden- 
tified with the construction of turbine machinery for 
Channel steamers ; but to the work done by this and 
other firms, who are also shipbuilders, we shall refer 
later, and may therefore confine ourselves now to a 
brief notice of the work of purely engineering firms. 
Messrs. David Rowan and Co., Limited, have engined 
eighteen vessels, two of them having twin-screw 
machinery ; the collective horse- power is about 
the same as in the previous year, and the two 
past years mark the highest state of activity of this 
progressive firm. All the engines were for Clyde-built 
ships, the power ranging from 710 up to 3100. Messrs. 
Dunsmuir and Jackson, Limited, of Govan, have a 
total of 22,180, including ten sets of triple-expansion 
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; 1903. | 1902. 1901. | 1900, 
Name of Firm. BES a SP Ae 
I.H.-P. | 1.H.-P. | H.-P. | H.-P, 
John Brown and Co., Limited, | 

Clydebank... - ..| 61,000 | 24,500 | 61,000 | 70,300 
Fairfield Company, Limited, | | 

Govan .. a * ..| 53,800 | 45,750 | 57,000 | 37,180 
Denny and Co., Dumbarton ..| 47,780 | 41,920 | 30,650 | 31,700 
David Rowan and Co., Glas- | | 

gow*: .. oa - ..| 31,000 | 31,5 19,280 | 27 
A. Stephen and Sons, Linthouse} 25,650 | 23,540 | 18,100 | 29,2 
Caird and Co., Greenock ..| 24,000 | 10,000 | 9,300 | 25,0 
Dunsmuir and Jackson, Govan"| 22,180 | 22,600 | 24,700 | : 

D. and W. Henderson and Co., 

Limited, Glasgow ..| 16,400 | 35,300 | 18,450 | 20,500 
Scott and Co., Greenock ..| 15,000 | 31,100 | 15,010 | 23,130 
Barclay, Curle, and Co., Limi- 

ted, Glasgow .. ag .-| 14,650 | 25,250 | 11,900 | 9,900 
Rankin and Blackmore, Gree- 

nock* .. a w ..| 11,900 | 11,650 | 16,300 | 16,000 
W. Simons and Co., Limited, 

Renfrew pe a ..| 10,855 | 12,545 | 9,205 | 12,375 
J. G. Kincaid and Co., @ree- 

nock* .. Fy AR ..| 10,216 | 11,200 | 18,250 | 10,700 
Ross and Duncan, Govan* 10,L00 | 12,225 | 10,615 | 10,480 
Clyde Shipbuilding and Engi- | 

neering Company, Limited, 

Port Glasgow .. a ..| 9,600 9,550 | 10,600 | 1,400 
Fleming and Ferguson, Limi- | 

ted, Paisley .. “2 ..| 9,800 | 9,200 | 6,100 | 8,450 
Muir and Houston, Kinning | | 

Park* .. at ia ..| 8,930 | 11,410 | 13,000 | 14,950 
Bow, M’Lachlan, and Co., | } 

Paisley .. mie af ..| 7,720 | 6,485 | 6,100 | 8,950 
A. Rodger and Co., Govan ..| 7,100 | 3,100 | 2,000 | 6,800 
W. V. V. Lidgerwood, Coat- | } | 

bridge* .. + es ..| 6,930 | 5,275 | 7,680 | 10,120 
A. and J. Inglis, Glasgow 6,050 | 12,170 | 7,150 6,350 
McKie and Baxter, Govan* 5,870 5,640 4,400 3,960 
Lobnitzand Co., Limited, Ren- | 

frew pe am aa ..| 4,830 | 3,660 6,150 7,050 
Campbell and Calderwood, 

Paisley* ne a ..| 4,065 | 3,860 2,365 3,630 
Hutson and Sons, Glasgow* ..| 3,600 | 5,670 4,050 | 12,500 
White and Hemphill i 1,490 850 -- -- 
Renfrew Brothers* -.| 1,450 -- _ 
Lees, Anderson, and Co.* _..| ‘1,180 1,950 -- -- 
Alley and MacLellan, Glasgow 350 820 30 130 
Gauldie, Gillespie, and Co., 

Glasgow* as on 810 a — 
Fisher and Co., Paisley* ee 800 1,205 800 655 
D. J. Dunlop and Co., Por 

Glasgow sa at aa 600 | 6,700 4,100 3,900 
London and Glasgow Company, 

Limited. . ie ai aa a= 25,500 | 28,300 3,700 
W. Beardmore and Co., Glas- 

gow & aa pe 2 _ 5,900 | 15,500 6,150 

















* These firms do not build ships. 


engines for vessels built by various firms on the Clyde, 
the power of the separate units- ranging from 1150 to 
3500 indicated horse-power. This total is, curiously 
enough, within a few figures of the output of 1902, but 
it is much less than in the two preceding _— 
Messrs. Rankin and Blackmore have engined during 
the year five vessels built by Messrs. Russell, of 
Greenock, with a total of 11,900 indicated horse- 

wer—practically the same as in the preceding year, 
ut quite 30 per cent. less than in 1901 and 1900. The 
engines varied between 2050 and 3000 horse-power ; 
the work on hand includes four sets of triple-expansion 
engines, aggregating 13,300 indicated horse-power. 
Messrs. John G. Kincaid and Co., Greenock, return 
as the production of the past year 10,216 indicated 
horse-power, all for vessels built on the Clyde. One of 
them was a yacht with compound machinery of 316 in- 
dicated horse-power, and the others were cargo steamers 
with single-screw engines of 1100 to 1900 indicated 
horse-power. The production is 984 indicated horse- 
power less than in the preceding year ; but in 1901 the 
tirm had a year of exceptional activity, when their total 
was over 18,000. Messrs. Ross and Duncan, of Govan, 
supplied 26 sets of engines of 10,100 indicated horse- 
power—an average output; only one of the sets 
exceeding 1000 horse-power, and this large engine, 
like several others, was exported. The firm sup- 
plied engines for several vessels built at English 
vorts. In addition to the boilers for the engines 
ouilt, the firm constructed seventeen separate boilers 
to supply steam for 8760 horse-power. Messrs. 


Muir and Houston have had the misfortune to reduce 
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their total was 24,700 indicated horse-power. 
year it was 8930 indicated horse-power—the power of 
the machinery for sixteen vessels, two of which were 
built in Ireland. Mr. W. V. V. Lidgerwood, of Coat- 


their output each successive year since 1899, when | 4200 tons less than in the previous year, but 1500 tons 
Last | 
| the firm was 34,555 tons. 
| steamers were also constructed by Messrs. Stephen 


In 1900, however, the output of 
The engines for these three 


more than in 1901. 


and Son, bringing their indicated horse-power to 


bridge, built machinery for 21 vessels, mostly of the | 25,650, which is well up to the average of preceding 


steam-trawler type, the total indicated horse-power 
being 6930. This, as shown in the table, is 1655 indi- 
cated horse-power more than in the previous year. 
The firm in 1900 produced machinery of 10,120 indi- 
cated horse-power. Of the 21 vessels engined, only 
six were built on the Clyde, eight others having been 
constructed by Messrs. Duthie, in Aberdeen, and seven 
by the Smith’s Dock Company, of Newcastle-on-Tyne. 
Messrs. McKie and Baxter have constructed 21 


sets of machinery, aggregating 5870 indicated horse- | 


power—-the largest output since 1899, when the total 
was 7825. The work on hand consists of ten sets of 
machinery, representing 2650 indicated horse-power. 
Messrs. Campbell and Calderwood, of Paisley, have 
built engines for 19 vessels, mostly of small power, 
but great variety ; two sets were of 800 horse-power, 
the others of less than 300 horse-power, the total 
horse-power being 4065—the highest output yet re- 
corded by the firm. Eleven of the vessels engined by 
them had screw-propeller engines; one, twin-screw 
engines ; two, stern-wheel engines, and five, side-paddle 
engines. Messrs. Hutson and Sons, Limited, engined 
five steamers, one of which was built on the Mersey 
by the Garston Company. The total indicated horse- 
power—3600—is 2000 less than in the previous year, 
and compares with 12,500 in 1900. Messrs. Fisher and 
Co., of Paisley, record the construction of three sets 
of compound surface-condensing engines for coasting 
steamers, the total being 800 indicated horse-power, 
and they have on hand two similar sets of engines of 
740 horse-power. The output is rather less than in the 
previous years. 

We now come to deal with the returns sent us by 
the several shipbuilding firms on the river. As in the 
ease of engine production, so with tonnage, Messrs. 
Brown, of Clydebank, top the list. They built four 
large intermediate ships, two for the Federal Line and 
two for the New Zealand Shipping Company, in addi- 
tion to the battleship Hindustan and the armoured 
cruiser Antrim; and thus their total tonnage is 
55,152—the highest recorded by the firm for several 
years. In addition to these, they overhauled three 
warships—the Terrible, which they themselves built 
some years ago, and the Aurora and Pelorus, each of 
which had their original machinery from the Clyde- 
bank Works, although they were built in the dock- 
yards. 
constructed thirteen vessels, totalling 45,810 tons ; but 
had the deck erections been included, this aggregate 
would have mounted up to 51,741 tons. The output 
is the lowest for several years, and is about 10,000 tons 
less than the average for the four preceding years. All 
the ships were for the merchant service, and were 
mostly of the cargo-carrying type. One of them was 
for Austria, a second for Denmark, while two awning- 
deck steamers were for service on the Canadian 
lakes. The Fairfield Company take third place for 
the past year, with a total which is 9000 tons higher 
than in the previous year, 10,500 tons greater than 
in 1901—more than double the total of 1900, and 
7500 tons better than in 1899. The total is largely 
swelled by the inclusion of the battleship Common- 
wealth, the Union-Castle liner Armadale Castle—the 
largest ship Jaunched on the Clyde last year, and fully 
described by us on page 780, of vol. lxxvi.—the inter- 
mediate Union-Castle liner Durham Castle, in addition 
to which the firm built a paddle steamer for the Cale- 
donian Company’s service on the Clyde, and four 
steamers (two paddle and two screw) for service 
between the Bosphorus and the Sea of Marmora. The 
company overhauled the Kinfauns Castle. 

* Messrs. William Denny and Brothers, of Dumbar- 


ton, come fourth on the list, with a total of 30,472! 


tons, which is about 10,000 tons less than in 1902, and 
about 5000 tons less than in 1901, but is very satisfac- 
tory, especially in view of the value and the variety of 
the work included. They built a twin-screw steamer for 
the Australian service of 6973 tons ; two successful 
turbine-driven screw steamers-—the Queen, for the 
Dover and Calais service; and the Brighton, for 
the Newhaven and Dieppe service—the yacht Sham- 
rock IIL, which challenged unsuccessfully for the 
America Cup, a paddle steamer for the Leopoldina 
Railway of Brazil, a 5066-ton steamer for Messrs. 
Patrick Henderson and Co.’s Indian service, a 4505- | 
ton steamer for the Union Steamship Company of New 
Zealand, and an intermediate steamer for the South- | 
Eastern and Chatham Railway. In addition to these | 
they constructed and shipped abroad steamers and | 
barges to a total of 9965 tons. Ali of these ships had 
their machinery from Messrs. Denny’s engine works, 
Messrs. Charles Connell and Co., Limited, of Scots- 
toun, built seven screw steamers, totalling 28,908 toas, 
all for British owners. This, as shown in our table, 


is a considerably lower output than in previous years. 
The three twin-screw steamers built by Messrs. Stephen 
and Son, of Linthouse, make up 23,612 tons, which is 








Messrs. Russell and Co., of Port Glasgow, | 


| years. Messrs. Barclay, Curle, and Co.’s return 
|includes two intermediate steamers for the Union- 
Castle Line, each of 5170 tons and 3650 horse-power ; 
two Liverpool steamers of 1502 tons and 1350 indi- 
cated horse-power, and a twin-screw steamer of 7600 
tons and 4650 indicated horse-power for Glasgow 
owners. The total tonnage—20,944--is well up to the 
production of several recent years, with the exception 
of that for 1902. The indicated horse-power of 
machinery is nearly 11,000 less than in the preceding 
year, although higher than the average for the three 
preceding years. Messrs. Scott and Co., of (rreenock, 
launched the largest oil-steamer yet constructed, and 
five of six vessels which they have in hand are for the 
China service, the total tonnage being 20,198, which 
is considerably better than in the two preceding 
years ; while the machinery power—15,000—is only 
half what it was in 1902, when a_battleship’s 
machinery was included, but it is about the same 
as in 1901. Messrs. Caird and Co., Limited, again 
|record the building of two P. and O. ships, each 
| of 9505 tons and 12,000 indicated horse-power, giving 
totals which, while higher than in the two preceding 
years, are scarcely up to the producing capacity of the 
firm, and certainly fall short of the maximum output 
obtained in previous years. Messrs. D. and W. 
Henderson and Co., Limited, built three steamers ap- 
proaching 5000 tons ; and two yachts—one of 900 tons, 
for the Countess M. de Béarn, of Paris, and the other 
of 424 tons, for Mr. Andrew Coats, of Paisley. These, 
in addition to six barges, make up a total of 17,989 
tons and of 16,400 indicated horse-power. The output 
|in the previous year was 39,849 tons, while of machi- 
nery the firm then produced 35,300 indicated horse- 
power. The past year’s total is therefore considerably 
less, and below the average of the recent years. 
Messrs. Rodger and Co. built four sailing ships of 
between 1900 and 2000 tons—one for Germany, one 
for Norway, and two for British owners, along with 
three steamers, the total tonnage being 17,648. They 
built machinery not only for these vessels, but also 
for three small vessels constructed by Messrs. Fuller- 
ton and Co., of Paisley, the total horse-power produced 
being 7100. The tonnage is about an average, and the 
horse-power is considerably better than in any year 
since the company took over engineering works in 
Govan. From the same works, however, the com- 
pany’s predecessors in 1899 produced 18,000 indicated 
horse-power. Messrs. Napier and Miller, Limited, 
built a large steamer for Greece, another for Britain, 
and a third for the Colonies, which, with two small 
yachts, make up a Board of Trade tonnage of 14,362 
tons, and with erections 16,768 tons. This is about 
20 per cent. less than the average for the three pre- 
ceding years, 

Messrs. William Beardmore and Co., Govan, 
launched the first-class armoured cruiser Carnarvon, of 
10,700 tons, and completed the sister-ship Berwick, 
for the Fleet Reserve ; while at the adjacent works of 
the London and Glasgow Company, the Cumberland, 
which was launched at the end of 1902, has been com- 
pleted, and an extensive overhaul carried out on H. M.S. 
Astrea and several mechant ships. The Roxburgh was 
built ready for launching, but the floating was delayed 
until this month. As to the work on hand, the com- 
pany have, in addition to the cruiser Roxburgh, a twin- 
screw steamer for London owners, of about 3500 tons 
and 2500 indicated horse-power. Messrs. Wm. Hamil- 
ton and Co. completed two floating docks, both for 
Rotterdam, the total lifting power being 10,500 tons, 
which is only half the tonnage returned by this firm 
in 1900. Messrs. McMillan, of Dumbarton, launched 
three steamers, of 9353 tons, which is far below the 
production of the three preceding years. The Ailsa 
Shipbuilding Company, who own works at Troon and at 
Ayr, have completed 10 vessels, of 8120 tons ; and they 
have on hand seven vessels, of 4000 tons. These 
vessels launched were of varied type, mostly for coast- 
ing and Channel service. Messrs. William Simons and 
Co. have produced dredging machinery totalling 7250 
tons and 10,855 horse-power, including eight dredgers, 
five of which were of the sand-pump type ; the largest 
was of 3000 tons and 3900 horse-power, for colonial 
owners. Messrs. Fleming and Ferguson’s return is 
also made up largely of dredging plant. They launched 
two dredgers, several hopper steamers, a submarine 
mining-boat, and a twin-screw tug, the total tonnage— 
7050—and indicated horse-power—9300 —being rather 
more than in the preceding years. Their work in 
hand includes five vessels, of 3000 tons and 5000 indi- 
cated horse-power, 

The Clyde Shipbuilding and Engineering Company 
have, as was the case last year, a total considerably in 
advance of the output of their predecessors. They 
built three steamers, and, in addition to supplying the 
engines for these, fitted also the machinery for two 
other vessels, the total horse-power being 9600, and 
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| 
1903 | 1902. | 1901. | 1900. 
Name of Firm. aes ae | aks i ee 
No.| Tons. | Tons. | Tons. | Tons. 
J. Brown and Co, Ltd.,} | 

Clydebank wf .-| 6 | 55,152 | 31,900 | 49,800 | 26,250 
Russell and Co., Port} 

Glasgow... = ..| 13 | 45,810 | 55,585 | 58,387 | 54,415 
Fairfield Company, Ltd.., | | 

Govan .. a ..| 8 | 39,053 | 30,300 | 28,565 | 17,765 
W. Denny and Brothers, | 

Dumbarton... ..| -— | 30,472 | 40,329 | 35,266 | 30,603 
©. Connell and Co.,} | 

Scotstoun < ..| 7 | 28,908 | 41,052 | 36,876 | 32,316 
A. Stephen and Sons,} | 

Linthouse . ..| 3 | 28,612 | 27,826 | 21,903 | 31,555 
Barclay, Curle, and Co.,| | 

Limited, Whiteinch fol 5 | 20,944 | 31,289 | 19,072 | 17,650 
Scott and Co., Greenock; 6 | 20,198 | 13,894 | 13,974 | 29,970 
Caird and Co., Limited, | 

Greenock ~ . | 2] 19,005 | 11,024 | 13,387 | 22,714 
D. and W. Henderson | 

and Co., Ltd., Partick) 11 | 17,939 | 39,849 | 21,843*) 29,045 
A. Rodger and Co., Port | 

Glasgow. . -. ..| 7 | 17,688 | 12,721 | 19,974 | 19,615 
Napier and Miller, Ltd. | 

Yoker .. ~ ..| 5 | 14,362 | 18,708 | 17,967 | 21,918 
Wm. Beardmore and Co., | 

Govan .. co ..| 1 | 10,700 | 15,258 | 17,600! 6,250 
Wm. Hamilton and Co., | 

Port Glasgow .. ..| 2 | 10,500$] 9,941 | 18,272 | £8,482 
A. MeMillan and Son, 

Limited, Dumbarton..| 3 9,353 | 17,055 | 13,738 | 15,010 
Ailsa Co., Ltd., Troon 

and Ayr.. a ..| 10] 8,120 | 5,919 5,004 5,340 
W. Simons and Co., Ltd., | 

Renfrew - me 7,250 | 8,050 8,650 | 15,700 
Fleming and Ferguson, | 

Limited, Paisley ..| 9] 7,050 | 6,400 | 5,400 3,390 
Clyde Company, Ltd., 

Port Glasgow. . me 6,246 | 6,783 4,265 1,709 
Grangemouth and Gree- | 

nock Co., Greenock ..| 5 6,241 | 12,404 | 12,696 4,910 
Mackie and Thomson, | 

Govan .. an ..| 13 | 5,242 | 4,193 6,377 6,301 
Lobnitz and Co., Ltd., 

Renfrew. . am ..| LL] 4,534 1,240 | 5,406 | 8,100 
Campbeltown Company, 

Campbeltown .. ..| 3] 4,509 | 3,204 3,156 4,473 
A. and J. Inglis, Glasgow} 2 4,301 | 10,875 | 12,204 7,451 
Alley and = Maclellan, | 

Glasgow . . es ..| 2 3,119 3,157 2,491 1,105 
Bow, McLachlan, & Co., 

Limited, Paisley «4d 7). 9088 2,951 2,208 2,602 
Scott and Sons, Bowling! 9 | 2,679 1,228 1,373 1,264 
J. Reid and Co., Ltd., 

Whiteinch .| 2] 2,511 5,951 2,217 4,296 
G. Brown and Co., 

Greenock oa --| 6 | 1,827 900 350 — 
Murdoch and Murray, 

Port Glasgow .. 4 SS 780 6,083 2,117 3,351 
R. Duncan and Co., Ltd., \ 

Port Glasgow .. .-| 1} 1,609 | 15,613 | 14,931 | 12,000 
John Fullerton and Co., 

Paisley .. .. «| 4] 1,500 | 2,818 | 1,735 | 2,365 
Ritchie, Graham, and 

Milne, Govan .. .-| 14 1,310 2,346 2,950 1,620 
Irvine Company, Irvine 2 1,256 153 1,840 1,620 
Ardrossan Company, Ar- 

drossan .. 8 oof 797 2,167 761 920 
D. J. Dunlop and Co, 

Port Glasgow .. Be TEX 605 8,670 5,433 8,320 
P. MacGregor and Son..| 6 435 104 — a 
J. Shearer and Sons, 

Glasgow. . ate Pe he | 300 1,462 966 266 
Wm. Chalmers and Co., 

Govan .. ms ee 257 850 776 410 
W. Fife and Son, Fairlie} 4 194 290 230 63 
D. M. Cumming, Glasgow| 4 154 347 620 200 
J. and J. Hay, Kirkin- 

tilloch .. “i re 140 185 120 100 
Marshall and Co., Mary- 

hill os of me Le 93 140 - 
Abercorn Company, Pais- | 

ey zs ies me her 70 83 —|- 
R. McAlister and Son, 

Dumbarton... BS Ek. | 58 64 190 69 
London and Glasgow 

Company, Limited, 

Glasgow - | — 13,835 | 17,°52 4,709 
8. McKnight and Co., 

Limited, Ayr § | a = 1,691 1,215 














* Includes a dock caisson. 

t Includes additional tonnage due to lengthening of vacht. 

t This tonnage is lifting power of two docks for Rotterdam. 

§ This yard is now aa by the Ailsa Shipbuilding Company, 
Limited, Troon, and the tonnage built at Ayr is included in the 
Troon total. 
the tonnage 6246; but with erections it is 7935 tons. 
At the Greenock Works of the Grangemouth and 
Greenock Company, five vessels were built, all of them 
for foreign owners. Messrs. Mackie and Thomson 
built three steamers—one for Rotterdam and two for 
Swanseaowners—a small New Zealand coasting steamer, 
and nine fishing craft, the total of the thirteen vessels 
making up 5242 tons, which is about the average for 
the past four years. The work done by Messrs. Lob- 
nitz and Co., Limited, was mostly of the dredger type, 
including two screw tugs, a small twin-screw steamer, 
one hopper-barge, four dredgers, and five sets of gold- 
dredging machinery, the total being 4534 tons and 
4830 indicated horse-power. As shown in the table, 
this is better than in 1902, but falls short of the returns 
in the three previous years, Of the Campbeltown 
Company’s three steamers, one was for Belgian owners, 
and the other two for British companies. The total is 
about the average of: the preceding three years, 
although only half what it was in 1899. Messrs. A. 
and J. Inglis built a steamer for the British-India 








Company, and a steam yacht of 366 tons for Mr. P. M. 
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Inglis, making a total much less than in previous years, 
Messrs. Alley and McLellan produced 22 vessels— 
stern-wheel steamers, launches, paddle steamers, and 
barges—totalling 3119 tons, and, in addition, the firm 
built four sets of paddle engines, aggregating 350 
horse-power, for Calcutta vessels. 

As to the other firms, want of space prevents us 
from more than indicating generally the work done, 
the comparative figures for previous years being given 
in Table XIII. Messrs. Bow, McLachlan and Co.’s 
total includes three twin-screw and three single-screw 
vessels, and a steam yacht for Sir J. D. Pender, with 
two other merchant vessels. Messrs. Scott and Sons 
built nine vessels for coasting service, all of them 
owned in this country, and all fitted with machinery 
by Clyde firms. The output by Messrs. John Reid 
and Co., Limited, of Whiteinch, is made ig he a ferry- 
steamer of 55 tons, and the largest barque built during 
the year—for Germany. Messrs. George Brown and 
Co., of Greenock, built a small cable-repairing steamer, 
a passenger steamer, a steam yacht, and three cargo 
vessels, the aggregate being 1827 tons. They have on 
hand a small petrolsteamerfor the Eastern Sea Fisheries, 
a steam yacht, and a caisson for Rio de Janiero—total- 
ling 670 tons. Messrs. Murdoch and Murray’s four 
vessels were all small steamers, one of them being for 
Iquitos ; they have one vessel on hand of 590 tons. 
Messrs. Robert Duncan and Co.’s single steamer was 
for Glasgow owners, and her machinery was made 
by Messrs. Rowan. Messrs. John Fullerton and 
Co. built four steamers, the largest 648 tons. All 
were for British owners. Messrs. Ritchie, Graham, 
and Milne’s output included four stern-wheel steamers, 
a vehicular ferry, a composite yacht, a caisson, a 
herring-drifter, and six barges, most of them being 
for foreign owners. Of the Irvine Company’s two 
steamers, one was of 1075 tons, and was for the Moss 
Line. The Ardrossan Company built four steamers, 
the largest being 275 tons. The one steamer built by 
Messrs. D. J. Dunlop and Co. was for the African 
coasting trade. The one vessel by Messrs. John 
Shearer and Sons, Limited, was for Belfast owners. 
Messrs. W. Chalmers and Co., of Glasgow, built 
three tugs for foreign owners, and a drifter. Messrs. 
Fife’s four vessels were racing yachts—two of them 
cutters, and the other two of yawlrig. Mr. D. M. 
Cumming built a stern-wheel steamer, with a Tolch 
oil-engine of 50 brake horse-power, and three small 
craft, the production being the lowest for six years. 
Messrs. Marshall’s one vessel, of 93 tons, had com- 
pound surface-condensing engines, and was for Ber- 
wick-on-T weed. 


(Zo be continued.) 








RAISING WATER BY COMPRESSED AIR. 
To THE EpiToR oF ENGINEERING. 

Str,— Your correspondent, Mr. Woodhouse, is incorrect 
in referring to equation in your current issue asa formula. 
It is merely the working out of an. example by Mr. 
Hanssen’s formula in your issue of December 18. He has, 
moreover, misquoted both formula and equation, the 
numbers 132 and 12 should be added, not multiplied 
together. This is apparent if Mr. Hanssen’s reasoning is 
followed. 

Mr. Hanssen’s remarks in current issue agree with my 
own deductions—that a straight well-tube is generally 
more economical than a tapered one. I should like to go 
a step further, and try a pipe smaller at top than at 
bottom, and am inclined to think that under some con- 
ditions that arrangement would give best results. 

In ‘J. A. W.’s” formule there appears to be a clerical 


error. In squaring + ° the sign d is substituted for a: 
a 
this error seems carried through to the final formula. 

It hardly seems correct to say that frictional head takes 
no account of the mass of air, as v in the formula includes 
the volume of both air and water. However, the small 
discrepancies that occur in estimating the theoretical 
quantity of air required are of little practical importance. 
The unknown quantity due to slip, and loss due to velocity 
wasted at ye og are such large factors, and seem to 
vary so widely under different conditions, that only trials 
under those conditions will determine the amount. 

I remain, yours, Xc., 
A. M. PHILPs. 

39, Derby-grove, Nottingham, January 9. 





To THE EpIToR OF ENGINEERING. 

Str,—In your current issue “J. A. W.” says that, with 
our permission, he would appreciate criticism. As he 
as taken up over a column of your valuable paper with 

his absurd formule, &c., may I hope I am not trespassin 
on your space with the few following remarks on his a 
other letters on the subject. 

Taking “J. A. W.’s” formula (1), we have 


(V x 62.4 x ho x .62)— (V x a x r*) = 
(V x 62.4) hg = 0. 5 
Dividing out by common factor V x 62.4, we have 
72 
2y 
Now hs varies as v2, and hg is practically a constant. 
*. va variable, depending on the air supply, is pro- 


ho X 62 = hg 4 


Again, to take a numerical case—i.c., the Ilford plant— 
Ww : 
hz is about 12, and - is somewhere about unity, also 
2g 


ho = 209. 

.*. .62 x 209 = 13 is what ‘‘J. A. W.” has assumed. 
What does he think he has proved, except that he is 
writing nonsense ? 

I should advise Mr. Woodhouse, the writer of the next 
letter, on page 59, to practice his arithmetic. He will then 
find the correct answer to his little sum is 1.097, which is 
nearer 1.1 than 12. 

Mr. Hanssen writes on this subject as though he had had 
good experience of air-lifts—he puts his opinions in such 
dogmatic language. If this is the case, it is a pity he 
does not give us some numerical results of his experience 
or of the tests which he may have made. These facts 
would be of far more value than the unproven formula 
which he tells us he uses. He says this formula is scien- 
tifically correct ; but, if so, he has discovered more than 
he thought he had—namely, how to create energy, as the 
following consideration will show. 

Using the same notation as Mr. Hanssen (page 841), the 
energy given up by the volume Vp, of air expanding 


isothermally from pressure p; to pp is py Vo log. ”'. The 
} 


) 
work done on the water against gravity and telethon is 
Q p (ho + f) 9g, where P is the density of water 
*. neglecting all other losses of energy (such as the 
kinetic energy of the discharge), we can obtain a mini- 

mum value of Vo. 
ro Vo log..P! = Qp (he +f) 9 

Po 
but 
g eye Py ae 
No + — OE 

“Vo= 2T JI Mm ; 


hy Po log. . (1) 
But, according to Mr. Hanssen, x 
Vy = @la +f) (1 + log. Aa) (2) 
hy Po 


. ‘. if we can show that the V, from equation (2) is less 
than that obtained from equation (1), we have in the 
working of an air-lift, according to Mr. Hanssen’s for- 
mula, « creation of energy. 

i.e., we need only show for a particular value of the 


) 


fraction ”!, that 

ey 

Po 

Then log. 2!= 2.0794, 
Po 


Po 
log.” (14 log. *) is less than ( 
To \ Po 


Put “= 8, 
y 


Po 
and log. PH + log. m) is less than 7. 
Po Po 


I regret I have to disprove Mr. Hanssen’s formula 
by this reductio ad absurdum ; but, as he gives no proof, 
it is the only way left. 

With regard to the original paper, which has led to the 
production of all these startling formule, we are told by 
the author on page 729 that Fig. 1, on page 675, is em- 
ployed mainly in illustrating a principle. If this is the 
case, it isa pity it is such an incorrect illustration of the 
principle in question. For, assuming a regular stratifica- 
tion of air and water, as the author wishes, of course 
owing to the greater pressure, the air spaces at the bottom 
of the tube should be drawn much smaller than those at 
the top, instead of the equal divisions of the figure. 

Of course, if we assume the velocity of the water at any 
int is the same as that of the air at the same point, as 
Mr. Maxwell assures us it is, then, owing to the very vary- 
ing density of the mixture, the velocity will also vary, 
being many times greater at the discharge point than at 
the inlet to the rising pipe. Most of your correspondents 
quite ignore this fact, and talk of the velocity in the pipe 
as though it were constant, misled, no doubt, by Mr. 
Maxwell’s highly-illustrative figure. I hope your future 
correspondents on this subject will be on their guard on 
this point. 

I was much struck by the scientific insight shown by 
Mr. Maxwell in one of his arguments. He gives a list 
of his experiments with the Tunbridge plant on page 677, 
and in columns 9 and 19, he gives the ratio of immersion 
of air-pipe to lift. He finds the greatest efficiency with 
a ratio of 2.2, and argues therefore that this is the correct 
ratio. He fails to notice that this is the greatest ratio 
he has worked with, and that consequently there is nothing 
to show that a higher ratio still would not give an even 
better efficiency. 

Lastly, there is another little point to which I should 
like to call Mr. Hanssen’s attention—namely, his argu- 
ment at the end of his last letter. He says it is evident 
that the larger volume of water in the taper pipe neces- 
sitates a larger consumption of air. If this is so, the 
argument is equally g the other way ; and by decreas- 
ing the area of the pipe at discharge, the air consumption 
can be decreased. Of courze, if Mr. Hanssen will think 
for a moment, he will remember that the pressure in a 
reservoir depends only on the depth, and not on the area; 
similarly in the taper-pipe the density is unaffected by 
the area. 

Yours truly, 


Preston, January 11, 1904. C. C. Mason. 





THE APPRECIATION OF TECHNICAL 
EDUCATION. 
To THE EDITOR oF ENGINEERING. 
S1r,— Professor Thompson has earned the thanks of all 
fair-minded engineers by publishing the correspondence 








It is scandalous that a public body should free itself from 
the obligation to pay its servants a decent salary by such 
means. That it is true economy I do not fellow for 
theengineer cannot honestly receive a premium and not 
devote a considerable portion of his time to the instruc- 
tion of his pupils. 

It is, however, on the professional aspect that I ask 
you to allow ne space for a few remarks. 

The pupil system stands condemned by nearly all dis- 
interested engineers as worthless and demoralising. 
Whatever need there may have been for it in the past, it 
has disappeared with the advent of the technical colleges ; 
the best of which give an infinitely better and more com- 
plete training, and render a pupilage in what is called civil 
engineering quite unnecessary. A man who has done well 
in one of the two colleges of the City and Guilds of 
London Institute is certainly capable of earning a small 
wage, at any rate at first, in the drawing-office. In the 
case of mechanical engineering, a mechanic’s knowledge 
of tools is undoubtedly essential, but this again can be 
obtained better as a common apprentice. 

But it is no good blinking the fact that the consulting 
engineers of Westminster maintain this farcical system 
for their own profit; and by their enormous patronage 
and a tacit understanding among themselves, they exclude 
from the best positions in the profession all but those 
wealthy enough to pay the toll. 

The only way to break down this pernicious system is 
for the Government to exclude from the public service 
all engineers who have been pupils. It is only by some 
drastic measure as this that technical cducation can 
assume its proper position in relation to the engineering 
profession ae industries. ‘Till then, they are only traps 
to catch and deceive the inexperienced would-be engineer 
who does not happen to be born with a silver spoon in 
his mouth. 

I am, your obedient servant, 
A 








MACHINERY FOR WORKING GRAPHITE. 
To THE EpiToR OF ENGINEERING. 

Sir,—We should be greatly obliged if some of your 
readers could tell us where the following machinery, 
which we require for working graphite, can be obtained :— 

One dressing or washing machine for low classes of 
graphite (with little or no iron sesquioxide). 

One crusher for hard graphite and feldspar (scale of 
hardness 6). 

One mixer for making the paste with graphite and clay. 

One machine for making the pencils from the paste. ’ 
Cylindric press with perforated top (round and square 
holes of different sizes) in the Conte system or the ancient 
saw system. 

One machine for making wooden cases (square and 
round) to the usual sizes. 

One kiln for baking pencils, crucibles, and fire-bricks, 
burning wood and charcoal. 

One machine for moulding crucibles before baking, or a 
lathe suitable for pottery purposes. 

One machine for printing the pencils. 

We are, yours faithfully, 

London, January 15, 1904. GRAPHITE. 








WORKING STRESSES. 

To THE EpIToR OF ENGINEERING. 
Sir,—We are interested in your leading article of 
January 1, and especially in regard to the use of high 
carbon steel for engine work. In our high-speed launch 
machinery we have been using for about ten years steel 
between 40 to 50 tons tensile for crankshafts and piston- 
rods, and for the last five or six years for our high-s 
engines for electric lighting and power duty, steel about 
45 tons tensile. In no case has this steel failed under 
heavy loads and heavy changes of load and heavy over- 
loads, and the surfaces and durability are everything that 
can be desired. 
Toexemplify the high duty performed, we may mention 
some tests lately taken with Sisson engines 64 in. and 
104 in. by 6 in., revolutions per minute about 600, over- 
load capacity about 90 brake horse-power, and economical 
rating normal full load in continuous running with atmo- 
spheric exhaust, 70 brake horse-power ; and similarly, 
economical rating for condenser exhaust, about 60 brake 
horse-power. 
Similarly, 94 in. and 15 in. by 9 in., 450 revolutions 
per minute, overload capacity, 180 brake horse-power, 
economic rating with atmospheric exhaust, 150 brake 
horse-power, and for condenser exhaust, 130 brake horse- 
power. These shafts and rods are proportioned by taking 
into account the alternation of stress and by taking the 
permissible stress as follows :— 


F a ( 


~<- 
F being the ultimate tensile stress of the material, and 
the second part of the expression, of course, becoming 
negative when the stress changes its sign in the operation 
of the machine. 


min. stress 
Inax. stress 


Yours faithfully, 


Gloucester, January 13. W. Sisson anp Co. 








Borsia@’s Locomotives: ErratumM.—In our article on 
typical locomotives built at Borsig’s Works, at Tegel, near 
Berlin, in our issue of the 8th inst., a slip occurred in 
connection with the Italian engines described on page 44 
ante. It was stated that the engraving, Fig. 80, re- 
presented the goods engines described in the concluding 
paragraph, whereas, as indicated by the sub-title to the 
ilustration, the photograph reproduced showed the four- 
cylinder compound express locomotives referred to in the 








portional to a constant ho. 





between himself and the Erith Urban District Council. 





preceding paragraph. 
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INDUSTRIAL NOTES. 


Tue returns to the Labour Department of the Board 
of Trade show that while employment generally de- 
clined in the past month, there was some improvement 
in the coal and cotton industries. This conclusion is 
based on 3950 returns—2533 from employers and their 
associations, 1332 from trade unions, and 85 from 
other sources. It appears that the proportion of unem- 
ployed trade union members was above the mean per- 
centage of the last ten years at same date. The 228 
trade unions specially dealt with had an aggregate of 
559,897 members; of these, 37,501, or 6.7 per cent., 
were unemployed, as compared with 6 per cent. in 
the month previous, and 5.5 per cent. a year ago. The 
mean percentage for the last ten years was 4.8 per 
cent. In the coal-mining industry there was some 
improvement, but trade was not so good as a year ago. 
At collieries employing 504,984 workpeople, the pits 
worked on an average 5.40 days per week, as compared 
with 5.24 days in the month previous, and 5.51 days a 
year ago. But as aset-off, 2.1 per cent. more workers 
were employed. Employment continues good in iron- 
stone mining. At the 137 mines and open works 
covered by the returns, at which 15,770 persons were 
employed, the average time worked was 5.77 days— 
previous month, 5.74 days; a year ago, 5.76 days. 
In the pig-iron industry there was a decline in 
employment ; it was much worse thana year ago. At 
the works of 112 ironmasters included in the returns, 
20,000 workpeople were employed; the number of 
furnaces in blast was 295, as compared with 314 in the 
previous month, and 317 a year ago. Employment in 
the manufacture of iron and steel shows little change, 
but is rather worse than a year ago. At the 200 
works covered by the returns, 72,780 workpeople were 
employed ; the total volume of employment, including 
numbers employed and shifts worked, shows a de- 
crease of 0.6 per cent. as compared with the month 
previous, and of 1.3 per cent. a year ago. The tin- 
plate industry has declined somewhat, and is not so 
good as a year ago. There were 353 mills in opera- 
tion ; previous month, 360; a year ago, 386. The 
number employed was about 17,600 workpeople. 


In the engineering trades employment has further 
declined. The number of unemployed union members 
was 7.7 per cent.; previous month, 6 per cent.; a year 
ago, 6.6 per cent. There has been a slight improvement 
in the shipbuilding trades, but employment is still 
bad. The proportion of unemployed union members 
was 16.7 percent. ; previous month, 17.1 per cent. ; a 
year ago, 14 per cent. Employment in the building 
trades shows a decline, and is worse than a year ago. 
The proportion of unemployed union carpenters was 
7.9 per cent. ; plumbers, 7.9 per cent. In the wood- 
working and furnishing trades it is the same—the pro- 
portion of union members out of work was 8.2 per cent. 
In the printing and bookbinding trades employment 
was good with letterpress printers and bookbinders, 
but moderate with lithographic printers. The propor- 
tion of unemployed union members was 3.5 per cent. 
—about the same as a year ago. In the paper trades 
employment was good in Lancashire and Scotland ; 
elsewhere it was moderate on the whole. The propor- 
tion of unemployed union members was 3.1 per cent. ; 
previous month, 2.4 per cent. ; a year ago, 2.2 per cent. 
In the glass trades employment is bad in the bottle 
branch, moderate in the flint-glass branches. 

Employment in the spinning branch of the cotton 
trades is fair; the improvement noted in last month’s 
returns is maintained. The weaving branches have 
also improved, but they are still very slack. In mills 
and factories employing about 103,000 females, only 77 
per cent. in the spinning mills and 47 per cent. in the 
weaving sheds were on full time. In the same month 
a year ago the proportions were 94 per cent. and 78 per 
cent. respectively. In the woollen and worsted 
trades there is a decline, especially in the latter. In 
firms employing 78,800 persons there was a decrease 
of 1.9 per cent. in the total employed, and of 2.9 per 
cent. compared with a year ago. The hosiery branches 
continue bad—worse than a year ago. The jute and 
flax trades are reported to be fair. Employment in 
the boot and shoe trades is slack. In firms employ- 
ing 74,679 workpeople there was a decrease of 1.6 
per cent., but an increase of the same proportion as 
compared with a year ago. But only 57 per cent. 
were on full time. The other leather trades are also 
slack ; 8.3 per cent. of the union members are reported 
to be unemployed. Employment in the tailoring 
trades generally is bad; in the ready-made branches it 
is much worse than a year ago. The hat and cap- 
making branches continue dull and slack. Employ- 
ment of agricultural labourers was good, except in 
so far as the weather interfered with their work ; but 
the demand for casual labourers was small; in most 
districts the local supply was quite sufficient. Icck 
and riverside labour was fairly employed on the 
whole, and showed little change. The average number 
employed at the London docks and wharves was 





14,638—a decrease of 3.3 per cent. compared with the 
month previous, but nearly the same as a year ago. 

The total number of workpeople involved in labour 
disputes in the month was 7304, compared with 13,763 
in the previous month, and 15,830 in the same month 
a year ago. The aggregate duration of the disputes 
in the month, new and old, amounted to 125,000 
working days, compared with 108,400 in the previous 
month, and 309,000 days in the same month a year 
ago. Only 10 disputes began in the month, involving 
2627 persons. In the month previous there were 30 
disputes ; in the same month a year ago, 15. Settle- 
ments were effected in 19 disputes, new and old, 
affecting 3751 workpeople. Of these, five disputes, 
affecting 922 persons, were decided in favour of the 
workpeople; six, invoiving 1466 persons, in favour of 
the employers; while eight, involving 1363 persons, 
were arranged by negotiation and compromise. 
The changes in the rates of wages reported in the 
month affected 368,400 workpeople, of whom about 
1000 received advances in wages, and 367,400 sustained 
decreases. The net effect of all the changes was a 
decrease of 18,500/. per week. The changes in the 
month previous affected 153,600 persons, the net result 
being a decrease of 6800/. per week. The more impor- 
tant changes were in the coal-mining districts connected 
with the National Federation, including Bristol and 
Somerset, affecting some 346,000 persons, who sustained 
a decrease of 5 per cent. on the standard rates. There 
were also 13,500 persons employed on the North-East 
Coast in shipbuilding and kindred trades who also 
suffered a loss of 5 per cent. Three of the changes, 
affecting 286,000 persons, were effected by conciliation 
boards ; three, affecting 6900, by sliding scales. The 
remainder, affecting about 75,500 persons, were 
arranged by negotiation and compromise, without 
stoppage of work. 


It has often been intimated in ‘‘ Industrial Notes” 
that the Labour Party in Australia had pursued a 
policy so aggressive and defiant that it was arousing 
a powerful opposition which would be felt at no 
distant date. Events have hastened a combination 
of interests—political, social, and industrial—which 
threaten a conflict with the Labour Party, which, 
unless the latter shape another course, will be relent- 
lessly fought to the bitter end. It would seem that 
the labour leaders and their followers take such action 
as to make it appear that labour is to dominate over 
every other interest. They disregard great political 
issues, and parties, or sections of parties, and act 
alone, with a set purpose to dictate terms. Such a 
policy is fatal to progress ; and, what is more, it cannot 
succeed. lt may break up parties and delay legisla- 
tion, but. it cannot build up a State. The Leader of 
the Opposition in Australia has declared emphati- 
cally against such a policy, and denounced the tactics of 
the whole Labour Party in the Legislature with two 
exceptions, whom he names. This is a sweeping de- 
nunciation and will lead to further complications. 
The whole labour policy is regarded as a species of 
socialism, not quite of the European type, and not so 
mechanical as that of the Social Democratic Federation 
in this country, but. still socialistic. The Labour 
members do not want the State to do everything—em- 
ploy, pay wages, distribute produce, &c.; but they do 
want that the State shall harass industry by such regu- 
lations as will hamper the employer, and benefit the 
employed at the same time. This is scarcely possible 
to the extent apparently desired. There is a point 
beyond which regulation cannot go without disaster 
to all concerned. The wise and prudent will stop 
ere this limit is reached. 


It is impossible to omi_ reference to the labour ques- 


tion in South Africa. It is forced to the front in many 
ways—by reports of meetings held in various parts of 
South Africa, and of the tactics alleged to be pursued 
by the mine-owners and others to force a decision to 
allow the importation of Chinese. Mr. Dick Seddon has 
spoken about it in Australia, and he desired that all the 
self-governing colonies should combine in a protest to 
the Imperial Parliament against any such importation 
as proposed. It is said that Canada will not join. But 
that does not much affect the position. Canada is not 
so nearly affected as Australia might be, and the latter 
has determined to maintain those colonies as the white 
man’s preserves. The latest reports from South Africa 
indicate a much more powerful opposition than many 
|suppose. It is said that great meetings, demonstra- 
| tions in fact, have been held in Pretoria, Kimberley, 
|and many other great centres, at which the proposal 
|to introduce Asiatics was denounced. It is further 
|stated that meetings in support thereof have been 
| organised by corrupt means and by intimidation. This 
kind of charge is, however, always being made in South 
Africa, but real evidence is never forthcoming to sup- 
port it. It was not so long since that the late editor 
of the Johannesburg Star was accused of being a mere 
tool of Hebrew financiers, and yet, as the result has 
shown, no one has proved himself more strongly 





| opposed to yellew labour. Prudent people at home 





must therefore trust the Imperial officers, who are, 
at any rate, honest, and in some cases, at least, of 
great ability. 


At the quarterly meeting of the Midland iron trade, 
held in Birmingham, the price of marked bars was 
reduced 10s. per ton, but in common iron there was 
no quotable change. Gas-strip was reduced 5s. per 
ton ; there was no change in steel, but pig iron was 
6d. per ton cheaper. What the effect of these changes 
will be it is too early to predict. It is said that 
galvanisers report record shipments for the past year ; 
but there is little indication of what the course of 
trade will be in the current year. The business done 
in finished iron in the Midlands up to the eve of the 
quarterly meeting was restricted to pressing require- 
ments by consumers ; but stocks generally are very 
low, so that a brisker trade is likely to result from 
the recent reductions in prices. The engineering 
and allied trades in the Midlands show a slacken- 
ing off generally. Taking the returns of trade 
unions covering Birmingham, Wolverhampton, and 
Coventry districts, there was an aggregate of 6151 
members ; of these, 4.9 per cent. were unemployed, 
as against 4.1 per cent. in the month previous, 
and 3.1 per cent. a year ago. The increase last month 
over that of a year ago was equal to 1.8 per cent. —not 
an alarming increase when all the circumstances are 
considered. Taking the branches, it is reported that 
iron-founders have been well employed at Birmingham 
and Coventry, while engineers were fairly well em- 
ployed at the former, badly at the latter place. Elec- 
trical engineers were ective at Wolverhampton ; fairly 
busy at Birmingham. The cycle industry was moderate 
at Birmingham and Coventry, improving at Redditch, 
slack at Wolverhampton. The motor section is fairly 
good all round. Boiler-makers, bridge and girder con- 
structors, and tank-makers are moderately employed 
generally throughout the districts. 

Brass-workers in the Birmingham district have been 
fairly busy, but bedstead-makers report trade as bad, 
and fender-makers as moderate. Makers of nuts, 
bolts, rivets, nails, &c., report employment as quiet, 
but improving ; while makers of spikes, rivets, and 
wrought nails are quiet at Blackheath and Halesowen. 
Tube-makers report trade as moderate to slack—worse 
than a year ago; short time is being worked in some 
cases. Kmployment in the chain, anvil, vice, and anchor 
trades is quiet generally ; but some sections are busier 
than others. Makers of iron and steel forgings at 
Wednesbury report trade as moderate ; with spring 
makers at West Bromwich it is fairly good ; moderate 
with makers of railway springs and axles ; slack with 
coach ironwork. File-cutters and edge-tool makers at 
Birmingham and Wolverhampton are moderate to fair. 
In the lock, key, and more general hardware industries 
employment has been moderate to fair; in the wrought- 
iron and steel-hinge trade it is fairly good. The hollow- 
ware trades are good at Wolverhampton, moderate 
at Birmingham, and quiet at West Bromwich. Makers 
of electrical castings are well employed, while those 
engaged in the manufacture of iron fences, hurdles, 
spades and forks, black castings, stampers, pincers, 
galvanisers, and japanners, report trade as moderate. 
Makers of stoves and grates are from moderate to 
slack. The costlier metal and the jewellery trades in 
the Birmingham district are, on the whole, fairly well 
employed, but quiet in the better classes of work. The 
watch trades in Coventry are quiet. On the whole, 
the great variety of industries comprehended in all 
the branches mentioned, and others closely allied 
thereto, cannot complain of any serious depression. 


The South Wales miners, at a conference held at 
Cardiff last week, attended by 270 delegates, repre- 
senting nearly 130,000 miners, resolved to establish 
an out-of-work fund to relieve those out of employ- 
ment by the frequent stoppages at collieries ; also to 
determine the arrangement as to contracting-out of 
the Employers’ Liability Act and the Compensation 
Act, the certificate as to which, by the Registrar of 
Friendly Societies, expired at the close of 1903. It 
was also resolved to make a levy of 6d. per member 
forthwith to meet the cases of distress in the South 
Wales coal districts. 

The dock strike of Greenock has extended to the 
sugar porters. The demand of the men is to be paid 
what is due as soon as the job is finished, instead of 
waiting until the regulation hour of 5 p.m. ‘The 
employers have given notice of a reduction in wages of 
a penny per hour. Work is being carried on by im- 
ported labourers supplied by the Shipping Federation. 


A great strike of miners in America is threatened in 
connection with the United Steel Trust in Buller 
County, because, so it is alleged, the Trust has re- 
pudiated the wages agreement. It is reported that 
150,000 men will come out unless the Trust yields ; 
but in the slack condition of trade they will commence 
a fight under unfavourable conditions, 











JAN. 22, 1904. | 


ENGINEERING. 


137 














HARTERS FLEXIBLE STEAM-PIPES. 


Wt, Ub) 


Wy S 


5 J SEN S 




















i_— 


Ir is well known that the ordinary telescopic expan- 
sion-joint for steam-pipes, although suitable for low | 
pressures, is not always satisfactory with the high | 
steam pressures now common. In the first place it is | 
not possible to provide for the enormous thrust | 
exerted by the telescopic joint without heavy and | 
costly staying arrangements, which also often still 
further impair the efliciency of the joint. Another 
trouble with the ordinary expansion-joint, in addition 
to longitudinal movement, is that of keeping the | 
gland tight, chiefly on account of there usually being | 
some side play of the pipe-end in the stuffing-box: | 
The result of this is that in a vain attempt to stop | 
leakage the gland is often screwed up so tight that the 
pipe is gripped fast in the stutting-box, and the joint is | 
then useless. As to the use of long bends for taking 
up expansion, they are heavy and costly, while the | 
space they occupy is enormous, and generally pro- 
hibitive on board ship ; their use also implies putting 
bending strains on valve chests and connections, and | 
tends to cause leaky joints. To meet these and other | 
ditticulties the special ball-joint shown in our engrav- 
ings above has been devised and patented by Mr. 
Godfrey Harter, of Lavington House, Wimbledon, and 
1025, Walnut-street, Philadelphia, U.S.A. | 

Referring to our illustrations, Figs. 1, 2, 3, and 4| 
show the device arranged to act as a universal joint 
having motion in any direction ; whilst Figs. 5, 6, and 7 | 
represent a pair as fitted to take the expansion of a| 
range of steam-piping, in which case the joints are | 
fixed close to the stop-valves, as indicated in Figs. 8 
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to 4, it will be seen that the stays are pivoted on to 
a steel ring at CC, while this ring is itself pivoted on 
to the socket-piece at D D. The pivots D D give the 
ring, stays, and ball-piece freedom to move in a plane 
parallel to the paper in Fig. 3, while the pivots CC 
give the stays and ball-piece freedom to swing in a 
plane at right angles to this. ‘The axes of the pivots, 
of course, intersect at the centre of the ball; hence the 
ball-piece is free to swing in any direction and with a 
minimum of friction, however high the steam pressure. 
In the expansion-joint type, Figs. 5, 6, and 7, the 
steel ring is dispensed with, and the stays, which, for 
convenience, are made double, are pivoted direct on ta 
lugs on the socket-pieces, as shown. These lugs are 
made spherical, in order to allow of. slight movement, 
as shown in Fig. 5, the axis of the lugs in one socket- 
piece remaining parallel to the axis of the lugs in the 
other. The principal movement is, however, in a 
plane at right angles to this, as shown in Fig. 6. 
Coming to Figs. 8 and 9, it will be seen that while 
one socket-piece is bolted direct to the stop-valve on 
the boiler, the. other is bolted to the main pipe. As 
the pipe expands, the end moves in the direction of 
the arrow, and the pair of ball-joints at each boiler 





act as swinging links connecting the boilers to the | 


main pipe in a perfectly flexible manner. 

This movement is the same as shown enlarged in 
Fig. 6, while the movement that takes place in Fig. 5 
is that due to the top of the boiler itself rising with 


| its own expansion. It will be seen that these joints 





and 9. It will be noticed that, unlike most other kinds! can be arranged to, give a connection to a boiler, or 
of ball-joint, the ball-pieces A are held in place by | engine, &c., that is absolutely free in any direction, as 
outside stays, which are pivoted to the socket-pieces | well as taking up the expansion of the pipes, without 
B, and which resist any tendency of the ball-pieces to! causing any unbalanced end thrust whatever. The 
blow out of the sockets, no matter how high the pres- | piping is all in one plane, there being no vertical 
sure, while at the same time the joint is free to swing | bends, so that there are no pockets where water can 
with very little friction. Steam-tightness is provided | collect. The horizontal bends may be made as easy 


for by an ordinary gland and stuffing-box, as shown, | as desired. 
An important-feature of these joints is the facility 
Water 


which is entirely independent of the means of holding 


the ball in place. | with which they can be kept steam-tight. 














Referring now to the universal-joint type, Figs. 1| grooves are arranged on the inside of the socket-piece, 


or in a separate bush, as shown at E. This is 
always in contact with the ball-piece, and assists in 
securing a There is also the stuffing- 
box for soft packing. Owing to the fact that the 
width of the packing space can never change, it is a 
simple matter to: keep the gland tight. This is not se 
with most stuffing-boxes, as, although they may be 
quite tight as long as perfect alignment is maintained, 
they cannot be kept so where thére is any side-play. 
There must, of course, always be perfect alignment 
with the ball-joint, on account of the working surface 
being part of a true sphere. It is frequently the case 
that the principal strains on piping and its joints are 
not due to the internal pressure as much as to a bending 
action on the pipes caused by expansion and contrac- 
tion, or separate movement of the parts connected, 
due to vibration, and the like. 

These ball-joints are in use in the Navy —in the main 
steam pipes of H.M. destroyers Greyhound, Race- 
horse, and Roebuck—as expansien joints, and are now 
being fitted in the first-class cruiser Antrim. They 
can also be arranged for hydraulic purposes, as their 
flexibility is not affected even under the highest 
pressures, 








Coat-Suiprina Ports.—The exports of coal to foreign 
ports from Newcastle-on-Tyne last year were 7,708,071 
tons, as compared with 6,859,035 tons in 1902 ; from Blyth, 
2,718,975 tons, aS compared with 2,677,187 tons; from 
Sunderland, 2,060,321 tons, as compared with 1,877,304 
tons ; from Hull, 1,567,330 tons, as compared with 1,388,853 
tons; from Grimsby, 960,683 tons, as compared with 
1,008,949 tons ; from Cardiff, 14,395,066 tons, as compared 
with 14,140,267 tons; from Newport, 2,953,164 tons, as 


| compared with 2,765,891 tons; from Swansea, 1,797,265 





tons, as compared with 1,904,921 tons; from Glasgow, 
1,589,128 tons, as compared with 1,356,773 tons ; from 
Grangemouth, 1,214,539 tons, as compared with 1,208,642 
tons; from Kirkcaldy, 1,377,013 tons, as compared with 
1,397,419 tons; and from Methil, 1,452,892 tons, as com- 
pared with 1,458,294 tons. 
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THE HEAT TREATMENT OF STEEL. 
Sixth Report to the Alloys Research Committee on the 
Heat Treatment of Steel.* 
By the late Sir Wittram C. Roperts-Austen, K.C.B., 
D.C.L., D.Sc., F.R.S., Honorary Member ; completed 
by Professor WiLL1AM GOWLAND, Member of the Com- 
mittee. 
PreraTory Note BY PROFESSOR GOWLAND. 
On the death of my old friend, the late Professor 


Sir William C. Roberts-Austen, I undertook to complete, | 
if necessary, for the Alloys Research Committee of the | 


Institution, this sixth report, on which he had been 
engaged for several years, and the experimental work 
of which had been almost completed. 

Ill-health and pressing official duties had long before 
his death prevented him from devoting as much time to 
the report as he desired, so that the only manuscript he 
left for us was the introductory part, which is contained 
in pages 1 to 10. This, with the exception of the sent- 
ences on page 2, beginning ‘‘ His conclusions,” and ending 
‘‘carbon-iron system,” is printed without alteration from 
that manuscript. 

A careful search through Sir William’s papers for notes 
or comments on the experimental work was unsuccessful, 
no traces of any being found. He had entrusted all the 
work relating to the heat treatment and photomicro- 
graphy of the steels to Mr. W. H. Merrett, instructor in 
assaying at the Royal School of Mines, then acting as his 


assistant, by whom it has been ably carried out on the | 


lines he (Sir William) had laid down. The main body of 
the report is hence based on Mr. Merrett’s work, especially 
on his elaborate detailed notes of the experiments, and his 
excellent photomicrographs, without which it could not 
have been written. 

I have also to acknowledge my indebtedness to Mr. 
F. W. Harbord, of the Royal Indian Engineering College, 
for the determinations of the mechanical properties of 
most of the specimens after thermal treatment. 

Introduction.—The fifth report to this Committee dealt 
mainly with the question of carburised iron considered 
from the point of view of the solution theory, and the 


conclusions which were reached rested mainly on the ' 
evidence afforded by the pyrometer and by the micro- | 
scope as to the structure and grouping of different | 


varieties of steel. In Plates 4 and 5 of that report a com- 
plete equilibrium curve was given for carburised iron, 
and this has recently formed the basis of an elaborate 
study by Professor Bakhuis-Roozeboom,t of Amsterdam. 
[His conclusions, which are of great scientific interest, 
were obtained by apply ing the phase doctrine of Gibbs to 
the study of the iron-carbon alloys. The chief reason for 
this inquiry was to determine the conditions of the exist- 
ence of the phases of a system of one or more components. 
Iron and steel present a system of two components—iron 
and carbon; and by the phases of this system is under- 
stood all the distinct forms which may appear in the 
system. It is necessary in this system to consider the 
following phases : ar sw sh and iron (which may exist in 
three phases, a, 8, and y): liquid and solid solution of 
carbon in y (austenite) iron and cementite. Three phases 
are the maximum that may co-exist, according to the 
phase doctrine, in the case of stable equilibrium at one 
temperature and a constant pressure. 

From his knowledge of the solidification and trans- 
formation of solid solutions Professor Bakhuis-Roozeboom 
was enabled to give a better correlation of the different 
parts of the iron-carbon equilibrium curve than was 
yossible in the fifth report. The different fields shown in 
nis curve give the limits of concentration and temperature 
for the most prominent of the phases that appear in the 
carbon-iron system. } 

Since the writing of the last report the value of the 
work to which the Institution has so unstintedly devoted 
its resources has received wide recognition. Whenever, 
in this series of reports, the carburisation of iron has been 
dealt with, the question of the allotropy of iron has 
assumed a prominent place. M. Osmond and the author 
have had to insist again and again upon the necessity for 
its acceptance, and it would have been scarcely necessary 
to refer to it now had not distinguished experimenters on 
the Continent recently based important conclusions on the 
views so long sustained. Reference has already been 
made to the work of Professor Bakhuis-Roozeboom ; a 
communicationt to the International Physical Congress, 
held at Paris in August, 1900, affords another instance of 
much interest and significance. Professor Warburg, of 
the University of Berlin, appealed in this paper to his 
colleague, Professor Van t Hoff, and requested him to 
express his opinion respecting M. Osmond’s views as to 
the transformation of carburised iron. In response Van 
t’ Hoff gave an authoritative statement§ as to the vital im- 
portance of allotropy in relation to the properties of steel, 
which isas follows :—‘‘ 8 iron is capable of retaining vari- 
able quantities of carbon in the form of a homogeneous 
solid solution known as martensite, while this property is 
not possessed by the a modification of iron.” This 1s a 


* Read before the Institution of Mechanical Engineers, 
January 15, 1904. For the first, second, third, fourth, 
and fifth reports, see Proceedings, 1891, page 543; 1893, 


page 102; 1895, page 238; 1897, page 31; and 1899, | 


page 35. Also ENGINEERING, vol. lii., pages 548 and 579 ; 
vol. lv., pages 629, 659, and 686; vol. lix., pages 743, 778, 
and 811; vol. Ixii., pages 220 and 253; and vol. lxvii., 
pages 210, 259, and 294. 

+ Zeitschrift fiir Phusikalische Chemie, xxxiv., 4, 1900, 
page 437. 

+ Sur ? Husteresis. Rapports Congres International de 
Physique, vol. ii., 1900, page 509. Paris: Gauthier 
Villars. 

§ Ibid., page 532. 


| view which has long been advocated by M. Osmond and 

the author in the reports presented to this: Institution, 
|and it is interesting to find that it is shared by such 
eminent authorities on molecular physics as Van t’ Hoff 
and Professor Bakhuis-Roozeboom, and fortified by the 
| adherence of such an excellent technical worker as E. 
Heyn,* of the Imperial Laboratory at Charlottenburg. 
What is known as the allotropic theory has formed the 
basis of the ten years’ work of the Alloys Research Com- 
mittee, and its acceptance would alone have justified the 
labour which has been spent upon it. 

It is now known that allotropic changes in the iron 
itself are the all-important factors in determining the 
relations between iron and carbon, which are involved in 
the characteristic capacity of steel for being hardened 
and tempered. If iron had existed only in the a form, 
it could never have been hardened by quenching ; on the 
other hand, if 8 and y iron were alone known, steel could 
never have been tempered or annealed. The prevalent 
belief, therefore, of nearly two centuries, which claimed 
attention for the carbon alone, has had to be abandoned. 
Bergman, in 1781, held the first links of evidence which 
have led to the present conclusion, while Osmond, in the 
last decade, has forged the strong and important portion 
| of the chain which we securely hold. In the future it 
| will be realised how much the Institution of Mechanical 
Engineers has done to confirm, strengthen, and diffuse 
the knowledge we possess on the important industrial 
question of hardening steel. 

Annealiny.—It will be well, in this concluding report 
of the series, to deal with the operation of annealing, the 
importance of which is widely recognised, though the 
nature of the change it effects was, until recently, but 
little understood. The physical result is definite enough, 
as, by annealing, the elastic limitt of cast-steel is, to cite 
only two constants, lowered from 18 tons per square inch 
to about 11, while the elongation is increased from 7 to 25 
percent. The influence of annealing, therefore, on the 
properties of the finished product is very great. ‘‘ There 
seems,” as Professor Sauveur has so well pointed out,+ 
‘*to be considerable difference of opinion with regard to 
the meaning of the term ‘annealing,’ and still more con- 
cerning the proper temperature to which the metal should 
be heated, and the conditions which should prevail during 
the operation. To some steel-workers annealing conveys 
the idea of mere heating to a temperature sometimes 
considerably below, sometimes considerably above, the 
point known as Brinell’s W (say, 700 + 25). To others 
it implies a prolonged heating at a temperature varying 
frora a barely red to a very bright red or even a yellow 
heat. Some workers cool their steel very slowly in the 
annealing furnace ; some more rapidly in the air ; others, 
again, quench the metal after heating to a dull red heat. 
Finally, the metal is heated in boxes or pipes, with or with- 
out packing material, or it is heated in the open furnace 
without any protection.” The question then arises: Are 
the effects of tempering and annealing essentially of the 
same order’ In attempting to answer this question refer- 
ence should be made to the lecture which was delivered 
by the author in 1889, before the British Association.$ 
It was then pointed out that the effect of annealing and 
tempering is very complicated, and it was stated that 
Barus and Strouhal considered that annealing was demon- 
strably accompanied by chemical change, even at tem- 
peratures slightly above the mean atmospheric tempera- 
ture, and that the ‘‘ molecular configuration of glass-hard 
steel is always in a state of incipient change . . . a part 
of which change must be of a permanent kind.” Barus, 
however, said ‘‘that during the small interval of time 
within which appreciable annealing occurs, a glass-hard 
steel rod suddenly heated to 300 deg. Cent. (572 deg. Fahr.) 
is almost a viscous fluid,” and he considers that glass-hard 
steel is constantly being spontaneously ‘‘ tempered ” at the 
ordinary temperature, which, he says, ‘‘ acting on freshly 
quenched [that is, hardened] steel for a period of years, 
produces a diminution of hardness about equal to that of 
100 deg. Cent. (212 deg. Fahr.), acting for a period of 
hours.”*| The nature of the molecular change is well 
indicated in the long series of researches which led them 
to the conclusion that in steel ‘‘ there is a limited inter- 
change of atoms between molecules under stress, which 
must be a property common to solids, if, according to 
Maxwell’s conception, solids are made up of configura- 
tions in all degrees of molecular stability.” Barus and 
Strouhal attach, relatively, but little importance to the 
change in the relations between the carbon and the iron 
during the tempering and annealing of hard steel. They 
consider that in hardening steel the ‘‘ strain once applied 
to steel is locked up in the metal in virtue of its viscosity ;” 
tempering is the release of this molecular strain by heat. 

If it were only a question of obliterating crystallisation 
produced by undisturbed cooling of the metal from a 





* Stahl und Eisen, 1899, Nos. 1 and 16. 

t The term ‘‘elastic limit” is used in this report in 
the sense of the ‘‘ yield point.” 

t Journal of the Iron and Steel Institute, vol. ii., 1899, 
page 200. 

§ Nature, November 7 and 14, 1889. 

Philosophical Magazine, xxvi., 1888, page 209. 

“| That a very appreciable change in the structure of 
glass-hard steel occurs when it is reheated to 100 deg. 
| Cent. for some considerable time was confirmed micro- 
| Scopically, in 1899, by Sir W. Roberts-Austen, who 
| quenched a piece of steel containing 0.4 per cent, carbon 
'in mercury, and subsequently allowed it to remain for 
| 1500 hours at 100 deg. Cent. (212 deg. Fahr.). In Figs. 157 

and 158 are shown respectively the steel as quenched 
|and after annealing. It will be seen that the original 





| well-defined martensite has been transformed by this 

treatment into granular pearlite of a similar nature to 
| that obtained in a hardened steel which has been tempered 
| to straw colour under normal conditions. 





temperature of about 725 deg. Cent. (1337 deg. Fahr.), 


then a very significant fact must be remembered. This 
is, that in certain metallic masses which have become 
largely erystalline by slow cooling from the molten con- 
dition, the structure may be profoundly changed by heat- 
ing to only 200 deg. Cent. (392 deg. Fahr.). This was 
first noted, seven years ago, by M. Osmond and the 
author, in the case of gold alloyed with 0.2 per cent. of 
antimony, which, from being coarsely crystalline as cast 
becomes minutely crystalline when heated to only 200 deg. 
Cent. (392 deg. Fahr.).* They pointed out that ‘‘ bismuth, 
antimony, thallium, and aluminium, when present in gold 
in the proportion of about 0.2 per cent., behave, in respect 
to gold, in the same way as carbon does with regard to 
steel, but at a much lower temperature,” and added that 
‘*the transformation of the structure of a metal, at a 
temperature so far below its melting-point in the presence 
of only two-tenths per cent. of a foreign body, is probably 
not an isolated fact, and appears to open a new field for 
research.” Other evidence of a similar kind is adduced 
in an Appendixt to this Report. 

The simplest view of annealing has been presented with 
singular clearness by Sauveur, who states that the pur- 
pose of annealing ‘‘is to render the quenched metal as 
soft, tough, and ductile as possible, and to do so by de- 
creasing the elastic limit and tensile strength only by 
such, so to speak, abnormal increments as were acquired 
through hardening and cold working.” The author has 
elsewhere defined ‘‘ annealing ” as heating above Brinell’s 
point W, say, to 750 deg. Cent. (1382 deg. Fahr.), fol- 
lowed by slow cooling; while ‘‘tempering” is heating 
toa point below W, with subsequent slow or rapid cool- 
ing, and has no useful effect except after quenching or 
cold working. This definition has been accepted by the 
French Commission on methods of testing. t 

As a starting point for the inquiry it may be accepted 
that maintenance of the steel, for a certain time, ata 
temperature between 625 deg. Cent. (1157 deg. Fahr.) 
and 750 deg. Cent. (1382 deg. Fahr.) is necessary. The 
present report will therefore deal, to some extent, with 
the effect of annealing on different varieties of steel, the 
author having been assured that the investigation of this 
question would certainly yield results of industrial import- 
ance. It has long been known that the resistance of 
metals and alloys to mechanical stress varies considerably 
with the temperature at which the tests are conducted. 
In the operation known as annealing, the metal or alloy 
is raised to a somewhat elevated temperature, and this 
is followed by more or less prolonged cooling. The effect 
of this treatment is ascertained at the ordinary tempera- 
ture, which, for industrial purposes, is practically a constant 
one, as the extreme variations do not differ by more than a 
few degrees. The results obtained, therefore, will depend 
on the complex thermal treatment the metal has previously 
undergone. The properties of a metal which has been 
annealed will thus be widely ditferent from those which 
the same metal would be found to possess if it were tested 
at any definite temperature within the range used in the 
operation of annealing. The conclusions which have 
been arrived at as to the properties of steel and other 
alloys, when tested within a more or less wide range of 
temperatures, will be found in an admirable report by 
Professor Ledebur, of Freiburg,$ which was translated 
into French by the late Professor Jordan, and to his work 
the reader should refer.|| 

Before proceeding further it may be well to point out 
that the autographic diagram of the ‘‘ yield point ” of an- 
nealed and unannealed steel is widely different, as has 
been shown by MM. Charbonnier and Galey-Aché in a 
paper entitled ‘‘ Etude sur les Proprietés Physiques et 
Mechaniques des Metaux.” They have clearly demon- 
strated that the form of an autographic stress-strain dia- 
gram, traced in testing the tenacity of a sample of iron 
or of steel, has a singular relation to the effect of anneal- 
ing. Thus, it has long been known that there is a peculiar 
bend in the curve which marks the point at which the 
limit of elasticity is reached, and the metal begins to 
break down. If this curve be traced by a sensitive ap- 
pliance, the critical portion of the stress-strain diagram is 
found to have the form indicated in the accompanying 
sketch, Fig. 1, in which the portion O B is within the 
elastic limit of the material, while B C A indicates varia- 
tions in the resistance of the test-piece when the limit of 
elasticity is passed. Z represents the permanent and 
regular elongation when the test-piece is submitted to an 
increasing load. The authors observe, however, that the 
portion BC represents false equilibrium, analogous to the 
physical phenomena known as “ surfusion” and *‘ super- 
saturation,” and that the point C marks the true yield 
point. Inthe experiments cited by the authors the iron 
employed possessed a high degree of purity. 

It contained :— 


Carbon 0.01 
Phosphorus 0.01 
Silicon 0.02 


The diagram, Fig. 1, shows the curve recorded in testing 
this iron after it had been heated to 1000 deg. Cent. 
(1832 deg. Fahr.) and slowly cooled. 


* Phil. Trans. Royal Society, vol. clxxxvii., 1896, 
age 431. 
+ “The Microscopical Examination of the Alloys of 
Copper and Tin,” by Dr. W. Campbell (Proceedings, 
1901, page 1211). 

+ See F. Osmond’s correspondence on Sauveur’s paper, 
‘“* The Relation between the Structure of Steel and its 
Thermal and Mechanical Treatment,” Journal of the Iron 
and Steel Institute, 1899, vol. ii., page 219. 

§ Ledebur. 

Jordan. Bulletin de la Société @Encowragement pour 

? Industrie Nutionile, August, 1899. 

{| Communication to the Congress on Testing Materials. 
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The object of the experimental work, which will now 
be described, was mainly to observe and record the change 
in properties which different varieties of steel undergo 
when submitted to thermal treatment. The particular 
variety of steel selected was made at Sheffield, and was 
very pure. In no case does the manganese exceed 0.25 per 
cent., and it is generally less than 0.20 per cent. The 
steel, as received, was in the form of j-in. rolled bars, 
and was turned up into test-pieces of the dimensions given 
in the appended sketch, Fig. 2.* 
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Eight series of bars were supplied for these experiments. 
The compositions of these bars were as follows :— 
Analyses of the Bars by Mr. F. W. Harbord, Royal 
Indian Engineering College. 

















— A. B. Gs | Ds E. F. G. H. 
Carbon . 0.130 0.180 0.254 | 0.468 0.722 0.871 0.947 | 1.306 
Silicon ..| 0.020 0.024 0.033 0.072 0.098 0.080 0.081 0.050 
Sulphur ../ 0.020 0.020 0.020 | 0.025 0.02C | 0.019 0.019 0.017 
Phosphorus | 0.011 0.022 0.025 0.016 0.015 0.019 0.013 | 0.015 
Manganese 9.185 0.250 0.190 | 0.160 | 0.217 | 0.190 0.181 | 0.180 
Arsenic . 0.024 0.007 0.0.7 | 0.007 0.007 | 0.010 0.003 0.003 


Tests were made on the different sets of bars as re- 
ceived, and after they had been subjected, respectively, 
to the following treatment. This grouping may there- 
fore be adopted :— 

(1) As received. : 

(2) Annealed for half-an-hour at the following tempera- 
tures :—620 deg. Cent. (1148 deg. Fahr.), 720 deg. Cent. 
(1328 deg. Fabr.), 800 deg. Cent. (1472 deg. Fahr.), 
900 deg. Cent. (1652 deg. Fahr.), 1100 deg. Cent. (2012 
deg. Fabr.). 

An attemp! was made to keep the last set of bars at 
1200 deg. Cent. (2912 deg. Fahr.) during the annealing, 
but this was found to be impossible in the mufHle used for 
this experiment. . : ‘ 

The bars were packed in lime in #-in. wrought-iron 
tubes, closed at each end by screwed iron caps. ‘These 
tubes were then packed in a large wrought-iron tube, 
the ends of which were covered with wrought-iron plates. 
This was placed in a closed gas-mufle, and a record of 
the temperature was taken by means of two thermo- 
couples attached to an autographic recorder. A diagram 
showing the manner in which tubes were packed and 
placed in the muffle, and the arrangement of the thermo- 
couples, is given in Fig. 6, page 140. 





* It will be noted that test-pieces of approximately 
this size have since been adopted by ‘‘Committee No. 1 
of the American Section of the International Association 
for Testing Materials,” whose recommendations were 
presented in the form of a paper to the ‘ International 
Congress on Methods of Testing Materials of Construc- 
tion” at Paris, July, 1900. The standard-turned test- 
piece advocated by this committee for steel castings, 
axles, forgings, and tyres, has a diameter of 4 in., and a 
gauged length of 2in.; the other dimensions are shown 
in the accompanying sketch, Fig. 3, above. In the 
manufacture of ordnance the test-bars taken from, the 
hardened and annealed forging are now also small, each 
bar being 44 in. long, and having in the central portion a 
cylindrical operative part 2in. long and 0.533 in. in 
diameter. The enlarged ends are made to suit the holders 
of the testing machine, and the operative part is pro- 
vided with two gauge points accurately adjusted 2 in. 
apart. It is imperative that the test-pieces should be of 
uniform dimensions, especially as regards length, since 
a short piece will elongate much more in relation to its 
original length than a longer one of the same material, 
the reason being that the chief part of the total elongation 
occurs where the specimen ‘‘necks” at the point of rup- 
ture, and, as the total elongation of the long specimen is 
not much greater than that of the short one, its elonga- 
tion per cent. of original length is less. 








ra- 


(3) Soaked for 12 hours at approximately the tem 
to 


tures given in (2). (It being, however, found possib 


ployed consisted of alumina, in various states of divi- 
sion, prepared from ammonia alum. The ammonia 


maintain the soaking temperature at 1200 deg. Cent. | alum was first very thoroughly calcined, and the pro- 


(2192 deg. Fahr.) in the case of the last set of bars | 
treated, they were kept at this temperature, in preference | 
to 1100 deg. Cent. (2012 deg. Fahr.). The bars were | 
packed in iron tubes in the same manner as in the pre- | 
ceding ss. . ; 

(4) Quenched at the following temperatures in water :— 
720 deg. Cent. (1328 deg. Fahr.), 800 deg. Cent. | 
(1472 deg. Fahr.), 900 deg. Cent. (1652 deg. Fahr.), 
1200 deg. Cent. (2192 deg. Fahr.). 

(5) Quenched in oil. 

In these experiments the bars were subjected to the 
following treatment :— 

(a) Quenched at 720 deg. Cent. (1328 deg. Fahr.) and 
not reheated. 

(b) Quenched at 720 deg. Cent. (13828 deg. Fuahr.), 
870 deg. Cent. (1598 deg. Fahr.), and 1000 deg. Cent. 
(1832 deg. Fahr.), and reheated to 350 deg. Cent. 
(662 deg. Fahr.). 

(c) Quenched at 800 deg. Cent. (1472 deg. Fahr.) and 
900 deg. Cent. (1652 deg. Fahr.), and reheated to 600 deg. 
Cent. (1112 deg. Fahr.). , 

The rate of cooling of the bars was in all cases taken 
by means of thermo-couples connected with the auto- 
graphic recorder of the pyrometer, and this had the 
great advantage of showing, by an actual curve, the rate 
and degree of regularity with which the cooling pro- 
ceeded. The maximum timeof heating was 12 hours. In 
dealing with such comparatively small bars, much does 
not appear to be gained by prolonging the cooling beyond 
this time. : 

It will be seen that great care has been taken to avoid 
annealing the different varieties of steel at a single tem- 
perature only. The temperature of annealing has been 
varied so as to ascertain its influence on steel with dif- 
ferent degrees of carburisation. Thus one complete set of 
steel bars.was annealed at 620deg. Cent. (1148 deg. Fahr.), 
and ‘others were respectively annealed at the following 
temperatures :—720 deg. Cent. (1328 deg. Fahr.), 800 deg. 
Cent. (1472 deg. Fahr.), 900 deg. Cent. (1652 deg. Fahr.), 
and 1100 deg. Cent. (2012 deg. Fahr.). The influence of 
these varying temperatures on steel containing 0.13 per 
cent. of carbon can thus be compared with the effect on 
that containing as much as 1.3 per cent. It is interesting 
to note that when heated up to 800 deg. Cent. (1472 deg. 
Fahr.), steel with less than 0.468 per cent. of carbon does 
not appear to be affected, but with higher grades of car- 
burisation the ductility and reduction of area on fracture 
are changed. a 

The effect of heating crucible steels (containing 1 per 
cent. of carbon) to various temperatures, followed by 
slow cooling, has already been studied.* The effect on 
cast steel produced by heating it to a single definite 
temperature, followed by slow cooling, has recently also 
formed the subject of some careful experiments. + 

Rolled steel, which was the material chosen for the 
experiments, has, of course, relatively higher importance 
on account of its wide use for constructional purposes. 

For the purposes of this report, each test-piece, after 
receiving its heniaed treatment, had a portion of one of 
its ends removed for examination under the microscope. 
The bars were then mechanically tested for :—(1) Break- 
ing stress; (2) elastic limit; (3) elongation ; and (4) re- 
duction of area. 

The majority of the mechanical tests for this report 
were made by Mr. F. W. Harbord, of the Royal Indian 
Engineering College, but those given in Tables IX., X., 
XIX., and XX.t (also plotted in Figs. 16, 17, 26, and 27 
respectively) were carried out by Mr. E. G. Ll. Roberts, 
at the Finsbury Technical College. 

Sections were also taken from the original bars, about 
? in. in diameter and @ in. thick, and were thermally 
treated under identically the same conditions as the bars, 
the object being to determine the extent and nature of 
the differences in structure of these small pieces, and of 
the sections removed from the bars after thermal treat- 
ment. It was found, however, that there was really very 
little difference in structure between the two classes of 
sections, except, perhaps, that in the case of quenching 
in water the abstraction of heat from the bars had not 
been so rapid as in the small sections, and the martensite 
in the latter cases was more sharply developed. The 
quenched specimens of the high carbon steel were cut by 
means of a circular disc of mild steel attached to a lathe, 
diamantine or emery being used as the “‘cutting ” agent, 
in the same way that diamond dust is used with a 
lapidary’s wheel. 

As the methods by which the photomicrographs were 
prepared for this report differ in detail from those gene- 
rally practised, it will not be out of place at this point to 
briefly describe the apparatus and methods used in pre- 
paring specimens of steel for microscopic examination. 

Methods used for Preparing Photomicrographs.—The 
actual polishing of the specimens for microscopic examina- 
tion was carried out generally in accordance with the 
methods laid down by M. Osmond,§ although later the 
modifications suggested by Professor H. le Chatelier| 
were adopted. These modifications somewhat reduced 
the labour of polishing. The polishing powders em- 


* G. W. Sargent, Transactions of the American Insti- 
tute of Mining Engineers, February, 1901. 

+ J. O. Arnold, Journal of the Iron and Stcel Institute, 
1901, vol. i., page 191. 

{ These figures and tables will be published in a later 
portion of the paper. 

§ F. Osmond. Bulletin de la Société d’ Encouragement. | 
Fourth series, vol. x., page 480, May, 1895. 

\| See Professor H. Le Chatelier’s paper in the Budletin 
de lu Société V Encourugement pour Industrie Nationale, 





September, 1900. 


|duct treated with water containing 0.1 per cent. of 


nitric acid. The mixture was next stirred occasionally 
for several hours and then allowed to settle. Although 
the settlement of the alumina is rapid in the acid 
solution, it neverthele:s takes a long time to separate 
if the solution is made neutral, and occasionally, when this 
is ammoniacal, as long as ten or twelye days are necessary 
for complete settlement. ‘The powder was then washed 
several times with distilled water, by decantation, until 
the particles would no longer settle quickly. Two cubic 
centimetres of ammonia were added to each litre of water, 
and decantation was resorted to at intervals of 15 minutes, 
1 hour, 4 hours, 24 hours, and 8 days, and the respective 
powders collected separately. These were mixed in each 
case with scrapings of very dry castile soap, in the pro- 

rtion of one part of soap to ten parts of wet powder. 
The mixture was then melted in a water-bath, stirred 
thoroughly, and poured into tin tubes similar to those 
used for holding artists’ oil-colours. 

The polishing machines used for the latter part of this 


' research were made in the Metallurgical Laboratory of 


the Royal School of Mines. The machine employed for 
the rough polishing, as will be seen from Fig. 4, page 140, 
consists of an arrangement not unlike a lathe-head with a 
mandrel at each end, one of which is ‘“‘screwed” to a 
right-handed and the other to a left-handed thread. A 
number of wooden discs, about 12 in. in diameter, aie 
attached to chucks which fit the mandrels, the faces of 
the discs being covered with commercial emery-papers of 
different degrees of fineness. The machine is mechanicall 
driven at about 200 revolutions per minute. It is fitted with 
broad hand-rests similar to on used on an ordinary 
pattern-maker’s lathe. With this arrangement two opera- 
tors can work at the same time, and, by polishing the 
specimens lightly, the overheating complained of by many 
workers is avoided. With the aid of this machine it 1s 
possible, by using the finer grades of commercial emery- 
papers (notably hes prepared by Hubert), to obtain speci- 
mens sufficiently well polished for eye observation and 
low power work ; the character of the results may, how- 
ever, be greatly impreved by rubbing the finest of Hubert’s 
oy, (number 0000) with a piece of hard steel and a 
ittle oil before use. 

The polishing machine used for fine work, shown on 
Fig. 5, page 140, is an elaborate modification of the one 
used by M. Osmond. It consists essentially of two 
vertical spindles, which are drilled to receive a series of 
cast-iron discs about 12 in. in diameter. Each disc is 
covered with ribless cloth, which is secured in position 
by means of a gun-metal ring. The discs rotate within 
two boxes fitted with sliding glass lids, and the motive 
power is obtained from a small electric motor which is 
attached to a “fast and loose” pulley, so that it is not 
necessary to switch off the motor every time it is desired 
to stop the discs. This machine is exclusively used for 
the le Chatelier powders and washed rouge, a separate 
disc being kept for each polishing powder. The discs, 
which are kept moist with water, rotate about 400 times 
per minute. 

The camera used for the photographic work was of the 
horizontal type and about 6 ft. long. About two-thirds 
of its length was made up of collapsible bellows, whilst 
the other third consisted of a light conical tube which 
tapered towards the microscope. The other end of this 
tube was so hinged that the tube could be diverted hori- 
zontally, when it was necessary to use the microscope 
alone. <A focussing-rod was fixed to the side of the 
camera, and this actuated the fine adjustment by means 
of a thin catgut band and pulley, so that the operator 
could focus the image on the ground-glass screen with the 
greatest possible ease. In certain cases it was found that 
the light reflected from the object was not sufficient to 
give an image on the ground-glass screen, and that fecus- 
sing was not possible ; this ditticulty was eventually over- 
come by affixing five cover glasses to the ground glass— 
one in the middle and one at each corner—by means of 
Canada balsam. The spaces covered by the glasses now 
being transparent, it was possible to place a small micro- 
scope over them and then focus the image by turning the 
fine adjustment, as if the whole camera were a microscope, 
and the small subsidiary microscope an eye-piece. 

The microscope, which was made by Baker, was fitted 
on a cast-iron turntable, so that a small amount of tra- 
verse to the right or left could be obtained when neces- 
sary. The magnifications which were found to be most 
useful were 50, 140, 850, and 1600 diameters. When using 
a 6-ft. camera at full length, and a low-power Zeiss pro- 
jection eye-piece, these magnifications may be obtained 
with the Zeiss 35-millimetre projection, the 24-millimetre, 
the 4-millimetre, with. correcting collar, and the 2-milli- 
metre immersion objectives respectively, ‘The projection 
lens is, of course, used without an eye-piece. All the 
high-power eye-pieces used at the Mint were unsatis- 
factory as regards definition ; and it was found to be better 
to obtain greater magnification by means of a long camera 
than by employing high-power projection eye-pieces. 

The illumination was obtained by means of a small 
hand-fed arc lamp, which was replaced later by a ‘‘Brush” 
automatic lamp working at an angle of 25 deg. to the 
vertical. It is essential that the top carbon should be 
the positive one, and that the crater formed should be 
small and in such a position that the light is thrown 
towards the microscope. Such an are should ‘ burn” 
about 10 amperes. § 

Since the specimens were opaque, it was necessary to 
illuminate them froin above, and this was generally done 
vertically by means of a Beck vertical illuminator; this 
is a small disc of cover-glass, which, placed at an angle of 
45 deg. in the optic axis of the microscope, receives the 
light from an aperture in the side of the apparatus, and 
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reflects it upon the objective ; the lenses then concentrate 
the light upon the object. A small prism devised for 
vertical illumination by Nachet, of Paris, was occasionally 
used with very good results, especially when it was neces- 
sary to economise light. 


: 
For ordinary work no water-jacket was placed between | 


the arc light and the microscope, but a hole 3 in. in dia- 
meter was drilled in the brass tube of the Beck illuminator 
on the side opposite that at which the light enters, so that 
the light nt is not reflected by the glass in the illumi- 
nator will pass out through this opening, and with it some 
of the radiant heat. It is a curious fact that most of the 
heat passes through the glass, and but little is reflected 
through the objective. For some work the filament of an 
incandescent electric lamp was employed, this being 
placed close to the slit of a Nachet vertical illuminator. 
For this purpose it is necessary to use a very low voltage 
lamp—say 2-6 volts, as a filament requiring a greater 
electrical pressure than this is too thin for illuminating 
the whole of field. 

The specimens of steel, after being thoroughly polished 
by the aid of emery and rouge papers, or by means of the 
pastes of soap and alumina powder, were lightly rubbed 
during the time required for about 2000 revolutions on a 
wet wheel, upon which a trace of washed rouge had been 
placed. At this stage the specimens become lightly en- 
graved, the harder constituents appearing in relief; and 
should be, of course, quite free from scratches. 

The structure of the specimens, in most cases, is not 
shown by polishing only, but must be made evident by 
physical or chemica. processes, which produce different 
effects upon different constituents of the steel. For the 
purposes of this report, the constituents were usually 
brought out clearly, either (1) by rubbing the specimen 


with liquorice juice on parchment; (2) by rubbing the | 


specimen with a 2 per cent. solution of ammonium nitrate 


on parchment ; or (3) by attacking it with a very dilute | 
solution (0.1 per cent.) of nitric acid in alcohol. After | 


rubbing on parchment with liquorice juice or ammonium 


nitrate, it is necessary to rinse the specimen first in water, | 


at the same time gently rubbing the surface with the 
fingers, and then to immerse it in alcohol. After re- 
maining in the alcohol for a minute or two, the specimen 
is lightly rubbed with a chamois leather which has been 
dipped in benzene. Specimens which have been treated 
with an alcoholic solution of nitric acid should be rinsed 
immediately in alcohol, and then be rubbed with the 
chamois leather dipped in benzene. The time necessary 
for the attack varies with the carburisation and the 
previous thermal treatment of the steel. With the solu- 
tion of nitric acid in alcohol the time varies from thirty 
seconds to two minutes, a dead-soft low-carbon steel taking 
thirty seconds, and a quenched 0.8 per cent. carbon steel 
about two minutes. 

The specimens were mounted on ordinary glass slides 
with a wax composed of resin, beeswax, red ochre, and 
plaster-of-Paris. No special apparatus was used for level- 
ling the specimenson the glass slips, as it was found possible 
to work more rapidly and quite as accurately without these 
appliances. When a specimen was slightly out of true 
under the microscope, it was adjusted by means of the 
levelling stage. The red wax, mentioned above, was 
found to be the best possible material for the purpose.of 
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pene eee 
mounting, as it remains plastic for a sufficiently longtime | 680 deg. Cent. (1256 deg. Fahr.)), and allowed to cool 
to allow the specimen’ to be levelled by hand, and then | naturally. 4 : 
sets quite hard. The majority of the photomicro-| In thisexperimentgreat care was taken thatthe tempera- 
raphs taken: for this:report’ are of a magnification of | ture at notime reached the point at which the Ar, change 
1600 diameters, as’only with such‘a high magnification as occurs. The bars required about half-an-hour to attain 
this can the actual’ condition ‘of the iron carbide, in‘a | a uniform temperature of 620 deg. Cent. (1148 deg. Fahr.). 
slowly cooled steel, be seen,’ All steels which have been | They were then kept at this temperature for half-an- 
quenched must, of course, be examined under a high | hour, when the gas was turned off, and they were allowed 
power. A small electro-magnet ‘attached to the’ stage of | to cool slowly in the muffle. ; 
the microscope was found to be very useful for examining | Since. the annealing temperature is well below the Ar, 
specimens when the faces had been properly trued. point, it is evident that any change that may have taken 
: place in the mechanical properties cannot be due to the 
ANNEALING: EXPERIMENTS. solution of the carbide of iron and its subsequent separa- 
The Effects of Annealing.—The effects of annealing on 


tion. The following table contains the results of. the 
the mechanical properties and microstructure of the steel | mechanical tests of this series of bars, They are also 
bars as reveal id the = or ne eo - dis- plotted in Fig. 9. 
uussed. The-following table, the results of which were a 
es at: the Ro fr School of Mines, and are plotted TABLE II.—Bars Annealed at 620 deg. Cent. 
in Fig. 8, shows the breaking stress, elongation, and (1148 a4 F pir) for a ae 
reduction of area of the rolled bars as received :— | (" ormalisec ars.) 








Tas.x I. | Reducti 
her Breaking Elastic’ Elongation © *@cuction 
From the Rolls. Carbon. . = st : of Area at 
( ) | Stress. Limit. on 2 In, Fractare. 
‘ , ey re 
: .,, Reduction of per cent. tons per tons per per cent. per cent. 
Carbon. © Breaking Stress. a ~ Area at square inch | square inch | 
er Fracture. 0.130 No Tests 
0.180 30.60 26.50 | 83.00 62.85 
per cent, tons per sq. in. per cent, per cent. 0.254 34,50 27.78 «| 24.00 55.06 
P0.180 30.22 20.00 34.73 0.468 37.02 27.36 | 24.00 49.70 
0.180 81.52 12.50 29.71 0.722 50.22 31,68 20.50 33.48 
0.254 33.25 12.70 25:31 0.871 55.02 29.28 12.00 22.11 
0.468 36.96 6.25* 18.76 0.947 52.90 34.20 15.00 27.00 
0.722 49.00 11,72 3.43 1.306* 51.54 | 40.92 3.00 3.90 
0.871 58.02 5.47 5.38 
0.947 53.74 7.08 5.63 pos ae Te ETRE iy —- 
ed 56.11 7.03 3.48 * Broke outside gauge points. 


It will be seen that the mechanical properties of these 


* Abnormal, annealed bars differ considerably from those of the bars 


Steels as received (Rolled/ Feg.10. Steele annealed at 720°C. (328) for 4/2 hour. 
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Fig. 8. 





17. Steels annealed at 800° C. QATZE) for Ye hour. ! 
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Steels annealed at 620° C. 48°F) for '2 hour 
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Tt will at once be noticed that both the contraction: of | as received. There is little difference in the breaking 
area and the elongation are extremely low in all the |'stresses up to 0.722 per cent. of carbon, but. beyond this 
= whereas the breaking stress is about normal. | point to 1.306 per cent. of carbon the untreated bars are 

his led'to the belief that the bars had been submitted to | the stronger. There is, however, a well-marked differ- 
“‘eold-rolling ”—that is, that they had been rolled after | ence in the cases of the elongation and the reduction in 
the separation of the constituents of the steel. Sections.| area of the bars containing up to 0.947 per cent. of carbon. 
were therefore taken from the bars, both at right angles, From these results it is evident that the changes which 
and parallel tq their axes, but in no ease could evidence | have been produced in the 0.180, 0.254, 0.468, and the 
of cold-rolling ‘be detected. -A photomicrograph, pre- | 0.722 per cent. carbon bars by annealing at 620 deg. 
a from. each of the transverse sections, is shown* in| Cent. have mainly occurred in the ferrite, since the bars 

igs. 28 to 35, from which it is evident that, although | containing most of. this constituent show tlie greatest 
no cold-rolling has taken place, the bars have been | increase in both elongation and reduction of area. The 
rapidly cooled near the critical point Ar;—and that some | rolled bars had doubtless been ‘‘ worked ” after some of 
sorbite has been produced in nearly every case. This| the ferrite crystals had formed, and in this way slip- 
would, to a certain extent, account for the very low: con- | planes were produced. These planes, being parallel to 
tractions of area and elongation of the bars. | the axis of the bars, were not sufficient to affect materially 

For the sake of ‘convenient comparison, the results of the breaking stress, but they nevertheless tended to reduce 
the mechanical tests of each series of bars: dealtwith in| greatly the elongation and reduction of area in the 
this research are plotted in Figs. 8 to 21 inclusive. | original bars. By the subsequent annealing of these bars 

Annealing Bars at 620 deg. Cent. (1148 deg. Fahr.) for | to 620 deg. Cent. (1148 deg. Pabr.) the slip-planes became 
Half.an-Hour.—It has been frequently stated: by metal-| coherent, and a greatly increased elongation and reduc- 
lurgists that practically no change.is brought about in the | tion of area resulted. It will also be noticed that an 
mechanical properties of slowly-cooled iron: and steel’) increase-in the elongation and reduction of area also 
when heated to temperatures. below the Arj.point (about | occurs in the 0.871 and the 0.947 bars, but toa less extent 
rer 7 — : - | than in the previous cases. This is doubtless due to the 

* The figures here referred to will appear with the con- | annealing at 620 deg. Cent. effecting a better coherence 








of the bars. Since cementite itself is not a plastic body, 
‘‘slip” cannot easily take place in it ; hence the impossi- 
bility of greatly improving the elongation and contrac- 
tion of aréa of steels containing much cementite, by an- 
arg. at temperatures below 680 deg. Cent. (1256 deg. 
ahr. ). 

Further, as sorbite is transformed more or less into 
pearlite at a temperature far below the Ar; point, it is pos- 
sible that the plasticity of the bars has been aided by this 
partial transformation. Reference to the photomicro- 
graphs in Figs. 36 to 43’ will; however, show that the 
duration and are ort of this annealing has not been 
sufficient to completely bring about this change. 

It will be seen, on reference to Table IT., and Fig. 9, 
that the limit of elasticity compared with the breaking 
stress is abnormally high throughout this series of bars. 
As the elongation and reduction of area are satisfactory, 
it is possible that the annealing of worked bars at tem- 
peratures immediately below Ar! may have 3ome com- 
mercial significance. 

These results are at variance with the work of many 
investigators, but they are borne’ out by Brinell* and 
Axel Wahlberg, of Stockholm, who showed that iron and 
steel, especially if cold wrought, will, if heated up to a 
blue annealing temperature, increase in toughness, and, 
in certain exceptional cases, also in tenacity. The elastic 
properties will be enhanced and the quality of the material 
will improved in most respects. Brinell found that 
by heating a series of steels, containing from 0.19 to 
0.84 per cent. of carbon, to350 deg. Cent. (662 deg. Fahr.), 
‘*the respective values obtained for ultimate stress show 
that the absolute strength is not very much altered in con- 
sequence.of this treatment, but that the elasticity of the 
material is considerably increased.” 

Bauschingert holds that any heating below 450 deg. 
Cent. (842 deg. Fahr.) would, in general, prove to be in- 
effective in the case of ingot metals; whilst Ledeburt 
states in his book that any heating up to temperatures 
below 500 deg. Cent. (932 deg. Fahr.) would prove to 
have no influence on cold wrought material. 

From the results of the authors’ experiments it would 
seem that there is every reason to believe that both the 
elongation and reduction of area in worked bars are 
greatly increased by annealing at even these low tempe- 
ratures, provided the bars are kept at these temperatures 
for a sufficient length of time to allow the slip-planes and 
the pearlite laminz to cohere. 

It is interesting to note that the maximum breaking 
stress occurs in the 0.871 per cent. carbon bar in both the 
annealed and unannealed steel, and also that there is a 
sudden drop in the elastic limit in the annealed bar at 
this point. Similar properties have been found to occur 
in the eutectics 6f most double alloys—notably those of 
the copper-silver and the lead-tin series; and it shows 
that the intimate mechanical mixture of a eutectic is not 
conducive to a high limit of elasticity. 

The lowering of the breaking stress by annealing in the 
cases of the bars containing 0.871, 0.947, and 1.306 per 
cent. of carbon has been brought about by the partial 
transformation of the sorbite present into pearlite. 

Annealing Bars at 720 deg. Cent. (1828 deg. Fahr.) for 
Half-an-Hour.—On reference to the equilibrium curve 
of carburised iron, given in Fig. 7, page 140 (which is the 
curve published in the fifth report to the Alloys Research 
Committee, modified in accordance with recent work), 
it will be seen that the effect of this annealing is, in the 
first place, the solution of the constituents of the pearlite 
in one another, and in the low-carbon: steels a further 
partial solution of the ferrite grains. The temperature 
of 720 deg. Cent. (1328 deg. Fahr.) was chosen for this 
annealing, that being midway between the Ar, point and 
the chief magnetic change point Arp. 

The conditions for cooling were the same as for annealing 
at 620 deg. Cent. (1148 deg. Fahr.). An autographic record 
showed that the-Ar, change extended over a range of, 
approximately, 10 minutes. As the bars were allowed to 
cool slowly in the muffle, the conditions were perfectly 
favourablé for the complete separation of the constituents 
of the steel. : 

The mechanical results yielded by these bars are given 
in the following table, and are also plotted in Fig. 10, 
annexed :— 


Taste ILI.—Bars Annealed at 720 deg. Cent. 
(1828 deg. Fahr.) for Half-an-Hour. 


Reduction of 











ee Breaking Elastic Elongation 
Carbon. Stress. Limit. on 2 In. a 
per cent, tons per tons per per cent. per cent. 
square inch square inch 
0.130 2416 11.34 44.50 73.26 
0.180 26.52 14.52 36.00 72.54 
0,254 28.80 18.24 32.50 | 62.66 
0.468 32.82 21.60 29.00 58.56 
0.722 39.96 22.98 23.00 47.88 
0.871 43.98 a 20.00 40.42 
0.947 39.30 22.00 45.00 
1 3%6 50.58 7.00 5.12 


* No definite yield point. 
If we compare these results with those of Table II.— 
bars annealed at 620 deg. Cent. (1148 deg. Fahr.)—it is 
evident that the general result of this treatment has 
been to greatly increase the elongation and reduction of 
area, while the breaking stress has been considerably 
reduced in every case. 





* Journal of the Iron and Steel Institute, 1901, vol. ii., 
pages 234 to 255. 
+ Mittheilungen aus dem mechanischtechnischen Labora- 
torium in Miinchen, Part xiii., page 26 
+ Handbuch dur Eisenhiittenkunde, 


Third Edition, page. 





cluding portion of the paper..: | between the ferrite and cementite lamin in the-pearlite 
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The elastic limit, which could, however, only be deter- 


mined in the bars containing from 0.130 to 0.722 per cent. | 


of carbon, owing to there being no indication on the 
stress-strain curve, is low. The bar containing 1.306 per | 
cent. of carbon, if compared with the corresponding bar | 
in Table II., will be found to have practically the same | 
breaking stress, but its elongation and reduction of area, 
although low, are higher. 

The explanation of these changes in mechanical pro- 
perties is not difficult to find ; the steels have been heated 
toa temperature which is only slightly above the Ar, point, 
and the cooling down has been so regulated that the Ac, 
change required 10 minutes for its completion. In the 
photomicrographs shown in Figs. 44 to 51 it is evident 
that, under these circumstances, the iron carbide has sepa- 
rated in the low-carbon steels (0.130 per cent. and 0;180 
per cent. carbon), not in the form of pearlite, but as massive 
cementite. In the steels containing from 0.254 to 0.947 
per cent. of carbon this massive cementite does not, how- 
ever, occur ; but the pearlite layers are much larger than 
in the rolled bars and also than in those annealed at 620 
deg. Cent. (1148 deg. Fahr.). 

Since this series of bars has been kept at a temperature 
which is but a few degrees above the Ar, point, the effect 
of the annealing is practically the same as a very slow 
cooling through this point would be. The coherence of 
the cleavage planes in the ferrite has been more complete 
than in the 620 deg. Cent. (1148 deg. Fahr.) annealing ; 
hence the greater elongation and reduction of area; and, 
at the same time, the annealing, or what really amounts 
to a very slow cooling at Ar), has caused the iron carbide 
to separate, either massive or in large flakes ; hence the 
lowering of the breaking stress and the elastic limit. The 
apparently anomalous strength of the 1.306 per cent. carbon 
bar is probably due to the fact that at 720 deg. Cent. 
(1328 deg. Fahr.) the eutectoid is practically unable to 
dissolve the cementite, and the pearlite thus retains a 
lamellar structure. Had the temperature been higher, as 
is shown in the next experiment, the cementite would 
have been dissolved, largely granular pearlite intermixed 
with cementite globules would have separated, and the 
strength would have decreased. 

Axel Wahlberg,* in his paper to the Iron and Steel 
Tustitute in 1901, advocates the annealing of steel re- 
quired for structural purposes. He states that :—.‘‘ Ac- 
cording to what seems to be the most commonly accepted 
opinion, any wrought material is rendered tougher by 
means of annealing and subsequent slow cooling, while 
at the same time the strength and elastic properties are 
reduced. froma general point of view this is no doubt 
perfectly true, and quite consistent with the structural 
changes cccasioned by such a mode of treatment. It isa 
common saying with regard to such cases of annealing, 
that what is gained in tenacity is lost in strength and 
elasticity, and that it is only in the case of unwrought 
material, such as ingots and castings, that a general 
improvement of all the physical properties takes place in 
consequence of annealing with subsequent cooling, whether 
slow or sudden.” Further, that his results ‘‘by no means 
bear out this idea, but, on the contrary, most decidedly 
tend to disprove it. They show that, as a rule, a judi- 
cious annealing has effected a marked improvement in 
the tensile, no less than in the ductile, properties.” He 
then gives experimental evidence showing that all classes 
of steel are improved in their mechanical properties by 
judicious annealing ; he does not, however, take cognisance 
of the influence which the rate of cooling through the 
critical points, especially Ac, has on the character of the 
metal. 

The next series of annealing will show how very great 
an influence the rate of cooling through the Ac; point has 
on the mechanical properties of steel. 

Annealing Bars at 800 deg. Cent. (1472 deg. Fuhr.) for 
Half-an-Hour.—In_ these experiments the bars were 
allowed to cool in the muffle as in the previous annealings, 
but the autographic record showed that the time occupied 
in passing the Ac; point only averaged about 7 minutes, 
instead of 10 minutes, as in the last case, the more rapid 
cooling through the Ac, point probably being due to the 
initial cooling from a higher temperature. Under these 
circumstances the exterior of the muffle rapidly cools, and 
by the time 680 deg. Cent. (1256 deg. Fahr.) is reached 
the heat radiates more quickly than when the muffle is 
cooled from 720 deg. Cent. (1328 deg. Fahr.). 

Reference to the equilibrinm curve of carburised iron 
on Fig. 7, page 140, will show that the temperature of this 
annealing is about 25 deg. Cent. (77 deg. Fahr.) above 
the magnetic change point Ar,. Annealing at this tem- 
perature will enable the pearlite constituents to dissolve 
in one another, and in the steels containing less than 0.8 
per cent. of carbon considerably more ferrite will be dis- 
solved than in the preceding experiment. 

The mechanical properties of the bars are plotted in 
Fig. 11, page 141, and are also given in the table in the 
next column. 

It will be seen that the breaking stresses of the 0.130, 
0.180, 0.254, and 0.468 per cent. carbon bars are practi- 
cally the same as in the last experiment, whilst the 0.722 
and 0.871 bars are much stronger, the latter being markedly 
stronger than any other bar in the series now under con- 
sideration. In this connection itmay be mentioned that 
its composition closely corresponds with the pure saturated 
steel of Arnold. 

It is interesting to note that, while the breaking 
stress reaches a maximum at this point, yet, at the same 
time, the elongation and the reduction of area are 
the lowest of the series, the former being only 11.50 and 
the latter 16.92 per cent. Up to this point, too, generally 
speaking, the elongation and the reduction of area are 
lower than in the bars annealed at 720 deg. Cent. 


* Tron and Steel Institute Journal, 1901, vol. ii., page 


TaBLe I1V.—Bars Annealed at 800 deg. Cent. (1472 dea. 
Fahr.) for Half-an- Hour. 


| Reduction of 
Area at 
Fracture. 


Elastic 


, Elongation 
Limit. 


Breaking 
on 2 In, 


Carbon. States 


per cent. 





tons per tons per per cent, 


per cent. 
square inch square inch | 

20.10 10.20 | 71.16 
67.32 
58.56 
45.60 
31.74 
16.92 
28.44 
33.90 


0.130 
0.180 
0.254 
0.468 
0.722 
0.871 
0.947 
1.306 


16.08 
19.44 
18 72 


26.46 
29.40 
33 00 
42.48 
52.50 
39.96 
39.12 


22.50 


* No definite yield-point. 


(1328 deg. Fahr.), but beyond it there 1s a considerable 
increase in these properties. 

Curiously enough, the 1.3 per cent. carbon bar is much 
weaker than the corresponding bar annealed at 720 deg. 
Cent. (1328 deg. Fahr.). It will be remembered that there 
was a similar decrease in the breaking stress of the 0.947 
per cent. carbon steel annealed at 720 deg. Cent. (1328 deg. 
Fahr. ) as compared with that of the bar before treatment. 
An examination of the photomicrograph of this steel 
(Fig. 50) will reveal the fact that the original pearlite no 
longer exists as such, but has been transformed into tiny, 
more or less rounded, masses of cementite. On examining 
the microstructure of the 1.306 per cent. carbon steel 
annealed at 800 deg. Cent. (1472 deg. Fahr.) (Fig. 59), it 
will be seen that a similar change in the pearlite has 
taken place. 

In order that this change may be brought about it 
appears to be essential that some of the free cementite 
should be dissolved by the eutectoid, and that the rate 
of cooling of the metal should be slow. The lowering 
of the breaking stress of the 0.947 per cent. carbon bar 
at 720 deg. Cent. (1328 deg. Fahr.) is due to the fact that 
a steel with this percentage of carbon contains very 
little free cementite, and this is easily dissolved at that 
temperature. In the 1.306 per cent. carbon bar, how- 
ever, the cementite being present in greater amount, a 
higher temperature is therefore necessary for its solution, 
so that the lowering of the breaking stress in this par- 
ticular case does not occur until the steel is annealed at 
800 deg. Cent. (1472 deg. Fahr.). 

It is obvious that a mixture of massive cementite and 
globules of cementite embedded in a matrix of ferrite 
would not be so strong as the ordinary cementite and 
pearlite structure. An increased elongation and reduc- 
tion of area would therefore be expected, and reference 
to Fig. 11, page 141, will show that this is actually the 
case, 

(To be continued.) 








LAUNCHES AND TRIAL TRIPS. 

On Thursday, the 7th inst., the steel screw steamer 
Beijerland, built by Messrs. W. Dobson and Co., Low 
Walker-on-Tyne, to the order of the Shipping and Coal 
Company of Rotterdam, left the Tyne for her official 
trial trip. The vessel is of the following dimensions :— 
Length between perpendiculars, 230ft.; breadth, 34 ft. ; 
and depth, moulded, 17 ft. 3in. The propelling machinery, 
which has been supplied by the North-Eastern Marine 
Engineering Company, Limited, from their Wallsend 
Works, consists of a set of triple-expansion engines, 
having cylinders 18 in., 294 in., and 48 in. in diameter by 
33 in, stroke, steam being supplied by two large steel 
boilers. On the continuous full-speed trial of several 
hours a mean speed of 9.7 knots wa3 obtained, which was 
considered very satisfactory. 

There was launched from the yard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
on Thursday, the 7th inst., a steel screw steamer named 
the Calypso, built to the order of Messrs. T. Wilson, 
Sons, and Co., Limited, Hull, for their passenger and 
cargo trade between Hull and Gothenburg. The dimen- 
sions of the vessel are :—Length, 310 ft.; breadth, 42 ft. 
6 in.; depth, moulded, 26 ft. 54in. The ship will be 
fitted with triple-compound engines, having cylinders 
24 in., 39 in., and 651in. in diameter by 45 in. stroke, 
supplied with steam at 180 lb. pressure per square inch 
by three single-ended boilers of large size, made in 
accordance with Board of Trade and British Corporation 
rules. The boiler shells are made from six plates only, 
the shell being in one drum of two plates, the number of 
joints and riveting consequently being reduced to a 
minimum. The boilers will work under natural draught, 
and are fitted with two funnels and special ventilating 
arrangements. 


On Friday, the 8th inst., there was launched from the 
yard of Messrs. R. Williamson and Son, Workington, 
the steel screw steamer Guanche, which has been built 


for Messrs. Elders and Fyffes (Shipping), Limited, of 


Manchester. 
between per! 
depth, moulded, 10 ft. 
250 tons dead-weight on Lloyd’s summer freeboard. 
engines are to be supplied by Messrs. Ross and Duncan, 
Govan, and are of the compound surface-condensing type, 


The principal dimensions are :—Length 


The vessel is designed to carry 


mdiculars, 119 ft. 3 in.; breadth, 22 ft.; 
The 


official trial trip in the Tees Bay. The steamer has been 
built to the order of the Pool Shipping Company, Limited, 
West Hartlepool, and is fitted with the builders’ patent 
trunk deck. The dead-weight carrying capacity will be 
about 7000 tons on Lloyd’s summer freeboard. The 
engines are by Messrs. Blair and Co., Limited, on the 
triple-expansion principle, of about 1600 indicated horse. 
power, designed for a boiler pressure at 180 1b. per square 
inch. Afteradjustment of compasses and a very satisfactory 
trial trip, during which the vessel attained a speed of 
11 knots loaded, she left for Algoa Bay, South Africa. 


On Saturday, the 9th inst., the new steamer Sherwood, 
built by the Sunderland Shipbuilding Company, Limited, 
proceeded on her official trial. Her principal dimensions 
are :—230 ft. long by 36 ft. broad, and 17 ft. 2? in. deep. 
The vessel carries 2000 tons dead-weight, and is a typical 
collier, being loaded to her marks without trimming in 
any way. The main engines are by the North-Eastern 
Marine Engineering Company, Limited, Sunderland, 
and have cylinders 19 in., 31 in., and 51 in. in diameter 
by 33 in. stroke, steam being supplied by a large boiler 
working at a pressure of 160 lb. per square inch. After 
proceeding to sea, a run of several hours’ continuous 
steaming was made, when a mean speed of about 94 knots 
was obtained, everything working without a hitch, and 
to the entire satisfaction of all on rd. 


On Monday, the 11th inst., the large steel screw 
steamer Manchester Port proceeded on her official trial 
trip in Hartlepool Bay, after adjusting compasses. The 
vessel is 372 ft. in length, and has been built to the order 
of the Manchester Liners, Limited, Manchester, by 
Messrs. Furness, Withy, and Co., Limited, Hartlepool, 
and is a duplicate of the Manehester Mariner, now fitting 
out at the same shipyard. She has a total capacity of 
376,000 cubic feet. There are five large cargo hatches, 
nine powerful steam winches, large multitubular donkey 
boiler, and twelve derricks, including one 20-ton derrick, 
for dealing with heavy weights, such as cases of machi- 
nery, &c. The machinery, which has been supplied and 
fitted by Messrs. Richardsons, Westgarth, and Co., 
Limited, Sunderland, ran very satisfactorily throughout 
the trial, a mean speed of 124 knots being obtained. The 
diameter of the cylinders is 25 in., 42 in., and 72 in. by 
48 in stroke. Three boilers, 14 ft. 44 in. by 10 ft., for 
180 lb. pressure, are fitted. After the trial trip the vessel 
proceeded to Cardiff to load. 


On Thursday, the 14th inst., the steamer Manchester 
Merchant, built by the Northumberland Shipbuilding 
Company, Limited, Howdon-on-Tyne, to the order of the 
Manchester Liners, Limited, Manchester, for their Phila- 
delphia and Manchester service, left the Tyne for her 
trial trip. This vessel measures 373 ft. over all by 48 ft. 
breadth, extreme, by 30 ft. 10 in., depth, moulded. The 
vessel will carry 7000 tons dead-weight, and water ballast 
will be carried in cellular double-bottom and after peak 
tank. The machinery has been supplied by Messrs. 
Richardsons, Westgarth, and Co., Limited, Sunderland, 
with cylinders 26 in., 42 in., and 72 in. in diameter by 
48 in. stroke. There are three boilers working at 180 lb. 
pressure, the machinery being specially designed for 
heavy Atlantic service. On ‘cial the engines worked 
well, and a speed of 123 knots was easily attained. 


There was recently launched from the Kockum Ship- 
yard, in Malmé, Sweden, the ironclad Manligheten, a 
sister ship to the ironclad Topperheten, launched a year 
ago. The principal dimensions are :—Length, 87.5 
metres; breadth, 15 metres; displacement, 3500 tons; 
the engines have a capacity of 5500 indicated horse- 
power, and the normal speed is 164 knots. The arma- 
ment consists of two 21-centimetre and ten 57-millimetre 
guns. 


The Foo Shing (meaning wealth and promotion), which 
has just been completed by Messrs. Swan, Hunter, and 
Wigham-Richardson, Limited, for the Indo-China Steam 
Navigation Company, Limited, has sailed from the Tyne 
after a very successful trial trip. The vessel is 290 ft. in 
length by 42 ft. beam, and will carry a number of Euro- 
pean and Chinese passengers. She is intended to trade in 
Chinese waters, and is very completely fitted with the most 
modern and approved appliances for working both the 
ship herself and her cargo. 








CHINAMEN FOR Mexico.—President Eng Hok Fong, of 
the China Commercial Steamship Company, has arranged 
for the free entrance of Chinese at Manzanillo. He 
estimates that his steamers will land about 1000 Chinese 
in Mexico every month for a number of years. He 
states that there is a large demand on the plantations 
and in the mines of Mexico for Chinese labour. 

CoAL IN THE MipLANDs.—Some 18 months since nego- 
tiations were commenced on behalf of a syndicate repre- 
sented by Mr. E. Parry, C.E., of Nottingham, with 
owners of property between Calverley, Wombourn, and 
Enville for provisional lease of several thousand acres of 
coal in the district. These agreements have recently 
been completed, and boring operations have been com- 
menced upon the Gatacre estate, near Calverley. The 
contract for the boring has been taken by the New Calyx 








24k, 


having cylinders 16 in, and 34 in. in diameter, with a 
stroke of 24 in., steam being supplied by a cylindrical 
a 11 ft. 6in. by 10 ft., working at a pressure 
of 130 Ib. 


Drill and Boring Company, of Dashwood House, London, 
which, originally coming from Australia, has during the 
t year or two been successful in putting down bore- 
oles for coal in various parts of Great Britain. The 
depth to which it is proposed to- bore near Calverley is 
uncertain, but the contract is for a minimum depth of 
400 yards, which may be considerably increased. 


On Saturday, the 9th inst., the s.s. Hartlepool, built by 
Messrs. Ropner and Sen, of Stoekton-on-Tees, made her 
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‘‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CoxurILED By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902, 
umber of views given in the Specification Drawings is stated 
‘Sco po where none are mentioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent O Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
e pre yer in of the acceptance of a Complet 
dat e 
Mijpecifioation is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the of a Com; Specification, 
of opposition to the grant of a 


ive notice at the Patent O; ‘ i 
Patent on any of the grow mentioned in the Acts, 


ELECTRICAL APPARATUS. 


26,870. M. Deri, Vienna, Austria. Alternating- 
Current Motor. [3 Figs.) December 5, 1902.—This invention 
relates to a commutator motor of the class of the so-called repul- 
sion motors, the armature of which forms a secondary circuit 
closed on itself and separate from the distributing circuit. The 
arrangement which forms the subject-matter of the present inven- 
tion allows the working current and the field to be regulated 
independently of each other, the two circuits being made distinct 
and independent of each other. Ris the armature with commu 


re 





Fig.2. 




















tatorC and brushes B. The stator S is provided with two groups 
of windings having their axes shifted by a determined angle. 
Both windings are connected in series, but in such a manner as 
to permit the reversing of the direction of current at im, m, by 
means of a reversing switch L. W ig a variable resistance. The 
armature circuit is closed by a connection between the brushes, 
and the stator windings are fed from the distributing circuit. 
As shown, these two windings are connected in series, or con- 
catenated. (Accepted December 9, 1903.) 


14,605. The Pearson Fire Alarm, Limited, and G. 
G. Bowell, London. Automatic Fire-Alarm Fuses. 
[4 Figs.) June 30, 1903.—This invention relates to an improved 
form of heat-alarm fuse for use on automatic fire-alarm apparatus. 
The apparatus comprises the porcelain base a, on which is mounted 
a central screw ¢, the metal plates b carrying the terminals c and 
fuse pillars d. g is the porcelain cover, which has a central hole 
that passes over the screw e, and fits on a rebate in the base and 
is secured by anut h. The cover is provided with slots i, through 
which the fuses / project. These fuses are preferably cast in the 
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required shape, and have holes at each end which fit on to the 
pillars d, and to which they are secured by riveting or spreading 
out the upper ends of the pillars. The plates } fit in recesses in 
the base a, and are secured by nuts / that fit in recesses on the 
under side of the base, and screw on to the shanks of the ter- 
minals c, which pass through the plates and base. With the 
arrangement described good electrical connection is secured 
between the live wires and fuses; the terminals are enclosed and 
protected, and the complete fuse can be readily fixed to the 
wood casing which holds the live wires. (Accepted December 9, 
1903.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


27,520. E. F. Scott, Pembroke, South Wales, and 
R. Booth, London. Gas-Producers. (8 Figs.) Le- 
cember 13, 1902._-According to this invention there is provided 
a horizontal grate for a gas-producer for continuous working 
that is adapted to permit steam and air to be carried to the 
centres of the producer at the bottom thereof, and is also adapted 
to be rotated for the purpose of freeing its operative surface from 
cinders and the like. The grate comprises a hollow cylindrical 
main portion 1 provided with holes 2 at regular intervals, and of 
larger area on the outside than on the inside of the wall of the 
grate. The grate is supported on hollow journals 3, 4, each fur- 
nished with a flange 5, having holes 6 on its external periphery 
for the purpose of enabling the grate to be rotated by means of 
abar. The grate is suspended across the bottom of the pro- 
ducer by means of brackets 7. One end of the grate is closed by a 
plate 9, removably held in place by cotters 9 which pass through 
hoops 11 carried by the journal 4. The other end of the grate 
communicates with a pipe 12, through which steam and air are 
Supplied in the ordinary manner, and whence it passes into the 
hollow grate, from the upper portion of which it escapes through 
the holes 2 intothe fuel above. The grate is shown with projec- 
tions la, for the purpose of disturbing the fuel on its rotation. 
These projections might, however, be omitted, or longitudinal 


ridges substituted therefor. Instead of round holes, the -grate 
may be provided with longitudinal or circumferential slots ; but 
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in cross-section each such slot should be similar to each of the 
holes 2. (Accepted December 9, 1903.) 


2104. Marquis A. de Dion and G. Bouton, Pute- 
aux, Seine, France. Pressure-Indicators. [5 Fi9s.| 
January 28, 1903.—This invention relates to an apparatus for 
measuring and recording the pressure in the cylinders of motors to 
which the fluid is supplied periodically, the measuring and recording 
of the pressure being obtained independently of the duration of the 
working cycle. A shaft a, running at the same speed as the motor, 
carries a bevel wheel } gearing with two wheels 0, @! carried by a 
dise ec. A bevel wheel d keyed on a shaft e gears with the wheels 
bl, di, The dise ¢ is yrovided on its periphery with a cam cl, 
which at each rotation of the disc raises the stem g of a valve ¢, ). 
A space | above the part i communicates by a passage / with the 
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motor cylinder, and this space 7, when the valve is raised, com- 
municates with a space m in communication by a passage 12 with 
the lower part of a cylinder z containing an indicator piston n 
which carries the diagram tracing point 13. If shaft e be 
stationary, the disc ¢ will, for each revolution of shaft a, make 
half a revolution, and therefore for each cycle the valve i, j will 
be raised once. If shaft e be rotated, the moment at which the 
valve is lifted will vary at each successive stroke of the motor 
piston, and thereby produce a diagram of the entire cycle. In 
order to obtain a diagram easy to read, the indicator-card frame x 
has a reciprocating motion imparted to it. This motion is pro- 
portionate to the motion of the motor piston. (Accepted De- 
ceimber 9, 1903.) 


MOTOR ROAD VEHICLES. 









































2772. F. R. Simms, Kilburn, London. Motor 
Tractors. (3 Figs.) February 5, 1903.—This invention re- 
Fig. 2 
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and also for driving machinery, such, for example, as threshing 
machinery. The machine comprises a framework @ which is sup- 
ported upon wheels 0}, c, the rear wheels b serving as driving 
wheels, and the front wheels c as steering wheels. The steering 
wheels c are mounted upon the axle ¢, which is pivoted centrallyvat 
J, 80 that it can be moved in a horizontal plane through the medium 
of steering gear of ordinary construction. The axle i can 

move around the pivot j in a vertical plane, so that the wheels 
can adapt themselves to inequalities of the ground over which the 
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vehicle is driven. To enable the machine to act asa stationary 
motor for power purposes, one of the shafts of the variable-speed 
gear g is extended through the box of the gear, and is provided 
upon its end with a pulley 0, from which power is communicated. 
In practice, it will be preferred to extend the second shaft of 
the variable-speed gear, as by this means it will be ible to ob- 
tain three speeds for power purposes. (ascepted December 9, 
1903.) 


1086. J. E. Thornycroft, Chiswick. Motor-Pro- 
pelled Vehicles. (6 Figs.) January 15, 1903.—In a motor- 
propelled vehicle, according to this invention, air isdrawn through 
the heat-radiating device through which the cooling water for the 
motor flows, and is then forced to enter an uptake, into which the 
exhaust products of combustion from the motor are led, the 
arrangement being such that the exhaust products will be largely 
diluted and discharged at a considerable height above the ground. 
1 is the radiator through which air is drawn by the fan 5 driven 
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from the motor shaft. 10: is an uptake, the lower portion of 
which is in communication with the rear end of the bonnet 2. 11 
is an exhaust pipe, through which the exhaust products from the 
petrol motor 9 are conducted to silencers 12, which are arranged 
at the rear of the bonnet 2, in a casing 13, and below the uptake 10, 
and through which the exhaust products are caused to pass and 
finally escape through a blast pipe 14 into the uptake. 15 are 
passages between the sides of the casing 13 and bonnet 2, through 
which air can pass from the rear of the bonnet to the lower end 
of the uptake. (Accepted December 9, 1903.) 


3457. L. P. Mors, Paris, 1 Chassis. 
(2 Figs.) February 13, 1902 —This invention relates to a motor 


vehicle frame, which is particularly adapted for vehicles having 
a coupé or similar sha} y. The framework, ins of being 
rectilinear and horizontal from front to rear, is raised at the back 









































as shown at A!, A being the remainder of the framework. This 
form of frame permits, with a frame of predetermined height 
above the ground, and with a predetermined diameter of wheel, 
of employing springs d!, of a better and more rational form for the 
suspension of the vehicle. (Accepted December 9, 1903.) 


PRINTING AND ALLIED MACHINERY. 


26,659. H. M. London, and F. H. Pierpont, 
Horley, Surrey. Grindir Les oo Matrices. {4 Figs.) 
December 3, 1902.—This invention relates to an improved method 
of grinding where great precision is required, and the invention 
is more particularly intended for finishing the matrices of type- 





lates to motor tractors, and has for object to provide an improved 








engine designed to serve for drawing loads in the ordinary way, 





casting and setting machines. The improved process consists in 
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passing the body to be ground over the face of a rapidly revolving 
dise, or between a pair of revolving discs mounted in a closed 
chamber containing a liquid of low-surface tension, such as 
naphtha, . The liquid is agitated by the rapidly revolving disc or 
discs, frees the face of the discs from any particles of metal, and 
also. prevents. the accumulation of the ground-off particles of 
metal on the object being ground, and the consequent pitting of 
its surface. The machine comprises a bottom part A, having a 
central cavity extending through the’ greater part of its length, 
and a slot A® parallel with the cavity. The three walls thus formed 
are grooved to receive one-half of two sets of bearings C, C1, C2, 
to carry spindles extending across the cavity and slot. Covering 
the main portion of the part A is a part 





Al, having a cavity 
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corresponding to that in A, the two forming a closed chamber B. 
Revoluble in the bearings C, C!, C, are spindles D, F, which carry 
the grinding discs E, E!. The two spindles are connected together 
at their adjacent ends so as to revolve as one, but be capable of end- 
wise movement relatively to each other. The matrix carrier H 
extends through the chamber B, where it passes between the 
pairs of dises E, E!, the whole length of the frame and beyond, 
and is provided with a slot H! adapted to receive a single matrix. 
The matrices are supplied by a vertical slot A’, and are pushed 
into the carrier by a pusher A6, When the matrix is in position, 
the carrier H is pushed forward, passing the matrix successively 
between each pair of discs E, E', until it arrives opposite a hori- 
zontal slot in communication with a receiver K!, into which it is 
pushed by a pusher L. (Accepted December 9, 1903.) 


RAILWAYS AND TRAMWAYS. 


28,946. J. Holden, Wanstead, Essex. and F. V. 
Russell, Stratford, Essex. Locomotives. [5 igs.) 
December 31, 1902.—This invention has reference to the driving 
gear of locomotives, wherein an axle is located between a cylinder 
or cylinders, and the crankshaft driven by the piston or pistons of 
such eylinder or cylinders. According to this. invention the 
cylinder or cylinders is, or are, arranged horizontally, or nearly 
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so, and the connecting rod, or the connecting-rod,,is con- 
structed with an opening such as will enable the rod to clear the 
axle located in the line of its motion. a@ are the two inside 
cylinders, ) their connecting-rods, andc the openings therein, In 
some cases, the intervening axle is bent after the manner of a 
crank, and the eccentric portion js located in the opening ¢ ; k and 
m are the shallow cranks or bends of the intervening axle d, and 





are parallel, or approximately so, and point in the same direction 
as the driving cranks n of the axle g. Each opening c through 
which the intervening axle d passes is in the form of an elongated 
slot, the outer end of which is closed by a block o that is fixed to 
the forked end of the corresponding connecting-rod, and is jointed 
at p to the corresponding piston-rod g. The cranks k and m may 
merge into each other, as shown in Fig. 3. (Accepted December 9, 
1903.) 


SHIPS AND NAUTICAL APPLIANCES. 
26,465. Sir O. J. Lodge, Birmingham, J. G. Came- 


ron, Rock Ferry, Cheshire, and A. Muirhead, Short- 
lands, Kent. avigating Ships. (3 Figs.) December 1, 
1902.—This invention relates to the navigation of ships, and con- 


sists in utilising Hertzian°“waves emitted from fixed and known 
points. In carrying out the invention, each lighthouse or other 
shore station is provided with apparatus for the emission of 
Hertzian waves, and on board each ship is provided a receiver, 
detector, or collector, designed to collect the waves in such a way 
as to furnish an estimate of direction or of position. Two col- 
lectors a, a! suitably arranged are employed, and their extremities 
are separated by some distance to form a base-line. Between the 
adjacent ends ¢, c! of the two collectors a, a! is inserted a colierer 
d together with the usual appendages. If the two collectors are 





in a line with the sender /, and approximately half a wave length 
apart, they will receive disturbances in opposite phase and will | 


| 





Fig.%, 4 
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powerfully affect the coherer, thus giving a maximum effect, and | 
enabling it to be stated that the sending station is in the plane | 
of the two conductors a a! and is of a certain wave length. If} 
the collectors be turned round, a certain position can be found | 
at which the two collectors are equidistant from the sender /, in | 
which case they will receive disturbances in the same phase of | 
equal magnitude, which will therefore neutralise each other at the | 
middle c, cl, where the collectors are connected with the coherer d | 
and the indications will be zero. This also furnishes a criterion 
for the direction of the sending station. To determine the posi- 
tion of a ship, the same apparatus is employed, but two bearings 
must be taken and two different signalling stations /, /! utilised. 
The ship would receive signals from both stations, and by swinging 
round the collectors a, a! it could so arrange that first one set of 
signals vanished and then the other set, thus getting two bearings 
which are necessary to be plotted on a chart on which are marked 
the sending stations. (Accepted December 9, 1903.) 


TEXTILE MACHINERY. 


15,107. J. Tasker, R. H. Webb, and Howard and 
BuHough, Limited, Accrington, Lancs. Openers 
and Scutchers. [4 Figs.) July 8; 1903.—This invention 
relates to the feed apparatus of openers and scutchers. The 
regulator pedals and cotton-holders are so hinged and mounted 
that each series acts upon the same feed-roller, the arrangement 
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being such that the regulating series control the speed at which 
the material is fed to the feed-rollers, while both series participate 
in holding the cottén against the feed-roller. The cotton to be 
operated on is placed upon lattice A, and fed thereby to the re- 
volving feed-roller B. The cotton then passes between the roller B 
and the regulator pedals C, which latter are made in the form of a 


the rim to the other through the apertures. 
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B rises and falls according to the thickness of the sheet of cotton 
passing forward, the. opposite end is likewise influenced, and 
through the medium of the pendants E, which work in conjunction 
with the well-known cone-drum regulating arrangement, the 
speed of the feed-roller Bis regulated.. Arranged to work in con. 
junction with the feed-roller B are the cotton-holders F, ful. 
crummed at D and weighted at their opposite extremities so as 
to retain a hold on the cotton whilst it is being delivered to the 
action of the beater G. (Accepted December 9, 1903.) 


MISCELLANEOUS. 


23,938. H. H. Murdoch, Hastings, New Zealand. 
Ss uares, (15 Figs.) November 4, 1903.—This invention 
relates to set-squares used in drawing, and has for object to 
enable the draughtsman to draw equidistant section lines and 
other lines mechanically and with absolute precision. For this 
purpose a rectangular slot or slots is, or are, cut in the set-square, 
and in one or other of which is inserted an oblong sliding-stop 
of such width as to fit and slide easily in the slot, and of less 
length than theslot, so as to have a certain amount of play. «is 
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the set-square and a! and a? are the slots hereinbefore referred to. 
The sliding-stops may be of various forms. In an adjustable 
form described, c? is a plate slidable in the slots, and provided 
with a set-screw c4, the head of which is adapted to engage the 
end of the slot. The length of movement of the sliding-stop in its 
slot is regulated by the set-screw. After drawing each line the 
draughtsman ehifts the stop along the slots until stopped, and 
then moves the set-square along until stopped by engagement 


| with the rear end of stop. (Accepted December 2, 1903.) 


23,295. T. B. Lightfoot, London. Refrigeratin 
Machinery. [1 Fig.! October 27, 1903.—According to the no 
sent invention the refrigerating agent is cooled in its passage from 
the condenser to the low-pressure evaporating apparatus by the 
expansion or evaporation of a portion of itself in a concentric coil 
apparatus, the part thus expanded or evaporated being supplied 
to the receiver or high-stage compressor. «@. is the condenser 
which receives the refrigerating agent from the high-stage com- 
pressor, and & is the low-pressure evaporating apparatus, in which 











the agent: is evaporated to cool brine for making ice, or for 
other cooling purposes, and then passes to the low stage com- 
pressor. In its passage through ‘this system of apparatus in the 
direction ‘indicated by the arrows, a portion of the agent is 
diverted at d into the outer or inner coil of a concentric-coil ap- 
varatus ¢, where it evaporates and passes at ¢ to the receiver or 
lisholege compressor. During its evaporation it cools the refri- 
gerating agent flowing through the inner or outer coil. (Accepted 
December 9, 1903.) 


1578. H. L. Doulton, Lambeth, and R, J. Pleace, 
Clapham. Valves. [4 Figs.) January 22, 1903.—This inven- 
tion relates to means for controlling the flow of liquids and gases 
through pipes. In one arrangement a plug A is screwed into a 
projecting rim Bina pipe ©. The plug is cut away on its screw- 
threaded portion, as shown’ at D, D!, D2, and D3, so that when 
the plug is unscrewed a portion of these cut-away portions will 


| be above the rim B, and liquid or gases can flow from one side of 
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4 The rate of flow may 
be increased or diminished by unscrewing or screwing the plug. 
Or, instead of a plug, a plate E may be secured within the pipe H, 
and have rotatably mounted on it a second plate F. Each plate 
is provided with perforations or holes, which, when opposite to 
one another, form a e G for the liquid or gas. . By turning 
the plate F the area of the passage G may be varied, and the flow 





double-ended lever fulcrummed at D. Asthe end under the roller 





increased or decreased, (Accepted December 9, 1903.) 
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Various attempts have therefore been made to 
design apparatus on which whole sheets can 
be tested without any waste of material and, 
further, without any special preparation of the 
test - pieces. In Figs. 1 to 8 we illustrate an 


MAGNETIC TESTS OF WHOLE 
SHEETS OF IRON. 


In the ordinary magnetic tests of the iron used 
in the construction of dynamos and transformers, 
rings or strips are cut, or punched, from the sheets. 
The part of the sheet from which the test-piece is 
taken—edge or centre of the plate—is not without 


apparatus of this kind which Messrs. Siemens 
\and Halske, of Berlin and Vienna, are putting on 
the market. 
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influence on the result, and, in order to obtain| by Mr. Rudolph Richter in the Vienna and Char- 
average values, it is advisable to experiment | lottenburg laboratories of this firm. 

on a fairly large bulk of material. The rules of}. The apparatus consists of a skeleton drum 
the German electricians, for instance, prescribe a | (Figs. 1 to 3), which can be rolled along the shops, 
minimum weight of 10 kilogrammes. A good deal|and which contains no movable parts except the 
of iron may be wasted in cutting out the test-pieces. | devices for holding the sheets. The ends of: the 








The apparatus has been worked out , 





drum are formed of dises of wood, W, Figs. 1 and 2, 
which are grooved to receive the sheets ; the stout 
stretchers D hold the apparatus together. There is 
an opening at A at the top for introducing the 
sheets, and the two bars B, adjoining this opening, 
are hinged at Z. In Fig. 2 one of the bars is turned 
up, the other down ; the catches S afterwards keep 
the bars B in position. The other wooden bars or 
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battens L serve merely for the protection of the bare 
copper rods, through which the alternating test cur- 
rents are passed ; this wire system may be arranged 
in two circuits, for parallel or series connection. 
To facilitate the operation of introducing the sheet, 
a shoe (Fig. 4) is pushed over the front edge of the 
sheet ; this shoe is removed again when the edge 
reappears after having been passed round the drum ; 
the end of the sheet is further bent, as Fig. 5 
illustrates. Several sheets are tested simulta- 
neously ; four, as a rule, when the thickness is 0.5 
millimetre (0.02 in.), and six when the thickness 
is 0.3 or 0.35 millimetre. The free ends of the 
sheets will overlap in either of the two manners 
illustrated in the diagrams, Figs. 6 and 7. The 
arrangement of Fig. 6 is preferable for accurate 
determinations ; in the workshop, the arrangement 
of Fig. 7 will be found more convenient. The 
sheets must not touch one another, of course. 
When the tests are made in the mill, it will be 
sufticient, since only good samples are selected, to 
bend pieces of cardboard, about 2in. or 4in. in width, 
around the lateral edges. In electric works means 
are always at hand for glueing paper insulation to 
the sheets, or for varnishing them, and perfect insu- 
lation of the sheets from one another is, therefore, 
easily secured ; the edges will in either case be pro- 
tected by cardboard. In accordance with the recom- 
mendations of the Hysteresis Commission of the 
Verband Deutscher Elekrotechniker, the apparatus 
is designed for sheets of 1000 by 2000 millimetres 
(40 in. by 80 in.), to be tested by means of watt 
meters, with currents of 50 periods anda maximum 
induction of 10,000 lines of force per square centi- 
metre. The test sample should be taken from at 
least four sheets, and weigh not less than 10 kilo- 
grammes. Since it is not easy accurately to main- 
tain the stipulated frequency and induction, the 
curves reproduced in Fig. 8 have been plotted, 
which indicate how many per cent. have to be added 
to, or subtracted from, the deduced Joss in watts, 
when the induction b, or the frequency p, deviate 
from the mean values. The third curve wu is 
added for the convenience of observers who 
reckon rather by the number of revolutions— 
referred here to a two-pole machine —than by 
the periods. The chief advantages claimed for 
the Richter apparatus are :—No cutting of sheets, 
no waste of metal, rapid mounting of the sample 
sheet, determination of average values for the 
whole sheet, little heating of the test-piece, 
and a good efliciency factor (cos @). There are 
practically no stray fields. As the sheets are 
generally a little longer than is recommended, the 
ends will overlap by about 1 per cent. In scien- 
tific determinations, accurate dimensions must, of 
course, be insisted upon ; but for practical testing 
this overlapping will, it is stated, not be of much 
consequence. None of the technical methods so far 
applied give more than good approximations. 

The practical rule for technical magnetic testing 
which we mentioned above was provisionally 
adopted by the Dresden meeting of the Verband 
Deutscher Elektrotechniker in 1901, and has been 
re-adopted at the two subsequent annual meetings. 
The Dresden meeting, in addition to defining: the 
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general method for such tests, also recommended, 
provisionally for one year, the Epstein apparatus 
as being on the whole the most suitable known. 
At the Mannheim meeting of this summer, Pro- 
fessor Epstein, on behalf of the Hysteresis Com- 
mission, reported that the Richter apparatus had 
been submitted to independent examination by 
different members, and that it seemed on the whole 
to give too high values. It was further pointed out 
that the possibility of examining the whole sheet 
did not constitute a great advantage, as long as 
standard dimensions for the sheets had not been 
fixed ; and the question of standardisation was 
likely to remain open for some time tocome. Under 
these circumstances the Commission again recom- 
mended provisionally the Epstein apparatus, and, 
further, the Mdllinger apparatus. This latter is 
made by the Shuckert Company, and for the parti- 
cular style of machines which the Schuckert Com- 
pany builds the rings can be cut without any 
waste of material ; that would not hold for other 
types, however. But the Commission will inquire 
whether manufacturers can agree on a shape for 
the test-pieces, involving minimum waste. The 
Reichsanstalt, which has assisted the Hysteresis 
Commission, considers that the Epstein and Mol- 
linger apparatus are about equally reliable, but that 
the Epstein apparatus is preferable, in spite of a 
certain stray field, on account of its easy operation. 
The Reichsanstalt is now examining the Richter 
apparatus, and we shall probably see the result of 
their experiments in next year’s report of that 
institution. The idea of testing whole sheets, and 
not only certain portions, without further prepara- 
tion, certainly appeals to electricians. 








THE CONFIDENTIAL RELATIONSHIP 
OF MASTER AND SERVANT. 

Even when the terms of a contract of service are 
put into writing, or very definitely agreed upon 
by word of mouth, it is difficult for the parties to 
foresee and provide for every contingency which may 
arise. No doubt the usual terms relating to notice, 
the right to dismiss, &c., are generally discussed ; 
but there are a number of questions incidental to 
the relationship of master and servant with regard 
to which the parties may have disputes. 

Among the questions which arise in this way 
there is one which is worthy of particular attention, 
inasmuch as the contract of service very seldom 
provides any solution for it. We refer to the 
extent to which a servant is prohibited from dis- 
closing secrets, or making use for his own advantage 
of information acquired by him during the term 
of employment. It is inevitable that he will 
become acquainted with his master’s customers, 
and be let into the secrets of the particular trade 
in which his master may be engaged. What is 
there to prevent him from using this information 
for his own advantage after dismissal, or upon the 
expiration of the period for which his employment 
was to continue ? 

A long series of cases has established that where 
a relation exists between two parties which involves 
the performance of certain duties by one of them, 
and the payment of reward to him by the other, 
the law will imply, or the jury may infer, a promise 
by each party to do what is to be done by him. 
It follows from this that in answering the question 
above propounded a court of law will look not only 
to the contract or agreement itself, but to every- 
thing which is implied in such a contract. 

It is generally understood that if a man under- 
takes to work for another, he will devote his whole 
time and energy, not to further his own interests, 
but for the benefit of his employer. The law will 
apparently interpret every contract in accordance 
with this doctrine. But it goes further, and will 
restrain a servant who has been discharged, or 
whose term has otherwise come to an end, from 
taking advantage of information which he may 
have unlawfully acquired in the time when his 
whole energies should have been devoted to his 
employer. 

It may be of use to refer to one or two cases in 
which these principles have been recognised. 

In the case of Rott v. Green ((1895) 2 Q.B., 1), 
the defendant being employed by the plaintiff as 
manager of his business, secretly copied from his 
master’s order-book a list of the names and ad- 
dresses of the customers, with the intention of 
using it for the purpose of soliciting orders from 
them after he had left the plaintiff's service and set 
up a similar business on his own account. Subse- 


quently, his service with the plaintiff having termi- 
nated, he did so use the list. It was decided that 
it was an implied term of the contract of service 
that the defendant would not use, to the detriment 
of the plaintiff, information to which he had access 
in the course of the service, and therefore that the 
defendant was liable in damages for any loss caused 
to the plaintiff by reason of the breach of the term. 

It must not be inferred from the decision in this 
case that a clerk, or workinan, is not allowed to 
enter into competition with his master after the end 
of the service. What the law strikes at is the un- 
lawful use of information acquired during the term 
of service. If there was an implied term in every 
contract of service that the servant when discharged 
should not compete with his master, restrictive 
covenants would be quite unnecessary. 

That this is the true state of the law appears 
from a closer study of the case, for in the course 
of his judgment Mr. Justice Hawkins said :—‘‘ It 
is good law that a servant having left his master 
may, unless restrained by contract, lawfully set up 
in the same line of business as his late master, and 
in the same locality ; and that he may, without fear 
of legal consequences, canvass for the custom of his 
late master’s customers, whose names and addresses 
he has learned bond fide accidentally during the 
period of his service. . . . But here we are dealing 
with a flagrant breach of trust during service, with 
intent to reap the advantage contemplated after- 
wards. In such a case, too, it seems to me that 
the fraud in service with intent to use afterwards, 
and the use afterwards, are both discountenanced 
by law. The breach of confidence in service can 
hardly be said to be a duty of imperfect obligation, 
for, as I have pointed out upon authority, the law 
will imply a promise to perform it ; and the utili- 
sation of the fraud cannot be legalised by the fact 
that, though that utilisation was contemplated 
when the fraud was committed, the relation of 
master and servant had terminated before it was 
carried out. So to hold would be a great encou- 
ragement to fraud. In what I have said I do not 
intend to convey that while the contract of service 
exists a person intending to enter into business 
for himself may not do anything by way of prepa- 
ration, provided only that he does not, when 
serving his master, fraudulently undermine him by 
breaking the contidence reposed in him. For 
instance, he may legitimately canvass, issue his 
circulars, have his place of business in readiness, 
hire his servants, &c. Each case must depend on 
its own circumstances.” 

The principle above laid down seems to apply in 
every case where the relationship of master and 
servant has existed, and it was accepted by the 
Courts long before 1895. 

In the case of Lamb v. Evans ((1893) 1 Ch., 218), 
canvassers who had been employed under agree- 
ments which bound them to devote themselves in a 
particular district exclusively to obtaining from 
traders advertisements to be inserted ina directory, 
and to supply the blocks and materials necessary 
for producing such advertisements, proposed at the 
expiration of their agreements to assist a rival 
publication in procuring similar advertisements. 
It was decided that they were not entitled to use 
for the purposes of any other publication the 
materials which, while in the plaintiff's employ- 
ment, they had obtained for the purpose of this 
particular directory. 

There is one other aspect of the question under 
discussion which is of great interest to manufac- 
turers who find it necessary in the course of busi- 
ness to disclose to mechanics and other persons 
working for them the nature of, and secrets con- 
nected with, inventions for which they may be 
desirous of obtaining letters patent. The sugges- 
tions made by a workman, employed in making a 
model of an invention for the inventor, cannot be 
patented by that workman, but in fact belong to 
the employer and merge in his invention. Hence 
he is the only person entitled to a patent for them. 
Therefore improvements in details suggested by 
such workman, and embodied in the machine, do 
not entitle that workman to oppose and stop the 
master’s patent, on the ground that material parts 
of the invention have been obtained from him. At 
the same time, inventions found out by a workman 
while engaged in his master’s employment do not 
necessarily, by virtue of that employment, belong 
to the master. It isa question of fact in each case. 
The invention may be so entirely independent of 
anything suggested to the workman as to be clearly 
his own invention. 





It would seem to follow from this that if a work- 
man, after the determination of his period of 
service, were to take out a patent for some article 
which he had virtually invented during the period 
of employment, his title might be unassailable ; but 
if it were shown that he, in fact, robbed his master 
of an invention, and forestalled him in taking out a 
patent for it, the Court would, in all probability 
interfere, ; 

Hitherto we have dealt with cases in which the 
duty not to avail himself of his master’s secrets had 
not been expressly laid down in the contract, 
Where there is an express term, but little difficulty 
arises. 

In a case which was heard in the High Court 
recently (Barr v. Craven) an action was brought by 
an insurance company against four discharged agents 
and another insurance company, alleging that the 
agents had made use of the knowledge which they 
had obtained while they were in the employment 
of the plaintiff society for the purpose of inducing 
persons, who were policy-holders in the plaintitf 
society, to transfer their policies to the defendant 
society. Each of these agents had signed contracts 
which contained clauses to the following effect :— 
‘*7. To deliver up in case of my resigning the agency, 
or being dismissed therefrom, all name-plates, show- 
cards, books, papers, or other property belonging 
to the society, or in any way relating to the busi- 
ness of the society, to my superintendent or any other 
ofticer of the society, as directed by the general mana- 
ger for the time being of the society or by my said 
superintendent. 8. To introduce all the members 
in my agency to my successor or to any officer of 
the society, and not to interfere directly or in- 
directly with any of the business, after having 
resigned this agency, or being dismissed there- 
from.” It was urged on behalf of the defendants 
that this covenant was too wide, and was therefore 
void as being against public policy. It was limited 
neither in space nor time, and it applied to the 
whole business of the plaintiff society, wherever 
carried on. The Court granted an injunction. 
Lord Justice Mathew said :—‘‘ In my view upon 
the true construction of these contracts, the ‘ busi- 
ness’ meant the ‘business’ of my agency, and 
the restriction is confined in each case to the 
locality in which the particular defendant was 
agent of the plaintiff society. There can be no 
objection to such a contract, and it is right 
to restrain a breach.” This was a case of re- 
straining the discharged servant from canvassing 
customers. A similar injunction would doubtless 
be granted if the servant were under covenant not 
to disclose the information which he might acquire 
during his term of employment. 


LITERATURE. 


Die Stirungen im Deutschen Wirtschaftsleben wihrend der 
Jahre 1900ff. Vol. II.: Montan und Eisenindustrie ; 
by O. BosszrFMANN, TH. VOGELSTEIN, and F. Kun. 
Vol. ILI. : Maschinenindustrie; by P. STELLER. 
Elektrotechnische Industrie; by J. LOEWE. Schif/bau- 
gewerbe; by R. ScHacuner. Papierindustrie; by F. 
DemutTH. Two octavo volumes, 228 and 283 pages. 
Leipzig, 1903: Duncker and Humblot. [Price 5 marks 
and 6.40 marks. | 

THE two volumes before us have been published 

by the Verein fiir Socialpolitik, and contain mono- 

graphs which deal with what the title desig- 
nates as ‘‘ Disturbances in the German Economy 
during 1900 and Following Years.” We have 
already* commented at length on one of these 
monographs, the instructive picture which Dr. 

Josef Loewe, of Breslau, drew of the growth 

and crisis in the German electrical industries, in 

a paper which he read before the Hamburg 

meeting of the Association for Social Politics in 

September. The other monographs, to which we 

pass to-day, have been compiled on the same plan. 

The articles are not all of equal merit, and the 

authors differ in their opinions as to the causes of 

the crisis and the advantages and disadvantages of 

the cartells or trusts. They agree, however, that a 

dangerous optimism was displayed, that the recogni- 

tion of the approaching danger led to the adoption of 
hasty and sometimes questionable measures, and that 
the crisis is not yet passed, though a better tone pre- 
vails. The crisis was fairly general, and had its 
first excuse in the great awakening of technical 
enterprise. Most of the contributors also concur 
that the uncertainty of the commercial policy of the 














* See ENGINEERING, page 568-ante. 
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had a baneful influence. High protection 
was in the air, but nobody knew on what articles 
it would especially fall. Even the chemical manu- 
facturers, who, for a long time, remained unaflected 
by the general misére, complained about the un- | 
certainty of the commercial treaties. 
opinion inconv i ly 
these monographs. The authors distinguish the 
periods of growth, culmination, and crisis, and | 
separate some of the statistics on this basis. A 
good deal of what we said with regard to the elec- | 
trical industries applies also to the others, and one | 
cannot read more than a few pages of such publica- 
tions without becoming impressed with the diffi- 
culty of interpreting statistics. f 

The second volume, on the ‘‘ Montan und Eisen- 
industrie,” contains three articles dealing with 
different districts. The first article, by Otto 
Bosselmann, of Berlin, on ‘‘ Erzbergbau und Eisen- 
industrie ir Lothringen-Luxemburg,” concerns the 
minette ores and iron industry of German Lor- 
raine and of the Grand Duchy of Luxemburg, which 
belongs. to the German Zollverein. The importance 
of this iron industry is underrated abroad, though 
it gives employment to one-third of the population 
of those parts, and though the ores mined there now 
make up 75 per cent. of the total ore production, 
and the pig 30 per cent. of the total pig production 
of Germany. That the development of this local iron 
industry has been slow is sufticiently accounted for 
by two circumstances: the coal of the district does 
not yield a coke suitable for blast-farnaces, and the 
coke has therefore to be brought from Westphalia or 
Belgium ; further, the ores but little repaid smelt- 
ing before the introduction of the Bessemer and 
Thomas processes. To the latter process particularly 
German metallurgists are especially indebted, and 
that is fully acknowledged. 

In the ’sixties iron was being produced in Lorraine 
and Luxemburg on a very modest scale. When 
the busy rush came in 1895, the dearth of labourers 
had to be met by the engagement of Italians. 
They were satisfied with small pay and _ poor 
accommodation, and went straight to the post- 
oftice on pay-days to send their savings home ; but 
they were unskilled, and not fit for work during 
the severe winters. The peasants of the districts 
were, and remained, little inclined to work on the 
mines and furnaces. The ore production of Lorraine 
and Luxemburg was, in units of 1000 tons (kilo-tons), 
678 and 1170 in 1872, and 3922 and 3958 in 1894, the 
latter numbers representing respectively 31.5 and 
64 per cent. of the ore production of the Zollverein. 
The proportions of the pig production increased 
from 20 to 27.6 per cent. only in the same period. 


Empire 








created to face the threatening dearth of raw mate- 
rials. With the syndicates and cartells came the 
temptation to indulge in speculations, which are 
responsible for a great deal of the mischief. The 
‘‘intensity”’ period, as Sir W. Roberts-Austen 


One, in our | characterised the times at the Paris meeting of the 
enient, feature is fairly common to | Iron and Steel Institute in 1900, was not confined 


to Germany, and the works which had _ hastily 
| started anaes: before the appliances for the safety 
of the workers had properly Sova installed—hence 
frequent complaints of the trade inspectors about 
the many accidents, especially to the unskilled 
|labourers—in order to secure their share of the 
brisk trade, found the good times already gone. 
The labourers had, in most parts at any rate, pro- 
fited during the busy period ; hewers in the col- 
lieries, who had received 3.70 marks per day of 
11 hours in 1895, drew 5.20 marks in 1900. These 
wages went down afterwards, and labourers had to 
submit to reductions of 20 per cent.; skilled hands, 
however, suffered less. 

The appendices to Mr. Bosselmann’s articles 
reproduce the statutes of the two chief cartells 
of Lorraine - Luxemburg, whose policy he dis- 
cusses at some length. He does not consider that 
the high prices of coke which the Westphalian 
syndicate was able to maintain have, on the whole, 
been detrimental to the iron industry of Lorraine- 
Luxemburg. 

The second monograph on the ‘‘ Rheinish-West- 
filische Montan und Eisenindustrie,” by Dr. Th. 
Vogelstein, of Miinich, is more controversial in 
character. The author criticises articles on the 
same subject by Eulenburg, L. von Wiese, Lief- 
mann, Sinzheimer, Sayou, Raffalovich, and others. 
The German iron industry, Dr. Vogelstein argues, 
had, since the acute crisis of 1873, been labouring 
under a continuous depression, from which it only 
recovered in 1888; the crisis followed in 1900. 
The cultivation of the foreign trade during the 
latter of these years grew in the indirect ratio of 
the decline of the home trade. The cartells, 
which, in the Ruhr district, originated forty 
years ago, began to play a part about 1890. 


The powerful Rhenish- Westphalian coal syn- 
dicate dates from 1893. A few years later 
we find special cartells for everything—coal, 


coke, briquettes, pig, girders, rails, crude sheets, 
finished sheets, tubes, &c.; sometimes more than 
one for each production. There was no uniformly 
beneficial trade possible under these complex con- 
ditions, and speculations became almost inevitable. 
The exports hardly changed in 1899 and 1900, but 
in 1901 came the increase already spoken of ; the 
foreign trade was unprofitable, in spite of the 





By 1900 the ore production had risen to 13,914 kilo- 
tons, equivalent to 73 per cent., and the pig produc- 
tion to 2495 kilo-tons, or 29 per cent. of the total. | 
The crisis of 1901 is less perceptible in the pro- | 
duction than in the prices, which went down by 30 | 
and 40 per cent., and in special features. The | 
two districts produced in 1901 and 1902 12,050 and | 
13,924 kilo-tons of ores, 2363 and 2710 of pig, and | 
919 and 1150 kilo-tons of mild steel. These figures | 
represent 77.5, 31.7, and 17.5 per cent of the total | 
German productions, and these percentages have | 
been steadily increasing. It will be interesting to | 
quote some of the official statistics for the whole | 
Empire :— | 
| 
| 
kilo-tons | kilo-tons _ kilo-tons | 


1900, 1901. 1902. 








Ores, production in Germany and 


Luxemburg... oa 18,964 16,570 17,964 | 
Imports into Germany. . 4,108 4,370 3.957 | 
Exports ud mG 3,248 2,390 2,868 

Pig, production in Zollverein . 8,423 7,880 8,530 
Imports = <i 727 268 143 
Exports © ae 129 150 347 

nee products, ingots, tee tons tone | 
Imports 2,773 | ~=1,666 1,549 | 
Exports ; 33,627 | 201,716 636,427 | 

Finished products :— | 
Imports . As 827 | 671 184 | 
Exports | 215,641 | 342,447 382,122 


| everything. 


at the Diisseldorf Exhibition. 
ithe cartell as characteristic of the industry which 
| he discusses. 


bounties which the syndicates granted in West- 
phalia, as in Lorraine, and that was to a great 


|extent due to the high protective duties which kept 


the prices in Germany materially higher than in 
England. In 1894, cast iron cost on the Rhine about 
20s. more per ton than in Middlesbrough. That 
difference remained nearly constant till 1899, when 
a great rise in the English prices reduced the differ- 
enceto ls. In the following year, however, the-iron 
was already 24s. dearer again on the Rhine, in 1901 
47s. dearer even ; then followed a decrease, and by 
the beginning of 1903, charges were 14s. higher in 
Rhenish Prussia. Thomas iron fluctuated less, and 
could be obtained in Westphalia almost as cheaply 
as over here. 

While collieries continue to pay high dividends, 
in some cases very high dividends indeed, the pure 
Thomas iron works enjoyed only a brief period of 
prosperity, and those works which combined several 
branches of the industry, some of which had been 
doing well since 1895, also felt the pressure. The 
author holds that the German ironmasters are, on 
the whole, far too much inclined to supply almost 
The lists of specialities offered by a 
firm are very long; even Siemens-Martin iron 
works employing not more than 1750 men were 
anxious to shine with a large variety of specialities 
The author regards 


The man who is strong enough to 





We notice the great increase in exports, espe- 
cially in mill products, at unprofitable rates—an 
unhealthy sign of abnormal conditions. Some de- 
tails of the character of the exports are given in 
Dr. Vogelstein’s article presently to be men- 
tioned. Between 1895 and 1900 the estimated 
iron ‘‘ consumption” per head of population had 
risen from 72 kilogrammes to 132 kilogrammes. 


Huge modern works had been built, and syndicates 





remain outside the ring fares best, in his opinion. 
We find also remarks on ‘‘dumping.” One under- 
stands that it may be tempting to sell surplus stock 
abroad even without any profit, with the object of 
maintaining good prices at home ; but that practice 
only lowers the prices on the world’s markets, and 
finally injures the home trade. The increase in the 
average earnings of the men was not so high, the 
author asserts, as has often been represented. 
Calculated per shift, the wages were 3.16 marks 





in 1894, 4.88 marks in 1900, and 3.82 marks in 


1902. The wages did certainly not increase at a 
more rapid rate than the profits of the firms, as 
we can read in various publications. Such esti- 
mates are arrived at by combining the wages for 
shifts and overtime, by adding the costs fur the 
extension of galleries, in calculating the expenses 
per ton of coal brought to the pit-mouth, and by 
similar methods. Boys did not get more than 
1.25 marks per shift in 1902, and have never had 
more than 1.28 marks since 1893, when the average 
wages were 1.15 marks; the labourers’ wages rose 
from 2.7 marks in 1893 to 3.32 in 1901, and 3.25 in 
1902. The author points out, moreover, that living 
became more expensive during this period. 

The third monograph on the ‘ Hiitten Industrie 
Oberschlesiens,” the Metallurgical Industries of 
Upper Silesia, has been compiled by Dr. Felix 
Kuh, editor of the Centralblatt der Walzwerke. Dr. 
Kuh takes a more roseate view of the crisis on the 
whole, and of the position of the Upper Silesian 
industries in particular. In his opinion, the econo- 
mical development of Germany returned in 1900 
from a period of impetuous rush to normal condi- 
tions. The time for mature judgment has hardly 
come, he thinks. But in any case Upper Silesia, 
with her relatively small number of well-estab- 
lished and equipped works, has not passed through 
anything that might be called a crisis. Almost all 
the Silesian iron works continued to produce in the 
critical years and to pay dividends, though the 
prices fluctuated considerably ; there was no dis- 
charge of men, and the chief difficulty remains the 
supply of ores. For though both coal and 
iron ore are found op the spot, the ores are of 
inferior quality, and Swedish ores have to be largely 
relied upon. Low railway and water freights—hence 
the demand of further regularisation of the Oder— 
are essential, and the Silesian miner does not want 
import dues on raw materials, and consequently, 
and consistently, not export bounties either. That 
Silesia was spared the troubles of other districts, 
the author is inclined to ascribe to the steadying 
influence which the Silesian Coal Convention exer- 
cised. Dr. Kuh seems in general to advocate 
combinations and trusts, and he sees in the want 
of understanding between the German mill-owners 
one of the most deplorable symptoms in the whole 
crisis. He does not give much information con- 
cerning the labour conditions. Wages are decidedly 
low in this part of Prussia, and the women, of 
whom a considerable number are employed, are 
very badly paid indeed. In the years 1896, 1900, 
and 1902 the average yearly wages of men amounted 
to 781, 938, and 924 marks ; of boys, to 209, 368, 
and 370 marks; of women, to 249, 343, and 346 
marks, 

Mr. P. Steller, of Cologne, opens his article 
on the ‘‘ Maschinenindustrie Deutschlands” with 
general considerations, and passes then to a review 
of the several branches of the machinery industry. 
He quotes largely from the reports of Chambers of 
Commerce and from the Kélner Zeitung, the lead- 
ing German newspaper. In 1901 there were in 
Germany 5904 works making engines, instruments, 
and apparatus, and employing 398,263 people. 
During 1901 the total of employes further increased 
by 13,000, while the staffs of industrial works 
diminished. About 25 percent. of the engines and 
machines manufactured in Germany go abroad, 
especially to Russia, Austria-Hungary, and Switzer- 
land. But the percentages of the various branches 
differ considerably. The imports and exports of 
machines, including locomotives and parts of ma- 
chines, are given below, the weights being stated 
in metric hundredweights of 100 kilogrammes, the 
values in marks :— 


Imports. 

















Exports. 
| Weight. Value. Weight. Value. 

1897 | 698, 902 45,100,000 1,668,000 126,600,000 
1898 $26,561 54,400,000 1,859,250 143,800,000 
1899 943,010 67,800,000 2,186,094 184,700,C00 
1900 | 999,381 99,900,000 2,313,533 | 222,200,000 
1901 | eg 68,034,000 ae | 202,082,000 

31,889,000 111,375,0 U 


1902* | 
* First nine months, 


The classification has not been the same through- 
out‘this period. The imports into Germany con- 
cern chiefly textile machinery coming from this 
country, and agricultural and also machine tools 





from the United States, as follows ;— 





see 
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FIRE-ENGINE FOR THE LIVERPOOL FIRE BRIGADE; KERMODE'’S LIQUID FUEL SYSTEM. 


CONSTRUCTED 


BY MESSRS, MERRYWEATHER AND SONS, ENGINEERS, LONDON. 


(For Description. see Page 151.) 
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(8081.0.) 
| There were no strikes of general importance in 
| the years 1895 and 1902 in the machinery branches, 
jand the daily wages remained fairly steady up till 
= | 1899. Fitters drew on large works about 4.75 
Fia. 2. |marks, in smaller works 5 marks, or a little more ; 
; |locksmiths, about 4 marks per day. There were 
Imports. Exports. In machine tools Germany has of late made| fluctuations by a few sietiens Wak eh decided rise, 
= conspicuous advance, and for some time the exports | according to Beck’s statistics, which the author re- 
1901. 1900. 1901. 1950, — the — ha he a veict ne aie "| produces. The wages for the years since 1899 are not 
Cotton spinning machi- marks marks marks “marks een cicimiallal Anesth sities re | discussed in detail ; the general RVCEOES for 1900 
nery .. .. __... 8,129,000 10,863,000 | 5,930,000 5,365,000 | °————_>--__— Cie Sher ee 2 ee Oe and 1901 were 4.25 and 4.06 marks. ‘The informa- 
Wearing machinery sj, 72385,000 4,910,000 4,425,000 5,668,000 == Imports. Exports. | tion respecting the finances of the different firms 1s 
: on ~ .. 4. 2,118,000 '31,708,000 |11,587,000 (12,905,000 |1900 ..  .. pe name well brought up to date. In most cases we see that 
Tool machinery .- 1,787,000 | 6,750,000 7,043,000 | 7,877,000 19011 .. .. .... 17,019 82,859 the dividends go down badly in 1901-2. But some 
be 1902 (first nine months) .. 14,127 146,884 


| engineering works, among which we notice also the 
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shipbuilding firms, remained apparently unaffected | 


by the crisis. On the other hand, we have a long | 
list of firms which acknowledged heavy losses. | 
Boiler-makers suffered with the generality ; builders | 
of locomotives had little to complain about. There | 
was aring among the latter, which, however, did | 
not live long, and the exports of German loco- | 
motives reached a value of 18 million marks in| 
1902, while the imports steadily declined. Sewing- | 
machine makers did not much profit by the good | 
times, the combination of the sewing-machine and | 
cycle manufacture being partly responsible for this | 
state of affairs. That the development of the} 
machine-tool branch received a very severe check | 
almost at its very beginning, is well known; the | 
number of works remained at 64, but the exports | 
diminished in the latter half of 1902. 

Dr. Loewe’s ‘‘ Electrotechnische Industrie” has | 
already been noticed. The article on the ‘‘Schiff- | 
baugewerbe,” by Dr. R. Schachner, of Heidelberg, | 
forms a supplement to another pamphlet of his, 














As regards the navies and mercantile fleets, the 
author points out that no orders for large ships— 
except German warships—-were received in 1902, 
that most of the merchant service vessels ordered 
are nearly completed, and that no warship was 
being built for any foreign Government in 1903. 
We reproduce some of the statistics :— 





Ships being Built. Ships Completed. 


— | Warships. | Mercantile. Warships. | Mercantile. 


No. | R.T. | No.} R.T? 











lately published by the same association, on See- | — ee sal Sats corer’ 
verkehr und Reederei. Up to the end of 1902 there | German ( 1901 43 (30,260) 360) 455,363 | 21 |19,372) 213) 204,106 
had been nothing of a-crisis in the shipbuilding | pocgunt | 10pr 78 '$2:60t) 43) 383.540 0 ae ees| atl -os'ys0 
— The development, though brilliant, had not | account | 1902 1 | 4,759! 46 31,680, 1 | 4,759. 30| 21440 
een hasty ; there were no rings to speak of, and | os " 

the Caverisintaal and the si tes had been | _ ee 1” ce Bes ae 

good customers. A few minor firms had failed, | German { [100 22 \60.888/ 147 251,257) — | — 

owing to special circumstances. The reports of | Foreign { 1902]; 8+] 4,550' 11| soos} | — | —| — 
the companies persevere in an optimistic tone—a | 2ecount 16, 10,240 atts a 


1903) .. | 
little too optimistic, the author believes. For, | Leet 
Holland, Austria, and England in the third place,| The author concludes with a review of the recent 
he demonstrates, have more than doubled their con-| changes in the organisations, to which the other 
struction of inland navigation craft for Germany in | writers likewise refer. 

recent years, while this class of German shipbuild-| The last article is by Dr. Fritz Demuth, of 
ing for foreign countries has slightly diminished. | Berlin, on Die Papierfabrikation. Germany ranks 
In 1902 Germany built about one million marks’ | second in paper manufacture, the United States 
worth of river vessels to foreign orders, and paid | leading with a paper production about two and a 
more than five million marks for ships from abroad. | half times larger than that of Germany. In some 
The author ascribes this to the circumstances that | branches Germany has, however, maintained the 
river vessels, but not the materials for constructing | lead. The exports to England and other countries 
them, could be imported free into Germany, and that | increased considerably in 1900. That was due to 
the German iron syndicates kept the prices high. | the exceptional conditions consequent upon the 
The new tariff has partly met the complaints of | wars of the United States and of Great Britain, 
the shipbuilders ; materials are now free of import | however, and as the warnings of an approaching 
dues, except those intended for the equipment of | crisis were disregarded, the shock of the reaction 
cabins and for luxurious vessels. | was all the more severe afterwards. 
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The Rating of Electric Lighting, Electric Tramiaij, and 
Similar Undertakings. By W. G. Bonp. London: 
The Electrician Printing and Publishing Company, 
Limited. [Price 2s. 6d. net. | 

Tuts little pamphlet—it is hardly more—is intended 

as a first step into that intricate chaos of conflicting 

decisions known as the law of rating, so far as it 
concerns the undertakings mentioned in the title. 

Those who do not wish to go deeply into the subject 

will find it a useful little book, though the omission 

of any notes of reference to the reports of decided 
cases detracts from its value considerably for those 
who prefer to get their law at first hand. Mr. Bond 
points out that there is a good case for tenants 
or proprietors of undertakings subject to municipal 
purchase, such as electric light companies, demand- 
ing a special allowance when being rated, as a 
permanency of tenure has been assumed in former 
decisions on the matter. The law as it at present 
stands certainly seems to bear rather unjustly on 
such undertakings. The book contains some useful 
specimen valuation tables and a diagram showing 
the method adopted of rating a power company 
distributing over several parishes. The biblio- 
graphy at the end should include Mr. Sylvain 
Mayer’s standard work, ‘‘ A Code of the Law of 
Rating.” 





Telephone Lines, and Methods of Constructing. them Over- 
head and Underground. By Wauter C. Owen, Con- 
sulting Telephone Boe late District Manager and 
Engineer, National Telephone Company, Limited. 
London: Whittaker and Co. [ Price. 5s. ] 

Tis small manual is a practical guide for those 

engaged in the construction of telephone lines. It 

does not concern itself with the organisation or 
construction of telephone exchanges, nur, indeed, 
to.any extent with any ‘‘indoor” work in tele- 
phone engineering. The author aims simply at 
describing the methods employed in various coun- 
tries in all the different details of construction of 
aerial and underground lines, and his work should 
be of very considerable value to practical men en- 
gaged in this industry. After a few introductory 
remarks on wayleaves, surveys, and other pre- 
liminary work, Mr.. Owen discusses the selec- 
tion and preparation of telephone poles, the 
spacing between poles 
adopted in different countries, the best methods of 
erecting the poles in position, of attaching stays or 
struts, and of attaching the arms to support the 
wires. There is much in this discussion from which 
practical telephone engineers may derive profit : as, 
even if they should be familiar with its main fea- 
tures, they may find useful hints in the many little 
points of practical advice which turn up from time 
to time. Roof-standards and types of insulators 
next receive attention ; and then a chapter is de- 
voted to the qualities and properties of wire suitable 
for telephone lines, and another to the erection of 
the line. This latter chapter is extremely practical; 
and in connection with it there is given in an 
appendix a table of sags and stresses for various 
spans of copper and of bronze wire. A chapter on 


| line circuits, explaining the different classes of 
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telephone circuits and the devices adopted to 
overcome the different troubles that are liable 
to arise, and one on aerial cables, bring to a 
close the part dealing with overhead lines. 
Part II. is devoted entirely to the special enginecr- 
ing features met with in the construction of under- 
ground lines. The different types of conduit, and 
the methods of laying them ; the use, construction, 
and choice of position for manholes, and the 
methods of draining and ventilating them; the 
different types of cable for underground and sub- 
marine telephones, and the methods of manufactur- 
ing and testing them, and of subsequently drawing 
them into the conduits and jointing them in posi- 
tion; these and other matters are all discussed 
briefly but clearly, so that there is a fairly exhaus- 
tive exposition of modern practice. A further 
chapter treats of the importance of dry air in under- 
ground circuits, and describes the methods of insur- 
ing its presence in adequate amounts. The final 
chapter is a somewhat extensive discussion on the 
testing for faults on line circuits, and the instru- 
ments used for this purpose. The volume is 
copiously illustrated ; and as the author writes in 
very simple language, and omits theoretical discus- 
sion almost wholly, the book ought to be a useful 
manual to telephone engineers of all grades. 


Mechanical Refrigeration. By Hat. Winuiams, A.M. I. 
Mech. E., A.M.1.E.E. Londonand New York: Whit- 
taker and Co. [Price 10s, 6d.] 

Tuis little volume gives a very practical discussion 
of modern processes of refrigeration and of all the 
important problems which have to be considered in 
the actual operation of refrigerating plant. At the 
outset the author gives a very brief explanation of 
the general principles of the theory of the subject, 
discussing the thermo-dynamics of the reversed 
cycle and the use of the entropy diagram, and 
devoting a special chapter to the properties of 
ammonia and carbonic-acid gas. After various 
types of machines have been explained and illus- 
trated, the author proceeds to discuss refrigerating 
plant in detail, paying attention to each part and 
to practical problems that may be connected with 
it. Thus, to take one example, when the author 
comes to the condenser, he describes the various 
types in ‘use, discusses the points on which the 
etticiency of a condenser will depend, and gives 
useful instruction on such practical questions as the 
cleaning of condenser coils and getting air out of con- 
densers. Auxiliary plant is treated in the same way 
in another chapter. The subsequent chapters deal 
with very important questions, which concern not 
so much the manufacturing engineer as the actual 
user or owner of ‘‘ cold stores” or ice-making plant. 
The first and most important is that of insulation, 
which is treated here in a very practical manner. 
The author describes the various methods followed 
in the construction of walls and floors, discusses the 
qualities which insulators ought to possess, and 
gives the results of tests on various insulation and 
filling materials. A chapter on brine and one on 
distilled water lead up to two very useful chapters 
— one on practical ice-making, the other on cold- 
storage. These chapters not only give much infor- 
mation, but also contain useful instruction on many 
little points of practical importance to the owner of 
such undertakings. We finally are led from the 
plant to the articles placed in it, and in the two 
closing chapters we find practical instruction on the 
storage and treatment of such diverse things as 
eggs, butter, fish, fruits, meat, tobacco, tea, furs, 
and woollen goods, while special attention is given 
to the use of refrigeration in breweries, and refri- 
geration in the dairy is also separately treated. 

The work appears to us to contain much informa- 
tion of a practical and useful character within a 
comparatively small space. The descriptions are 
clear, and the numerous illustrations are helpful 
in this respect. There are many machines in 
common use in refrigerating plants of to-day which 
are not mentioned in this book; but the author 
does not profess to make his work a complete and 
exhaustive treatise on the subject. He has called 
it *‘ A practical introduction to the study of cold- 
storage, ice-making, and other purposes to which 
refrigeration is being applied,” and the contents 
justify this description on the title-page. 
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FLOOR BEAMS. 

On the opposite page and on page 160 we show a 
| type of ferro-concrete construction which has been 
| developed at Lucerne during the past two years by 
the Société Internationale des Poutres Siegwart, 
and which is of interest in possessing some novel 
features. So far as we know, all previous systems 
of work in ferro-concrete have been suitable only 
for construction in situ, and have therefore needed 
the erection there of more or less elaborate center- 
ing and shuttering. In the Siegwart system, 
however, the ferro-concrete beams are factory-made, 
and are afterwards transported to the building in 
which they are to be used, just as if they were 
ordinary steel I-beams or stanchions. Both plans 
have their advantages in special cases. With in 
situ work it is probably easier to get a really mono- 
lithic structure ; but time is needed for the con- 
crete to set and harden, which is saved when 
factory-made beams are used. The essential 
features of the Siegwart beam are clearly shown 
in Figs. 1 and 2, which represent a floor made of 
hollow ferro-concrete beams laid side by side and 
supported upon a ferro-concrete girder of a different 
construction. The latter is not of special interest, 
but the construction and mode of manufacture of 
the floor beams, types of which are shown in 
section in Figs. 3 and 4, present some novel 
features. In the first place the steel reinforcing 
rods lie wholly within the thickness of the side 
walls. It is thus possible to turn some of them up 
at the abutments, as indicated in Figs. 1, 2, and 4, 
thus enabling the beam to withstand, without 
fracture, the negative moments arising from the 
more or less complete fixation of the ends. 
The side walls in which these latter rods are 
located being naturally thin, a rather rich con- 
crete has to be used to secure the best results. As 
in other forms of ferro-concrete construction, the 
metal is proportioned to 'take the whole of the ten- 
sional forces, whilst the compressive stresses are 
carried by theconcrete. In this regard the system 
does not differ in any essential from other well- 
known types ; but, as stated, the process of manu- 
facture presents some novel and interesting features. 

The beams are moulded in the factory in lots of 
ten at a time, the whole ten being moulded as one 
mass round the cores, and the concrete block is 





afterwards divided up, whilst still in the plastic 
state, by the cutting machine, well shown in 


giert von Kapitan- Leutnant A.D. Grav Earnst/| Figs. 5 and 6, page 160. The cores forming the 
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they are collapsible, being built up of sheet iron, and 
are therefore easily withdrawn when the concrete 
is set. The cores being laid side by side on the 
moulding bed, the concrete is run in round them 
to the proper thickness and thoroughly tamped. 


| Afterwards, whilst the concrete is still plastic, the 


block is cut up into separate beams by the inachine 
knife, as already stated. The knives of this machine 
have ridges raised on them parallel to their travel, 
as shown in Fig. 6, and thus produce on the sides 
of the finished beams grooves or furrows which 
serve to key, the mortar after the floor is com- 
pleted. After one. lot of beams has _ been 
moulded, as stated, another set can be pro- 
ceeded with on top of the first. To this ené 
the upper surface of the latter is sprinkled with 
dry sand, and the previous operation repeated. In 
this way as many as six to eight layers of beams 
may be moulded one on top of the other. The 
cores can be safely withdrawn once the concrete 
is 4 to 8 hours old, so that no very excessive stock 
of these cores is necessary for a large output of the 
beams. A few days later the beams themselves 
may be moved out of the moulding bed and allowed 
to complete their hardening in the beam store. 
They are considered ready for use in building when 
two to three weeks old. Being hollow, the beams 
are relatively light, and it is, moreover, claimed 
for them that they are very bad conductors of heat 
and sound. Where an absolutely sound-proof 
floor is required, a layer of dry sand about 3 centi- 
metres (1.18 in.) thick is spread on top of the 
beams, and above this again plaster is laid to the 








depth of 3.5 centimetres (1.38 in.), and over this 
| is laid linoleum. 
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Some experiments illustrating the strength of number of small cracks, but these closed up as the 
these beams have been carried out under the control | load was removed. 


of Dr. W. Ritter, of the Zurich Polytechnic. In 


We understand that the Lucerne works turned 
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25 centimetres (9.84 in.) wide, and 22 centimetres 
(8.66 in.) deep. The side walls were 3 centimetres 
(1.18 in.) thick, the bottom wall 1.5 centimetre and 
the upper wall 4 centimetres (1.57 in.). The rein- 
forcing rods used were 7 millimetres (.275 in.) in 
diameter. The span between the bearings was 4.1 
metres (13.45 ft.), and the floor was designed for a 
load of 400 kilogrammes per square metre (81.9 lb. 
per square foot). A space measuring 3.6 metres by 
3.6 metres was loaded to nearly 2} times the de- 
signed working load. The maximum deflection 
noted was 1.01 millimetres (0.0397 in.), which was 
much below that calculated —viz., 2.51 millimetres, 
the difference being, perhaps, due to a neglect in 
the calculation of a possible fixation at the ends. 
On removing the load the permanent set was 0.2 
millimetre, and no cracks were anywhere observable. 

In another test the floor was designed for a load of 
200 kilogrammes per square metre (40.9 lb. per 
square foot), and the span was 4.9 metres (16.1 ft.). 
It was built of beams 25 centimetres (9.84 in.) wide 
by 20 centimetres (7.87 in.) deep, and the side walls 
were 3 centimetres (1.18 in.) thick, the bottom being 
1.5 centimetres, and the top 2 centimetres thick. 
The reinforcement was, as before, of 0.7-millimetre 
rods. The load applied in this case covered a space 
of 4.2 metres by 3 metres, and was four times the 
designed working load. The calculated deflection 
under this load, assuming the ends free, was 6.19 
millimetres, and the observed deflection was 4.75 
millimetres (1.87 in.). The permanent set observed 
immediately after removal of the load was 1.50 
millimetres, which, after a little time, decreased to 
1.2 millimetres. There were no cracks. 

The fire-resisting qualities of the beams were ob- 
served insome tests carried out for the Cantonal 
architect of Lucerne. In this case the beam tested 
was 25 centimetres wide by 18 centimetres deep, 
and rested freely on its abutments, which were 
3.50 metres (11.48 ft.) apart. It was loaded with a 
distributed weight of 1220 kilogrammes (1.2 tons), or 
to about eight times its designed working load. A 
fire was built under the centre of the beam, which 
was entirely surrounded by flame. The deflection 
before lighting up was 4 millimetres (0.157 in.), and 
this increased under the action of the flame to 
20 millimetres (0.787 in.) at the end of 35 minutes, 
at which time the temperature in the hollow interior 
of the beam, the ends of which, it should be stated, 
were closed, was 270 deg. Cent. In 50 minutes the 
deflection reached 31 millimetres (1.22 in.), and the 
bottom face of the beam was nearly red-hot. Water 
was then turned on, and on the beam being thus 
cooled down the deflection diminished to 20 milli- 
metres, and the permanent set left on removing the 
load was 17 millimetres (0.669 in.). There were a 
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feet) of the Siegwart flooring in 1902, and is now 
producing it at the rate of 1000 square metres 
(10,764 square feet) per day. 








LIQUID-FUEL FIRE-ENGINE. 

WE illustrate on page 148 a fire-engine recently 
constructed for the Liverpool Fire Brigade by Messrs. 
Merryweather and Sons, of Long Acre, London, to the 
requirements of Mr. Thomas, the chief superintendent 
of the brigade. The engine embodies a number of 
novel features, being fitted with an electric-light plant 
and telephone gear. The lighting dynamo is clearly 
visible in Fig. 1, as also the lamps, which are con- 
nected to flexible cables, as shown. 

Another important feature of the engine lies in the 
fact that its boiler is designed to use liquid fuel, which 
is stored in the tanks shown in Figs. 2 and 3. The 
burner was supplied by Kermode’s Liquid-Fuel System, 
of 39, Imperial Chambers, Dale-street, Liverpool, and 
is represented separately in Figs. 4 to 10, page 149. 
In this burner the oil is pulverised by a jet of steam, 
the steam being taken from the boiler by the tap A, 
Fig. 3, and its pressure can be adjusted by the valve 
shown at B, a gauge D serving to show the exact pres- 
sure under which the jet is working. The burner 
proper enters the furnace at J, drawing its oil supply 
from the tanks H and I, through the cock F. 

The details of the construction of the burner are 
well shown in Figs. 5 to 10 on page 149. The oil, it 
will be seen, enters centrally, and has a whirling motion 
imparted to it by the stem of the oil valve, which is 
shown separately in Fig. 8. The steam enters round 
the hollow cone, shown separately in Fig. 9, passing 
through slots in the cylindrical portion where this 
fits in to the hollow of the air-cone. The whole oil 
supply is thus steam-jacketed. The air-cone is shown 
separately in Fig. 10, and, as will be seen, is also fitted 
with spiral guides. The air is drawn in through these 
guides by the inductive action of the steam, its 
amount can be adjusted by opening or shutting the 
openings, for which provision is made as indicated in 
Fig. 7. The front part of the burner is arranged to 
screw in or out as a whole, being turned by the 
“spider” shown in Fig. 6. In its motion it carries 
with it the air-cone, and thus leaves a greater or less 
space between this and the oil-cone for the escape of 
steam. The range of adjustment is large, and the flame 
can thus be turned down so as to keep the boiler 
working with ‘‘ fires banked.” The burner works with 
a steam pressure of from 16 1b. to 20 1b. per square 
inch. In practice it is found that complete combustion 
is obtained, no smoke being emitted from the chimney 
of the engine under any conditions of working. 

After experience with this engine, the Liverpool 
Fire Brigade has ordered a second set of liquid-fuel 
fittings, which have been applied to the new steam 
motor fire-engine constructed by Messrs. Merry- 
weather. This engine has been a great success, both 
as a steam-pump and also on the road. 











PUMPING PLANT AT THE MIIKE 
COLLIERIES, JAPAN. 


On pages 152 and 153 will be found illustrations of 
a large pumping plant at the Miike Collieries, Japan, 
probably the largest ever erected on one shaft. It 
was designed by Mr. Henry Davey, and consists of 
four compound ‘‘ Differential” engines and spear-rod 
pumps, together with a steel pit-head frame, steam 
capstans, &c. 

"he pit-head gear is shown in Fig. 1. The engines 
shown in elevation and plan in Figs. 2 and 3 respec- 
tively each have cylinders 45 in. and 90 in. in diameter 
by 12 ft. stroke, and actuate spear rods 22 in. square, 
by means of steel quadrants. Hach engine has a 
surface condenser, and a horizontal double-acting air- 
pump. The boiler pressure is 100 lb. per square inch. 
At a speed of six strokes per minute only, the plant 
will raise 13 million gallons per day from a depth of 
900 ft. The pu-ups are of the plunger type, 22 in. in 
diameter by 12 ft. stroke, and are illustrated in 
Fig. 4. 

The shaft is 41 ft. long by 12 ft. wide, and is made 
to accommodate four winding cages, in addition to the 
pumping plant. There are also two 30-ton capstans 
for the purpose of lifting the pump-work. The massive 
nature of the pump-work is seen in the illustration, 
Fig. 4. The pit-head frame, Fig. 1, is a good ex- 
ample of modern .construction, and of which we give 
the following particulars :— 


Height to top platform 101 ft. 3 in. 
Width across front ... ie 70 ft. 
Depth from back to front ... 96 ,, 


Depth of shaft ee a = 900 ,, 

Four winding pulleys * 17 ft. in diam. 

Thirty capstan pulleys, for sink- 
ing and pumping arrangements 

Total weight of steel work, exclu- 
sive of pulleys and fittings 

Pit shaft, 41 ft. long by 12 ft. wide. 


5 ft. in diam. 


250 tons 


The frame is used for carrying two pairs of winding- 
pulleys for coal-winding ; it is also used for carrying 
30 capstan pulleys, which are for lifting and lowering 
heavy weights during the sinking and after the com- 
pletion of the pit. The winding-pulleys are 17 ft. in 
diameter, and are each equal to a working load during 
winding of 4 tons. The capstan pulleys are 5 ft. in 
diameter, and are suitable for a working load of 
30 tons. The rims and boxes are of cast iron, and the 
arms of wrought iron. The winding rope is 4 in. in 
circumference, and the capstan rope 5} in. in circum- 
ference; both are of improved plough-steel wire. 
The main legs are 2 ft. 6 in. square, composed of 
44 in. by 44 in. by § in. L’s, braced together on 
all four sides by 3 in. by 3 in. by 4 in. L’s and 3 in. 
by 4 in. flats. The bases are of steel plates and angles 
secured to foundation with 14-in. holding-down bolts. 
The back stays are 2 ft. 6 in. square, composed of 4 in. 
by 4 in. by 4 in. L’s, braced together on all four sides 
by 3 in. by 3 in. by 4 in. L’s and 3in. by 4 in. flats. 
The girders between main legs are of box section, 
2ft. Gin. deep, 2 ft. Gin. wide, 1%; in. web plates, 
stiffened with vertical tees, % in. flange plates, and 
4 in. by 4 in. by 4 in. main L’s. The girders at top of 
framing are of box section, 2 ft. 6 in. a 2 ft. 6 in. 
wide, 4 in. by 4 in. by 4in. and 3 in. by 3in. by 
4 in. L’s, }in. and 2 in. flange plates, with ,°, in. webs, 
stiffened with vertical tees. 

The top platform is of 3-in. steel chequered plates, 
with wrought-iron pipe hand-railing at sides and around 
pulleys. The two centre girders for carrying the 
capstan pulleys are of box section, 2 ft. 6 in. deep by 
2 ft. 3in. wide, having }-in. flange plates and 4 in. 
by 4 in. by 4in. angles; the two outside girders are 
2ft. Gin. deep and 12in. wide, with 4 in. flange 
plates, 4 in. by 4 in. by 4 in. angles, and 3 in. 
webs; the webs are stiffened with vertical tees. 
The girders between the main legs are of box section, 
2 ft. 6 in. deep by 2 ft. 6 in. wide; 5 in. web 
plates, stiffened with vertical tees, 2 in. flange 
plates, and 4in. by 4in. by 4 in. main angles. The 
vertical pillars for the 17 ft. diameter winding-pulleys 
are four in number; the two centre pillars are of 
box section, 2 ft. 3in. wide, 2 ft. 6 in. deep, 4 in. 
by 4 in. by 4 in. angles, 4 in. flange plates, and ,'; in. 
webs, stiffened with tees. The two side pillars are 
2 ft. 6 in. deep and 12 in. wide, with 4 in. by 4 in. by 
4 in. angles, } in. flanges, and 3 in. single webs, 
stiffened with tees. Steel plate and angle brackets 
are attached from the side of these pillars to support 
carriages for winding-pulleys. The lattice struts in 
main framing are 2 ft. 6 in. square, composed of four 
angles, 34 in. by 34 in. by 4 in., braced together on all 
four sides with 3 in. by 3 in. by 4 in. angles and 3 in. 
by 4 in. flats. Diagonal ties are 2 ft. 6 in. deep, com- 

ed of 6 in. by 3 in. by 2 in. angles, braced together 
by 3 in. by 4 in. flats. There are three capstan pulleys 
on one side, and two on the other side of framing ; 
these pulleys are arranged to lead the rope from the 
capstans to the overhead pulleys. The centre back 
stay is provided with a stairway consisting of wrought- 
iron chequered plate steps, 2 ft. 6 in. wide, with pipe 
hand-railing on both sides, for approach to the platform 
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for winding-pulleys, and the platform at top for the | 
capstan pulleys. 

As regards the pumping engines, larger engines of | 
the same design are now being built by Messrs. | 
Hathorn, Davey, and Co., Limited, Leeds, who have | 
in hand, for another mine, three engines having low- | 
pressure cylinders, 106 in. in diameter. 








SHIPBUILDING AND MARINE 

ENGINEERING, 1903. 

(Concluded from page 135.) 

OrHER Scotcu Districts. 
Tue production of new tonnage in the various ports | 
on the East Coast of Scotland shows a reduction of 
about 25 per cent. when compared with the output in 
1902, which, however, was high, but by no means so 
considerable as in the early ’nineties. There were 91 
vessels built, making up a total of 37,164 tons, whereas 
in the previous year the number was 92, and the total 
49,616 tons. The tonnage includes 37 per cent. of 
foreign tonnage--a much higher ratio than in the pre- | 
ceding year; but one or two large cargo ships for 
owners abroad very materially influences the pro- | 
portion when the aggregate production is so small. | 
Thus, in some previous years it has fluctuated | 
between 47.5 and 19.6 per cent., so that the propor- | 
tion is not of any general significance. Of the total | 
of 13,720 tons for foreign countries, the Colonies take | 
1291 tons; Russia, 5016 tons; Spain, 4566 tons ; 
United States, 1406 tons; France, 938 tons ; South | 
America, 46 tons ; leaving 457 tons unclassified. 
The increase in the aggregate, with only one, 
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additional vessel, indicates that the average size of the 
vessels was greater. This year there were 68 vessels 
under 500 tons, as compared with 71 in the previous 
year; most of these were trawlers and other fishing 
craft. There were six between 500 and 1000 tons, as 
compared with three in the previous year ; 14 between 
1000 and 2000 tons, as against 12; three between 
2000 and 3000 tons, as compared with four in the pre- 
vious year; and over this there were in 1902 two 
vessels, whereas last year there were not any. Of the 
total tonnage, only 352 tons, or rather less than 1 per 
cent., was sailing craft. Here, again, we have great 
fluctuations in the proportions. On Table XIV. we 
give a list of the firms in the three districts, showing 
= tonnage and the horse-power produced by each 
rm. 

The returns of the year’s work on the Forth are 
satisfactory. There were twenty-four vessels launched 
in addition to the twenty fishing craft of St. Monance, | 
down the coast. The Grangemouth and Greenock | 
Dockyard Company again top the list, with an output | 
of seven vessels, of 7506 tons, which is 2400 tons more | 
than in the previous year. At their Greenock works, | 
however (as mentioned in counection with the Clyde | 
work), they had not nearly so much work as in the | 
previous year. At the Grangemouth works they have on | 
the stocks three steamers, one of them being for foreign | 
owners. The three largest vessels built last year were | 
for Seville; the others for British owners. 
Ramage and Ferguson completed five vessels, of 





TABLE XIV.—Shipbuilding on the East Coast of Scotland. 


Name of Firm. 








Forth. 

Grangemouth Company, 

Grangemouth .. <3 
Ramage and Ferguson, 

Leith .. Pe , 
Hawthornsand Co., Leith 
Scott, of Kinghorn, Ltd. 
J. Miller, St. Monance .. 


J. Cran and Co., Leith .. | 
Menzies and Co., Leith! - 


J. Weatherhead, Eye- 

mouth .. Bi ae 

S. and H. Morton & Co. 
Ta 


Y. 
Caledon Company 
Dundee Company 


Gourlay Brothers and Co. 


Montrose Company 
Cooper and Greig 


Aberdeen. 
Hall, Russell, and Co. .. 
J. Duthie, Sons, and Co. 
A. Halland Co. .. 


’ 


1903. 


| ew Sencar “I 
g 


10,339 
6 | 2,858 
4 

3 560 


| 


13 
| 10 
| 8 


3,163 
1,400 
1,279 


2,466 | 


| 
| 


'No.| Tons. | LHP. Tons. 


4,500 
1,800 
1,365 


“i710 


1,670 


2,400 


10,300 


5,440 


3,300 


6,360 


2,500 


* Indicated horse-power, not tons. 


Messrs. | horse-power, from the Parsons Company ; the engines 
f 5237 of the other three steamers on the list totalled 4500 
tons, one of which was a turbine-driven yacht, the | indicated horse-power. The principal merchant vessel 
Lorena, which had her machinery, of 4500 indicated | was for a Leith firm, and there was launched a schooner 


|643 tons in the previous year. 








1902. | 1901. 

| Tons. 
5,134 | 9,124 

| 
4,912 | 4,319 | 
1,071 | 496 | 
643] — | 
600 195 | 
2,018*|} 608* | 
580*} 750" 
570 | 639 
1,500*|} — 


| 
10,400 | 11,743 


3,209 | 1,215 
8,911 | 6,860 
1,734 | 640 
— 4,040* 
9,055 | 3,296 
1,919 | 1,859 
1,457 | 1,280 








yacht of 363 tons. The firm have at present on hand 
a steamer of 1450 tons, and a steam yacht of 450 tons. 
Messrs. Scott, of Kinghorn, Limited, launched five 
vessels, aggregating 1000 tons, against three vessels of 
Messrs. Hawthorn 
and Co., Limited, have about the same total as in the 
previous year, and amongst their vessels was a steam 
yacht of 650 tons, built for a British owner. They 
were also busy with repair work, and have on hand a 
steam trawler. Messrs. John Cran and Co. built two 
tug-steamers for Liverpool, one for Peru, and a launch 
for the French Congo. The engines for these and four 
other vessels for the British Admiralty brings their 
machinery output almost to the same amount as last 
year. The firm have taken over the shipbuilding 
works formerly owned by Messrs. Croom and Arthur. 
Messrs. Menzies and Co. have had a busy year at 
repairing work, oe dry-docked no fewer than 181 
vessels. They supplied the engines for six vessels, two 
sets of compound engines of 260 horse-power, and one 
set of 150 horse-power, for shipment to the East, and 
one compound engine, 100 horse-power, for Bonnington 
Sawmills. Messrs. S. and H. Morton and Co. engined 
two vessels for the Grangemouth and Greenock Dock- 
yard Company. They were also employed at repairin 
work, and have on hand a 2300 horse-power set o 
engines. 

At Dundee sixteen steamers were constructed, with 
an aggregate of 15,663 tons—a decrease of one vessel 
and 683 tons when compared with the preceding 
years; but when compared with 1901 the tonnage is 
5527 tons less. Local owners ordered quite a number 
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of vessels. The Caledon Company again top the list 
with a production which is well up to the average, 
and includes six vessels. The Dundee Company 
launched six vessels, of a total of 2858 tons, which is 
350 tons less than in the previous year, but almost 
double the tonnage of 1901. The firm regard with 
some satisfaction the reconstruction and equipment, 
within one month, of the Terra Nova for the Ant- 
arctic Relief Expedition, after the whaler had been 
bought to proceed to the relief of the imprisoned 
ship Discovery, Messrs. Gourlay Brothers and Co. 
have a production which is little more than one- 
third of the average for the three preceding years. 
Their principal vessel was the Yarmouth, launched 
for the Great Eastern Railway Company’s mail ser- 
vice. They also completed a New Zealand liner. The 
prospect for the trade in Dundee is not at all satis- 
factory : there are only four vessels in course of con- 
struction, in addition to a small coasting yacht ; whereas 
a year ago there were seven. The total engine output 
for the year is 17 sets, of 19,040 indicated horse-power ; 
the totals are given opposite the names of the firms 
in Table XIV. Messrs. Cooper and Greig built the 
engines for three steamers, two of which were con- 
structed by the Grangemouth Company, and the third 
by the Dundee Company. They have on hand one 
set of engines of 900 horse-power for a Grangemouth 
steamer. 

The Aberdeen returns show an increase in the number 
of vessels launched of six ; but a decrease in the ton- 
nage of from 12,431, in 1902, to 5842, in the past year. 
The tonnage is smaller than that of any year since 
1897, when the total was 5349. No vessel of out- 
standing size was launched, the largest being the 
St. Giles, of 597 tons ; whereas in the previous year 
there were two large merchant ships—one of 3576 tons 
and the other of 4293 tons. Twenty trawlers were 
built—about the same number as in the previous year, 
but there is a decrease in the demand for this class of 
vessel. Several steam drifters and steam liners have 
been built, but the only sailing craft was a sailing 
yacht. It will be seen that all three firms have 
experienced a decrease in trade, that of Messrs. Hall, 
Russell, and Co. being the greatest, because of the 
absence of merchant ships. The production of the 
other two firms was almost entirely made up of fishing 
craft, the sailing yacht having been built by Messrs. 
Duthie. A new shipbuilding yard is being constructed 
at Torry, near Aberdeen. 


TRELAND. 


The fact that Messrs. Harland and Wolff have far 
excelled all past record productions for one firm brings 
the Irish total almost up to the level of last year, 
although the other firms show a considerable de- 
crease in their output. The Irish firms produced 
22 vessels, which aggregate the very high total of 
158,542 tons; whereas in the previous year the 
output was 28 vessels, of 159,763 tons ; and as com- 
pared with 1901 there is an increase of about 6000 
tons. Since 1897, when the total was 109,157 tons, 


Table XV.—Ships Launched by Messrs. Harland and 
Wolff during the Year 1908, 


Board 
of Trade 
Gross 
Ton- 
nage. 


Descrip- 


tion. LH -P. 


Name. Port. Engines. 


4-cylinder 
balanced. 


Do. 
Do. 


.. Steel twin- 
screw 
steamer 
Marmora as Do. 
Macedonia Do. 
Kenilworth 
Castle 
No, 353 
No. 354 
Baltic .. : 
H. M.S. En- 
chantress 
H.M.S. King Machinery 
Edward VII. only 


Liverpool 


Columbus 15,378 9,700 


10,522 
10,550 


Belfast 13,000 

Do. 13,000 
Do. 
De. 
Do, 
Do. 
Do. 


13,150 
16,7380 
16,780 
23,763 

3,540 


Do. 
Do. 
Do. 
Do. 
Do. 


London 


Liverpool 
(Displace- 
ment) 


6,500 


18,000 Do. 


110,463 100,400 


Nore.—In addition to their enormous output of new tonnage, 
Messrs. Harland and Wolff have carried out a lot of other work 
during the year, having had through their hands the large steamers 
Mayflower, Canada, and Majestic for extensive overhaul, renova- 
tion, and reconstruction ; H.M. cruiser Hermes for large over- 
haul, refit, and new boilers; and H.M.S. Melampus for general 
overhaul ; also the s.s. Gaika, s.s. Merion, and other vessels for 
heavy repairs. The work now in hand includes large steamers 
for the Union-Castle Line, Bibby Line, Hamburg-American Line, 
Holland-America Line, the Royal Mail Steam Packet Company, 
and a cross-Channel steamer for the London and North-Western 
Railway. They are also carrying out an extensive overhaul 
and refit to the first-class cruiser H.M.S. Endymion and the 
R.M.S. Norman. 


there has been a very steady advance, due largely to 
the rapid increase in the size of ships launched from 
the principal Belfast works. Messrs. Harland and 
Wolff, as in several previous years, top the list for 
the United Kingdom, with the unprecedented total of 
110,463 tons—the measurement cf only eight vessels. 
Tuis is 18,000 tors more than the former reccrd output 





of the firm—namely, in 1901—as is shown by the fol- 
lowing figures :— 


1896. 1897. 1898. 1899. 1900, 1901. 1602. 1993. 


Tons 


tonnage of all ships constructed in foreign countries hag 
multiplied nearly three-fold. In Great Britain, on 
the other hand, the warships launched in 1903 make 


81,316 84,240 67,905 82,634 67,815 92,316 79,497 110,463} up almost exactly the same tonnage as in 19)2; 


LH.P. 61,324 45,850 33,350 66,150 36,300 76,000 €0,200 100,40 | in this country the tonnage of fighting ships fluc. 


The horse-power includes the machinery for the battle- 
ship King Edward VIL, totalling 18,000 indicated 
horse-power ; while the tonnage includes the displace- 
ment of the new Admiralty yacht—3540 tons, with 
her machinery of 6500 indicated horse-power. De- 
ducting these, we find that the merchant tonnage is 
96,923 tons, and that the horse-power is 75,900, so 
that the ratio of power to tonnage of merchant craft 
is about 7.9to 1. It will be noted that the average 
size of the merchant ships is 13,846 tons. The Baltic 
is the largest vessel yet built. The firm’s list is so 
remarkable that we give it in full. 

Messrs. Workman, Clark, and Co., the other 
Belfast firm, have a decrease of 31,000 tons on the 
total of the preceding year, their machinery output 
being also 19,800 indicated horse-power less. Their 
return includes seven merchant steamers, aggregating 
44,738 tons, with machinery of 27,050 collective horse- 
power. If, however, the deck erections were included, 
the tonnage would work out to 49,615 tons. The 
following figures show how this compares with the 
preceding years : 

1899. 1900. 1901. 1902. 1903. 
Tons 53,475 45,018 56,201 52,711 75,932 44,738 
LH.P. 16,100 32,520 29,950 31,300 33,360 46,900 27,050 
As is the case with Messrs. Harland and Wolff, all 
the vessels were for British owners. The largest, the 
City of York, for the Glasgow City Line, was of 8000 
tons, with engines of 5250 horse-power ; there were 
three other ships between 7000 and 8000 tons, and 
three between 4000 and 5000 tons, the average size 
being nearly 6400 tons. The Londonderry Company 
launched four vessels, of 2736 tons, as compared with 
two vessels, of 3344 tons, in the previous year, and 
6908 tons in 1901, One of these vessels, the Glendiin, 
of 1010 tons, was supplied with machinery by Messrs. 
MacColl and Co,, of Belfast, the horse-power in this 
case being 1000. Two of the other steamers had 
their engines, of the four-crank triple-expansion type, 
from the Central Marine Engine Works of West 
Hartlepool, and a third from a Clyde firm. The 
Dublin Dockyard Company, who have now got into 
line, having launched the first vessel towards the end 
of 1902, completed during the past year three vessels, 
of 605 tons, one of them, a barge for the London and 
North-Western Railway Company, representing the 
only sailing tonnage which was included in the very 
large merchant ship tonnage completed in Ireland. 
The firm have on hand a tug-steamer of 170 tons for 
Dublin, and a 500-ton screw steamer for British 
owners. 

Foreign Countnrigs. 

“ Lloyd’s Register ” has issued this week a return, 
reviewing the work in colonial and foreign countries ; 
but, as in the case of their tables for the United King- 
dom, they do not include vessels measuring less than 
100 tons. Their reports show that there has been in 
some countries, notably France, Germany, and Russia, 
a falling off as compared with preceding years; but 
in other countries there is continued progress. Indeed, 
an examination of the returns for a number of years 
clearly shows that foreign countries are more and 
more competing with our shipbuilders in an in- 
dustry in which we have long been the predominant 
producers. Thus ten years ago the proportion of 
tonnage built in Great Britain equalled 3 to 1 of 
that constructed in foreign countries ; but by 1896 
the ratio had dropped to 2.3 to 1; in 1897 it was only 
2 to 1; and even when the British industry experienced 
years of great prosperity, and the production attained 
record volume, the foreign output still crept up, the 
proportion in 1900, for instance, being 1.4 to 1. In 
1901, which had to its credit the largest total tonnage 
of any year, produced in all countries, the ratio had 
decreased to 1.29 to 1, and in 1902 it had diminished to 
1.2to1l. During the past year, with a marked shrinkage 
in the trade, the foreign shipbuilder has not suffered 
so seriously, and thus we havea proportion of 1.12 to 1. 
These relative proportions clearly show that the in- 
dustry is making great headway in foreign countries, 
since we have a trebling of the foreign output without 
material advance in Britain. 

A part of this increase is due to the fact that foreign 
builders have acquired to perfection the art of build- 
ing warships, sothat few foreign governments require 
to come to this country for warships. But the pro- 
portion of fighting ships to the total foreign-built 
tonnage has not increased. Ten years ago this pro- 
portion was about one-third, but by 1897 it had de- 
creased to almost a fourth; while in 1899 it had 
dropped to about one-fifth. In 1901 it was 1 to 5.3 ; 
in 1902, 1 to 6.6; but last year it increased to one 


warship to five of the total tonnage. While, therefore, | 
there have been fluctuations, the distinct tendency has | 


been towards a greatly reduced proportion of fighting 
to mercantile shipping produced. In other words, 
while the tonnage of warships has increased by some- 
thing like 50 per cent. during ten years, the total 


|tuates very considerably, yet a glance through the 
| successive returns by Lloyd’s seems to indicate that 
|there is not much increase in this country in this 
| tonnage. The increase in British warships constructed 
|is largely counterbalanced by the decrease in the 
| foreign ships in recent years; Japan and one or two 
second-rate Powers are now our only clients. The 
| general progress in the United Kingdom is not so 
considerable as in foreign countries. 

The United States accounts for a very considerable 
portion of the increase in foreign tonnage. Ten years 
ago the total merchant tonnage varied between 20,000 
and 60,000 tons. The warship total also fluctuated 
considerably ; thus, in 1892, 31,000 tons of fighting 
ships were launched, and in 1893, 40,000 tons, while 
in 1894 there were no vessels built for the Navy. But 
the great forward movement in American shipbuilding 
may be said to date from 1897, when the total produce. 
tion was 88 vessels, of 94,598 tons, which included 
only about 8 per cent. of warships. In 1898 the total 
was 240,900 tons, but in this case a much larger pro- 
portion was for the navy—about 28 per cent. In 
1899 the total tonnage was almost the same, but only 
about 4 per cent. was for the navy. There was a con- 
tinued advance in 1900, when 358,557 tons were put 
into the water, the proportion for the merchant 
service being again increased, because only 7 per 
cent. was for the navy. The highest total yet re- 
corded in recent years was reached in 1901, when the 
303 vessels floated made up 481,138 tons, about 10 per 
cent. being for the navy. In 1902 there was a slight 
set-back, principally in the work done on the Atlantic 
seaboard ; the Pacific tonnage and Lake tonnage con- 
tinued about the same. In 1903, however, three was 
a return to the activity of previous years, the 255 
vessels launched making up 450,090 tons, fully one- 
third being for the Lakes, or tonnage which does not 
affect the general commerce of the world. A feature 
of the Lake tonnage is the increasing size, 24 of the 
vessels built during the past year having been over 
4000 tons, while seven others ranged between 3000 
and 4000 tons. Of the tonnage built on the seaboard, 
nine steamers were over 4000 tons each, including the 
Minnesota, of 21,000 tons ; Mongolia and Manchuria, 
of 13,638 tons ; and the Maine and Missouri, of 7914 
tons. In the previous year there were twelve in this 
category, and in 1901 fourteen. Only a few of these 
were for foreign trade, the majority being for coasting. 
Six steel and three wooden sailing vessels of over 
3000 tons were launched during the year in America, 
as compared with nine in the previous year and eight 
in 1901. 

In the case of France there has been a very steady 
advance. Up to 1897 the average tonnage launched 
was about 65,000, only one year exceeding 100,000. 
But from this point the advance has been regular, the 
total in 1902 reaching its highest point at 236,635 tons. 
The warship tonnage has not at all increased pro rata, 
its ratio to the total being 18.7, so that the advance 
has been almost entirely with the merchant shipping. 
During the past year, however, there has been a very 
considerable decrease, the total being only 123,528 
tons, and the proportion of warships thus advanced to 
25 per cent. of the total. The falling off is largely 
attributable to the abandonment of the construction 
of large sailing vessels. During the years 1899 to 
1902 the number of sailing vessels of 2000 tons and 
upwards, as is pointed out in Lloyd’s return, were 
respectively 24, 38, 49, and 54; but in the past year 
no such vessel has been launched, neither is any under 
construction. The decrease in the sailing tonnage is 
partly compensated for by an advance in the steam 
tonnage, the total for 1903 being 83,000 tons, which 
is 38,000 tons in excess of the output of 1902; while 
at the present time there is under construction in 
France 105,000 tons of steam shipping, as compared 
with only 77,000 tons at this date last year and 
59,000 tons at the beginning of 1902. 

Germany has not shown any material increase during 
the past five years, the total in these years, as shown 
in the table on the next page, ranging between 252,000 
and 284,000 tons—the latter, the record output, attained 
in 1901. The proportion of warship tonnage here has 
varied, but averages about 20 per cent. ; in the past 
year it reached nearly 25 per cent. In the previous five 
years the average production of all ships was only 
about half the annual total for the most recent quin- 
quennial period. Between 1894 and 1898 also the 
proportion of warship tonnage to the total was very 
much lower. With the exception of 1897, it ranged 
between 5 per cent. and 10 per cent. Germany 
launched in 1903 only one steamer exceeding 8000 
tons—viz., the Gneisenau, of 8081 tons, built at Stettin, 
and thirteen steamers between 4000 and 8000 tons. 
| The only important sailing vessel included in the out- 
[ow of Germany during the year is the four-masted 
| barque Petschili, of 3087 tons, built at Hamburg. _ 
| The production of other countries is shown in 
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Table XVI, and it will be noted that Belgium has 


ed her total fourfold, Denmark threefold ; 
Japan has advanced from the last position to about 
sixth on the list ; while in Norway, Russia, Sweden, 
and Austria-Hungary there are creditable increases. 


TabLE XVI.—Tonnage of Ships Launched in cach 
Maritime Country. 


increas' 


{ 








1900. | 1901. | 1902. 1903. 
Austria-Hungary .. 25,489 27,413 23,361 28,848 
— <a ea 5,31 14,946 12,804 
China . . «| _2,857] 38,604 3,400 2,364 
Denmark 11,600 | — 26,C56 27,148 32,059 
ance ;. 165,848 | 232,404 | 236,635 | 123,528 
Germany 260,751 | 281,063 | 257,885 245, 084 
Holland 50,904 35,856 73,973 39,594 
Italy 67,522 88,329 62,288 57,389 
Japan .. 5,413 | 87,208 | 36,481 41,004 
Mneeray 33,011 36,875 37,878 41,599 
Russia .. 39,130 39,890 52,579 45,404 
Sweden ars 9,515 19,191 9,030 15,505 
European 
ia. | ae 2,496 «5,507 3,669 
United States .. 358,557 | 481,138 396,433 | 450,090 
Other countries ee <a es 592 
Colonies 9,563 28,134 28,819 34,690 
| 
1 foreign an | 

TotM nial... 1,053,792 | 1,848,878 1,266,863 | 1,194,223 
United Kingdom . 1,510,835 | 1,736,708 1,521,698 1,342,508 














. 2,564,627 {3,085,086 
| 


Total for world 2,788,061 2,536,731 


In this table we have given the production in the 
United Kingdom, as recorded by ‘‘ Lloyd’s Register,” 
and not as arrived at from the returns submitted to 
ENGINEERING, because, for comparative purposes, 
Lloyd’s figures are fairer. Neither for the United 
Kingdom nor for any foreign country do they include 
vessels of 100 tons, while we have, in our summation 
of the work of the year, taken all ships. It will be 
noted by reference to our introductory article on ship- 
building for the year that our aggregate is 60,000 tons 
greater, but we have returns of 1128 vessels, whereas 
“ Lloyd’s Register ” takes cognisance of only 738 ; and 
as the 390 vessels of under 100 tons include many 
barges of large capacity, the difference is easily under- 
stood. 


Work In HAND IN THE UNITED Kinepom, 


The prospects of the trade in the United Kingdom 
are not at all roseate, the work on hand—so far as 
merchant ships are concerned—being 22 per cent. less 
than in the previous year, while the warship tonnage 
is about the same. The latter is in a more advanced 
state than was the case a year ago, as comparatively 
few new fighting ships have been ordered during the 
past twelve months from the private shipbuilding 
works. When comparison is made, however, with 
the year of greatest activity—namely, 1899— the 
decrease is much more serious, equalling 605,000 tons, 
or 33 percent. Even at the beginning of 1902 there 
was a much larger volume of work in progress than is 
the case now, the merchant tonnage being then 461,000 
tons greater, showing a reduction now of 33 per cent. 
It is true the warship work, as shown in Table XVII., 
does not indicate the same falling-off as compared 
with two years ago, although it is very much less 
than in 1900 and 1899; this work, however, is 
confined to seven or eight shipbuilding yards, so 
that in the great majority of merchant shipbuild- 
ing establishments it may be taken that there are 
now only two men employed where two years ago 


TaBLE X VII.—Tonnage in Course of Construction in the 
United Kingdom at January 1, 1894-1904. 








Merchant Ships. Warships. Total. 
= | 

No. Tons. | No. Tons. Tons. 
1894 333 641,981 40 95,475 737,456 
1895 324 658,286 66 260,935 919,271 
1896 377 711,562 68 306,580 1,018,142 
1897 390 784,711 94 330,605 1,114,716 
1898 505 1,013,319 95 312.920 1,326,239 
1599 584 1,401,087 9t 410,985 1,812,072 
1900 533 1,306,751 81 423,755 1,730,506 
1901 443 1,269,919 65 390,145 1,660,06 
1902 469 1,359, 205 | 45 333,325 1,692,530 
1993 387 1,024,067 | 57 200,690 1,324,757 
1904 386 898,473 | 63 309,510 1,207,988 


there were three. The condition of the industry is 
not much worse than it was three months ago, as a 
considerable amount of new work has been booked 
during the past few weeks ; but only very low prices 
have tempted shipowners to embark on new capital 
expenditure, the present inclination being to refrain 
from adding to the various fleets. 

The total, however, is not so low as it was ten years 
ago, especially when warship work is included, but it 
must be taken into account that shipbuilding estab- 
lishments have been very materially improved in their 
equipment, so that a greater volume of work is now 
necessary to keep the same number of men in con- 
tinuous employment, and thus the figures we have 


by those anxious to maintain our position amongst 
the shipbuilding nations. 

That the depression in trade is widely experienced 
is shown by our next table, indicating the work in 
hand at the principal districts at the beginning of this 
year, and of the three preceding years. 


TasLeE X VIII.— Work in Hand in Principal Districts 
at January, 1901-4 (Warships Excluded). 








District. 1904. 1903. 1902. 1901. 
tons tons tons tons 
Belfast a .-| 200,333 | 225,940 | 215,881 | 189,295 
Barrow, Maryport, & | 
Workington e 32,570 27,690 22,665 2,772 
Glasgow ..| 158,646 | 240,473 | 260,155 | 245,283 
Greenock re -. 105,604 114,358 191,675 152,070 
Hartlepool & Whitby 55,503 48,351 | 84,845 101,436 
Middlesbrough and 
Stockton 61,954 40,174 | 92,340 104,910 
Newcastle 152,341 168,109 257,919 250,792 
Sunderland 118,051 177,437 175,785 


106,187 





Belfast shows, perhaps, the least decrease, due to 
the very large ships now building. At Barrow there 
is very considerable activity, the merchant, as well as 
naval, work now in hand being greater than for the 
corresponding dates in recent years. At Glasgow 
there is a decrease of over 50 per cent. as compared 
with this time last year, and a still greater decrease 
on the figures for the beginning of 1902. Greenock has 
fared equally badly, the decrease, as compared with 
two years ago, being 45 per cent., and the de- 
pressed state has continued for more than eighteen 
months. On the North-East Coast there is a slight 
improvement in the condition prevailing during the 
past two years; but, as the figures show, the state uf 
affairs is very much less favourable than two or three 
years ago; indeed, it would almost appear as if only 
half the number of men employed three years ago 
could find occupation now in the shipbuilding yards in 
the district. 








THE SOUTH LONDON TRAMWAYS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 12, Sir Guilford L. 
Molesworth, K.C.I.E., Vice-President, in the chair, the 
paper read was entitled ‘‘The Electrical Reconstruction 
of the South London Tramways on the Conduit System,” 
by Mr. Alexander Millar, Assoc. M. Inst. C.E. The 
following is an abstract of the communication. 

The paper first gives « short sketch of the events which 
led up to the adoption of the conduit system of electric 
tramways for the central portion of London, and states 
the reason why a centre conduit was chosen in preference 
to a side conduit. The lines of which the reconstruction 
is described are those known as the ‘‘ Tooting Lines,” 
extending south of the River Thames from three northern 
termini—at Westminster, Blackfriars, and Waterloo 
Bridges—to a southern terminus at Tooting. The route 
length of the lines in question is slightly over 8 miles, and 
the length of single line 16? miles. 

Dealing with the roadwork and permanent-way con- 
struction, the paper describes first the structure of the 
conduits, which are 2 ft. deep by 1 ft. 24 in. wide. This 
consists chiefly of cement concrete and cast-iron yokes, 
the latter spaced at 3-ft. 9-in. intervals, which support 
the slot-rails and form a template, to which the concrete 
panels are moulded. Chambers are formed at intervals 
of 5 yards, for the reception of the insulated supports from 
which the k-shaped conductor-bars, supplying current to 
the cars, are hung. These insulators have a porcelain 
body, in appearance like an inverted jar, and are pro- 
tected and secured in an iron cap, which is_ bolted 
to the slot- rails. The steel rod which carries the 
conductor-bars is cemented to the inside of the por- 
celain cup, and the actual attachment to the bars is 
made by means of cast-iron clips capable of adjustment 
by means of an eccentric washer. The conductor-bars 
have a sectional area of 2.15 square inches, and, under 


test, they have given a of the conductivity of Matthies- 
7 


sen’s standard of pure copper. The separate insulated 
supports were subjected to a 2000-volt alternating pres- 
sure in the shops, and after erection in place the whole 
electrical system was subjected to a similar test between 
conductor-bars, and 1000-volt alternating pressure between 
conductor-bars and earth. The bars are placed symmetri- 
cally in the conduit 6 in. apart, and the minimum air-gap 
between the conductors and conduit structure is 2 in. 

Drainage of the conduit is provided for by connecting 
it to the sewers at intervals of 60 yards. These connec- 
tions pass through a settling-chamber, which intercepts 
the mud from passing into the sewers. The slot-rails are 
supported by the yokes, and the track-rails by an 8-in. 
concrete bed, and both are held to gauge by tie-bars fixed 
to projecting lugs on the yoke-head. At junctions and 
crossings steel castings take the place of the rolled rails, 
and specially-wide yokes are used to embrace the con- 
verging conduits, and to support the track-rails as well as 
the slot-rails. The mechanism for operating the slot and 
track points at junctions is contained in a concrete pit 
built immediately underneath the track. Both track 
points are fitted with 8-ft. movable tongues, which are 
connected together to the slot- leaves by a series of 
cranks and adjustable links, so that the whole can be 
moved in unison by inserting and manipulating a lever, 
either in a box in the footpath, or alongside the track. 





given are well worth careful consideration, especially 


764,180 tons in 1901. 


499,760 tons. 


pared with 2/. 13s. 3d. per ton. 
for 1902 was, accordingly, 2/. 7s. 2d. 
pared with 2/. 10s. 1d. per ton. 
as compared with 1901, the output of 1902 showed an 
increase of nearly 40 per cent. 


| trailing through can push over the points without any 
external assistance. A feature about the work is that at 
no part isthe slot wider than }in., and the arrange- 
ment for maintaining this at points and elsewhere is de- 
scribed. 

The paving material, except in the margins which are 
laid to suit the existing material in the street breasts, is 
of granite setts, bedded on cement concrete, jointed with 
bitumen and cement mortar 

The line is divided into half-mile electrical sections, 
each half-mile section being fed by separate distributors, 
connected to the sub-station switchboard bus-bars, the 
positive through a maximum cut-out and ammeter, and 
the negative through an ammeter only. By means of 
these appliances, and a double-pole change-over switch, 
a perfect control of each section of the line is maintained. 
The current is generated bytwo 1500-kilowatt continuous- 
current sets erected in a station at Loughborough, from 
which feeders convey current to the three sub-stations at 
the Elephant and Castle, Brixton and Clapham, and are 
connected direct on to the bus-bars. The normal dif- 
ference of pressure between conductors at the main 
station is 625 volts, and on the line approximately 550 
volts. The method of dealing with faults on the line is 
described, and diagrams and drawings are given to show 
the method of connecting up the conductor-bars at junc- 

an arrangement 


tions and crossin 

The collection of current is effected b 

called a ‘‘ plough,” which is porate from horizontal 
transverse girders fixed to an extension of the side-frames 
of one of the car-trucks. The actual contact is made by 
two cast-iron shoes, mounted on a wooden diaphragm at 
the bottom of the plough-shank, and pressure is main- 
tained against the conductor-bar by the aid of flat steel 
springs. Flexible copper fuses, set to blow at 200 am- 
— connect the shoes to the copper leads, which are 
aid in chases inside the plough-shaifk. From the lead 
top terminal cables are taken to the car-motors. The 
cross-girder of the carrier, from which the plough is hung, 
has open ends, and is so designed that in the event of a 
plough taking the wrong road at points, it can travel to 
the side of the car, and drop off without causing any 
damage. In its normal position the plough can be re- 
leased by withdrawing a bolt, which frees a hinged flap, 
and allows the plough to slide down out of the guide. 

The last part of the paper is devoted to a description of 
the operations, and deals with the difficulties attending 
the work of reconstruction, and the methods of handling 
the work. The paper is accompanied by numerous illus- 
trations, and by an appendix giving the comparative cost 
of electric conduit construction as compared with cable 
conduit construction. 








Navticus : ADDENDUM.—In our notice of the German 
naval almanack ‘‘ Nauticus,” which appeared in our issue 
of January 1, on page 5, we inadvertently omitted to 
mention the third German journal, devoted exclusively 
to maritime matters, Die Flotte. 





_ BELGIAN METALLURGICAL INDUSTRY. —Of the 18 estab- 
lishments ae pig in Belgium, 16 were in activity 
in 1902. These 16 works comprised 33 furnaces. The 
number of workpeople employed was 3036, and the con- 
sumption of fuel during the year was 15,950 tons of coal, 
1,115,790 tons of Belgian coke, and 121,460 tons of foreign 
coke. This fuel was used in the treatment of 160,030 
tons of Belgian minerals, 2,426,780 tons of foreign minerals, 
and 274,450 tons of scoriw, &c. The quantity of pi 

made in 1902 was 1,069,050 tons, as compared wit 

In last year’s totals casting pig 
figured for 104,540 tons, as compared with 86,170 tons ; 
refining pig for 254,710 tons, as compared with 178,250 
tons ; and steel pig for 709,800 tons, as compared with 
The average value of the casting pig 
made last year was 2/. 4s. 1d. per ton, as compared 


with 2/. 3s. 2d. per ton in 1901; of the refining pig, 
21, 2s. 8d. per ton, as compared with 2/. 1s. 9d. per 


ton; and of steel pig, 2/. 9s. 2d. per ton, as com- 
The average price 
per ton, as com- 
It will be observed that, 


The number of steel 


works in Belgium remained the same as in 1901. Some 


increase took place in the means of production, and the 
number of workpeople employed was raised from 6580 
to 8333, showing an increase of about 27 per cent. 
progress made in 1902 in the appliances and staff employed 
arose from the fact that twoim 

district have completely <a, 
now only turning out steel. 
consumed in 1902, 166,820 tons of Bessemer pig made 
in Belgium, and 4740 tons of foreign Bessemer pig; 
the consumption of Belgian Thomas pig in 1902 was 
516,380 tons, and that of foreign Thomas pig, 71,300 
tons, 
value of 211,492/., while ingots were turned cut to the 
value of 2,657,696/.. Hammered ingots, blooms, and billets 
were made in 1902 to the value of 756,3882. 
production of steel of all kinds in Belgium in 1902 was 
558,519 tons, of the value of 3,746,952/. 
last year’s production for 268,220 tons, girders for 109,390 
tons, and merchant steel for 71,660 tons. Of 51 iron works 
existing in Belgium, 47 were in activity in 1902. Their 
total production for the year was of the value of 2,070,2121. 
In last year’s output merchant iron figured for 260,290 
tons. 
well as iron, and the steel output of these works in 
1902 was 166,810 tons, of the value of 1,043,679/. 
the total of 166,810 tons, merchant steel figured for 49,040 


The 
rtant works in the Liege 


to produce iron, and are 
The Belgian steel works 


First-fusion cast steel was made in 1902 to the 


The whole 


Rails figured in 


Some of the Belgian iron works produced steel as 
In 





The free end of the slot-leaves is bevelled off, so that a car 


tons, and plates for 94,360 tons. 
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TWIN -SCREW 


STEAMER 


“CORONA” FOR 


NORTHERN 
CONSTRUCTED BY MESSRS. FORRESTT AND SON, LIMITED, SHIPBUILDERS, WYVENHOE, 


NIGERIA. 


JSSEX. 








THE twin-screw tunnel steamer Corona, which we | 


illustrate in Fig. 1 above, and in Figs. 2 to 5 on 
our two-page plate, has been built by Messrs. For- 
restt and Son, Limited, of Wyvenhoe, Essex, to 
the order of the Crown Agents for the Colonies, for 
service as a yacht for the High Commissioner of 
Northern Nigeria. It was constructed under the 
supervision of Sir E. J. Reed, K.C.B., M.P., and is, 
we believe, the largest vessel yet built of this type. 
The dimensions of the vessel, which has been built of 
galvanised steel, on the tunnel principle, are :— 

Ft. In. 
160 0 
30 0 


Length between ne i 
“far fs 5 6 


Breadth moulde 
Depth a 


and the draught of water, with the full load of 38 tons , 


on board, including wood fuel for 48 hours’ steaming, 
is 2 ft. in fresh water. Accommodation is provided 
at the forward end on the upper deck for the High 
Commisioner, in two deck-houses (Fig. 1). The for- 
ward one is the dining-saloon, aft of which is the 
Commissioner’s office and two sleeping-cabins. These 
cabins are neatly panelled in wainscot oak, and are 
handsomely furnished throughout. At the aft end of 
the upper deck accommodation is provided in a large 
deck-house, containing six state-rooms, for the High 
Commissioner’s staff (Fig. 3). The necessary pantry 
and store-rooms, baths, and w.c.’s are also arranged 
on this deck. On the main deck, at the end, two 
otfices are provided—one for the secretary and one 


for the clerks, communicating with each other (Fig. 4). | 
Abaft this four sleeping-cabins are provided for the | 


clerks. At the after end of the main deck accommoda- 
tion is provided for the native engineer, quartermaster 
and servants, and a crew of sixteen men. Four galleys 
are arranged on the main deck amidships—one for 
the High Commissioner, one for officers, one for native 
guests, and one for native crew. On the sun deck the 
Kuropean engineers and captain are berthed in three 
rooms, together with a dining-room (Fig. 2). The 
vessel is steered from this deck. A sun-awning is 
fitted all fore and aft, consisting of matchboarding 
covered with felt and thick sheet zinc. Everything 


has been arranged to make the vessel suitable for | 


service in a tropical climate. 

The contract for the whole of the propelling machi- 
nery has been carried out in a highly satisfactory 
manner by Messrs. Plenty and Son, Limited, of New- 
bury, Berks. The main engines, Figs. 6 and 7, two-page 
plate, are placed in separate engine-rooms, the vessel 
being divided and strengthened by a longitudinal bulk- 
head. 
cially light design, well balanced to secure a minimum of 
vibration, absence of which on the trial was a specially 
noticeable feature. The bed-plates are of cast steel. 
The cylinders, which are 64 in., 104 in., and 17 in. in 
diameter respectively by 12 in. stroke, are supported 
by steel columns, well braced together, and are fitted 
with piston-valves to the high and intermediate cy- 
linders, the low-pressure cylinder having a double- 
ported flat D valve. The bearings, which are lined 
with white metal, are, in accordance with Messrs. 


Fic. 1. 


Plenty and Son’s usual practice, of ample surface to 
ensure cool running, and no trouble whatever was 
experienced with the engines during the trials. 

The air-pump (Fig. 6), which is of Edwards’s type, 


is, together with two feed-pumps, driven by levers | 


from the low-pressure crosshead of each engine. Each 
engine has an independent copper condenser, and 
centrifugal pump driven by a small engine. One of 
these engines is fitted with an auxiliary air-pump, 
which is intended to be used in connection with one 
of the condensers, for auxiliary purposes, when the 
main engines are not running. 

There is also an auxiliary feed-pump in each engine- 
room. An evaporator has also been supplied, and the 
whole is very complete in the matter of gauges, voice- 
tubes, and telegraphs to various parts of the vessel, 


Steam is supplied by two of Stirling’s patent marine | 
type of water-tube boilers (Figs. 8 and 9, opposite) at | 
The | 
boilers have been designed with extra heating surface | 
a full} 


a working pressure of 180 lb. per square inch. 


and grate area, rendering it possible to kee 
supply of steam under natural draught when leaning 
wood fuel, and with indifferent stoking. The piping 
has been arranged in such a manner that it is possible 
to drive either set of the main engines, or both, by 
either, or both, of the two boilers. Indeed, this prin- 
ciple has been carried out throughout, the piping for 
pte being arranged in the same manner. 

A refrigerating machine and chamber on the 
Linde dry air system is fitted under the main 
deck forward of the machinery space, and ample 
baggage accommodation and other store space is 
arranged for in the holds forward and aft. Steam 
steering-gear, by Messrs. Davis and Co., is fitted on 
the main deck forward ; also a special steam-windlass 


with large central drum for wire-rope, by Messrs. | 


Fisher and Co., Paisley. Two seamless steel boats, by 
the Seamless Steel Boat Company, of Wakefield, are 
stowed on the sun-deck amidship, also a gig and a 
dinghy. 

The vessel has been fitted with a complete electric 
lighting installation, including searchlight, by Messrs. 


| Lankester and Son, of Southampton, the engine being 


one of Messrs. Bumstead and Chandler’s enclosed 


type. ‘ : 
cabin accommodation, also electric bells. 


Electric fans have been fitted throughout the | 





Sen. and Jun., and Mr. 
Stirling Boiler Company. 

The vessel, after having her upper structure dis- 
mantled and packed in the holds, and the sides between 
the main and the upper deck boarded in and made 
water-tight, and a steel turtle back fitted, left the 
River Colne on August 22, 1903, in tow of the Rotter- 
dam tug Zuiderzee for the Niger, where she arrived 
safely after a sea passage of thirty-eight days. 


Baillie, representing the 








SixTEEN YEARS’ Locomotive Exports.—The course 
taken by our locomotive export trade during the last 
sixteen years is represented by the following table, illus- 
trating the yalue of the shipments made year by year :— 


Year. Value. 


£ 
1,024,444 
1,443,615 
1,848,462 
1,617,254 

983,752 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 


1,483,600 
1,467,389 
1,496,849 
1,911,340 
2,299,179 

ae os “e oe a a . 2,351,304 

It will be observed that the exports during the sixteen 
years have been subject to continued fluctuations, but it is 
satisfactory to note that last year was the best on record. 
| This was due to the return of peace in South Africa, the 
| great external market for British locomotives being the 
| colonies. 





SrxTkeEN YrArRS’ Rau Exports.—It is interesting to 
| trace the course taken by our rail export trade during the 
| sixteen years ending with 1903 inclusive. The value of 
| the shipments made year by year during the period in 
question was as follows :— 
| Year. Value. 

£ 
| 1888 3,089, 102 
1889 3,493,115 
| 1890 4,006,836 
1891 7 
1892 .. 
1893 .. 
1894 


They are of the triple-expansion type, of espe- | 


During the official trial, which consisted of six runs | 
over the measured mile, and three hours’ run at full) 
speed, the mean speed over the mile under unfavour- | 
able weather ra rn was 104 miles per hour, being | 
half-a-mile in excess of the guaranteed speed. A} 4999 |! 
speed of over 10 miles per hour was easily maintained | 1901 .. 
during the three hours’ trial. Wood fuel was used | 1902 .. 
during half of the trial, and a full supply of steam | ae LI ic AP Pre ‘ 
was easily kept up, everything working very satis- | The general results disclosed by these figures are unsatis- 
factorily. Those present included Lord Headley, | factory, the value of our rail exports in 1903 having been 


Major Cameron, C.M.G., R.E., representing the Crown _ _— > was in 1889 vail no The utmost which can 
AT ghee ie snting Sip | D@ Said is that our export rail trade is practically stationary. 
Agents for the Colonies ; Mr. Kemp, representing Sir Even this cold comfort would not have been forthcoming 


EK. J. Reed, K.C,B. , M.P., the consulting engineer on the | byt for the substantial demand for British rails in British 
contract ; Mr. W. Johnson, managing director ; Mr. | South Africa, British India, Australasia, and Canada. 
P. D. Ewing, manager of Messrs. Forrestt and Son, |The awkward fact which has to be faced is that the 
Limited ; Mr. E. P. Plenty, Jun. ; Messrs, Cowan, | foreign demand for British rails is distinctly languishing. 


1895 
1896 
1897 .. 
1898 .. 
1899 .. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 13, 1904. 

A marrer of much importance just now is the 
probable action that will be taken by the large con- 
sumers of Bessemer and basic pig iron. For two or 
three years past contracts have been placed for immense 
quantities to supply requirements extending over three, 
six, or nine months. At the present time not one in 
ten of the larger consumers is placing large orders. 
The chief reason for this is the absence of that degree 
of confidence in the permanency of prices, which has 
been characteristic of the American market for so long 
a time. Moderate sales of basic, pig, and foundry 
iron are being made every day, and northern furnaces 
show a disposition to sell foundry iron at slight con- 
cessions. It is this perpetual declining tendency, which 
is breaking out just when every one predicted an 
advancing tendency, that causes large consumers to 
wait. The great bulk of business done is for imme- 
diate delivery. A great deal of business is being 
offered for delivery three and six months hence for 
certain kinds of iron and steel production ; but manu- 
facturers are refusing business at current quotations 
later than 30 to 60 days delivery. The present margins 
are barely remunerative, they say, and they do not 
care to load up with business at this time, which, if 
acceptance is postponed one or two months, will net 
them larger margins. The effort to revive the Southern 
Pig Iron Association has reached a point where a plan 
has been evolved which will be soon submitted to the 
trade ; but the outside opinion is that the differences 
among Alabama pig-iron makers are of such a nature 
that they cannot be sufficiently reconciled to make 
any organisation permanent and successful. 

During the past week a fair volume of business was 
done in steel billets at prices ranging from 20 dols. to 
22 dols. delivered for shipment within sixty days, 
while 23 dols. is the general quotation. The outsiders 
continue to take business below this rate, and, while 
they do, it is improbable that very heavy business will 
be done. Large quantities of heavy melting steel scrap 
have just been purchased, which is quite a significant 
move just at this time. 

Another interesting feature developed within 48 
hours is the placing of a number of large contracts 
calling for the delivery of about 35,000 tons of struc- 
tural steel at present quotations, which are below 
those used in newspaper columns. There is keen com- 
petition for business in all kinds of sheet-iron, and 
within a day or two black sheets have been shaded 5 to 
10 cents under the official price; galvanised sheets 
have been sold at a discount of 80 and 24 per cent. 
The most important feature of the copper market has 
been a heavy demand for copper for export, which 
has resulted in an advance during the past few days of 
from } to 4 cent. per pound. This improvement in 
demand has created a Satter domestic inquiry, and 
has already resulted in the placing of quite a number 
of contracts for delivery of copper between now and 
July. 

There has been a good consumptive demand for lead 
for several days under the stimulus of an anticipated 
advance, and premiums were paid for spot lots. One 
of the largest dealers has withdrawn quotations until 
after February 1, which points to the naming of 
higher prices any day. There is a reported scarcity 
of spot lead, and holders are asking to-day 4.35 dols. 

January 20, 1904. 

The entire foreign trade of the United States last 
year amounted to 2,489,000,000 dols. Its increase 
during the past eight years was 1,000,000,000 dols., 
and the balance of trade last year in favour of the 
United States was 489,000,000 dols., the largest in 
the history of the country, with the exception of three 
years. The balance in 1895 was 23,000,000 dols. The 
foreign indebtedness of this country is now smaller 
than at any time within forty years. The most 
prominent feature in the money market at this time 
is the increase in loans, which during the past 
week have amounted to 42,000,000 dols. The banks 
recognise that it is impossible for them~ to con- 
tinue to accommodate the increasing demands. Quite 
a large number of corporations, in which railroad com- 
panies figure prominently, intend to float new secu- 
rities, and the financial public are watching the out- 
come of this purpose with more than ordinary interest. 

The annual statement of the United States Steel 
Corporation, which will not appear until April, is 
anxiously awaited by a large number of investors and 
intending investors. It is again current that this con- 
cern will enter upon a cutting of prices, but the com- 
pany’s representatives deny that there is any such 
purpose contemplated. The continued recurrence of 
rumours of this character seems to afford some ground 
for expectation. 

A bird’s-eye view of the iron and steel situation 
shows that between 40 and 50 per cent. of the pro- 
ducing capacity is at present idle. There are evidences 


The steel-rail trade is still unsatisfactory. There 
was a special meeting of the owners of mills rolling 
light rails at Pittsburgh on Saturday to endeavour to 
come to an understanding over the prices of light rails. 
These quotations have been very much demoralised 
for several weeks. An attempt is now being made to 
advance prices 3 dols. to 4dols. a ton. All of the 
mills rolling light rails have formed an association 
called the Association of Manufacturers of Light Steel 
Rails. 

A good many interesting developments are en- 
couraging the makers of machinery. The capacity 
for machinery-making has been considerably enlarged 
during the past twelve months. Solicitors for busi- 
ness have been abroad for some months, and have 
secured quite a volume of business from South Africa, 
South America, and Mexico. Much of this is for 
mining machinery and power equipment. Further, 
heavy shipments have been made to Europe of all kinds 
of agricultural implements. South America has also 
taken liberally. 

The action of the Pennsylvania Railway Company, 
in refusing bids for tunnel-work has been a set-back 
to machinery makers. The enterprise will, of course, 
be prosecuted, but the machinery makers are anxious 
to get to work. The railroad companies have impor- 
tant enterprises in hand, which involve the manufac- 
ture of a great deal of machinery. Among these enter- 
prises are extensive developments at Toledo, Ohio, on 
the lake, and the development of equipment at Duluth, 
at the head of Lake Superior, where 80,000 horse-power 
is to be provided to supply power and light to street 
railroads and manufacturing plants. ‘The company 
engaged in this enterprise have asked for tenders to 
furnish 12,500 horse-power turbines to work under a 
head of 365 ft. with 250 revolutions per minute. 

Cement-manufacturing companies are also in the 
market for machinery to increase capacity in cement- 
making. Lead producers are also calling for more 
material. 








Our Coat ABRoap.—The past year was a progressive 
period in the history of our coal exports, the shipments 
for December having been 3,688,352 tons, as compared 
with 3,611,906 tons in December, 1902, and 3,201,354 tons 
in December, 1901. These totals were increased by the 
addition of coke and patent fuel to 3,831,153 tons, 
3,746,130 tons, and 3,431,973 tons respectively. The fol- 
lowing were the principal coal shipments for the last 
month of each of the three years :— 





Country. Dec., 1903. Dec., 1902. Dec., 1901. 
tons tons tons 
Germany 497,988 471,970 421.233 
France 636,736 644,327 639,465 
Italy... 501,644 437,751 480,360 


The exports for the whole of last year were 44,950,057 
tons, as compared with 43,159,046 tons in 1902, and 
41,877,081 tons in 1901. These totals were increased by 
the addition of coke and patent fuel to 46,622,700 
tons, 44,897,948 tons, and 43,765,912 tons respectively. 
The principal shipments were made to the following 
countries :— 














Country. 1903. 1902. 1901. 

tons. tons. tons, 
Russia 2,442,478 2,297,693 2,403,425 
Sweden 3,077,005 2,556,849 2,794,978 
Norway 1,384,539 1,354,345 1,273,450 
Denmark 2,208,055 2,097,786 2,075,429 
Germany 6,109, 146 5,814,477 5,819,844 
France 6,976,467 7,408,431 7,565,606 
Spain .. 2,371,087 2,394,995 2,364,813 
Egypt 2,131,321 1,960,929 2,061,223 
Italy .. i 6,278,333 5,797,618 5,497,625 
United States 1,142,603 837,560 95,700 
Argentina 1,120,178 973,386 905,120 


It will be observed that France is still the largest foreign 
consumer of our coal, although since the imposition of a 
1s. export duty in April, 1901, the French demand has 
been progressively declining. While the demand for 
British coal is falling off in France, it appears to be 
largely increasing in Italy and Germany. The movement 
of our coal to Spain is considerable, but the Spanish de- 
mand does not at the same time appear to be increasing. 
The consumption of British coal in the United States 
last year was sufficiently large to be noticeable. The 
American demand has not quite died out, but it only 
amounted in December to 14,553 tons ; it arose, no doubt, 
from the labour difficulties which have troubled the 
United States during the last two or three years. The 
quantity of coal shipped last year for the use of steamers 
engaged in foreign trade was 16,799,848 tons, as compared 
with 15,148,115 tons in 1902, and 13,586,833 tons in 1901. 
In one way or another, coal accordingly left the shores of 
the United Kingdom last year to the extent of 63,422,548 
tons, as compared with 60,046,063 tons in 1902, and 
57,352,745 tons in 1901. The value of the direct exports 
of coal, coke, and patent fuel last year was 27,262,779/., 
as compared with 27,581,136/. in 1902, and 30,334,748/. in 





of resumption all around, but the extent of this 
improving movement is a matter of doubt. Bank 
clearings show a marked improvement in general 
business. 


aly 
1901. There was accordingly a decline of 3,071,969/. 


in the value of last year’s exports as compared with 1901, 
notwithstanding an increase of 2,856,812 tons in the 


| Professor Pillans. 


| NOTES FROM THE NORTH. 
GLascow, Wednesday, 

| Glasgow Pig-Iron Market.—A fair business, amounting 
| to some 6000 tons, was transacted in the pig-iron market 
on Thursday morning, but the tone continued flat, with 
prices of Cleveland warrants 14d. to 2d. = tort under 
the previous day’s closing quotations. Dealings were 
recorded at 41s. 9d. per ton cash, 41s. 11d. a month and 
twenty-one days, and 41s. 10d. eight days. The prices 
of Cleveland in the afternoon declined 1d. per ton 
further to 41s. 8d. cash and 41s. 94d. one month. The 
market was more active than it has been for some 
time, and the turnover aggregated some 10,000 tons, 
The tone of the market was rather better on Friday morn- 
ing; but business was restricted to 1000 tons of Cleveland, 
which was dealt in up to 41s. 11d. one month. A firm 
tone prevailed in the afternoon, when Cleveland warrants 
recovered to 41s. 94d. per ton cash and 41s. 114d. one 
month. The turnover was 2500 tons, and the settlement 
prices were:—49s. 10)d., 41s. 74d., and 52s. 74d. per 
ton. There was a further recovery in prices in the 
pig-iron market in the forenoon; but business at 
the higher level continued on a small scale. There 
were no cash transactions, and dealings at forward 
dates only aggregated 2500 tons. In Cleveland iron the 
price advanced to 41s. 84d. cash and one month. The 
market was strong, advancing from 41s. 845d. to 42s., and 
business was also done at 42s. 1d. one month. The im- 
provement, commenced in the forenoon, was fully main- 
tained in the afternoon, when 1000 tons were dealt in, all 
Cleveland iron, at 42s. 14d. one month. One lot was dealt 
in at 42s. 24d. three months. The settlement prices were :— 
49s. 10}d., 42s., and 52s. 104d. per ton. The sellers were 
again scarce on Tuesday, and bidding prices were further 
raised; but business on the higher level continued on a 
small scale. No cash transactions took place, and dealings 
at forward dates only aggregated 1500 tons. In Cleveland 
iron the price advanced 2d. to 42s. 4d. a month. In the 
afternoon Cleveland warrants were steady, up to 42s. 2d. 
per ton cash, and forward business up to 42s. 44d. was done, 
the turnover being 4000 tons. The settlement prices were : 
—493, 104d., 42s. 14d., and 52s. 104d per ton. The upward 
movement, which began on Friday, was continued this 
morning, when the prices of Cleveland warrants ad- 
vanced 14d. further for cash and ld. one month. Busi- 
ness was very restricted, and in the absence of sellers 
42s. 54d. one month was paid for two lots. There was 
rather more doing in the afternoon. Cleveland was 
dealt in to the extent of 3000 tons. Buyers of Scotch 
were in the market offering 49s. 9d. cash, but there were 
no sellers. The settlement prices were :—49s. 7}d., 
42s. 3d., and 52s. 9d. per ton. The quotations for No. 1 
makers’ iron were:—Clyde, 58s. per ton; Gartsherrie, 
Calder, and Summerlee, 58s. 6d. ; Langluan, 70s. 6d. ; 
Coltness, 72s.—the foregoing all shipped at “ay ok 
Glengarnock (ship at Ardrossan), 58s. 6d.; Shotts 
(shipped at Leith), 61s. 6d.; Carron (shipped at 
Grangemouth), 62s. per ton. Very little business was 
done during the week, there being still some fear lest 
the dispute in the Far East may end in war. ‘Trade 
reports from America are not as favourable as they 
were during the past few weeks. From the Con- 
tinent trade reports are no better, but the home reports 
are here and there improving; makers show every disposi- 
tion to meet the market, but the prices are very slightly 
altered. 

Scotch Steel.—In this branch of business there is a 
sensible improvement in several of the works ; the fur- 
naces, in some cases, are all, or nearly all, engaged. 
Most of the orders are for South Africa. 


Sulphate of Ammonia.—If anything, sulphate of am- 
monia is for the moment easier. For prompt delivery 
13/. per ton is still quoted, but most buyers are covered 
for the moment, and the anxiety to get on is not so keen 
as it was. But, in spite of this, one does not look for any 
material retrogression in price. Some business has been 
done at Leith and Glasgow, 


The Watt Dinner in Glasgow.—The celebration of the 
Watt Anniversary in Glasgow took the form of a dinner, 
conducted by the Institution of Engineers and Ship- 
builders, and at which there was an attendance of fully 
300 persons, given in the Windsor Hotel. In the absence 
of the president, Mr. Archibald Denny, the chair was 
occupied by Mr. James Gilchrist, senior vice-president. 
He took good care to introduce into the toast-list ‘t The 
Memory of James Watt,” but the toast of the evening 
was proposed by Lord Inverclyde, who devoted his 
remarks to ‘‘ Engineering and Shipbuilding.” He tcuched 
on the enormous growth of the increase in the price of 
sea-going steamers, which now cost from 40,000/. to 
120,0007. His lordship dwelt largely on the modern history 
of the steam turbine, which is to be used in two Allan 
liners. It is the invention of an Irishman, whose works 
are in England, and the Clyde has had most to do in the 
adaptation of the turbine to the propulsion of commercial 
steamers. 


The Watt Club Dinner.—The annual dinner of the 
Edinburgh Watt Club took place on Saturday evening. 
Mr. Daniel Macfie, president, occupied the chair, and 
Dr. Gibson and Mr. W. Graham occupied the vice-chairs. 
In submitting the toast of the evening, the chairman 
made a very excellent speech, and referred to the founda- 
tion of the club by a very public-spirited Edinburgh man, 
He dealt with other matters connected 
with the Watt Club. 


Dr. John Macintyre on Radium.—The Institution of Engi- 
neers and Shipbuilders met in the usual way last night. 
They had asked Dr. Macintyre to give them a lecture on 
Radium,” which he cheerfully consented to do, and that 





deliveries. 





fact brought about a most extraordinary gathering of 























Jan. 29, 1904. ] 


ENGINEERING. 


159 











FO ten nO i 
members; indeed, the lecture hall was quite packed with 
members. 

Mr. John Addie, J.P.—The death is announced of Mr. 
John Addie, J.P., for many years head of the firm of 
Robert Addie and Sons’ Collieries, Limited. Deceased 
was one of the oldest iron and coal masters in the Middle 
Ward of Lanarkshire, and had for a lengthened period 
sole charge of Viewpark Colliery, Uddingston, and Rose- 
hall Colliery, Coatbridge, besides being for many years 
connected with the Langloan Iron Works, Coatbridge. The 
eldest son of the late Mr. Robert Addie, founder of the firm 
bearing his name, deceased was born at coer, 28 1842, 
but the greater part of his life was spent at Viewpark 
House, Uddingston, in which district he was widely 
known and universally respected. A strong Conservative, 
Mr. Addie took a deep and active interest in politics, and 
when Mr. Whitelaw contested the constituency of North- 
East Lanark, Mr. Addie was one of his warmest and 
most powerful supporters. Deceased was a justice of the 
yeace for the county of Lanark, and displayed a deep 
interest in the Blantyre Disaster Fund. He leaves a 
widow and a family of two sons and one daughter. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Chamber of Commerce.—The Council of the 
above Chamber in their annual report say that the number 
of members is 237, of whom 100 are firms and 137 single 
members, being an increase of 12 firms and 36 single 
members. The balance in hand at the end of the year 
was 1517. Coming to work done, the report says that 
the Council co-operated with the Cutlers’ Company in 
supporting the o jections to the file-cutting regulations 
as proposed by the Home Office, and as a result some 
modifications were introduced. The regulations, as 
originally promulgated, would have n disastrous 
in many respects to the hand-cutting trade, and they 
fear that even now their effect will be more far-reaching 
than their authors expect, and that the hand-cutting of 
files—already a declining trade—will be reduced to almost 
a vanishing point, With regard to shipping freights to 
South Africa, the Council have done what they could to 
oppose the operations of the shipping ring; but the 
aeayiion of the Houston Line by the ring leaves the 
whole of the trade between this country and the Cape at 
the mercy of those carrying the goods by sea. The 
Council believe it will be found that British traders are 
paying higher rates than their competitors abroad to one 
of their own colonies, and that their access to an important 
market will be seriously prejudiced by the action of their 
own countrymen commanding the over-sea traffic. The 
policy of the railway companies in the carriage of merchan- 
dise comes in for severe criticism, as the Council feel that 
it is inimical to trade, and, in the long run, against 
their own interests. They say it is almost impossible for 
an isolated Chamber to make headway against the strong 
combination of the railway companies ; and if the present 
regulations of the railways are maintained, railway com- 
panies can only be met on even terms by instituting an 
association to act on behalf of the traders of the country 
generally. The Council have been engaged examining 
various tariffs, especially the proposed Russian and 
Austro-Hungarian tariffs, and have reported to the Board 
of Trade upon them. In bringing about the much better 
understanding which now exists between France and 
England the Council have done something, and as a 
result they hope that the trade relations between the 
two will be made more easy. The Council have 
supported the efforts of the Master Silversmiths’ Asso- 
ciation of Sheffield to secure, with the co-operation of 
the similar associations in London and Birmingham, 
legislation to prevent British hall-marks being placed 
upon foreign silver sent here to be hall-marked, with the 
deliberate intention of thereby conferring upon the goods 
an indication of British origin. It is hoped that next 
session would see legislation on the subject. The Council 
have not yet brought the question of fiscal reform con- 
troversially under the notice of the Chamber; but by 
providing literature, and so forth, have done all they can 
to assist members in forming a just appreciation of the 
uestion. It is intended to hold a special meeting of the 
Chamber to discuss the subject, with a view to learning 
if further action is thought advisable in the name of the 
Chamber. 


The Iron and Steel Trades.—The hopeful feeling in these 
branches of trade, to which reference lias previously -been 
made, continues, and is becoming-*more widespread. It 
is not only experienced in Sheffield, but travellers report 
it as observable in other centres of industry, both north 
and south. Firms’ in the iron trade say a little more 
buying is going on, but prices remain low. Stocks of 
steels in the hands of consumers were allowed to run very 
low as the end of the year approached, and now, as neces- 
sity requires, they are being replenished. Leading houses 
in the Bessemer and Siemens branches are booking some 
very fair orders. The crucible steel trade generally is 
quiet. For high-speed steels the demand for some 
markets is on the increase. The favourable balance-sheets, 
of railway companies encourage the hope that orders for 
material will be given out more freely in the near future. 
Some local engineering establishments are better em- 
ployed, but prices are so low as to leave little margin of 
profit. 


Coal and Coke.—By the fire at the Birley Colliery, near 
Shettield, over 1000 men are thrown idle, and an output 
of 1200 tonsa day stopped. Most of the coal has gone 
to the London market, and the supply will have to come 
from other pits. The general demand for all classes of 
coal is quiet, and prospects are not encouraging. There 
18 no further change in coke. Blast-furnace qualities are 


selling be‘ter at the reduced rates. \ 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLesBRouGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
rather numerous attendance on ’Change, the market was 
cheerful in tone, quotations showed a marked upward 
tendency, and a fair amount of business was transacted. 
The welcome change for the better was not easily 
accounted for, but it was gratifying to find that genuine 
traders appeared to look upon it ae handy of a temporary 
kind. Buyers were more in evidence than for some little 
time past; but they still, as a rule, confine themselves 
to purchases sufficient to meet their early require- 
ments. No.3 g.m.b. Cleveland pig was 42s. 6d. f.o.b., 
but some brands were bought at a little below that 
figure. On the other hand, the leading producers 
asked 42s. 9d., and were not inclined to entertain offers 
at less. No. 1 was 43s. 6d. to 43s. 9d. The lower qualities 
were not to be had from second hands, and makers were 
firm in their quotations. No. 4 foundry was 42s. 3d. to 
42s. 6d. ; grey forge, 42s. to 42s. 3d.; mottled, 41s. 9d. 
to 42s. East Coast hematite pig was a little dearer ; 
but, according to makers’ ideas, quotations were still 
below what they should be considering cost of pro- 
duction. For early delivery of Nos. 1, 2, and 3 the 
price was 50s. 9d. No. 1 was 51s. 3d., and No. 4 forge 
49s. 6d. Spanish ore was strong. Rubio was quoted 
15s. 3d. ex-ship Tees. To-day the market was firm. 
Middlesbrough warrants closed 42s. 3d. cash buyers, an 
advance of 14d. on yesterday’s close. Quotations for 
makers’ iron were unaltered. 


Manufactured Iron and Steel.—There is not much new 
to report with regard to the manufactured iron and steel 
industries. Inquiries for plates and rails are said to be 
pretty good, but quotations do not rise. Market rates 
stand:—Common iron bars, 6/. 23. 6d.; best bars, 
61. 12s. 6d. ; iron ship-plates, 6/. 2s. 6d.; iron ship-angles, 
5. 17s. 6d. ; steel ship-plates, 5/. 7s. 6d.; steel ship-angles, 
41. 17s. 6d. ; steel sheets (singles), 77. 17s. 6d. ; steel sheets 
(doubles), 82. 7s. 6d. ; steel boiler-plates, 77. ; steel joists, 
5l. 5s.; and heavy steel rails, 4/. 12s. 6d. to 4/. 15s.—all 
less 24 per cent., except rails, which are net at works. 
According to the accountant to the Board of Arbitration, 
the average net selling price of rails, plates, bars, and 
angles for the last two months of last year was 6/. 3s. 10d., 
as against 6/. 4s. for the previous two months, and, in 
accordance with epee: | een arrangements, wages for 
February and March will be the same as prevailed during 
the preceding two months. 


Cleveland Miners’ Wages.—The Cleveland ironstone 
miners have submitted to a reduction of 3 per cent. in 
their wages. In the first place the mine-owners ask 
for 3.8 per cent. reduction, but they have abated 0.8 per 
cent. of their claim. 


Coal and Coke.—Coal is quiet generally, but demand 
for gas kinds keep good. Coke is plentiful and rather 
easy. Medium blast-furnace kinds are offered at 13s. 9d. 
delivered here. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal market has exhibited rather a 
quiet tone; prices have, however, remained steady. The 
best large steam coal has been making 14s. 3d. to 14s. 6d. 
per ton, while secondary*qualities have brought 13s. 6d. 
to 14s. per ton. There has béen scarcely any change in 
household coal; the best ordinary qualities have made 
14s. to 15s. va ton, while secondary“and other descrip- 
tions have been quoted at 10s. 6d. to 13s. per ton. 
No. 3 Rhondda large has been making 14s. 9d. to 15s. 
per ton. Foundry coke has brought 18s. to 19s., and 
furnace ditto 17s. to 18s. per ton. As regards iron ore, 
Rubio has made 13s. 9d. to 14s. per ton ; Tafna, 15s. per 
ton ; and Almeria, 14s. to 14s. 3d. per ton, freight charges 
included to Cardiff or Newport. 


Rhymney Railway.—Sir Myles Fenton has been elected 
chairman of the Rhymney Railway Company. Sir Myles 
has had a long railway experience. 


Newport instead of Wolverhampton.—Messrs. Lysaghts 
have decided to close the Swan Garden Iron Works at 
Wolverhampton, and to transfer their operations to 
Newport. 


The Bute Docks.—In the course of last year the imports 
and exports at these docks increased 92,244 tons as com- 
pared with 1902. Iron ore imports increased nearly 
21,000 tons last year; pig iron, 2300 tons; and other 
iron, 8300 tons. ‘The whole imports of iron ore last year 
were 827,126 tons, as compared with 806,464 tons in 1902. 
The exports of coal and coke last year were 7,169,912 
tons, as compared with 7,090,291 tonsin 1902. The whole 
imports last year were 2,056,024 tons, as compared with 
2,117,510 tons; while the whole exports were 7,818,327 
tons, as compared with 7,664,596 tons. 

Progress of Cardiff.--In 1879, the population of Cardiff 
was 80,202 ; the number of inhabited houses, 12,185; the 
rateable value, 358,374/. ; the value of the town’s property, 
304,861/.; the indebtedness of the borough, 272,418/. 
The exports from the port amounted to 6,104,348 tons, 
and the imports to 853,025 tons. The population has now 
increased to 172,598, and the number of inhabited houses 
to 29,768. The rateable value has risen to 1,075,821/. ; 
the town’s property is valued at 3,739,350/. ; and its in- 
debtedness is 3,104,977/. The last augmentation is, 
perhaps, a doubtful advantage. 


The Swansea Valley.—T wo smelting furnaces have been 
relighted. The Pontardawe, Cwmfelin, and Dyffryn 
Works have exhibited a fair amount of activity in their 
steel-producing departments. It is feared, however, that 
should war break cut between Russia and Japan, the 








business in steel now done with Russia would be affected 
to some extent. The engineering sheds have been pretty 
well employed, although they have not been so brisk as 
they were a few months since. The foundries would 
welcome new orders. 








MISCELLANEA. 

Ata meeting of the Tramways and Light Railways 
Association, held at the rooms of the Society of Arts, 
John-street, Adelphi, on Thursday last, Mr. W. G. Bond 
read a paper on ‘‘The Rating of Tramways and Light 
Railway Undertakings.” 


The Board of the Swedish State Railways have for- 
warded a report to the Government, recommending a new 
tariff for passengers on the Swedish State Railways. They 
propose to reduce the rates for distances between 400 and 
700 kilometres, which distance covers the traftic between 
Stockholm, Gothenburg, and Malmé. On longer dis- 
tances the present rates are so low that no further reduc- 
tion is advisable. The present ‘‘ family tickets” are 
proposed to be abandoned, instead of which they offer a 
new kind of ticket, say for twenty journeys, with 5 per 
cent. reduction. The extra charge for sleeping-cars is to 
be 10 kr. (1ls.) for first-class, and 5 kr. (5s. 6d.) for 
second-class. The present combined tickets are to be 
maintained, but there is to be no disccunt on them. 


The additions made to the fighting strength of vessels 
commissioned in the British Navy during the past year 
are very formidable, for, excluding torpedo craft, 14 A tore 
have hoisted the pennant, as compared with 15 in 1902 
and 23 in 1901. Thetonnage in 1903 is 149,340, while the 
indicated horse-power is 262,800. The ships commis- 
sioned in 1902 made up collectively 138,250 tons, while 
those of 1901 totalled 72,730 tons. The armament of the 
—_ may be regarded as indicating the power of attack, 
and thus it is interesting to note that last year’s newly- 
commissioned ships had in all twenty 12-in. guns, four 
9.2-in. weapons, 106 6-in. quick-firers, and 239 smaller 
weapons. The list for 1903, as in the previous year, in- 
cludes five battleships, all of the Duncan class. 


On Wednesday last, the 27th inst., Mr. Arthur Gulston 
read a most interesting paper before the Society of Arts 
on ‘‘Ice-Breakers and their Services.” The author ex- 
hibited by means of the lantern a series of pictures which, 
together with his very lucid remarks, brought home to 
his audience the arduous work performed in many of the 
northern harbours and on some lakes by fleets of these 
vessels, in the keeping open of ways in the ice in 
the late autumn, and in opening up the silent highways 
for traffic in the early spring. Besides these compara- 
tively light duties, many instances were given of truly 
Herculean tasks, of vessels carrying trains, mails, or 
passengers, regularly across ice-bound waters during the 
whole of the winter months. The final example of these 
interesting vessels which was mentioned was the lordly 
Ermack, which not only steadily ploughs through 2 ft. of 
ice at a a of 8 knots, but tackles pack-ice ten times 
that thickness, and the possibility is even mentioned of 
her forcing her way to the North Pole. Dr. Francis 
Elgar, who presided, spoke not only of the importance of 
ice-breakers to the commercial world, but of their in- 
estimable value at the present crisis in keeping waters 
open for the Russian fleets, so that they might leave the 

altic and Vladivostock. 


In a paper contributed by Mr. R. W. Western to the 
current issue of the official circular of the Tramways and 
Light Railway Association, the proper spacing of stop- 
ping places on electric tramways is investigated on the 
assumption that tram-users care more about saving them- 
selves time than for comfort or the saving of fatigue. 
On certain assumptions as to the average time lost at 
each stop, the average speed of walking, the average speed 
of the car, and the average distance of travel, the author 
arrives at the result that stopping places should not 
number more than four per mile, and that the public will 
be better served by an increase in the — of the cars 
than in the modification of any other factor of electric 
tramway management. The importance attached by the 
public to a reduction in the time of transit is strikingly 
shown by the success of the electric tramcars, as compa 
with the horse cars they replaced. Since the latter were 
prepared tostop at any — of their route, they certainly 
were greater savers 0 ily exertion than their newer 
rivals, which stop only ‘at fixed points; but the increase 
of speed gained has proved so attractive that in every 
case the substitution of electric for horse traction has led 
to an enormous increase in the numbers carried. This 
point is by no means appreciated by many local authorities, 

o sometimes inveigh against the trams as curtailing the 
public use of the road, whereas in matter of fact the 
introduction of trams invariably increases the public 
traffic on the highway. 








CoMMERCE OF THE UNiteD States.—The foreign com- 
merce of the United States in 1903 was the largest in the 
history of the country, amounting to 2,445,860,916 dols., 
as compared with 1,714,066,116 dols. in 1893, and 
1,547,020,316 dols. in 1883, 





LiveRPooL CorPoRATION TRAMWAYS.—During 1903, the 
Liverpool Corporation Tramways carried 113,057,234 
ongers, while the receipts were 524,509/. As com- 
pared with the previous year there is an increase in pas- 
sengers of 3,721,649, and in receipts of 17,8837. Contrast- 
ing these figures with those of 1897—the last year of the 
local tramway company’s control, and before the electric 
system was adopted—the increase is 194 per cent. in pas- 
sengers and 80 per cent. in receipts. 
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THE SIEGWART FERRO-CONCRETE FLOOR BEAMS. 


(For Description, see Page 150.) 
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NOTICES OF MEETINGS. 
THE INSTITUTION OF MECHANICAL ENGINEERS. —Friday, January 29, 
at 8 p.m., an extra meeting will be held, when the discussion 
upon the following paper will be continued:—“ Sixth Report to 
the Alloys Kesearch Committee, on the Heat Treatment of Steel,” 
by the late Sir William C. Roberts-Austen, K.C.B., F.R,S., com- 
pleted by Professor William Gowland, Member of the Committee. 

Society oF CHEMICAL INDUSTRY.—LONDON SecTION.—Monday, 
February 1, at 8 p.m., at_ the Chemical Society’s Rooms, Burling: 
ton House, Piccadilly. The following paper will be read and 
discussed :—‘‘ A Résumé of the Report, Minutes of Evidence, and 
Appendices of the Royal Commission on Arsenical Poisoning,” by 
Mr. Julian L. Baker. 

Society or Arts.—Monday, February 1, at 8 p.m. Cantor 
lectures. ‘‘ Oils and Fats ; their Uses and Applications,” by Mr. 
J. Lewkowitsch, Ph.D., M.A., F.1.C. (Four lectures). Lecture II. 
—Wednesday, February 3, at 8 p.m. ‘* Steam-Cars for Public 
Service,” by Thomas Clarkson, M.I. Mech. E. Lieut.-Colonel 
H. C. L. Holden, R.A., F.R.S., will preside. 

Tue InstiruTIoN or CiviL ENGINEERS. —- Tuesday, February 2, 
at 8 p.m. Paper to be further discussed :-—‘‘The Sanding up of 
Tidal Harbours,” by Mr. Alfred Edward Carey, M. Inst. C.E. Time 
permitting, paper to be read :—‘‘ Tonnage Laws, and the Assess- 
mentof Harbour Dues and Charges,” by Mr. Henry H. West, 
M. Inst. C.E. ; and ballot for members.—Students’ visit, Wednes- 
day, February 3, at 2.30 p.m. To the Plumstead Electricity and 
Destructor Station. (Train from Charing Cross Station to Plum- 
stead, 1.32 p.m.). 

Tue Farapay Society.—Tuesday, February at 8 p.m., in 
the Library of the Institution of Electricai Engineers, 92, Victoria- 
street, S.W. The following papers will be read:—‘' Notes on 
Aluminium Welding,” by Mr. Sherard Cowper-Coles. ‘‘ Some 
Applications of the Theory of Electrolysis to the Separation of 
Metals from one another,” by Mr. A. Hollard. 

INSTITUTE OF SANITARY ENGINEERS, LumireEp.—Wednesday, Feb- 
ruary 3, at 7 p.m., whena paper will be read by Mr. S. L. 
Bartholomew, on ‘‘ Underground Conveniences.” 

Ture Civin AND MECHANICAL ENGINEERS’ Suciety.—Thursday, 
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February 4, at 8 p.m., at the Caxton Hall (late Westminster | 


Town Hall), when Mr. J. F. J. Reynolds, A.M.LC.E., will read 
his paper on ‘‘General Notes on the London Trattic Problem.” 

RONTGEN Socigety.—Thursday, February 4, at 8.30 p.m., at 20, | 
Hanover-square. Discussion evening. Subject :—‘‘ Production 
of Photographic Reversal through the Action of Various Radia- 
tions.” | 

Roya INSTITUTION OF GREAT Britatn.—Friday, February 5, at | 
9p.m. Mr. Alfred Austin, B.A., Poet Laureate, on ‘‘ The Growing | 
Distaste for the Higher Kinds of Poetry.” Afternoon lectures next | 
week :—Tuesday, February 2, at 5 p.m. Professor L. C. Miall, 
F.R.S., Fullerian Professor of Physiology, R.I., on ‘‘ The: Develop- 
ment of Animals.” (Lecture IV.).—Thursday, February 4, at 
5 p.m. Mr. A, D. Hall, M.A., Director of the Rothamsted Ex- 

rimental Station, on ‘‘Recent Research in Agriculture.” } 
| perme I.).—Saturday, February 6, at 3p.m. Mr. Charles Wald- 
stein, Litt. D., on ‘‘The Study of Style in Greek Sculpture.” 
(Lecture I. ). 

GEOLOGISTS’ ASSOCIATION, LoNDoN.—Friday, February 5, at 
7.30 p.m., the annual general meeting of the Association will be 
held at University College, Gower-street, W.C., when the annual 
report of the Council and the accounts for the year ending De- 
cember 31, 1903, will be presented, and the ofticers and Council 
for the year 1904 elected. The President will then deliver his 
address, entitled ‘‘ On Some Examples of the Different Types of 
Geological Formations, with Special Reference to Recent Excur- 
sions of the Association” (Estuarine, Lagoon, and Marine 
Deposits). The address will be illustrated by lantern slides. 
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“INVENTION.” | 

Tue single word which forms the title of this 
article is put between quotation marks because it 
has been used in a similar capacity during the last 
few days by Mr. J. Fletcher Moulton. The occa- 
sion was the delivery of an address as President of 
the Junior Institution of Engineers; and it is 
difficult to think of a more useful subject to put 
before junior engineers, or of a speaker more fitted 
to deal with it. No one has had more occasion to 
study the history of inventions than the great engi- 
neering K.C. It has been his business to trace the 
origin, development, and working of many of the 
great mechanical processes of the age, not only in 
regard to their technical qualities, but also as to 
theit financial bearings. He has brought his un- 


would have cost very many times its weight in 
gold had it been an ‘‘ opinion” prepared in the 
usual way. ‘The junior engineers have been re- 
markably fortunate in filling their presidential 
chair with men of eminence, and it is curious to 
speculate what would have been the cost of its 
"cameron addresses had the time of those who 
ave prepared them been paid for at the usual rates. 
That remark does not by any means apply to this 
Institution alone ; and it is extremely gratifying to 
think how freely eminent men of science give 
their time and energy to the disinterested instruc- 
tion of fellow-workers. The equivalent in money 
would represent many thousands yearly. 

Probably most engineers begin their career with 
golden dreams of invention ; or perhaps one should 
say, ‘‘used to begin,” because the technical col- 
leges turn out young men preternaturally knowing, 
and far too learned to attempt anything. A spice 
of ignorance is a help to the single-handed in- 
ventor. How many enterprises in life would 
never be undertaken if one could see the difti- 
culties to be grappled with before success can be 
achieved. That is probably the reason—coupled 
with the fact that the layman escapes grooves— 
why new departures so often come from outside 
professional or trade circles. When one knows 
how very much has been done, one realises the 
hopelessness of doing anything fresh. 

All that applies to the single-handed inventor-— 
the man who conceives an idea and attempts, un- 
aided, to fashion it into an invention; but the 
field for this class of work is daily becoming more 
and more restricted. Mr. Moulton, in one of the 
many wise apothegms contained in his address, 
says :—‘‘ The growth of mechanical science narrows 
as well as widens the inventor’s field.” That is very 
true, and it may be added that the restriction is in 
fundamentals, whilst: the widening is in detail. 
When Watt, who was not then an engineer, thought 
of the separate condenser, or Bessemer, who was 
|not a metallurgist, conceived the idea that the 
,carbon in molten pig iron could be burnt without 
|extraneous fuel, they laid foundations so broad 
| that the ground was covered, and it remained for 
| the edifice of invention to be perfected by pains- 
| taking investigation on orthodox lines, and the ap- 
plication of the work of many minds. The prospect 
of happy-thought inventions naturally contracts as 
time passes ; indeed, to return to our simile, there 
| can be only one foundation, but the superstructure 
may be raised to the height of many storeys. Mr. 
| Moulton truly says that the growth of mechanical 
science opens out to the inventor new possibilities; 
but every advance in knowledge takes from what 
belonged to the field of invention. 

Mr. Moulton raises the question, What is an 
invention ? and here he says the lawyers’ difticul- 
ities are greatest. The benefits of the Patent 
Laws are confined to inventions, and it therefore 
becomes necessary to decide whether a new ma- 
chine, or a modification of an old machine, is good 
subject-matter for letters patent. No definition 
of invention has ever been fixed; and none, 
in Mr. Moulton’s opinion, can be found which 
would be of the slightest assistance in a case 
of difficulty. ‘‘It is very much,” the address 





adds, ‘‘like deciding whether a book belongs to 
literature.” Noone would deny it in the case of 


Ruskin’s ‘‘ Modern Painters,” or assert it in the 
case of ‘‘ Bradshaw’s Guide.” These are extreme 
cases, easy to decide ; but as the dividing line is 
approached difficulty increases. ‘‘Some of the 
elements of a combination are altered so as to 
improve, but not essentially change, its working. 
Is that a new invention? If it is only the sub- 
stitution of mechanical elements which are notori- 
ously the equivalents of the old elements, the law 
is clear ; but in any other cases it is treated as 
being a question of fact for the judgment of what- 
ever tribunal has the duty of deciding.” It is 
good, therefore, to know that in this, as in many 
other questions, ‘‘ our Courts lean to the practical 
rather than the dogmatic ;” otherwise invention 
might diminish to an undesirable extent, and 
though some would be glad if many inventors 
ceased from troubling, and the manufacturer were 
at rest, yet such rest would be stagnation, tending 
to decay. 

The German Patent Office inclines to a rigid 
test—that a new combination must produce a 
different technical result ; whilst with us, to do 
the same thing better, or in a way so different that 





rivalled store of knowledge to bear in preparing a 





monograph for the guidance of young men that 





it gives to the public a useful choice of means, 
may be sufficient to support the claim for invention. 





162 





-ENGINEERING. _ 





[JAN. 29, 1904. 








Mr. Moulton, in stating this, adds that he has little 
doubt that ‘‘ if a case should aris in which a judi- 
cious selection, out of the list of known and noto- 
rious mechanical equivalents, gave an unforeseen and 
markedly superior results, the Courts would con- 
sider themselves free to hold it to be an invention.” 
Lord Watson has said :—‘‘ There are many things 
which you cannot say are, or are not, inventions 
till you have tried them.” 

Turning from the legal aspect of the subject, we 
find Mr. Moulton giving his youthful audience 
some excellent advice in connection with the financial 
or business aspect of invention. The well-known 
Parliamentary dictum in regard to speech-making— 
‘Have something to say, say it, and sit down,” 
he would apply to the case of sanguine inventors. 
They often have something to say, and they say it, 
but they will not then sit down. Mr. Moulton 
would not have them rest on their oars ; but they 
should remember that the value and reward of an 
invention comes when it has been made practically 
serviceable to mankind, and that the invention 
itself is but perhaps the first, and possibly not the 
most difficult, step in the process. We remember 
the words of a veteran engineer we heard many 
years ago, when invention seemed the high road to 
fortune :—‘‘ To take out a patent is to acquire the 
right to do an infinite amount of work.” Probably 
most young inventors think that, the invention 
made and the patent secured, the rest is a matter 
of routine. 

Unfortunately for themselves, and often for the 
world at large—but more especially for that small 
part of the world with which they come in contact 
—inventors are seldom good business men; but, 
more unfortunately still, they often think they are. 
It would seem as if it were almost a contradiction 
in human nature for a man to be at once ingeni- 
ous, imaginative, methodical, and prudent. Too 
often the further he can see into a mechanical 
problem the more restricted his vision into the 
industrial problem. It is not so much the lack of 
natural talent as that inventors can never let their 
invention alone; they must always be patching 
and altering, pulling to pieces and building up 
again, striving for new effects when the old effects 
were good enough, so that the invention is ever in 
a state of flux; there is nothing solid with which 
to build a business. Another stumbling-block 
in the path of the inventor is the excessive 
affection he has for the offspring of his brain. 
Philoprogenitiveness is so strong that he thinks 
the world can hardly continue to spin without the 
aid of his heaven-sent inspiration. How often we 
hear the expression : ‘‘ They must come to me, or 
shut up their works, when once my invention is 
introduced.” But yet (‘‘there being no need to 
hurry”’), the great new departure lags year after 
year, and still the world spins as fast and smoothly 
as before. 

Another of the inventor’s enemies, allied to the 
first- named, is versatility. One idea leads to 
another, and that suggests another, until a chain 
is forged that stretches to a different province. 
The illustrious Babbage, to whom Mr. Moulton 
refers, was an example. A man of brilliant parts, 
with all the advantages education and easy circum- 
stances could afford, he travelled from one subject 
to another, and died with the greater part of his 
life’s work so incomplete that it could be brought 
to no useful end after his death. That, Mr. 
Moulton says—and few, if any, could speak with 
fuller knowledge—is the most common fault of 
inventors. ‘‘ They have not the patience to develop 
their inventions to the stage of practical reliability, 
and they leave them useless, except to testify to 
the ingenuity of the mind that devised them.” 
To many, it may be added, that seems suflicient 
recompense. Inventors often work chiefly for fame, 
although, in the end, they are seldom content with 
so simple a reward. 

We have referred to the inventor who works 
single-handed, the old-time ‘‘ ingenious mechanic,” 
or the more advanced man of scientific attainments, 
striving to turn knowledge to useful ends. As 
industries become more complex, that class has less 
and less chance. Combination is needed, longer 
experiment, a gathering together of the threads of 
thought proceeding from many minds. Apparatus, 
too, becomes more costly as it is more highly orga- 
nised. All these things need wealth not often com- 


manded by individuals ; but beyond this a powerful 
organisation is required to break down existing in- 
terests and prejudice before the invention can be 
‘* Unvarying | 


transformed into a marketable thing. 











repetition is the key to commercial production,” Mr. 
Moulton remarks, ‘‘ and the inventive genius yearns 
for change . . . The strongest and most successful 
combinations are those in which both elements are 
represented in different individuals, the more prac- 
tical being dominant.” In this matter, we are 
told, we are far behind our great rivals—Germany 
and the United States. In the former country we 
see this more plainly in the chemical industry. The 
one hundred research chemists of one large company 
have been often spoken of lately ; and one of the 
most striking examples that could be brought for- 
ward is that of the development of the catalytic, 
or contact, process for the manufacture of sulphuric 
acid. This process was invented by an Englishman 
about 70 years ago, but, in spite of frequent 
attempts to work it commercially, remained an 
industrial failure until taken up by one of the great 
German manufacturing companies. By the research 
department of this firm it was perfected after years 
of strenuous labour, both in the laboratory and the 
works. How many trained chemists were engaged, 
and how much money was spent before success was 
achieved, is not generally known; but it may safely 
be said that only by a powerful organisation of 
capital and science could the present result have 
been reached, and the firm in question reap a rich 
harvest from their enterprise and foresight. 

In America, especially in the electrica] industry, 
a similar course is followed by many engineering 
works, or by syndicates established for the purpose. 
The evolution of the linotype machine is an instance. 
Years were spent, and plan after plan was devised, 
only to be rejected, until at last success was 
reached, and the inventor, with those who sup- 
ported him, reaped their reward. Mr. Moulton 
tells us that in the United States men of in- 
ventive genius are maintained as part of a 
business organisation for the express purpose of 
making inventions, which, when found of prac- 
tical value, are exploited on a large scale. It is 
by this that he explains the successful machines of 
to-day, ‘‘more especially those of a complex type 
or that form elements of a series, which are mainly 
of American origin.” Mr. Moulton sees no 
reason to think we are individually inferior to 
Americans in inventive faculty; but, he adds, 
‘* unquestionably English capital is, as a rule, in 
less enterprising hands. . Our great business 
firms are inclined to put off taking up new inven- 
tions until competition has forced them to do so; 
and they are still less disposed to look on invention 
as forming an essential part of business.” 

It will be seen that the presidential address of 
the Junior Institution of Engineers contains matter 
that may be read with profit by those by no means 
juniors. Few have had more experience of in- 
ventors, and those who work inventions, than Mr. 
Moulton, and no one is in a better position to judge 
the weakness of our national procedure. It is too 
much the practice with us to underrate the value of 
invention, forgetful that it is the spring and source 
of all progress in the industrial arts. 








MUNICIPAL TRAMWAYS AND THE 

ASSENT OF LOCAL AUTHORITIES. 

Some weeks ago we commented strongly upon 
the extravagant scheme of tramway extensions 
which the Corporation of Glasgow, on the advice 
of its Tramways Committee, and in violation 
of its own former resolutions, suddenly decided to 
promote in Parliament. The circumstances which 
led to the birth of this scheme will be remembered. 
The Clyde Valley Electric Power Company had 
issued notice of its intention to apply for powers 
to construct various tramways in the neighbourhood 
of Glasgow, some of them stretching far out into 
the country and terminating in independent burghs. 
No sooner had this scheme become public than the 
Corporation Tramways Committee summoned a 
meeting, drew up a scheme for exactly the same 
tramways as those proposed by the company, and 
rushed it through at a specially-convened meeting 
of the full Council, at which the excited condi- 


tion of the Convener and his Committee seemed | 


to be communicated to the great majority of the 
members. We need not here refer to the grave 
objections which we then brought forward against 
the Corporation’s proposals ; but we have now to 
point out that everything we then said with regard 
to the folly and extravagance of this scheme, con- 


|last week the Corporation—acting again, be it 
| noted, on the recommendation of the Tramways 
| Committee— was compelled to rescind its former 
|resolution and to withdraw its proposals, for the 
reason, among others, that the county councils 
into whose areas the Glasgow Council was propos- 
ing to intrude flatly refused their assent. Out of 
the many extensions in the original scheme, only 
one now remains, that one being the line south- 
wards from the city to Thornliebank, where l'es 
an estate recently presented to the city to serve as 
a public park. 

There is one point worthy of special notice in 
this strange affair. When the Convener of the 
Tramways Committee brought his proposals before 
the Council, he confessed openly that he only did 
so in order to prevent a private company getting 
tramway powers in the vicinity of the city; but 
he went further, and the Council believed that 
the Clyde Valley Company was in this matter 
well disposed to the Corporation, and would drop 
its Bill if the Corporation promoted the same 
scheme. We ventured at the time to doubt that 
statement, and nothing has been put forward 
in the interval to justify it, and it is curious 
that when the Convener gave his reasons last 
week for dropping the scheme, he made no refer- 
ence whatever to the attitude of the Clyde 
Valley Company. He was directly challenged on 
this point, but his only reply was that he had not 
used the words attributed to him—viz., that an 
understanding had been come to between the Council 
andtheCompany. Weshould have thought that when 
the Council had understood the Convener to have 
made such a statement with regard to the position 
of the Company, he would have given a more satis- 
factory explanation of the circumstance than a 
simple denial that he had used the words attri- 
buted to him. We fully recognise the difficulty of 
his position, but if his audience had misunderstood 
him, it was plainly his duty to make it clear exactly 
what he did say, and to account for the incorrect 
impression which had been created. 

We are, however, not so much concerned with 
the behaviour of members of the Tramways Com- 
mittee as with the important question which Parlia- 
ment would have had before it if the Bill had been 
promoted. We shall not now have that question 
raised, but we glean something of the public opinion 
with regard to it by a study of the causes which 
have led to the Bill being dropped. The question 
would be, How far Glasgow is to be allowed to ex- 
tend its tramway system beyond its boundaries, 
and to prejudice its own ratepayers for the benetit 
of other communities? Now it is clear, from the 
local Press, that even in Glasgow itself there was a 
large body of opinion opposed to these extensions, 
and that this opposition would be made as effective 
as possible. But outside the city the opposition 
was even greater. The following paragraph from 
the minutes of the Committee explains the situa- 
tion :— 

‘* After careful consideration, and in view of the 
County Council of Dumbartonshire and the Town 
Council of Milngavie having opposed the proposed 
extensions of the tramways from Maryhill to 
Bearsden and Milngavie, the Sub-Committee unani- 
mously agreed to recommend that the tramways 
should not be extended beyond the present ter- 
minus at Maryhill, and that, therefore, the pro- 
posed tramways to Bearsden and Milngavie should 
be departed from. Further, the Sub-Committee 
agreed to recommend that the proposed tramways 
from (1) Spier’s Bridge at Thornliebank to Barr- 
head, and (2) Giffnock to Whitecraigs, should also 
be departed from, provided the railway companies 
agree to withdraw their petitions against the 
Order.” 

Thus it appears that with regard to the exten- 
sions to the north-west of the city the local 
authorities of the areas concerned will have none 
of them, and the Council therefore cannot satisfy 
the Standing Orders of Parliament. In the case 
of the lines to the south, railway opposition is 
given as the reason for their abandonment. This 
| would undoubtedly be very strong, but the Corpo- 


/ration must have known that from the beginning. 





It was not necessary to wait for petitions to be 
‘lodged against the Bill to learn that fact. The 
|Committee seeks to cover its retreat by making 


|its withdrawal conditional on the railway com- 


| panies agreeing to withdraw their petitions against 


‘the remaining portion of the scheme—the line to 


ceived in panic and prematurely born, has been | Thornliebank and Giffnock ; but, if we read the 
fully justified by later events ; and on Thursday of | situation rightly, such a proviso is absolutely use- 
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Jess, and these extensions must go whether the | report to the effect that the Lambeth Council would 


railway companies oppose the remainder or not. | only provide 20,0001. out of the 40,450/. which was 


That is clear from the speech of the Convener |its share of the expense of the widenings. 
as he stated | a view to give the Borough Council further oppor- 


of the Tramways Committee, 


With 


that the County Council wanted the Corporation | tunity for consideration, and to enable the High- 
to rebuild Spier’s Bridge and to raise the level of | way Committee to exercise its blandishments upon 


the roadway ; and that not only would this cost a 
large sum of money, but it could not be done with- 


\it, the matter was deferred until last Tuesday, 
| when it was finally decided not to exercise at 


out the consent of the Caledonian Railway Com-| present the right to require the London Southern 


any. 


the local authorities, might easily, and ought to, | of its undertakings. 


All these conditions, and the attitude of | ‘Tramways Company to sell to the Council the whole 


Thus the matter drops until 


have been ascertained before the proposals were | the next date at which the right can be exercised. 
prought before the Council ; but jealousy of a private | All through the negotiations the Finance Com- 


company, and the prospect of a limit being put to 
municipal extensions by the grant of powers to 
that company, seem to have deprived the Com- 
mittee, for the time being, of proper prudence. 
The result is a serious defeat, and the Council is in 
a worse position now than if it had never brought 
forward its scheme. It could then have opposed 
the Company’s scheme with the argument that the 
Corporation hoped to extend its system in these 
areas some day—an argument, we admit, which 
ought not to be accepted by Parliament: but now it 
cannot adopt this attitude, as it has itself elicited the 
clearly-expressed opinion of these local authorities 
that they will not have the Glasgow tramways in 
their areas. The Convener has said that the Tram- 
ways Committee deserve neither credit nor blame 
for withdrawing their proposals; but if he will turn 
now to the speech he made to the Council when 
making these proposals, and read it in the light of 
what has happened since, he will perhaps recognise 
the unfortunate position in which his Council has 
been placed. It does not add to the credit of Glas- 
gow that its rulers should treat their own resolutions 
with such scant respect ; and if this city is to be an 
example to others, as we are sometimes asked to 
believe it to be, it must show more wisdom than it 
has displayed in its latest tramway venture. 

Unfortunately, Glasgow is not the only place in 
which tramways give rise to contradictory decisions 
and conflicts between local authorities. We have had 
an example in the London County Council only 
this week. Last autumn the Highways Committee 
found that it had to decide whether it would exer- 
cise its powers and purchase from the London 
Southern Tramways Company the line from Vaux- 
hall to Norwood, of a total length of 52 miles. 
This line follows a cross-country route ; it is mostly 
single line, with passing-places, and is worked, in 
part at any rate, by one-horse cars. The prospects 
of its paying interest on a large capital outlay are 
somewhat remote. The Committee, therefore, de- 
cided to recommend the Council not to take advan- 
tage of the present opportunity of purchasing the 
line, but to leave it in the hands of the company. 
The Council, however, rejected this policy of leaving 
the thin portions of the undertaking to the original 
owners, while taking possession of the fat portions, 
and referred back the report for further considera- 
tion. At a later meeting, in November, the Com- 
mittee recommended that the special statutory 
meeting prescribed by the Act should be held to 
consider the question of purchase. It was found 
that if the line were altered to the conduit system, 
there would be required a great amount of street 
widenings to admit the double line, the total outlay 
for construction, compensation, and the rest, being 
700,0001., of which 430,0001. would be debited 
to the tramways account, the remainder, pre- 
sumably, being charged to highways and im- 
provements. The earnings of the line could 
never have met the annual charges on such 
& sum, in addition to the working expenses. 
It was therefore proposed to modify the scheme, 
using the conduit system from Vauxhall to the 
‘“*Swan,” at Stockwell, and the overhead system 
from the ‘‘Swan” to Camberwell Green and Nor- 
wood respectively. With the overhead system 
the single line, with passing-places, could be re- 
tained, and the net cost of street-widenings would 
be reduced from 360,000/. to 121,350/., the total 
cost being 375,3501., apart from the cost in 
connection with the generating station. It was 
proposed that the net cost of street-widenings 
should be borne, as regards one-third, by the 
local authority concerned—the Lambeth Borough 
Council, the remainder being charged in equal 
proportions to the tramways account and the 
account of the improvement. The total expendi- 
ture, as far as the tramways are concerned, would 
be 295,0001. 

The County Council held a special meeting in 





| mittee of the Council has thrown cold water on 
| the scheme, calling attention to the poor prospects 
of a profit, and the heavy capital commitment of 


the Council. One point in their report is specially 
interesting ; it is—‘‘if it [the line] were to be 
acquired and worked by horse traction, and the 
employés were given the advantages of the Council’s 
conditions as regards hours of labour and rates of 
pay, the expenditure on the service would not be 
covered by its receipts, notwithstanding the advan- 
tages and economies which might be effected by the 
Council’s management.” 

One is apt, at first sight, to compare the posi- 
tion of the County Council to that of a private 
company anxious to build a line of tramway, and 
subject to be harried by the local authorities. But 
there is really very little parallelism between the 
two; at any rate, if the boroughs scourge their 
fellow municipalists with whips, they use scorpions 
for the private company. The Lambeth Council was 
willing to find 20,0001. out of an estimated cost of 
about 120,000/. for widenings, and to give its assent 
to the scheme. But when the London United 
Tramways Company asked the Ealing Town Council 
for its assent to a line from Ealing Broad- 
way to Brentford High-street—an undertaking 
over which they proposed to spend 40,0001. a 
mile, largely on widenings—the Town Council 
asked 7000/. as the price of its assent. At the 
other end of the line the Urban District Council 
of Brentford had also its demands. It wanted at 
Kew Bridge a public lavatory, to be designed by 
the district surveyor, a subway for foot passengers, 
and the widening of the High-street to 80 ft. 
for a very considerable distance between the water 
works and the Ealing-road, plus an annual con- 
tribution to the Council of ‘‘1000/. at the least.” 
Further, should the company proceed with other 
extensions, not in Brentford, but likely to increase 
the traffic through the district, then the Council 
will oppose the Bill unless the High-street be 
widened to 80 ft. throughout its entire length. 
When it is remembered that a tramway can be 
bought by the local authority after 21 years at old 
iron price, it is wonderful that money can be 
found for such undertakings in face of the 
blackmail they have to pay for ‘‘assents.” It is 
only when they are constructed under the Light 
Railways Act that they have a fair tenure, and the 
prospect of reasonable compensation on expropria- 
tion. The officials of private companies would be 
less than human if they did not derive some plea- 
sure from the difficulties of the municipal autho- 
rities in Glasgow and London. 








THE LAW OF MARINE INSURANCE. 

WHEN, during the slow progress of the work in 
the Court of Appeal, decisions from the Court of 
Admiralty or the Commercial Court come up for 
review, cases of interest to engineers are frequently 
heard. So much depends upon the proper ship- 
ment of manufactured goods to and from this 
country, that itis of great importance to understand 
the exact meaning of terms used in contracts of 
marine insurance. Further, it is essential that all 
such contracts should be so interpreted as to cover 
the risks which their holders are anxious to avoid. 
When there is a loose expression inserted in a 
contract of insurance, no question arises so long as 
there is no accident. When, however, an accident 
does happen, the assured are often forced to come 
to Court to recover their loss. 

In the case of Jackson v. Mumford, which was 
heard last week in the Court of Appeal, a point of 
considerable importance was under discussion. It 
appeared that in September, 1898, the defendant, 
a member of Lloyd’s, subscribed a policy upon the 
machinery of H.M.S. Bullfinch, which was then being 
built for the Admiralty by Farle’s Shipbuilding Com- 
pany, Limited. In July, 1899, whilst the vessel was 


December to consider the question, and received a| on a trial, the connecting-rod of the starboard high- 








pressure engine broke, and the piston-rod flew up 


against the cover of the cylinder. There was a 
large escape of steam under high pressure, and eight 
men were killed and four injured. The perils in- 
sured against by the policy—which was a time policy 
—were ‘‘ trials, and all marine risks to completion 
and acceptance by the Admiralty,” and also ‘‘ of 
the seas, men-of-war, fire. . . . and of all other 
perils, losses, and misfortunes.” At the foot of the 
policy was attached the clause :—‘‘ This insurance 
also specially to cover loss of, or damage to, hull 
or machinery through the negligence of master, 
mariners, engineers, or pilots; or through explo- 
sions, bursting of boilers, breakage of shafts, or 
through any latent defect in the machinery, boiler, 
or hull. . . . With leave to go on trial trips.” It 
was argued, on the part of the defendant, that he 
was not liable under the policy for the damage done 
to the machinery, on the ground that the word 
‘*trials ” merely referred to a period during which 
the fire risk might apply. The Court of Appeal, 
however (affirming the judgment of Mr. Justice 
Kennedy), overruled this contention upon the 
ground that such a construction required the word 
‘‘on” or the words ‘‘ and on” to be inserted in the 
policy. Further, said his lordship, the clause ‘‘ With 
leave to go on trial trips” made it unnecessary to 
include the risk of fire on trial trips by any special 
words. The word ‘‘ trials” was put in to indicate 
one of the perils insured against. The parties 
must have known that a torpedo-boat destroyer 
would be put to very severe tests by trials. Upon 
these grounds the defendant was held liable under 
the policy. 

This decision seems to accord with common-sense. 
Every engineer who insures his engines after erec- 
tion, but before ‘‘delivery” to the Admiralty, counts 
on their being protected against the extraordinary 
risks to which they are exposed while the trials are 
being carried out. In an early issue we shall 
publish an illustrated article giving the result of 
the expert evidence in this case, and the gist of the 
arguments laid before the Court. 

Another case in the Court of Appeal, which only 
indirectly relates to marine insurance, is of consider- 
able importance to those who make use of lighters 
on the Thames. -We refer to Price v. Union 
Lighterage Company, Limited, in which the plain- 
tiffs claimed damages for the loss of a quantity of 
oil, which was shipped at a jetty at Thames Haven, 
in a barge of the defendants’, under a contract 
between them by which the defendants agreed 
to receive and lighter the oil for the plaintiff to 
Belvedere, up the River Thames. The contract was 
not contained in any written document, but it was 
admitted that by the course of dealing between the 
parties, the lighterage was subject to the terms of a 
clause which was printed on the forms of stationery 
used by the defendants in their business, and was 
as follows :—- ‘‘The rates charged by us are for 
conveyance only, and we will not be liable for any: 
loss of, or damage to, goods which can be covered 
by insurance. The terms of the marine or other 
policy should stipulate that insurance is effected 
without recourse to lightermen. We will not be 
responsible for any consequences arising from 
strikes or other labour disturbances.” ‘The oil was 
not covered by insurance. It was shipped in a 
barge at high tide, and when the tide went down 
the barge was allowed to lie moored at the jetty. 
As the barge rose with the rising tide, she 
was tipped over and the oil was lost. Mr. Justice 
Walton found that the oil was lost by the negli- 
gence of the defendants’ servants, and held that the 
defendants were responsible for such negligence. 
The question for the Court of Appeal was whether 
the defendants were liable for negligence, in view 
of the terms of the contract. Mr. Justice Walton 
held that an exemption in general words, not ex- 
pressly relating to negligence, must be construed as 
limiting the liability of a carrier as insurer, and not 
as relieving him from the duty of exercising reason- 
able skill and care. If the carrier wished to exempt 
himself from liability for the negligence of his 
servants, he must do so in plain language and 
explicitly, and not by general words. This deci- 
sion was aflirmed in the Court of Appeal, the Chief 
Justice saying :—‘*‘ Where an exemption clause in 
a contract of this class is capable of two construc- 
tions, one of which would exempt the carrier where 
there was no negligence on his part, and the other 
would exempt him even when there was negli- 
gence on his part, the rule is, that he is not to be 
exempt from loss by negligence.” In our view, busi- 
ness could hardly be carried on if the law were 
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otherwise. Auy one who sends goods by a common | 
carrier—and upon the Thames lightermen are | 
in the position of common carriers—naturally 

assumes that he is to be protected against 

negligence on the part of that carrier. If the 

carrier desires that this should not be the case, he 

should give express notice to that effect. It is, 

however, necessary to observe that general words, | 
if wide enough, will sometimes excuse this liability 
for negligence. In Taubmann v. the Pacific Steam 
Navigation Company (26 L.T., 704), a contract 
entered into between a shipowner and a passenger 
contained a provision that the shipowner would not 
be answerable for loss of baggage ‘* under any cir- 
cumstances whatsoever.” It was decided that such 
a stipulation covered the case of wilful default and 
misfeasance by the shipowner’s servants. 

The word ‘‘damage,” however, when used in 
contracts of this class has a restricted meaning. In 
Taylor v. the Liverpool and Great Western Steam- 
ship Company (L.R. 9, Q.B. 546), a bill of lading 
contained the clause :—‘* The shipowner is not to 
be liable for any damage to any goods which are 
capable of being covered by insurance.” It was 
decided that ‘‘damage” would include damage to 
the goods amounting to a total loss or destruction 
of them, but did not apply to the case of the abstrac- 
tion of the goods. 


LAUNCHING AN ARMOURED 
CRUISER. 

Tue launching of a large ship, especially in a 
river or channel of limited width, is always a 
matter of considerable interest, and not without an 
element of uncertainty, even to the most experi- 
enced shipyard managers. We feel sure, therefore, 
that some special data which we have prepared 
in connection with the launch of the first-class 
armoured cruiser Roxburgh from the yard of the 
London and Glasgow Engineering and Shipbuild- 
ing Company, Limited, of Glasgow, will be wel- 
comed, especially by those having little experi- 
ence of such work. Mr. J. W. Shepherd, the 
managing director of the company, is one of our 
leading authorities on this question ; so far back 
as 28 or 29 years ago he read a paper before the 
Institution of Naval Architects which still remains a 





classic, for, as one noted shipbuilder has said, the | 
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together, and to take the weight of that part of the 
vessel, 

The launching weight of the Roxburgh was 
5625 tons, and this was carried on a total bearing 
surface of 2617 square feet, giving an average 
pressure per square foot of 2.15 tons. This bearing 
surface was made up of two sliding-ways, set 21 ft. 
apart. The length between the forward and after 
poppets was 308 ft. 3 in., while the extreme length 
was 314 ft. 6 in. The sliding-ways were carried on 
ground-ways 500 ft. in length ; they thus extended 
110 ft. beyond the after perpendicular. The keel of 
the ship had been laid on a declivity of 43 in. per 
foot, while the ground ways were set with a camber 
measuring 6 in. over the total length. At the 
chord the declivity was ‘7 in. ; at the fore end, 
i; in. ; under the aft poppets, 4} in. ; and at the 
aft end, 3} in. per foot. This camber, it is scarcely 


necessary to explain, was so arranged that the vessel, 


|while getting a fair start to begin with, should 


not in launching attain a high speed, but travel 
at a uniform rate, so that, on floating, she would 
not require to be checked too suddenly, and would 
yet be brought to rest within a short distance of the 
end of the standing ways. The drags were arranged 
in six groups on each side of the ship. These were 
in pairs, and each pair was secured to the side of 
the ship through the usual steel plate with eye- 
hole, bolted temporarily to the shell and framing 
of the hull. Fig. 2 isa plan showing the position 
of the drags, the total weight of which was 560 tons. 

It was decided to launch the ship with 9 ft. 3 in. 
of water on the end of the standing ways, but the 
tide came up rather slower than usual, and this 
level was only reached fourteen minutes before 
high-water. The actual work of preparing the 
ship for launching, however, was carried through 
with marked precision, and immediately upon 
the Duchess of Montrose cutting the cord that held 
the weight, whose fall knocked away the dog- 
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profession wants no better as a refresher. He has | 
always taken accurate data of his launches, and 
the experience thus collated makes the launch of a | 
vessel one of precision as well as simplicity. The | 
Roxburgh belongs to the improved County or | 
Devonshire class of cruiser, and the London and 
Glasgow Company have already completed two of 
the County class—the Monmouth and the Cumber- 
land—with very satisfactory results on trial (see 
page 23 ante). As we have frequently described the 
type, we shall content ourselves now with giving only 
those dimensions of importance in connection with 
the flotation of the Roxburgh ; but first it may be 
noted that she is exceptional in being fitted with 
Diirr water-tube boilers for four-fifths of the 
power, the remaining one-fifth being generated, as 
in all our later large warships, by cylindrical 
boilers. The total power is 21,000 indicated horse- 
power. The length of the vessel is 450 ft., and 
her extreme beam 68 ft. 6in. She has very tine 
ends, and consequently a long cradle had to be 
constructed at both the forward and aft end, the 
top of the poppets being secured, as is the case 
now with all naval ships, into a strong framing 
of steel, formed to suit the lines, and extending | 
round the keel of the ship,* so as to assist in| 
binding the port and starboard parts of the cradles | 


* See ENGINEERING, vol. Ixiii., page 309. | 


taking 10 seconds. 


shores, the vessel began to move, and, as one 
enthusiast put it with something of poetic license, 
she took the water like a swan, Fig. 1 is a curve 
showing the time taken by the ship to traverse 
the 500 ft. of the ways, and indicates, therefore, 
the actual velocity in her course down the ways. 
It will be seen from this that the first 50 ft. was 
traversed in 27 seconds ; the second, in 12 seconds ; 


‘the third, in 6 seconds, and from this point the 


speed was remarkably uniform at 17 ft. per second 
until the vessel had traversed about 420 ft., when 
there was a steady deceleration, the last 80 ft. 
The total time occupied in 
traversing the standing ways of 500 ft. length 
was 71 seconds, which gives an average speed of 
6.9 ft. per second. The first group of drags of 70 
tons on each side of the ship came into play 
when the fore poppets were 25 ft. from the water 
end of the standing ways ; the second group, also 
of 70 tons on each side of the ship, came into effect 


|10 ft. further on, and the third series of drags, 


totalling 80 tons, a further 10 ft. later—when the 
vessel was 5 ft. from the end of the ways ; these 
latter were dragged to an extent of 104 ft. The 
ship was therefore brought to rest with her bow 


| 96 ft. from the end of the ways. 


The data we have given of itself shows that the 
launch was most satisfactory. There was no smoke, 
and, of course, no firing of the ways, and the drags 





came on so gently that one could have imagined 
that there were no drags at all. The vessel, too, 
was pulled up by the stern check at such an angle 
that she swung herself into fore-and-aft line with 
the tideway, so that she was quickly towed to 
Finnieston Quay to receive her machinery, masts, &e, 


NOTES. 
Tue Truck Acts. 

THE paucity of cases which arise in connection 
with the Truck Acts seems to show that the law 
which forbids a workman being paid otherwise than 
in current coin of the realm is recognised and 
observed by employers. Nevertheless, cases some- 
times arise in which the legality of some payment 
is called in question. Thus, stoppage of a small 
sum from the wages of a workman is an easy 
way of providing for insurance against sickness 
and accident. Now that the Legislature has 
provided a system of insurance against accident 
for every workman, employers are glad to avail 
themselves of every opportunity to share the 
burden with the workmen themselves. In the 
recent case of Owner v. Hooper (67, J. P. 406) 
it appeared that the respondent, an employer 
of labour, paid his workpeople fortnightly in full ; 
but at the time of the payment a slip of paper was 
handed to each workman, on which was written a 
sum of money equal to 2s. in the £ on the amount 
of wages paid, and thereupon the workman handed 
such sum back to the respondent’s cashier. The 
sum was to provide for the premiums paid by the 
respondent to insure his own liability for injury 
caused to the workpeople under the Workmen’s 
Compensation Act, 1897, but the amount so paid 
by the workman was in excess of the premiums 
paid by the master. It was decided by the Divi- 
sional Court that the respondent had not made to 
any of his workpeople a payment in respect of 
wages, otherwise than in the current coin of the 
realm, contrary to Section 3 of the Truck Act, 1831. 
The magistrates, in stating a case for the High 
Court, said:—‘*The grounds of our said determi- 
nation were that the workmen got no_ possible 
reciprocal benefit from such a deduction or repay- 
ment, as the application of the repayment by the 
respondent for purposes of insurance did not in 
any way affect the workman’s right to compensa- 
tion in case of accident, the liability to compensate 
being cast on the employer by law. It did not 
therefore constitute a ‘‘ payment” otherwise than 
in current coin of the realm. 





THe Surrace Fits or Soxips. 

In his Hurter memorial lecture, delivered recently 
before the Liverpool Society of Chemical Industry, 
Mr. G. T. Beilby threw a most interesting light on 
the true character of surface polish. It appears 
from his researches that the surface film of a solid 
shares many of the characteristics of a viscous 
liquid, and the polishing of a surface after filing or 
grinding consists, it would seem, in smearing this 
surface film into the hollows and pits left by the 
file or emery. Thus if a ground surface is 
thoroughly polished, so that the emery marks are 
hardly visible in a powerful microscope, these 
marks will again make their appearance if the sur- 
face film is dissolved off by a suitable reagent. 
The surface film in short has filled up the furrows due 
to the emery, and on dissolving it off these furrows 
re-appear nearly as strongly as in their original 
state. Mr. Beilby brings forward further evidence 
as to the liquid characteristics of surface films, 
since he shows that in many cases there are clear 
evidences of the effects of surface tension. Thus 
filaments are seen to tend to break up into drops, 
and a similar phenomenon arises when the thinnest 
gold leaf is heated for a short time to 800 deg. or 
900 deg. Cent. The leaf, which previously reflected 
light well, and which transmitted only light of a 
green colour, becomes very transparent to white 
light, and when examined in the microscope, under 
a proper system of illumination, is found to 
have largely gathered up into flattened droplets 
less than 4.5 pp thick and about 1800 p » in dia- 
meter. As a comparison, it may be mentioned that 
a wave-length of green light is 500 p» » long. Appa- 
rently, moreover, it is this semi-liquid surface film 
only which is concerned in catalytic actions, and 
this fact renders possible an enormous economy 10 
the use of platinum as a catalyser, simce, as 
pointed out by Mr. Beilby, a cubic inch of 
platinum spread out in a layer five molecules thick 
would cover an area of over 7 acres. It is further 
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suggested that the remarkable experiments of Pro- 
fessor Spring, in which chemical and metallurgical 
reactions were obtained with perfectly solid re- 
agents, are really to be attributed to the existence 
of this semi-liquid surface film. Professor Spring, 
it will be remembered, mixed together perfectly dry 
mercuric chloride and finely-divided copper, placing 
the mixture in a sealed glass tube which was main- 
tained at the ordinary laboratory temperature, and 
merely shaken from time to time. At the end of 
four years the whole of the copper had been con- 
verted into cuprous chloride. The possibility of all 
such ‘‘dry” reactions is attributed by Mr. Beilby 
to the mobility of the molecules constituting the 
surface layers of all solids—a mobility which, as 
stated, renders them comparable to films of a 
viscous liquid. 
Patent Law IN JAPAN. 


We have from time to time noted some of the 
facts connected with the administration of the 
Patent Law in Japan. That law is intended to 
guarantee the security of the right of both Japanese 
and foreign inventors, and also to ensure honest 
dealings in business. Like all other laws, however, 
a great deal depends on the interpretation which is 
given to its provisions. The decisions of the law 
courts therefore require to be carefully watched by 
all who.are engaged in patent-law business. A case 
was recently before the Court of Cassation in 
Tokio, which is of sufficient interest to deserve a 
brief notice. From a report which appears in one 
of the Japanese newspapers, we gather that the 
facts were as follow:— At the request of one 
Unosuke Kajima, the Patent Bureau decided, in 
February of 1902, that the patent No. 1601, 
relating to a cotton-sheet manufacturing machine, 
was null and void of effect, on the ground that the 
machine in question was of such a nature that it 
could easily have been suggested by a machine 
which had been patented in England, and a descrip- 
tion of which had been published in the official 
bulletin of the English Patent Office in 1872—that 
is to say, some thirty years before the Japanese 
machine was patented. The decision of the Patent 
Bureau was apparently based on the widest sense 
of the second section of Article II. of the Patent 
Law, which stipulates that articles which have been 
publicly known or publicly used before the applica- 
tion for a patent are not patentable. Against the 
decision of the Patent Bureau the Japanese 
patentee appealed to the Court of Cassation, one 
of the principal reasons advanced by his counsel 
being that the expression ‘‘ publicly known or 
publicly used” should be interpreted not in an 
international, but in a national, sense; in other 
words, that they should be interpreted in the sense 
of being publicly known or used in the territories 
under Japanese jurisdiction. Otherwise, it was 
urged, it would become obligatory for the Patent 
Bureau, before granting a patent, to assure itself 
that there was no prior patent in any part of the 
world from which the idea of the invention in 
question could possibly have been derived—a con- 
dition which could hardly be fulfilled by human 
efforts, and which, therefore, could not have been 
intended by the framers of the Patent Law. 
Counsel for the appellant did not mean to contend 
that no notice of foreign patents need be taken. 
They contended, however, that foreign patents 
could only be taken cognisance of under the Patent 
Law when they had either been known to the 
individual inventor applying for a patent, or when 
documents containing their description had been 
imported into Japan. But in the present case, no 
attempt had been made by the Patent Bureau to 
substantiate either that the English patent in ques- 
tion had been known to the Japanese inventor of 
the cotton-sheet manufacturing machine, or that 
any document containing a description of the 
English patent had been imported into this country 
previous to the application for the patent for the 
above-mentioned invention. The Court of Cassa- 
tion decided in favour of this contention, and held 
that the expression ‘‘ publicly known or publicly 
used” must be interpreted in the sense of being so 
known or so used within the territories to which 
the Patent Law applies—namely, the Japanese 
dominions ; for the object of that law is to encourage 
and protect Japanese inventions; and that therefore 
the Patent Bureau's decision is defective and in- 
correct, in that it was based on the bare fact that 
the English patent in question had been in exist- 
ence in England long before the Japanese inventor 
applied for a patent. This seems a common-sense 
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decision, but it shows the necessity of British | in the first case (a), travelling along C xy and C 22 as in (a), 
inventors protecting their inventions during the | the same. 


re é . . Laieits : (c) In like manner, if impulsed from yg, it will divide 
— ( gescen porary — yenge — in | at O, and travel along O24 Gs, a 
Japan, if they think it 1s likely to be of use in} (d) Impulsed from ys, will travel from C along Cx 
that country. | and C zy. 




















“THE SIX O’CLOCK MAN.” 
To THE Eprtor oF ENGINEERING, 

Srr,—I have read the comments on my letter of the 
15th ult., and feel much chastened in spirit thereby. 1 
had not a remote idea that my advocacy of six o'clock 
could be linked with sweating, the fact being that in the 
shops, and at the date referred to, sweating was not in 
a I may admit that skulking was not encou- 
raged. 

I am indebted to ‘‘ Working Man” for informing me 
that the advent of automatic and semi-automatic tools is 
due to the machinists who work them. I call to mind 
certain cases in which it has been reported that the intro- 
duction of such machinery has been strongly resented by 
the workmen. I can only conclude that these reports 
were unfounded. Still, I should like to hear if some of 
our leading tool-makers are inclined to occupy a back 
seat on this question before giving entire credence to this 
assertion of ‘‘ Working Man.” Fifty years ago engineers 
worked 58} hours per week, against 54 hours at present, 
and Iam asked to open my eyes and see around me a 
more refined nature springing up as the result. No doubt 
1 shall be told that itis my age that prevents my seeing 
this; bat though I am an old fogey, I am still in touch 
with workshops and workmen. I am quite unable to find 
any marked evidence of improvement, unless, indeed, I 
am to construe increasing appreciation of the music-hall 
and the public-house bar as evidence. 

[admire Mr. Bickford’s ingenuity in harking back to 
the primeval savage, but cannot see how it applies. I 
incline to the notion that our worthy prehistoric ancestors 
were, in a sense, more effeminate than those who suc- 
ceeded them, and think they were very much, wanting 
in real self-denying hardihood and will-power, save such 
as was very brutal. The savage only worked spasmodic- 
ally and when pinched by an empty stomach. [I should 
say that during many months the noble savage would be 
obliged to wait for daylight, and I regard the six o’clock 
man as the result of later civilisation, associated with 
candles, gas, electric light, &c. 

Notwithstanding all that has been said contra, I hold 
to the view that the man who becomes faint and exhausted 
by a couple of hours’ work before breakfast is a poor 
creature, quite unequal to engage in the duties that devolve 
on a large number of our craft. Asa rule, our engineers 
are hardy men, and inclined to be rather proud of their 
ability to rough it at sea or on shore. No doubt it is 
another symptom of my old age, but I will admit that I 
cannot help reading behind the desire for shorter hours 
an unexpressed desire for no hours at all. 

Yours obediently, 
Aw Op Focey. 

London, S8.E., January 19, 1904. 








AIR AND ITS ACTION TREATED EXPERI- 
MENTALLY AND MATHEMATICALLY. 
To THE EpiTor oF ENGINEERING. 

Srr,—The interesting paper entitled ‘‘ Preliminary 
Experiments on Air Friction,” printed in ENGINKERING, 
January 1, 1904, brings out some very wide inequalities, 
and the mathematical expressions used to measure the 
intensities appear to give impossible results. In the 
present letter the object will be to show, firstly, by means 
of experiment, how air acts ; secondly, to exhibit in a 
novel manner the results of any disturbance, small or 
great, to illustrate to the eye some important definitions 
that must be anterior to finding the measures to calculate 
the forces called into play. 

The accompanying drawing is an illustration of the 
writer’s invention to demonstrate to pupils the physical 
properties of air. The apparatus is formed of transparent 
membranes that expand when air is pumped in at an 
orifice provided with a tap; and, of course, when the air is 
allowed to escape, the contrary movement or contraction 
takes place. The series of membranes is continuous, of 
various forms, and the whole is suspended by elastic cords 
to two uprights. When the membranes are inflated, and 
in a state of equilibrium, any small impulse will set the 
whole system of molecules into movement, and, after an 
interval, that movement will gradually become less and 
less until the whole system returns to its former state of 
equilibrium. Thus we get an obvious notion of what 
elasticity implies—viz., that general ‘property of all matter, 
fluid or solid, which keeps together or prevents the sepa- 
ration of the molecular system, and the limit of elasticity 
is measured by the force which causes actual separation. 
We have spoken of fluid and solid matter ; the former 
has its molecules so slightly held together that a very 
small force easily separates them ; such is water, and, still 
more easily, air. A solid or homogeneous body is one in 
which any straight line of length L and of given direction 
traverses the same number 7 of the molecular system ; 


but the relation — always varies with the direction of the 
n 


straight line L. 

(a) Let us now trace the action of a small impulse in 
direction y 0; this will first pass through every molecule, 
and therefore through the centre C, which in its turn will 
divide into two main directions, C x C z, at right angles to 
each other. Similarly, Cx will divide at centre C,, and 
also C z at Cy, and in like manner all through the system, 
and thus the whole is set into movement. 

(4) If the impulse were from 4%; to 0), the force would 
still separate at C, but C 2, contrary in direction to Cx 





The normal forces from » and y; are tractions, setting 
up the elastic force on an element plane at the centre. 
The normal forces #2 and ys are pressures on the element 
plane at the centre. The forces along the plane tending 
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to make the element plane at centre move either along 
Cx or along Cx: in the plane is called the tangential 
elastic force. 

Now if E be the resultant force on the plane at centre 
and w the base of the element plane, the elastic force w EK 
through all points of the body will vary in intensity and 
in direction from one point to another; and, moreover, 
for the same point ¢ it will vary with the inclination of 
the plane to the eastern point of sphere of heaven, or with 
the two angles of direction of that normal to the element. 
So that in the case of elastic equilibrium, E, and its two 
angles @w of direction, are in reality functions of five 
variables—viz., three co-ordinates, xz, of the point c, and 
two angles, ¢ and y, necessary to determine the direction 
of the normal to the element plane w. If there is interior 
movement—that is, if the deformation operates, or if the 
body vibrates—the time ¢ is a sixth variable that will 
comprehend the three functions. In a future letter the 
functions here noticed will be applied to actual problems. 

ARTHUR DupvcH. 








WORKING STRESSES. 
To THE EpiToR OF ENGINEERING. 

Srr,—It is somewhat disappointing that your article 
on ‘‘ Working Stresses” has not evoked a greater re- 
sponse from age amnen as it is most desirable that 
any rae epee still surrounding the subject should be 
dissipated. The fact that it should be possible at this 
time of day to refer to it as ‘‘ An old puzzle which is con- 
tinually reappearing ” cannot be regarded with satisfac- 
tion by engineers. 

You are, of course, perfectly correct in stating that the 
modulus of a solid beam of rectangular section is 4 B.D?; 
but it should be explained that it remains so only as long 
as the stress in its fibres varies in the ratio of their dis- 
tance from the neutral axis, and that, when this condition 
fails, the numerical value of the modulus increases, and 
tends to } B.D? as its limit, as the fibres approach the 
condition of equal stress, which is the case after distor- 
tion or permanent set is produced. ; 

This is equally applicable to bars of circular section, 
the modulus of which is 0.0982 D®, tending to 4 D®* as its 
limit, when the fibres have assumed the condition of equal 
stress. 

In the reference to St. Venant’s researches you say 
that ‘‘the only assumption made was that stress was 
proportional to strain,” but if we know that this ‘‘is 
correct within the elastic limit,” why was it necessary to 
assume it? This suggests the question, By what means 
have we arrived at this knowledge, or what absolute 

roof have we that the stress in a solid bar subjected to 
ateral pressure actually reaches that given by } B.D? or 
0.0982 be The published results of experimental tests 
do not appear conclusive on this point, and they tend to 
show that if this stress is realised at comparatively light 
loads, in a bar subjected to a progressively increasing 
load, a point is speedily reached where divergence begins, 
and by the time the elastic limit is arrived at the moduli 
have nearly assumed their ultimate form } B.D? and 4 D*. 

The following examples taken from Mr. Kirkaldy’s 
“System of Testing ” illustrate my meaning :— 


Wrought-Iron and Steel Bars Tested to Destruction. 


Computed Stress. 











Direct 
Ultimate ‘Transverse Pounds per Square Inch, 

Section and _ Load = om 

Span. ee in Pounds. 
sn Pounds per ‘ 4W.L 6 W.L. 

Square Inch. B.D2 B.D2 

By ati ‘| 46,870 18,898 47,245 70,867 
Rb 8 | 52/910 24,808 62,020 93,080 
ee se) 61,290 26,089 65,220 97,830 
21. =|)  s9'r49 39/961 99,900 149,850 
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In these specimens it will be observed that the stresses 
computed by the modulus } B.D? are in all cases in 
excess of the direct ultimate tensile strength of the 
material as found by the testing machine, whilst those 
computed by 4 B.D? are altogether inadmissible—a result 
which is perfectly intelligible, as the whole of the fibres 
between the neutral axis and the outer surface of the bar 
must be equally stressed before its destruction is effected. 

When, however, we examine the figures obtained from 
the same bars at the elastic limit, the results are not so 
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easy to understand, as the corresponding stresses approxi- 
mate to the same ratio as that which obtains at final de- 
struction. These are as follows :— 
Wrought Iron and Stecl Bars Tested to the Elastic Limit. 
Computed Stress. 


Transverse Pounds per Square Inch 
| Load 


Direct 
Elastic Ten- 
sile Stress. 
Pounds per 
Square Inch. 


Section and u 
Span. = 2W 


in Pounds. 6 WAL. 


B.D. 
30,460 
47,280 
44,907 
72,495 


4 W.L. 
b. D2, 
8,123 

12,607 

11,975 

19,333 


20,307 


20,425 

Same as 31,975 
before | 30,575 9,935 
L 49,367 48,330 

Here, again, we see that the stresses computed by the 
modulus + B.D? very nearly coincide with the direct 
elastic tensile strength found by the testing machine, 
whilst those computed by 4 B.D* are nearly 50 per cent. 
in excess, and it seems reasonable to conclude that were 
this stress actually present, permanent set must have 
been produced much sooner; hence the query: At what 
stage in the progressive loading of a beam does divergence 
from the original modulus begin ? 

This is the point regarding which our knowledge ap- 
pears to be somewhat foggy, and for this reason I should 
greatly like to see the subject fully discussed by a few 
practical constructive engineers who have devoted some 
time to its study, as it is very desirable that we should 
get at the actual facts, by which alone the question can 
be finally disposed of. 

It is interesting to note that examples of cast-iron bars 
tested to destruction show that these follow the same rule, 
and the modulus + B.D? must be used when the breaking 
load is sought; this, however, is not to be accounted for 
by the ductility of the material, as in the case of wrought 
iron and steel; its explanation is most probably found 
in the displacement of the neutral axis due to the great 
difference between the resistance of the material to 
tension and compression ; and, if this be so, it is some- 
what remarkable that its modulus should almost exactly 
coincide with that of the ductile materials. 


Warrington, January 23, 1904. J. WaTSONn. 








THE EDUCATION OF TOOL-SMITHS. 
To THE EpitTor OF ENGINEERING. 

Sir,—Will you kindly grant a small space in your 
valuable paper to call attention to the need of some effort 
to improve the technical knowledge and skill of the 
modern tool-smith, who, I fear, has been somewhat neg- 
lected in the modern technical instruction schemes. At 
one time the ‘‘ brawny arm” seemed to have been the 
only qualification for a blacksmith, and the same man was 
expected to do the tool-smithing, if required. This 
arrangement was bad enough in the days of the simple 
carbon steel, which was a comparatively easy material to 
deal with, though that was often treated badly enough by 
men who were absolutely ignorant of its critical tempera- 
tures. 

The modern expensive alloy steels, the properties and 
composition of which are anything but a simple matter, 
must be quite out of the range of the average tool-smith, 
which will account for the many variations and failures of 
tools made of complex steels where the carbon reactions 
take a secondary place. The makers try to avoid this by 
elaborate instructions for working their steels, but I am 
afraid they are not of much service unless the men using 
them have made a study of the effect of the various 
elements added on the properties of the steel, and have 
also had some experience of accurate temperature work, 
which in special steels is so contrary to previous ex- 
perience with ordinary steel. The question naturally 
arises whether the metallurgist, with his complex self-hard 
steels, has not left the tool-smith somewhat behind, and 
what can be done to remedy this state of affairs. Somuch 
attention is now being given to, and so much high-speed 
steel is being used, that considerable difficulty must be 
experienced in renewing and keeping up the supply of 
this class of tool. This seems to me, Sir, a subject the 
City and Guilds of London might take up independent of 
their present syllabus in iron and steel manufacture ; the 
subject might also be taken up in some of our technical 
institutes, not only by lectures, but by practical tool- 
making in properly equipped laboratories, with pyro- 
meters, &c., for accurately investigating the properties of 
steel; and the tools so made could be experimentally 
tested in the engineering workshops. I do not know of 
anything of the kind being done in London ; possibly it 
is in the North. I hope that nothing that I have said will 
be taken as reflecting on the men, who have done good 
work, but, on the contrary, that this may lead to the 





status of the tool-smith being raised to one of the highest 
in the many branches of engineering, especially as the 
smith is entrusted with the final operations on not only 
valuable material, but on tools on which much more 
valuable time has been expended. Weare at the parting 
of the ways in tool steel, the special gradually displacing 
the old-fashioned, and one can only hope that the coming 
men will be given facilities, and be encouraged to rise to 
the occasion, and surmount the difficulties, getting rid 
for ever of the old slipshod methods and rule of thumb. 
Much of the above would also apply to the trade or 
profession of moulding, another neglected subject, a 
scientific moulder being a very rare article; but I am 
afraid I must not further trespass on yourspace to go into 
that matter. 
Yours faithfully, 
R. J. Reppinc, Wh.Sc., F.C.S. 
Woolwich Polytechnic, January, 1904. 








TRAINS PROPELLED FROM THE REAR. 
To THE EpiTorR OF ENGINEERING. 

Str,—Now that a start has been made on English 
railways in their conversion for electric traction, your 
description of the electrification of the Lancashire and 
Yorkshire Railway, in your issue of January 8, cannot 
fail to be of general interest. 

When reading your description I was much interested 
in the proposed arrangement of the motor-cars. 

I understand a train is to consist of four carriages—two 
third-class and two first-class. The third-class carriages 
only are to be motor-cars, and are to be placed one at each 
end of the train, so that the first-class carriages will be 
partly pulled and partly pushed ; and assuming that the 
motor-cars develop equal power, it might be said that the 
centre coupling will have to bear no strain ; consequently, 
one of the first-class carriages will be wholly pushed. 

Considering this is quite a new departure in the applica- 
tion of power to main line express trains in this country, 
I think it would be interesting to your readers if our 
experts could be induced to express their opinions through 
the medium of your paper as to whether this arrangement 
is as safe from the point of derailment as other systems. 

Yours faithfully, 








WHAT MAY RESULT FROM THE STUDY 
OF RADIUM? 
To THe Epitor or ENGINEERING. 

Srr,—A propos of the interest evinced, both by scientists 
and the public generally, as evidenced by their muster to 
listen to Sir Oliver Lodge recently, may I have the 
privilege of space to draw attention to an analogical posi- 
tion which existed about a century ago, when in 1815-16 
Dr, Prout propounded his famous and astounding theory, 
causing not less sensation than the historical prophecy 
at Berlin this summer of Sir William Crookes, who, in 
concluding, expressed the opinion that the atomic dis- 
sociation may again reduce matter to the protyle—the 
formless mist. Mr. Boys, President of the Physica] Sec- 
tion of the British Association, when speaking of the 
‘*miracle of radium,” as he termed it in his address last 
September, called attention to the analogy between the 
electrons from radium and those emitted by comets, popu- 
larly called its ‘‘ tail.” 

Dr. Prout’s celebrated theory, put in a nutshell, was 
that the atoms of the various elements were the essence, 
in more or less concentration, of one primordial substance, 
which he took, for argument, as hydrogen, Thus, 
sist of 16 hydrogen atoms compounded, whilst 3% 
of hydrogen would be required to produce one of sulphur. 
By supposing all these atoms to be of one uniform size, 
as inferred from Avogadro’s law—‘‘that equal volumes 
of gases contain the same number of molecules” —we had 
simply in the. . various elements physical compounds 
made up of atoms of uniform size, but of greatly varying 

otential. It was subsequently argued, particularly by 
Stas, who made some careful researches, that Prout’s 
theory was unsound, or else the atomic weights of the 
various elements would be exact whole members, whereas 
they were fractions to be accounted for. Again, Dumas 
in 1878 reverted to the ‘‘ primordial atomic” theory, and 
brought arguments by which several of Stas’s results were 
brought more closely into line with Prout’s theory. Others 
of no small repute as chemists and . . . physicists have 
argued for and against the theory, which although, as faras 
I know, never satisfactorily refuted, has been allowed to 
lie dormant. 

Now if it is established beyond argument, as Sir Oliver 
tells us, that atoms are composed of electrons, about a 
thousand million million being required to make an atom 
in bulk; and, moreover, from the experiments of Pro- 
fessor Rutherford last February, it might be inferred 
that the alpha rays of radium became another element 
—helium (also of recent discovery), because the atomic 
weight of the electrons of those rays was twice that of 
hydrogen ; which inference has now been set beyond 
doubt by Professors Ramsay and Soddy having watched 
the spectrum of helium gradually develop in an excited 
vacuum tube into which only radium emanation had 
been placed. Further remarkable evidence of this change 
of state results from the observations by Sir William and 
Lady Huggins of the spectrum of radium in air, giving 
the spectrum, line by line, of nitrogen. And as Professor 
EK. Rutherford says, the energy displayed by radium 
emanation must be internally stored up. Is not all 
this evidence marvellously analogous to the crude theory 
of Prout, and do not the researches of Professor Ruther- 
ford and other leading scientists point to the time 
when, if not already present, the celebrated theory of 
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step of truth, and all atoms are made up of a simple sub. 
stance, but of varying potential, even as the potential of 
radium is above that of any known substance, and jg 
naturally falling very, very, almost inestimably, slowly 
through the other states, each state of which constitutes 
another element. 

I an, dear Sir, yours truly, 
H. Barker Lake, 
77, Colmore-row, Birmingham, January 14, 1904. 








WATER PACKING FOR CENTRIFUGAL 
PUMP SPINDLES. 
To tHE Epitor oF ENGINEERING. 

Srr,—In your issue of January 15, page 105, a deserip- 
tion is given of a centrifugal pump packing device, which 
you compare with our patented packing described in 
your issue of October 16, 1903. The washer disc in this 
device would have to be made of a very inconvenient 
diameter to obtain the pressure required to prevent air 
getting through for a moderate lift where the suction of 
the pump itself is considerable. In any case, this fitting 
would, in our opinion, very soon become sloppy through 
leakage. 

Messrs. Robinson Brothers’ experience, however, serves 
toshow the extent of the difficulty experienced with these 
centrifugal pump shafts in practice, and it was on account 
of this general difficulty that we have brought forward 
and patented the simple fitting you have already de. 
scribed in your paper. We do not think any user of a 
centrifugal pump would accept the ordinary stutting-box 
again after a short experience of our method of keeping 
a tight joint, whilst giving increased support to the 
shaft. 

We are, yours truly, 
BeELLIss AND Morcom, Limtrep, 

Ledsam-street Works, Birmingham, January 19, 1904, 








RAISING WATER BY COMPRESSED AIR. 
To THE EpiTorR or ENGINEERING. 

Srr,—Your correspondent Mr. Mason is somewhat free 
with his advice and warnings to others, but he seems to 
drop into a rather important pitfall himself when, in the 
latter part of his letter, he refers to the taper versus 
parallel pipe question. 

He confuses the point, which it is difficult to determine 
—i.e., the quantity of air necessary for a given volume of 
discharge, with the pressure of air required at the nozzle 
for the depth below surface at which it is immersed. 
The pressure is easily calculated, and practice agrees 
quite nearly enough with theory, and is directly relative 
to the head or pressure in well or reservoir due to the depth 
at which nozzle is placed. The pressure does not vary 
with the area of the rising pipe, whether parallel or taper, 
nor does Mr. Hanssen suggest that it does, so Mr. Mason’s 
warning is misplaced. There is no reason why, even 
though the pressure is the same, the quantity of air should 
not be affected by the shape of the pipe into which it 
expands, Yours, &c., 

A. M. PHILps 

39, Derby-grove, Nottingham, January 23, 1904. 


To THE EpiTor oF ENGINEERING. 

Srr,—In spite of Mr. Mason’s abuse of my effort to 
include all the elements affecting the waste of energy in 
air-lift pumps, I think that the way I indicate is the one 
by which to approach the subject: calculation on the 
basis of the energy of the air is erroneous till it is known 
what percentage can be usefully employed. It is per- 


according to atomic weight, an oxygen atom would con- | fectly evident that the roughness of the pipe and its 
. : 9 atoms | diameter must be taken into account in drawing up a 
| rational formula. 


| constant is equal to a variable, it should be remembered 
|that the relation only holds just at the point that the 


In reducing my figures to show that a 


pressure falls to its mean value: the velocity of the 
water, while the air is of higher pressure than its mean, 
is lower, and consequently the friction loss is less, so, as 
the air volume increases, the velocity of the water in- 
creases, and the friction lossis greater. On this question 
of velocity increase of the water it is difficult to believe 
that the water velocity increases at the same rate as the 
air, as air, being less dense than water, will have an 
acceleration through the latter irrespective of any velocity. 

In answer to Mr. Philps, c—the volume of air at mean 
pressure—can greatly affect the velocity, but it cannot 
the friction, a great deal, as witness the slight waste of 
energy in steam flowing through a steam-pipe. 

Having exercised his ability as a critic, perhaps Mr. 
Mason will attempt a solution himself, avoiding the 
assumptions he has made in his statement, as given in 
your current issue, anent residual energy and the allow- 
ance for friction, which put his reasoning out of court ; 
he then may have cause to reconsider the remarkable 
value 13 he has considerately tacked on to my figures. 

If he does this, it will be very interesting to see how he 
arrives at the value of the friction head to be allowed for, 
and gets at the velocity with which the water flows from 
the mouth of the rising pipe. 

Iam, Sir, yours, &c., 

January 25, 1904. Jt AS We 

P.S.—I should remark that there were two or three 
clerical errors in the statement of my figures, but I think 
the corrections to be made were quite evident. 








SCHMIDT’S SUPERHEATERS FOR LOCO- 
MOTIVES. 
To THE EpiTor or ENGINEERING. 
Srr,—Referring to the description in your current issue 
of the Cape Government locomotive, fitted with our 
superheater, we would ask you in your next issue to be 


our philosopher of nigh a century ago is on the very door- | good enough to mention the fact that the Schmidt patents, 
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as applied to locomotive engines, are the property of this 
company, and not of Mr. Schmidt ; and that the details 
and designs referred toin your description were submitted 
for our approval and that of our a Messrs. Easton, 
Courtney, and Darbishire, of 25, Victoria street, S.W. 
We are, dear Sir, yours faithfully, 
Scumip?’s SUPERHEATING ComPANy, LIMITED 
(H. K. Baynzs, Joint General Manager). 

Broad emeees | Chambers, Westminster, S.W., 
anuary 22, 1904 








LAUNCHES AND TRIAL TRIPS. 

Messrs. Workman, Clark, and Co., Limited, Belfast, 
launched on Friday, the 15th inst., the large steel twin- 
screw steamer Matatua, built for the Shaw, Savill, and 
Albion Company, Limited. The Matatua is 448 ft. long, 
with a gross tonnage of about 6500. The new steamer 
has been specially designed for her owners’ trade to New 
Zealand, and has three complete steel decks extending all 
fore and aft, the upper and main decks being sheathed 
with pine. The machinery and boilers have been con- 
structed by the builders, and consist of two sets of triple- 
expansion engines, with steam supplied by four steel 
multitubular boilers working under Howden’s system of 
forced draught. The refrigerating plant is by Messrs. J. 
and E. Hall, Limited, Dartford. 





The s.s. Matina, which was launched on Saturday, the 
16th inst., has been built at the Wallsend yard of Swan, 
Hunter, and Wigham-Richardson, Limited, for Elders 
and Fyffes (Shipping) Limited, of London and Man- 
chester, for their regular fruit trade between Port Limon 
and Manchester. For the carriage of fruit the holds have 
been all insulated, and a oe re system is being fitted 
s) that the fruit can always be kept at an even low tempera- 
ture. The cool-air system is being supplied by Messrs. 
J. and KE. Hall, Limited, the principle being that the air 
in the fruit compartments is circulated by large fans which 
draw the air from the holds and pass it over pipes through 
which the cold brine is pumped, the air being then passed 
back into the holds. The principal dimensions of the 
vessel are :—Length over all, 362 ft.; breadth, extreme, 
46 ft.; and depth, moulded, 32 ft. to the weather-deck. 
Fruit being a light cargo, when the vessel’s holds are com- 
pletely filled, she will ey craw about 19 ft. 6 in. of 
water, and when loaded to her maximum draught she can 
carry a dead-weight cargo of about 5000 tons. The 
cool-air machinery and cooler-rooms are situated on 
the upper deck, the engine- room being at the after 
end, and the cooler-room at the forward end of the 
casing. The machinery has been constructed by the 
Wallsend Slipway and Engineering Company, and 
consists of a set of triple-expansion engines, having 
cylinders 27 in., 46 in., and 75 in. in diameter by 48 in. 
stroke, steam being supplied by four very large single- 
ended boilers working at a pressure of 180 lb. per square 
inch. It is expected that these engines will give the 
vessel a sea speed when fruit-laden of about 124 knots. 


The London and Glasgow Engineering and Shipbuilding 
Company, Limited, launched on Tuesday, the 19th inst., 
from their Middleton yard at Govan, H.M.S. Roxburgh, 
which is the third of the three County class of cruisers 
entrusted to them by the Admiralty. The Roxburgh is 
of the improved type of County class, and similar to 
H.M.S. Devonshire, now building at Chatham Dockyard. 
The following are the general dimensions of the vessel :— 
Length between perpendiculars, 450 ft.; breadth, 
moulded, 68 ft. 6 in.; depth, moulded, to upper deck, 
38 ft. 6 in.; load draught, mean, 24 ft. 9 in.; displacement 
at load draught, 10,700 tons; indicated horse-power, 
21.000; speed, 22} knots. In general construction the 
Roxburgh follows closely on the lines of the Monmouth 
and Cumberland, recently built and completed by the 
London and Glasgow Company. As is usual in warships, 
the hull is subdivided into numerous water-tight com- 
partments, and a double bottom extending the entire 
length of the machinery and magazine spaces forward and 
aft is fitted. The lower or protective deck is of the 
turtle-back type, extending all fore and aft, and at side 
forms a shelf supporting the armour. Under this deck 
all machinery, magazines, &c., are situated, the deck 
being intended to protect all vital parts of the ship. The 
armour belting of the ship, which is 6 in. thick, of 
specially hardened steel, extends from the lower to the 
main deck at sides for a distance of about 250 ft. amid- 
ships in way of the machinery spaces and magazines. At 
the forward end the armour is reduced to 44 in. thick, 
extending for about 50 ft.; and thence to the stem, the 
sides are protected by nickel steel plates 2 in. thick, 
the bottom edges of which are carried down forward 
in line with protective turtle-back deck, giving addi- 
tional stiffening for ramming purposes. At the after end 
of the main armour-belt a transverse armour bulkhead 
1S carried across the ship, between the lower and main 
decks, connecting the ends of the belt-armour. The main 
deck over the armoured citadel of the ship is specially 
strengthened, having two thicknesses of plating fitted. 
The coal bunkers are placed along each side of the ship, 
extending the whole length of the engine and boiler-rooms, 
from double-bottom to main deck, thus forming addi- 
tional protection to machinery when in action. The 
armament will consist of two 7.5-in. breech-loading quick- 
firing guns of latest pattern, mounted in barbettes, one 
on forecastle and one on upper deck aft ; ten 6-in. breech- 
oading quick-firing guns in casemates on the broadsides 
(four of which can be trained right ahead and four right 
astern), the barbettes and casemates being of specially 
hardened steel, 6 in. in thickness ; two 12-pounder quick- 
firing guns, twenty-three 3-pounder quick-firing guns, 
and two Maxim guns, and two submerged torpedo- 
tubes. The machinery, which will be supplied by 








the builders, consists of two sets of triple-expahsion 
engines, each set being arranged in pairs, having the 
cranks of each pair directly opposite to each other, and 
the cranks of the forward pair placed at right angles to 
those of the aft pair. The diameters of the cylinders and 
the order of their positions from forward are:—Low- 
pressure, 73 in.; high-pressure, 414 in. ; intermediate- 
pressure, 654 in. ; low-pressure, 734in., all having a stroke 
of 42 in. All the cylinders are fitted with steam-jackets. 
The liners of the high-pressure and intermediate-pressure 
cylinders are of forged steel ; those for the low-pressure 
cylinders are of cast iron. There are four large con- 
densers, which serve for the main and auxiliary engines. 
Each of the condensers is fitted with sluice valves, on the 
inlet and outlet of the circulating water, and also on the 
exhaust branches, so that any condenser may be repaired 
while the others are at work. There are four boiler-rooms. 
In the aft boiler-room the cylindrical boilers are fitted, 
which will be worked on the closed ash-pit system of 
forced draught, the doors and fittings for which have 
been made and supplied by Messrs. Howden and Co. 
on their well-known system In the other three boiler- 
rooms are the Diirr boilers, having a working pressure of 
220 lb. per square inch. These boilers are arranged to work 
under a modified system of forced draught, for which 
urpose there are four fans in each boiler-room. The 
Diier boilers were made by the Fairfield Company, who 
are the sole agents for these boilers in this country. 


The new Anchor Line steamer Italia, lately launched 
by Messrs. David and William Henderson and Co., 
Limited, proceeded down the Clyde on Wednesday, the 
20th inst., and after adjusting compasses a preliminary 
trial was made of her engines. Several runs of the 
measured mile were then taken, on each of which the 
Italia made a little over 16 knots, which was considered 
highly satisfactory to her owners and builders. The 
Ttalia is a high-class passenger vessel, built to the highest 
class of the British Corporation for the Mediterranean 
and New York service of the Anchor Line, and with her 
fine lines, high funnel, numerous deck erections, and the 
twelve boats which she carries, she presents a handsome 
appearance. Besides accommodation for a limited number 
of cabin passengers, on the bridge deck, the Italia is 
fitted with berths for 1400 steerage passengers, all rr 
fitted in a superior manner. “Phe vessel is lighte 
throughout with electricity, and has a carpi. 
engine and chamber for the carrying of fresh meat an 
vegetables and the making of ice. 

The large twin-screw steam-yacht Nirvana, designed by 
Messrs. G. L. Watson and Co., and built at Glasgow by 
Messrs. David and William Henderson and Co., Limited, 
for the Countess de Béarn, of Paris, went down the river 
on Thursday, the 21st inst., for a series of speed, pro- 
gressive, and consumption trials, A mean speed of 15.08 
knots was obtained on a double run between the Cloch 
and Cumbrae Lights, this being much in excess of the 
contract speed. Everything worked well and to the 
satisfaction of the designer, builders, and Mr. C. N. 
Boyn, of Paris, who represented theowner. The engines 
have been constructed by the builders at their Finnieston 
Works, and comprise two sets, each having four cylinders 
18 in. and 29 in., and two of 32 in. in diameter, with a 
stroke of 33 in., and one large cylindrical boiler with a 
working pressure of 200 lb. Phe refrigerating plant is by 
Messrs. J. and E. Hall, Limited, Dartford. 





On Monday, the 25th inst., the steel twin-screw steamer 
Campos, built by Messrs. Craig, Taylor, and Co., 
Stockton-on-Tees, to the order of the Companhia Sao 
Joao da Barra E. Campos, of Rio de Janeiro, through 
the agency of Messrs. A. C. de Freitas and Co., Ham- 
burg, proceeded to sea for her trial trip. The dimensions 
of the vessel are 209 ft. by 33 ft. by 10 ft. depth, moulded. 
The engines, which have been built by the North-Eastern 
Marine Engineering Company, Limited, Sunderland, 
have cylinders 11 in., 17 in., and 28 in. in diameter by 
21 in. stroke, supplied with steam by two boilers working 
at 160 lb. pressure. During the whole of the run every- 
thing worked with the greatest smoothness, and a mean 
speed of 10 knots was maintained. 





The Odessa correspondent of the Times writes that the 
Russian battleship Kniaz Potemkin Tavritchesky has 
passed her trials in the Black Sea with what is reported 
to have been complete success. She will join the Black 
Sea fleet immediately, She was laid down in December, 
1897, at Nikolaieff, and has been built throughout, both 
hull and engines, of Russian material. Her hull only was 
constructed at the Admiralty yard in Nikolaieff. Owing 
to the lack of water below Nikolaieff, the Kniaz Potemkin 
Tavritchesky was unable to take her engines on board at 
Nikolaieff, which port she left in the summer of 1902 for 
Sevastopol, where her engines, boilers, armament, and 
other equipment have been completed. The following 
are the principal dimensions of the new battleship :— 
Length, 371 ft. ; beam, 73 ft. ; mean draught, 27 ft. Her 
contract horse-power, which on official trial is stated to 
have been considerably exceeded, is 10,600, the speed con- 
tracted for being 16 knots. Her displacement is 12,480 
tons. Her principal armament consists of 12-in. and 6-in. 
guns, the pieces mostly adopted for the battleships of the 
Black Sea fleet. 
guick-firing guns she has sixteen, and in addition to ten 


machine guns of small calibre she is equipped with | P< 


fourteen 75-millimetre quick-firing guns. The vessel is 
considered by naval men in Odessa to be a valuable 
addition to Russia’s naval strength in the Euxine. 





H.M. torpedo-boat destroyer Eden, fitted with Parsons 
steam turbines, has recently completed her official full- 
speed trials. 


Of 12-in. guns she has four, of 6-in. | 


The Eden is one of the latest 25}-knot type | 
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of torpedo-boat destroyers, her dimensions being 220 ft. 
by 23 ft. 6 in. by 18 ft. 9 in. On the official four hours’ 
full-speed trial, with over 125 tons load on board, the 
vessel easily attained the speed of 26.099 knots for the 
first hour and 26.229 knots for the last three hours, the 
guaranteed speed being 254 knots. The result of a pre- 
vious four hours’ full-speed coal consumption trial was 
= satisfactory, the coal consumption on this trial being 
within the amount stipulated in the contract. The main 
propelling machinery, which was constructed at the Tur- 
»inia Works, Wallsend-on-Tyne, consists of three tur- 
bines—one high-pressure and two low-pressure turbines, 
each driving separate shafts, with two propellers on each 
shaft. Inside the exhaust casing of each of the low-pres- 
sure turbines a reversing turbine is fitted. In view of 
the great variation in the horse-power required in modern 
war vessels, two additional cruising turbines are perma- 
nently — to the shafts of the main low-pressure 
turbines. When working at reduced power, the stcan 
from the boilers passes through the cruising turbines in 
series and thence to the main turbines; by this means a 
high ratio of expansion of the steam at all lower speeds is 
obtained, and the loss by throttling of the steam is 
avoided. The hull and boilers were constructed by 
Messrs. R. and W. Hawthorn, Leslie, and Co., Limited, 
to the order of the Parsons Marine Steam Turbine Com- 
pany, Limited. 





Tue Russtan Navy.—The Russian ironclad Cezare- 
witch, which has a displacement of 13,000 tons, and which 
recently arrived at Port Arthur, went out to the Extreme 
East direct from the works of the Société des Forges et 
Chantiers de la Méditerranée, at La Seyne. The same 
French ae a, also built the Bayan, armour-plated 
cruiser, for the Russian Admiralty. The work done for 
the Russian Government by the Société des Forges et 
Chantiers de la Méditerranée now represents about 
2,000, 0002. 





Contracts.—The War Office authorities have placed 
with Messrs. Reavell and Co., Limited, of Ipswich, an 
order for a direct-coupled electrically-driven air-com- 
pressor for Woolwich Arsenal.—An order has lately been 
placed by the General Electric Company of the United 
States with Messrs. Mather and Platt, Limited, for four- 
teen of their special type of centrifugal pumps for high 
lifts. These pumps will be driven - G.E.C. motors 
connected through a flexible coupling, and are intended 
for use in two gold-mines in India; six pumps will be 
connected in series in each mine, the seventh being a 
spare. 





Muena’s Smoke-WasHING APPARATUS.—An arrange- 
ment known as Mugna’s smoke-washing apparatus has 
recently been fixed to two chimneys at Gow’s Restaurant, 
357, Strand, W.C., in order to illustrate how the products 
of combustion from coal may be washed and discharged 
into the atmosphere free from their sooty and sulphurous 
constituents. It isclaimed that the apparatus does away 
with the necessity for chimneys, as it produces the exact 
amount of draught required for complete combustion, and 
deprives the smoke of its noxious properties. It consists of 
an electrically-driven fan, which draws the smoke from the 
fire and passes it into a stream of water, which extracts 
the sulphurous and unconsumed particles. The apparatus 
at present at work in London appears to fulfil all that is 
claimed for it, and to give no trouble. It works automa- 
tically, and —_ requires that the water in its lower 
part should be changed at regular intervals. It is stated 
that the cost of working comes to a little over 1 per cent. 
of the cost of the fuel consumed. Particulars of the 
apparatus may be obtained from Mr. L. Barnabé, 12, 
North-crescent, Tottenham Court-road, W. 


South ArricAN WATER SuppLy.—There are now four 
huge storage reservoirs on Table Mountain, two for the 
supply of Wynberg, and two for the supply of Cape Town. 
Wynberg has now a supply of water in excess of its 
current requirements, and Cape Town is fairly well off ; 
but the suburbs of Woodstock, Mowbray, Rondesbosch, 
and Claremont are still only indifferently supplied. It 
being necessary to provide a reservoir for them, a site was 
selected on the slopes of the mountain above Newlands 
Drive, at a height of 370 ft. above the sea level. The 
reservoir has been formed by carving out from the 
mountain slope a solid ledge 960 ft. in length and 206 ft. 
in width. The next step was to build a great concrete 
wall, and to pack up the excavated earth outside. The 
concrete wall is 25 ft. high, and when finished it will con- 
tain 23,000 cubic yards of concrete, while 180,000 cubic 
yards of pac A earth will be packed round the inner 
rim. The thickness of the outer earthworks ranges from 
40 ft. at the surface to 150 ft. at the base. If the work is 
continued at its present rate of progress, it will be com- 
pleted by September, 1904. Some 300,000/. has been 
already expended, and a further outlay of 50,0002. is still 
necessary. The present supply of water has been obtained 
from an old circular reservoir. Water is let into the 
reservoir from the Albion springs, down on the main road. 
The daily supply from the springs is 1,100,000 gallons of 
very clear water. The question has been asked where the 
supply of water is to come from to fill the new concrete 
reservoir, which will hold 30,000,000 gallons. It is pro- 
osed to bring water from the mountains across the flats— 
Oliphant’s Hoek, French Hoek, Berg River Hoek, and 
Zachariah’s Hoek. The demand for water in the Cape 
district is steadily growing. When the present Cape 


Water Board took over the waterworks in June, 1900, 
4013 houses were supplied; now the total has risen to 
6367, exclusive of Woodstock No. 1 district. Since taking 
over the works, the Board has laid 9 miles 975 yards of 
street mains. 
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INDUSTRIAL NOTES. 

THE report of the Labour Department of the Board 
of Trade on wages and disputes in 1903 has been issued 
with remarkable promptitude. The net result of the 
changes in wages was a decline ; but the amount of 
the decline, measured in weekly wages, was compara- 
tively slight, being considerably less than in either of 
the two preceding years—1902 and 1901 ; it was, how- 
ever, spread over a larger number of trades. In 1901 
and 1902 the fall in wages was mainly confined to 
the coal-mining, iron and steel, and shipbuilding 
trades. Last year wages continued to fall in those 
industries, and the downward tendency extended 
to a number of other trades not affected in 1901 or 
1902, such as the engineering, clothing, and glass- 
making trades. In all, about 892,000 workpeople 
were affected by changes in wages during 1903, as 
compared with 890,000 in 1902, and 932,000 in 1901. 
The estimated decrease in weekly wages in 1903 only 
amounted to 38,400/.; in 1902 to 72,7002., and in 1901 
to 77,3001. In each of the three years the coalmining 
industry was the predominant factor. Of the total 
number of workpeople affected in 1903, some 872,000 
suffered decreases, amounting to about 39,800/. per 
week, while only 19,000 obtained advances, amounting 
to 14002. per week. In 1902 some 793,000 suffered 
reductions, amounting to 78,000/. per week, while 
91,800 obtained advances, amounting to 5300/. per 
week. In 1901 some 492,500 suffered decreases, amount- 
ing to 118,100/. per week, while 429,700 obtained ad- 
vances, amounting to 40,800/. per week. 

The results of all the changes in the three years are 
given ina carefully-compiled table, in which the several 
industries aregrouped, Singularly enough, the build- 
ing trades gained somewhat in each year, as also did 
the textile trades and miscellaneous trades. Only 
those three groups gained in 1903. The amount of 
decrease in the weekly wages of coal-miners was very 
large in each year—32,488/. in 1903, 73,872/. in 1902, 
and 57,081/. in 1901. The decrease in the engineering 
and shipbuilding trades was not very large, being 
4326/1. in 1903, and 24192. in 1902, while in 1901 there 
was a gain of 342/. The losses in weekly wages in the 
other trades were small. 

Singularly enough, the changes in the hours of 
labour were few, nearly all being reductions. The net 
result of all the changes was a decrease averaging 
about 24 hours per week in the usual working hours 
of about 7000 workpeople. The universal eight-hour 
day, so much talked about a few years ago, seems to 
have dropped out of memory. 

Labour disputes were fewer in 1903 than in any of 
the previous ten years. The total number was 360 
disputes, affecting 113,873 workpeople. The aggre- 
gate time lostamounted to 2,316,792 working days. The 
average amount of time lost in the last ten years was 
8,839,347 working days, while the average annual 
numbers of disputes and of workpeople affected in the 
ten years were 734 and 271,000 respectively. If only 
the great loss of time could be averted by concilia- 
tion, arbitration, or personal negotiation between the 
parties, all would be the richer in the end. This 
great truth is slowly permeating the public mind, 
and is being recognised in the industrial world. 





The American Federationist opens with a special 
article entitled ‘‘ Has the Non-Unionist a Right to 
Work How, When, and Where he Pleases?” It is an 
attempt to solve the problem as to whether trade 
unionists have the right to refuse to work with non- 
union workmen. The answer is, of course, in the 
affirmative, provided always that proper notice be 
given, no labour contract broken, and no illegal 
means resorted to in the shape of coercion or intimi- 
dation. There is, undoubtedly, both the legal and moral 
right to abstain from working with a non-unionist 
under such circumstances, but in so doing a number of 
men might, by the exercise cf this power, so surround 
such non-unionist by pressure as to compel him to 
join the union or leave the locality. Individual 
freedom would thus be jeopardised to such an extent 
as to deprive a man of his constitutional citizenship 
rights. The contention is that the man who works 
against his class is a traitor to the cause of labour ; 
but if so regarded and dealt with, he might claim the 
protection of the law, which does not recognise such 
a doctrine. The article is most severe upon the non- 
unionist who, when a strike is on, goes to work in the 
place of the striker. But if a more conciliatory policy 
were adopted, the chances are that fewer would offer 
themselves to employers in a labour dispute. The 
discontented, the ill-disposed, and the loafer might 
accept temporary employment ; but these would not 
constitute such an army of workers as would be 
needed by the honourable employer. 


There is also a special article on Labour conditions 
in New Zealand, by a commissioner of the United States 
Department of Labour. The writer thinks that the 
Labour Laws of New Zealand have on the whole bene- 
fited labour ; but he does not think that the same laws 
would be welcome in America. They would have to 





be on different lines. He says that the Labour Party 
in the Colony was practically called into existence by 
the party out of power, in order to attain political 
ascendency. If this be so, then we can understand 
the desire to create a Labour Party which shall 
be able to dominate both parties in a _ party 
vote. Cheap Austrian labour is the subject of 
another article. It is said that only about 7 - 
cent. of the workers are organised, some dis- 
tricts being fairly well organised, others hardly so. 
Here, again, non-union labour is denounced, for while 
such workers benefit by the union’s action, they do 
not contribute one cent to the cause. It is said that 
there is a constant inrush of foreign workmen into 
Austria from countries where labour is badly paid, such 
as Russians, Poles, Hungarians, Italians, Croats, &c., 
which immigration helps to keep wages low. There 
is much about the great Labour Convention at Boston 
recently, and the Federationist gives an illustration 
of that Convention, in which most of the delegates 
come out in excellent portraits, easily identifiable. 
There are excellent leaders on the Convention and other 
subjects. The work of the organisers is well reported 
in short condensed reports, which tell us what is doing 
throughout the States, in Canada, and elsewhere. 


The Amalgamated Engineers’ Monthly Journal 
briefly reviews the work of the past year. The 
union started the New Year with 95,403 members. 
Of these, 6648 were on donation benefit, 2254 on sick 
benefit, and 4601 on superannuation allowance-—or a 
total of 13,503 on these three funds, apart from those 
relieved from the Benevolent Fund, or by the accident 
and loss of tools benefits. Voting is taking place for 
delegates to the Labour Representation Committee 
Conference, to be held at Bradford on February 3 and 
4; also for 200/. to be invested in the slate quarries 
started in opposition to Lord Penrhyn. There is 
also a further levy of 1d. per member for the Ruskin 
College, Oxford. Obituary notices, with portraits, 
are given of Mr. McKenzie, one of the trustees of 
the union, and of Sir William Allan, the late 
member for Gateshead. The proposed issue of 
a new trade-union paper is favourably referred to. 
Reference is also made to additional members of the 
union who are elected to sit on municipal and town 
council bodies. Members are cautioned against going 
to America, where there is depression of trade, and to 
South Africa, where it is proposed to import Chinese 
labour. Payment to members on dispute from the 
Federation of Trades will in future be made through 
the branch secretaries, instead of through the district 
committees, as heretofore, as the latter method has not 
worked satisfactorily. More exclusions of the unfit 
are reported. Attention is called to the motor-car 
industry ; it is said that the imports of motors have 
greatly increased because English manufacturers 
cannot keep pace with the demand. If this be so, 
there ought to be more work for engineers. 


The monthly report of the Boiler-Makers and Iron 
Ship Builders shows how deplorable the state of trade 
is in this important branch of industry. The total 
number on the funds was 10,532—increase over last 
month, 405. Of that total, 7222 were out of work— 
increase, 244; on sick benefit, 2118—increase, 137 ; 
on superannuation allowance, 1012— increase, 24. This 
large army of dependants have to be supported week 
by week by the union. In reviewing the past year, 
while deploring the depression, the report deals with 
the proposals for changing our fiscal policy, and con- 
demns them. It avers that the depression is not 
the result of Free Trade ; some of the causes are men- 
tioned, one being the dislocation of trade during the 
South African War. Although there are no readable 
signs of improvement, there is one hopeful fact—viz., 
the increase of unemployed was not so large as in the 
previous month. The wages question in the shipyards 
on the North-East Coast is referred to, and the negotia- 
tions with the employés set forth. It was agreed ulti- 
mately that day wages should remain as they were, 
and that the piece rates be reduced 5 per cent., dating 
from January 6 of this year. But the members on the 
Tyne, Wear, and Tees districts refused to ratify the 
agreement by 25 majority against. However, the 
council regarded that vote as too small to justify them 
in endangering the trade of the district, and as other 
branches of trade concerned had accepted the terms, 
they decided that the reduction be agreed to as from 
the date mentioned. The society generally will support 
the council in the course adopted in this case. 


The report of the Associated Ironmoulders of Scot- 


land shows a decrease of 57 in membership, and an | 


increase of 251 unemployed. Both sets of figures 
indicate the falling-off in trade. The decline in mem- 
bership is doubtless due to inability to pay subscrip- 
tions when due. The decrease in funds amounted to 
454/. 4s. 6d. The larger items in expenditure were 
unemployed benefit and superannuation allowance. 
Hopes are expressed that with lengthening days and 
finer weather trade will again look up. 


It is reported that the great strike of German tex. 
tile workers at Crimitschau has collapsed. The 
workers have had to give in to the employers’ terms 
and many of them now find that their places are filled’ 
and that they are no longer needed. It was hoped 
that success would crown their efforts, because of the 
influence the strike would have had on the whole tex. 
tile trades of Germany. After all, the workers only 
came out for a ten-hour day, or sixty hours per week 
while here the hours are fifty-four, or under, per week. 


What has become of the Labour Commission ap- 
pointed some months ago? Dothey meet? What evi- 
dence have they taken? Where are their sittings held? 
Will they present a report by the time that new Bilis 
will be introduced into Parliament at the commence. 
ment of the session? The object of the Commission 
was, it is said, to inquire into the state of the law as 
regards trade unions, and to consider what amend. 
ments were needed in the law. But we hear nothing 
of it. The Royal Commission was tabooed by the 
trade unions ; but what of other evidence ? i 


The position of the iron trades in the Wolverhamp. 
ton district has not improved to the extent anticipated 
at the time of the quarterly meeting. More orders 
have been given out for the better classes of iron, 
owing to the reduction ; but it appears that buyers of 
commoner qualities hold back in the hope of con- 
cessions, for they appear to have been disappointed 
at no decline in the quotations. There is nothing 
special to report as regards the engineering and allied 
industries. The tendency is towards a slackening off 
generally, but not in all cases alike. In the hardware 
and general branches there is greater variation in em- 
ployment, but the depression complained of is not 
very acute. In some branches trade is said to be bad; 
in others, fair to moderate. 


In the Birmingham district the reports are better, 
The reduction in the price of marked bars has led to 
greater activity at the works and a considerable acces- 
sion of business. The commoner qualities of iron are not 
much in demand, but more business is stirring in gal- 
vanised iron. The shipments are not up to the usual 
standard at this time of the year. There is no material 
change in the steel trade. In the engineering and 
allied industries employment is reported to be 
moderate in all branches of the Engineers Society— 
comparatively few are out of work. Boiler-makers are 
slack in one branch, but moderate in the other. The 
other iron, steel, and metal-using industries vary con- 
siderably, but actual depression is not very acute. 
Some branches are bad, others fair to moderate. 


The position of the engineering and allied trades in 
the Lancashire districts remains, it is said, without 


improvement. Reports from both employers and 
workmen declare it to be a and unsatisfac- 
tory. Many of the principal tool-makers are, how- 
ever, still fairly busy with work in hand; but they 
complain that, as a rule, the orders are being more 
rapidly worked off than new work to replace them 
is coming in. Electrical engineers are not so pressed 
with work as they were, and locomotive builders 
complain of lack of orders. Textile-machine-makers 
are still depressed, and boiler-makers complain of 
slackness in two branches of the union; one reports 
trade as moderate. The engineers’ branch report 
trade as bad in very many districts, in others as 
moderate only. 


A serious dispute has arisen in connection with the 
Daily News and its compositors over the question of 
time rates versus piece rates. All the union men were 
paid off last week, and the paper was produced by a 
new staff of compositors on a fixed time rate of 3/. 10s. 
per week. The dispute has since been arranged 
through the intervention of Mr. John Burns, and the 
men have returned to work. 


The resignation of Lord Peel as the independent 
Chairman of the South Wales and Monmouthshire 
Coal Conciliation Board is reported. An effort is 
being made to induce him to continue permanently in 
office, or, if he cannot do that, to remain in oftice 
until the meeting of the Board in February. It is 
rumoured that the coalowners will endeavour to 
reduce wages when the Board meets; this will be 
resisted by the Miners’ Federation as unnecessary, and 
not required by the state of trade and the prices of 
coal generally ruling. 


The Parliamentary Committee of the Trades Union 
Congress have prepared their new Bill for dealing with 
the Taff Vale case. It deals with picketing, and with 
the question of liability by the union for the action of 
its members. The Bill of last session was a fiasco. 
| Will this one meet a better fate ? 





Nearly 1500 riveters employed in the Hartlepool ship- 

building yards came out on strike last week against a re- 

| duction of 10 per cent. in their wages. The stoppage 
| will affect a number of other workers if continued, 
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THE “DRILLIBITE” HAND ROCK-DRILL. 
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at once manifest. 


piston, to which are attached 

















On this page we illustrate a novel form of portable 
hand rock-drill, known as the ‘ Drillibite,” which is 
the invention of Mr. Charles Simmons, Broad Street 
House, London, E.C., and is supplied by the Charles 
Simmons “ Drillibite,” Limited, of the same address, 
Fig. 1 is a view of the machine in position, ready for 
work, and shows its external appearance and con- 
struction. The “ Drillibite” is not a machine drill, 
but a drill-holder and turner, and the object of the 
invention is to enable one man to do the work of two 
when drilling holes by hand-power. 
by the machine doing the work of the man who usually 
holds and turns the drill. The direct saving of this is 


This is achieved 


Described generally, the tool may be said to consist 
of a cylindrical body, which is supported on a tripod 
of special design, the cylinder containing a rotating 
very powerful grip- 
levers, which hold the drill during the lift and rota- 
tion. A pedal, or foot-lever, works in connection with 
the piston in the cylinder, and has an automatic escape- 
ment whereby the drill cutting-edge, after being 
drawn back, is returned with pressure against the 
| bottom of the hole that is being bored. The tripod 

can be used in quarry and open-face work, while 
| for work underground an alternative spreader-bar can 
be tixed, which affords absolute rigidity. 
of these attachments drilling can be done under almost 
any conditions. The action of the tool is as follows : 
—The man who operates the machine stands with one 
foot on the balanced pedal, which is shown at the 
bottom end of the near leg in Fig. 1, while he strikes 
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the end of the drill with a heavy hammer. At the 
moment the blow is delivered the drill is held loosely 
by the grips in the cylinder, and is therefore free to 
move forward in response to the blow from the hammer. 
When, however, the blow has been delivered, the 
man, as he swings the hammer back for another blow, 
presses his foot against the pedal and forces it down. 
This action operates a lever which stands up from the 
leg of the machine. To the t»p of this lever is fixed 
a chain, or wire, which passes to, and moves a quadrant 
on the cylinder that carries the drill. The motion of 
the quadrant is transmitted to certain mechanism 
inside the cylinder, which motion partially withdraws 
the drill from the hole and gives it a portion of a turn, 
and leaves it ready for the next blow. After each 
successive blow this action is repeated, thus fulfilling 
the part of a second man to hold and turn the drill. 
This, then, is the principle of the machine, described 
briefly ; but in order to understand its action more 
fully, it will be necessary to refer to the detail engrav- 
ings shown. As there represented, Figs. 2 and 3 are 
a plan and elevation of the machine when arranged for 
drilling holes in a horizontal face, while the perspec- 
tive view (Fig. 1) shows it when fixed for drilling 
in a vertical face; this is, however, only a matter of 
detail, and does not in any way affect the principle of the 
machine. Returning to Figs. 2 and 3, A is a cylinder 
or casing of cast iron or steel mounted on the prongs 
B, B, which form astand connected with the struts or 
bars C, one of which is detachably connected with the 
frame D. A lengthening bar or stiffener E is also 
connected with the frame D, and is secured to the bar 
C by means of the clipe. The bars C serve as legs or 
struts to support the cylinder A, and, as they are 
made telescopic, their length can be varied as occasion 
requires. 

Arranged within the cylinder is a cup-shaped piston 
a (Figs. 5, 7, and 12), the rim of which is provided 
with teeth, as shown in Fig. 12, and also with annular 
rings or grooves a” (Figs. 5and 7). The pawls F and 
G (Figs. 7, 8, 9, 10, 11, and 12) engage with the 
teeth and grooves, to be more fully described here- 
after. The piston is provided at its centre with aper- 
tures a* (Figs. 5 and 12) for the passage of the tool 
H; lugs a* (Figs. 5 and 12) are arranged radially 
round the aperture a’, and extend in an upward direc- 
tion from the inner face of the piston. The levers 
a’ (Figs. 5 and 6), which bear at their free ends against 
one end of a coiled spring a®, are pivoted in the lugs 
a‘, On the pivoted portion of each of the levers is a 
cam a’, which operates against a wedge a’, the latter 
having one edge parallel with the axis of the piston. 
These wedges are arranged to slide on an incline 
plane a’. If now we assume the tool to be in the 
position shown in Fig. 5, the cams a‘ take a bearing 
against the wedges a’, and, owing to the pressure of 
the spring a*, force them towards the centre, and 
so grip the sides of the tool H. The cam levers 
are so constructed that they can hold tools of 
various sizes with equal certainty. Towards the 
end of the cylinder which is away from the cover, lugs 
a'' (Fig. 3) are placed, and these carry a cranked 
lever a, pivoted as shown ; one arm of which carries 
anti-friction rollers a, which bear against the outer 
face of the piston a. The other arm of the lever 
a extends along the side of the cylinder A, and is 
formed as a quadrant, adapted to receive a chain or 
wire-rope I, which is secured to a cranked arm K 
operated by means of the foot-lever L. The pivot a'® 
of the cranked lever a" is prolonged so that the quad- 
rant-shaped portion of the latter can be placed at either 
side of the cylinder A. The frame D has a longitu- 
dinal portion @ (Figs. 2 and 3), with a centrally- 
extended bar d! and transverse bars d”, d*, The bar d! 
allows the strut C to lie in the centre line of the 
frame, and by arranging the pivot of the foot- 
lever, the latter can be transferred from one side 
to the other, so that it is practicable for either 
a right-handed or left-handed person to use the 
apparatus. The lever L carries an arm /', which is 
provided with a hinged pawl or catch ” which can 
engage with the cranked arm K mounted on the 
frame D. When the pedal is depressed, the catch 7 
engages with the angular portion k of the arm K and 
turns the latter about the pivot /", and so exerts a pull 
on the chain I, Fig. 1, and on the lever a!, and so 
forces the piston into the cylinder A. When the pedal 
has been fully depressed, as in Fig. 4, the catch 7 
passes the angular portion /, and the arm K returns to 
its normal position, as in Figs. 2 and 3. When the 
foot-lever L returns to its normal position, the catch 7 
turns about its pivot, slides along the arm K, and regains 
its operative position by the action of the spring /°. 

Returning to the cylinder A, it will be seen that a 
straight slot F' and a spiral slot G', Fig. 11, are formed 
in it, and these take the riders or pawls F and G. From 
the body of each of these riders a movable catch pro- 
jects, as indicated at f and g, Figs. 7, 8, 9, and 10; 
these catches are held in position by springs f' and g'. 
The riders are each furnished with anti-friction rollers 
f and g®. The catch fis furnished with a tooth /7, 
and the catch g with a tooth g*, and these engage with 
the teeth formed on the piston a. 





From the faces of the riders F and G lugs /* and g* 
project, and enter into the annular grooves a’ in the 
periphery of the piston a, Fig. 7. When the piston 
ais moved in the axial line in the cylinder A, by 
means of the lever a'*, the pawls travel along their 
respective slots. The catches are so arranged that the 
one belonging to the rider or pawl which works in the 
curved slot engages with the teeth a', and imparts a 
turning movement to the piston and to the tool H, 
while the other pawl rides freely over the teeth a’. 
When the pressure on the lever a is removed owing 
to the catch /? on the foot-lever L being disengaged 
from the angular portion k of the arm K, the piston 
is returned by the spring a* Fig. 5, acting upon the 
cam levers a’, the piston being held against rotation 
by the catch on the pawl, which works in the straight 
slot F'. During the inward and turning move- 
ments of the piston a the teeth a! ride over the 
catch f*, and the catch g* engages with the teeth, 
owing to its travel in the curved slot, and 
thus imparts a turning movement to the piston. 
During this return movement the piston is held 
against rotation by the catch belonging to the pawl 
which works in the straight slot, the catch belonging 
to the other pawl being meanwhile pressed out of 
gear by the teeth a! of the piston. During the out- 
ward stroke of the piston the boring-tool is carried up 
again to the work, there being sufficient initial force 
communicated by the spring to insure the tool being 
held securely. 

On the cylinder A a boss M, Fig. 5, is provided on 
one side, to form part of what may be called a uni- 
versal joint andclamp. This boss is arranged in such 
a manner that it can rotate within a circular casing N, 
which is fixed by means of a stud m. This casing 
forms part of a clamping arrangement N', by means of 
which the cylinder A may be secured to a supporting- 
bar or column for conveniently carrying the appa- 
ratus when in use. This clamping arrangement con- 
sists of a pair of jaws n and n', 

The tool, with its attachment, is very compact and 
portable, and weighs about 70 lb., so that one man can 
easily move it about, and it is claimed that setting up 
the tool ready for work need only occupy about two 
minutes. It has also another advantage—that the 
holes bored are true circles, and there is no variation 
of angle, as is so often the case with hand-turning 
It is also very suitable for unskilled labour. Under 
these conditions it ought to have an extensive field 
of usefulness. 








THE NIPPON YOSEN KAISHA. 

Tue latest papers from Japan contain an account of 
the general meeting of the shareholders of the Nippon 
Yusen Kaisha (Japan Mail Steamship Company, 
Limited), and as everything relating to shipping and 
commerce in Japan is interesting at the present time, 
we give a few notes on the most important features of 
the recent work of the company. 

The profit and loss account for the semi-annual term 
under review is as follows :— 


April-Sept., 1903. 
the preceding Yen. 


Brought over from 
account ... eae 
Net profit ... 


Total 
To reserve ... ss ae _ 
, vessel improvement fund ... 
», rewards to officers 
5, dividends a a 1,100,000 
,, bonus to shareholders 220,000 
Carried forward ... at k 1,001,939 
The dividend to the shareholders is at the rate of 
10 per cent., which with the 2 per cent. paid as bonus or 
special dividend makes 8 cent. perannum. The 
net profit has been arrived at after making the fol- 
lowing deductions from the gross profits :— 


Depreciation of the company’s fleet 

and property... me oa fis 
Insurance ta Ss = 
Ships’ structural repair fund 


738, 291 
2,589, 480 
3,322,771 
129,474 
800,000 
71,353 


Yen. 
720,448 
174,357 
432, 957 


1,327,780 


These figures seem to allow a very ample margin for 
contingencies. 

The fleet of the company now consists of 77 steamers, 
of a gross tonnage of 242,163 tons and 17,128 nominal 
horse-power. here are three vessels building, of a 
total tonnage of 17,800 tons, and the company has 37 
steam launches and tugs, so that in the near future 
its total tonnage will be 261,048 tons. 

The President said that the freight carried showed 
an increase of 150,000 tons over that of the corres- 
ponding term of the previous year. In the Oriental 
service there was a considerable increase of freight 
in all the main lines to Chinese and Korean ports. 
The only exception was the Vladivostock line, the 
amount on which was reduced since the change of 
tariff, and the trade hitherto going thither has been 
diverted to Port Arthur and Dae. The Japanese 
exports to Europehad greatly decreased, while Shanghai 
shipped only two-thirdsof the normal exports to Europe. 


There was no change in the trade of Hong Kong. The 
freight from Europe to points west of Singapore 
reached a fair amount ; but the distance being compara. 
tively short, the profit was also insignificant. The 
Pacitic Ocean had become the field of acute competi- 
tion among the world’s shippers. Thus, in spite of 
the fact that the volume of freight carried by the 
Nippon Yusen Kaisha American liners increased more 
or less, there was a decrease in the freight receipts, 
The same was true of the Australian line. The growth 
of the cotton-spinning industry in Japan has necessj- 
tated the placing of five steamers on the Bombay line, 
But the outward voyage was not remunerative, with 
the result that the aggregate freights were below 
those of last year. 

The Osaka Exhibition caused an unusual increase in 
the passenger traffic of the coasting trade. The Euro. 
pean line was well patronised, while the Australian 
line suffered a slight decrease in the number of pas. 
sengers. On the whole, the passenger receipts reached 
a figure rarely seen heretofore. The company em- 
ploys foreign stewards, and is going to increase the 
cabin accommodation on the European liners, so that 
the passenger traflic has bright prospects. The com- 
pany acquired, in June of last year, Mr. McBain’s 
Yangtsze-Kiang line, between Shanghai and Hankow, 
with all the ships, plant, buildings, lands, &c., attached 
to it. This line may be regarded as a useful feeder to 
the trunk lines touching at Shanghai. Although Mr. 
Kondo was able to give a favourable account of the 
business of the company during the half-year, he 
pointed out that the war rate of insurance had already 
made its injurious effects felt in the freight traffic, and 
that the company has to face ever-increasing com. 
petition. 








THE HEAT TREATMENT OF STEEL, 


Sixth Report to the Alloys Research Committee on the 
Heat Treatment of Steecl.* 

By the late Sir Wiitram C. Roserts-Austen, K.C.B., 
D.C.L, D.Sec., F.R.S., Honorary Member ; completed 
by Professor WILLIAM GOWLAND, Member of the Com. 
mittee. 

(Continued from page 142.) 

Annealing Bars at 900 deg. Cent. (1652 dey. Fahr.) for 
Half-an-Hour.—This annealing temperature was chosen 
because at 900 deg. Cent. (1652 deg. Fahr.) (the Ar; point) 
the whole of the ferrite dissolves in the solid mother- 
liquor to form a solid solution of carbon in iron, or, in 
ane words, the last of the § iron is transformed into the 
7 state. Annealing for half-an-hour at this temperature 
will cause nearly all the constituents of the bars to dis- 
solve completely in one another. During the subsequent 
cooling they will again separate, and the forms they will 
assume will depend, to a at extent, on the rate at 
which the steel is cooled. The conditions of cooling in 
this experiment were practically the same as in the last 
case, except, of course, that the initial point was 900 deg. 
Cent. (1652 deg. Fahr.) instead of 800 deg. Cent. (147: 
deg. Fahr.). The results of the mechanical tests of the 
bars after annealing are plotted in Fig. 12, page 171, and 
are also given in the following table :— 

TasLe V.—Bars Annealed at 900 deg. Cent. 
(1652 dey. Fahr.) for Half-an-Hour. 


Reduction 
| of Area at 
Fracture. 


Elongation 
on 2 In. 


Elastic 
Limit. 
tons per tons per 
square inch square inch 
21.48 13.02 


Breaking 


Carbon. Stress, 





per cent. per cent. per cent. 
45.00 
33.50 
32.50 
28.60 
16.50 
11.20 
10.00 
5.50 


0.130 
0.180 
0.254 
0 468 
0.722 
0.871 
0.947 
1.306t 


27.84 15.84 
29.46 17.28 
32.46 18.03 
43.20 - 
50.40 

51.12 

44.52 


* No definite yield point. 
+ Broke at gauge points. 

On comparing the above table-with the preceding one, 
it is evident that this treatment has not materially 
altered the breaking stresses in the bars containing up to 
0.871 per cent. of carbon. Beyond this point, however, 
it has increased the strength‘ of the steel considerably, 
the 0.947 and the 1.306 bars having respectively a break- 
ing stress of 11 tons and 5.4 tons greater than the same 
bars annealed at 800 deg. Cent. (1472 deg. Fahr.). This 
indicates that it is essential, in order to obtain greater 
strength, in bars of this content of carbon, that they 
should be annealed at a temperature at which the carbide 
is thoroughly dissolved ; then, on cooling, the cementite 
anid pearlite are entirely reformed. If such steels are 
annealed at too low a temperature, the free cementite 1s 
not, or is only partially, olved ; and, if partially dis- 
solved, fresh grains are produced on cooling, thus giving 
a more minute structure and greater weakness. A similar 
instance will be shown later in the cases of soaking for 





* Read before the Institution of Mechanical Engineers, 
January 15, 1904. For the first, second, third, fourth, 
and fifth reports, see Proceedings, 1891, page 543; 1893, 
page 102; 1895, page 238; 1897, page 31; and 1899, 
page 35. Also ENGINEERING, vol. lii., pages 548 and 579 ; 
vol. lv., pages 629, 659, and 686; vol. hx., pages 743, 778, 





and 811; vol. Ixii., opeses 220 and 253; and vol. Ixvii. 
pages 210, 259, and 294, 
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13 owes? deg. Fahr.). The 0.871 per cent. carbon bar 
has no longer the greatest breaking stress of the series, 
that containing 0.947 per cent, of carbon being slightly 
stronger: The elongation and reduction of area are also 
-ractically the same as in the 800 deg. Cent. (1472 deg. 
Fahr.) annealing 1n all the bars up to and including that 
containing 0.871 per cent. carbon ; but the 0.947 and the 
1.306 bars show a considerable reduction in these pro- 
wrties, the reduction being most marked in the latter, 
where extension has fallen from 20 to 5.5 per cent., and 
the contraction of area from 33.9 to 5.58 per cent. _ § 
The photomicrographs of this series, which are given in 
Figs. 60 to 67, indicate that :egregation of the iron carbide 
has taken place in the 0.130, 0.180, 0,254, and the 0.468 
yer cent. carbon steels, and that but little pearlite exists 
in them. ‘his is not, however, thecase with the others ; 
in the 0.722 and the 1.306 bars the carbon exists mainly as 
yearlite, whilst the latter has but little free cementite in 
its structure, and has evidently been partly ‘‘ burnt” by 
the treatment, some of the free cementite having been de- 
composed into amorphous carbon and ferrite. : : 
The 0.871 and the 0.947 carbon steels, which consist 
mainly of pearlite, have become much more minute in 
structure ; in fact, their whole mass is made up almost 
entirely of granular pearlite. It is probable that the 
increased strength of the 0.947 bar is due to a partial 
decomposition of the carbide setting free amorphous 
carbon; this has practically made it a saturated steel, 
and the loss of strength in the 0.871 bar (the originally 
saturated steel) is due to a similar cause. In order to 
determine what effect the duration of the annealing has 
on the structure of these grades of steel, a series of bars 
were heated to 900 deg. Cent. (1652 deg. Fahr.) for ten 
minutes only, and were allowed to cool under the same con- 


ditions as the bars annealed for half-an-hour at the same | 


temperature. They were then examined microscopically 
and photographed, and the structures obtained are repre- 
sented in Figs. 68 to 75. * Tt will there be seen that under 


these conditions the carbide has separated in quite a | 
different manner from that in the bars annealed for half- | 


an-hour. In the bars up to and including the 0.871 steel 
the pearlite has separated in well-defined lamin; the 0.947 
and the 1.306 steels have, however, developed a more or less 
granular pearlite. Unfortunately, mechanicai tests were 


not taken of these bars, but one would predict from their | 


structures that they would be very similar to those of the 
series annealed for half-an-hour at 800 deg. Cent. (1472 
deg. Fahr.).1 

This experiment proves that not only does the rate of 
cooling affect the structures, but that the time during 
which the bars are heated to a definite temperature has a 
considerable influence on their mechanical properties. 

Annealing Bars at 1100 deg. Cent. (2012 deg. Fahr.) for 
Ha’ f-an- Hour.—It will be seen, on reference to the carbon- 
iron equilibrium curve, Fig. 7, page 140 ante, that this tem- 
perature is about 140 deg. Cent. (284 deg. Fahr.) above the 
point at which the last portions of cementite pass into 
solid solution in the 1.306 per cent. carbon steel. Anneal- 
ing for half-an-hour will thus cause the constituents of 
the steels to dissolve in one another completely, and to be 
retained for some time in this homogeneous state well 
above their solution points. 

The conditions of cooling were the same as in the pre- 
vious annealings, but an autographic record showed that 
the average time for the Ac, change to take place com- 
pletely was only about seven minutes. This was evidently 
partly due to the increased rate of cooling resulting from 
the higher initial temperature, and also to the partial de- 
composition of the Fe;C in some of the members of the 
series. The mechanical properties of the bars are plotted 
in Fig. 13, on this page, and are also given in the following 
table :— 

TaBLE VI.—Bars Annealed at 1100 deg. Cent. 

(2012 dey. Fahr.) for Half-an-Hour. 


Reduction 


Breaking Elastic Elongation 





Carbon. Stress. Limit. on 2 In. 5 ere 
per cent. tons per tons per per cent, per cent. 
square inch square inch 
0.130 
0.180 26.91 15.37 60.60 
0,254 28.11 15.30 54.77 
0.468 31.38 14.28 40.38 
0.722 42.28 by 17.21 
0.871 47.69 ~ 12.51 
0.947 49.62 . 9.07 
1.306 46.62 - 8.94 





* No definite yield point. 


On comparing these results with those yielded by the 
bars annealed at 900 deg. Cent. (1652 deg. Fahr.), Table V., 
it will be found that the differences in the breaking stresses 
of the two series are not great, the greatest divergence 
being in the 0.871 per cent. carbon bars, which show a 
difference of 2.7 tons per square inch, that annealed at 
1100 deg. Cent. (2012 ase. Fabs.) being the weaker. It 
will be noticed that there is a tolerably close agreement 
as regards elongation in both sets of bars. As regards 
reduction of area, only those bars containing 0.180 and 
0.254 per cent, of carbon are similar, the remaining bars 
of the series annealed at 1100 deg. Cent. (2012 deg. Fahr.), 
with the exception of the 1.306 bar, being lower than 
those annealed at 900 deg. Cent. (1652 deg. Fahr.). 

Since the mechanical properties of the bars annealed 
at 100 deg. Cent. (1652 deg. Fahr.) and 1100 deg. Cent. 
(2012 deg. Fahr.) for half-an-hour are similar, one would 
expect to find their structures also much alike. Photo- 

. These figures will be published with the later por- 
tions of the report in a subsequent issue. 


eg. Cent. (1472 deg. Fuhr.) and 900 deg. 


micrographs of the latter series have been reproduced in 
Figs. 76 to 83, and although it will be seen that the struc- 
tures of the 0.130, 0.180, 0.254, 0.468, and 0.722 steel corres- 
pond with those of the former, yet the three high-carbon 
steels are quite different, their structures indicating that 
they have been partially ‘‘ burnt.” This effect is even more 
marked under a lower magnification, when the metal 
appears to be composed of a number of grains bounded 
by more or less straight lines, and exhibits a structure 
similar to that shown in Fig. 133.* These burnt 
structures, under the high power (1600 diameters), show 
a large amount of ferrite and also granular and massive 
cementite, from which it would appear that part of the 
iron carbide originally present has been decom into 
iron and amorphous carbon. To prove that this actually 
occurs some Fe;C was prepared by Abel’s methodt from 
low-carbon steel, and was packed in a tube into which a 
thermo-couple was introduced. A heating curve was then 
taken, with the usual precautions, to about 1200 deg. 
Cent. (2192 deg. Fabr.), and it was found, on examining 
the record, that two change points had occurred at about 
1100 deg. Cent. (2012 deg. Fahr.). The residue was then 
examined and found to contain free carbon. 
Soaktnc EXPERIMENTS. 

Soakings.—Since a number of investigators have laid 
considerable stress on the length of time to which steel 
required for structural purposes should be annealed, and 
since ingots and forgings are, in practice, occasionally 
soaked for ten, twelve, or more hours, it was considered 


Fu 12, Steels annealed at 900° ©. (\,652°F) for 2 hour 


N.B. Extension and Reduction of Area become marked at ‘65 oC 








Fig.13. Steels annealed at 100° C. (20W2°E) for Ys hour. 





a 3 3 * ‘s 6 Ci 8  ] 0 Hn 13 Bb 


Carbon per cent (according to Chemical Analysie) 


advisable to determine the mechanical properties of steel 
bars which had been heated to definite temperatures for 
twelve hours. The conditions of cooling in the following 
experiments were similar, in every way, to those in the 
experiments on annealing. 

The extent to which the changes in the mechanical 
properties are actually due to the long duration of the 
annealing can therefore be clearly shown. Although the 
rate of cooling through the critical points, Ac; especially, 
is of the utmost importance, it wall navasthaien be seen 
that the duration of the annealing at a definite tempera- 
ture has a very considerable influence on the mechanical 
properties of the bars. The bars in this series of experiments 
were, after soaking, turned into the form required for the 
test-pieces, so as to avoid errors from the oxidised surface. 

Soaking Bars at 620 deg. Cent. (1148 deg. Fahr.) for 
Twelve Hours.—The results of the mechanical tests of 
this set of bars are plotted in Fig. 14, page 172, and are 
also given in the following table :— - 

TABLE VII.—Bars Soaked for Twelve Hours at 
620 deg. Cent. (1148 deg. Fuhr.). 





, Moots . . Reduction 
1 Breaking Elastic Elongation 
Carbon. Panes > of Area at 
Stress. Limit. | on2In. eacteaes 
per cent, tons per tons per per cent. per cent. 
square inch square inch 
0.130 | 19.75 10.64 81.12 
0.180 26.81 14.31 71.43 
0.254 28.61 17.22 65.18 
0.468 | 32.01 22 08 57.61 
0.722 40.63 21.13 46.54 
0.871 45.25 21.96 30.82 
0.947 45.41 23:15 27.10 
1.306 46.96 28.29 16.45 





* These figures will be published with the later por- 
tions of the report in a subsequent issue. 
+ Proceedings, Institution. of Mechanical Engineers, 


From the preceding table it will be seen that the 
breaking stresses, compared with those of the bar as 
received, have been considerably reduced throughout the 
entire series, although at no time did the temperature 
reach the Ar, point. As compared with the 620 deg. 
Cent. (1148 d\g. Fahr.) bars annealed for half-an-hour, 
these soaked bars also show a diminution in the breaking 
stress, which, in the 0.871 per cent. carbon bar, reaches 
to about 18 per cent. The elastic limit is in every in- 
stance less in the soaked than in the annealed bars. The 
elongation and reduction of area are, however, as a rule, 
much greater than in the bars annealed for only half-an- 
hour. This increase is more marked in the high-carbon 
bars. It is also of interest to note that the bars-contain- 
ing 0.871, 0.947, and 1.306 per cent. carbon have each 
practically the same breaking stress. Photomicrographs 
taken from this set of bars are given in Figs. 84 to 91, 
and it will be seen that but little segregation of the iron 
carbide in the pearlite has taken place. It follows, 
therefore, that the general diminution of strength, and 
the increased extensi vility and reduction of area, must be 
due to an incressed plasticity of the ferrite. 

In the low-carbon steels this change of properties has 
been ascribed to the formation of large ferrite grains, 
which has been noted by Stead* and others ; but the size 
of the ferrite grains in the bars containing more than 
0.18 per cent. of carbon has not been altered in the least 
degree by this treatment, so that the additional ductility 
must be due to an increased plasticity within the grains 
themselves, as stated above. The statement by Harbordt 
that the prolonged heating below Ar, of higher carbon 
steels does not produce the detrimental effects which it 
causes in the case of very soft steel is doubtless correct, 
judging from the mechanical tests and photomicrographs 
obtained from the bars of this soaking. 

Soaking Bars at 720 deg. Cent. (1328 deg. Fahr.) for 
Twelve Hours.—The mechanical properties of these bars 
are given in the following table, and are also plotted in 
Fig. 15, page 172 :— ° 

TabLe VIII.—Bars Soaked for Twelve Hours at 
720 deg. Cent. (1328 deg. Fahr.). 





: = . . | Reduction 
. Breaking Elastic Elongation 
Carbon. eer of Area at 
Stress. | Limit. on 2 In. | Fracture. 
per cent. tons per | tons per percent. | per cent. 
\square inch square inch | 
0.130 20.00 11.67 42.50 73.21 
0.180 27.75 7.63 29.50 | 61.11 
0.254 28.18 15.81 31 00 57.28 
0.468 29.31 1L.76 30.50 | 42.70 
0.722 38.11 16.16 2109 | 85 97 
0.871 | 39.39 15,28 19.50 | 29.69 
0.947 33.73 14,11 23.50 35.44 
1.306 33.33 11.69 26.50 34.50 


Campiont also states, in a paper communicated to the 
West of Scotland Iron and Steel Institute, that a pro- 
longed heating of steels to a temperature not exceeding 
Ar, does not produce a fine-grained microstructure except 
in the case of a very low-carbon steel, and the evidence 
now adduced abundantly proves this to be so. 

As would be theoretically expected, the photomicro- 
graphs show that a considerable change has been brought 
about in the distribution of the Fe;C in the bars by this 
treatment. 

Since this set of bars has been heated above Ar), and 
the cooling conditions were the same as for the bars 
annealed for half-an-hour at 720 deg. Cent. (1328 deg. 
Fahr.), any alteration in the mechanical properties of the 
high-carbon bars will be due to a change of the distribu- 
tion of the carbide or to its decomposition, while, in 
addition, in the steels containing less than 0.722 per cent. 
carbon, another factor will be introduced—namely, the 
structure which the undissolved ferrite assumes during 
soaking, more especially as regards the greater cohesion 
of the cleavage planes of the grains. On comparing the 
breaking stresses plotted in Fig. 15 (page 172) with those 
of the bars annealed for half-an-hour at 720 deg. Cent. 
(1328 deg. Fahr,), Fig. 10 (page 141 ante), it will seen 
that they are, for all practical purposes, the same in both 
the soaked and the annealed specimens as far as the 0.722 
per cent. carbon bars. In the last three of the series of 
the soaked bars they are considerably less than in the 
corresponding annealed bars, and this is most marked in 
the 1.306 per cent. carbon steel, where there is a decrease 
in strength of 17.2 tons per square inch. The reduction 
in the strength of these bars is interesting, as it shows 
that prolonged heating at a temperature which is only a 
few de; above the Ar, point causes a marked dif- 
ference in the structure of the steel. The rate of cooling 
through the Ac, point was, in this instance, slow, about 
12 minutes being necessary to complete the change. This 
was, of course, due to the prolonged heating of the muffle, 
causing the surrounding brickwork to become so hot that 
cooling was retarded, and also to the initial temperature 
of cooling being so near the critical point. This slow 
cooling would also tend to increase the size of the grains 
oi the structure. 

Photomicrographs of the 0.722, 0.871, and the 1.306 
per cent. bars are given in Figs. 95, 96, and 97,§ at 
a magnification of 1600 diameters, from which it will 
be seen that the structures are abnormal, there being no 
pearlite owing to the cementite having separated in the 
form of small rounded masses. The low-carbon steels of 
this series showed particularly small grain when viewed 


* Tron and Steel Institute Journal, September, 1903. 

+ Ibid., 1902, vol. ii., page 110. 

+ West of Scotland Iron and Steel Institute Journal, 
vol. vii., page 2; and vol. viii., page 3. ; 

§ These figures will be published with the later portions 








+ See Table IV., page 142 unte. 





1883, page 56. ENGINERBRING, vol. xxxv., page 187. 


of the report in a subsequent issue. 
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under the low powers of the microscope. Photomicro- | 
graphs taken at 140 diameters of the 0.130, 0.180, and the 
0.468 per cent. carbon bars are shown in Figs. 92, 93, | 


and 94. 


On comparing the mechanical results of this experiment 
with those of the bars soaked for twelve hours at 620 deg. | 
Cent. (1148 deg. Fahr.), Figs. 84 to 91, it will be found that | 
the breaking stresses of both sets of bars up to 0.721 per | 
cent. of carbon are practically the same, which is exactly | 
what one would ex 
From this point the strengths of the bars soaked at | 
720 deg. Cent. (1328 deg. Fahr.) become considerably less 
than those soaked at the lower temperature, the maxi- 
mum difference being reached at the 1.306 per cent. carbon 
bar, which is actually 13.6 tons per square inch weaker 
than that soaked at 620 deg. Cent. (1148 deg. Fahr.). 
The limits of elasticity are irregular in the series soaked | 
at 720 deg. Cent. (1328 deg. Fahr.), and are considerably 
lower than in the corresponding bars treated at 620 deg. | 
Cent. (1148 deg. Fahr.), except in the case of the 0.130 per 
cent. carbon steel. 

The first six bars of the two series do not differ very 
widely in elongation and reduction of area, although those 


soaked at the lower temperature give rather higher results. | 


This is not, however, the case with the last two bars of 
each set, the elongation and reduction of area of the bars 
soaked at the higher temperature being considerably in 
excess of those of the other series, the 0.947 bar showing 


. Steels soahed at 620°C (1,148° F) for 12 hours. 


720°C (1,328° F) for 12 hours 


a % + $ 6 7 6 


2 ¢ 
w18 & 
Carbon per cent (according te Chemical , Analysis.) 


5 per cent. and the 1.306 bar 15 per cent. more elongation | _ It is interesting to note that the bars soaked at 900 deg. | 


than the corresponding bars soaked at 620 deg. Cent. 
(1148 deg. Fahr.). 

Soaking Bars at 900 deg. Cent. (1652 deg. Fuhr.) for 
Twelve Hours.—This temperature was mainly chosen as 
it has been so frequently recommended by many workers, 
notably Stead,* as a suitable one for annealing certain 
classes of steel which have become brittle from various 
causes, such as prolonged annealing either immediately 
below or above the Ar, point, overheating, or mechanical 
work. The bars were treated in a gas mufie in a similar 
manner to the others, but the rate of cooling through the 
Ar, point was considerably more rapid than in the case 
of the soaking at 720 deg. Cent. (1328 deg. Fahr.). This 
was, of course, mainly a to the higher initial tempera- 
ture of cooling. The bars soaked at 900 deg. Cent. 
(1652 deg. Fahr.), with the exception of the 1.306 per 
cent. carbon steel, have their constituents completely 
dissolved, and, provided no decomposition of the carbide 
takes place, they should, theoretically, on cooling, 
satisfactory mechanical properties, since their structure is 
entirely re-formed by this treatment. The mechanical 
properties of these bars are plotted in Fig. 16 (above), 
and are also given in the following table :— 


Tas_e [X.—Burs Soaked for Twelve Hours at 
900 deg. Cent. (1652 dey. Fahr.). 


Reduction 
of Area at 
Fracture. 


Elastic 
Limit. 


Elongation 


Breaking 
on 2 In. 


Carbon. inane: 





tons per tons per 
square inch | square inch 


per cent. per cent, per cent. 
0.130 

37.00 
29.00 
30.00 
12.50 
11.00 
11.90 
10.00 


26.91 
29 55 
29.91 
43.21 
49.32 
47.7) 

44.41 


20.62 
25.09 
25.58 
338.74 
42.75 
36.07 
38.04 


58.80 
57.60 
43.50 
14.00 
15.30 
11.00 
11.70 


* Iron and Stecl Institute Journal, September, 1903. 


| On comparing the above results with those of the| tube during the process of tempering. A gun-tube which 


original bars as received (Fig. 8, page 141 ante), it will be | has been improperly quenched and annealed is a consider. 
seen that the breaking stresses of the soaked bars are lower | able source of danger, especially when, after the erosion of 
onan average by about 6.5 tons, the difference being most | its bore by firing, a “‘liner” is introduced. If the original 
marked inten containing a high percentage of carbon. | tube has not been properly quenched, but the “‘liner” hag 

The elongation and reduction of area are, however, | received correct treatment, a space will gradually develop, 
much greater in the case of the soaked bars, the average | during use, between the “liner” and the tube, owing tothe 
increase in elongation being about 16.5 per cent., and of | low elastic limit of the latter, and_this will probably end 
reduction of area about 11 per cent. | in the fracture of both tubes. Guns with steel tubes, 


+ from theoretical considerations.| The low breaking stress of the soaked 1.306 per cent. | strengthened externally with wrought-iron coils, have 


carbon bar is evidently due to the structure being broken | been known in some instances to burst* explosively, 
'up into tiny particles of cementite, owing to this con-| Although this last statement presents an extreme case, 
stituent not being entirely dissolved at this temperature, | since wrought iron has a very low elastic limit, it never. 
and to fresh grains of it being formed during the subse- | theless shows the importance of using material as homo. 
quent cooling. The structure thus becomes fine grained | geneous as possible in the construction of a piece of ord. 
and the strength is lowered. In this series, as in the | nance. By using annealed steels for such purposes 
annealings at 720 deg. Cent. (1328 deg. Fahr.), the maxi- the possibility of obtaining a homogeneous gun would 
| mum strength occurs in the 0.871 (saturated) steel. be much greater than by quenching in oil and annealing, 

When the above results are compared with those of Of course, it would be necessary to use steel containing 
the bars annealed at 620 deg. Cent. (1148 deg. Fahr.), rather more'than 0.35 per cent. of carbon for this purpose, 
Table II., and Fig. 9, page 141 wnte, it will beseen that the in order to obtain the necessary limit of elasticity ; but, 
breaking strain of the soaked bars are all lower on an even then, it is highly probable that such a steel would 
average by about 6 tons, the difference being least in the | withstand the effects of shock better than an ordinary oil. 
second bar of the series. The elongations are, however, | tempered gun-steel on account of its more stable condition, 
much greater in the case of the soaked bars up to 0.468 | The necessary mechanical properties for the construction 
per cent. of carbon, and lower in the others. As regards | of ordnance have been obtained in soaked and slowly- 


reduction of area, the soaked bars are all lower, except |cooled low-carbon “special” steels, and Table TX. 


| that containing 0.254 per cent. of carbon. 


n 


TS Sete soaked’ ot 900° C. (1,088°F) fr 12 howe 


2 3 > 


Carbon per cent faccording to Chemical Analysis) 


. Steels soaked at 1,200° C. (2192° F) for 12 hours 


— +. —_Is9 


Carbon per cent (according to Chemical Analysis.) 


| Cent. (1652 deg. Fahr.) give higher breaking stress and 
| elastic limits for the whole series than those soaked at 
720 deg. Cent. (1328 deg. Fahr.). The elongation is, 
however, greater only in the bar containing 0.180 per 
|cent. of carbon. Beyond this point this condition is 
'reversed, the bars soaked at 720 deg. Cent. (1328 deg. 
| Fahr.) giving higher results for the rest of the series. 
|The reduction of area is, with one exception, greater in 
| the bars soaked at 720 deg. Cent. (1328 deg. Fahr.). 

The breaking stresses of the bars soaked at 900 deg. 
Cent. agree well with those of the bars annealed for half- 
an-hour at the same temperature, practically the only 


| discrepancy occurring in the 0.947 bars, the annealed bar 


being stronger than the soaked bar by 3.36 tons per square | 


inch. 

The elongation is, on the whole, greaterin the soaked 
| bars, but this does not also apply to the reduction of area ; 
| in this property the soaked and annealed bars agree fairly 
| well in four cases, but in the 0.722 and the 0.947 steels the 

soaked bars are lower than the annealed ones. The 


annealed 1.306 bar, however, gives less elongation than 


| the soaked one. 
| The limit of elasticity in these soaked bars is particularly 


high throughout the whole series, and it will be observed | 


that in the 0.180, 0.254, and the 0.468 soaked bars it is 
roughly, on an average, 30 per cent. higher than those 
| annealed at the same temperature. 

For practical purposes this fact is of the greatest pos- 
sible importance, as it lends weight to the view that, 
with a suitable ordinary carbon steel, it may be possible 
to produce, by annealing alone, a metal which will be 
suitable for such purposes as the construction of gun-tubes 
|and axles. As all manufacturers of ordnance know, it is 
difficult to obtain a uniform tensile strength and elastic 
limit in a large gun ingot by quenching in oil and sub- 
sequent annealing. The quenching is always a delicate 
operation on account of the size of the ingot under treat- 
ment, and it occasionally happens that the whole, or part 
of it, has fallen below the temperature of the Ac, point 
before the ingot is actually immersed in the oil, the result 
| being an ingot with a low limit of elasticity. There is 
| also a considerable amount of danger in reheating a gun- 


| 
| 


| * Morgan’s ‘* Hand-Book of Artillery Matériel,” page 3. 


| certainly indicates the possibility of the use of an 


Fig. 18. Steote quenched at 720° C. (328'E) tn Water 


Carbon per cent faccording to Chemical Analysis) 


at 800° C. (1A72°F) in Water 


Fig19. Steels quenched 


£ 


\ 


Carbon per cent fuccording to Chemical Analysis.) 


ordinary ‘‘soaked” carbon steel for this purpose. If 
similar conditions as regards mechanical properties can 
be obtained’ on a large scale from annealed ordinary 
carbon steels, there- will be the additional advantage 
which such steels offer in their power of withstanding 
resistance to percussion. The elastic limits given in this 
table are the more remarkable as the steels contain such 
small percentages of manganese, averaging not more than 
0.2 per cent. Further, it is well known that imperfect 
quenching sets up internal strains in steel, which are not 
entirely eliminated by the subsequent annealing, owing 
to the variation in the density of the metal throughout 
the mass. That this variation is considerable is well 
shown in the following table, compiled by Metcalfe and 


Langley :— 
TaBLe [Xa. 


Specific Gravity. 


2 
gr. 
g. 
g. 
oO 
g. 
o 
gz. 
at 


Cent. (1472 deg. 


Fahr.). 
Hardened at 
about 1100 deg. 


Cent. (2012 de 
Fahr.). 


Hardened 
about 1250 deg. 


about 800 de 
Cent. (1652 de: 
Fahr. ). 
Hardened at 


Percentages of Carbon. 
about 900 de 


Hardened at 700 
deg. Cent. (129: 
deg. Fahr.). 

Hardened at 


Of the Ingot. 
hardened. 





& 


7.844 
824 
829 

7.825 

7.826 

7.825 


0.529 
0.649 
0.841 
0.371 
1.005 
1.079 


7.481 
7.829 
7.824 
7.818 
7.807 
7.805 

In a steel which has been heated for some considerable 
time above its critical points, these strains no longer 
exist, and the advantage of using such a steel, provided 
it satisfies the condition of strength, &c., is obvious. An 
ordinary gun-steel which has been quenched in oil at 
about 871 deg. Cent. (1600 deg. Fahr.), and afterwards 
annealed at a temperature of about 482 deg. Cent. (900 
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the test-piece before testing is provided with two 


ts accurately adjusted 2 in. apart, and is sub- 

gauges Pn the ventiagpennliiann; in the first instance, to a 
load of 21 tons per square inch; should the machine 
record any yielding-point before this load has been reached, 
the same is noted. The load is next entirely removed 
and the test-piece_ measured. The permanent elongation 
under the load of 21 tons per square inch must not exceed 
0,03 in. The load is then again applied until the break- 
ing point is reached, and, should the breaking: strain be 
Jess than 34, or more than 44, tons} per square inch, the 
thermal treatment of the steel is repea This is also 
done should the elongation be less than 17 per cent. On 
comparing the above tests with those obtained from the 
bars soaked at 900 deg. Cent. (1652 deg. Fahr.), Fig. 16, 
age 172, it will be seen. that, by arranging the percentage 

of carbon correctly, it is possible to obtain a metal pos- 
sessing suitable properties for the manufacture of ord- 
nance, and there is every reason to believe that such a 
metal would have the additional advantage of an in- 
creased resistance to “‘ shock,” as has already been pointed 


ut. Loe . 
0 The necessity of obtaining a good tough steel with a 


“ ), is accepted if it satisfies the following condi- 


PGMs 01, quenched at 900°C. (1,652° F.) in Water. 





Carbon per cent (according to Chemical Analysis.) 


high elastic limit also applies in the ease of axles. The 
effects on the structures of axles when submitted to oil- 
quenching treatment will be described later under ‘‘ oil- 
quenching.” 

Soaking Bars at 1200 deg. Cent. (2192 deg. Fahr.) for 
Twelve Hours.—This set was soaked at this high tempera- 
ture mainly to determine the effects of the decomposition 
of the Fe;C in the high-carbon steels on their mechanical 
properties, 

The results of the mechanical tests are plotted in Fig. 17, 
page 172, and are also given in the following table :— 


TaBLE X.—Bars Soaked for Twelve Howrs at 1200 deg. 
Cent. (2192 deg. Fahr.). 





: ane . : Reduction 
Carbon. = pre —— of Area 
Stress. aimit. on 2In. | at Fracture. 
per cent. tons per tons per per cent. per cent. 
square inch | square inch 
0.130 
0.180 25.27 20.76 59.30 18.00 
0.254 24.86 17.00 56.80 12 50 
0.468 29.10 23.79 38.80 16.00 
0,722 40.17 29.91 11.30 11.00 
0.871 29.55 | 21.65 40.20 20.00 
0 947 24.02 | 20.00 37.50 20.00 
1.306 35.93 26.77 | 21.70 33.00 


On comparing the above results with those of the bars 
soaked at 900 deg. Cent. (1652 deg. Fahr.) it will be found 
that, up to the 0.722 per cent. carbon steel, the breaking 
stress, although less in the present instance, does not 
differ widely. In the bars with a higher percentage of 
carbon, however, the breaking stress is much lower, the 
decrease in the last three bars being 19.8, 23.7, and 8.5 
tons respectively. As would be expected, the elastic 
limit too is lower, while there is a well-marked increase 
in both the elongation and reduction of area, especially in 
the three high-carbon bars. This considerable alteration 
in their mechanical properties is due, to some extent, to 
the partial decomposition of the Fe;C into amorphous 
carbon and iron, and also to the fact that the masses are 
now composed of large crystals, which are bordered more 
or less, by straight lines. Photomicrographs of such 
crystals are shown on Fig. 133, and on Fig. 143, at 
magnifications of 20 and 140 diameters respectively. The 





former was prepared froma gun ingot which had not been 





cast, containing 0.18 per cent. of carbon. 


of carbon, which had been ‘‘ burnt” an 
of 140 and 820 diameters respectively. 


figures. 


of area also occurs at the same point. 
as com t 
throughout the series. 


ably less in the soaked than in the 


area is —— the same in both cases. 
carbon 
area are greatly increased. 

That the changes in the mechanical pro 
bars soaked at 1200 deg, Cent. (2192 deg. 





Fig. 21. Steeis quenched at 120°C. (2392° F) in Water. 
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Carbon per cont (according to Chemical Analysie.) 
Steels quenched from 720°C. (1,326° F) in Oil, 


Fig.22. 


and Reheated to 350° C. (662° F) 





eucs. Carbow per cent (according to. Chemical Analysis.) 


to prolonged heating is proved by the fact that the bars an- 


nealed for half-an-hour at 1100 deg. Cent. (2012 deg. Fahr.), | 


which were cooled at approximately the same rate as the 


former, do not differ very greatly from bars annealed at | 


much lower temperatures. The most noteworthy features 
in this set are the very great elongation and reduction of 
area in the three high-carbon bars, 


HARDENING EXPERIMENTS. 


reheated, while the latter was prepared from an ingot as! be much altered durin 


It is interesting to note that the elongation is consider- | curve, Fig. 7, 
i ars annealed at 
1100 deg. Cent. (2012 deg. Fahr.), while the reduction of | are quenched according to the broken hardening method 
In the higher | of Jarolimek, which consists in cooling the steel quickly 
»ars, however, the elastic limit and reduction of | to 400 deg. Cent. (752 deg. Fahr.), and then allowing it to 


‘ the quenching of the metal, 
or the hardening of the bar will not be uniform ; 


It is well known that by heating high-carbon steels to | therefore, in order to prevent a large rise of temperature 
1200 deg. Cent. (2192 deg. Fahr.) they become ‘‘ burnt,” | durin, 
when dark coloured crevices develop between the crystals, | siderable volume of liquid. At one time it was generally 
even although the steel has been allowed to cool slowly. | believed that it was merely necessary to heat steel con- 
Photomicrographs of a die steel containing 0.8 per cent. | taining, say, 0.8 per cent. carbon to its Ar, point, or 

then slowly | slightly above it, in order to obtain effective hardenin 
cooled, are shown in Figs. 159 and 160, at magnifications | in water ; but it has been proved by the author (Sir Ww. 
The dark crevices | Roberts-Austen), at the Royal Mint, that tools, such as 
or patches, above referred to, are clearly visible in both | steel dies, are not properly hardened in water at tem- 


the quenching, it is necessary to employ a con- 


peratures much below 850 deg. Cent. (1562 deg. Fahr.), 


In this series the maximum strength occurs in the} and care must be taken that the whole mass of steel is at 
0.722 per cent. carbon bar, and the minimum reduction | this temperature at the time of quenching. Steels con- 
i The elastic limit, | taining more or less carbon will, of 

red with the breaking stress, is particularly high | temperatures than those near the saturation point. The 


course, require higher 
theoretical points are indicated by lines in the equilibrium 


e140 ante. | 
Steels are either ‘‘quenched right out” in a liquid, orthey 


cool slowly. Such a quenching is generally done by dip- 





rties of the | ping the steel into fused lead or tin, the temperature of 
ahr.) are due ' which is below that point, 


Fig.22. 54, quenched from 720°C (1328°F) in’ Oil. 
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Carbon per cent {according to Chemical Analysis:/ 


For the purposes of this report, however, only the first 
method was employed, and the tempering effect of Jaro- 
limek’s method was obtained in the oil-quenched bars by 
subsequent annealing at definite temperatures. 

On account of the delicacy of the operation of quench- 
ing, it is necessary to use the utmost caution to insure the 
correct temperature of the steel at immersion, and also 
the instantaneous placing of the metal in the bath on 
removal from the furnace. It is of paramount import- 
ance that this latter operation be expeditiously carried 
out, as any delay may lead to quenching at too low a tem- 
perature, and the results thus obtained be rendered in- 
accurate. 

The liquids generally used in practice for quenching 
steels vary considerably. The most common hardening 
| liquid is water, although that cannot be considered 
| altogether satisfactory, as the steam developed on the 

surface of the metal prevents proper conduction, result- 
|ing in an imperfect quenching. The conductivity of 
| water is occasionally improved by the addition of a small 
| percentage of such substances as sulphuric acid, salt, 
| and sal ammoniac ; it may be diminished by the addition 
| of such substances as milk of lime, soap, or methylated 
| spirit. Mercury is sometimes employed, it having the 
| advantage of cooling the steels very quickly, and, if in 
| sufficient bulk, hardening uniformly, owing to the fact 
‘that it does not give off sufficient vapour to prevent 
| intimate contact. A good method of quenching small 
objects is to immerse them in a liquid, such as water, which 
is floating on a bath of mercury. Some very fine speci- 
mens of martensite have been obtained in the Research 
Laboratory at the Royal Mint by employing this method. 
Oils are used to a great extent for steel which is re- 
| quired to withstand rapid alternations of stress within its 





| elastic limits. For this purpose fish oils, on account of 
| their a are largely employed ; tallow and mix- 


tures of oil and tallow are also frequently used. Mer- 


Hardening Bars.—By heating steels to the hardenin cury, oil, and fats arein most cases cooled by water-tanks. 


temperatures some or all of the iron carbide is dissolv 


For the purposes of this research it was considered inex- 


in the iron, and the latter is restrained from reverting to | pedient to add either acids or salts to the water used for 


its soft condition by sudden cooling. Within certain 
limits, the more rapidly the heat is abstracted from the 


| 


quenching the steels, but in every case the bars were 
vigorously stirred in the water so as to insure good contact. 


bar the more effective willbe the hardening. The rate at | Several series of bars were quenched in water, and others 
which the heat is abstracted from the steel and the final | were quenched in oil; with one exception, however, all 


temperature of the quenching liquid greatly influence | the bars 


the hardness of the metal. It is upon this that the 
various properties of the numerous nostrums for harden- 
ing steel depend. The temperature of the bath must not 








quenched in oil were afterwards reheated to 
some definite temperature. 

It will be well to describe, at this point, the manner 
in which the operation of quenching was effected :—A 





ENGINEERING. 


[JAN. 29, 1904, 





a 74 





piece of wrought-iron tube was placed in a gas muffle, and 
the test-piece, with a thermocouple attached, was inserted. 
The gas was regulated until the required temperature was 
obtained, and the bar was kept at this temperature for 
five minutes. It was then suddenly removed from the 
tube, by means of the coup!e-wire, and instantly immersed 
in the bath, which was maintained at 20 deg. Cent. 
(68 deg. Fahr.). It remained there until it attained the 
same temperature as the liquid in the bath, during which 
time it was kept in a state of vigorous motion. 

The results obtained by ‘‘ water-quenching” at definite 
temperatures will now be considered. 

Quenching Bars at 720 deg. Cent. (1328 deg. Fuhr.) in 
Water.—By quenching bars at this temperature in water 
the whole of the original pearlite will be retained in the 
form of sorbite or martensite. The pearlite in steels 
below the saturation point will dissolve, but little ferrite 
and only a small amount of FesC will be taken up by 
those aon it. The results of the mechanical tests of 
this set of bars are shown in the following table, and are 
also plotted in Fig. 18, page 172 :— 

Taste XI.—Bars Quenched at 720 deg. Cent. (1328 deg. 
Fahr.) in Water at 20 deg. Cent. (68 deg. Fahr.). 


Reduction 
of Area at 
Fracture. 


Elongation 


Breaking 
on 2 In. 


Stress. 


Elastic 


Carbon. Limit 


per cent. tons per per cent. per cent. 
square inch 
36.18 No definite 22.00 60.20 
yield point 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 


0.130 


46.92 
45.96 
48.78 
32.92 
29.58 
24.78 
15.84 


14.00 
13.70 
21.00 
17.50 
15.80 
12.00 

8.80 


44.82 
43.20 
39.60 
51.00 
54.84 
56.04 
56.94 


0.180 
0.254 
0.468 
0.722 
0.871 
0.947 
1.306 


It will be seen that the mechanical properties of the 
bars after this treatment, when compared with those of 
the original bars, Table I., and Fig. 8, page 140 ante, 
nearly confirm the statements contained in the excellent 
paper of Brinell and Wahlberg,* to the effect that ‘‘the 
changes in the steel, in consequence of hardening at 
750 deg. Cent. (1620 deg. Fahr.) without subsequent an- 
nealing, might be compared with those effected by cold 
working ; the action of which treatment towards reducing 
the ductile properties is also more effective in softer 
materials than in harder ones.” Our results, as regards 
breaking stress and elongation, except in the case of the 
three low-carbon steels, are in accordance with the 
views expressed by Brinell and Wahlberg. It is evi- 
dent, however, that hardening at 720 deg. Cent. (1328 
deg. Fahr.) does not cause a notable increase in the 
breaking stresses of steels, as compared with those ‘‘as 
rolled,” except in the case of low-carbon bars, such as the 
first three of this series. Curiously enough, the reduc- 
tion of area of the quenched bars is very consider- 
ably in excess of that of the untreated bars. On com- 
paring the results in Table XI. with those of the 
**normalised” bars in Table II. (annealed at 620 deg. 
Cent.), it is evident that, as regards breaking stress, 
elongation, and reduction of area, the differences are 

ractically confined to the 0.180 and 0.254 percent. carbon 
gars. In this respect our results are also in agreement 
with those of Brinell and Wahlberg, Sections from these 
bars, when examined microscopically, show that the 
pearlite areas have been converted into martensite or 
sorbite by the quenching, the hardening being thus 
effected. The structures obtained by quenching a steel 
containing 0.47 per cent. of carbon at 720 deg. Cent. 
(1328 deg. Fahr.) are shown in Figs. 139 and 140, 
at magnifications of 140 and 850 diameters respectively. 
It will be seen that the steel is composed of ferrite and 
martensite or sorbite. 

Quenching Bars at 800 deg. Cent. (1472 deg. Fahr.) in 
Water.—The structural effect of quenching the bars at 
800 deg. Cent. (1472 deg. Fabr.) is the solution of more 
ferrite or cementite than in the case of the quenching at 
720 deg. Cent. (1328 deg. Fahr.), and consequently the 
spaces occupied by the martensite or sorbite are greater. 
The effect of this change of structure is to harden the 
bars and increase their tenacity. 

The results of the mechanical tests are plotted in 
Fig. 19, page 172, and are given in the following table :— 
Tas_k XII.—Bars Quenched at 800 deg. Cent. (1472 dey. 

Fahr.) in Water at 20 deg. Cent. (68 deg. Fuhr.). 
| 

Reduction 

of Area at 

Fracture. 


Elongation 
on 2 In, 


Elastic 
Limit. 


Breaking 


Yarl . 
Carbon. Stress. 


tons per 
square inch 





tons per 
square inch 
38.88 t 
49.12 t 
§2.:8 t 
61 26 t 


per cent. per cent. per cent. 
59.94 
51.60 
8.94 
6.00 


21.70 
14.50 
6.50 
1.60 


0.130 

0.180 

0.254 

6.468 

0.722 

0.871 * 

0.947 sg 

1.306 70.02 t 0.50 1.32 
* Broke in clips. t No detinite yield point. 
Unfortunately, as shown above, the 0.722, 0.871, and 

the 0.947 per cent. carbon bars broke in the clips; the 


others are, in their mechanical properties, allowing for | 


the difference of temperature, entirely in agreement with 
Brinell’s second series of quenchings at 850 deg. Cent. 
(1562 deg. Fahr.). On comparing the breaking stresses 
of this series with those of the rolled bars, it is evident 


* Tron and Steel Institute Jowrnal, 1901 (ii.), vol. 1x., 
page 247. 





that the quenching has very considerably increased the 
tenacity of the first four bars, and the strength of the 1.306 
per cent. carbon bar has also increased from 56.11 tons 
to 70.02 tons per square inch. As regards elongation and 
reduction of area, these properties, in the case of the 
first two bars, have actually been increased by quenching ; 
but in the 0.254 and the 0.468 per cent. carbon bars, an 
entire change occurs, the elongation falling from 12.70 
and 6.25 per cent. to 6.50 and 1.60 per cent. respectively, 
and the contraction of area from 25.31 and 18.76 per cent. 
to 8.94 and 6 percent. A still greater reduction occurs 
in the 1.306 bar. 

On comparing the results in this table with those of 
the ‘‘ normalised ” bars (602 deg. Cent. annealings), it will 
be found that the breaking stresses of the quenched bars 
are considerably increased, while as regards elongation 
and reduction of area there is a very marked diminution. 

Photomicrographs taken from this set of bars exhibit 
larger carbide areas than those of the quenchings at 
720 deg. Cent. (1328 deg. Fahr.); the bars containing 
less an 0.89 per cent. (the eutectoid) of carbon 
being made up of ferrite and martensite, and presenting 
structures, under a magnification of 1600 diameters, 
similar to those shown in Fig. 141. The bars containing 
more than the eutectoid are, of course, made up of 
martensite and cementite. 

Quenching Bars at 900 deg. Cent. (1652 deg. Fuhr.) in 
Water.—The effect of quenching at this temperature is to 
convert the structures of the bars from the 0.254 to the 
0.871 per cent. carbon steel, inclusive, entirely into 
martensite. The 0.130, 0.180, 0.947, and the 1.306 
per cent. carbon bars are, however, only partly con- 
verted into martensite, being mainly composed of 
cementite globules of various dimensions in a matrix of 
ferrite and martensite. 

A photomicrograph ot the 0.722 per cent. carbon bar 
is shown in Fig. 98. This is typical of the martensite 
produced by quenching at this temperature. Figs. 99 
and 100, represent respectively the 0.947 and the 1.306 
per cent. carbon bars, from which it will be seen that both 
steels are, as stated above, composed of cementite em- 
bedded in matrices of ferrite and martensite. 

The results of the mechanical tests are plotted in 
Fig. 20, page 173, and are given in Table XIII. 

There are, unfortunately, no results in Brinell’s paper 
for comparison with these quenchings, as Brinell did not 
treat any bars at this temperature. On comparing the 
mechanical properties of the bars dealt with in this table 
with those of the original bars, it will be found that there 
is a noticeable increase in the breaking strain, and a 
remarkable decrease in the elongation of the quenched 
bars containing from 0.180 to 0.722 per cent of carbon. 


TABLE XIII.—Bars Quenched at 900 deg. Cent. (1652 deg. 
Fahr.) in Water at 20 deg. Cent. (68 dey. Fuhr... 


Reduction of 
Area at 
Fracture. 


per cent. 


Elastic 
Limit. 


Elongation 
on 2 In. 


1 Breaking 
Carbon. hana 


per cent. 





tons per tons per 
square inch | square inch 
0.130 32.34 24.30 
0.180 49.92 

0.254 70.32 

0 168 55.44 

0.722 6L.98 

0.871 26.04 

0.947 21.60 

1.306* 


per cent. 


76.26 

35,28 

13 44 
2.64 
2.56 
216 
Nil 


28.20 
6.50 
3.80 
1.00 
1.00 
2.00 
Nil 


* Broke in clips. t No detinite yield point. 

The bars with 0.468, 0.722, 0.871, and 0.947 per cent. 
of carbon are all absolutely brittle, and in no case does 
the elongation or reduction of area exceed 2.64 per cent. 

When the mechanical properties of these bars are com- 
pared with those of the ‘‘ normalised ” ones (620 deg. Cent. 
annealings), a noteworthy point is the great increase in 
breaking stress in the bars containing up to 0.722 per 
cent. ofgarbon. It will, however, be seen that the satu- 
rated and super-saturated steels are remarkably weak. 

On examining these steels microscopically it is interest- 
ing to note that in all those in which the martensite is 
well defined the breaking stress is high, but in those in 
which the globular cementite appears —i.¢., in the 0.871, 
0.947, and the 1.306 per cent. carbon bars—the strength is 
very low. The former structure is well illustrated in 
Fig. 98, and the latter in Figs. 99 and 100. The more 
homogeneous structure of the lower carbon bars is also 
conducive to greater strength. 

Quenching Bars at 1200 deg. Cent. (2192 deg. Fahr.) in 
Water.—Thisseries is an interesting one, as the ductility 
has been entirely destroyed in the bars containing from 
0.468 to 1.306 per cent. of carbon inclusive, and almost 
entirely destroyed in the 0.180 and 0.254 bars. 

The mechanical properties of the bars are plotted in 
Fig. 21, page 173, and are also given in the following 
table :— 

TaBLE XIV.—Bars Quenchcd at 1200 deg. Cent. (2192 
deg. Fahr.) in Water at 20 deg. Cent. (68 dey. Fuhr.). 


| 
Elastic Elongation 
Limit. | on2In, | 


{Reduction of 
Area at 
Fracture. 


per cent. 


Breaking 
Stress, 





per cent. tons per 
square inch | square inch 
0 130 44.29 . 


0.180 
0.254 3 00 474 
0.468 Nil Nil 


| | 
; | 
— | 
0.722 ; : | 4 | 


tons per | 


per cent. 
39.12 
5.16 


9.00 
3.50 


0.871 
0.947 
1.306 


” ” 


” 


gm | ” 
3.52 | a 


” 


' 
* No definite yield point. 





It will be seen from this table that the breaking stresseg 
of the first three bars are considerably greater than those 
of the corresponding bars quenched at 900 deg. Cent 
(1652 deg. Fahr.), while the 0.468 and 0.722 per cent, 
carbon bars show a decrease of as much as 23.7 and 485 
tons per square inch respectively. The three high-carbon 
bars exhibit all the properties of badly ‘‘ burnt” stee] 
and have an average breaking strain of only about 4 tong 
per square inch. Beyond the 0.254 per cent. carbon bay 
none of the steels show the least elongation or contrac. 
tion of area. 

When examined under the microscope, the sections 
taken from this series presented some interesting struc. 
tures under magnifications of 140 and 1600 diameters, 
The 0.130 and 0.180 per cent. carbon bars consisted of 
mixture of well-defined martensite and ferrite, while the 
0.254 bar was composed of large martensite crystallites, 
but there was an absence in the structure of the dark 
joints which are generally associated with burnt steel, 
Although the strength of the 0.468 bar was considerably 
less than when quenched at 900 deg. Cent. (1652 deg, 
Fahr.), yet there were still no dark joints visible. This 
was not, however, the case with the steel containing 0.722 
per cent. carbon, the joints a faintly visible in this 
Instance. Photomicrographs of this steel are reproduced 
in Figs. 101 and 105, under a magnification of 140 
and 1600 diameters respectively, and the dark lines or 
joints, above referred to, can just be seen under the low 
magnification in Figs. 102. 103, and 104. In Fig. 105, 
under the high magnification, it is evident that the mass 
of the structure is composed of well-defined martensite, 

In the photomicrograph of low magnification of the 
0.871 per cent. carbon bar, Fig. 102, the dark spaces 
between the grains are shown more plainly than in the 
last instance. The high magnification, Fig. 106, shows a 
larger variety of martensite than in the 0.722 per cent. 
carbon bar. The low-power photomicrograph of 0.947 
per cent. carbon steel, Fig. 104, presents a case in which 
the dark lines are both wide and numerous. Under the 
high power, Fig. 107, the grains are seen to consist 
entirely of martensite, as in the last example. 

The dark lines are also present and well defined in the 
low-power photomicrograph of the 1.306 per cent. carbon 
bar, Fig. 104. The bil aaiier photomicrograph, Fig. 108, 
proves that the grains themselves are composed of mar- 
tensite, and shows the junction of three of the grains 
with the dark lines between them. 

On comparing the results of the mechanical tests with 
the photomicrographs, it is evident that the breaking 
stress decreases as the dark lines between the grains in- 
crease, and where these lines do not exist the steel is 
extremely strong; it therefore appears probable that 
these lines are the cause of the weakness in the last five 
bars of the series. 

These dark lines have been stated to be due to oxide of 
iron enveloping the grains ; but it is difficult to account for 
the presence of the oxide in the steel. It has already 
been pointed out in this report that cementite, when 
heated to about 1100 deg. Cent. (2012 deg. Fahr.), may 
be decomposed into iron and carbon, and, undoubtedly, 
in the high-carbon steels especially, the cementite around 
the original ferrite grains is actually partly decomposed 
before it is dissolved, thus depositing layers of carbon 
around the grains. When the mass is quenched at this 
high temperature, the grains expand about 2 per cent. of 
their volume, and a general loosening takes place between 
them, thus producing the joints which give rise to the 
characteristic crumbliness of a burnt steel. The lines 
between the grains are not entirely spaces, although 
occasionally they are partly so; but they either contain, 
or are coloured by, a dark substance, which is most pro- 
bably carbon. The fact that steel when burnt may have 
its physical properties restored by quenching three times 
at 900 deg. Cent. (1652 deg. Fahr,) in either boiling water, 
or in amixtureof colophony and boiled oil, should dispel any 
idea that the dark lines are due to iron oxide.* Forging at 
a low temperature for some time will also produce the same 
effect, the combined pressure and heat causing the carbon 
to re-form Fe;C. Further, if the dark lines were merely 
spaces between the crystals, this fact would be at once 
evident under the microscope, when using a vertical illu- 
mination. In Fig. 130 is shown a photomicrograph, at 
a magnification of 850 diameters, of a die steel contain- 
ing 0.8 per cent. carbon which has been ‘‘ burnt” and 
then quenched in water. Thedark lines are quite visible. 

The Oil- Hardening of Steel Bars.—When steel is 
quenched in oil at 80 deg. Cent. (176 deg. Fahr.), the 
effect is to increase the tensile strength, but to a some- 
what less extent than by quenching in water at. 20 deg. 
Cent. (68 deg. Fahr.); and also at the same time to 
increase the elastic limit and rather diminish the ductility. 
The result of oil-quenching at temperatures above 700 deg. 
Cent. (1292 deg. Fahr.) is the conversion, more or less 
completely, according to the temperature of quenching, 
of the original pearlite areas into sorbite or martensite. 
In low-carbon steels, however, the carbide areas increase 
in size, according to the temperature to which they are 
raised and the duration of the heating to which they are 
subjected before being plunged into the oil. On subse- 
quent reheating the sorbite or martensite is converted 
into either granular or lamellar pearlite, according to the 
temperature to which it is subjected. From the following 
experiments it will be observed that the most suitable 
temperature for quenching steel, in order to obtain the 
best combined results as regards breaking stress, elastic 
limit, and elongation, is about 900 deg. Cent. (1652 deg. 
Fahr.), and the most suitable temperature for reheating, 
when elongation, and consequently resistance to shock, 1s 


* Professor Stansfield has shown recently, in a paper 
to the Iron and Steel Institute (September, 1903), that 
oxidation takes place in the flaws in bad cases of ‘* burn- 
ing,” but he states that in such cases the metal can only be 
restored with great difficulty, if at all. 
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f mount importance, is about 350 deg, Cent. 

(662 See. Fahr.): If, however, the steel be required to 
withstand violent percussive action; as in a gun-tube, 
then reheating at a higher temperature, say, 600 deg. 
Cent. (1112 deg. Fahr.), will be found to be necessary, as 
such steel, when thermally treated in this way, although 
sessing a relatively high breaking stress and elastic 
Poait nevertheless has also a high percentage of elonga- 
tion. This is demonstrated in the following experiments. 

The bars now being dealt with were quenched in the 
manner already described under ‘‘ Water Quenching ; 
but in this case a larger volume of oil than of water was 
used. The average temperature of the oil bath during 
quenching was about 80 deg. Cent. (176 deg. Fahr.). The 
hars were kept in vigorous motion until they were of the 
same temperature as the bath. When all the bars of a 
series had been treated in this way, they were wired 
together and packed in the large iron tube, which has 
already been described. This was then placed in a muffle, 
as in the experiments on annealing, and two thermo- 
couples were inserted (in the manner previously men- 
tioned) to indicate the temperature of the reheating. 
In order to imitate the cooling conditions of large masses 
of metal, the bars, after reaching the required temperature, 
were allowed to cool in the closed muffle, and, when cold, 
were taken out, cleaned from lime, and mechanically tested. 
The bars quenched at 870 deg. Cent. (1598 deg. Fahr.) and 
reheated to 350 deg. Cent. (662 deg. Fahr.) yielding such 
excellent mechanical results, it was thought advisable to 
quench two other sets of bars at approximately the same 
temperature, and to reheat them to 600 deg. Cent. (1112 
deg. Fabr.) instead of to 350 deg. Cent. (662 deg. Fahr.). 
Two sets of bars were accordingly quenched at 800 deg. 
Cent. (1472 deg. Fahr.) and 900 deg. Cent. (1652 deg. 
Fahr.) respectively, and afterwards reheated to 600 deg. 
Cent. (1112 deg. Fahr.), to ascertain definitely to what 
extent the results obtained at these temperatures would 
be beneficial for practical purposes. ’ 

Oil-Quenching in Practice.—The usual practice adopted 
in the oil-quenching of guns, axles, and similar masses of 
steel, is to heat them to a temperature varying from 
800 deg. Cent. (1472 deg. Fahr.)—which is the most usual 
—to 850 deg. Cent. (1562 deg. Fahr.) ; then to quench in 
oil at about 80 deg. Cent. (176 deg. Fahr.); and after- 
wards to reheat from about 550 deg. Cent. (1022 deg. 
Fahr.) to 650 deg. Cent. (1202 deg. Fahr.). Some manu- 
facturers never heat above 350 deg. Cent. (662 deg. Fahr.), 
whilst others go as high as 650 deg. Cent. (1202 deg. 
Fabr.), but a very common temperature is 550 deg. Cent. 
(1022 deg. Fahr.). The oil-quenching is performed in a 
large tank or well, which is usually sunk in the ground, 
into which the steel is immediately lowered on its with- 
drawal from the furnace. The steel is allowed to remain 
in the oil until practically cold, and is then taken out and 
reheated. The oil tank is sometimes surrounded with a 
water-jacket for the purpose of cooling it as rapidly as 
possible. 

A number of photomicrographs are given in Figs. 127 
to 138 and Figs. 145 to 150, to illustrate the effects of 
oil-quenching, as produced in practice, in the manufac- 
ture of ordnance and large axles. 

Quenching Bars at 720 deg. Cent. (1328 deg. Fahr.) in 
Oil at 80 deg. Cent. (176 deg. Fuhr.).—This series of bars 
was quenched without subsequent annealing, in order to 
determine the actual difference of the properties of bars 
so quenched and those quenched at the same temperature 
and then annealed at 350 deg. Cent. (662 deg. Fahr.). 

The following table gives the results of the mechanical 
tests of this series of bars :— 


TABLE X V.— Bars Quenched at 720 deg. Cent. (1328 deg. 
Fahr.) in Oil at 80 deg. Cent. (176 dey. Fahr.). 














. da sate Reduction 

Carbon, | Pefra® — Fiane® | Pon'sne™ of aren at 

iis mice ra § ries Fracture. 

per cent. tons per tons per per cent. per cent. 

square inch square inch 
0.130 32.68 18 67 £6.00 59.62 
180 36.79 24.24 25 00 60. 24 
0,254 37.84 24.94 23.00 57.77 
0.468 39.75 29.14 24.50 48.82 
0.722 50.43 | 30.74 16.50 | 36.54 
0.871 76.79 60.24 13.00 | 36.34 
0.947 52.30 | 40.00 13.00 | 19 81 
1.306 53.82 87.75 | 7.00 | 867 
| 


, On comparing the above results (which are also plotted 
in Fig. 22, page 173) with those of the original bars it will 
be found that they do not entirely agree with those of 
Brinell. Brinell states that the ultimate stress is in- 
creased by oil-quenching at 750 deg. Cent. (1328 deg. 
Fahr.) in bars containing 0.09, 0.16, and 1.17 per cent. 
carbon; but is unchanged in bars with 0.25, 0.34, 0.44, 
0.65, 0.79, and 0.947 per cent. of carbon. On the other 
hand, the bars experimented upon in this report, with 
the exception of the 0.947 and the 1.306 per cent. carbon 
steel, are all stronger than the corresponding bars ‘‘as 
received ”—i.e, before treatment. The increase of 
strength and elastic limit is most marked in the 0.871 per 
cent. carbon bar, which is practically a saturated steel, 
the strength having increased from 58.52 to 76.79 tons per 
Square inch, and the elastic limit from 20 to 50.24 tons 
per square inch. This great increase of strength and 
elastic limit of the 0.871 bar is probably the most remark- 
able feature in this series, In elongation and reduction 
of area there is also a great increase, except in the 1.306 
per cent. carbon bar. 
, Un comparing the results for the breaking strain, elastic 
limit, elongation, and reduction of area with those of the 
normalised” bars (620 deg. Cent. annealings), it will be 
observed that, excepting "the saturated bar, these pro- 
perties are in close agreement. In every case, however, 
m the oil-quenched saturated bars these properties 





greet exceed those of the corresponding ‘* normalised ” 


Under the microscope the sections from this series ex- 
hibit either ferrite and sorbite or sorbite and cementite, 
according to the carbon content of the bars. It will be 
remembered that the bar containing 0.871 per cent. carbon 
was the strongest of the series under several forms of heat 
treatment, and, in all instances, this was due to its homo- 
geneous structure. In the present case the whole mass 
has been transformed from pearlite into a mass of sorbite, 
and to this change of structure its very great strength, as 
compared with the other bars of the set, is due. In steel 
containing less than 0.8 per cent. carbon the strength 
and elastic limit, as compared with those of the saturated 
steel, are lowered by the ferrite crystals interspersed 
throughout the metal. Similarly, in steel containing more 
than 0.9 per cent. carbon the interspersed cementite is 
the cause of the loss of strength. At a higher tempera- 
ture of quenching, when the cementite has had an oppor- 
tunity of passing into solution, it is probable that the 
higher carbon bars will be stronger than the saturated bar. 

Quenching Bars at 720 deg. Cent. (1328 deg. Fahr.) in 
Ot at 80 deg. Cent. (176 dey. Fuhr.) and Reheating to 
350 deg. Cent. (662 deg. ahr. ).—From Table XVI. 
(below), and from Fig. 23, page 173, it will be ob- 
served that a great change has been brought about in 
the mechanical properties of the bars by tempering at 
350 deg. Cent. (662 ine: Fahr.). 

Comparing the above results with those of Table XV. 
which gives the properties of the bars simply quenched 
at 720 deg. Cent. (1328 deg. Fahr.) in oil, it will be found 
that the following are the effects of the tempering :—The 
ultimate strengths of the bars have, on the whole, been 
diminished ; the elastic limits have not been lowered in 
nearly so great a proportion (except in the saturated 
steel); and the elongations have in most cases been 
increased. 


TaBLe X VI.—Bars Quenched at 720 deg. Cent. (1328 deg. 
Fahr.) in Oil at 80 deg. Cent. (176 deg. Fahr.) and 
subsequently Reheated to 350 deg. Cent. (662 deg. Fahr.). 


| { | 





. | wags | ‘ Reduction 
Breaking Elastic | Elongation 
Carbon. | Stress. Limit. on 2 In. — 
Se ood nn EE CREO 
percent. | tons per tons per per cent. per cent. 
| square inch square inch 
0.130 | 22.13 11.89 41.00 75.91 
0.180 | 31.10 16.83 29.00 59.88 
0.254 | 34.15 22.56 25.00 57.87 
0.468 | 41.83 25.43 20.00 50.12 
0.722 | 48.70 27.47 21.50 36.60 
0.871 | 53.94 27.38 13.50 27.63 
0.947 54.63 36.52 12.00 18.64 
1.306* | 57.75 40.13 6.50 


* Broke outside gauge points. 

Brinell found that bars hardened in oil at 750 deg. Cent. 
(1382 deg. Fahr.) and reheated to 350 deg. Cent. (662 deg. 
Fahr.) lose the increased ultimate stress produced by the 
hardening, and do not differ appreciably from the normal 
steel. It will be seen that the results of the present ex- 
periments fully confirm his views in a very remarkable 
way. Brinell’s conclusions, however, with reference to 
the elastic limits being sometimes raised by tempering at 
350 deg. Cent. (662 deg. Fahr.), are only borne out in one 
instance—viz., the 1.306 per cent. carbon bar. His views 
with regard to the increase in ductility by reheating are 
also practically confirmed. 

When examined microscopically under a high power 
this series of bars showed very different structures from 
those of the oil-quenching at 720 deg. Cent. (1328 deg. 
Fahr.) without yi see tempering. The whole of the 
carbide areas were found to consist of minute pearlite, 
similar to that shown in Fig. 138, instead of sorbite. 
It is therefore evident that the effect of the anneal- 
ing at 350 deg. Cent. (662 deg. Fahr.) was to break 
up the sorbite or martensite into very minute pearlite, 
and it is due to the presence of this pearlite that the low- 
carbon steels have an increased elongation and offer 
greater resistance to the effects of ‘‘ shock.” 

The spaces occupied by the carbide areas in this and 
the last series are, on account of the low temperature at 
which the quenching was performed, scarcely larger than 
in the original bars. 

Quenching Bars at 870 deg. Cent. (1598 deg. Fahr.) 
in Oil at 80 deg. Cent. (176 dey. Fuhr.) and Reheating 
to 350 deg. Cent. (662 deg. Fahr.).—This quenching tem- 
perature of 870 deg. Cent. (1598 deg. Fahr.) was chosen in 
preference to 900 deg. Cent. (1652 deg. Fahr.) as it is a 
favourite temperature for the quenching of ingots de- 
stined for the manufacture of ordnance and axles, while 
the subsequent annealing to 350' deg. Cent. (662 deg. 
Fahr.) is adopted by many manufacturers. 

The following table gives the mechanical results ob- 
tained from this set of bars. 

TaBLE X VII.—Bars Quenched at 870 deg. Cent. (1598 deg. 

Fahr.) in Oil at 80 deg. Cent. (176 deg. Fahr.), and Sub- 

sequently Reheated to 350 deg. Cent. (662 deg. Fahr.). 





| . act? , . Reduction of 
| Breaking | Elastic Elongation ; 
Carbon. Stress, | Limit. on 2 In. see 
per cent. tons per | tonsper percent. per cent. 
square inch | square inch 
0.180 | 24.50 | 15.69 39.50 76.44 
0.180 | 3632 | 281 | 23.50 65.38 
0.264 | 41.18 | 28.81 24.50 62.14 
0.468 54.65 | 42.52 25.00 47.17 
0.722 | 78.59 | 36.54 23.50 | 38.08 
0.871 | 90.68 | 67.55 10.50 31.82 
0947 | 10252 | 66.73 7.00 16.99 
1.306 


90.57 56.29 6.50 | 10.57 





The above results are also plotted in Fig. 24, page 176, 

and an examination of the curves will show that the 
mechanical properties obtained are probably the most 
remarkable in the whole series of experiments. 

On comparing the above breaking stresses with those of 
the last series of bars, it will be found that they are 
considerably higher in the present case, the maximum 
strength occurring in the 0.947 bar, which has a breakin 
stress of no less than 48 tons greater than the bar quenchec 
at 720 deg. Cent. (1328 deg. Fahr.) and reheated to 350 
deg. Cent. (662 deg. Fahr.). It will also be noted that the 
maximum breaking stress, in this instance, does not occur 
in the 0.871 per cent. carbon bar, but in the 0.947 per cent. 
carbon bar just mentioned. The high ultimate strength 
of this bar is doubtless due to the complete solid solution 
of the cementite in the mass, and by the subsequent cool- 
ing in oil the entire structure is converted into sorbite, 
which is considerably more elastic and, at the same time, 
less brittle than martensite. It is ible that the low 
breaking stresses sometimes obtained by quenching high- 
carbon steel bars at about 900 deg. Cent. (1652 deg. Fahr.) 
in water are due to cracks produced in the metal by the 
sudden abstraction of heat. In the case of the oil 
quenchings, however, the oil being a poor conductor of 
heat, the cooling is less rapid, and a more elastic mass 
(sorbite), with less tendency tu brittleness, is the result. 
Under these circumstances no fissures are developed, and 
a greatly increased strength is obtained. 

‘urther, the tendency of sorbite to crack from internal 
strains is also less than that of martensite, the latter being 
considerably less dense than the former; consequently, 
the variations in density of different parts of the sorbite 
mass will be less than those of the martensite, and the 
probability of cracking in the latter will be greater. 

It will be further observed that the elastic limit is, in 
every case, considerably higher in the bars quenched at 
900 deg. Cent. (1652 deg. Fahr. ); but, unlike the breaking 
stress, it reaches its maximum in the 0.871, and not in the 
0.947 per cent. carbon bar. 

In elongation and reduction of area the differences 
between the two series of bars are not great. The bars 
quenched at 870 deg. Cent. (1598 deg. Fahr.) and reheated 
to 350 deg. Cent. (662 Fahr.) give rather lower results in 
elongation in the 0,13, 0.18, 0.254, 0.871, 0.947, and the 
1.306 bars than do those treated at the lower temperature ; 
while in the 0.468 and the 0.722 bars the results are 
slightly higher. As regards the reductions of area, the 
differences are not sufficiently great to require special 
comment. 

Photomicrographs obtained from this series of bars are 
represented in Figs. 109 to 116. From these it will be 
seen that, in the steels containing more than 0.18 per cent. 
of carbon, the greater portion of the ground mass is 
taken up by carbide areas, These carbide areas are 
made up of a minute form of granular pearlite, which 
is particularly well shown in the cases of the 0.722 and 
the 0.871 per cent. carbon bars (Figs. 113 and 114). The 
increased strength and elastic limit of these bars are un- 
doubtedly due, in the bars containing low carbon, to the 
greater size of the carbide areas, and also to the partial 
separation of the pearlite from the solid solution. 

- Figs. 133 to 138 and Figs. 145 to 150 several photo- 
micrographs are shown of steels which have been treated 
at these temperatures during the actual manufacture of 
guns and axles. On comparing those having a magnifi- 
cation of 1600 diameters with the photomicrographs in 
Figs. 109 to 116, it will be observed that the structures 
are, for all practical purposes, the same. 

Quenching Bars at 1000 deg. Cent. (1832 deg. Fahr.) in 
Oil at 80 deg. Cent. (176 deg. Fahr.) and Reheatiny to 
350 dey. Cent. (662 dey. Fahr.)—This series of bars is 
particularly interesting, as it shows that, for most pur- 
poses, the greatest combined elastic limit, tensile strength, 
and elongation is probably obtained when steel bars are 
quenched below. this point, as, for examnle, at about 
870 deg. Cent. (1598 deg. Fahr.), and subsequently re- 
heated to some temperature below Ar). 

The mechanical results obtained from this set of bars 
are plotted in Figs. 25, and are also given in Table 
XVIII., below). 

On comparing the mechanical properties of these bars 
with those of the last, it will be observed that, with the 
exception of the 0.130 per cent. carbon bar, the breaking 
stresses are less, the difference being most marked in 
the 0.871 and the 0.947 carbon steel. 

The elastic limits are somewhat variable, being greater 
in the 0.130, 0.722, 0.947, and 1.306 bars, and lessin the 
0.180, 0.254, 0.468, and 0.871 bars. 


Taste XVIII. — Bars Quenched at 1000 deg. Cent. 
(1832 deg. Fuhr.) in Ou at 80 deg. Cent. (176 deg. 
Fahr.) and subsequently Reheated to 350 dey. Cent. 
(662 deg. Fahr.). 








: oct} 7» : Reduction 
. Breaking | Elastic Elongation rs 
Carbon. Stress. Limit. on 2 In. — 
per cent. tons per tons per per cent. per cent. 
square inch square inch 
0.130 25.91 19.62 32.50 67.48 
0.180 35.96 23.42 26.50 63.04 
0.254 40.32 25.29 19.00 60.51 
0.463 54.10 37.24 14.00 63.59 
0.722 76.41 50.96 14,00 32.69 
0.871 83.84 58.30 9.50 24,15 
0.947 94.19 6813 | 5.50 14.34 
1.306 90.00 59.81 5.00 7.09 





| 

| The elongations, with the exception of the 0.18 per 

| cent. carbon bar, are, in most cases, much lower in the 

| set of bars now being dealt with. 

| The reductions of area are, however, more varied: in 
the 0.130, 0.180, 0.254, 0.722, and the 0.871 per cent. 

, carbon bars in the present series they are lower, and in 
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the remaining bars higher, but the differences are not, 
in any case, very great. 

From this experiment it is evident that a temperature 
of 1000 deg. Cent. (1832 deg. Fahr.) is too high for 
quenching steel bars in oil, if it be desired to obtain the 
highest combined breaking stress, elastic limit, and elon- 
gation. The difficulties of judging, 
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by the eye, tem- | i 
peratures within 100 deg. Cent. (212 deg. Fahr.) of above | at the higher reheating temperature. 


od: and Reheated to 350° C. (662° F) 
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Carbon per cent (according to Chemical Analysis.) 


| is therefore strong, having a breaking stress of 102.5 tons 
| per square inch. If, however, this bar had been reheated 
| to about 600 deg. Cent. (1112 deg. Fahr.), as the corre- 
| sponding bar was in the present experiment, its breaking 
stress would have been considerably less. 


therefore, that this approximate uniformity has been 
brought about by thedevelopment of this —— of pearlite 
| Further, as the 


900 deg. Cent, (1652 deg. Fahr.) are well known to steel. | strength of a steel is always dependent on its weakest 


workers, but the foregoing results plainly show the im- 

portance of quenching a steel within a narrow range of 

definite temperatures, although it may be necessary to 

——. some rough form of pyrometer for this purpose. 
In thi 


constituent, and, as in thecase of the four high-carbon 
steels enumerated above, the masses of the metal are mainl 

|composed of an exactly similar minute pearlite which 
| forms the weakest constituent, it is not surprising to find 





s set, like as in the preceding one, the maximum | that the strengths and ‘elastic limits are in close agree- 


breaking stress occurs in the case of the 0.947 bar, and is | ment with one another. 


evidently due to the same cause. 

Quenching Bars at 800 deg. Cent. (1472 deg. Fahr.) in 
Oil at 80 deg. Cent. (176 deg. Fahr.) and Reheating to 
600 deg. Cent. (1112 deg. Fahr.).—The mechanical pro- 
perties of the bars which have received the above treat- 
ment are given below, and are also plotted in Fig. 26, 
above. 


Taste XIX. — Bars Quenched at 800 deg. Cent. 
(1472 deg. Fahr.) in Oil at 80 deg. Cent. (176 deg. 
‘ahr.) and subsequently Reheated to 600 deg. Cent. 
(1112 dey. Fahr.). 





: Moat; . . Reduction 
‘ Breaking Elastic Elongation 
Carbon. , ead q of Area at 
Stress. Limit. on 2 In. Rracture. 
per cent. tons per tons per per cent. per cent. 
square inch square inch 
0.130 21.42 9.7 70.60 38.00 
0.180 36.16 29.82 57.00 26.00 
0.254 
0.468 41.06 31.92 52.30 17.00 
0.722 58.47 49.90 38.90 17.50 
0.871 53.11 46.86 32.60 15.00 
0.947 45.97 35.70 12.90 12.00 
1.306 46.86 42.50 22.00 7.50 


By comparing the results given in this table with those 


obtained after quenching the bars at 870 deg. Cent. | 
(1598 deg. Fahr.) and reheating to 350 deg. Cent. (662 deg. 


Fahr.), it will be observed that the breaking stresses, 
although practically the same in both cases in the 0.130 
and 0.180 per cent. carbon bars, are, nevertheless, very 
much lower in the steels of this series, which contain 
higher percentages of carbon. It will also be noted that 
the strengths of the 0,722, 0.871, 0.947, and the 1.306 bars 
do not widely differ from one another, as do those in the 
latter series. Although the breaking stresses are con- 
siderably lower in the bars of this experiment, yet the 
elastic limits, as compared with the breaking stresses, are 
relatively higher than in the preceding series. In the 
elastic limits, as in the breaking stresses, the 0.772, 0.871, 
0.947, and the 1.306 bars are in tolerably close agreement. 
This rough uniformity of elastic limit and tensile strength 
is doubtless owing to the formation of that minute 
variety of pearlite which is shown in Fig. 136. In the 
0.947 bar, which has been trea’ at 870 deg. Cent. 
(1598 deg. Fahr.), for example, the original martensite 
and sorbite have only been slightly changed by the re- 
heating to 350 deg. Cent. (662 deg. Fahr.), and the bar 








| 
j 
| 


| 


| The elongation and reduction of area in this series of 
| bars is hardly so great as would be expected from the re- 
| sults of the three previous quenchings in oil. Neverthe- 
| less, the microstructures of the steels quenched at 800 deg. 
| Cent. (1472 deg. Fahr.) in oil and reheated to 600 deg. 


Cent. (1112 deg. Fahr.) indicate greater power of resist- | 


| ance to shock or percussive action than those tempered at 
| 350 deg. Cent. (662 deg. Fahr.) only, and it is therefore 
| safe to conclude that the present series would, in this re- 
spect, be superior to those treated at 870 deg. Cent. (1598 
deg. Fahr.) and subsequently tempered at 350 deg. Cent. 
(662 deg. Fahr.). It will be observed that the maximum 
both of elastic limit and tensile strength occurs in the 
| 0.725 per cent. carbon bar. 

Quenching Bars at 900. deg. Cent. (1652 deg. Fahr.) in 
Oil at 80 deg. Cent. (176 deg. Fahr.) and Reheating to 600 
deg. Cent. (1112 deg. Fahr.).—The mechanical properties 
of the bars after treatment are as follow :— 


TABLE XX.—Bars Quenched at 900 deg. Cent. (1652 deg. 
Fahr.) in Oil at 80 deg. Cent. (176 deg. Fahr.) and 














subsequently Reheated to 600 deg. Cent. (1112 deg. 
Fahr.). 
3 . : : Reduction 
Carbon. ees | pera —— of Area at 
. Saale: hpi ‘ weenie Fracture. 
} 
per cent. tons per tons per _ per cent. per cent. 
square inch | square inch | 
0.130 24.55 | 5.62 | 72.0 40.70 
0.180 30.13 24.55 | 58.5 30.00 
0.254 31.24 25.89 | 58.4 26.20 
0.468 a oe ee) 27.20 
0.722 50.44 44.63 | 33.3 17.50 
0 871 52.68 4685 | 30.0 15.50 
0.947 49.10 40.18 | 28.0 17.00 
1.306 51.32 | 42.40 | 21.0 13.00 


These results are also plotted in Fig. 27. 

On comparison with those of the last series of bars it 
will be found that the results do not differ greatly. The 
increased hardening effect, which one would expect to be 
produced by quenching at a higher temperature, is not 
apparent. The limits of elasticity are, in fact, actually 
lower, on the whole, in the bars quenched at 900 deg. 
Cent. (1652 deg. Fahr.). The elongations and the reduc- 
tions of area, on the other hand, are greater. It appears, 
therefore, that by quenching steel bars at 900 deg. Cent. 
(1652 deg. Fahr.) in oil and re-heating to 600 deg. Cent. 


It is evident, | 


ad 





STEEL. 


Fig. 26, Stools quinched fom 800° C. (1,472° F) in ou, 
and Reheated to 600°C. (1,112° F) 





Fig. 27, Steele quenched from 900° C. (1,652° F) in ou2, 
and Reheated to 600° C. (1,112° F) 
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® i) 
Chemical Analysis.) 


2 3 a 5 6 7 6 
Carbon per cent (according to 
quenching at 800 deg. Cent. (1472 deg. Fahr.) under the 
same conditions. 
The maximum elastic limit and tensile strength occurs 
in the 0.871 per cent. carbon bar. 


(To be continued.) 








WILLING’s Press GuipE.—Compactness is the impor 
tant merit of this guide, issued, for the thirty-first year, 
by Messrs. James Willing, Jun., Limited, 125, Strand, 
London, W.C., at 1s. It gives, firstly, an alphabetical 
list of all British periodical publications, and it is remark- 
able to find eight under Z, although X is absent; secondly, 
a list with papers arranged under the professions catered 

|for ; thirdly, a list of counties and towns, with popula- 
| tions, market days, industries, and the papers issued in 
| the district ; fourthly, a record of titular changes and 
| amalgamations; and, fifthly, lists of principal Colonial, 
| American, and European papers. 


THe ITautan Navy.—The Jtalia Militare ¢ Marina 
states that the Italian Navy Budget for the year July 1, 
1904, to June 30, 1905, has been presented to the Chamber 
of Deputies. The total amount of the Budget is 5,087, 645/., 
being about 400/. more than that for the current year. 
The ordinary expenses are fixed at 4,745,500/., or 16,275/. 
more than those of the current year, while the extra- 
| ordinary expenses are fixed at 342,145/., or 15,875J. less 
| than those of the current year. The distinction between 
ordinary and extraordinary expenses is an arbitrary one, 
jas, although the latter amount to only 342,145/., the 
|amount for shipbuilding is fixed at 848,000/., and is 
|devoted to the following objects:—Fitting the cruiser 
| Francesco Ferruccio, at Venice ; constructing and fitting 
| the battleships Vittorio Emanuele, at Castellamare and 
Naples; the Regina Elena, at Spezia; the Roma, at 
|Spezia ; and the Napoli, at Castellamare and Naples; 
|the beginning of a new battleship, of the Vittorio 
Emanuele class, at Castellamare; the construction and 
fitting of the submarine Giauco, at Venice; the con- 
| struction and fitting of four other submarines, A, B, C, 

and D (two already commenced) ; the fitting of the two 
| torpedo-boat destroyers Zeffiro and Espero, at Pattison’s 
and in the arsenal at Naples; construction and fitting of 
fourteen first-class torpedo-boats, a to n (eight already 
| commenced), two lake gunboats, and various auxiliary 
| vessels. Ze Yacht states that the Roma and Napoli, 
mentioned above, were laid down last year. Their 
displacement will be 12,600 tons ; engines, 19,000 horse- 
power ; and speed, 22 knots. The two submarines begun 
last year are to have a speed of 14 knots on the surface, 
and a radius of action of 2000 miles. The Zeffiro and 
Espero are each of 330 tons, with engines of 6000 horse- 
power, the s being 30 knots. The Vittorio Emanuele 
and Regina Elena were launched last year. The Francesco 
Ferruccio had already begun her trials. It is evident, 
therefore, that the only new vessels to be laid down 
during the year 1904-5 are one battleship, of the Vittorio 
Emanuele class (12,625 tons, 19,000 horse-power, and 20 
knots), two submarines, and six torpedo-boats. Le Yacht 
mentions designs of a new battleship of 17,000 tons, and 
of the laying down in 1903 of a cruiser of the Puglia 
class (3500 tons, 9000 horse-power, and 20 knots), but 
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(1112 deg. Fahr.) a more ductile metal is obtained than by 


there is no trace of either of these in the 1904-5 budget. 

















i. 
2 


ed 


P14 4. 1 eS 
es 6s s 


rat 
 - 





curs 


and 
ial, 














JAN. 29, 1904, | 


ENGINEERING. 





177 








‘‘ ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


Comuritep By W. LLOYD WISE. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 

umber of views given in the Specification Drawings is stated 
gene ne ohare none are mentioned, the Specification is not 


Where inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Mr Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 
The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the t of a Complet ification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





AGRICULTURAL APPLIANCES. 


2303. R.H. Fowler, T. Benstead, and A. Pepper, 
Leeds. Ploughs. [6 Figs.) January 30, 1903.—This inven- 
tion relates to the attachment and adjustment of skifes used on 
mechanically-worked ploughs. To obtain the strength and rigidity 
necessary for the body @ that connects the skife with the plough 
frame ¢, this body may be corrugated or flanged, or both, except 
at its lower part, where a flat face is requisite for attachment of 
the skife b, which has a corresponding flat face at its upper part. 
The skife is pivoted to the body at e, and is further connected 
therewith by pins or bolts f working in segmental slots f!. A 
convenient device for effecting the adjustment is a screw-bolt g 
pivoted to the body and passing through an eye g? on the skife, 
where it is fastened by nuts g*, Any other suitable adjusting and 
locking device may, however, be used, The pivot of the screw- 
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bolt g may work in a segmental slot_/ (Fig. 2). In the well-known 
cast-iron or cast-steel skifes there is, by this invention, substi- 
tuted for the adjusting set-screw commonly used, a pair of metal 


stepped washers i, il, engaging together like a stepped clutch. | shifting the opposite magnets relatively to each other in the direc- 


The preferable arrangement of these washers is that in which the 
one lies on the top side of the frame c, while the other engages 
under the head of the skife; by rotating the one washer on the 
other, the different steps are brought successively into contact, so 
that the depth of the combination is varied. The washers are 


pivoted on an axial bolt k. As in former constructions, the skife is | Minster. | a — Reis 
attached to the frame by a bolt f passing through a slot in the | 1903.—This invention relates to ammunition limbers for field-gun 


skife, but in addition there is a bolt passing through the head of 
the skife and havinga head f3 which hooks under the frame c. 
(Accepted December 16, 1903.) 


ELECTRICAL APPARATUS. 


23,057. B. G. Lamme, Pittsburgh, Pa., U.S.A. Alter- 
nating-Current Motors. [2 /igs.| October 24, 1903.— 
This invention relates to alternating-current motors in which the 
field magnet and armature coils are connected in series relation 
by means of commutators, and which are operated by single- 
phase currents, the armature windivg being of the closed coil 
parallel circuit type and closed upon itself. Dy reason of the 
character of the armature winding, certain of its coils are short- 
circuited through the brushes when the adjacent commutator 
bars, to which the ends of the coils are connected, are bridged 
thereby, and when the brushes are without lead, the short- 
circuited turns surround the paths of the magnetic flux, and 
relatively large secondary currents are induced therein. This is 
the principal cause of excessive sparking in series motors of ordi- 
nary construction, when it is attempted to operate them upon 
én alternating-current circuit. To avoid destructive qparking 
the current is limited in the short-circuited turns of the armature 
coils to an amount that is materially less than what would 
normally flow by inserting a definite amount of resistance in 
each of the leads between the closed circuit winding and the 
commutator bars. 8 are the closed circuit coils. Each coil is 
connected at the end remote from the commutator 4 to a high 
resisiance conductor 12, located at the bottom of the armature 
slot 7, and connected to its appropriate commutator bar by a 


connector 13. The working currents in the armature windings | carriages, and has for object to provide means whereby the ammu- 
will not pass through these resistances except at the bars in | nition can be effectually retained in place within the horizontally- 


due to the introduction of the resistance may be relatively small 
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ances, the.average loss per resistance lead becomes very small. 
(Ageepted December 16, 1903.) 

21,404. Siemens Brothers and Co., Limited, West- 
minster. (Siemens and Halske Actien-Gesellschaft, Berlin, 
Germany.) Alternating-Current Meter. [3 Figs.] Octo- 
ber 5, 1903.—This invention relates to electricity meters of the 
kind in which the magnetic fields produced by alternating cur- 
rents of different phase have been so connected by a suitable 
arrangement of the magnet poles as to produce a turning moment 
in a suitably-formed metallic body passing through the lines of 
force. According to this invention the rotary field effecting the 
turning moment is produced by the symmetrical co-operation of 
two magnets, each excited by one of the two currents of different 
phase, the said magnets being so formed, and oppositely placed, 











(2/404) 






that the magnetic closure for the circuit of the lines of force pro- 
duced in each of the two magnets is effected partly through only one 
and partly through both the poles of the other magnet. The magnets 
m,n are arranged above and below the eddy-current discs rotat- 
able on axis a. The magnet m carriesthe current winding v, and 
the magnet n the pressure winding w. The operative polar faces 
are of unequal width, in order that the circuit of the lines of force 
of each magnet can be closed through both poles of the other 
magnet, as also through only one pole thereof. In order to com- 
pensate for the friction in meters constructed according to this 
invention an additional turning moment is produced by slightly 


tion of their polar faces. (Accepted December 16, 1903.) 


GUNS AND EXPLOSIVES. 


Dawson and G. T. Buckham, West- 


A. T. 
Ammunition Limbers. [6 Figs.) February 9, 








e duction D all, | the invention relates are provided, without liability of being unduly 
and as this loss is distributed successively through all the resist- | moved or displaced during the travelling of the limber, or of falling 


' out. when the doors of the boxes in which the tubes or cases are 
arranged are opened. A readily-detachable contrivance is pro- 
vided and so constructed that it can be Sere to the base of a 
cartridge-case in such a manner as to enable the cartridge-case to 
be locked in the tube or case until required. A are the tubes or 
cases for the cartridges. The detachable contrivance comprises a 
frame having arms d radiating from a central portion d! adapted to 
receive a wad for the protection of the cap or detonator. The 
ends of the arms d clip over the rim of the cartridge-case. One 
of the arms is furnished with a sliding-piece d? having a slot a3 
with which engages a pin d4ona lever d5. The sliding-piece is 
moved inward or outward on its arm d by movement of lever d5, 
so as to enable the contrivance to be placed on or removed from 
the cartridge-case. The sliding-piece d? also has a stop d%, 
which is adapted to pass in and out of the circular flange a! on 
the end of the tube or case A, when it pies a positi pposit 
the gap a2. When the cartridge case is inserted into the tube or 
case, it is turned slightly on its axis so ag to bring the stop d@ in 
front of the circular flange a!, and thus lock the cartridge-case in 
position. (Accepted December 16, 1903.) 





MINING, METALLURGY AND METAL- 
WORKING. 


2515. J. Shanks, Barrhead, Renfrew. Furnaces. 
(2 Figs.| February 3, 1903.—This invention relates to an im- 
proved construction and combination of crucible and muffle 
furnace, so that oil or gas may be used as fuel. Gas fuel may be 
burned in a usual manner in a combustion space A} beneath the 
firebrick grate B! of the crucible furnace A; but in the present 
instance oil fuel is preferab'y employed, the oil being Ted to an 
o'l-pan H set in the bottom cf the combustion chamber or furnace ; 
or the oil may be led to a spraying nozzle or other oil-distributing 
or spraying burner. The ignited fuel, then acting on and passing 
through the spaces B? in the arched firegrate B!, causes this: grate 
to become highly incandescent, which thereby brings about per- 
fect combustion of the fuel, and thus enables it to act ina most 
etlicient manner on the crucible. The products of combustion 








| 





pass from the crucible furnace A, through the ports A? at its top, 
into the flue and furnace spaces C!, O? surrounding the furnace, so 
that the heat still remaining in such products will heat not only the 
wall Al of the furnace, but also the muffle D, thereby imparting a 
preliminary heat to any pot which may be placed in the muffle, 
so that less heat will be afterwards required to thoroughly melt 
the metal when the pot is transferred to the crucible furnace. The 
outer surrounding flue spaces C1, C? are blocked at D!, at one 
side of the muffle furnace D, and some of the products of com- 
bustion are compelled to pass under the muffle by way of the 
e C? to get to the outlet E, thus increasing the efficiency of 
the action of the gases on the muffle. The hot gases issuing from 
the outlet E then pass into the furnace chamber G, where they 
act on a lead-melting pot G!, after which they pass out through 
the exit passage tothechimney. (Accepted December 16, 1903.) 


MOTOR ROAD VEHICLES. 


2878. W. M. Fawcett, Cambridge, Wind-Screens. 
(2 Figs.) February 6, 1903.—This invention has for object to 
construct a wind, dust, or like screen which shall effectually pro- 
tect the occupants of the vehicle while not obstructing their 
view. According thereto the vehicle is provided with a screen 
disposed on the front of the vehicle and so arranged that whilst 
the upper edge of the screen is below the level of the eyes of the 
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occupants, the wind striking the screen is deflected upwardly and 
passes over the heads of the occupants, and the dust carried by 
this wind is prevented from settling on them. The wind screen 
shown in the drawing comprises a plate A of metal secured at A! 
to the dashboard of the vehicle just above the footboard, and 
further held in place by ties A%. Thescreen is immediately in 














contact with the brushes. Consequently, the loss in the winding ! arranged tubes or cases, with which limbers of the kind to which ' 








front of the driver and is curved outwardly towards the forward 
end of the vehicle, as shown. The upper part of the screen is 
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preferably wider than its base, so that, as seen in end view, the 
upper part extends beyond the sides of the car. (Accepted De- 
cember 16, 1903.) 


PRINTING AND ALLIED MACHINERY. 


2170. W.H. Lock, London. (National Typographic Com- 
pany, New York, U.S.A.) Linotype Machines, [3 Figs.) 
January 29, 1903.—The matrices of linotype machines are moved 
along the distributor-bar by means of endless traversing screws. 
Three screws are employed, and experience has shown that when 
the distributor is driven at a high speed, the dropping matrices 
sometimes catch against the third screw, and are prevented from 
reaching their magazine quickly and properly. The present inven- 
tion has for object to prevent this interference of the third screw, 
and to this end it consists essentially in the combination with 
such screw of a stationary longitudinal guard or fender behind it, 
which acts to keep each dropping matrix out of contact with the 
screw. A is the distributor-bar, along which the matrices B are fed 


by means of two horizontal feed-screws C, C!, which engage the 
upper ears of the matrices, and C2 is the third feed-screw located 
in a position to engage the forward ears at the lower ends of the 
matrices. As each matrix arrives over its appropriate channel in 
the magazine, it is released from the distributor-bar, and falls past 
the feed-screws. But it sometimes occurs that the upper ear of 
the matrix in falling re-engages with the lower screw C2? and 
causes trouble. E is the guard or fender that is provided to 
prevent this action. The guard or fender is located in such a 
position that it tends to throw or hold the descending matrix back 
edgewise away from the screw C2. In the form shown, the guard 
E consists of a single plate of sheet metal having its upper edge 
curled or bent upward and forward, so as to be close to the for- 
ward underside of the screw. (Accepted December 16, 1903.) 


RAILWAYS AND TRAMWAYS. 


19,446. G. H. Sheffield and J. D. Twinberrow, New- 
castle-on- e. Hopper Wagons. [19 Figs.) Septem- 
ber 4, 1902.—This invention relates to improvements in connec- 
tion with the method of operating, and the apparatus employed 
upon, doors, for use upon hopper wagons ; the object being to 
provide an arrangement of gearing whereby the hopper doors can 
be worked independently of each other when so desired, and 
whereby the mechanism for moving such doors can be made more 
suitable for the purpose and of such form as to be readily con- 
trolled and manipulated from either side of the vehicle. In carry- 
ing out the invention according to one arrangement, the hoppers, 
of which only one—b—is shown, are fitted with doors d adapted 
to slide longitudinally towards or away from the centre of the 
wagon. The doors are fitted with rollers ¢ resting on guide-rails /. 
The doors are operated by pairs of wire ropes h, i, there being 

ne pair of ropes to each door, The ropes are attached to the 


a? 


3 





doors by brackets k. The ropes /, i are led around fixed, but 
adjustable, guide-pulleys p, and on to winding-drums 7, s mounted 
on shafts 2. The drums are rotated, to open or close the doors, 
by means of a hand-wheel 12 on a driving-shaft 13, a pinion 14 on 
Which years into a wheel 15 on a central shaft 16, a second pinion 
17 on which gears into a wheel 18 on the shaft 2 of drum s. A 
pinion, similar to pinion 17, is provided on the opposite end of 
the central shaft 16 to drive a wheel, similar to the wheel 18, on 
the shaft 2 of drum ry. The pinions 17 are adapted to be secured 
to the shaft 16 by clutches 19 independently actuated by levers 
20, 21, one at each side of the vehicle. The doors can thus be 
independently opened or shut in any desired manner, or both 
may be opened or shut simultaneously, their operation being 
effected from either side of the wagon by a simple hand-wheel or 
lever. Several other constructions of either side door operating 
gear are described. (Accepted December 16, 1903.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


Cook’s Air - Compressors and Pumps, 

, and R. Rich son, Glasgow. Rotary 
Engines. (2 Figs.) February 26, 1903.—This invention relates 
to rotary engines, pumps, and compressors generally, of the cres- 
cent-chamber type, in which an inner and outer drum on eccentric 
axes rotate together, and are provided with radial reciprocating 
vanes adapted to divide the chamber into compartments, and the 
present invention has for its object to provide simple means 
whereby a fluid-tight joint is formed as between the vanes and the 
internal surface of the outer drum, and whereby friction and wear 
are lessened. The vanes A, instead of bearing at their outer edges 
on the inner surface of the outer drum B, are fitted in grooves 





formed in cylindrical plugs C, which are fitted in longitudinal 
cylindrical pockets D in the shell of the outer drum B, so that the 
vanes A are free to oscillate within limits in these pockets D, with 
the plugs as pivots, The inner ends of the vanes A extend into 
corresponding pockets E in the inner drum F, and are engaged in 
grooves in or between the halves of divided cylindrical plugs G 
fitted in these pockets, the said plugs being free to oscillate to 
accommodate themselves to the varying inclination of the vanes 


A to the radial lines as the drums. The vanes A thus form each 
a species of fluid-tight diaphragms, to divide the crescent chamber 
into compartments, and while, owing to their being engaged at 
each end in plug pivots, they adapt themselves freely to the 
varying relative positions of the drums, their inner ends are free 
to slide inwards and outwards on the groovesor guides (i! formed 
by the plug-pieces G in the pockets E of the inner drum F. (Ac- 
cepted December 16, 1903.) 


2886. E. Gearing, Harrogate, and W. Rainforth. 
Upper Armley, Leeds. Furnace or Flue Tubes- 
(21 “Figs.] February 6, 1903.—This invention has reference to 
corrugated or ribbed steam boiler furnace or flue tubes that are 
formed at the back ends with what gre called in the trade ‘‘ bottle 
necks,” for the purpose of enabling the furnace or flue tubes to be 
removed, renewed, or replaced without necessitating the removal 
of thefront plates of the boiler. Such a ‘‘ bottle neck” as hereto- 
fore constructed comprises a plain portion which extends beyond 
the corrugated or ribbed parallel portion of the tube, and, taper- 
ing towards a point above the axis of tube, terminates in an 
outward flange. With such a construction the bottle-neck por- 
tion, particularly its lower portion, is found to be weaker than 
other parts of the tube. To obviate this disadvantage the bottle- 


Fig. 2. 














neck portion of a furnace or fluetube, according to this invention, 
is formed with one or more strengthening corrugations, or partial 
corrugations, ribs, or partial ribs, which may be arranged parallel 
to the main ones or otherwise, and may project outwards or 
inwards. These corrugations or ribs may be produced by hammer- 
ing, swaging, pressing, or in any other suitable manner ; or, in the 
case of ribs, may be separately formed and welded or riveted on 
to the tube. The corrugations or ribs may extend entirely 
around the bottle neck, or they may be so formed as not to 
extend completely around it ; thus the upper part may be left of 
the usual formation, the corrugations or ribs becoming gradually 
less pronounced, or smaller, towards the upper part of the 
bottle neck. The figures show several constructions of furnaces 
with bottle necks having corrugations or ribs. (Accepted De- 
cember 16, 1903.) 


MISCELLANEOUS. 


26,182. C. H. Gray, Silvertown, Essex, and T. Sloper, 
Devizes, Wilts. Tyres. (2 Figs.) November 27, 1902. 
This invention relates to elastic tyres, and more particularly to the 
edge of the tyre or cover, and the particular way in which the 
head or enlargement thereof is made and anchored to the fabric 
of the tyre. In carrying this invention into effect, instead of 
lapping the canvas or other material round the bead, the bead is 


placed round the canvas; that is to say, the canvas or other 
fabric of which the tyre is made, or which is embedded in the tyre 
or cover, is carried through the bead, which may be of any desired 
shape, in cross-section, and is anchored in any desired manner. 
On each side of the fabric Al, at a convenient distance from the 
extreme edge, one half of a bead B is secured, and that part of the 
fabric which projects beyond the bead is divided, so that one 





portion A® is lapped over one half of the bead, and the other por- 
tion A4 over the other half. In the modified form of bead shown 
in Fig. 2, the two parts B of the bead constitute an enlarged edge 
to the fabric of square cross-section, and the fabric is secured 
within the bead by wrapping round a core or filling C. (Accepted 
December 16, 1903.) 


1935. A, Taylor and W. Brooke, Hipperholme, 
near Halifax, Yorks. mes Machine, 
(2 Figs.) January 27, 1903 —In this brick-moulding machine 
there is employed a vertically-arranged steam cylinder, that 
actuates a ram working in a second vertically-arranged cylinder 
into which plastic material is fed and is forced downwards by the 
action of the ram and pushed out in a compressed form at or near 
the bottom of the cylinder. A is the steam cylinder, G the ram, 


A 


Ftq.i. 


and C is the second cylinder, within which the ram is reciprocated, 
and to which plastic material D is fed by achute E. The material 
is compressed within the cylinder C. J are reducing nozzles 
attached to the outlets H, in order to insure that the necessary 
amount of compression takes place. K are additional nozzles 
that are attached to the nozzles J, and are slightly larger than the 
nozzles J, so that the material is slightly relieved from pressure 
when it enters the nozzles K. (Accepted December 9, 1903.) 


21,407. F. W. Schroeder, London. Variable-Speed 
Gear. [4 Figs.] October 5, 1903.—This invention consists in 
providing a disc, which can be coupled to the driving-shaft, with 
two or more concentric rings of teeth arranged to gear with a 
corresponding number of pinions mounted on the shaft to be 
driven. The pinions are arranged to slide together on their shaft, 
and they and the rings of teeth on the disc are so spaced that 
when any one pinion is in gear with its corresponding ring of 
teeth, the others are all out of gear. The disc c is formed with a 
hollow boss and sleeve a! mounted to slide loosely on the shaft a, 
and to be connected thereto by means of a clutch / sliding on a 
feather on the sleeve a! and operated by a forked lever. The 


dise is provided with rings of bevel teeth d. On a sleeve e!, which 
is movably connected to the shaft e¢, are fixed bevel-wheels J, 
equal in¢number to the rings of teeth on the disc ¢ and cut 
to gear therewith, An additional bevel-wheel j! is mounted 
on the sleeve el and is so arranged as to gear with one of 
the rings of teeth on the disc when in the position shown in 
dotted lines in Fig. 1. The boss of the wheel /! is formed with 
a groove, in which the lever g engages for the purpose of sliding the 
sleeve el, together with the wheels f, #1, into the positions in 
which each wheel may engage with its corresponding ring of teeth 
on the disc. The lever cl, which operates the sleeve a! and the 
lever }1, are interlocked in such wise that the disc cannot be 
geared to the wheels f or /! until the clutch bisopened. (Accepted 
December 16, 1903.) 
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7 H.M.S. Bullfinch is a twin-screw torpedo-boat | head, but the resistance of the air-pump is taken 
THE grease ba (AMS. destroyer ; the steam pistons are : to be equivalent to the inertia effect of its recipro- 
; High-pressure 19% in:in dia cating parts, which, therefore, is now disregar ed. 
Uy page 690, of vol. Ixxiv. (November 21, Intermediate... a On these diagrams the maximum effective down- 
1902), we printed the judgment of the Court Two low-pressure ET 5s ward force occurs when the crank is about in the 
the action arising out of the breaking of the Length of stroke | ie 18 in. position shown in Fig. 17, for which the effective 
= connecting-rod ... acceleration arm is 5.32 in., found as shown. The 


-rods on H.M.S. Bullfinch. It will be 
remembered that H.M.S. Bullfinch, when running 
an official trial in Stokes Bay, on July 21, 1899, 
met with a disastrous accident. An action (Jack- 
son v. Mumford) was brought against the under- 
in the King’s Bench Division, com- 
mencing August 6, 1902. The eran was the 


connecting 


writers 





receiver and manager of Earle’s Shipbuilding Com- 
pany. The amount claimed was 36921. 6s. 2d. 


Fig 1. 
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Revolutions intend 400 per min. 
Figs. 1 to 3 show the original connecting-rod. 
Figs. 4 to 8 show the replaced rod. 

Figs. 9 and 10 are the indicator diagrams taken at 
the trial on July 21, 1899—the day of the accident. 
Fig. 11 is the construction diagram, M, for a 
connecting-rod jaw with a fixed gudgeon, from 





‘¢ Seaton and Rounthwaite’s Pocket-Book,” with N 
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under a policy of assurance on the machinery. , 
Mr. Justice Kennedy gave judgment for the) 
plaintiff. The defendants appealed, and the case | 
was argued last month before the Court of Appeal, | 
the judgment of the lower court being affirmed. 
The opinion of Mr. Justice Kennedy was‘‘‘ that 
the needful degree of strength was, in the design, 
greatly underestimated.”’ As, however, the engines 
were run under their maximum pressure for several 
hundred thousand revolutions before actual fracture | 
took place, the trial may be profitably regarded as | 
an experiment on a grand scale to demonstrate the | 
durability of steel under rapidly reversing stresses of 
great magnitude. The evidence of most interest to 
engineers will, therefore, be that relating to the 
dimensions of the jaw of the connecting-rod which 
fractured and caused the disaster, and the magni- | 
tude of the forces producing the stress under which | 
the fracture took place. | 








the outline of the original Bullfinch jaw, which 
had not a fixed gudgeon, and Ii the proper outline 
according to Seaton and Rounthwaite’s rules. | 

| 





Figs. 12 to 15 are the critical sections of jaws. 

Fig. 16 is the original jaw N, along with outlines 
of replaced jaw R, and a jaw to merchant steamship | 
proportions Q. The line of fracture is shown, TU V. | 


| 
he reciprocating weights above the fracture are: | 


High. Intermediate. | 
Lb. ». 
Piston ... eas ey 108 211 
Piston-rod and crosshead 324 307 
Jaw <i! ae ee ie 90 90 } 
ye ' 
522 608 


The indicator diagrams taken on the day of the 





effective steam pressure at that position is 79.2 lb. in 
the high and 41.6 lb. in the intermediate. The areas 
of the pistons are: high, 298.6 ; intermediate, 707 
square inches, The inertia factor is therefore 
5.32 # 400? ae 
“12 «(2937 
Adding 1 for gravity, multiplying by the weight 


24.15, 
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of the reciprocating parts, and adding the steam- 
pressure load, we get 








Lb. 
High 522 x 25.15 = 13,128 
i 79.2 x 298.6 = 23,355 
Total ... 36,483 
Intermediate ... 608 x 25.15 = 15,291 
ue as 41.6 x 707 = 29,411 
Total ... 44,702 


These pressures equal 122 lb. pee square inch of 
piston area for the high, and 63 1b. for the interme- 
diate. Mr. Oram gives this as 133 lb. on the high, 
and, no doubt, his statement is the more correct one. 
The diagrams here given are the average diagrams, 


accident have been set out on inertia diagrams for| and as Mr. Oram had access to them all, he gave 


the above weights and 400 revolutions per minute. 
The air-pump is worked off the high-pressure cross- 





133 lb. per square inch of piston on the high as the 
maximum. The load on each arm of the jaw was 
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therefore 22,350 lb. calculating from the inter-| be calculated from the average indicator diagram 
mediate, or 18,240 Ib. calculating from the high. | and the inertia effect. The load on the high-pres- 

In the evidence of Sir Fortescue Flannery, it; sure piston will therefore be taken to have been at 
was pointed out that, although apparently the | least as much as the load was on the intermediate. 
load was more on the intermediate, and there-| The line of actual fracture is T U V in Fig. 16. 
fore it might have been expected that as the} The critical section would be Tn in Fig. 11—the 
jaws were the same for the high, the inter-'| narrowest inclined section through the spot at 
mediate, and the low, the intermediate ought to| which the fracture commenced. As the vertical 
have broken before the high, yet the stress on the| parting extended downwards—along T U, in 


high might occasionally greatly exceed that on the | Fig. 16—the critical inclined section was con- | 


intermediate, and therefore it was not to be won- | tinually shifting its position also downwards ; and 
dered at that the jaw of the high had broken first. | as the lower sections are narrower, the moment of 
The high-pressure cylinder is liable to receive | resistance became less and less. On the up stroke 


Steam — 225 
Vac — 22 
Revs.- 394.7 
H — 904 


aa RL — m0 


8% 20 mites 
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The critical section on line T n, Fig. 11, is shown in 
Fig. 12. The half ellipse is the inclined section at the 
bored hole. The metal left at each side of the hole 
is only }j in., and as the section rapidly increases 
on each side from this position, the limit of elasticity 


‘is reached first at this narrowest section, which jy 


broken by a force which cannot stretch the adjoin. 


|ing thicker metal. The stress per square inch at 'T is 
_computed in the form given on the opposite page :— 


The area is divided up into elements to facili- 
tate calculation—namely, a rectangle 3.625 x 2.3 
oy 


|a rectangle 1.5 x .55, and two triangles 1.0625 x 0.55. 


From these the half ellipse is afterwards deducted, 
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12. N. The original jaw of BULLFINCH, 
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the strength was little impaired by the existence of 
the vertical fracture. The advance of the tear | 
might be not more than the one-thousandth of an 


priming water from the boiler, the presence of 
which brings excessive stresses upon the cylinder, 
the rods and the bolts, to provide against which 
these parts require a strength beyond that due to 
the pressures shown on an average indicator dia- 
gram. The boiler pressure may be 250 1b., and 
there is a possibility that this at starting may, by 


on not as a blow, but as a gradual change of inten 
sity, although the tearing stress would not endure 
|more than the one-sixtieth part of a second at a 
careless mischance, come upon the piston of the | time, extending over, say, only 40 deg. of the revo- 
high-pressure cylinder with little or only atmo-|lution. On the up stroke the parted surfaces would 
spheric back pressure on the opposite side, and | be closed again with great force, and there being so 
without the counter effect of inertia. The Bullfinch | little done at once, and no irregularity in the direc- 


experience therefore shows that the stresses on the | tion, the fracture in the vertical portion presents the | 
force-transmitting parts of the high-pressure en-| smooth surface which was so much commented on | 
The final fracture was along U V. | 


gine may be 224 per cent. higher than what would at the inquest. 
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inch each stroke, for the maximum wrench comes , 
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| Fig. 16. 
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The column K contains the lengths of arms from 
the upper edge, about which the moment of inertia 
is in the first place calculated to the mean centre 
of the element. Under B is written the breadth 
of each element. The 1.571 is the mean breadth 
of the half ellipse—2 x 0.07854. Under h is written 
the depth of each element. The product B xh 
is written under A, the area. Then A x R is 
the moment M, and R x M = R2A is written 
in the final column. To this we have to add 
the moment of inertia of each element about an 
axis through its own centre of gravity. These are 
h?+-12, written also in column h, and the product 
by A written in the last column. The h?+12 is 
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R. B. h A=BxA. M=AxR, R x M. 

1.15 3.625 2.3 8.3375 9.5881 11.0265 

42-12 = 44 3.6685 

2.575 1.5 55 .8250 2.1244 5.4705 

2-12 = .0252 .0208 

2.48 1.0625 55 5844 1.4493 3.5948 

h2 +18 = .0168 -0098 

9.74694 13.1618, 23.7900 

.488 1.571 1.15 1.8066 .8816 -4302 

lh? +14 = 092 1666 

. 5968 

7.9403 2.2802 23.1932 

Y = 15465 xM= 18.9913 

Y; = 1.3585, I, = 4.2019 

— = 2.717 

3.625 + .52 = 4.145 1.5465 
1.546 x .84 = 1.307 

2.838 L = 2717F = 3,104 Fy 4.2019 

= 3.104 
FF = 1.044L Fy)= .914 L 1,353 
8LeA= .106 L .106 L 
S= 9388 L S;= 1.020L 


for a rectangle, -+-18 for a triangle, -- 14 for an 
ellipse or circle. The 23.79 is the moment of 
inertia, including the half ellipse. The 0.5968 is 
that for the half ellipse to be deducted, leaving 
93,1932 as the net moment of inertia about the 
upper edge. Dividing the moment 12.28 by the 
area 7.94 gives 1.5465, or Y—the distance from the 
upper edge to the centre of gravity, or neutral axis. 
Multiplying M by Y gives AY*, to be deducted 
from 23.1932, and there remains I, — 4.2019—the 
moment of inertia of the actual section about an 
axis through its centre of gravity ; that is to say, 
about the neutral axis. The moment of resistance 
to bending is therefore 4.2019 times the stress per 
square inch at 1 in. from the neutral axis. If F 
be the stress per square inch at T the upper edge, 
the stress at 1 in. from the neutral axis will be 
F + Y or F + 1.5465, and F x 4.2019 + 1.5465 = 
2.717 F =the moment of resistance to bending. 
If L—the vertical load and 0.845 L the component 
of this load normal to the section and A — the 
area of the section, this distributed load will be a 
uniform stress — 
0.845 L + A = 0.845 L + 7.9403 = 0.106 L, 


which will be compression at the instant of fracture, 
and therefore a reduction of the rending stress at 
the commencement of the rupture. There was 
much discussion as to the line of application of the 
force applied to each arm of the jaw, the position 
given by Seaton and Rounthwaite will be now 
adopted ; it is that shown at P in Fig. 11, the 
centre line of the leaf of the jaw, or 0.52 in. from 
the inner edge of the flange, which is at 3.625 in. 
from the centre line of the jaw ; the sum of these is 
4.145. The oblique measurement of Y is 1.546, 
and this multiplied by 0.84 is 1.307, the horizontal 
distance from the centre plane to the neutral axis, 
and 4.145 — 1.307 = 2.838, the leverage or arm 
with which the force applied at P tends to bend the 
jaw about the neutral axis of the critical section. 
This is also equal to 2.717 F. 





Therefore 
2.717 F = 2.838 L 
and 
F = 1.044L 
Deduct the distributed load .106 L 
and the actual rending stress 
per square inch becomes ... S = .938 L 


For L let the half of 44,700 be taken, or 
L = 22,350 lb., and it is then seen that the work- 
ing stress was 22,350 x 0.938 — 20,964 lb. per 
square inch at the root of the jaw in the inter- 
mediate. The jaw was the same in the high, 
and it failed. The stresses may in the high 
be much greater than those shown on the 
average indicator diagram. It may therefore 
be reasonably assumed that the stresses’ were, 
in effect, practically the same in both, as all 
the connecting - rods showed fracture had begun. 
At the rate of revolution the maximum stresses 
were completely reversed thirteen times every 
second. According to Wohler’s experiments, as 
very clearly set forth in Unwin’s, ‘‘ Elements of 
Machine Design,” Part I., rapidly reversed stresses 
are equivalent to a steady load of from three to 
four times the maximum stress. This is not a 
merely round statement ; it is the result of accu- 
rate experiments, and the numbers 3 and 4 de- 
pend on the hardness of the iron or steel. For 
very ductile materials the multiplier is 3; for 


very hard steel the multiplier is 4. As all tables 
of strengths of materials are for steady loads, the 
expression for a continually varying load must be 
converted into the equivalent steady load. before 
it can be stated what section of metal is required 
to support it, and the moment of inertia of the 
section must be calculated to ascertain the stress 
at the edge where fracture commences. This cal- 
culation has just been made according to what Mr. 
Seaton, in his evidence, said is ‘‘the usual one for 
calculating stresses ; itis the one given by Rankine 
—p upon y equals M upon I.” We have written 
F for p, and we have deducted more than 10 per 
cent. for the distributed load, which no doubt he 
would also have done had he gone fully into the 
calculation. Ina practical rule given in ‘‘ Seaton 
and Rounthwaite,” at page 95, and used with con- 
siderable effect in Sir Fortescue Flannery’s evi- 
dence, we find the following instruction regarding 
the type of jaw used in the Bullfinch :—‘‘ The side 
of the jaw should be considered as a cantilever, 
and the section at S made such that the moment of 
P does not impose a load of more than 9000 lb. per 
square inch, when P is taken as five-eighths of 
the total effective load on the piston.” Our calcu- 
lation gives already 20,964 lb.; but if we take the 
load as five-eighths instead of one-half, this becomes 
26,205 lb. on the square inch instead of 9000 lb.—the 
limit prescribed. On the unequal distribution of 
load, there is an important remark in Seaton’s 
‘* Manual of Marine Engineering,” which was also 
quoted in Sir Fortescue Flannery’s evidence ; it is 
on page 147 :—‘‘ Direct-acting engines have usually a 
gudgeon secured to the connecting-rod, which works 
in a bearing in the piston-rod end; but larger 
engines have the gudgeon shrunk into the piston-rod 
end and the connecting-rod swung on it by brasses, 
&c., on either side.. The advantage of the latter 
plan is the larger bearing surfaces obtainable, and 
the brasses, being on the outside of the rods, are 
much easier watched and adjusted ; on the other 
hand, there are two sets of bolts, brasses, &c., to 
lubricate and keep in order, and there is the 
liability from carelessness to put the whole of 
the load on one side only.” The last dozen words 
are very significant, emanating, as they do, from 
the future constructor of the Bullfinch. They 
show that there was no lack of information regard- 
ing the nature of the forces at work in this type of 
connecting - rod jaw. Another quotation from 
Seaton’s ‘‘ Manual” was given :—‘‘since it is usual 
to have a factor of safety for all important parts 
of a marine engine of at least 6,” ‘* but since the 
piston-rod is liable to great shock, and always re- 
ceives its load suddenly,” it proceeds to say that 
only half of this stress—that is, a factor of safety 
12—should be adopted for it. The connecting-rod 
jaw is equally liable to the great shock, and no 
doubt the author meant that the remark applied 
also to it. 

Having arrived at what the stress actually was— 
20,964 lb. on the square inch—allowing nothing for 
unequal division of the load, and regarding the 
load as applied at the centre of the leaf of the 
arm of the jaw—an inch less leverage than at the 
centre of the bearing, we can now ascertain what 
was the equivalent steady stress according to 
Wohler’s experiments. From Unwin’s ‘‘ Machine 
Design,” Part I., page 33, we quote the following 








examples, doubling the n number there given, as 
the range of stress in this case is double the maxi- 


mum stress, the load being completely reversed 
thirteen times every second. 


Breaking Stress. Multiplier. 
tons 
40 3.82 
39 4.00 
28.6 3.36 
26.6 3.06 


For from 30 to 35 tons breaking stress—the 
specified stress—we may therefore reasonably 
assume a multiplier not less than 3.2, We get then 
the equivalent steady stress at the point of initial 
fracture in the Bullfinch— 

20,964 x 3.2 = 67,085 
pounds on the square inch, or 
67,085 + 2240 = 29.946 


tons on the square inch. The steel was specified 
to have. a breaking strength not less than 30 and 
not more than 35 tons per square inch. The margin 
of strength allowed to secure safety was therefore 
only 0.054, or a little over 1 cwt. upon 30 tons. The 
engines ran several hundred thousand revolutions 
under this load, and finally broke at four places 
about the same time, just as Wohler’s experiments 
show they ought to have done. The judge’s 
opinion is ‘‘ that the needful degree of strength 
was, in the design, greatly underestimated ;” but 
Mr. Seaton’s own very candid statement about that 
estimating is :—‘‘I do not think any formula was 
used at all for the particular part of the rod to 
which you are alluding.” This is, we think, the 
more-to-the-point and full explanation. 








THE CURTIS STEAM-TURBINE. 

On the two following pages we give illustrations 
of the Curtis steam-turbine, a type which has been 
built in a number of large sizes by the General 
Electric Company, of America, and the manufac- 
ture of which is being taken up in this country by 
the British Thomson-Houston Company, of Rugby. 

In the middle ‘nineties the fact could no longer 
be ignored that the old-type steam-engine would 
have to face a really serious competitor in the steam- 
turbine. Excellent results had been obtained with 
both of the then known types—viz., the Parsons and 
the de Laval—and the idea presented itself almost 
simultaneously to a number of engineers in different 
countries, that it would be possible to combine 
in one machine the leading principles of both tur- 
bines, or, in other words, to construct an impulse 
turbine on the compound principle. In this country 
the idea was brought forward by Mr. Ferranti, and 
in America by Mr. Charles Gordon Curtis. The 

atents of the latter were taken up by the General 

lectric Company of Schenectady, who, as will be 
seen from Figs. 1 and 8, pages 182 and 183, have 
succeeded in producing a very compact and neat 
form of combined turbine and generator. The 
turbine shown in Fig. 8 is equal in capacity to 
three of the Corliss engines to be seen in the same 
illustration. Writing in 1885, Professor Unwin 
expressed himself as follows :—‘‘Steam under pres- 
sure will work a turbine as well as water under 
pressure; and with no great alteration in the 
methods, a steam-turbine can be designed like a 
water-turbine. But there is a practical difficulty 
in the way of the adoption of steam-turbines not 
yet overcome. The velocity due to the head is 
such that the circumferential speed of the turbine 
must be about 1000 ft. per second. So soon as we 
can find a material strong enough and durable 
enough to stand an excessive speed of that kind, so 
soon we may have steam-turbines much smaller and 
cheaper, and not less efficient, than ordinary steam 
engines.” 
The real difficulty to be faced in making a satis- 
factory steam-turbine is here very clearly set forth, 
and has been met by various inventors in different 
ways. Dr. de Laval has frankly accepted the high 
bucket speed, and has built his machines in such a 
way that they run satisfactorily at a rate of several 
thousand revolutions per minute; but as such 
speeds of revolutions are not even approached in 
most practical applications of the power generated, 
it has been necessary for him to introduce reduc- 
tion gearing in order to obtain a reasonable rate of 
rotation in his second motion shafts. Parsons 
turned the difficulty by introducing the principle 
of compounding, and very remarkable records in the 
way of steam efficiency have been made by steam- 
turbines of the Parsons type. The latter type, 
however, has the drawback that the speed of 
rotation needed is within somewhat narrow 








limits, a function of the power required, since 
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in pressure turbines it is necessary that the 
fluid shall be admitted to the buckets over the 
whole circumference of the wheel. The bigger 
the wheel, the less the number of revolutions 
at which it can economically be run. At 
the same time, however, the area of flow  pro- 
vided for the steam is simultaneously increased, as 
it is impossible to make the buckets too narrow, 
or the path open to the steam through the clear- 





ance space would be comparable with that offered | 


through the buckets. With turbines in which 
steam is fully expanded before it enters the wheels, 
there is no theoretical limit to the size of wheel 
which may be used for a given power, since admis- 
sion may be made, if need be, at one point only of 
the _bucket-ring. For practical and commercial 
considerations, however, it is very desirable to 
reduce the velocity of the buckets, quite apart from 
reducing the rate of rotation of the shaft. It will 
readily be seen that this can be done by ‘‘com- 
pounding,” somewhat on the lines of the Parsons 
turbine ; and this plan has been adopted, as stated, 
by a number of different engineers. In the Curtis 
turbine two distinct methods are simultaneously 
adopted for reducing to reasonable limits the 








Fic. 


bucket speed. It will be seen, later on, that quite a | abstracted by a revolving wheel. 
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| moderate bucket speed is obtained with but a com- 
paratively small number of buckets or guide-blades, 
the total number of buckets used in a 500-kilowatt 


|turbine being only 1395, which is very small in 


comparison with the number needed in a com- 
pound-pressure turbine of equal capacity. In 
the first place the whole turbine. casing is divided 
up into a number: of separate compartments— 
lettered «a a, b b, c c, and dd in Fig. 2. 
When the turbine is running, there is a different 
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| repeated till the steam is finally delivered into the 
/chamber d, which is at the pressure of the con- 
denser. By using four stages we halve at once the 
maximum velocity of the steam ; but as the velocity 
| of the latter escaping at a pressure of 150 Ib. per 
square inch into a vacuum of 25 in. of mercury is 
| 3600 ft. per second, it is obvious that some further 
reduction of velocity isnecessary. This is obtained 
‘in the Curtis turbine by causing the steam, as it 
| issues from the expansion nozzles, to impinge not 
on one set of wheel-buckets only, but on a succes- 
sion, its direction of motion being changed between 
successive rings of buckets by fixed guide-blades. 
This arrangement is very clearly shown in Fig. 3. 
Here the upper figure shows the top set of nozzles 
leading to the uppermost wheel—that werking in 
chamberaa, Fig. 2. It will beseen that the steam 
is admitted to the nozzles through lift-valves, and 
it is by opening or closing one or more of these that 
the turbine is governed. On leaving these expan- 
sion nozzles the steam strikes the first set of wheel- 
buckets. It leaves these in a direction inclined 
backwards, which, by means of the stationary guide- 
blades shown, is turned round into a direction 
inclined forward, in which direction the flow enters 
the second set of wheel-blades, and afterwards, 
passing through a second set of guide-blades, it 





pressure in each of these chambers, and at the 
entrance to each of them the steam passes through | 
the wheel-buckets, contributing its quota of torque | 
to the turbine shaft. Hence the whole fall of pres- | 
sure is broken up in this case into four stages, in | 
each stage the available pressure-head of the steam | 
is converted into velocity-head, the steam being ex- | 
panded through diverging nozzles acting as guide- 

blades, which direct it on to the wheel below. This | 
wheel abstracts from the steam most of its velocity, | 
so that it enters the chamber below the wheel at 

a comparatively low speed. It leaves this chamber 

by expanding again, through divergent guide-blades 

or nozzles, to a pressure equal to that of the next | 
chamber, and the velocity head thus acquired is again | 
This process is | 





enters the third set of moving buckets, which it 
leaves in a direction parallel to the axis of the 
wheel, and at a relatively low velocity. During 
the whole of the time the steam has spent in passing 
through the wheels and guide-blades its pressure 
has remained unaltered, but its velocity has been 
greatly reduced, and the energy lost by it accord- 
ingly has been imparted to the moving buckets. 

In Fig. 4 is shown the path of the steam from 
chamber u « to chamber b 6. As before, we have 


a series of diverging nozzles, through which the 
steam expands from the pressure in a «@ to that 
in 4 b, entering at this pressure and at a high 
velocity the upper set of moving blades and thence 
through the series of guide-blades and wheel- 
If the whole of the vis 


buckets exactly as before. 
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viva of the steam acquired in its expansion through 
the nozzles were taken out in a single ring of wheel- 
buckets, the speed of the latter should be, asis well 
known, approximately one-half the speed of the 
moving fluid. But by using three sets of wheel- 
buckets in succession, as just explained, the econo- 
mical bucket speed becomes about one-sixth the 
speed of the steam in place of one-half. The bucket 
and guide-blade curves and angles are, of course, 
easily designed on exactly the same principles as if 
the turbine were to be water-driven, whilst the velo- 
city of the steam, as it leaves the divergent nozzle, is 
readily calculated from the ordinary @ ¢ diagram. 
The theory, indeed, of the whole arrangement is 
extraordinarily simple; but there are certain allow- 
ances for frictional and other losses which can only 
be arrived at by expensive experiments, and it is 
the knowledge of these which constitutes the prin- 
cipal asset at the present time of the different firms 
which have spent so much time and capital in 
bringing the different types of steam-turbine to 
success. 

The mechanical features of the Curtis turbine 
are also of great interest. The use of a vertical 
shaft involves some special problems of its own. 
A 2500-kilowatt Curtis turbine runs at 750 revo- 
lutions per minute, which is a very high speed 
for a footstep bearing carrying so considerable 
a load. The end of the shaft is fitted with a 
cast-iron plate which revolves on a second cast- 
iron plate fixed to the casing of the machine 
(see Fig. 2). The latter is pierced at the centre 
and oil is forced through this hole at a_pres- 
sure ranging from 175 lb. per square inch for a 500- 
kilowatt machine to 900 lb. per square inch in the 
case of a 5000-kilowatt machine. The supply is 
about $ gallon per minute in the first case and 
4 gallons in the latter. A shunt from the main oil- 
pipe supplies the lubricant to the two upper 
bearings. 

The clearances allowed between the buckets and 
guides range from +}; in. in small sizes up to 0.08 in. 
in the 5000-kilowatt size. Adjustment is made when 
necessary by screwing up or down the bolt, by 
which it will be seen the footstep is supported. 

The governor is of the spring-loaded centrifugal 
type, set to regulate within 2 per cent. at full load, 
and is fitted with a supplementary spring, by which 
it can be speeded 24 percent. up or down for synchro- 
nising purposes. It works by opening or closing 
contacts to electro-magnets, which govern the supply 
of steam to servo-motors, by which the lift-valves, 
shown in Fig. 3, are operated. As each nozzle, 
however, represents a large proportion of the total 
power of the turbine, very rapid opening and 
closing of these would be necessary to prevent 
small fluctuations in speed. Hence one of the nozzle 
passages is fitted with a throttle-valve, which must 
be either fully opened or closed before the governor 
can open or close one of the lift-valves. With this 
arrangement the generator runs at constant speed 
at allloads. Enough nozzles are provided to run the 
engine at full normal load when working non-con- 
densing, so that when worked with a condenser, the 
turbine has about 100 per cent. overload capacity. 
A safety device is provided which shuts off steam 
in the main steam-pipe should the speed exceed 
the normal by 15 per cent. Another safety device 
prevents the turbine being run either by steam or 
by its generator acting as a motor should the oil 
supply be out of order. 

‘he Curtis turbines are designed for a normal 
steam pressure of 150 lb. and a vacuum of 28 in. 
A variation of 15 per cent. in the steam pressure 
does not much affect the economy, though with 
lower pressures than 150 lb. per square inch the 
overload capacity is reduced ; but this is of no 
consequence, since the normal overload capacity is 
100 per cent. With pressures much higher than 
the standard adopted there is some loss of efficiency, 
since the steam is not fully expanded when it 
leaves the nozzles. 

Excellent results have been obtained with the 
Curtis turbine as regards steam economy, and we 
give diagrams on page 183 showing the con- 
sumption of steam, under various conditions, of a 
500-kilowatt turbo-generator tested at the power- 
house of the British Thomson-Houston Company, 
Rugby. The air and circulating pumps were 
motor-driven, the power taken by the air-pumps 
being 1.8 kilowatts and by the circulating-pumps 
7.1 kilowatts. As the turbine was being run at 
but 470 kilowatts, the power thus expended was 
1.9 per cent. of the total output. The effect of 
superheat is well shown in Fig. 6, but with the 








arrangements available at Rugby a really high degree 
of superheat was not possible; but from tests 
made elsewhere the curve has been continued 
showing the effect of higher degrees of superheat. 
The steam consumption of the same turbine at 
different loads is shown in Fig. 7. The flatness of 
the curve is remarkable, since the difference in 
steam needed per kilowatt-hour is but 1} lb. more 
at half-load than at full normal, and but 34 Ib. 
more at quarter-load. The dotted curve shows 
how badly reciprocating engines compare in this 
respect with the turbine. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

On Friday last, the 29th ult., a special general 
meeting of the Institution of Mechanical Engineers 
was held at the Institution House, Storey’s-gate. 
Mr. T. Hurry Riches, Vice-President of the Insti- 
tution, occupied the chair in the absence of the 
President, who was unavoidably prevented from 
attending. 


Heat TREATMENT OF STEEL. 


The special meeting was called for the purpose of 
continuing the discussion on the Sixth Report of 
the late Sir William Roberts-Austen to the Alloys 
Research Committee. In our issue of the 22nd ult. 
we gave an account of the first part of the discussion 
on this report, which had taken place at the 
meeting on Friday, January 15. We have printed 
part of the report in full in our issues of January 22 
and 29, and on another page we now continue its 
publication. 

Before opening the discussion, Mr. Riches said 
it would be well to read the names of the mem- 
bers of the Committee. They were as follow :— 
Sir William H. White (chairman), Sir Edward H. 
Carbutt, Professor William Gowland, Mr. R. A. 
Hadfield, Dr. A. B. W. Kennedy, J. Mair Rumley, 
Professor Unwin, and Sir Thomas Wrightson. Mr. 
Riches then called upon Mr. Stead to open the 
discussion. 

Mr. J. E. Stead said he had naturally taken a 
great interest in the issue of the report, having 
studied the effect of heat treatment of steel 
for a large number of years. Further, the steels 
on which the experiments were made were sup- 
plied by him, and were obtained from an eminent 
Sheffield firm. Mr. Harbord had, on one occa- 
sion, asked him for samples of steel, which he 


TEMPERATURE. 





the mechanical properties of the steels were of 
anything but high class, and from this it would 
be gathered that reeling improved the appearance 
of the metal, but detracted fromthe mechanical 
properties. Sheffield steels, however, were seldom 
used in the state in which they left the reel ; they 
were generally reheated, so that the mechanical 
defects noticed were not of much importance. Mr. 
Stead had placed on the walls of the theatre a 
diagram illustrating the changes that took place in 
heating very coarse-structure steels when the tem- 
perature ranged from a low to a high degree. This 
we reproduce in Fig. 1. As shown in the diagram, 
the results were exaggerated, and were simply 
intended to illustrate the action that went on. 
The column on the left-hand side represented pure 
iron with very large crystals ; the second column 
steel with 0.25 per cent. of carbon ; in the further 
columns the carbon was 0.4, 0.6, 0.75, 0.95, and 
1.4 per cent. respectively. When bars of this 
character were heated at one end, so that the 
tops were at 1000 deg. Cent., the other ends being 
left out in the air, there was obtained a com- 
plete gradation of change at a temperature from 
comparative coldness to 1000 deg. Cent. The bars 
represented in the diagram were heated in that 
way, and then taken out and quenched in water, 
The samples were then ground, care being taken not 
to heat them too much, and afterwards polished and 
etched ; the result was that a structure such as that 
represented in the diagram was obtained. The dia- 
gram showed that when steel or iron with very 
large crystals was heated up to the critical point 
Ar, (about 870 deg. Cent.), the whole structure was 
revolutionised ; the coarse structure disappeared, 
and a fine structure took its place. When heated just 
alittle above the critical point Ar, from being an ex- 
ceedingly brittlestructure—absolutely useless forany 
purpose—the metal became an excellent material. 
Referring to the next column, the speaker said 
that a different condition would be observed, carbon 
being present. He pointed out, further, that the 
junction line through the series of samples repre- 
sented the point Ar,—the point at which recalescence 
took place on cooling ; when quenched above the 
point Ar,, hardenite was formed. There was no 
change in the free ferrite contained in steels until 
the temperature was raised to the point Ar, ; but 
before it reached that point the carbon in the dark 
pearlite areas was gradually diffused; when the 
temperature was raised to 1000 deg. Cent., the free 
ferrite had disappeared, and the carbon was com- 








Fig, 1. 


had furnished ; and in this way they had even- 
tually got to the Mint, where they were experi- 
mented upon. It would, perhaps, be advisable 
for him to give the history of these steels, as there 
was no information on that point in the report. 
No. 1 sample was a basic steel made at the Wigan 
Iron and Steel Company’s works by the Saniter 
process ; this would compare with steels of Swedish 
origin, but had a little more arsenic. No. 2 sample 
was a Swedish Bessemer steel. All the other 
samples were of steel melted in crucibles. After 
leaving the rolls the steels were cold reeled—the 
process consisting of rolling longitudinally so as to 
make the metal perfectly homogeneous, and also to 
give a good dark polish. The testing showed that 


ILLusTRATING CHANGES CausED BY HeatinG CoARSE-STRUCTURE STEEL, 


| pletely diffused. If these steels had been allowed 
| to cool down, they would have reverted to pearlite 


} . . . 
and free iron or ferrite; but, having been quenched, 


the carbon remained diffused. From this it would 
be understood what the authors of the report meant 
when they said it was necessary to heat to a certain 
degree in order to cause the diffusion or solution 
of carbon. In the lower carbon series it took a 
very much higher temperature to cause diffusion. 
He would point out that the pearlite in one case 
consisted of pearlite and cementite in thin lamine 
side by side. Passing toan example in which there 
was 1 much larger quantity of carbon, the cementite 
was found to be 5 per cent. in excess of the 
saturation point; it was necessary to heat this 
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steel highly in order to effect the complete diffusion 
of the cementite ; the cementite dissolved in the 
martensite, and a homogeneous substance was ob- 
tained. The diagram showed that on quenching 
such steels from a high temperature, and reheating 
them at a temperature lower than was suflicient to 
cause the re-formation of the band of pearlite, there 
would be obtained a very homogeneous steel, such 
as M. Osmond, Professor Gowland, and others had 
described as sorbitic, a term which Mr. Stead con- 
sidered very convenient. Professor Arnold had 
referred to it as carbide in an emulsified state in 
the steel. Before leaving this subject, the speaker 

inted out that the critical points of heating steel 
fell in with the carbon content. Referring to 
Table II. of the paper (see page 141 ante), the 
speaker said it was shown that by heating the bars to 
620 deg. Cent. a high elastic limit was obtained. The 
elastic limit was an important property, and really 
determined the strength of steel ; if raised to a high 
degree, provided the elongation and other properties 
were not affected, the steel would be better. The 
elastic limit in these steels was very high indeed, 
and the speaker was somewhat surprised to find it 
so in Table IX. (see page 172 ante), which gave 
particulars of bars soaked for twelve hours at 
900 deg. Cent. Mr. Stead thought it desirable 
that these experiments should be repeated or 
confirmed in some way. His name had been men- 
tioned in the report in connection with the soak- 
ing of ingots at 900 deg. Cent., and he wished 
to state that, although it was possible that the 
Committee and Professor Gowland might have 
had grounds for supposing that he had sug- 
gested soaking at that temperature, as a matter 
of fact, he was strongly opposed to any such thing 
as annealing or soaking bars at 900 deg. Cent. In 
the report micro-sections were given of a metal 
taken from a cast-iron tool which had been used in 
the workshop of the Pennsylvania Railroad Com- 
pany in Altoona. He would point out that the use 
of cast iron for a cutting-tool was not a new thing. 
Thirty years ago an engineer had told him that 
when he had a particularly hard material to turn, 
he used a cutting-tool of white cast iron, and suc- 
ceeded with it in cases where hardened steel failed. 
Mr. Stead pointed out that in the previous report 
it was stated that austenite had no practical value 
for cutting purposes ; but it had since been proved 
that austenite did cut, and it was a most valuable 
constituent in modern rapid-cutting tool steels. 
He had made a special study of the rapid-cutting 
tool steels of modern manufacture, and he found 
by trial that they consisted largely of austenite. 
He attributed the great advances that had been 
made with these steels, and their power to stand 
up to the work, to the fact that austenite was 
present. 

Professor Arnold was the next speaker. He 
wished, in the first place, to compliment Professor 
Gowland on his accession to the leadership of the 
British Section of the Allotropic party. He would 
have been very glad indeed to have extended his 
congratulations to this report. The report was 
remarkable for two things: first, as to what it 
contained, and, secondly, what it did not contain. 
It might also be divided into two further parts: 
the theoretical and the practical. Referring to the 
theoretical part, in the interests of scientific truth 
he would reluctantly suggest that the views put 
forward were in the nature of a cloud of scientific 
dust which obscured the fact that the objects for 
which the Research Committee was inaugurated 
had not been achieved. These objects were most 
clearly stated in the first three pages of the 
first report. They were to ascertain if the action 
of elements on iron was similar to the action of 
elements on gold, the latter, it was stated, 
having been proved to be in accordance with the 
law of atomic volume. He submitted that the 
theory of atomic laws, as applied to iron, died when 
he read his paper before the Institution of Civil 
Engineers in 1894. It was then shown conclusively 
that the mechanical properties of iron had no con- 
hection whatever with the periodic law of New- 
lands and Mendeléef. The facts the speaker had 
given in this paper had never been quoted in the 
reports. In the autumn subsequent to the publi- 


cation of his paper, a President of the British 
Association, and an ex-President of the Institution 
of Mechanical Engineers, had stated that the truth 
of the law of atomic volumes, as applied to ions, 
had been experimentally verified, and that it 
was possible to predict the action of any given 
elemeat on steel. 


The anti-climax to this assertion 


came in the year 1900, when it was shown by’ ex- 
periments in the laboratories of the University 
College of Sheffield that vanadium, an element of 
the atomic volume of 9.3, which therefore should 
have softened steel, had almost magical properties 
in lifting the limit of maximum stress ; so much so, 
that with 0.2 per cent. to 0.3 per cent. of that ele- 
ment added to mild structural steels double the 
elastic limit and the maximum stress were ob- 
tained. He had investigated the law of atomic 
volume with reference to gold in the year 1895, 
when he had been enabled to deal with 500l. or 
6001. worth of gold, which had been supplied 
to him by the Council of the University College 
of Sheftield. His conclusions were published 
in ENGINEERING on February 7, 1896. These 
results had not been included in the reports to the 
Alloys Research Committee, nor in the Proceed- 
ings of the Institution. In the sixth report it was 
stated that the acceptance of the allotropic theory, 
and its importance in connection with industrial 
operations, had justified the work of the Alloys 
Research Committee. So far as he knew—and he 
had unique opportunities of judging in the armour 
mills, in the gun-shops, in the armour-piercing 
shell factories, and in the cutlery industries of Shef- 
field—the allotropic theory had not had the slightest 
influence on these industries. The allotropy of 1891 
was distinctly stated to be crystalline polymorphism, 
and the case of sulphur was deliberately selected 
as a type. This view was strenuously and con- 
sistently opposed by the carbonist school, and in 
1901, as the result of a beautiful research, Osmond 
disproved the existence of any crystalline poly- 
morphism in iron. As one would expect, so 
distinguished a man of science abandoned the 
views he had formerly, and so long, promulgated. 
He was of opinion that this fact ought to have been 
brought forward in the sixth report. It was stated 
in the report that Van t’Hoff had authoritatively 
said the f iron is capable of retaining various 
quantities of carbon in the form of a homogeneous 
solid solution known as martensite, and that this 
statement confirmed the views consistently advo- 
cated in the reports. It would be found, however, 
on reference to the curves published in the fifth 
report, that carbon was practically insoluble in 8 
iron. But the speaker did not see why the state- 
ment of Professor Van t’Hoff should be looked upon 
as so completely authoritative ; the Professor was 
a great authority on saline solutions, but he was 
not generally admitted to be so eminent as a 
physicist of steel. The solubility of carbide of 
iron in ferrite was, however, settled by experi- 
ment, and therefore ranked higher than the state- 
ment of any professor, however learned. Experi- 
ments in the University College of Sheftield had 
shown that in iron containing only 0.05 per cent. 
of carbon the carbide of iron freely diffused in the 
8 range of temperature. The allotropists main- 
tained that the action was due to the trace of carbon 
present. In May, 1902, a paper on the micro- 
structure of hardened steel was issued from the 
University College of Sheffield. In this paper it 
was shown that with chemically pure iron (prepared 
by Dr. Hicks and Mr. O’Shea) maintained in the 
8 range of temperature for five hours, no less 
than 3 per cent. of the carbide of iron diffused. In 
the theoretical portion of the paper the solution of 
carbon in iron was exclusively referred to. The 
speaker would point out that Dr. Stansfield, who 
had participated in the preparation of these reports, 
was distinctly inclined to the view that it was not 
carbon that diffused, but carbide of iron. 

Professor Arnold next turned to the practical 
part of the paper, and said that he would have to 
alter the criticism he would have made originally 
in consequence of the great light thrown on the 
question by the remarks of Mr. Stead. He 
would add that the abnormal character of these 
steels was in no way due to reeling; they were 
steels which should not have been used for the 
purposes of research. He had tested large numbers 
of low-carbon steel bars ; the influence might be 
felt in the mechanical tests, but only to a very 
small extent. Steel such as that mentioned in 
Table I., with 0.47 per cent. of carbon, gave an 
elongation of 6.25 per cent. on 2in.; it was true 
that that steel was stated to be abnormal, and it 
was certainly so. Further, he was inclined to ask 
practical engineers what was their opinion on the 
advisability of forging steel containing only 0.18 per 
cent. of carbon, and giving an elongation of 12.50 
per cent. and a reduction of area of 29.7 on 2 in. 





He felt that there was something wrong with the 





manufacture of these steels, and he would point out 
that it was exceedingly difficult to make steel 
without introducing some oxygen, and this would 
considerably modify the properties of the materials. 
In his paper the curves which had been given, 
which had been prepared from perfectly - made 
iron carbon steels, were co-ordinates of stress and 
carbon ; whilst the results given in the report were 
so absolutely erratic that they proved the existence 
of some disturbing influence which altogether de- 
stroyed the value of the results. He was of opinion 
also that the nomenclature used in reference to 
some of the curves in the paper should be altered. 
The term ‘‘ breaking strain” was used ; ‘‘ breaking 
stress’ would have been better, but the proper ex- 
pression was ‘‘maximum stress.” Referring to 
Fig. 28 of the report (see page 202 of present issue), 
Professor Arnold pointed out that the extraordinary 
properties noticed in the photomicrographs of the 
steel bars was due to the presence of what was 
called ‘‘sorbite.” But the sorbite was contained in 
the small dark areas, and was really finely divided 
pearlite, which should not have any separate classi- 
fication. It was difficult to imagine that these 
scanty scattered black areas could reduce the elon- 
gation down to 20 per cent. on 2-in. bars. He 
could only conclude that the steels were not right, 
and it was a great pity that such an enormous mass 
of labour should have been expended on such un- 
satisfactory materials. If the Committee had asked 
him to do so, he would have been glad to have given 
a proper series of steels for testing. Mr. Stead 
had said that the cutting properties of high-speed 
steels were due to austenite; according to M.Osmond, 
austenite was produced by rapidly quenching steel 
containing over 1.5 per cent. of carbon, but in the 
steels referred to the carbon was about 0.8 per cent. 
asa maximum. The question of heating brittle steel 
to 900 deg., and cooling in air to restore it, to which 
reference had been made, was, he considered, of 
more importance than any subject upon which he 
had touched. It seemed to be thought that this 
was a new process ; but he had found that it was 
invented in Sheftield in the year 1820, by Charles 
Wardlow. Those best capable of judging, how- 
ever, had not called it ‘‘ restoring” steel, but 
‘faking’ it. Through the kindness of Mr. Milton, 
chief engineer at Lloyd’s, he was able to give im- 
portant information on this alleged restoration of 
steels. Experiments had been made on 1-in. boiler- 
plates, which, in the final hydraulic test, split from 
end to end like glass. The steel had been analysed, 
and was found to be of good composition chemically ; 
the mechanical tests were satisfactory. It was also 
subjected to the most severe bending tests. Accord- 
ing to all precedent, it ought to have given good 
results ; but it split in the manner to which refer- 
ence has been made. The matter had been referred 
to him for investigation, and he had worked at it 
for eighteen months. He trusted that the result 
of his labours would enable him to send in some 
remarkable figures bearing on the subject. This 
was one case among many in which he had found 
that once brittleness—not of the ordinary charac- 
ter, but under vibration or alternate stress—was 
developed in the steel, it would only be aggravated 
by heat treatment. He would ask the Institution 
of Mechanical Engineers to believe that if once 








steel became brittle, either mechanically or from 
alternating stress, it was only fit for the scrap 
heap. 

Mr. R. A. Hadfield congratulated the authors 
of the report on the work they had done; it was 
not easy to take up the inquiry of another investi- 
gator, and the way in which Professor Gowland had 
done this was worthy of all praise. The thanks of 





the Institution were also due to Mr. Merrett and 
Mr. Harbord. The latter, as doubtless most of 
them present knew, had recently written a work 
on the metallurgy of steel. There were not many 
Englishmen who had written books on this subject, 
and he would express his hearty congratulations to 
the author. English students of this science would 
now have a work to which they could refer with a 
certainty of the information being correct. Mr. 
Harbord’s views on allotropy were very moderate. 
The speaker, as a member of the Alloys Research 
Committee, wished to point out that there was a 
very strong statement in the report on the question 
of allotropy, but the opinions expressed must not 
be taken as those of the Committee. The members 
of the Committee took no side, and expressed no 
opinion as a committee ; the report presented the 
views of its late distinguished author. The report 





stated that it ‘‘ was now known that the allotropic 
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changes in the iron itself were the all-important 
factors in determining the relations between iron 
and carbon, which were involved in the charac- | 
teristic capacity of steel for being hardened and 
tempered.” Mr. Hadfield considered that it 
would have been very much better if the word 
‘*believed” had been substituted for the word 
‘*known.” As a carbonist, he would say that 
up to the present time there were no known 
facts. The theory of allotropy was beautiful and 
seductive, and would be of great service ; but he 
did not think that there were any absolutely known 
facts connected with it. Besides, Mr. Harbord 
had shown, in the book to which the speaker had 
made reference, that Professor Roberts-Austen | 
and Professor Howe did net agree in their defini- 
tion of allotropy. The former had said that it was 
not necessarily accountable for the change of state, 
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’ whilst Professor Howe said that there was a change 


in the properties of an element without change of 
state. Seeing that two important supporters of 
allotropy differed to this extent, it was difficult to 
give countenance to the theory. The report also 


contained a statement that ‘‘ the prevalent belief 


of nearly two centuries, which claimed attention 
for the carbon alone, had to be abandoned.” As 4 
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CONTROLLER 


carbonist, he felt compelled to say that there was| thought that iron might change its form, but not 
no ground for that statement. There was no more|in the way hitherto presented. . It was time that 
proof that the carbonist need abandon his position|the truth of this important question should be 
now than there was when the first report of | determined, and he would suggest that leading 
the Alloys Research Committee was issued. An|representatives of the carbonist and allotropic 
American investigator (Mr. Field) who had been/|schools should meet and see if they could not 
working on the subject had published his results, | discover some common ground on which they could 
and those who had followed them would, he thought, | work. Professor Arnold, the speaker, and other 
admit that there was a great deal to be said on | carbonists were willing to admit that the allotropists 
behalf of the carbonist theory. M. Osmond, of|had done splendid work in the past, and they 
Paris, for whom all metallurgists had the most pro- | would be delighted to know that it would be possible 
found respect, was the great originator and sup- | to bring about a state of better understanding upon 
porter of the allotropic theory; but even he| this important matter. Referring to the carbonist 
did not present it in the same manner as it| theory of the cause of the intense hardness in 
was put forward in the report. Carbonists did | hardened steel, he thought that M. Osmond had 
not object to the allotropic proposition, but | made a very important concession. In a recent 
they did hold that the theory was not proved. | discussion on a paper by Mr. Hadfield, M. Osmond 

rofessor Le Chatelier was in communication | had stated some very important facts, and as these 
with M. Osmond, and therefore any expres- | facts had not yet been published in England, having 
sion of opinion from him must carry weight. Hej only appeared in a very recent American publica- 
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tion, he would make further reference to them. M. 
Osmond admitted that the three principal modi- 
fiers of iron were hardening carbon, manga- 
nese, and nickel, and this statement largely 


| proved the contentions of the carbonists. Carbo- 


nists maintained that hardening carbon had a 
remarkable influence on iron; but this is an 
influence not yet accounted for. M. Osmond 
added force to this statement when he said 
that 1.65 parts of hardening carbon equalled 12 
of manganese and 29 of nickel. That was the 
very point for which the carbonists had so long 
contended. The speaker, however, would go 
further. The great influence of phosphorus on 
iron was well known ; 0.10 per cent. of phosphorus 
in iron would produce bad steel, whilst with 0.01 
per cent. of phosphorus the steel might be ex- 
ceedingly good. If it were possible that so minute 
a change in the contents of phosphorus in steel 
would produce so large an effect, was it not reason- 
able to conclude that carbon might have an influence 
perhaps ten times, perhaps a hundred, or perhaps 
even a thousand times greater than phosphorus ? 
That, he thought, would be found to be a more satis- 
factory explanation of hardening. At the works of 
his company there had been carried out for a 
number of years experiments which had for their 
object the finding of the difference of percentages 
of carbon present in steel of various descriptions. 
It was a most difficult task. He would only express 
a wish that Mr. Stead would devote some of his ex- 
ceedingly valuable time to such an investigation. 
It seemed to the speaker that if some mechanical 
method could be found for determining the effect of 
hardening carbon on steel, it would be a great gain. 
He would like to call the attention of those who 
supported the allotropic theory to certain facts. 
He had, for several months past, in conjunction 
with Professor Dewar, been carrying out tests with 
a view of ascertaining the effect of low temperature 
upon iron; and he produced some specimens of 
iron, which he very rightly described as remarkable. 
These specimens were from an iron bar which was 
as nearly as possible pure iron, containing 99.89 per 
cent. of iron, with only traces of carbon, sulphur, and 
phosphorus. This sample of iron was submitted 
to Professor Dewar, and was first subjected to tests 
at ordinary temperatures, when it gave a tensile 
strength of 21 tons, with an elongation of 25 per 
cent. on 2in. The same specimen was tested at a 
temperature of —180 deg. Cent., when the tensile 
stress was increased to 54 tons per square inch, the 
elongation being nil. The examples Mr. Hadfield 
produced very clearly showed the two effects. There 
was practically no carbon in the iron, about 0.93 or 
0.04 per cent., and the iron had not been submitted 
to any quenching temperature. The part that had 
been subjected to extremely low temperature bent 
double cold after it had returned to the normal 
temperature. The experiments showed that it was 
quite possible that iron at a low temperature would 
be extremely brittle. The same specimen sub- 
mitted to magnetic tests showed, so far as could 
be judged, no variation in magnetic conditions. 
Those who supported the allotropic theory were 
inclined to believe that 8 iron was non-magnetic ; 
but in the specimen produced had remained mag- 
netic through the test, and was brittle. The 
specimen, however, had returned to its tough con- 
dition, and he could not, therefore, see how these 





facts could be made to square with the allotropic 
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theory. He was inclined to attribute the pheno- | 


mena to molecular change, which was a_ thing 
entirely apart from chemical action. The same | 
remarks applied to manganese steel, which was 
non-magnetic at ordinary temperatures and also 
at extremely low temperatures, and the behaviour | 
could not be explained by differences in the form of | 
iron present. With regard to the factsin the paper 
itself, he was very glad to hear from Mr. Stead an ex- 
planation of the manufacture of the samples of steel 
used. He believed they were supplied bya firm whose 
name was a guarantee of the excellence of their 
quality. In Table II. in the paper the specimen 
of steel containing 0.18 per cent. of carbon gave a 
breaking stress of 30.6 tons, the elastic limit being 
26.5 tons per square inch. This appeared to him a 
very remarkable result, and he suggested that it 
would be advisable to repeat the test on a very sen- 
sitive machine. He was very glad to notice that the 
report mentioned the very valuable discovery by 
Professor Arnold in regard to the saturation point. 
No one was fully aware of the value of that in- 
vestigation, and he therefore took the opportunity 
of giving Professor Arnold the full credit of being 
the first to bring it before the notice of steel- 
makers. No one had recognised that the par- 
ticular point at which saturation occurred was 
between 0.8 and 0.9 per cent. of carbon until Pro- 
fessor Arnold carried out his experiments eight or 
nine years ago. It was of special interest to those 
dealing with hard steels. These facts had the 
greatest influence on the practical side of the ques- 
tion, and that was the one that chiefly interested 
members of the Institution. The speaker next 
referred to the following statement in the report :-— 
‘*Tt is well known that imperfect quenching sets up 
internal strains in steels, which are not entirely 
eliminated by subsequent annealing owing to the 
variation in the density of the metal throughout 
the mass.” He would be glad if Professor Gowland 
could give a further explanation on this point. His 
own experience was that if the material were not 
hardened, very little real stress was introduced ; 
that was to say, the stress produced by quick 
quenching did not strain the metal in any way. 

Mr. Stead here remarked that the samples of 
steel used for the purposes of the report were 
manufactured in the ordinary way by a firm of high 
standing, and the whole series must be regarded as 
excellent. 

Professor Unwin said that he belonged to no 
metallurgical school, and he had, therefore, some 
diffidence in interposing between the champions in 
this battle royal between two important representa- 
tive bodies of scientific thought. He could only 
speak of minor matters, and he could not help think- 
ing that if there were anomalies in some respects in 
the report, they were due to the small size of the 
specimens operated upon. The test-bars were only 
a quarter of an inch in area and 2 in. long. With 
such sized test-pieces differences would be intro- 
duced which would be greater than those observed 
in ordinary commercial testing. It would be very 
desirable if the original intention of the Committee, 
as expressed in the report, could have been carried 
out, and the experiments repeated with bars of 
larger size. A curious circumstance was the excep- 
tional ratio of yield point—called in the report 
‘* elastic limit ”’—to breaking stress, often described 
as ‘* breaking strain.” Professor Arnold had called 
attention to this expression, but, so far as he knew, 
it was very seldom that the term ‘‘ maximum 
stress” was used, as, strictly speaking, it ought to 
be ; he always used ‘‘ maximum stress” in address- 
ing his students, but he had not noticed that it 
was adopted in engineering parlance generally. 
He was of opinion that there were two possible 
reasons for the results set forth in the report. In 
the first place it was by no means easy to determine 
the yield point of 2-in. specimens with accuracy ; 
it was generally judged by the drop of the lever ; 
but this was an extremely fallacious test. Some- 
times, again, it was estimated by noticing the first 
visible stretch of the specimen, and this was the 
course followed by the speaker in testing the speci- 
mens of steel sent to him by Professor Gowland. 
In all cases there was difficulty in determining the 
yield point, but the best method was by taking an 
autograph diagram. A more important considera- 
tion was the effect of bending stresses in short bars. 
Most of these steels were hard steels, and with 
them it was not easy to decide as to bending stresses. 
He had tested two or three of Professor Gowland’s 
bars in a 10-ton machine, which was the most sen- 
sitive he possessed, and although he used spherical 





seatings, he was by no means sure that he had 
eliminated the influence of bending stresses ; un- | 
fortunately, there was no means of finding out | 
whether they were present or not. If screwed ends | 
were used, bending stresses would not be improbable, | 
and that would give too low a breaking stress ; in| 
this way the high ratio of elastic limit shown in some | 
of the results in the report might be explained. He | 
did not state that such was the case, but merely | 
threw these remarks out as being suggestive. A | 
good deal had been heard lately about notched-bar 
tests. Professor Unwin had been making a good 
many such tests, and he thought perhaps some of 
the ideas which had been expressed on the subject 
were somewhat erroneous. It appeared to be gene- 
rally concluded that notched-bar tests gave results 
materially different from the ordinary tensile tests. 
To take one case alone, in the notched-bar tests a 
very good homogeneous steel, with large ultimate 
elongation, would break at about half the stress 
that would be carried by a piece of wrought-iron 
that had lower tensile strength and ultimate elon- 
gation. It was commonly said that the difference 
in the behaviour of the steel and the iron in the case 
of notched-bar tests was due to impact. The 
speaker thought it was not generally known that if 
a bar were notched, and then broken in the ordi- 
nary way in a tensile-testing machine, results would 
be obtained which, although not quite so marked, 
would still be of the same character as if the speci- 
men were notched and broken by impact. It would 
be seen, therefore, that the results obtained with 
the notched-bar tests were not due to the fact that 
the bar was broken by impact, but to the fact that 
the bar had been notched. As an explanation, the 
Professor stated that the notching of the bar pre- 
vented elongation or contraction of area in the plane 
of fracture. There was a properly progressive 
fracture, which picked out the lines of least resist- 
ance through the molecules. It had long been 
known that if a bar were subjected to repeated 
stresses, it would, if the stresses were at all con- 
siderable, rupture at half, or less than half, its 
ordinary breaking load, and such breaking load 
might even be below its initial elastic limit. He 
had broken a large number of bars by these fatigue 
tests ; and it was, under favourable circumstances, 
quite easy to trace that the fracture had occurred 
through the formation of a circular fissure all round 
the bar, progressing gradually until the final giving- 
way, the bar being so reduced in strength that it 
broke suddenly. In the breaking of fatigued bars 
there was an absolutely fine-grained fracture, which 
was sometimes stained with oil, thus showing that 
it had been made for a considerable period of time. 
Such a fracture was exactly analogous to a notched- 
barfracture. He had nodoubt that these notched-bar 
tests were going to be of considerable value, but some 
kind of standardisation and some clearer interpre- 
tation were needed. He would further add that if a 
more homogeneous steel] were employed, consisting 
of perfectly spherical particles, it would be very 
easy for the fracture to find its way amongst them ; 
but if, as in wrought iron, there were a very irregular 
arrangement of different-sized molecules, the line 
of fracture would be much longer, and therefore 
the strength would be greater. He mentioned this 
fact because it had been stated that if, in notched- 
bar tests, it took a great deal of work to break the 
bar, that proved the homogeneousness of the 
material. He thought, however, the probability 
was in the opposite direction. : 

Dr. Carpenter pointed out that the bars referred 
to in the first series were annealed at 620 dez. Cent. 
for half-an-hour. It was true, as indicated in the 
report, that this temperature was below the lowest 
point upon which accurate information was pos- 
sessed ; that would be the pearlite point. Never- 
theless, it would be remembered that in the fifth 
report to the Alloys Research Committee refer- 
ence was made to two irons annealed at 600 deg. 
Cent. That experiment was made with electrolytic 
iron, without carbon, and steel containing 0.54 per 
cent. of carbon ; there were also three steels of 
intermediate composition. He would like to ask 
whether cooling curves were taken of these steels, 
and whether any observations were made that might 
throw light on the fact that a difference in mecha- 
nical properties was obtained by cooling at this 
temperature. It was stated in the report that the 
mechanical properties of the bars annealed at 
900 deg. Cent. and 1100 deg. Cent. for half-an-hour 
were similar, and one would expect to find their 
structure also much alike ; further, it was pointed 





out that that was confirmed in the case of steels 
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containing up to 0.72 of carbon, although the 
structures were different in the case of steels con. 
taining more carbon. It was further concluded 
from the microphotographs that the decomposition 
of cementite into iron and amorphous carbon had 
taken place. He thought, however, that it might 
be conceded, from the sentences which followed 
that the authors of the report did not tind any 
evidence of the carbon being present in their 
sections. His reason for that statement was that 
reliance had been placed for proof that decompo- 
sition took place upon experiments in which iron 
carbide was heated up to 1200 deg. ; in that case 
they found that carbon was undoubtedly present, 
He did not think that the cases could be accepted 
as analogous, and in confirmation of this he referred 
to Professor Bakhuis-Roozeboom’s diagram, Fig, 7, 
which was added to the report (see page 140 ante), and 
which gave the freezing-point curves of carburised 
iron. According to that diagram, iron carbide, at a 
temperature of about 1000 deg. Cent., would de- 
compose into austenite. It might be assumed, for 
the present, that this was austenite and graphite ; 
that would be one of the points that the authors 
had observed. At 1130 deg. Cent. the mixture 
melted, giving a liquid iron carbide alloy containing 
4.3 per cent. of carbon and the rest graphite. No 
doubt the authors of the report were aware that 
that experiment had been previously performed. 
In the case of the three alloys mentioned in the 
report there was a difference. By reference to the 
diagram it would be seen that if the alloy highest in 
carbon were taken—that containing 1.3 per cent. 
then, at a temperature certainly not 1000 deg. Cent., 
but in the neighbourhood of 950 deg. Cent., there 
would no longer be iron carbide, as such, but 
austenite or martensite, or whatever it might be 
called ; at any rate, it would be iron in the hardened 
state. That being the case, he thought it simplest 
to conclude that the decomposition into iron and 
carbon, to which the authors had made reference, 
had not really taken place. In support of this he 
referred to the photograph of the micro-section of a 
steel bar after annealing for half-an-hour at 1100deg. 
Cent., which was given in Fig. 81 of the report ;* 
that appeared to him to be the only one that showed 
a marked difference from an iron ailoy heated at 
900 deg. Cent. He held that it contained very 
definite evidence that the pearlite had segregated 
into massive ferrite on the one hand and massive 
cementite on the other. He would suggest that 
view to Professor Gowland as an alternative ex- 
planation of the microphotographs. Referring again 
to the diagram giving the freezing points of car- 
burised iron, he would like to ask whether there 
was any particular reason for omitting the hypo 
thetical line, which appeared in the fifth report, 
indicating why it was that when cast iron was 
quickly cooled, graphite was not formed, but the 
result was white iron. Professor Bakhuis- 
Roozeboom had suggested that the phenomenon 
could be explained by supposing that at the tem- 
perature of 1130 deg. Cent. there was obtained not 
a separation into graphite and austenite, but a 
separation into cementite and austenite ; and as 
according to theory, cooling took place as soon us 
1000 deg. Cent. was reached, the region would be 
arrived at where the cementite and austenite formed 
a stable system. 

Sir William White was the next speaker. He 
said that it was about six years since, on the death 
of the late Sir William Anderson, he undertook 
the chairmanship of the Alloys Research Com- 
mittee. He had nothing to do with the previous 
work, beyond reading the reports, and could not 
claim any personal influence upon the work done 
since. He had, however, followed the discussions 
on the various reports as they were issued, and had 
heard the battle royal between the late author of 
the report and Professor Arnold, and, so far as he 
could judge, neither had succeeded in convincing 
the other of his errors ; he felt thankful, however, 
that practical engineers were not called upon to 
act as a jury in this case. He thought that on the 
scientific side of the question—although the dis- 
pute had not reached the stage of real science, but 
was still in a state of speculation—-the research had 
been of great value to users of material, as it had 
helped to clear up many points of doubt ; he be- 
lieved that Mr. Hadfield, one of the most eminent 
amongst steel-makers, heartily endorsed that view. 
He thought it advisable to remind those taking 
part in the discussion that, while it was of im- 
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ytance to give attention to the theory of the 
subject, they should not overlook the immense 
ractical value of the investigation. A great deal 
was due to Professor Arnold for the work he had 
done in carrying out his original and extensive 
inquiries into all that concerned the properties 
of steel; but the Professor, in common with 
many others, had received fresh incentive 
from the work done, and the very difference _of 
opinion which he entertained, in connection with 
some of the results of the inquiry, must also have 
been a spur towards investigation. He was sure 
that the common object of all who were engaged in 
these matters was to arrive at scientific truth. The 
man who had played the most important. part in 
prosecuting the work of the Alloys Research Com- 
mittee, and who had recently died, was as earnest a 
seeker after truth as any who survived him. He 
wished to say a word about the position of the 
Committee in relation to this inquiry. It would be 
no revelation to state that the report now before 
the meeting, and the preceding reports, contained 
the work of the late Sir William Roberts-Austen ; 
the members of the Committee in no sense con- 
trolled or joined in the expressions of opinion. 
The principal inc juirer drafted his own reports, and 
the Committee allowed them to be presented, as it 
was proper that they should have done ; the Com- 
mittee took no responsibility for the opinions which 
Sir William Roberts-Austen based upon his work, 
but acted as representatives of the Institution, 
merely making suggestions as to the direction in 
which it was considered that the inquiry might 
best proceed. He thought perhaps he could say 
better than Professor Gowland that he (Proféssér 
Gowland) had confined himself not to the verifica- 
tion or endorsement of the conclusions arrived at 
by his illustrious predecessor, but to putting those 
conclusions into their final shape. It might be 
that Professor Gowland supported. the views 
initiated by Sir William Roberts-Austen ; but 
whether or not that was the case, it did not 
touch the essential point—that Professor Gow- 
land had endeavoured to arrange the report for 
the convenience of the Committee. The work 
of the Committee had extended over a period of 
14 years, and, although it might have been said to 
have been practically concluded with the death of 
Roberts-Austen, yet even then the period was an 
unusually long one for such an inquiry ; neverthe- 
less, he thought the Institution had reason to be 
satisfied with the result. The work had involved a 
large expenditure oi money—close on 2000/. There 
had never been any stinting of expense, but, in 
taking the amount into consideration, it should be 
remembered that no provision had been made for 
the invaluable services of Sir William Roberts- 
Austen and his highly-trained staff; these services 
had been freely given, and a great debt was due to 
those gentlemen for their unwearied labours. It 
would be a great misfortune if this long-continued 
effort failed to produce practical results, and he felt 
confident that Professor Arnold did not doubt that 
the money laid out had produced a good return, 
although the Professor might not agree with the 
theory that had been constructed to explain the 
experimental results. But Sir. William White 
would say, as one whose duty it had been for many 
years to watch the manufacture of steel for struc- 
tural purposes and for the making of armour, 
that the reports had been of great practical 
value. It was not, he thought, going beyond the 
truth to say that certain manufacturers had availed 
themselves of the information contained in the 
reports for their practical guidance ; some of these 
were not of English nationality, and they had pro- 
duced patents based upon the information contained 
in the report, and, by means of these patents, had 
secured the payment of large amounts in royalties 
from English steel-makers. It was but another 
illustration of what frequently happened—that 
English ideas wére put into practical shape, and 
were made matters of commercial advantage out- 
side this country. It was very much to be regretted 
that the work done by the Alloys Research Com- 
mittee had not found practical application in this 
country at an earlier date. All agreed that it would 
have been better had these researches been con- 
ducted on a fuller scale, with larger specimens and 
with duplicate tests. He ventured to say, how- 
ever, that the Institution of Mechanical Engineers 
had done its part in the inquiry, and further inves- 
tigations ought to be made by those who were 
practically concerned in the results of the inquiry ; 
that was to say, by those who had greater oppor- 


tunities, and who had the assistance of scientific | used electric resistance pyrometers. He wished to 
men to carry out such research in their own works. | express his obligation to the Institution for the 
He did not think it a wholesome thing that all inves- | work that had been done. 

tigation should be conducted in laboratories sepa-|| Mr. Harbord asked to add a few words in regard 
rated from works. He had the greatest respect! to what Professor Arnold had said about the 
for the work done by such inquirers as Professor | qualities of the steel. When the investigatien 
Arnold and Mr. Stead, but he hoped to see the} was undertaken, it was desirable to get a set of 
time when the example of Mr. Hadfield would be | samples, which might be taken as representative, 
much more widely followed in this country. When|as quickly as possible, and he thought that if 
that was done—it was being done elsewhere—he| he had gone to Professor Aynold and asked him 
thought the methods followed in the reports of the | for special steels, the objection would have been 
Research Committee would be of the greatest value | taken that they did not represent what was used 
in guiding inquiry. The most practical result |in ordinary work. The steels were made by one of 
that had come out of the research appeared to|the first firms in Sheffield, and were of the best 
him to be the facts that traces of elements | quality that could be obtained. With regard to the 
profoundly affect the properties of metals and) elastic limit given in Table I., Professor Arnold 
steel ; that heat treatment greatly affects the struc- | had referred to the abnormal results. The speaker 
ture at critical temperatures ; and that the influence | had, however, suggested that the steel should. 
of heat treatment might very well be expected to|not be tested as rolled. He knew that. small 
take the place of mechanical work. These facts|bars of this sort must have been subjected 
might appear to be truisms, but he would point out|to all kinds of stress and strain, and he had 
that when the research began they were not| suggested that they should be heated to a. point 
so regarded. The summary he had given might | just below that at which any carbon change 
be regarded as imperfect; but, even if taken| would take place—namely, at 650 deg. Cent. He 
alone, it meant a great gain. It had been the| would say that the tests were not made by himself, 
dream of steel-makers in this country for a long| nor at Cooper’s Hill ; he would himself have com- 
period of.time that chemical processes and heat pared the results with the extreme elastic limit in 
treatment might be substituted for mechanical|Table II. It was originally arranged to confirm 
work to a large extent. About 20 years ago, one| these results with another set of experiments, but 
firm of English steel-makers had the courage to| the death of Sir William Roberts-Austen and other 
produce a cast-steel armour-plate upon which no | circumstances had prevented any confirmatory tests 
work had been done; this was tested by being|from being carried out. When, however, he saw 
fired at, and the result was not at all bad, although | the results in print, he managed to find a few bars. 
it was not equal to that obtained with armour- | These bars were sent to Professor Unwin for test- 
plates prepared by the usual process. The same! ing, and duplicate tests were made at Cooper's 
firm had also made marine shafts on which noj| Hill. So far as it was possible to avoid error with 
mechanical work had been done, and had made /}4-in. and 3-in. bars, Professor Unwin’s results 
them successfully. Therefore he could not help | virtually agreed with those in the paper, and also 
thinking that what had been effected on a small | with those the speaker had obtained in his duplicate 
scale might be done in future on a larger scale, | tests. Making allowance for the smallness of the 
and whenever the time arrived, the researches that | bars, therefore, it might be taken that the results 
had been recorded, whatever their shortcomings | as to elastic limit in Table II. were accurate within 
might be, would be found of great value. Sir | working limits. 

William concluded his speech by saying that the} The time for closing the meeting having arrived, 
work would go on, as it had been arranged that the the Chairman said that the discussion would stand 
inquiry should proceed at the National Physical adjourned, as there were several speakers yet to be 
Laboratory, and the apparatus which had been used heard. 

would be handed over to Dr. Glazebrook for the | GrapuaTes’ MEETING. 


yurpose ; he hoped, therefore, that at subsequent . 3 : , 
meetings further — an greene to he sidisocahesunteaswedaanen amenaee on fae = 
members of the Institution. e might also state | |). x , F : 
that Captain Sankey, of Messrs. Willans and slides, on February 8, the subject —— the — 
Robinson, had been kind enough to undertake to | _ — repens firearm te thee se aw 
make tests of the samples in their possession, and ene Han Sabana sa os earn art ie aes 
the results would be added to the ‘‘ Proceedings.” | ‘ : 

Mr. J. H. Belcher, of Coventry, said that notch- 
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ing tests might give rise to extremely uncertain | f ; : 
. é é g 
results. He hada test of this nature made by an | ae same general meeting will. be held on 
| Friday, February 19, when the further discussion 
y y ly, 


engineering firm, who supplied the specimens. In | 2 : z 
sending on for testing a batch of about sixty pieces jot the report dealing with the heat treatment of 
| steel will be taken. 


of steel, he included amongst them some pieces | 
that had already been tested. The report they | 
received with these specimens was that they were ? cs a : Bee 
the worst possible kind of material; this was in| ering EN HY DRAULIC 
teresting, as the same metal had already been re- | te ' ace s a LIFTS. ras) 
ported by the firm to be very good specimens. He |), : opt gtr preveget Parte a ponder 
thought this was an indication that something — arse onehaed a lifts which have been in. 
was needed before tests by the ballistic method | .¢a)led at the Shepherd’s Bush Station of the Central 
could be relied upon. The method, however, was | London Railway by Messrs. R. Waygood and Co., 
only in its infancy, and it was not fair to criticise | Limited, of Falmouth-street, Great Dover-street, 
it severely. The allotropic theory was one which|S.E. As our readers are aware, the stations of the 
appealed very fully to the scientific man, and it |Central London Railway are equipped with electric 
had given rise to a great deal of research. He was | lifts. At the Shepherd’s Bush terminus, however, 
not an allotropist, but without the work of the special considerations have led to the adoption of the 
Research Committee he could not have followed | hydraulic lifts we are about to describe. In regard to 
what had been done in this field by many investi- | S™0othness of running and economy of working, the 
gators. Metallurgists might not know all about ecole — os dy eee Pome granny and 
a, 8, and y steels, but it might be remembered pron ev the comdiniocalpennitinnn sii ie oeeks os 
that we did not know anything about molecules | Referring to our illustrations, Fig. ! on the two-page 
or atoms ; no one had ever seen them, but the con- | pJate shows the four lifts as installed, side by side. 
clusions based upon their presumed existence had figs, 2 and 3 show an elevation of the foundation of 
thrown much light upon other branches of scientific | the hydraulic jigger, and a plan of one of the lift-wells, 
thought. If the allotropic theory was a false one, | or ‘‘ tubes,” as they are generally termed ; this shows 
it had nevertheless done an immense amount of the valves and pipe connections. Figs. 4 and 5 include 
good. a plan of the head gear, with a part elevation, showing 
Mr. S. N. Brayshaw, of Manchester, said that in the overhead pulleys. Fig. 6 is a sectional elevation 
the trade in which he was engaged hardening of of the power-house, showing the electrically-driven 
tool steel was the principal operation. He had | pumps Se oe me. 7 jrernee nag ste erm 
followed the reports with the greatest interest, and | me beste ose al eee, a yy op dlarrrameage 
he wished to bear testimony to the great value that | @¢ BYGrawic jigger in e”evation and’ cross-sections at 

"pd 8 various heights. Figs. 17 to 19 show details of the rope 
the results had been to him. As a matter of ‘prac-| attachments to the cage of the lift. Figs. 20to 22 
tical experience, he would point out that, at ‘the | show the anchorage for the lifting-ropes, and Figs. 23 
hardening point, 1 deg. Cent. made a very per- and 24 details of the counter-weights for the cage. 
ceptible difference in the process, whilst a differ-| Figs. 25 to 27 give détails of cage-guides. Figs. 28 to 














ence of 3 deg. was too great to be admitted. He 30, page 187, illustrate the electrical part of the 
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installation, Fig. 28 giving the motor controller, and 
Figs. 29 and 30 being diagrams of the wiring. 

There are, as will be seen by the illustrations, two 
wells, and these are lined with cast-iron segments ; the 
wells are each about 23 ft. in diameter, and there are 
two cages ineach well. Each lift is capable of accom- 
modating from 60 to 70 persons at a time, and will 
carry them from the rail level to the street, the height 
being 41 ft. 10 in. The general arrangement is well 
shown in Fig. 1. There are two sets of three-throw 
plunger pumps, as illustrated in Fig. 6, each being 
driven by belt from electric motors. Each pump 
delivers about 50 gallons of water per minute into an 
accumulator weighted to a pressure of about 660 lbs. 
per square inch. By means of the tappet and switches 
shown in Fig. 7, the motors driving the pumps are 
stopped or started according to the position of the 
accumulator ram in accordance with usual practice. 

There is an hydraulic jigger, or multiplying cylin- 
der, to each lift. One of these is shown in detail 
in Fig. 8, in which the partly-sectional plans are put 
near to the position, in the elevation, which they repre- 
sent. In order that the jiggers may take up as little 
space as possible, they are made with twin rams 
working in separate cylinders, as shown. These cylin- 
ders are fixed in an inverted position, so that the rams 
work downwards. The sheave-frame attached to the 
bottom end of each ram carries two large multiply- 
ing sheaves. There is also a frame secured to the 
top ends of the cylinders, and this has one sheave. The 
arrangement gives a ratio of 4 to 1, the stroke being 
10 ft. 54 in., in order to raise the cage 41 ft. 10 in. 

The controlling or starting valves, the positions 
of which are shown at the bottom of the well in 
Fig. 1, and also on the plan, Fig. 3, are of the 
equilibrium plunger type. The pressure and exhaust 
water passes through small perforations, and the 
arrangement is such that if the plungers move too far 
in either direction they will bring the lift to a stand- 
still. This is effected by the plunger closing both 
admission and exhaust orifices if it travels too far in 
either direction respectively. In this case, should 
the wire rope actuating these valves break, the 
plunger would go to the extreme position and shut off 
the jigger cylinder, so that the lift would be auto- 
matically stopped. It should be explained that the 
wire rope has its two ends attached to the cage, and 
passes over the fixed sheave at the top of the well- 
hole, but under a sheave on the lever working the 
valve at the bottom. Should, therefore, the wire rope 
become fast from any cause, the plunger would be 
moved to the other extreme end by the motion of the 
cage, and this, in like manner, would bring the lift 
to rest. The operations are controlled by small winch- 
handles from the interior of the cages, these handles 
being removable. By turning the handle either in one 
direction or the other the wire rope is shortened or 
lengthened, thus causing the sheave on the valve 
lever (shown at the lower part of Fig. 1) to rise 
or fall as desired, thus governing the flow of 
water to the hydraulic cylinder. Ng attempt is 
made to automatically stop the lift by the starting- 
valve at the two extremes of travel, but two separate 
limit-valves are provided. These are worked by 
tappets from the moving jigger. These valves are not 
absolutely tight, but they will gradually slow the lift 
down till the jigger head settles into the permanent 
stops, which come into action when the floor of the 
cage is exactly level with the floor at which it is to 
stop. In this way the cage is caused to stop exactly at 
the right level without shock, and dependence has not 
to be placed upon the skill of the attendant. The possi- 
bility of ‘‘ creeping” is also obviated by this arrange 
ment. As the ropes carrying the cage stretch, the per- 
manent stops can be altered to suit the length of rope. 

The suspension of the cages is by five steel-wire 
ropes, each one being of ample strength to carry the 
maximum weight alone. There is also a sixth rope, 
the use of which will be explained presently. All 
the ropes first mentioned pass over the multiplying 
sheaves. They have, however, little more than the 
live load to raise, for nearly the whole weight of the 
cage is carried by three other ropes of equal strength, 
which pass over the top sheave and down to the 
cast-iron balance-weights. In Figs. 17 to 19 is shown 
the method of attaching the ropes to the cage, and 
Figs. 20 to 22 show the anchorage of the lifting-ropes. 
The counter-weights are shown in Figs. 23 and 24. It 
is considered that these ropes have such an ample 
margin of safety that the possibility of accident is 
beyond question. There is, however, fitted a very 
efficient safety apparatus. It consists of two pairs of 
steel jaws of great strength; these are attached to 
the cage, and can be closed by a wedge thrust between 
them by a powerful screw. On the end of the screw 
there is a cast-iron barrel, held in its normal position 
by a pawl and ratchet. The sixth steel rope above 
mentioned is wound on the barrel, which, as stated, 
is held in position by the pawl and ratchet arrange- 
ment. The safety rope is carried over the sheave 
fixed at the top of the well, and passes down to a 
cast-iron weight, which travels up and down with the 
cage. In the event of the working ropes failing, the 
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sixth rope, which is kept tight by a strong spring on 
the cage, would come into action and would extend 
the spring; by so doing, the pawl would be pulled 
out of the ratchet, and this would allow the cast-iron 
weight to turn the screw, and thus close the jaws 
securely on to the outside of two powerful rolled joists 
gery for the purpose. In this way the cage would 
ve held in position by the jaws, which, it will be 
obvious, can be made to grip more or less firmly, 
according to the amount of weight attached to the 
wire rope. 

The runners or cage-guides are of turned-steel bars, 
and are fixed inside the two rolled steel joists above 
mentioned, and shown in Figs. 25 to 27. This arrange- 
ment not only lends additional rigidity to the structure, 
but forms a convenient method of attachment to the 
cast-iron segments which form the walls of the well. 
The slipper-guides of the cage are of considerable 
depth, so as to ensure good wearing properties. They 
are pivoted in such a manner that they always bear 
equally on taeir full length, and special provision is 
made for efficient lubrication. 

The accumulators are of the usual type, their capa- 
city being much more than equal to the two lifts. As 
each of the pumps is capable of returning to the 
accumulator the water used by one lift in one minute, 
it is possible for the journey to be made up and down 
every half minute ; but even this is found at times to 
be inadequate to deal with the heavy and _fast- 
increasing traffic at this station. The cages make the 


journey up and down in about 12 seconds, travelling at 
the rate of about 250 ft. per minute. On account of 
|their smooth running, and the easy starting and 
|stopping, of which details many of our readers 
| have had experience, they give one the impression 
|of running at a much slower rate. The two sets of 
|high-pressure pumps, shown in Fig. 6, are each 
| driven by means of a 40-brake-horse-power com- 
| pound-wound motor running at a speed of 625 revo- 
| lutions per minute, when working at 500 volts pres- 
| sure under full loads. Each motor is provided with a 
| special controller, which is illustrated in Fig. 28. It 
| is operated by pilot switches, which make and break 
|the circuit in accordance with the position of the 
| hydraulic accumulator. A vertical sliding-rod (shown 
‘in Figs. 7 and 29) is fitted in suitable guides, and is 
|adjacent to the accumulator weight case. To the 
latter is attached a cast-iron tappet, engaging either 
| the upper or lower of two other tappets fixed to the 
sliding-rod before mentioned. These two tappets are 
adjusted in such positions that the accumulator will 
fall a predetermined distance from its ‘‘ full” position 
before moving the vertical rod. The rod in turn 
operates the pilot switches connected with the con- 
| troller, opening the circuit when the accumulator 
is full, and closing the same when it has fallen 
the distance previously mentioned. The pilot 
switches are in duplicate, in order to insure that 
|the circuit is made when the accumulator falls, 
‘and also to enable either one of them to be tem 
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porarily removed for repairs or adjustment at any 


time. The arrangement of tappet is such that the | 
motors will not start immediately the accumulator | 


begins to fall ; in this way a short interval is given, 


during which the motors and pumps are not at work, | 


and at the same time the frequency with which they 
are started is lessened. 

The controller (which is illustrated in Fig. 28) con- 
sists of a slate panel, on which the various parts are 
mounted. The main circuit-breaker is fitted with 
powerful series-wound magnet blow-outs, which imme- 
diately disrupt the arc that occurs on breaking the 
motor armature circuit. 
is cut out by means of a vertical rheostat, operated by 
a long stroke solenoid, the speed of cut-out being 
determined by the adjustable air-vent fitted in the top 
of the magnet-frame which supports the coil. The 
rheostat contacts are of special cast iron, except the two 
top ones, which are of copper, and are of sufficient size 
to carry the current required by the motors. The 
brushes used in connection with this piece of appa- 
ratus are of carbon. The circuit-breaker and rheo- 
stat magnet coils are kept cool by means of suit- 
able resistance switches, which are opened by the 
rheostat plunger when the main resistance is cut 
out of circuit. There is also an overload device 
fitted with a magnetic blow-out. This is capable of 
cutting off all current from the machine should it 


The main starting resistance | 








| DEEPENING A STEAMER. 


Tue illustration above shows the steamer Ulster, 
|@ boat of the side-wheel type, which plies between 
Saugerties, N.Y., and New York City. Owing 
|to a gradual decrease in speed, and also to the fact 
/that, in a loaded condition, her freeboard was not 
all that was desired, it was decided to take a new step 
|in marine construction. This was nothing less than 
| cutting the vessel in half longitudinally, and lifting 
| the higher part up bodily 2 ft. This was done at one 
| of the shipyards at Erie Basin, N.Y. 

The two results desired were obtained from this 
‘undertaking. In the first place, as the paddle-wheels 
|were not submerged as deeply as before, a very 
| material gain in speed resulted. In the second place, 
}as a greater freeboard was obtained from this added 
| depth, the carrying capacity of the boat was greatly 
| increased. 

| The ship was cut in half completely in a horizontal 
| plane, from stem to stern. The cut was made just 
| above the guard ; 73 screws were placed at different 
| points underneath the ship, 48 being placed on the out- 
| side, in a double row, under the guard to support the 
| overhang, and 25 inside the hull, on each side of the 
| boat. Some of these were placed in a double row just 
|abreast of the engine and boiler space. Of the 12 
cribbings, formed of built-up piles and blocks of wood 





become dangerously overloaded from any cause. The | laid crosswise, three were placed in the hold and nine 
shunt-field contacts of the motors, being wound for | outside, under the guards, to hold the ship up after the 
continuous duty, are not necessarily broken in the | cutting through had taken place, and while she was 
case of stoppage, but a field-switch is provided on the | being lifted up. Twelve of the screws were placed on 
controlling panel, by means of which they can be | these cribbings, and the remaining 61 on posts placed 
disconnected when desired. Provision is also made | between these cribbings. Men placed at every third 
for short-circuiting them through a high-resistance | screw, at a given signal, took a quarter-turn at the 
coil in order to provide a path for the discharge of the | screws they were stationed at, and then moved on to 
electromotive force due to the self-induction of the |the next. This lifted the boat up about } in. When 
coil. There is also a small switch in the circuit of the | the screws had reached the height to which they could 


main circuit-breaker coil, by means of which the con- 
troller can be cut off from the line when necessary. 

The main secondary terminals are arranged horizon- 
tally in a line along the top of the panel, and the 
frame containing the resistance coils is fixed imme- 
diately behind the same, sufficient space being left 

tween the motor-room wall and the latter to allow 
of easy access. A switch panel is also provided, by 
means of which either of the controllers and motors can 
€ connected to either of the, two special machines 
which are being run for their use. The diagrams of 
the wiring shown in Figs. 29 and 30, together with the 
illustrations of the controller, will enable this part of 
the arran 
trollers, as well as the motors, are operated from the 
mains of the railway company, at a pressure of about 
600 to 550 volts direct current. The lifts above de- 
scribed have been working now for some time, and, 
We understand, have given great satisfaction. 





gement to be readily understood. The con- | 


!in 1888, 


be raised, blocking was placed in the space now 
| obtained, and by driving wedges under this blocking 
|the ship was lifted up so that the men were enabled 
to remove the screws in order to readjust them. 
| Then the men turned the screws again, until the full 
24 in. showed between the upper and lower parts of 
the hull. 

| The undertaking was a notable success, and will no 
doubt mark the beginning of a new departure in the 
| repairing of ships. 

The Ulster is a wooden, side-wheel steamer, 205 ft. 
long by 30 ft. beam, with a gross tonnage of 690. She 
is fitted with a walking beam engine, the cylinder of 
which is 42 in, in diameter, with a 9-ft. stroke. Her 
speed is about 16 knots. Strange though it may seem, 

| this work was done by ‘‘house-movers,” the firm in 
| question tee, the same who so successfully moved 
| the Brighton Beach Hotel, at Brighton Beach, N.Y., 











PLANING MACHINE. 


On the opposite page we illustrate a new design of 
planing machine, which has recently been manufac- 
tured by Messrs. G. F. Smith, Limited, Paragon 
Iron Works, Halifax. This machine is described 
as of the Anglo-American type. The example we 
recently saw in Messrs. Smith’s works was 6 ft. long, 
and would take work 3 ft. square under. the cross- 
slide. The quick return is obtained by two pairs of 

ulleys with a countershaft, in place of the drive bein 

rom the line shafting direct. The belts for the serwean 
and return stroke from the countershaft drive on to 
the fast and loose pulleys shown at the side of the ma- 
chine. The belt-shifting gear slides in a frame with 
curved slots, thus giving a cam motion, the ends of the 
forks running in the slots. The pulley shaft, marked 
A inthe diagram, Fig. 2, has a pinion on the other 
end, which is on the opposite side of the machine. 
This drives into a large spur-wheel B actuating the 
shaft. The motion is Fooughs inside the bed by the 
shaft C, on to which is keyed the pinion D, and this 
in turn gears with the wheel E, the shaft of which has 
keyed on to it another pinion F ; the latter drives the 
rack-wheel G. The quick return is obtained through the 
pulleys by the same train of gear. There is a knock- 
off motion, as shown in the illustrations. The cutting- 
feed is 25 ft. per minute and the return 100 ft., thus 
giving avatio of 4to 1. All the gear wheels and the 
rack are machine cut. To give vertical and horizontal 
feeds to the tool-box, there is a friction motion and 
rack, the feed being variable from zero up to # in., 
the alteration being made, if necessary, while the ma- 
chine.is running. The friction disc is keyed on to the 
end of the shaft F, Fig. 2, and this drives a split-ring, 
so arranged as to actuate the feed at each end of the 
stroke. Stops are provided on the ring for the pur- 
pose of actuating the friction disc at the required time, 
this being regulated by the nut in the quadrant shown 
in Fig. 1. The motion is conveyed to the tool-box 
through rack and wheels. The cross-slide is shifted 
by the hand gear at the top, as shown. 








Sour ArricaN Rarways.—The revenue of the Cape 
Government Railways in November amounted to 377,347/. 
The corresponding revenue collected in November, 1902, 
was 545,416/. 





Coat aT Hambpurc.—The imports of coal at Hamburg 
last year were 4,978,533 tons, as compared with 4,611,121 
tons in 1902. In last year’s totals British coal figured for 
3,067,308 tons, and Westphalian coal for 1,911,125 tons. 
In the imports for 1902 British coal figured for 2,792,822 
tons; Westphalian coal for 1,807,774 tons; and American 
coal for 10,525 tons. It will be seen that the imports of 
British coal experienced a considerable expansion last 








year. 
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PARTICK COMBINED REFUSE DESTRUC- 
TOR AND ELECTRICITY STATION. 
To THE EpiTor oF ENGINEERING. 

Str,—In your issue of January 22 we notice a short 
»aragraph with reference to the work done at the Partick 
Refuse Yestructor, for the erection of which we were 
responsible, quoting figures given by ex-Provost Wood, 
convener of the Electric Lighting Committee. 

We would point out that the date mentioned by you 
as the period over which the results were obtained is 
wrongly given as ‘last November and December.” 
This should have been given as November and December 
of 1902—in the first year of the working of the plant. 

While the figures quoted are quite correct, it would, 
perhaps, be well to call attention to the fact, which, 
although suggested by the wording of the paragraph, is 
not quite clear—namely, that the results obtained (48 
and 50 B.T.U. of electricity per ton of refuse burned) 
are arrived at by simply dividing the total number of 
electrical units generated during some 16 or 18 hours per 
day by the total refuse burned during 24 hours. 

To make a fair comparison with other furnaces doing 
similar work, the ‘‘fuel” burned during the time the 
engines are not running, and steam is not being generated, 
should be deducted from the total ‘‘ fuel.” It will then 
be found that the number of units of electricity produced 
and sold per ton of refuse burned amounts to 66, as 
against the 50 given by Mr. Wood, and repeated in your 
notice. Thus the result obtained is well over 30 per cent. 
greater than that indicated in the paragraph in question. 

It may be well also to call attention to the fact that 
this result is not obtained during a short test, but is taken 
over long periods of ordinary working. On tests of only 
a few hours’ duration, the indicated horse-power from the 
engines, supplied with steam from the destructor boilers, 
with only four cells in work, averages 350 indicated horse- 
power net; the steam for feed pumps, forced ‘draught 
fans, &c., being supplied in addition. It will be evident 
from this that it would be quite easy, on trials of only a 
few hours’ duration, to raise steam equal to 90 net indi- 
cated horse-power per cell, generated by the burning of 
refuse alone, this figure being based on the actual output 
of the engines. 

Of course, the first duty of a destructor is to burn the 
refuse brought to it, consequently the refuse must be 
burned whether or not steam is being generated and the 
engines are ein : 

Ve are, Sir, yours truly, 
For Manuove, ALLIOTT, AND Co., LIMITED, 
THoMAS CANTRELL, Secretary. 
Bioomsgrove Works, Nottingham, January 29, 1904. 








RAISING WATER BY COMPRESSED AIR. 
To THE EpitTor or ENGINEERING. 

Sir,—The letter of your correspondent, Mr. C. C. 
Mason, on page 135 ante, is in many respects a'most inte- 
resting and suggestive one, but. he has evidently failed 
to grasp the true theory of an air-lift. - The energy of the 
compressed air, which he gives correctly, has nothing to 
do with the raising of the water, as the air acts entirely 
by reducing the specific gravity of the water. It is not 
the compressed air, but the force of gravity, that makes 
the water rise. By employing similar reasoning, he 
could with ease reduce, say, for instance, an ammonia 
refrigerator ad absurdum, for here the effect produced is 
greater than can be accounted for by the engine-power 
expended in compressing the ammonia. 

My formula rests on what I think everybody must 
acknowledge as a self-evident proposition—viz., that the 
relative height of the outside and inside columns in an 
air-lift must be proportional to their volumes, and that 
therefore 

Q 
Q Tr Vo Po 
Pm 
and by solving this simple equation it 
value of Vp». 

In the same manner I think Mr. Mason is mistaken in 
his remarks about taper pipes for air-lifts. It is not here 
a.question of energy, as it would be with the rising pipe 
from a pumping engine, where the pressure in the pipe is 
the same whatever its diameter may be. In an air-lift 
the problem is to reduce the specific gravity of the 
water by mixing it with air, and as the quantity of 
water entering a taper pipe would not be sensibly greater 
than that entering a parallel pipe of the same minimum 
diameter, it is evident that the greater volume of water 
contained in the taper pipe must require a correspondingly 
larger quantity of air, in order to reduce the specific 
gravity of the water to the extent required, and which 
depends only upon its dynamic height. I quite admit 
that the frictional resistance is reduced in the taper pipe, 
but this can be done equally well by using a parallel pipe 
of somewhat larger diameter; and practical experience 
has shown that this is by far the best plan. 

Yours very truly, 
C. T. ALFRED HANSSEN, 
Assoc. M: Inst, C.E. 
319, Lordship-lane, East Dulwich, 8:E., 
February 2, 1904. 
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THe Sm1eLon TUNNEL.—At the close of last year 11 miles 
1573 ft. had been pierced on the Simplon tunne]l—viz., 
6 miles 2033 ft. on the northern or Brigue side, and 4 miles 
4720 ft. on the southern or Iselle side. The whole length 
of the tunnel being 12 miles 2407 ft., the distance remain- 
ing to be pierced at the close of 1903 was accordingly 
1 mile 833 ft. At the present rate of progress, the tunnel 
will be completed in about 14 months. 








NOTES FROM THE NORTH. 
GiLascow, Wednesday. 

Glasgow Pig-Iron Market.—Though the market was 
not very active last Thursday, the tone kept firm. There 
was some small dealing in Cleveland, and the price ad- 
vanced 14d. per ton, both cash and one month. Con- 
siderable quantities of Middlesbrough iron, it is stated, 
have lately been purchased by German merchants. Settle- 
ment prices were :—Scotch, 49s. 9d.; Cleveland, 42s. 44d. ; 
Cumberland hematite iron, 52s. 9d. The market on 
Friday was rather easier, largely in sympathy with 
the dulness prevalent in other speculative markets. 
Cleveland gave way 4d. per ton for cash, and 
the month’s quotations showed a decline of 1d. per 
ton. In the forenoon business was done at 42s. 5d. 
and 42s. 4d. per ton cash, and at 42s, 74d. and 
42s, 6d. one month in Cleveland iron. The afternoon 
prices were for Cleveland 42s. 34d. cash. There were no 
transactions in Scotch iron or in Cumberland hematite iron, 
and the settlement prices were :—49s. 9d., 42s. 4$d., and 
52s. 9d. per ton. The market on Monday was quiet in the 
morning, but the tone was firm, and the prices of Cleve- 
land warrants advanced 24d. to 42s. 6d. per ton cash and 
21 days, and 42s. 74d. one month. the turnover was 
2000 tons. The tone was strong in the afternoon, and a 
further advance of 24d. took place in the price of Cleve- 
land iron, making a gain of 5d. on the day. The cash 
quotation rose to 42s. 9d., while business at a month was 
done at 43s. The turnover, which aggregated 5500 tons, 
included 1500 tons at 42s. 10d. two months. Scotch was 
quoted at 49s. 9d. cash buyers, and hematite iron at 
53s. 3d. cash sellers. The settlement prices were :— 
493, Yd., 42s. 6d., and 52s. 9d. per ton.. The upward 
movement in pig iron was continued on Tuesday 
morning, when the price of Cleveland warrants ad- 
vancea 14d. further to 43s. one month, and business was 
also. transacted at 42s. 10d. and 43s. fourteen days, 
42s: 114d. twenty-one days, and 43s. three months.” The 
turnover did not exceed 4000 tons. Scotch warrants were 
offered at 50s. 6d. cash, with buyers at 50s. After the 
recent steady rise a smart reaction took place in the after- 
noon, when Cleveland warrants declined 3d. to 42s. 74d. 
cash and 42s. 9d. one month. The business, which aggre- 
gated 3500 tons, included one or two lots at 42s. 104d. 
twenty-eight days and 42s. 9d. three months, and the 
settlement prices were: — 50s. 3d., 42s. 104d., and 
52s. 104d. per ton. The pig-iron market was flat this 
morning and prices of Cleveland warrants were under 
yesterday’s close. A better tone prevailed in the 
afternoon, Cleveland recovering 2d. to 42s. 64d. cash 
and one month, closing buyers at 42s. 74d. The settle- 
ment prices were :—50s. 3d., 42s. 44d., and 52s. 104d. 
The market prices of warrant iron No. 1 are as follow :— 
Clyde, 58s. per ton; Gartsherrie, Summerlee, and Calder, 
583. 6d. ; ngluan, 70s. 6d. ; Coltness, 72s.—all the 
foregoing shipped at Glasgow ; Glengarnock (shipped 
at Ardrossan), 58s. 6d.; Shotts (shipped at Leith), 
61s. ; Carron (shipped at Grangemouth), 61s. 6d. per ton. 
The pig-iron markets have been visited by better fortune 
this week. .The local market gradually hardened until 
42s. 5d. cash was reached for Cleveland, and prices went 
up further till 50s. 6d. cash was the price for Scotch, at 
which transactions took place. Several reasons have com- 
bined to produce what, at best, can only so far be called 
a better feeling, and amongst these causes are an in- 
creasing demand from the Continent, and the placing of 
a goodly number of shipbuilding orders. Stocks also are 
not showing the increase that is expected at this season 
of the year, and offers of pig iron from either the Conti- 
nent or America are, at any rate at present, no longer 
being pressed upon the home market. Makers here are 
expressing themselves quite satisfied with the present 
demand and quotations, which are unaltered. 


Scotch Steel.—Steel-makers report that they are doing 
more than usual with the English markets, but in this 
case they are sacrificing carriage charges, which means a 
lower price than is locally commanded. Boiler-makers 
have secured good orders on Colonial and Indian account, 
and at least one large establishment has been saved the 
necessity of going on short time. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia remains without any material change. During 
the past week a considerable amount of business has been 
done in some parts at 12/. 15s. to 12/. 163. 3d. f.o.b., and 
the lots offered at various points by tender have been 
taken at full prices. The demand from the Continent, 
however, still remains slow, and buyers are evidently 
determined to wait until the last moment to cover their 
requirements. The current. prices at Leith and Glasgow 
are 12/. 15s. to 127. 17s. 6d. per ton ; the past week’s ship- 
ments at Leith reached 795 tons. The make of sulphate at 
Parkhead Steel Works, where the Duff producer is at work 
on an extensive scale, is very considerable, and at the 
Ardeer Iron Works, in Ayrshire, the make of sulphate 
is considerably added to by the adaptation of the blast- 
furnaces to the collection of the gases. Carron is the 
only iron works in Scotland which is not yet adapted to 
the collection and treatment of the furnace gases. 


Olude.Shipbuilding.—The output from the shipyards on 
the Clyde during the month just ended is in every respect 
satisfactory, and a large number of new contracts have 
been clo which almost equal the output tonnage. 
During January sixteen vessels were launched, but five 
of them have been included in the launches for last year. 
They are deducted, and allowing for the deductions, 
the launches include one warship for the British 
Admiralty, nine commercial steamers, and one sailing 
ship, and the aggregate amounted to 17,993 tons. For 
the corresponding month of last year the output 
amounted to 16,200 tons, although the new orders then 





secured were in excess of the present year’s bookings so far. | 


With the exception of the first-class cruiser Roxburg] 

10,700 tons—from the yard of the London and Glas a 
Company, Govan, the vessels put into the water nt 
of inconsiderable tonnage. _ 


Royal Society of Edinburgh.—An ordinar ting 
the Royal Society of Edinburgh was bold on Manian 
night. Lord Kelvin made a communication on ‘ Deer. 
Water Two-Dimensional Waves produced by any (iy b- 
Initiating Disturbance,” being, as he said, a continuation 
of a communication previously made to the society under 
the title of ‘‘Front and Rear of the Free Procession 
of Waves in Deep Water.” His object was to plac 
the subject, along with the formule that he had eae 
worked out, in simpler form before the Society, and 
while he indicated that he had not yet quite done’ with 
the question, he hoped that the interval of time before he 
made the next communication would not be so long as the 
last—seventeen years. ; 


Hlasgow University Engineering Society.—A paper 
entitled ‘‘Steam Turbines for Marine and Land Pon 
poses ” was read before the above society on Thursda 
January 27, by Mr. A. A. Wynne, M.A., A.M.I.C.E, ss 


Institution of Civil Engineers.—The fourth general 
meeting, session 1903-4, of the Glasgow Association of 
Students, was held in the Institution rooms, 207, Bath. 
street, Glasgow, on Monday evening, the Ist inst. The 
president, Mr. J. E. Harrison, M. Inst. C.E., was in 
the chair, and Mr. James M. Clark, M.A., B.Sc 
Stud. Inst. C.E., read a paper on “Caisson Quay Wall 
Construction in the Harbour of Glasgow and Clydebank 
Dock.” The first part of the paper dealt with the re- 
construction of the quay wall at the Broomielaw, Glasgow 
Harbour. A discussion followed, and on the motion of 
the chairman a very hearty vote of thanks was awarded 
to Mr. Clark for his interesting paper. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Sheffield Chamber of Commerce.—At the annual meeting 
of the Sheffield Chamber of Commerce, which is in a more 
active state now than has been previously known in its 
history, Mr. F. W. Beardshaw was thanked for his three 
years’ service as President, and Mr. H. H. Bedford was 
chosen as his successor. Messrs. J. Dixon and A. J, 
Hobson were chosen as Vice-Presidents ; the other officers 
were elected. 


Henry Bessemer and Co.—The directors of this com- 
pany report that the net profits for last year were 12,511/., 
out of which they recommend a dividend equal to 7} per 
cent. for the year, the writing off the amount standing 
to the debit of improvements and additions, adding to 
the workmen’s compensation fund 500/., and carrying 
forward a balance of 19,5747. The net profit for 1902 
was 11,538. 


Midland Engineers in Conference.—A joint meeting of 
the members of the Midland Counties Institution of Engi- 
neers and the Midland Institute of Mining, Civil, and 
Mechanical Engineers was held in the Royal Victoria 
Hotel, Sheffield, on Saturday afternoon, under the presi- 
dency of Mr. H. B. Nash (President of the Insitute 
of Mining, Civil, and Mechanical Engineers), and 
Mr. W. B. M. Jackson (President of the Midland 
Counties Institution) was also present. Mr. Percy C. 
Greaves (Denaby Grange Colliery) read a paper entitled 
‘“* An Electrical Heading Machine.” He said that three 
years ago he wanted some straight work driving for a 
considerable distance, but the men refused to do it 
unless they received a high rate of pay. As electrical 
power was used in the mine, he turned to that 
ewe and found there was not a British electrical 
reader in the market. An American machine was 
obtained, and was started in April last. In working, the 
machine saved 4s. 9d. per yard, taking the price demanded 
by the men; and apart from the interest on capital, 
depreciation and repairs, 3s. 1d. per yard, taking the 
price-list as a basis. In the discussion which followed, 
Mr. Jackson (Clay Cross) spoke of the superior advan- 
tages of the machine over manual labour. Mr. W. Hay 
(Shirebrook) said that he had used the machine for eight 
years, and it had cut something like 90,000 yards, with a 
saving of an average of over 6s. per yard, and a 20 per 
cent. saving of round coal. In a discussion which took 
place on ‘* Miners’ Anemia,” the importance was urged 
of providing proper sanitary conveniences in mines if 
they would avoid the disastrous consequences there had 
been in German mines. 


Tron and Steel.—In the iron trade lower prices have 
prevailed during the past month; but a number of 
furnaces have gone out of blast, and this has had a 
steadying effect. There is no improvement in the demand, 
and consumers are only buying to meet current needs. 
The finished-iron trade keeps fairly steady. The better 
demand for all kinds of steel with which the year opened 
is scarcely being maintained. Business in Swedish iron 
and steels is quiet, but owing to the comparatively low 
stocks in the hands of sellers, prices remain firm. The 
outlook in the crucible-steel sends is less encouraging, and 
well-known houses are reducing their output. 


The South Yorkshire Coal Trade.—The coal trade 
throughout the whole of this district remains very quiet, 
and five days a week is the best they are making. The 
state of the weather and the condition of trade generally 
are having their effect on the house-coal branch, and best 
qualities are much more difficult to dispose of than the 
commoner sorts. Business in steam coal 1s very moderate, 
but the demand for gas coal keeps up well. There is a 
distinct falling-off in the consumption of coke for steel- 
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melting purposes, and some makers have larger stocks on 
hand now than has been known for years. Every effort 
is being made to keep up prices. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.— Y esterday there was a fairly 
large attendance on ’Change, and early in the day the tone 
was cheerful, quotations were strong, and a good deal. of 
business was recorded, but afterwards the market weak- 
ened and buyers ceased to operate. A drop in warrants was 
responsible for the unwelcome change, but the cause of the 
drop was difficult to discover. At one part of the day it 
was not easy to find either merchants or makers prepared 
to sell No. 3 g-m.b. Cleveland pig under 43s. f.o.b., but 
towards the close the ruling quality was somewhat freely 
offered at 42s. 9d. No. 1 was 43s. 9d.; No. 4 foundry, 


49s, Thd.; grey forge, 42s. 6d.; mottled, 42s. 14d.; 
and white, 42s. East Coast hematite pig iron was 
steady, and makers reported rather more doing. For 


early delivery of mixed numbers 50s. id. was the figure, 
and for No. 1 the price was 51s. 3d. No. 4 forge hematite 
was rather easy at 49s. Spanish ore was very firm, and 
the supply was none too plentiful. Rubio (50 per cent.) 
was fully 15s. 3d. delivered here. Middlesbrough war- 
rants, after touching 42s. 10d., fell by the close to 42s. 64d. 
cash buyers. ‘To-day quotations for makers’ iron were 
unaltered. Middlesbrough warrants, after falling to 
49s, 4d., rallied a little, and closed 42s, 6d. cash buyers. 

Manvfuctured Tron and Steel.—Generally the manufac- 
tured iron and steel branches of the staple industry may 
be reported as quiet. The expected rise in ship-plates 
has occurred, the advance being 2s. 6d., and the improved 
demand for ship-angles may lead _ to better rates for those 
articles. Rails have been reduced 2s. 6d., notwithstanding 
that makers continued fairly busy. Prices of other descrip- 
tions are unaltered. The following are the market rates :— 
Common iron bars, 6/. 23. 6d.; best bars, 6/. 12s. 6d.; iron 
ship-plates, (/. 5s.; iron ship-angles, 5l. 17s. 6d.; steel ship- 
plates, 5/. 10s.; steel ship-angles, 4/. 17s. 6d.; steel joists, 
hl. 5s.; steel boiler-plates, 7/.; steel sheets (singles), 
7/. 17s. 6d. ; steel sheets (doubles), 8/. 7s. 6d.; and heavy 
sections of steel rails, 4/. 10s. to 4/. 12s. 6d.-—all less the 
customary 25 per cent. discount, except rails, which are 
net at works, 

Tron and Steel Shipments.—During January there were 
shipped from the Tees 69,609 tons of pig iron, 11,493 tons 
of manufactured iron, and 31,751 tons of steel, giving the 
respectable grand total of 112,853 tons, or 1800 tons more 
than in January, 1903. The quantity sent abroad reached 
56,183 tons, and that despatched coastwise 56,177 tons, 
and was made up of coastwise clearances of 40,670 tons 
of pig iron, 9213 tons of manufactured iron, and 7294 tons 
of steel ; and foreign shipments of 29,446 tons of pig iron, 
2280 tons of manufactured iron, and 24,457 tons of steel. 
No less than 28,582 tons of pig went to Scotland, and 
12,106 tons to Italy. India was the best customer for 
both manufactured iron and steel, taking 1829 tons of 
the former and 9101 tons of the latter. 

Coal and Coke.—-Fuel is quiet. Bunker coal is 8s. f.o.b., 
and gas coal is 8s. to 8s. 9d. Coke is plentiful ; average 
— kinds can be bought at 13s. 6d. delivered 
here, 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal trade has ruled quiet. The 
best descriptions have made 14s. 3d. to 14s. 6d. per ton, 
while secondary qualities have brought 13s. 6d. to 13s. 9d. 
per ton. Household coal has shown little change; the 

est ordinary descriptions have been quoted at 14s. to 
15s. per ton, while secondary qualities have made 10s. 6d. 
to 13s, per ton; No. 3 Rhondda large has been making 
l4s, 9d. to 15s. per ton. Coke has remained steady at 
late rates ; foundry qualities have made 18s. to 19s., and 
furnace ditto 17s. to 18s. per ton. As regards iron ore, 
Rubio has been quoted at 13s. 9d. to 14s. per ton ; Tafna 
at 15s. per ton, and Almeria at 14s. to 14s. 3d. per ton, 
freight charges included to Cardiff or Newport. 

The Forest of Dean.—Some time since, Mr. Stafford 
Howard, Commissioner of Woods and Forests, who is the 
Gaveller of the Dean Forest coalfield, declared the Pillo- 
well United Colliery Gale forfeited, and issued. notices 
fora regrant. Some 756 free-miners of the Forest of Dean 
—it should be noted that a free-miner is one born in the 
Hundred of St. Briavels, and who has worked a year and 
a day in a mine—applied for it. On Monday these were 
Invited to the Speech House in Dean Forest for the 
purpose of drawing lots as to who should have the 
gale, or for making an agreement for joint ownership. 
Before the gaveller’s meeting was held, the free-miners, 
under the chairmanship of Mr. 8S. J. Elsom, made an 
endeavour in the direction of joint action, and only one 
or two dissented. The lucky number was drawn. by 
Joshua Hawkins, of Edge End, Lydbrook. The Crown 
official conducting the proceedings was Mr. Westgarth 
Brown, of Cardiff, Deputy Gaveller. The free-miners 
appointed seven persons as a committee of management 
and trustees of the colliery property. It was mentioned 
that the gale had already’ been secured by a colliery 
owner whose:works. adjoin, and who will pay the free- 
miners a royalty of 3d. per ton upon the output. 


Taff Vale Railway.—The directors’ report shows that 
the capital expenditure during the half-year amounted:to 
22;129/., the principal items being additional main and 
branch line accommodation.;; On the Penarth section 


13,0937, was expended on the widening of the curve to 
Cogan. The estimated capital expenditure for the cur- 
rent half-year is 31,600/., of which 16,000/. is to be ex- 
pended cn Pontypridd Station, 5000/. on land, 5000/. 


on increased station and siding accommodation, and 
50007. on the fourth line—Penarth curve to Cogan. 
The revenue account shows that passenger receipts in- 
creased from 109,688. to 116,506/.; merchandise and 
minerals, from 306,507/7. to 314,952/.; and dock &c., 
receipts, from 34,958/. to 35,704/. Shipping receipts de- 
creased from 17,733/. to 17,690/. On the expenditure 
side, maintenance cost 38,870/., or 530/. less ; locomotive 
power, 90,706/., or 8297. more ; carriage repairs, 11,442/., 
or 896/. more; traffic expenses, 58,483/., or 1402/. more ; 
shipping expenses, 17,992/., or 2065/. more; dock work- 
ing, &c., 9481/., or 904/. less ; rates and taxes, 29,498/., or 
1881/. more. The total receipts increased 16,174/. and 
the expenses 1358/. A dividend is recommended on the 
ordinary stock at the rate of 3? per cent. per annum. 


Barry Railway.—The directors’ report shows that the 
gross revenue for the past half-year was 336,804/.—an in- 
crease of no less than 25,391/. - The working expenses 
were only 2047/. greater, being 174,427/. The ratio of-the 
working expenses to’the revenue was 51.79 per cent. 
The balance carried to net revenue was, therefore, 23,349/. 
over the corresponding period, the figures being 162,376/., 
as compared with 139,027/. Maintenance cost 14,598/.—a 
decrease of 637/. ; locomotive power, 30,678/.—a decrease 
of 20301. ; carriage repairs, 5830/.—an increase of 1161/. ; 
traffic expenses, 17,244/.--a decrease of - 280/. ; general 
charges, 7617/.—an increase of 663/. ; shipping expenses, 
39,108/.—a decrease of 1325/.; duck-working expenses, 
36,697/.—an increase.of. 3710/.; and rates and taxes, 
22,103/.—an increase of 1250/7. The locomotive coal bill 
was 11,205/.—a decrease of 2318/. Including 6378/. brought 
forward, the balance available for dividend was 130,508/., 
as compared with 106,018/.—an increase of 24,490/. A 
dividend on the ordinary stock is recommended at the 
rate of 9 per cent.» per annum, as against 8 per cent. per 
annum, the balance carried forward being 6966/., as com- 
pared with 3231/. The capital expenditure was 72,708/., 
of which 64,292/. was in respect of the Brecon and 
Merthyr branch and 4706/. for the water service. 








MISCELLANEA. 

THE annual meetings of the Institution of Naval 
Architects will be held on Wednesday, March 23, and 
two following days, and the annual dinner will take 
place on the first-named date at 7.15 p.m. The meetings 
will, as usual, be held in the hall of he Society of Arts. 

The Board of Trade have recently confirmed the under- 
mentioned Order, made by the Light Railway Commis- 
sioners :—Watford and District Light Railways Order, 
1903, authorising the construction of light railways in the 
County of Hertford, in the parish of Watford Urban and 
the Urban District of Watford. 

The High Commissioner for Canada informs us that he 
has received a copy of the latest edition of the ‘‘ Manu- 
facturers’ List and Buyers’ Guide of Canada,” an excel- 
lent work of reference for those seeking to do business 
with the Dominion. The book may be consulted in the 
reading-room at the Canadian Government Office in 
Victoria-street. 

On Tuesday, February 2, a paper on the “ Steam Tur- 
bine” was read before the Manchester Section of the 
Institution of Electrical Engineers, by Mr. William 
Chilton, The paper dealt mainly with the Parsons type, 
but no steam consumption tests of date more recent than 
the Eberfeld trial were embodied. Ina table at the end 
of the paper the weight of a 5000-kilowatt Parsons turbine 
is said to be 42 tons, whilst one of 2000 kilowatts weighs 
25 tons, and one of 500 kilowatts 9 tons. The cost is said 
to be about the same as that. ofa reciprocating plant of 
equal capacity, if the latter is supplied: with an oil filter, 
but foundations and buildings cost less. 

Another attempt of local authorities to include in their 
assessment for rates the machinery of factories has just 
been defeated at Derby, through the action of the 
Machinery Users’ Association. The rates at Derby have 
been 7s. 6d. in the pound ; and as the local authorities 
have in view a number of large experiments in municipal 
trading, and at the same time do not wish to raise the 
poundage, they decided to try and obtain a greater return 
by taxing factory machinery, though the Courts have long 
settled that such a procedure is illegal. As the victims 
of the proposed arrangement showed fight, the authorities 
after a first adverse judgment in the King’s Bench, 
withdrew from their untenable position, and agreed, 
instead of appealing, to accept the valuation of the 
valuers of the Machinery Users’ Association, plus 74 per 
cent. to cover any possible bias that might have uncon- 
sciously affected the valuation. The attempt of the local 
authorities is in this case quite inexplicable, as previous 
decisions both at the Quarter Sessions and in the King’s 
Bench have long settled that such machinery is not liable 
to assessment. - 

The first ordinary meeting of the Society of Engineers 
for the present year was held on Monday evening, 
February 1, at ahs Royal. United Service Institution, 
Whitehall. Mr. J. Patten Barber, the President for 
1903, first oecupied the chair, and presented the pre- 
miums pene for papers read during that year— 


viz.:—The President’s Gold Medal to Mr. Douglas | to the 
his paper on ‘‘Motor Transport for | cases o 
Bessemer Premium of Books to Mr. Robert | adoption of such means as are necessary for removing or 


Mackenzie for 
roods ;” the 


the rules of the Society, disqualified from receiving pre- 
miums for papers. ‘The thanks of the Society were 
also accorded to Mr. E. R. Matthews for his paper on 
‘*Electric Light Stations ; their Design and Arrange- 
ment,” and to Mr. G. Thudichum for his paper on ‘‘ The 
Bacterial Treatment of Sewage. Mr. Barber then in- 
troduced the President for the present year, Mr. David 
B. Butler, to the meeting, and retired from the chair, re- 
ceiving a hearty and unanimous vote of thanks for his 
services during the past year. ‘The President then pro- 
ceeded to deliver his inaugural address, which dealt chiefly 
with Portland cement and the various phases in which it 
affected the engineering profession. 


The new electric tramways at Bath were opened last 
month. They have a length of 164 miles, reckoned as 
single track, and extend within four miles of the Bristol 
tram lines, so that a connection between the two systems 
is quite sible in the near future. The system is 
operated by the Bath Electric Tramways Company, 
Limited, the engineers being Messrs. George: Hopkins 
and Son, of Clun House, Surrey-street, E.C., Messrs. 
Harper Brothers and Co., of 13, St. Helen’s-place, 
E.C., and Mr. R. D. McCarter, of London. ‘The con- 
tract for the. permanent way and overhead system was 
let to Mr. Charles Chadwell, of 20, Victoria - street, 
S.W., whilst the British Westinghouse Electric and 
Manufacturing Company were entrusted with the erection. 
and equipment of the generating station, which is of 
675 kilowatts capacity, and with the fitting up of the cars 
with motors, controllers, and magnetic brakes. This 
portion of the work was accomplished in the very short 
period of 74 months from the letting of the contract. 








Trans-ANDINE RAILwayY.—An extension of the Andine 
Railway to Dolores is about to be commenced. The 
length of the section will be 75 miles. 





GERMAN METALLURGICAL [NDUSTRY.—Complete returns 
are not yet available as to the output of pig in Germany 
in 1903; but there is no doubt that the production for the 
year was, in round figures, 10,000,000 tons. The actual 
output for 1902 was 8,402,660 tons, and the increased out- 
turn in the first ten months of 1903, as compared with the 
corresponding period of 1902, was 1,476,319 tons. The 
production in 1900 was 8,520,541 tons, and in 1901, 
7,880,087 tons. We may take it, accordingly, that the 
increase in last year’s production, as compa with 1900, 
was at least 1,500,000 tons. The production of steel in 
Germany in 1900 was 6,645,869 tons; in 1901, 6,394,222 
tons; and in 1902,- 7,780,682 tons. The output of 1903 
is estimated at 9,000,000 tons, in round figures. The in- 
crease of German metallurgical production would appear 
to be justified by the coe of the demand for German 
iron and steel both at home and abroad. In the first nine 
months of last year Germany exported 2,556,302 tons of 
iron and steel, as compared with 2,533,783 tons in the 
corresponding period of 1903. 

New JAPANESE BATTLesHips.-—The contracts for the' 
construction of two battleships for the Japanese navy 
were definitely signed on Saturday by the represenatives 
in London of the Mikado’s Government. One of these is 
to be built by Messrs. Vickers, Sons, and Maxim, Limited, 
and the other by Sir W. G. Armstrong, Whitworth, and 
Co., Limited. Each vessel will be of 16,400 tons dis- 
placement, and will be fitted with machinery to enable a 
speed of between 185 and 19 knots to be attained. The 
armour protection will be arranged on the concentrated 
casemate system first introduced in the Japanese battle- 
ship Mikasa, completed in 1902 by the Vickers Company, 
par | since adopted in the eight British battleships of the 
King Edward VII. class and in His Majesty’s ships 
Triumph and Swiftsure—the two vessels originally built 
for the Chilian navy. _The new Japanese ships will be 
more heavily armed than even the King Edward VII. 
class, for, although the number of guns may remain the 
same, the calibre of several of them will be greater, the 
weight of shot being increased to 11 tons per minute, as 
compared with 9 tons in the British ships, so that the new 
Japanese battleships are the most powerful yet ordered 
for any navy. 





STAFFORDSHIRE Rivers.—In a report just issued 
the sewerage committee of the West Bromwich Town 
Council refers at length to the Royal Commission on 
Sewage Disposal, and a conference of representatives of 
the counties and county bordughs within the watershed of 
the Trent, for the purpose of considering the third report 
of the Royal Commission on the subject. At that con- 
ference it was resolved that the President of the Local 
Government Board should be asked to receive a deputa- 
tion to lay before him the views of the conference, 
especially as regards the Trent watershed, and that each 
of the authorities represented at the conference be asked 
to nominate one member, and such officials as each 





| 


authority may select for the purpose of such deputation. 
The Commission, it is pointed out, recommended that the 
function of the central authority should be to exercise a 
general superintendence over the whole county in regard 

revention of pollution of water, to inquire into 
P dangerous pollution, with power to order the 


J. Thomas for his paper on ‘‘ Road Maintenance and | diminishing the danger, to enter gathering grounds, and 
Administration ;” and a Society’s Premium of Books to} take samples of water, and to determine differences 
Mr. Albert Gay for his paper on ‘‘ Mechanical Stokers for | between local authorities and manufacturers as to purifica- 


Electricity Generating Stations.” 


The thanks of the tion of ‘trade effluents. 


But the conference is of opinion, 


Society were accorded to Mr. W. Worby Beaumont, Past- | and the committee agrees with it, that, in view of the 
President, for opening a topical discussion on ‘‘ Road | good work done in the past by the authorities within the 


Traffic in and near Large Cities;”’ and to Mr. D. B. 


rent watershed, in order to secure the purification of 


Butler (then a Vice-President) for his paper on ‘‘ Certain | rivers and streams, and the large sums expended by them 


Vexatious and Fallacious Cement Tests now in Vogue.” 





in sewage-disposal schemes, they should not be interfered 


These two gentlemen being Members of Council, are, by | with. 
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ELECTRICITY IN MINES. 
Or all manual occupations none probably is more 
laborious than that of coal-getting. The collier lies 
on his side, very often with the roof only a foot or 
so above his shoulder, and he holes beneath the 
coal as far as he can reach with his pick and his arms, 
working almost in the dark, with a constant possi- 
bility of the strata giving way and crushing him. 
The labour is carried on by the aid of the most 
imperfect light, and very often in damp and mud. 
As the man works he has to listen for any ominous 
cracking of the coal above him, always keeping in a 
state of attention to save himself from accident. 
Every now and then the public is horrified by the 
news of some terrible explosion, by which a score 
or so of lives have been destroyed almost in a second, 
and such things loom largely in the imagination of 
the ‘‘man in the street.” But the real danger in |1 
i 


sions. It would seem that in no department of 
industry could mechanical appliances be adopted 
with better results than in coal-mining, from the 
point of view of minimisation of danger, and the 
substitution of power machines for human muscles. 
For years past inventors have been at work on 
this subject, and have been fairly successful as 
regards the machines themselves. The point in 
which they have usually failed has been in the 
means of driving them. Some amount of success 
has been attained by means of compressed air ; 
but, at the best, this isa cumbrous agent for trans- 
mitting power to a moving machine. Long lengths 
of tubes have to be used to conduct the motive 
power to near the point where it is employed, and 
then flexible pipes have to be employed in order 
that the coal-cutting machine may be moved 
along the face. Compressed air is also an inefficient 
agent for the transmission of power; but this is 
not a very important point, for it is a poor — 
mover which cannot supply power more cheaply 
than human muscles, With the advent of electrical 
means for the transmission of power it seemed as 
if we were on the verge of a new era of mechanical 
coal-cutting ; but when the attempt was made, the 
subject was soon found to be surrounded by difli- 
culties and dangers of its own. At the present 
time there are 483 coal-cutting machines in use in 
this country, of which only 149 are electric, and 
this is after electric means of transmission have 
been available for something like twenty years. 
Nevertheless, in some places, where the subject 
has been attacked in the right way, very consider- 
able success has been attained; and at Messrs. 
Pope and Pearson’s Altofts Colliery, near Nor- 
manton, there is a coal-cutter which daily cuts 250 
tons of coal, holing under the face to a distance of 
6 ft. This machine is driven by a three-phase 
motor, and has worked well for some years. 
Undoubtedly electricity introduces a new source 
of,danger in the coal-mines, where there were already 
plenty existing ; but dangers which are perfectly 
realised are matters which can be faced with equa- 
nimity, and safeguards can be provided which may 
be relied upon with certainty. At the first glance, 
nothing appears more horribly fraught with peril 
than an express train tearing at full speed through 
a station in the dark, guided only by 1}-in. flanges 
on the leading wheels of the locomotive, and run- 
ning along lines which accommodate at the same 
time many other trains, and which are liable to be 
occupied by shunting operations at every station. 
Yet we know, when we see such a train, that 
probably passengers are sleeping quietly and 
comfortably in the beds, without any more appre- 
hension than they feel in their own homes. One 
by one all the sources of danger have been made 
manifest, and efficient precautions have been 
invented and brought into daily use to meet 
the circumstances. It is only necessary in coal- 
mining that the same foresight and constant 
vigilance should be exercised over electric ap- 
pliances as isa matter of every-day routine upon 


railways, in order to render electricity perfectly 
safe. 


To decide what these precautions should be, 
Mr. Akers-Douglas, the Home Secretary, appointed 


a departmental committee, in November, 1892, to 
take evidence and to formulate rules for the guidance 
of His Majesty’s inspectors of mines. The Committee 
included Mr. Henry H. 8. Cunynghame, of the 
Home Office (chairman), the late Mr. Charles Fen- 
wick, M.P., who was a coalminer, Mr. Arch. Hood, 
Mr. James Swinburne, and two inspectors of mines 
—Mr. W. N. Atkinson and Mr. A. H. Stokes. 
Mr. Arch. Hood, unfortunately, died, and Mr. 
Swinburne was obliged to resign on account of other 
business, and in place of them there were appointed 
Mr. W. W. Hood and Mr. W. H. Patchell. 


This’ Committee has now issued a_ valuable 


report, and a set of rules as a guidance to those 
in the coal-mining industry, to define how far, 
and under what circumstances, electricity can be 
used in pits. They examined 56 witnesses, includ- 
ing experts, electrical engineers, colliery pro- 
prietors, miners, and manufacturers of electrical 
apparatus. 
that there was already exicting a considerable 
amount of experience as to the results of using 
electric power in mines, and this experience was 
none the less instructive because it comprised the 
records of a good many failures. 


From these witnesses they learned 


In numerous 
nstances electricity has proved so successful that, 





coal-pits lies more in falls of the roof, which gene- 
rally kill or injure the men in units, the aggre- 
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radoxical as it may seem, it has led to failure. 


gate of accidents from this cause being many | Small installations were put down in a tentative and 
times greater than those which arise from explo- | experimental manner, and the aid they furnished 
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to mining was so greatly appreciated that extensions 
were rapidly made beyond the capacity of the 
original plant, with the result that it became over- 
loaded and broke down in some vital particular. Now 
a breakdown in a mine is regarded by managers as 
avery serious matter—and rightly so. Owing to the 
action of the colliers, the hours of work are very 
short, and it is therefore imperative that opera- 
tions should be carried on at high pressure. If, 
for any reason, the delivery of coal is arrested for 
an hour or two, the output is seriously reduced, 
and there is no opportunity of making it up by 
overtime or by increasing the speed of working. 
It has not always been realised, as it should have 
been, that the breakdowns of electric apparatus 
were the result of inadequate appliances, and there 
has been a tendency to class electricity as a tickle 
and untrustworthy agent. 

The Committee lay it down most strongly that 
safety can only be attained in the use of electricity 
in mines by remembering that it is always dan- 
gerous. It is not that it is inherently dangerous 
when everything is in good order, and the insula- 
tion is perfect ; but, unfortunately, we have no 
insulating material which is mechanically strong. 
We have to use india-rubber, cotton, paper, 
varnish, and such like materials, which are very 
liable to wear, even when they are placed in 
proper surroundings ; but when they are exposed 
to constant damp, and to no little. friction, they 
can only be kept in good condition by untiring 
vigilance. If the man responsible for the electric 
installation in the mine be always on his guard, 
and never forgets the potential danger which it is 
his business to keep in check, then there is very 
little reason to apprehend any disaster. 

There are three principal dangers connected with 
the use of electricity in mines. First, there is the 
danger to life from shock ; second, the danger from 
tire; and third, from explosion. As regards 
the first, we have, as the result of experience, 
almost eliminated it above ground. Our houses 
are wired, and the fittings hang from our 
ceilings, and stand upon our tables, and it is a 
very unusual thing for even the most careless 
servant-maid to put them out of order. The same 
skill and care in design are needed below ground, but 
they must be carried further, for the reason that the 
mine is generally filled with a moist atmosphere, 
and very often the walls and floors are dripping 
with wet ; consequently a very much better insula- 
tion is needed there than in-a dry house; and, 
moreover, in connection with motors the voltage 
will generally be much higher. While 220 volts is 
about the limit for public supply, it is practically 
necessary to use 500 or 600 volts for driving 
motors. Naturally, the working man is expected 
to take greater risks, in his calling, than is the 
householder, for he is supposed to be well in- 
structed in the precautions™ necessary~ to avoid 
danger, while the actual handling of electric appa- 
ratus can be put into the charge of a few men 
specially skilled in its use. It would be a dangerous 
thing to allow an ordinary collier to have anything 
to do with the management of electrical machinery 
until he had passed through a course of training. 

A fire is always a danger in a mine, and once 
it becomes established, it may take weeks or months 
to put it out. When one has an electric conductor 
passing large quantities of energy, and protected 
by more or less inflammable material, like india- 
rubber and bitumen, the possibility of fire can never 
be ignored. specially is this the case in 
regard to the loose flexible conductors used 
to connect portable machines to contiguous 
mains These are liable to have their coatings 
worn off, and to be damaged by the wheels of 
trams and the falls of rock. Armatures of motors 
are also a considerable source of danger. The 
official of an insurance company, who came before 
the Committee, stated that 40 per cent. of the 
armatures on their books were annually put out 
of action. This will be readily understood when 
we remember the liability of a coal-cutting ma- 
chine to slow down, or even to become jammed. 
Under such circumstances the current increases 
enormously, and if the fuse or contact-breaker 
should not act properly, there is a certainty that 
the armature will rapidly become red hot, and set 
fire to the insulation. The greatest danger of all, 
although possibly not the most frequent, is that of 
explosion; for it has been demonstrated that a 
small explosion may propagate itself by means of 
coal-dust right through the workings of a mine, and 
fill them with flame. Of course, there are many 





mines in which there is practically no gas, and in| should be at least 7 ft. above the track, and all 
which, or parts of which at any rate, naked | travelling on foot beneath them should be abso- 
lights are allowed.- In such pits there is no need | lutely “prohibited during the time that haulage 
to trouble about the risks of explosion from electric | is taking. place. The men-are, toxbe. kept off the 
sparks. Practically, in the main airways of all | roads until the current may be turned off, or else 
mines gas is non-existent ; it is when we leave the| they are to be carried along in trams provided 
main roads and go into the small ones that the| with covers to safeguard them. As for electric 
danger of explosion'commences. It is met with, | lighting, they consider that an installation based 
probably, in the most aggravated form as the | on the rules published by the Council of the 
result of the falls of roofs. If an electric main} Institution of Electrical Engineers should be safe, 
carrying a large current be broken by a fall of| with the addition of certain precautions necessi- 
roof, there may be an immense spark, which will | tated by the presence of firedamp. Arc-lamps, of 
be certain to inflame an explosive atmosvhere.| course, are quite impossible, while glow-lamps 
One’s first idea would be to bury the mains under | need to be enclosed in stout glass covers to protect 
the floor, but in some mines the floors are no more | them from mechanical injury ; when so arranged, 
stable than the roof, and are subject to con-| they are much better than safety-lamps, which are 
stant movement. The position of such conductors | by no means too secure when exposed to a 
can only be decided on consideration of local| very strong draught in an explosive atmosphere, 
circumstances ; but the preponderance of evidence| In conclusion, the result of this elaborate inquiry 
seems to point to carrying them from the roof by | seems to show that electricity may be used in ail 
very light connections and with plenty of slack, in| parts of a mine, except those in which firedamp is 
which case a fall of rock would bring down a long} present-in great quantities ; but that its use involves 
length of cable, and so would not expose it to any| the owner in the employment of all precautions 
considerable strain. which experience and science show to be necessary. 

A spark from a switch, or from a fuse, is| Manufacturers might well turn their attention to 
amply sutticient to ignite an explosive mixture ;| the construction of a motor which could run in 
but this difficulty can be avoided by always|an explosive atmosphere without risk, and some 
breaking contact under vil. It is at the motor] are already doing so. Nevertheless, motors are 
that the greatest difficulty occurs. At the face|to be had now that can be used with safety, 
there is nearly always some gas, and it is| provided that those in charge of them realise 
practically impossible to run a direct-current| that there are limits, as regards the presence of 
motor without some sparking at the commu-| gas, beyond which it is not wise to go. Given an 
tator. The Committee recommend that all such] installation which is designed with a due know- 
motors should be enclosed in flame-tight cases, | ledge of the circumstances under which it is to 
so that the burning of the gas inside the case| work, and which is kept constantly under observa- 
would not communicate itself to the outside| tion, all signs of wear being remedied at once, and 
atmosphere. Of course, inclosed motors need to| spare parts being provided for substitution for any 
be made very much larger than open motors, as it| that give trouble, then electrical appliances may 
is difficult to dissipate the heat which they produce | be used in mines with much more assurance than 
in their coils without the aid of a rapid ventilation ; | explosives are now ; for, although they have dangers 
this, however, is only a matter of design and of| of their own, these dangers are certainly not so 
money. The motor in a pit in any case gets such | great as those which arise from the firing of shots. 
hard and rough usage that it is only by giving} We think that the publication of this report should 
proportions far in excess of those which would | lead to the rapid introduction of electric power into 
be ample under better circumstances that it can be | collieries, because it wil! exp!ain to manufacturers 
made reliable. It is this point which is the| exactly what is needed ‘by the industry. As long 
burden of the advice which the Committee give to| as they were ignorant of the conditions which pre- 
coal-owners. They insist that. there must be no| vailed below ground, and imagined that an appa- 
attempt at economy in the cutting down of pro-| ratus which was reliable above would meet the con- 
portions and in the use of inferior materials. They | ditions below, they were not likely to spend time 
point out that a bad installation will probably} and money in the design of new apparatus, and 
cost 80 per cent. as much asa good one, while it} were apt to urge coal-owners to put in motors that 
will cost several times as much in upkeep. When| were not well suited for their requirements, with 
one has the combination of an explosive atmosphere | the result that there has been a good deal of dis- 
anda machine which may give rise to sparks or to| appointment. The Committee end their very prac- 
flame, the ordinary factor of safety of three, or/ tical report by a code of rules, which, although 
four, or five becomes quite insuflicient, and a very | elaborate and numerous, are by no means rigid ; 
much larger margin must be insisted upon. An| they rather point out the precautions to be taken 
example in point is to be found in the use of explo-|in regard to each item of the apparatus than 
sives. These are employed in many mines which | specify how those apparatus shall be constructed. 
are liable to incursions of gas, and they are| 
used year after year without any mishap. But | 
they are put only into the hands of trained 
men, and are treated as constant sources of peril: 
Before they are used, the place is tested, to 
be sure that there is no appreciable amount of 
gas present; and the firing is usually done at night, 
when there are only a few men in the pit. 
Similarly, the Committee insist that when gas is 
found to be present, all the electric motors must be 
stopped, and not until a safe atmosphere has been 
restored must they be started again. 

The Committee in their report prefer to point out 
principles rather than lay down hard-and-fast rules 
as to details. They discuss the possibilities both 
of three-phase and of direct current, but appear to 
have a preference for the former, owing to the facts 
that it does not necessitate the use of a commutator 
on the motor, and that three-phase motors will 
stand overload much better than will the direct- 
current motor. In regard to fixed motors for pump- 
ing and hauling, they recommend that these should 
be put in enclosures Which can be ventilated by 
intake air, under which circumstances there is prac- 
tically no danger of an explosion. If, however, 
other situations must be chosen for them, ther they 
need to be enclosed in flame-tight cases similarly 
to the motors at the face. 

As regards electric locomotives on the trolley 
system, which require bare conductors, the Com- 
mittee consider them impossible in mines where 
there is danger to apprehend from gas ; but in pits 
free from fire-damp they consider that they may be 
used under efficient precautions to prevent acci- 
dents from fire and shock. The trolley wires 











ENGINEERING PROGRESS IN STEEL 
~ WORKS. 

At a time when increasingly: severe indictments 
are being made against the methods adopted in the 
iron and steel works of Great’ Britain, and when 
our metal manufacturers are beset with the keen 
competition of foreign makers, no subject can be 
of greater interest than the extent of progress 
made in our metal-producing factories. Largely 
| because we were pioneers, and for years had an 
almost unchallenged supremacy, there is in this 
trade, perhaps more than in any other industry, that 
conservatism which comes with success. But, for- 
tunately, the progress of competitors has had the 
effect of awakening the metallurgists to the 
necessity of modernising their plant so as to 
economise production, and place the nation in 
a more advantageous position in the great in- 
ternational competition now in progress. There 
are several directions in which a radical improve- 
ment is possible in the great majority of large 
steel works ; and it is worth studying the contrast 
presented between an establishment where the old 
methods prevail, and a works such as _ that, for 
instance, of the Vickers Company, where modern 
methods are developed in the most satisfactory 
degree, with large-capacity furnaces of the tilting 
type, having electric charging machinery, hydraulic 
forging-presses having high pressure and quick-acting 
gear, and electrically-driven machine-tools with high 
cutting speeds. These are some of the directions 
in which progress is being made, and a service has 
been done to the profession by such a prominent 
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metallurgical engineer as Mr. W. H. Ellis, in 
taking up these subjects in the address which 
he delivered on Monday evening last as President 
of the Sheftield Society of Engineers and Metallur- 
gists. Mr. Ellis is on the staff of Messrs. John 
Brown and Co., Limited, and has been intimately 
associated with recent developments at the Atlas 
Works, so that he is in a position to speak with 
experience. . / 

As regards steel-melting, he enforces the im- 
portance of not carrying molten metal in a ladle 
swung from the crane, preferring the safer course 
of casting from a ladle-carriage running on a 
gantry, with the ingot moulds between the track- 
girders. He supports the use of cast-iron moulds, 
as, with a suitable analysis and proper method of 
casting, such moulds can be made to produce as 
much as 2000 tons of steel ingots before becoming 
so burnt and cracked as to be unserviceable. More- 
over, he thinks that the chilling in the mould 
gives more uniform results in analysis than where 
composition-lined moulds are used. ; 

There has been a considerable development in 
hydraulic forging in recent years. The Vickers 
Company, Mr. Ellis states, were the pioneers in 
the Sheftield district, Messrs. Brown and Messrs. 
Cammell adopting the method in 1877, each with a 
4000-ton press ; but now presses up to 10,000 tons 
are in use. Indeed, throughout the whole country 
the press is now largely supplanting the steam- 
hammer, as, with the former, pressure is exerted for 
a sufficiently long period to work the metal to the 
core of the ingot. Moreover, the hydraulic system 
is more economical. Mr. Ellis seems to favour 
the system of having the pumping engine in direct 
communication with the press, in preference to the 
use of an accumulator, or to the adoption of a steam- 
cylinder of large area acting directly on to a water- 
cylinder of small area, the latter supplying the 
press-cylinder. While the accumulator may be 
satisfactory for the operation of small presses, where 
the amount of power required for each operation 
is fairly uniform, it is found that it is not eco- 
nomical to apply it where the pressure is variable 
during the working of a large ingot. In heavy work 
it is almost always the case that the pressure per 
square inch at the commencement of the heat is 
only a part—about one-quarter—of the maximum, 
so that the use of full pressure from the accumu- 
lator is wasteful, and involves a greater steam 
consumption than when the pumping engine 
works in direct communication with the press- 
cylinder, developing power in exact proportion 
to the pressure required to be exerted for work- 
ing the ingot. In this case, too, it is possible 
to store up steam against the short period when 
the engine is required to exert its full power 
through the press, and thus the boiler instal- 
lation need not be equal to the maximum. The 
application of a large steam-cylinder with a water- 
cylinder, with the latter in direct communication 
with the press, has its advantages, as there 
are few complications in the way of valves, 
&c., so that the first cost and running ex- 
penses are less. The system, however, is not 
so economical, the area of the steam - cylinder 
involving very considerable condensation on the 
internal walls, while the impossibility of using 
the steam expansively nullifies in large measure 
the advantage in economy of first cost and upkeep. 

The application of electricity for driving ma- 
chine tools naturally finds a strong advocate in 
Mr. Ellis, as his experience has shown that the 
concentration of generating plant in the central 
power-station gives an efticiency more than 50 
per cent. greater than under the old conditions 
with long steam leads and numerous isolated 
power-engines. Indeed, he regards it as sur- 
prising that electric driving was not adopted long 
ago, and he quotes the explanation given to 
him by Mr. Alexander Siemens :—‘‘ Because none 
of you engineers would believe what we elec- 
tricians had to tell you.” Mr. Ellis makes the very 
pertinent remark, that if the electricians in earlier 
years had been willing to tell them a little less, 
engineers would probably have been able to believe 
a good deal more. It is too frequently the case 
that the reformer, by protesting too much, only 
awakens scepticism. 








THE RUSSIAN INDUSTRIAL CRISIS. 

We have on previous occasions referred in these 
columns to the depressed state of manufacturing 
industries in Russia, and to the failure of sub- 








sidies to enable them, with the aid of 4 very 
high tariff, to keep out the foreigner and to 
develop an industry of respectable proportions at 
home. So much attention has been paid recently 
to Russian politics in relation to the Far East, 
that the gravity of the financial and industrial 
crisis, with which the country is confronted, 
has not received the attention which it de- 
serves. It is undeniably serious, all the same, 
and, as explained in a recent statement of the 
Controller of State to the Czar, it results from 
the over-stimulation of domestic industries 
by State grants. The ex-Minister of Finance, 
M. de Witte, was a consistent advocate of 
this policy of granting subsidies out of the State 
Bank to enable manufacturers to establish and 
extend factories, and of giving them large orders at 
highprices on Government account. The materials 
for the Siberian and other railroads, as well as for 
numerous varied undertakings, were obtained in 
this way, and it will be remembered that when the 
Government was no longer able to hand out busi- 
ness ona scale large enough to keep works fully 
occupied, the manufacturers met in council and 
protested to M. de Witte that they must have more 
orders in order to keep them going even on short 
time. That gentleman made a special effort and 
found more work, but obviously he could not con- 
tinue to do so down to the end of the chapter. 

The outcome of the Government policy of direct 
and indirect protection was only what might have 
been expected. Several branches of industry 
seemed to be in the enjoyment of a stable and 
gratifying prosperity, and made haste to discount 
their expectations. But when Government busi- 
ness ceased, the over-expanded plants found them- 
selves without markets, or without any source 
of profit whatever. They were built up on a 
specialised basis, which took little account of the 
every-day consumption of the country, and, as a 
consequence, English, German, and Belgian iron 
manufactures have been freely imported. The 
position is a decidedly anomalous one, and if the 
manufacturers ever did carry out their intention of 
catering more for the every-day consumer, they do 
not appear to have met with much success. The 
condition of the encouraged metal industries is 
dwelt upon at length by the Comptroller as a 
fine example of the results of misdirected and 
ineffectual Government encouragement. The grants, 
or loans, made to these industries amounted to 
40,000,000 roubles in 1900, were increased to 
65,000,000 roubles in 1902, and further increased 
to 100,000,000. roubles in 1903. The State 
Bank, from which these large sums were drawn, 
was so deeply committed that in many in- 
stances it has had to undertake the management 
of the plants in order to avert total loss. The 
crisis precipitated by this course of policy is 
causing much anxiety to those responsible. It is 
coming to be recognised that an artificial and rapid 
industrial development, in excess of the require- 
ments of the home markets, leads to national im- 
poverishment. A profitable export trade for the 
country, at any rate for the present, is. out of the 
question. A satisfactory industrial development 
cannot come until Russia is in the enjoyment of 
agricultural prosperity, and just now agriculture is 
very far from flourishing. In 1897 the peasantry 
were in arrears to the extent of about 94,000,000 
roubles in the annual payments for the land allotted 
to them when the emancipation of the serfs took 
place, and this amount had increased by the end of 
last year to 121,300,000 roubles, in spite of the 
measures inaugurated by the Government to miti- 
gate the pecuniary burden upon the peasantry. 
Manifestly, the country has no margin of agri- 
cultural prosperity to draw ‘upon to off-set the 
disastrous results of its, efforts to stimulate manu- 
factures under a system of Government aid. 








THE WORKING OF THE BOILER 
EXPLOSIONS ACTS. 

Tue annual report for the year ending June 30, 
1903, on the working of the Boiler Explosions Acts, 
1882 and 1890, has just been issued by the Board 
of Trade. During the term covered by the report, 
59 preliminary inquiries and 10 formal investiga- 
tions were held under the provisions of the Acts. 
The 69 explosions thus dealt with caused the death 
of 22 persons and injury to 67 others. The average 
fox the past 21 years, during which the Act of 1882 
has been in force, was 69.4 explosions, 29,1 persons 
killed, and 61.4 persons injured. 








The report states that, as regards loss of life and 
personal injury, the most serious case dealt with 
during the year was the explosion of a Cornish 
boiler at Bilston in January, by which fcur persons 
were killed and 21 injured. Further, it states 
that ‘‘there is no definite information available 
as to the number of boilers in use in the United 
Kingdom, but it may be fairly assumed that there 
has been a considerable increase during the last 
twenty years. If this is the case, it is satisfactory 
to find that there is no tendency to any increase in 
the number of serious explosions or in the loss of 
life from such casualties.” 

On analysing the report, it appears that 29 of the 
boilers, &c., which failed were under no special 
system of inspection; 18 were under boiler or 
mutual insurance companies ; 13 were under Lloyd’s 
Survey or insured by Lloyd’s underwriters ; 4 were 
under ‘ he Board of Trade and Lloyd’s ; 3 were under 
the Board of Trade ; 1 was under the British Cor- 
poration and Lloyd’s underwriters ; and 1 was under 
the Bureau Veritas. 

Appendices B, C, and D, added to the report by 
Mr. R. Ellis Cunliffe, solicitor to the Board of 
Trade, give further information of an interesting 
character. Appendix B describes the 69 explosions as 
having arisen from the following boilers or vessels :—- 

19 horizontal multitubular boilers. 
6 vertical boilers. 
6 land boilers (cylindrical, Cornish, Lanca- 
shire, &c.). ‘ 
6 locomotive boilers. 
3 water-tube boilers. 
19 steam-pipes, stop-valve chests, &c. 
10 miscellaneous. 
The causes of the 69 explosions are stated as 
follow :— 
23 deterioration or corrosion. 
16 defective design, or undue working pressure. 
7 defective workmanship, material,. or con- 
struction. 
1 excessive pressure, defective safety-valve or 
mountings. 
17 ignorance or neglect of attendants. 
5 miscellaneous. 

Appendix C gives the total number of explosions 
dealt. with since the passing of the Acts, the number 
of lives lost, aud number of persons injured. The 
figures are as follow :— 


Personal Injuries. 
Number of a stim 

















Explosions. 
Number of Number of 
Lives Lost. Persons Injured. 

1882-3 . 45 35 33 
1883-4 . 41 18 62 
1884-5 . 43 40 62 
1885-6. 57 33 79 
1886.7 . 37 24 44 
1887-8 . 6L 31 52 
1888-9 . 67 33 79 
1889 90 77 21 76 
1890-91 72 32 61 
1891-92 88 23 82 
1892-93 72 20 37 
1893-94 104 | 24 54 
1894-95 114 | 43 85 
1895-96 79 25 43 
1896-97 380 27 75 
1897-98 S4 37 46 
1898-99 68 36 67 
1899-1900 59 24 65 
1900-1... 72 33 60 
1901-2 68 30 55 
1902-3 69 22 67 

Totals eal 1456 611 1289 
Average of 21 

years 69.4 29.1 61.4 


Appendix D states that the number of formal 
investigations held into the circumstances attend- 
ing boiler explosions which occurred during the 
year ending June 30, 1903, was 10. They re- 
lated to 

3 Cornish boilers. 

1 water-tube boiler. 
2 locomotive boilers. 
1 pan. 

1 expansion joint. 
1 cast-iron tank. 

1 egg-ended boiler. 

These explosions resulted in the death of nine 
persons and injuries to 37 others. 

In four of the cases the Commissioners found 
that the explosions were due to the neglect of 
owners ; four were due to the neglect of servants, 
for which the owners were responsible ; in one 
case a foreman boiler-maker was to blame ; and in 
one case it was found that no one was to blame.’ 

The following amounts were ordered to be paid 
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towards the costs and expenses of the investiga- 
tions :— 
101. in one case. 
151. is 
201. in two cases. 
251. a 
401. in one case. 
. 501. ms 

The gross total of the costs ordered to be paid 
amounted to 205/. 

The causes of the explosions, Mr. Cunliffe states, 
have been clearly ascertained, and in no case has 
the explosion been attributable to unavoidable 
accident. 


Owners, 


In a summary of some of the nine explosions re- | 
specting which a formal investigation had been held, | 


Mr. Cunliffe gives some very interesting particulars, 
and draws attention to the fact that in three cases 
the boilers had not been examined by any com- 
petent person for several years, while in others the 
examinations were not thorough. Referring to 
the explosion of a cast-iron jacketed cast-iron tank 
by which one person was slightly injured, the 
report says:—‘‘ The explosion revealed the fact 
that the casting of the outer pan was highly defec- 
tive, many blow-holes being present, which seriously 
affected the strength. 


in a molten state into the holes, with the result 
that when the casting was painted these defects 
were not obvious ona superficial examination. The 
engineers did not fulfil their contract in the con- 
struction of the tank, as they failed to supply a good 
casting, but the owners took no measures to ascer- 
tain whether the contract had been fulfilled by 


having the casting tested, as they should have done. | 


For this omission they were found to blame, and 
ordered to pay the sum of 401. towards the costs of 
the investigation.” 

This explosion, it appears to us, is a warning to 
steam-users to have not only their boilers, but also 
all vessels subjected to steam pressure, under 
some system of efficient inspection. This would 
afford a check on any unprincipled makers if they 
endeavoured to evade the terms of their contract, 
and supply plant of inferior construction or not 
according to specitication. 

The report closes by a reference to an investiga- 
tion respecting the explosion of a tube in a patent 
water-tube boiler, by which two persons were killed 
and two injured. ‘‘ The explosion,” it is stated, 
‘*was due to overheating, which caused the metal 
in the neighbourhood of the fracture to waste and 
finally to stretch until it ruptured under the 
ordinary working pressure. The overheating was 
due to a deposit near the point of rupture, which 
deposit was formed from scale which had been left 
in the boiler, and which was carried by the action 
of the water into the tubes, where, when the 
circulation was retarded, it adhered to the metal. 
The Commissioners found that it was practically 
admitted in evidence to be impossible to perfectly 
clean these boilers, and they held that all the 
means within the knowledge of the owners to ensure 
the safe working of the boilers had been adopted 
by them. The Commissioners made no order as to 
costs.” 

PASSENGERS ON ATLANTIC LINERS. 

THE great increase in the size and passenger 
capacity of the modern Atlantic liner is forcibly 
exemplified in the return of passengers landed at 
the port of New York by the various steamship 
lines during the past year, just issued by the 
landing agent—Mr. William C. Moore. Ten years 
ago it was rare to have a ship debarking one thou- 
sand passengers, and the highest average per ship 
of any line in 1893 was that of the White Star Line, 
with 797 passengers of all classes; the Cunard 
Company coming second with 751. Even as late 
as 1900 there was not a very great increase either 
in the maximum in one ship, or in the average of 
any line; the White Star again took the first 
place in that year with 886 passengers; the 
North German Lloyd being second with 863; 
and the Cunard third with 838. In the fol- 
lowing year the North German Lloyd stepped 
ahead of all the others, with an average of 
1130 passengers, and, if we except the purely 
emigrant ships from the Mediterranean, whose 
average in one or two cases approached a thousand 
passengers, the other lines in 1901 did. not show 
much advance on the averages of seven and eight 
hundred of the previous year. In 1902 there were 





Several holes on the surface | 
of the casting had been filled with white metal, run | 


only two cases of averages exceeding the thousand, 
the North German Lloyd being first with 1242 pas- 
sengers and the Hamburg-American second with 
1012. The Red Star Line came as near the 1000 
|as possible, with 999, the French Line being fourth 
| with 985. It will be seen, therefore, that whatever 
position we may now occupy in the matter of large- 
capacity ships, the German companies first showed 
| the way. Last year, instead of only two lines having 
| an average exceeding one thousand, there were seven. 
|The North German Lloyd ships had the very high 
| average of 1367 passengers for their 89 voyages ; 
|the Red Star Line comes next with 1249 for 51 
| trips ; La Veloce, 1230 for 26 voyages—almost en- 
| tirely emigrants ; the Hamburg-American, 1135 for 
103 arrivals ; the North German Lloyd Mediter- 
ranean ships, 1114 for 30 voyages ; the French line, 
| 1068 for 59 trips; and the Holland - American 
| Company, 1005 for 45 voyages. Then come with 
‘less than 1000 the Italian Line, the Prince Line, 
|and the Hamburg-American Line with emigrant 
ships from the Mediterranean. All these ten lines, 
| with the highest averages per ship, are foreign- 
jowned, the first of the British lines being the 
| Anchor, with their emigrant ships from the Medi- 
|terranean, having an average of 836; then the 
| Cunard, with 802, and the White Star, with 748. 


'cerned, is a little more satisfactory. Taking the 
average of first saloon passengers per ship, the North 
| German Lloyd vessels again take first place with 153, 


and if to this be added the average of second-class | 


passengers, we have a total of 362 per ship for cabin 


passengers, which is very much higher than in| 
The highest average in 1902, also | 
was 289; | 


and for | 


previous years. 
|for the North German Lloyd ships, 
in 1901 for the Cunard steamers, 312; 
the American Line, 310; in 1900 it was 392 for the 
Cunard ; in 1899, 213 for the American Line ; and 
in 1898, 278 for the Cunard line. There is not, 
therefore, the same development here as in the 
total of all classes, a fact which is, perhaps, due to 
the improved accommodation afforded in the steer- 
age for settlers travelling to the States. In the 
old days, not many years ago, when steerage pas- 
sengers had to take their own bedding, &c., the 
tendency was to go second-class in a cheap ship ; 
but now, with every convenience in the ‘tween 
decks, there is no such need for preference for the 
economically inclined. 


place on the list is taken by the Cunard Company, 
who have so frequently occupied the premier 
position : their averages this year are LOL first and 
183 second cabin passengers—-together 294; while in 
the previous year their average was 320, in 1901 
it was 312, and in 1900 it was as high as 392. The 
third place this year is taken by the White 
Star Line, with 138 first and 108 second cabin 
passengers per ship, a total of 246; which com- 
pares with 283 for the same line in the previous 
year, and 275 in 1901. Fourth on the list is the 
American Line, with an average of 102 first 
and 138 second (together 240) cabin passengers, 
which is less than in some previous years, when this 
line topped the list. The fifth place is taken by 
the Hamburg-American Company with results 
which are better than in any previous years. The 
next on the list is the Anchor Line, from Glasgow, 
which has a total also rather better than in preceding 
returns. The seventh place is occupied by the 
French line, with a mean 33 per cent. higher than 
in the two or three preceding years. The Red Star 
have also very considerably improved their position ; 
indeed, this company, which belongs to the Com- 
bine, have had several ships from the Clydebank 
Works during the past two or three years, and have 
very materially improved their relative position in 
the official statistics. We give the averages for the 
various lines in the annexed table. 

The total number of passengers landed at New 
York shows a considerable increase on the aggre- 
|gate for several previous years. Of all classes, 
there were 804,796, which is 90,000, or about 
| 12.6 per cent., more than in the previous year. 
| This record is nearly double the number of 1899, 
/and close upon three times that of 1897. It is 
| indeed the highest for many years, as is shown by 
|Table II., annexed. It will be noted that there 
| Were 47 more trips made during the year ; but even 
|so, the average number of passengers per ship is 
|much higher, working out at 830 per ship, which 
is certainly very satisfactory ; it compares with 
773 in the previous year, 639 in 1901, and 645 in 





Some consolation, however, is found in the fact | 
| that our position, so far as cabin passengers are con- | 


But to return to this year’s records, the second | 


TaBLEe I.—Average Number of Passengers per Ship of 
Principal Trans- Atlantic Lines in 1903. 4 


Second 
Cabin. 


First 


Cabin Steerage. 


Total. 





209 
183 
108 
138 
135 
159 
127 
120 
125 


1005 
518 
502 
365 
914 
277 
873 
817 

1073 


1367 
S02 
748 
605 

1135 
483 

1068 

1005 

1249 


North German Lloyd 

Cunard * : 

White Star 

American we 

Hamburg-American 

Anchor Line .. . 

French. . R 

Holland-America 

Red Star = 7 re 

North German Lloyd (Medi- 
terranean) .. = 

Hamburg-American (Medi- 
terranean) .. ° " 


1900. The average has increased from 323 in 1894 
to 830 for the past year. 


TABLE II.—Record of Atlantic Passenger Service to 
New York. 


50 985 114 


29 782 | 927 


| 
— of | Steerage. 
assages. 


Year. Cabin. Total. 





1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
19.3 


144,178 

150,023 

‘¥ 120,991 
975 121,829 
879 | 92,561 
792 | 96,558 
852 99,223 
90,932 
80,586 
107,415 
137,852 
128,143 
139,848 
161,438 


371,593 
445,290 
388,486 
364,700 
188,164 
258,560 
252,350 
192,004 
219 651 
303 762 
403,491 
438,868 
574,276 


643,358 





812 
826 
838 
887 
922 


969 


714,124 
804,766 


Of the increase in the past year a very satisfac- 
tory portion is due to the cabin passengers, who 
numbered 21,600 more, equal to 15.5 per cent., 
while the steerage passengers increased by about 
69,000, or 12 per cent. The German lines have 
increased their proportion of cabin passengers from 
34 per cent. to 37.3 per cent. of the total, 
while the British quota has decreased from 37.25 
per cent. to 34.3 per cent. of the total. The 
lines in the Combine, including the German, 
Red Star, White Star, American, and Atlantic 
Transport Companies, have taken 71.7 per cent. 
of all first-class passengers, and 61.1 per cent. of 
all second-class passengers for the year, or 65.5 
per cent. of all cabin passengers, which compares 
| with 65 per cent. in the previous year. Their pro- 
portion of steerage passengers is about the same— 
54.5 per cent. The lines outside the Combine have 
held their own ; but as the British quota of cabin 
passengers has decreased to the extent of 3 per 
|cent., without any addition whatever to steerage 
passengers, the Continental lines, notably the 
French and the Holland-American Line, have 
improved their relative positions. The quota 
of passengers of all classes by the ships of the 
Combine is 56.7 per’ cent., as compared with 
21.8 per cent. for the British lines ; but of the 
former the two German lines have taken 36.5 per 
cent. There can be no disputing the increasing 
popularity of the German ships in the Atlantic 
service. Ten years ago they took only 25.8 per 
cent. of the cabin passengers; they are to-day 
responsible for 37.3 per cent. ; but they have 
relinquished part of their share of the purely 
emigrant service. Some explanation of this is to 
be found in the speed of their vessels. The New 
York Post Oftice return of the average time taken 
by all the ships for the conveyance of the mails 
‘from the New York to the London Post Office 
places four German ships at the top, the fastest of 
|them being about 18 hours, and the slowest of them 
8 hours, ahead of our speediest ship; and so regular 
are these ships that the best passages are only 2 
to 5 hours shorter than the average. The Lucania, 
Campania, and Oceanic rank next the German 
quartette ; but following these again are five foreign 
vessels. 

We give a list of the totals for the different 
lines in Table III., from which it will be seen that 
the two German companies come first, the White 
Star Line being only a moderate third, with the 
| Cunard Company fourth. The figures of the North 
‘German Lloyd are the more remarkable when it 1s 
noted that their ships took over 50,000 passengers 
to Baltimore in addition to those recorded in our 
table. All of the lines have considerably increased 
their total, the increase in the cabin passengers of 
the North German Lloyd being 33 per cent.—about 
the largest of any company. The American Com- 
pany have a smaller total than in the previous year ; 
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Ok ce NE 
,puE I1I.—Return of Passengers Landed 
TABLE | by Principal Lines. 


at New York 


1903. 1902. 1901 
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36,031 | 119,079 |27,767 110, 697 | 22,960. 101,384 


orth German Lloyd 
en 23,965 114,458 |20,698| 98,988) 20,977| 78,560 


Hamburg - American 


White Star .. .. 22,418) 45,705 |18,402| 40,225/ 18,167) 30,483 
Gunard .. 18,622| 33,957 16,308) 23,650 17,783) 19,943 
French .. 11,502! 51,454 | 8,634! 49,498) 7,279) 35,961 
‘American .. 10,560 16,081 |14,456) 20,658/12,110) 12,511 
Red Star .. 8,966; 54,726 | 6,878! 47,119 6,241) 32,793 
Anchor X ..| 8,933; 38,564 8,324) 35,712) 7,647) 22,888 
Holland-American .., 8,470 36,761, 7,099, 32,526) 5,595) 25,966 
Atlantic Transport 3,621 6 | 3,843 4,194). 
Scandinavian . 2,671} 14,642 | 1,816 10,524° 947) 4,408 
‘Allan-State .. --, 1,934] 1,686 | 2,427) 1,999) 2,386 1,114 
Italiana .| 1,711. 27,612 | 1,304; 31,489| 538! 24,690 
La Veloce .. ..| 797) 31,148| 483, 20,226, 493) 13,505 
Campania Transat- 

lantica oe 409 5,654 80 1,474 58, 1,751 
Fabre .. 194; 25,124 91) 21,664 33° 14,165 
Prince t,o we, = 94}: 16,519! 2! 14,784) 158) 12,445 
Portuguese (Oporto) 53 1,084 157 3,318 104, 2,607 
Empreza (Lisbon) ..) .. |. 122) 2,367 106) 1,814 


but it should be noted that they have not had the 
same number of sailings, and it is for this reason 
that we have devoted more attention to the average 
number of passengers per ship of each line than to 
mere aggregates ; it is a better indication of finan- 
cial success. The figures of the Holland-America, 
Red Star, and Anchor lines have advanced very 
considerably, especially those of saloon passengers, 
which is due to the addition to the respective fleets 
of Clyde-built steamers. 








AMERICAN ANTHRACITE 
PRODUCTION. 

Tue output of anthracite coal in the United 
States, during last year, beats the record total, 
which was naturally expected after the miners’ 
strike of the preceding year, when work was sus- 
pended almost totally for a period of nearly six 
months, and when, as will be remembered, an 
actual coal famine developed as a consequence. 
The official figures show that 59,362,831 tons were 
produced in the year, as compared with 31,200,890 
tons in the preceding year, and a previous best of 
53,568,601 tons in 1901. Great as the recovery 
was, surprise is expressed that it was not much 
larger. It is argued that, but for the strike, the 
shipments in 1902 would have been in excess of 1901, 
and with a loss of over 22 million tons, the quantity 
sent to market in the past year was barely 6,000,000 
tons larger than that of twoyears before. In other 
words, the consumption of anthracite was less than 
might have been supposed, after the extraordinary 
shortage and the entire exhaustion of available 
stocks at the close of 1902. Several reasons are 
offered for this condition of things, and chief among 
them is the fact that, in the absence of hard coal, 
a greater quantity of soft coal was used, and the 
consumption lost was such as could not, in any 
event, be recovered in 1903. This would apply 
particularly to coal for domestic and family uses ; 
and there is a further probability that, through the 
strike, some markets for anthracite may have been 
completely lost, manufacturers who resorted to bitu- 
minous coal having decided to continue the use of 
that: variety. It is suggested also that the higher 
prices which the companies were obliged to ask as 
the result of the increase of wages may have cut 
off some sources of consumption. Below we give 
a table showing the production of hard coal during 
the past 30 years :— 


Year. Tons. Year. Tons. 
1903 59,362,831 1887 34,641,017 
1902 31,200,899 1886 32,136,362 
1901 53,568,601 1885 31,623,529 
1900 45,107,486 1884 30,718,293 
1899 47,665,203 1883 31,793,027 
1898 41,899,751 1882 29, 120,096 
1897 41,637,866 1881 28,500,017 
1896 43,177,483 1880 23,437,242 
1895 46,511,477 1879 26,142,689 
1894 41,391,200 1878 17,605,262 
1893 43,C89,536 1877 £0,828,179 
1892 41,893,320 1876 18,501,011 
1891 40,448,336 1875 19,712,472 
1890 35,855,174 1874 20,145,121 
1889 35,407,710 1873 21,227,950 
1888 38,145,718 


It will be remembered that the Anthracite Coal 
Strike Commission, appointed by President Roose- 
velt, made its report and awarded a 10 per cent. 
increase of wages to the miners, besides requiring 





other concessions on the part of the companies. 
These organisations found, as a consequence, that a 
reduction in the price of coal, beyond the usual 
decrease made each year at the opening of spring, 
was out of the question, and the prevailing rela- 
tively high rate threatens to militate against the 
expansion of anthracite coal consumption during 
the coming years. For two increases of wages 
have been forced upon the producers—the first an 
increase of 10 per cent. granted for political 
motives at the time of the Presidential campaign 
in October, 1900, and the second as a result of 
the strike of 1902. The New York Financial 
Chronicle points out that at the opening of the 
year the price continued unchanged from the 
figure fixed after the culmination of the strike 
in the previous October, the companies refusing, 
in a highly magnanimous manner, to take advan- 
tage of the famine existing at that time. ‘The 
independent producers managed for a time to 
secure as much as 10 dols. or 12 dols. per ton, 
as against 5 dols. charged by those who adhered 
to the agreement; but as dealers bought only 
sparingly at these figures, the end of January saw 
their quotations down pretty close to the figures 
charged by the companies. 


COMPULSORY BLOCK SIGNALLING IN 
AMERICA. 

In 1889 an Act of Congress established an Inter- 
state Commerce Commission, the original object 
of which was to insure that railways doing an inter- 
state trade should conform with the provisions of 
an Act passed, in that year, with the object of pre- 
venting undue preferences being given by these 
lines to individual firms or particular districts. 
Discriminations of this character had become 
general, probably in the long run to the detriment 
of the railroads themselves, and as the result of 
public clamour an Act was passed making it 
illegal for such railways to charge more for a ‘‘ short 
haul than a long one.” The Act, however, did not 
apply to railways working entirely within the 
boundaries of one State, and it was further recog- 
nised that there were circumstances when it was 
good policy for the nation, as a whole, to permit 
special rates in certain cases, and the duty of de- 
ciding in what cases the operation of the Act might 
fairly be suspended was intrusted to the Inter-State 
Commerce Commission above referred to. 

‘* Great events from little causes spring,” and 
this Commission, appointed primarily to deal with 
purely commercial matters, has had its functions 
very greatly extended. In consequence of its advice, 
Congress in 1893 passed an Act rendering auto- 
matic couplers and air-brakes compulsory on all 
cars doing an inter-state traffic. This law applied 
to goods trains as well as to passenger rolling-stock, 
so that both appliances are now practically uni- 
versal on all American railway vehicles; whilst 
here the vast majority of our goods wagons are still 
fitted with hand-brakes only, and have loose chain 
couplings. 

At the end of last year a further step forward 
was taken by the Inter-State Commission, as it 
has drawn up for submission to Congress the 
draft of an Act rendering block signalling compul- 
sory on all American railways doing an inter-state 
trade, the system to come into complete operation 
by January 1, 1909. The change thus fore- 
shadowed is simply revolutionary, as probably over 
90 per cent. of the traffic on American railroads 
is still worked by means of a train-despatcher, 
since even where lines have taken up the block 
system this has been applied to but a few miles 
only in the immediate vicinity of great cities, so 
that for every 40 miles a driver runs under block 
regulations, he runs a thousand under the autho- 
rity of a train order issued from the chief des- 
patcher’s office. This system of train-despatching 
originated in the early days of American railways. 
The practice, at the outset, was to run entirely 
by time-table. Lines were practically all single 
track, and certain passing-points were arranged 
for trains travelling in opposite directions. If 
one was late, the other simply had to wait 
for it at the regulation crossing - point until it 
arrived. This naturally occasioned great incon- 
venience, so that before long the conductors, on 
their own initiative, took the step of rearranging 
passing-places by telegraph whenever a train was 
much delayed by unforeseen contingencies. This 
informal method of readjusting the normal running 
of the trains was afterwards regularised, the con- 











ductors being ordered to report to the superinten- 
dent of the line if late, and the latter then fixed the 
new crossing-points. As the density of traffic in- 
creased, this work was found to be in itself quite 
sufficient for any one official to attend to, and a 
special office, now known as that of the ‘chief 
despatcher,” was created. 

e system had certain merits, even apart from the 
relative cheapness which resulted from the absence 
of signalmen and signal plant. Great elasticity in the 
working of the trains was attained, and it is pro- 
bable that the loss of time by avoidable delays has 
been less than it would be with an absolute block 
system. In short, with the system in question a 
driver runs on unless ordered to stop, whilst the 
essence of the absolute block system lies in the fact 
that he stops unless ordered to go on. It is obvious 
that time must be saved by the former system, but 
at the same time the dangers to railway travelling 
are notably increased. Collisions are of weekly 
occurrence in the States, whilst here they are rela; 
tively rare, though occasional accidents, such as the 
fearful disaster at Slough in June, 1900, showed 
that absolute immunity from such catastrophes 
cannot be expected so long as safety depends on the 
assumed infallibility of the human agent. In this 
case the driver, a most careful and experienced 
man, in whom subsequent medical examination 
failed to discover any material mental or phy- 
sical defect, ran past his danger signals into 
a train standing at the platform of. Slough 
Station. Possibly when our lines are entirely 
worked by electricity, accidents of this kind may 
become of merely historical interest, as it should 
not be difficult to arrange that the blocking of one» 
section by a train should automatically cut off the 
power supply to the section behind ; but till this 
happy consummation, occasional mishaps of this 
character are certain. Nevertheless, though the 
protection of trains by block signalling does not 
attain absolute perfection, there is no doubt it is 
by far the safest system of working railway traftic 
yet devised, and it will be of interest to note its 
effect on the American casualty list. As matters 
stand, it is about three times as dangerous to travel 
on an American line as on a British, and over twice 
as dangerous to be a railroad employé. 

It is possible that the change which the Act, if 
passed, will make in American railroad practice is 
even greater than it appears at first sight, since 
on many of the American lines, which are partially 
worked with block signals, the system in use is 
‘*permissive ;” that is to say, a danger signal is not 
a positive stop signal. The Commissioners, how- 
ever, define block signalling as follows :— 


The term ‘‘block system” is used to designate the 
method whereby, my 2 the use of the telegraph, telephone, 
or electric bells, or by automatic apparatus, each train is 
prevented from leaving a certain point until the last pre- 
ceding train has passed beyond a certain point further 
on. 


In all strictness this definition would seem to 
apply to absolute blocking only, whereas many of 
the automatic-signalling systems in use in the 
States can be worked only with permissive block- 
ing, the practice being for the driver, or ‘‘ runner,” 
to adopt the American expression, to slow down 
on reaching a signal at ‘‘ danger” and crawl forward 
at a slow speed until sighting the obstruction or 
reaching a signal at ‘‘road clear.” This practice, 
though perhaps safe enough with a double track in 
the open country, might readily be very dangerous 
if adopted near junctions or at level-crossings, 
which are pretty numerous on the other side of 
the Atlantic. At such points absolute blocking is 
essential to safety, and from American reports 
there would appear to be difficulty in training 
drivers to work to both systems on the same line. 
A driver who is accustomed to run past ‘danger ”’ 
signals on the ‘‘ permissive block” sections is said 
to be inclined to do the same thing at points where 
the signals are meant to be taken as positive orders 
to stop. Certainly, if the Commission means to sanc- 
tion absolute blocking only, it will have against it 
not only the railways, naturally loth to increase their 
capital expenditure, but also many of the existing 
signal manufacturers, who have, with more or less 
success, developed systems of permissive blocking. 
Indeed, it is by no means certain that it is within 
the power of Congress to pass such an enactment, 
eertain authorities declaring the proposed measure 
to be an interference with State rights. The cir- 
cumstances are a little different from those in which 
the Courts decided on the legality of the regula- 
tions rendering compulsory air-brakes and auto- 
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matic couplers. In that case the Commission 
simply declared that any car passing from one State 
into another must be so equipped ; and as most 
cars are liable to cross State boundaries, the regu- 
lation has proved most effective in practice. The 
working of alength of line situated entirely within 
the boundaries of a particular State can, how- 
ever, very logically be claimed as a matter for 
that State only, and not a Federal concern. In 
view of the vast monetary considerations affected, 
it is certain the railroads will raise this point in 
the Supreme Court, even if Congress, in which 
there are some members noted for their insistence 
on the principle of States’ rights, does not. itself 
reject the Bill on this ground. 

Another interesting point which may arise, if the 
Bill passes, will have reference to the position of 
foreign railways, such as the Canadian Pacific and 
the Grand Trunk, which carry traftic through Canada 
between one American State and another. The 
Federal Government have, of course, little or no 
direct authority over these, but indirectly. have 
over them a good deal of regulating power, since it 
would be possible for them to refuse bonding privi- 
leges to such lines, and thus absolutely bring to an 
end all inter-State traffic over their metals. The 
mere threat of exercising this power was suflicient 
to compel the Canadian Pacific Railway to accept 
the ‘‘long and short-haul clause” of the original 
Inter-State Commerce Act; and it remains to 
be seen whether this power will be exercised to 
bring these roads into line with their American 
rivals, should the proposed regulationsas to block 
signalling become law. 








NOTES. 
SocraL AND INDUSTRIAL PROGRESS IN THE 
Unrrep Kinapom. 

Ir is not a story of decadence that is told in the 
instructive series of diagrams prepared by the 
Board of Trade for the Social Economy Section of 
the St. Louis Exhibition. It is true that since 
1853 there has been a decrease from about 80 to 
about 50 million bushels =37.5 per cent. in the 
consumption of home-grown wheat, while the use of 


imported wheat has gone up from 80 to 220 million 
bushels =175 per cent. ; and that the number of 
agricultural workers has decreased by 39 per cent. 
These facts represent a problem as worthy of 
careful consideration as it is difficult of solution. 
From other points of view the graphical representa- 
tions of our social and industrial progress are not 


by any means without hope. Of the members of 
all trade unions, 5 per cent. are now unemployed— 
rather more than in any year since 1895, when dis- 
putes in the engineering and coal trade affected the 
result, and increased in 1893 the percentage of un- 
employed to 74. The total number employed seems 
now close upon 15 millions, of whom 11,646,000 are 
over 20 years of age. The principal industries in 
their order of units employed are---agriculture, 
with the decrease indicated ; domestic service, with 
a large falling-off in numbers ; transport; metals, 
engineering, and shipbuilding, with an increase 
since 1851 of 180 per cent.; clothing; tex- 
tiles, with a decrease of 22 per cent.; building, 
with an addition of 112 per cent. ; and mining and 
quarrying, with a gain of 125 per cent. These 
figures should be an incentive to increased vigilance 
in maintaining the trades enumerated. As to wages, 
the building trade shows an increase since 1874 of 
about 25 per cent. ; miners’ rates remain fairly sta- 
tionary ; in metals and engineering the gain is about 
11 percent. ; in agriculture, since 1850, about 54 per 
cent. ; while in all trades the gain seems to have been 
about 16} per cent. in 30 years. Diagrams are also 
given to show the fluctuations in the wholesale and 
retail prices of various commodities which influence 
the cost of living. It may suffice here to say that 
there has been a decrease in the general level of 
retail prices of food in London since 1877 of about 
50 per cent. Sociologists will be pleased to learn 
that while the population has doubled since 1854, 
the consumption of tobacco has only increased by 
55 per cent., and that the number of paupers per 
1000 has decreased by 16$ per cent. Following 
the great industrial upheaval due to engineers’ and 
miners’ strikes, the number of workers involved in 
disputes has, from 1899, remained stationary, deci- 
sions being more in favour of employers than workers: 
Trade unionists have augmented in numbers, ex- 
cepting only in the clothing industry ; while co- 
operative societies, principally for the distribution 
of commodities, have increased in the past forty 





years by 50 per cent. The influence of the Work- 
men’s Compensation Act is shown in the large 
increase in accidents notified in recent years. The 
diagrams of production, imports, and exports might 
lead us into a long argument. Suffice it to state 
here that the greatest advance is in the mining of 
coal, not altogether a subject for congratulation, 
unless we are using the fuel to the best advantage. 
There is also a noteworthy addition to the quan- 
tity of raw cotton, but whether for exporting yarn 
or finished material is not demonstrated. 


Messrs. BRoapwoop anv Sons’ PIANOFORTE 
Factory. 

We had the opportunity this week of visiting the 
new grand pianoforte factory of Messrs. John 
Broadwood and Sons, which is situated in Stour- 
road, not far from Old Ford Station, E. This 
factory has been in full operation for somewhat 
over a year, and is the largest of its kind in the 
empire. It is fitted with every approved modern 
machine or appliance tending to rapidity and im- 
provement in the work turned out, and is in every 
way worthy of the firm, whose name has been a 
household word for more than a century and a half. 
All the different shops are so well arranged that 
the work, as it progresses, never has to go back on 
its course, so to speak, the sequence of processes 
following one another with that regularity which is 
a sure sign of much thought and care having been 
expended before the present arrangement was 
finally arrived at. All the different shops are 
electrically lighted, and electric power is largely 
used for driving the machinery, in combination 
with direct steam power, the system adopted being 
that of driving the tools partly by light high- 
speed shafting and partly in groups, or singly, 
by electric motors. The many processes of manu- 
facture commence at one end of the factory 
in the rough saw-mill served by a line of 
tramway from the adjoining timber-yard. From 
the saw-mill the timber, after it has been cut up, 
passes to the air drying-house, where it remains 
from a few weeks to two months. When dried it 
is taken by a 3-ton electric lift, which raises it to 
one or other of two floors above the drying cham- 
ber, where itis stored. From the upper floors the 
wood is taken to the next building as required, 
and is there treated on a variety of modern 
machines, most of which are of British make, 
though some special machines are from America, 
and a few from Germany and France. Among 
these wood-working machines is a planing, thick- 
nessing, and surfacing machine, which has cutters 
48 in. wide—the largest of its kind in this 
country. There are also machines for planing 
four sides at once; for tenoning and mortis- 
ing; for moulding from } in. deep up to 3 in. deep 
and 9 in. wide ; sand-papering machines, drills, and 
many other special machines. The whole of the 
chips, shavings, and sawdust are carried away from 
the wood-working shops by a system of pneumatic 
conveyors to the boiler-house, and there burned in 
the specially-constructed furnace of a Babcock and 
Wilcox boiler. The steel and iron frames of the 
grand and upright pianofortes are prepared in a large 
mill parallel with the wood-working shop, and in 
this are contained a number of special drilling, 
planing, and tapping machines, as well as lathes 
and hinge-making machines. In this shop are also 
lines of overhead travelling carriers which com- 
mand the whole of the drilling machines and tram- 
way, and very much reduce the cost of lifting and 
sarrying. From the metal shop the frames pass 
on to the japanning shops, and from there to the 
case-making and finishing department. A double 
system of heating the factory is required, one for 
the workshops and the other for the glueing work, 
and all this is carried out by the exhaust steam from 
an engine of about 100 horse-power. In winter it is 
supplemented by a hot-water system, with a battery 
of four large boilers, several miles of piping, and 
a large number of American radiators. The boiler, 
engine, and dynamo houses are situated at the 
north-eastern end of the works. They contain three 
locomotive-type boilers, of about 320 horse-power, 
by Davey, Paxman, and Co., Limited, and one 
Babcock and Wilcox boiler of about 100 horse- 
power, all of which work at a pressure of 120 lb. 
per square inch. There are four engines—one a 
compound horizontal of 100 indicated horse-power, 
by Davey, Paxman, and Co., for driving the large 
mill and metal-working shop; two Peache high- 
speed engines, each of 80 indicated’ horse-power, 


driving Crompton compound-wound dynamos, and | 








one Belliss engine driving a Crompton compound- 
wound dynamo which can be worked in parallel with 
the other two dynamos, if desired. These generators 
supply the whole of the lighting and power circuits, 
The cubic capacity of the rooms of the main 
building is about 1,000,000 cubic feet without the 
mills and metal-shops, the total being about 
1} million cubic feet. There are in different parts 
of the factory eighteen motors, varying from 15 to 


‘8:horse-power, nearly all of them being enclosed, 


and all running on a 230-volt circuit. The whole 
of the work has been carried out to the specifi- 
tions and under the superintendence of Mr. W, 
Worby Beaumont, M. Inst. C.E., who is the con- 
sulting engineer to Messrs. John Broadwood and 
Sons. 








THE LATE WALTER G. McMILLAN. 

GENERAL regret amongst electrical engineers will 
be entertained at the news of the fatal termination— 
from heart failure—of the illness of Mr. Walter G, 
MeMillan, who died at his residence at Streatham on 
Sunday, the 31st ult., and whose remains were cre- 
mated at Golder’s Green on Thursday, the 4th inst. 
Since 1897 Mr. McMillan has fulfilled the important 
duties of secretary to the Institution of Electrical 
Engineers, his great technical ability, geniality, and 
obliging disposition winning for him the friendship 
and goodwill of every member of the organisation, 
Mr. MeMillan-had just entered upon his forty-fourth 
year, having been born on January 3, 1861. He was 
educated in King’s College School, and at King’s Col- 
lege, obtaining there a Daniell ResearchScholarship. On 
leaving the college he was for a year in an accountant’s 
office, with a view to gaining a knowledge of business, 
After returning to his college as assistant professor of 
metallurgy, he became in the following year demon- 
strator of metallurgy. This latter proved a congenial 
field for the student, as he had charge of the labora- 
tory during the day, and of the lectures and prac- 
tical classes in the evening. It was during this period 
that he delivered many lectures in connection with the 
extension scheme of the college, in metallurgy, elec- 
tricity, and chemistry; and there can be no doubt 
that his five or six years’ work in this department 
gave him that ripe knowledge of these subjects which 
proved so useful in his later secretarial work. In 
1880 he went to India to take up the post of chemist 
and metallurgist at the Government Ordnance Fac- 
tories near Calcutta, and in the meanwhile he acted as 
Examiner in Chemistry at the University of Calcutta. 
For a time he served on the Municipal Commission in 
1 manufacturing suburb of Calcutta, where the works 
were situated. On returning to this country, after 
his five years’ service under the Indian Government, 
he was elected to the lectureship in metallurgy at 
Mason College, Birmingham, a position he held until 
he was appointed to succeed Mr. F. W. Webb in the 
office of secretary of the Institution of Electrical 
Engineers in 1897. He was also an examiner in 
electro-metallurgy for the City and Guilds of 
London Institute. He was the author of several 
memoirs dealing with electrical sciences, having, in 
1890, written a treatise on electro-metallurgy in 
“* Griffin’s scientific text-book ” series, a revised and 
enlarged edition being issued in 1899. He completed, 
in 1897, an authorised translation of Dr. Borcher’s work 
on ‘ Electro-Metallurgie,”” now issued as ‘ Electric 
Smelting and Refining.” In collaboration with Pro- 
fessor Huntington, he prepared a book on ‘ metals : 
for Longman’s science series, and for long he wrote the 
‘abstracts” for the ‘ Journal of the Society of Chemical 
Industry.” He was a Fellow of the Institute of 
Chemistry and of the Chemical Society, a member of 
the Institution of Mining and Metallurgy, and has 
held honorary posts of distinction in several other 
organisations associated with electrical chemistry. 








Personat.—Mr. G. F. Metzger, A.M. Inst. C.E., 
M. Inst. E.E, announces that, having been appointed 
consulting engineer to the Manchester Corporation for 
the completion of the work initiated by him as their city 
electrical engineer, he will, on and after February 1, 
1904, practice as consultant in electrical and mechanical 
engineering at 3, York-street, Manchester.—The Lister 
Electric Manufacturing Company, of Dursley, have 
recently appointed Mr. T. L. Boyden to take the general 
managership of their business. Mr. Boyden has been 
for nearly ten years at the works of the Electric Con- 
struction Company, Limited, at Bushbury, Wolver- 
hampton, as chief of the continuous-current dynamo 
department. there.—The ‘‘ Paul” Heater and Condenser 
Company, Limited, of 63, Queen Victoria-street, E.C., 
have appointed Messrs. Herbert and Gilchrist, Welling- 
ton Chambers, 146, West Regent-street, Glasgow, as their 
agents.—We are informed that the firm of Messrs. Royce, 
Limited, of Manchester, makers of the well-known 
“* Royce ” dynamos, electric motors, cranes, switches, &e., 
have appointed Mr. E. C. Amos, M.I. Mech. E., 20, 
Bucklersbury, E.C., sole representative for, the London 
district, and from him all particulars of their specialities 
can be obtained, 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal 
line represents 1s, in the case of tin plates, hematite, Scotch, and Cleveland iron, and 1. in. all 


other cases. 
70 lb. to 80 1b. The metal prices are per ton. 
Tin plates are per box of I.C. cokes. 


THE SANDING-UP OF TIDAL HARBOURS. 


Av the ordinary meeting ,of the Institution of Civil 
Engineers, held on Tuesday, January 26, Sir Alexander 
Binnie, Vice-President, in ‘the chair, the paper read was 
entitled ‘*The Sanding-up of Tidal Harbours,” by Mr. 
A. Ki. Carey, M. Inst. C.E. The following is an abstract 
of the paper. 

The author. first dealt with the effect of the disturbance 
of the balance of the littoral forces on.a tidal foreshore by 
solid works, and of the principles which:regulate the con- 
struction of groynes.: The object of the paper is to indi- 
cate the effects of sanding-up in harbours situated (1) 
where no river debouches ; and (2).at the mouths of rivers 
or estuaries. The author refers to the historical side of 
the question, as detailed in Minard’s<“‘ Ports de Mer,” to 
show the futillty of merely prolonging. entrance piers into 
deeper water. He points out: that the entrance of the 
harbour of Sta. Ana, Curagao, although an ideal natural 
harbour, was permanently narrowed bya hurricane in 1877. 

Reference is next made to the expedient of sluicing- 





basins, as to which particulars are given of that under 
construction at Ostend, and an opinion expressed gene- | 
rally adverse to the adoption of the system. The author | 
then describes the measures taken to dredge and main- 


The price of quicksilver is per bottle, the contents of which vary in weight from 
Heavy steel rails are to Middlesbrough quotations. 


tain the channels to the Port of Ostend. Of three 
channels, one is now abandoned, and the other two are 
kept clear by the annual dredging of 950,000 cubic 
metres. Similarly, the Port of Boulogne requires the 
annual dredging of 535,000 cubic metres. He con- 
siders that dredging is the only satisfactory expe- 
dient for conserving working depths at the mouths of 
sand”: threatened -harbours. He quotes Littlehampton 
as. an instance of.» permanent harbour at a river- 
mouth, but points out.that the entrance is almost dry at 
low water. «Stress is Jaid on the character and coarseness 
of sand as an important factor in its travel, and the 
method of.travel. along a sea bottom is described. By 
means of diagrams the action of the flood and ebb travel 
on coast lines having standard contours, and various 
arrangements of breakwaters and piers, is demonstrated, 
showing in each case the position of the shoaling which 
results. _By afurther series of diagrams the author de- 
monstrates the contingent effect of a prevailing wind. 
Viaduct piers cause no disturbance of the coastal regime. 

As an actual instance of the extinction of a harbour by 
sand, the author gives particulars of the obliteration of 
Ceara Harbour, Brazil, a work which occupied ten 
years, and cost over 400,000. He then gives the 
various stages of the Harbour of Madras, details the 


original studies of the late Mr. W. Parkes, and the changes 
in the contour of the coast which resulted from the first 
two years’ working. Attention is called to the fact that a 
progressive shoaling of the entire area of the harbour up 
to the original 74-fathom line has resulted, and the sub- 
stance of the opinion of the late Sir Andrew Clarke, in his 
report to the Indian Government as to the position of 
affairs in 1879, and his recommendations at that date, is 
given. The Commission of 1882 and their recommenda- 
tions, and those of the mixed Commission appointed by 
the Indian Government in 1883, are referred to. The 
author quotes their opinion that unless the opening of the 
harbour as designed were closed, and a new opening to 
the north-east substituted, the harbour would prove 
valueless as a shelter for shipping. 

Reference is made incidentally to the sanding-up of the 

harbour of St. Catherine’s, Jersey, a work on which 
200,000/. had been expended, and some details are given 
of the early history of the Royal Harbour of Ramsgate, 
with the opinions of Smeaton and Rennie. 
““The paper then deals with the question of harbour 
construction on the west coast of Denmark. The problem 
on the east coast has been the impediment due to ice, 
but this is now disposed of by the use: of ice-breakers. 
On the west coast the only harbour is that of Esbjerg, 
and; with this exception, fishing-boats have no shelter 
except the mouth of the Limfjord. At Hirtshals 
a large Government harbour was projected at a cost 
of 550,000/., and the works were started in 1879. The 
work is now sanded up and. abandoned, except that the 
pier has since been prolonged. The author subsequently 
advocated the utilisation of. the Ringkjébingfjord, and 
submitted plans of an isolated harbour connected by 
viaducts with the shore at Sandnazeshage, a favourable 
spot owing to the depth of water there, and the: protec- 
tion of an outlying reef. A fishery association has been 
actively at work, and the Government has recently pub- 
lished the report of the Royal Commission on the subject 
of harbour accommodation. The Government has now 
determined on the construction of a small harbour at 
Skagen, and of two isolated moles, respectively at Hanst- 
holm and Vorupér. 

The author concludes that in view of the precarious 
nature of tidal harbour work, and the instances in which 
success has been only partial, a departure from estab- 
lished practice is called for. Harbours of refuge have a 
limited range of utility, unless in land-locked positions. 
The opinion is expressed that in a number of instances 
it would be practicable by means of piled structures to 
create shipping facilities which would meet reasonable 
requirements, and come within the resources of munici- 
palities or local authorities, also avoiding the permanent 
expense of dredging. Such structures would, however, 
have'to be most carefully designed, more especially in 
relation to their height, cranage, and the moorings for 
vessels frequenting them. 








Contracts.—By direction of the French Government, 
Messrs. Robert Boyle and Son, ventilating engineers, 
London and Glasgow, have prepared plans for the venti- 
lation of the Musée du Louvre, Paris, with the ‘‘ Boyle” 
system.—Messrs. Bruce, Peebles, and Co., Limited, of 
Edinburgh, have secured the contract for the supply of 
generating machinery for the Dunfermline station of the 
Fife Electric Power Company.—W. F. Henley’s Tele- 
graph Works Company, Limited, are supplying the 
cables for the Walthamstow tramways and for the Sydney 
(N.S. W.) tramways. 





Tuer Unitrep States Navy. —Tenders have just been 
opened by the Secretary of the United States Navy for 
the construction of two line-of-battleships which are to 
have a displacement of 13,000 tons each, and which are 
to be known asthe Idaho and the Mississippi. The 
tenders received came from five companies—viz. :—The 
William Cramp and Sons Ship and Engine Building 
Company, Philadelphia ; the Newport News Shipbuild- 
ing and Dry Docks Company, Newgens News; the 
Maryland Steel Company, Baltimore ; the Fore River 
Shipbuilding Company, Samer Massachusetts ; and the 
New York Shipbuilding Company, Camden, New Jersey. 
The Cramp Company offered to complete one vessel in 
39 months for 3,200,000 dols., or two vessels—one within 
38 months and the other within 40 months—for 2,999,500 
dols. each. The Newport News Company offered to build 
one vessel in 37 months for 3,147,000 dols. The Maryland 
Steel Company was prepared to build one vessel within 
12 months for 3,472,000 dols. ; the Fore River Company 
required 3,468,000 dols. for the construction of one vessel 


in 42 months ; and the New York Shipbuilding Company 
stipulated for 3,500,000 dols. for one vessel to built in 


42 months. It will be seen that the Newport News 
tender was the lowest offer made for one vessel, but as 
the Cramps offered more advantageous terms if both ships 
were entrusted to them, it has been practically decided to 
give them the work. ‘lhe Idaho and the Mississippi will 
each be 375 ft. long, while their extreme breadth at the 
low-water line will be 77 ft. They will have a bunker 
capacity of 1750 tons. They will have a complete belt of 
armour 9 ft. 3 in. wide, and of a uniform thickness of 9 in. 
for 244 ft. amidships; fore and aft of this distance the belt 
will be reduced in width, and its thickness will also be 
reduced to 4 in. at the stem and stern. The lower case- 
mate armour will extend to the limits of the magazine 
spaces ; it will reach from the top of the water-line to the 
lower edge of the 7-in. gun ports on the main deck, ind 
will have a uniform thickness of 7 in. throughout. The 
casemate armour around the 7-in. guns on the main deck 
will be 7 in. thick. Each vessel will carry fifty-two guns 
and two 18-in. submerged torpedo tubes. Each ship is to 
be fitted with machine-shops containing lathes, shaping- 





machines, drill-presses, &c, 
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THE HEAT TREATMENT OF STEEL, 


(For Description, see Page 205.) 


PxotomicRocRaPHs or Steet Bars as Recetvep (Rontep), Macnirrep sy 1600 Dramerters. 


Fie, 28. 6.13 per cent. C. 29. Fie. 30. 0.254 per cent. C. 


0.722 per cent. C. Fic. 33. 0.871 per cent. C. Fig. 34. 0.947 per cent. C. Fia. 35, 1.306 per cent. C. 


Sree BARS AFTER ANNEALING FoR Hatr-aN-Hour at 620 pec. Cent. (1148 pec. Far.) sy 1600 Diameters. 


Fic, 36. 0.13 per cent. C. Fie, 37. 0.18 per cent. C. Fig. 33. 0.254 per cent. C. Fic. 39. 0.468 per cent. C. 


Fie. 40. 0.722 per cent. C. Fria, 41. 0.871 per cent. C. Fig. 42. 0.947 per cent. C. Fig. 43. 1.306 per cent. C. 


SreEt Bars arreR ANNEALING FOR Hatr-an-Hour at 720 pec. Cent. (1328 pec. Fanr.) sy 1600 Diameters. 


:, 4 ‘* 


Fie. 45. 0.18 per cent. C. Fie. 46. 0.254 per cent. C. 
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THE HEAT TREATMENT OF STEEL. 
(For Description, see Page 205.) 


SreEL Bars AFTER ANNEALING FoR Hatr-an-Hour at 800 pec. Cent. (1472 pec. Faur.) sy 1600 Diameters. 
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Fie, 52. 0,13 per cent. C. 
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Fig, 56. 0.722 per cent. C. ia. 58. 0.947 per cent. C, 


(1652 pec. Faur.) sy 1600 Diameters. 
ee é . 


Sree, Bars AFTER ANNEALING FoR Hatr-aNn-Hour at 900 DEG. CENT. 










Fig, 60. 0.18 per cent. C. Fig. 61. 0.18 per cent. C. Fic. 62. 0,254 per cent. C. 








ee FP 


é te 
Fie, 65, 0.871 per cent. C. 


0.722 per cent. C. Fia. 66. 0.947 per cent. C, Fig. 67. 1.306 per cent. C. 


Steet Bars AFTER ANNEALING FoR 10 Minutes at 900 vec. Cent. (1652 pec. Faur.) sy 1600 Diameters. 


ie gy -. 









Fie. 68. 0.13 per cent. C. Fig. 69. 0.18 per cent. C. Fig. 70. 0.254 per cent. C. Fie. 71. 0.468 per cent. C 





Fig. 72, 0 722 per cent, C. Fic, 73. 0.871 per cent. C, Fic, 74, 0.947 per cent, C. Fig, 77, 1.306 per cent. C 
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INDUSTRIAL NOTES. 


A CASE ot unusual gravity was opened in the Court 
of King’s Bench Division on Wednesday, January 27. 
It was an action by the Denaby and Cadeby 


ain | 


returned to work but for the action of the union 
officials, who proceeded to direct intimidation, some 
of the words of one official being quoted. Eventually 
the men returned to work on the same terms as before 
the strike, with the exception of the 10 per cent. 


Collieries, Limited, v. the Yorkshire Miners’ Associa-| reduction, as awarded by Lord James of Hereford. 


tion and others, arising out of the long-continued ne 0 
| speech of counsel on behalf of the plaintiffs. 


strike at those collieries in 1902. The damages claimed 
amount to 152,000/. approximately. The case was 


before Mr. Justice Lawrance and a special jury. There | 


was a strong array of counsel for the plaintiff com- 
any and for the defendant association, while Mr. B. 
*ickard and others were defended by a similar array 
of counsel. The 
number of defendants for alleged conspiracy and 


unlawful combination, and for inducing plaintiffs’ work- | 
men not to enter into contracts with the plaintiffs. | 
The defendant association denied that any unlawful | 


acts were committed, and pleaded that if any such 


unlawful acts were committed, the association was | 


The | 


trustees of the Miners’ Association were joined in the | 


not liable and could not in law be made so. 


action, and pleaded that they submitted to any order 


against them that the Court might make. The officials | legally pay stri 
of the Association denied that any unlawful acts were | 


committed by them, or that the plaintiffs had suffered 
damage by such acts. There were two other defen- 
dants connected with the dispute, but these, it 
appears, did not put in any defence. Such are the 
main facts pertaining to the action as regards the 
pleadings set forth, the trial of which has been so 
long delayed. 

Counsel for the plaintiffs, in opening the case, said 
it was an important one, and would probably ef 
some time, because of the amount of money involved, 
and also because of the question as to the responsibility 
of the trade union and its officers for the very disastrous 
strike of 1902. The plaintiffs contended that all the 
defendants were liable in damages for the consequences 
of that strike. Counsel stated that each man em- 

loyed at the collieries was required to sign a contract 
in the contract-book agreeing to the conditions and 
terms printed in the rules and by-laws, one of which 
was that each man had to give in writing fourteen days’ 
notice before leaving his cag 0 tema But it appears 
that an employé could be discharged for misconduct. 
It was further stated that at each colliery there was a 
fixed price-list, but the rate varied —rose or fell 
automatically by arrangement. At the date of the 
dispute the rate was 60 per cent. above the standard 
rate. Then there was a claim for a reduction of 10 


per cent., which came before the Conciliation Board ; 
it was then referred to Lord James of Hereford, who 


awarded the reduction. The plaintiffs also stated that 
they owned some 1400 houses, which were occupied by 
the workpeople, the rents of which were deducted 
from their wages. The men charged more particularly 
with causing the strike were two local officials, the 
men alleging a grievance in connection with the bag- 
dirt question, and also the timbering of the mine. But 
counsel urged that these matters were quite unim- 
portant in respect of the present action. It was inti- 
mated that the real origin of the dispute was the 
reduction of 10 per cent., the other matters being 
used as a pretence. 

After the strike had taken place it appears that 
some doubt existed in the men’s minds as to whether 
the union would grant strike pay, especially as the 
men had not given proper notice. Then a formal 
meeting was convened, at which, counsel alleged, 
several of the defendants made speeches calculated to 
induce the men to break their contracts, and, as a fact, 
he stated, all the men who refrained from work sub- 
sequently did break their contracts. This, counsel 
urged, was the material fact in the case. Later on, it 
appears, a ballot was taken, when it was decided that 
the men should return to work and then give the 
usual fourteen days’ notice. But, counsel stated, many 
of the men came in their holiday clothes, and therefore 
did not intend to go to work, but they all ‘‘ went 
through the farce of throwing their notices into a 
bucket outside the colliery office, with the idea of 

utting themselves in order ; but, on the advice of the 
lol officials of the union, they all declined to sign 
on again.” Upon these facts the plaintiffs rely as 
to breakage of contracts, and because the local 
officials advised the men, the claim is made against 
the union. As regards the amount of damages, counsel 
stated that, during the earlier days of the strike, a 
certain number of men continued at work to keep clear 
the airways and roadways. Had this continued, the 
damages would have been less; but counsel stated 
that evidence would be given that the local officials 
did not like this, and that the men who so worked 
were molested ; as a consequence not a man remained 
to keep the airways and roadways clear by August 19, 
1902. 

In November the colliery company issued a pamph- 
let addressed to each individual man who had been 
employed, appealing to each man to act upon his own 
responsibility, and intimating that if the men did 
not return to work, they would be turned out of their 
homes. Counsel suggested that the men would have 





The above is a very condensed epitome of the opening 


Mr. W. H. Chambers, managing director of the 
plaintiff company, was examined at length as to what 
took place in connection with the strike ; he spoke of 
demonstrations by men, women, and lads round about 
the pits, with flags on sticks, and sheeps’ heads, and 


laintiffs claimed damages from a/| 4 great deal of booing. This was alleged as intimida- 


tion. He went.on to state that a fire broke out in the 
mine in November, 1902, and some of the men were 
induced to help to try and extinguish it; but it was 
not finally put out until January, 1903. A sentence 
is quoted from the speech of one of the defendants to 
show that the men were urged not to help to extin- 
guish the fire. The men were ejected from the ‘pit 
houses,” and the works were picketed. In an action 
the Court of ae decided that the union could not 

e-pay. An estimate of damage to the 
pits was then put in. The case will be further reported 
in our next issue. 


The eighteenth quarterly report of the General Fede- 
ration of Trades shows that it has become a very power- 
ful and influential body, and from present appearances 
it appears likely to become a permanent institution. 
Judging by all previous combinations of the kind, 
there were doubts at the time of its establish- 
ment whether it would, or could, realise the ex- 
pectation of its founders. Butit has gone on smoothly 
on the whole, as well as prosperously. Its income 
for the last quarter was 7748/. 15s. Id.; the expendi- 
ture, 2535/. 6d. 10d.; balance to the good, 5213/. 8s. 3d. 
The reserve fund now amounts to 93,451/. 9s. 1d. 
This is a‘ vast sum, and may have a considerable in- 
fluence in any great strike which may arise. But it 
can only be used, according to rule, in weekly pay- 
ments through the union whose men are on strike. 
The report calls attention to the action of the engi- 
neering and shipbuilding employers on the North- 
East Coast about a year ago in their endeavours to 
reduce wages, and the attitude of the unions in that 
case. It considers the attitude of the latter unwise, 
as they acted separately, the first union accepting the 
reduction being made a reason for others accepting the 
same terms. It advocates combined action now that 
the same employers are again seeking a reduction, and 
promises the assistance of the Federation if joint 
action be taken to meet the proposed encroachment 
upon the wages of those concerned. But the Federation 
was a gainer by what took place, for otherwise a stub- 
born fight would have ensued, with doubtful advantage 
to the men. The best of the organised unions saw this, 
and were prudent enough to advise a compromise. 

The report criticises the proceedings taken under 
the Conciliation (Trades Disputes) Act, 1896, and 
urges that ‘‘a radical alteration is necessary if any- 
thing like the result is to be obtained that was ex- 
pected from its becoming law.” Only 41 cases were 
dealt with in two years; in the previous two years, 
46 ; the average for the seven years since its passing 
has been only 22 yearly. It points out that during 
the whole period an aggregate of 4155 labour disputes 
were reported by the Scene Department ; the pro- 
portion dealt with under the Act was only 154, or 
about 3.5 per cent. of the total. But the number 
settled under the Act was only 47, or a little over 1 per 
cent. The Federation officials and committee regard 
the Act as inadequate. They urge that only the two 
parties to the dispute are taken into consideration, the 
third—the general public —being ignored, though 
deeply concerned. That is true; but it introduces a 
new and a most unreliable element. It is known that 
when hostilities have broken out, it is more difficult to 
act ; therefore prevention is the better way. The failure 
of the Act in the Penrhyn Quarries dispute is referred 
to as a case in point. The secretary of the Federation 
deals with the question ‘‘ Are trade-unionists protec- 
tionists?” Industrial assurance and the labour move- 
ment is dealt with by Mr. Councillor Ben Turner. 
The article in the Co-operative Annual, by Mr. George 
Howell, on the Taff Vale case, is briefly reviewed ; 
but the writer takes exception to the contention that 
the increased animus against trade unions arose out 
of the more aggressive attitude of the unions since 
1889. It is a fact, however, that there was a more 
peaceful feeling during the ten years preceding that 
date than there has been since that year. 

The ordinance for the admission of Chinese labour 
into the newly-created Crown Colonies of South 
Africa has, it appears, passed through all its stages 
except the final one, which is more or less formal. 
But, it is said, it will not be put in force until the 
assent of the Home Government has been obtained. 
There is every probability of the question being raised 
in Parliameut at the earliest possible date —on the 
Address if practicable. It is rather noteworthy, how- 





ever, that no Labour leader has intimated his intention 
of dealing with the question. Failing this, it js 
probable that the Aborigines’ Protection Society will 
induce one of its supporters to take steps to bring the 
matter before Parliament. 


The Labour Party in New South Wales has formu. 
lated its programme in connection with the Political 
Labour League. Among its proposals are :—The estab. 
lishment of a State bank ; the abolition of the Legis. 
lative Council; the abolition of the post of State 
Governor ; the cessation of public borrowing, except 
for the purpose of redemption of existing debts and 
the completion of authorised public works ; and the 
imposition of a progressive land tax on all estates over 
the value of 5000/., the State to have the right of 
resuming such properties at the owners’ valuation 
for taxation purposes, plus 10 per cent. The proposals 
are of a far-reaching character, and will excite a 
powerful opposition, in which it is probable that both 
political parties of the old school will join. The 
Labour Party formulate too much, forgetful of John 
Bright’s allusion to six omnibuses and Temple Bar. 


The representatives of the coalowners and of the 
National Goderution of Miners again met at the West. 
minster Palace Hotel to consider the question of re. 
establishing the Conciliation Board in the Federation 
districts, which terminated in December last, but was 
continued for another three months in order that 
negotiations should be carried on for establishing it ona 
permanent basis. Various matters have arisen affect- 
ing the situation, such as the proposed reduction in 
wages of 5 per cent., which has stood over, and the 
proposal of the men to raise the standard wages basis 
to 35 per cent. instead of 30 per cent. above the rate 
in 1888. After along sitting it was agreed to submit 
the proposals arrived at to the consideration of the 
employers and the men for ratification or rejection, 
It would appear that the negotiations were carried on 
in an amicable spirit, and cordial votes of thanks to the 
chairman and the vice-chairman were carried at the 
close of the sitting. It was decided not to make 
known the terms to be submitted to the parties con- 
cerned until made known officially to those parties. 

Lord Peel having definitely declined to continue as 
chairman of the Conciliation Board for the South 
Wales and Monmouthshire coal trades, the question of 
appointing his successor was considered at a meeting 
last week. Several names were submitted, and after 
some consideration it was decided to ask Lord Goschen 
to undertake the duties. Lord Peel was cordially 
thanked for his services, regret being expressed at his 
retirement from the post. There seems to have been 
no official confirmation of the rumour that the coal- 
owners contemplated another reduction in wages. All 
parties appear to be desirous of amicable negotiations 
in the coal trade. 

There is comparatively little change to report in the 
Midland iron and steel trades, covering both the Wol- 
verhampton and the Birmingham districts. A slightly 
better tone prevailed than previously, but the condi- 
tion of trade is regarded as far from satisfactory. 
There have been more inquiries since quarter-day, but 
the orders given out have not been of any magnitude, 
consumers still declining to commit themselves to pre- 
sent prices for future deliveries. There are, however, 
some indications that as the year advances an im- 
provement will take place, as all stocks in the hands 
of consumers and merchants are low. The reduction 
in the price of marked bars has resulted in larger 
orders, and makers report a fairly satisfactory weight 
of business under execution. At a meeting of the 
standing committee of the Midland Iron and Steel 
Trades, the accountant’s certificate stated that the sell- 
ing price was ls. per ton below the prices in September 
and October ; but in consideration of the prices ruling 
in the North of England and the arrangement that 
men’s wages should be 6d. per ton above their rates, 
the wages of the men in the Midland districts will 
remain at 8s. 9d. per ton for puddling, and millmen’s 
wages in proportion. 


The position of the engineering trades in the Lanca- 
shire districts remains about the same. The com- 
plaint all round is ‘scarcity of orders.” Even in 
the large establishments renowned for specialities it 
is reported that they are completing orders faster than 
they are being renewed. Boiler-makers are badly off 
for work, and in the structural departments there is 
a slackening down. In no section is there any material 
change for the better. There have been fair inquiries 
in the iron market, but very few orders. 

Sir Kenelm Digby, the arbitrator appointed by the 
Board of Trade to inquire into and decide upon the 
matters in dispute in the tinplate trade, gave his award 
last week. On the majority of points it is against the 
men. It is possible that the men will resent the 
award, but as the reference provided for a settlement 
of the wages question by a joint committee, the rates 
fixed will continue until June next. 
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THE HEAT TREATMENT OF STEEL. 
‘ to the Alloys Research C itt the 
iat Report ° Heat Sremeas of Sted.” asin 


By the late Sir Wiii1AmM C. Roserts-Austen, K.C.B., 
D.C.L., D.Se., F.R.S., Honorary Member ; completed 

by Professor Wint1aAM GOWLAND, Member of the Com- 
ittee. 

” (Continued from page 176.) 


Stress-Strain Curves.—Reference has already been made 
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orga rough determination of the elastic limit is re- 
quired, the figure obtained for the first indications of the 


* Read before the Institution of Mechanical Engineers, 
January 15, 1904. For the first, second, third, fourth, 
and fifth reports, see Proceedings, 1891, page 543; 1893, 
page 102; 1895, page 238; 1897, page 31; and 1899, 


page 35. Also ENGINEERING, vol. lii., pages 548 and 579 ; 
vol. lv., pages 629, 659, and 686 ; vol. hx., pages 743, 778, 


and 811; vol. Ixiii., pages 220 and 253; and vol. Ixvii., 
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ong delicacy are unnecessary, and the curves 
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A typical stress-strain curve is shown in Fig. 117. Up 


to the point K the line OK is straight, thus indicatin 


hat the stress is proportional to the strain; but beyonc 


elongation, are sufficiently accurate for most practical 
purposes. In the testing of iron and steel, it may be 
taken that the yield point is the first large and almost 


sudden deformation obtained during the testing of the 


bar. 





* Unwin, ‘‘ Testing of Materials of Construction.” 





na ‘ |quently this disproportion suddenly 
A recording instrument for taking stress-strain curves | i 


the point K a slight curvature begins, and a small de- 
viation from proportionality begins to appear in the 
stresses and strains, so that the point K will indicate 
the elastic limit from the above definition.  Fre- 
hecomes more 
marked at a point L, at which a sudden increase of 
permanent elongation commences, and this point is 
generally known as the ‘“‘yield point,” or breaking- 
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THE HEAT TREATMENT OF STEEL. 
(For Description, see Page 205.) 
Stee, Bars arreR ANNEALING FoR Hatr-aN-Hour at 1100 pec. Cent. (2012 pec. Fanr.) sy 1600 Diameters. 
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THE HEAT TREATMENT OF STEEL. 


Srert Bars AFTER QUENCHING IN WATER aT 900 pec. Cent. (1652 pec. Fane.) sy 1600 Diameters, 





Fig. 98. 0,722 per cent. C. Fig. 99. 0.947 per cent. C, Fie. 100. 1.306 per cent. C. 


STEEL Bars AFTER ete in Warer At 1200 pec. Cent. (2192 pec. Fanr.) py 140 Diameters. 
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Fig, 101. 0.722 per cent. C. Fig. 102. 0.871 per cent. C. Fia. 103. 0,947 per cent. C. Fig. 104. 1.306 per cent. C. 
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Fig, 105. 0.722 per cent. C. * Fra. 108. 0.871 per cent. C, Fia. 107. 0.947 per cent. C. Fig, 108, 1.306 per cent. C. 


Sree, Bars AFTER QUENCHING IN O1L AT 870 vEG. Cent. (1598 pec. Fanr.) AND THEN REHEATED TO 350 DEG. Cent. (662 pec. Fane.) By 1600 Diameters. 





Fie. 109. 0.13 per cent. C. Fig, 110. 0.18 per cent. C. Fig. 111, 0.254 per cent. C. 






Fia, 113. 0.722 per cent. C, Fig. 114, 0,871 per cent. C, Fie, 115. 0,947 per cent, C, Fie, 116, 1,306 per cent. C, 
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down point. Between K and L the amount of per- 
manent distortion is extremely slight, but between L 
and N a small portion of the distortion is elastic, but for 
the greater part it is permanent. In a hard steel possess- 
ing but little ductility fracture would occur at N, but in 
soft ones, in which a considerable reduction of sectional 
area occurs, a local extension commences which is con- 
fined to only a small portion of the bar, and the curve 
falls rapidly from N to P, where fracture occurs. In 
either case O'S indicates the strength of the specimen, as 
it is doubtful whether any definite relation exists between 
stress and strain in the curve N P. 

A large number of stress-strain curves magnified two 
and a quarter times were taken from the bars thermally 
treated for this report, and the results obtained from the 
various series annealed for half-an-hour, and also for those 
quenched in water, are given in Figs. 118 to 126, page 205. 
From the stress-strain curves for the annealed bars it 
would appear that an annealing a below Ar 
produces well-defined elongations at the yield points in 
all bars, except the saturated ones. In the high and 
low-carbon bars the magnitudes of these elongations both 
diminish towards the 0.871 per cent. C. steel, where the 
yield point is entirely absent. This peculiarity also 
occurs in the set of bars annealed at 720 deg. Cent., but 
to a less extent, and in this case the yield point is also 
absent in the 0.947 per cent. carbon bar. 

The yield points of the 800 deg. Cent. (1472 deg. Fahr.) 
annealed bars do not differ greatly in magnitude from 
those annealed at 720 deg. Cent. (1328 deg. Fahr.), but 
they are, however, much more definite in character, and 
there is also a slight break in the curve of the 0.871 bar. 
Anannealing at 900 deg. Cent., however, has the effect of 
obliterating the yield points of the four high-carbon 
steels, while the low-carbon bars show well-defined 
‘* breaks.” 

In the annealings at 1100 deg. Cent. (2012 deg. Fahr.) 
the yield points of the 0.18, 0.254 and the 0.468 bars 
have been considerably diminished both in size and regu- 
larity, while in the 0.722, 0.871, 0.947, and the 1.306 per 
cent. bars they are entirely absent. 

The curves obtained from the bars quenched in water, 
as will be seen on reference to Figs. 123 to 126, differ to 
some extent from the curves obtained from the annealed 
bars. While the bars quenched at 720 deg. Cent. (1328 deg. 
Fahr.) give but little elongation at the yield point, they 
nevertheless extend considerably immediately before 
fracture when the breaking load is applied. This also 
occurs in the 0.13, 0.18, and 0.254 bars, quenched at 
800 deg. Cent., but the 0.722 and the 1.306 per cent. 
carbon lo actually show less than 1 per cent. of per- 
manent extension after breaking. Only three satisfactory 
curves were obtained for the bars quenched at 900 deg. 
Cent. (1652 deg. Fahr.), and they were of the low-carbon 
steels; the 0.13 bar shows a well-defined elongation. at 
the yield point, and a considerable extension at fracture ; 
but in the 0.18 and the 0.254 bars the yield-point is en- 
tirely absent. A small amount of permanent extension 
takes place before fracture only in the 0.18 bar, the 0.254 
steel breaking without further elongation on the applica- 
tion of the breaking stress. 

Only three low-carbon steel curves were obtained for 
the 1200 deg. Cent. (2192 deg. Fahr.) quenchings, on 
account of the rotten state of the high-carbon bars. In 
none of the curves are there any indications of yield 
points, and only in the 0.13 bar does a certain amount of 
permanent elongation immediately precede fracture. 

The main conclusions gathered from these curves are :— 

1. The amount and regularity of the elongation at the 
yield point are dependent on— 

(a) The non-homogeneity of the steel. It is always 
greater when the steel is made up of two con- 
stituents—such as: ferrite and pearlite, ferrite 
and sorbite, pearlite and cementite, and ferrite 
and martensite—than when it is composed 
entirely of pearlite, sorbite, or martensite. 

(b) The bar being annealed below Ar. 

(c) The amount of ferrite present. 

2. The amount of elongation which immediately pre- 
cedes fracture is dependent on— 

(a) The non-homogeneity of the steel, as in the last 


case. 

(b) Other conditions as regards thermal treatment 
being equal, the bars containing most ferrite 
show greatest elongation. 

(c) It is generally increased by an annealing at 
620 deg. Cent. (1148 deg. Fahr.). 

(d) It is usually absent when the bar is composed of 
martensite, and is entirely so when ‘‘ burning” 
has occurred in the steel. 


(To be continued.) 








Coast-Dr¥reNcE Works.—In connection with a Govern- 
ment scheme for coast defence, it has been decided to 
erect a signal station at Roker, Sunderland, connected 
with a new battery, which will be the head-quarters of 
the Royal Naval Reserve and of the Coastguard. It is 
probable that submarine mines, similar to those with 
which other rivers on the north-east coast are protected, 
will also be constructed along the mouth of the Wear. 


SIGNALLING ON THE LANCASHIRE AND YORKSHIRE RaIL- 
way.—The directors of the Lancashire and Yorkshire 
Railway Company have placed contracts for the equip- 
ment of a portion of the main lines between Manchester 
and Rochdale with all-electric signalling. The same 
system has for some time been in experimental working 
at the Severns Junction goods ae at York, on the 
North-Eastern Railway, and at Crewe, on the London 
and North-Western Railway. 





THE PHYSICAL SOCIETY OF LONDON. 


AT the meeting of the Physical Society of London, held 
January 22, Dr. R. T. Glazebrook, F.R.S., President, in the 
chair, Mr. W. Bennett read a paper entitled ‘* Notes on 
Non-Homocentric Pencils, and the Shadows Produced by 
them. 1. An Elementary Treatment of the Standard Astig- 
matic Pencil.” It is shown that several of the properties of 
the standard astigmatic pencil, and the variations in the 
form of its cross-section, can be simply deduced from a 
consideration of the projections of its rays upon two 
planes, each of which is at right angles to one of the two 
focal lines. The projections of the rays are in each case 
concurrent. The shadow ofa straight wire at right angles 
to the axis is also dealt with, and it is shown that the 
_ intercepted by the wire are one set of generators of 
a hyperbolic paraboloid. The section of this surface by 
any other plane is a hyperbola or a parabola. The rays 
are seen to be all parallel to a plane through the 
axis. If the object wire is not at right angles to the axis, 
the shadow surface is a hyperboloid of one sheet. The 
section by any plane is, in general, a hyperbola, which is 
rectangular on the plane is at right angles to the axis, 
and reduces to two straight lines when the plane passes 
through either of the focal lines. The asymptotes of the 
rectangular hyperbolas lie in two planes which pass re- 
spectively through the two focal, lines. The author 
showed string models of the various pencils and shadow 
surfaces and of pencils produced by lenses or mirrors. 
The paper concludes with a simple method for obtaining, 
by the method of sagitt«, the positions of the approxi- 
mate lines produced in a small pencil refracted obliquely 
through a lens. 

Professor 8S. P. Thompson congratulated the author, 
and said that although many people accustomed to these 
pencils could easily follow the passage of the rays by the 
inspection of diagrams, there could be no doubt that 
there were others to whom the subject could only be 
made clear by the use of models. Geometrical models 
had an advantage because they could be so constructed 
as to show the characteristics of the particular aberration 
under consideration—a condition of things which could 
not be realised in the case of actual pencils produced by 
the passage of light through a lens system. The study 
of the peculiar shadows produced by these beams was 
one of the out-of-the-way branches of physics which 
could be pursued with advantage. The results were so 
striking that they often engendered a curiosity leading 
to a further study of optics. 

Professor J. D. Everett expressed his interest in the 
paper and in the way the author had investigated the 
shadow phenomena by obtaining the equation to the 
ruled surface generated by the shadow of the rod. He 
drew attention to another point in the paper. Although 
a sloping rod generally gives a curved shadow, it is always 
possible to rotate the screen and get a straight shadow. 

Mr. R. J. Sowter said that in constructing a string 
model of the standard elliptic-sectioned beam, it was con- 
venient to thread the strings between two lines represent- 
ing the focal lines, and to obtain the corresponding points 
in the focal lines by projections from circles, since the 

ints moved along the focal lines according to a simple 
1armonic motion rule. Further, it was useful to take 
stereoscopic photographs of the string models, so that the 
solid effects could be reproduced in the stereoscope, and 
the models thus replaced by the photographs. 

The author, in reply to Professor Thompson, said the 
geometrical method gave results very simply when the 
aberration was purely astigmatic, but was less readily 
applicable when other aberrations were present. The 
formation of shadows could then be more readily followed 
by considering the form of the wave front, the way in 
which it meets the object wire, and the consequent evolu- 
tions of the trace left upon it by the object wire. Reply- 
ing to Mr. Sowter, he said that the general method of 
constructing the models was simplified in many cases, 
both end-plates being produced from a single easily-con- 
structed template. 

A paper by Professor R. W. Wood, on ‘“‘ Some New 
Cases 7 inetiowee and Diffraction,” was read by the 
Secretary. In this paper Professor Wood discusses 
certain types of the interference of light which have been 
known for many years, as well as some cases which he 
thinks are quite new. The colours of mixed plates and 
the phenomena of interference in transparent films de- 
posited on metallic reflectors are the cases chiefly con- 
sidered. The facts which have been brought out may be 
summed up as follow :—The colours of mixed plates are 
due to diffraction, and should not be classed with 
interference in their films. The explanation originally 
given by Young, and the treatment given by Verdet 
and others, are unsatisfactory, and do not indicate 
what becomes of the energy. In the cases of 
films deposited on perfectly atin surfaces, which, 
according to the elementary theory, should exhibit no 
interference colours, we may, under certain conditions, 
have colours far more brilliant and quite as saturated as 
any shown by the soap bubble. In other cases, where 
at first sight no interference appears to have taken place, 
we may, by employing polarised monochromatic light, 
obtain fringes of a very curious nature, which are the 
result of the interference between the elliptical vibration 
coming from the metal surface and the plane-polarised 
vibration reflec from the surface of the transparent 
film. The Secretary showed by means of the lantern the 
colours produced by reflection from thin films of mica 
and collodion deposited on silver. He also showed the 
polarised en oy produced by the interference of two 
streams of light polarised at right angles. The incident 
sodium light polarised at an angle of 45 deg. with the 
plane of incidence was reflected from a wedge-shaped film 
of gelatine deposited on speculum metal, and the fringes 
viewed with an analysing nico!, 





Mr. Julius Rheinberg said Professor Wood’s paper had 
n of special interest to him ; in particular as he found 
in it confirmation of the results afforded by some experi- 
ments he had made some time ago. He thought it was 
not generally known that some striking examples of the 
colours of mixed plates were to be found in Nature. A 
few years ago there had been some discussion in the 
Quekett Microscopical Club as to the origin of certain 
brilliant colours shown by the diatom Actinocyclus Ralfsii 
when seen with an objective of small numerical aperture 
From an optical point of view, the diatom valves in 
question might be looked upon as plates of colourless 
silicious material perforated by numerous tiny holes, and 
he had explained the matter as being a natural case of 
the colours of mixed plates. Mr. Rheinberg exhibited a 
number of specimens of Actinocyclus Ralfsti under the 
microscope. 

A paper by Mr. S. Skinner on ‘‘ The Photographic 
Action of Radium Rays” was taken as read. It is well 
known that a photographic plate by exposure to radium 
rays is affected in such a way that the plate develops 
similarly to its development after exposure to light. 
The experiments described in the paper are an attempt 
to answer the question,” Are the actions the same? 
As far as can be seen, the final results of the actions 
and developments are the same, and the experi- 
ments appear to indicate that only slight differences 
occur in the early stages. The plates, suitably enclosed, 
were subjected to the rays from varying quantities of 
radium bromide for varying times, and the results showed 
that the intensity of the developed image increased 
rapidly to a maximum value with increase of exposure, 
then decreased, first rapidly, and finally very slowly, until 
a stage was reached in which there was practically no 
dark image formed on development. It is found that 
spark images are at first obliterated by radium rays, 
which do not cause such a great density as that of the 
spark images obliterated, and that with prolonged ex. 
posure the radium rays reverse the spark images. 

Mr. W. A. Price exhibited a number of instruments 
constructed by Messrs. Crompton and Company. The 
instruments shown were chiefly switches, galvanometers, 
and potentiometers, and Mr. Price explained that the 
chief interest of the exhibit lay in the mechanical de- 
vices which had been introduced to overcome difficulties 
of design. 








Investors’ BivE-Book, 1904.—This annual, edited by 
Mr. Herbert H. Bassett, and issued at 3s. net, from the 
offices of the Investors’ Chronicle, Tower-chambers, London- 
wall, E.C., gives in succinct form a record of the most 
important joint-stock companies, with a clear indication 
of the editor’s opinion as to the worth of the shares as an 
investment ; these indications seem to be in many cases 
fairly accurate. There is also a table of highest and 
lowest prices, and one or two general articles. The editor 
points out that the present time offers a unique oppor- 
tunity to the investor to obtain sound securities at prices 
which yield a higher rate of interest than has been 
chtainakle for nearly a decade of years. Five per cent., 
he states, is obtainable at present prices from the pre- 
ference shares of industrial companies, from the gold bonds 
of American railway companies, and from the ordinary 
shares of the established electric light companies, and 
44 per cent. on electric light undertaking debentures. 
The rate of interest obtainable from British Corporation 
stocks has also increased; but Mr. Bassett points out 
that, although it is unlikely that the municipal corpora- 
tions will in any single case be allowed to default upon 
their loans, the possibilities of a financial crisis has to be 
reckoned with in gauging the intrinsic market value of 
corporation stock. 


Our Locomotive Exports.—December was rather a 
dull month for our locomotive exports, the South African 
and Australian demand showing a great falling off, 
although some compensation was obtained in other direc- 
tions. The total value of the shipments for the month 
was 167,070/., as compared with 232,842/. in December, 
1902, and 216,989/. in December, 1901. The colonial 
demand moved on as follows :— 





! aa % 
Dec., 1903. | Dec., 1902. | Dec., 1901. 


Colonial Group. 





£ £ £ 
British South Africa 26,547 | 41,548 64,039 
British India 61,972 62,681 42,765 
Australasia .. ne os| 3,860 56,654 12,097 
The value of the engines exported to South America in 
December was only 7122/., as compared with 41,381/. in 
December, 1902, and 31,3037. in December, 1901. Our 
locomotive exports for the whole of last year were valu 
at 2,359,504/., as compared with 2,299,179/. in 1902, and 
1,911,340/. in 1901. To these totals the three principal 
groups of colonies made the following contributions :— _ 


1903. | 1902, | 1901. 


£ 
590,260 
588,056 
351,662 


Colonial Group. 





£ 
280,158 
516,115 
350,323 


£ 

473,307 
788,401 
425,634 

| 
These figures atford another proof that the moderate 
increase observable in last year’s shipments was wholly 
attributable to the somewhat active demand for railway 
engines in South Africa, to repair the damages and losses 
occasioned by the war. The value of the locomotives 
shipped to South America in 1903 was 217,103V., as com- 
pared with 159,899/. in 1902, and 259,994/. in 1901. Spain 
took British railway engines last year to the value of 
41,741/., as compared with 33,184. in 1902, and 59,751 in 
1901. 


British South Africa 
British India re — 
Australasia .. a 3s | 
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«‘ ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


ComprLeD By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 


The number of views given in the Specification Drawings is stated | i+) the counter, and is uncoupled and is returned to its initial posi- 
in oak —_ where none are mentioned, the Specification is not tion, leaving the maximum baad as ae tarthest position attained 
i r 9 y it. ais the maximum hand which is moved forw: to a small 
inventions are communicated from abroad, the Names, | .. wepg So 
— oft he Communicators are given in italics. ’ »| extent by a part d actuated from arelay c. The relay c is actuated 
ies of Specifications may be obtained at the Patent Office Sale 
. 25, a Buildings, Chancery-lane, W.C., at 
the uniform price of 5d 
The date of the advertisement of the Complete ' 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the 


he of t. of a Complete ‘ion, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the mentioned in the Acts, 
ELECTRICAL APPARATUS. 


1054. Callender’s Cable and Construction Com- 
y, Limited, and J. C. A. Ward, London. Fuse 
-Boxes. [2 Figs.) January 15, 1903.— According to this 
invention the door of the box is made in two parts, the upper part 
turning about vertical hinges, and the lower part about horizontal 
hinges, at its bottom, so that when turned down it forms a plat- 
form, on whieh the workman can stand. The lower part is lined 
with a mat of india-rubber, so that the workman standing upon 
it is insulated. @ is a panel, or door, having Sg 9 rmgae b, b 
at each end, these projections forming part of the hinge. The 
other portion of the hinge is formed by c, which is a portion 
of the body of a box suitable for containing electrical apparatus. 











7385. W. E. Evans, London. (Allgemeine Elektrioitits- 
Gesellschaft, Berlin, Germany.) Electricity Meters. (3 Figs.) 
March 30, 1903.—For the determination of the maximum consump- 
tion in electricity meters an arrangement is employed in which 
the counter, besides the usual counting mechanism on which the 
total consumption is recorded, has a second mechanism for regis- 
tering the maximum consumption. This second registering me- 
chanism is provided with an operating part which actuates the maxi- 
mum hand, and is coupled from time to time for a determined period 
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The door, on being dropped into position in connection with the 
box, can be raised to a vertical position or dropped to a level with 
the ground, so that the interior of the door may be utilised, when 
properly insulated, for standing upon. At the bottom portion of 
the door a there is a projection d on the inside, which forms a 
guard to prevent the possibility of sticks or other articles being 
pushed in under the door through the aperture marked e. The 
aperture e is provided for obtaining ventilation to the bottom of 
the box. f are insulators of some suitable material attached to 
the inside of the door, and to which are secured a stiff plate of 
suitable material, to which is attached a mat of insulating material 
in such a manner that anything placed on the mat is insulated. 
(Accepted December 23, 1903.) 


7384. W. E. Evans London. (Allgemeine Elektrici- 
tiits - Gesellschaft, Berlin, Germany.) 0 - Electric 
hines. (5 Figs.) March 30, 1903.—According to this 


invention the coils which have previously been produced by 
special apparatus, and mounted upon the moving part of the 
machine, are fixedly held against the action of centrifugal force 
by means of er locking-pieces. The respective locking- 
pieces are introduced into dovetail-shaped grooves in the moving 

ly in a radial direction, and thereupon a straight or wedge- 
shaped intermediate piece is introduced between, and the position 
of the latter is secured by means of a pin or wedge laterally in- 
serted in a recess or groove provided in the locking-pieces, so that 
the respective locking-pieces are separated and pressed against the 
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faces of the grooves in the moving body. The winding a is held 
fast against the action of centrifugal force by the locking-pieces b, 
Which are mounted in dovetail-shaped grooves in the armature or 
inductor ¢. As before stated, the locking-pieces } are in two parts, 
80 that they may be introduced into the grooves from above in a 
radial direction, and be subsequently separated by the introduction 
ofa straight or wedge-shaped intermediate piece d, which is like- 
wise introduced from above radially to the armature or inductor. 
in Figs. 2 and 3 the locking-pieces are formed with slightly-inclined 
abutting faces and with notches J, which latter are so arranged as 
to permit of the two locking-pieces being placed together as shown 
2 Fig. 3, for insertion into the grooves in the armature or in- 

uctor. When mounted in position in the grooves, the pieces are 


moved laterally and then endwise. (Accepted December 23, 1903.) 


d will give, and the beater-arm will 


by a contact f on counting mechanism e, and attracts the arma- 
ture /, to which is attached the pawl 7. The movement of pawl m 
rotates the wheels 7, 0, p and also the wheel q, on which is part d. 
The wheel p is mounted on the end ofa lever +, and is periodically 
raised and lowered by means of clockwork g and spring s. On 
being raised the wheel p is thrown out of gear with the wheel q, 
which, together with stud, is then suddenly returned to its initial 

sition by means of spring h. The operating part d returns to 
its initial position at the expiration of equal periods of time, as 
determined by clockwork g, while the hand a@ remains in the posi- 
tion that it attains, so that the part d increases its stroke only in 
those periods of time in which the velocity of the counter is greater 
than any of the previous periods. (Accepted December 23, 1903.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


28,387. J. Thame and the Oliver Mill Company, 
Limited, London. Impact Ore-Pulverisers. [1 Fig.) 
December 23, 1902.—This invention relates to impact ore-pulve- 
risers, in which the ore is pulverised by hammer-head beaters, 
revolving at a high speed, striking the ore, and dashing it against 
an opposing surface, and consists in automatic means for deliver- 
ing the graded broken ore of required size, in one direction, free 
from dust, whilst the latter is removed through a distinct 
delivery chamber, and is collected as fine impalpable dust, which 
can be separately treated as slime, but which would have 
formed a serious disadvantage to the treatment of the graded ore 
if it had remained mixed with it. The upper part of the casing 
a, forming the opposing surface against which the ore is impacted 
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from the hammer-beaters tl, is provided with a detachably 
attached armoured breaker-plate h, the lower point of which is 
so arranged as to admit free travel of the broken ore towards a 
grizzly g? for stopping the larger fragments, and towards a screen 
k behind it, arranged to jig. The larger unbroken ore, after 
striking the grizzly g2, drops back to the beaters t!, and the 
smaller stuff with the dust impinges on the screen k. The stuff 
which does not pass the screen k is again delivered to the beaters, 
while that which penetrates the screen is delivered to a hopper v. 
The beaters run at such velocity that they pass, with the stuff 
through the grizzly, a considerable volume of air at sufficient 
velocity to float off the finer dust. The dust passes off by pipes 
al, 22 into a chamber 2° provided with baffles y° and a water- 
spray. (Accepted December 23, 1903.) 


28,388. J. Thame and the Oliver Mill Com y, 
Limited, London. Pulverisers. (6 Figs.) December 23, 
1902.—This invention relates to pulverisers, and has reference to 
that class of machine in which beaters are arranged to revolve 
at a high rate of revolution with a casing. The object of the 
invention is the provision of means whereby the beaters are pre- 
vented from being jammed within the casing by the presence of 
large pieces of material therein, and for the fixture of the beater 
heads to their carrying stem in a simple and effective manner. 
The stem a carrying the head b is formed with a central hole c of 
elongated form at the end where it is carried and driven by the 
driving axle. In the end of this hole a spring-pressed sliding 
bearing-piece d is arranged to bear upon the pin e carrying the 
beater-arm in such a way that should the beater-head 6b meet 
any obstruction in the casing f, the spring-pressed sliding-piece 

bodily move in an axial 


struction in the casing, and thus prevent any breakdown in the 
machine. The beater-head is attached to the stem so that a 
projection on the stem co-acts with a surfaceon the head. One 
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form of attachment is shown at Fig. land consists of a recess g 
in the head having an undercut recess h. The stem is formed 
with an end j of a form to fit the recess, and the two parts are 
held in position by akey 1. (Accepted December 28, 1903.) 


PRINTING AND ALLIED MACHINERY. 


23,100. T. and R. Jubb, H Leeds. Stereo- 
Metal. October 26, 1903.—It is well known that stereo-, lino-, 
and mono-type metals, owing to the nature of their composition, 
or to the peculiar properties of the ingredients from which they 
derive their composite character, lose their original properties 
through re-meltings, formation of dross, &c. This causes trouble 
by the formation of bad slugs in the case of linotype machines. 
The present invention has, therefore, for object to minimise the 
waste that at present occurs with the use of such metals, For 
this purpose there is employed a compound that is made up of 
resin, borax, and sulphur in the following proportions :—Resin, 
75; borax, 20; flower of sulphur, 5. This compound acts to 
oon the metal, and as a lubricant. (Accepted December 16, 
1903. 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


3149. F. Bailey and F. H. Faclaen, Bankside, 
London. Liquid Strainers. (9 Figs.) February 10, 1903- 
This invention relates to apparatus for use in straining water or 
other liquid containing solid substances, as, for example, river 
water containing weeds, straw, and the like. Apparatus con- 
structed according to this invention comprise a circular casing a 
traversed axially by a horizontal shaft b. Mounted upon the shaft 
b is a wheel d, provided between its several spokes with removable 
grids e which serve as strainers. On eitherside of the wheel, the 
casing forms a chamber that is divided by a partition / into two 
compartments. Each of the compartments communicates with 
one of the pipes g, g}, g2, g. The first chamber receives from 
pipe g the refuse-charged water, which, after passing through the 
straining wheel, reaches thecompartment immediately opposite and 
then flows through the pipe g!, to be applied to such purpose as may 
be desired. On the water returning, it is led by pipe g? to the fellow 
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compartment on the same side of wheel, and passes therethrough 
into the compartment a whence, together with the solid 
matter et ma retained upon the straining surface, it is re- 
turned by pipe g® to its original source. The rim d! of the wheel 
dis furnished with a circular rack d?, and a slow rotative move- 
ment is imparted to the wheel by means of pinion A driven 
from a pulley through gearing. To provide against the 
wheel d becoming choked by foreign substances lodgin 

between its rim and casing, an annular chamber i is forme 

in the casing, and this chamber is charged with water 
under a pressure in excess of that of the water on either side of 
the wheel. In order to prevent loss of pressure by leakage, each 
face of the rim @! is furnished with packing comprising a ring j 
backed by one j! of leather, the latter in turn being supported by 
a metal ring j2 furnished with springs j* for maintaining a sutti- 
ciently water-tight joint between the face of the wheel and that of 











direction, so that the beater-head is permitted to pass the ob- 





the casing. In order to prevent movement of the packing with rela- 
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tion to the wheel, the ring j is provided with slots j4 which are | jammed on the threads of the screw-bolt d with sufficient force to 
engaged by the ends of set-screws j5 and also by the portions j6 of | insure the secure locking of the screw-nut on the screw-bolt d. 
| (Accepted December 23, 1903.) 


the ring j2. (Accepted December 16, 1903.) 


TEXTILE MACHINERY. 


24,327. A. Marshall and the Tunies Coloured 
Spinning Company, Limited, Heap Bridge, Bury, 
Lancs. Dyeing Yarns, &c. (5 Figs.) November 10, 1903. 
—These improvements relate to apparatus which is employed in 
the dyeing, bleaching, or equivalent treatment with liquids of 
yarn or the like when wound upon perforated tubular bobbins. 
As is well known, such treatment of the wound material is effected 
by circulating the liquid through it when the perforated bobbin is 
secured to a plate, the arrangement being such that liquid passed 
from one side of the plate to the other must pass through the per- 
forated bobbin and the material upon it. Each bobbin consists of 
a tubular shell a, perforated to permit the free passage of the 
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dyeing or other liquid. Its lower end is coned to fit within 
a conical seat in the plate b. The other end of the bobbin is closed 
by means of the coned end of a screwed stud c, axially movable 
ina bar d, so that the bobbin can be secured or withdrawn by 
screwing or unscrewing the stud. Several bars d may be used, as 


shown, and at such a distance apart that the operative’s hand can | 


easily be passed between them for fixing and removing the 
bobbins. The bars may be beld at their proper distance from the 
plate in and by any suitable means, as, for example, by means of 
bracketse. With the different parts in the positions shown liquid 
may be forced from one side of the plate } to the other, and be 
compelled to pass only through the bobbins and the material 
wound upon them. (Accepted December 16, 1903.) 


MISCELLANEOUS. 


2521. John Brotherton, Limited, and J. Hill, 
Wolverhampton. Tube Joints or Couplings. (2 Figs.) 
February 3, 1903.—This invention relates to the types of tube- 
joints or couplings which have been devised to avoid the need for 
forming screwed ends on wrought metal tubes for the purpose of 
joining or coupling them together. A joint or coupling constructed 
according to this invention comprises, as is usual in this type of 
joint or coupling, an enlarged end on each tube to be joined, a 
loose surrounding flange or the like around each tube behind the 
enlarged end thereof, and bolts for drawing the flanges together. 
The enlargement a on the end of each tube is, according to this 


invention, formed substantially hemispherical in shape, and the 
enlargement a! of the end of the other tube is formed bell- 
mouthed inside to receive the hemispherical end of the other 
tube. A packing of india-rubber ) is placed between the juxta- 
posed metallic surfaces, and is securely gripped in tightening up 
the joint by means of flanges B and bolts C. The ends of the 
tubes, instead of being substantially hemispherical and _ bell- 
mouthed, may be conical, as shown in Fig. 2. By the arrange- 
ment described, the use of a separate metallic packing-piece 
between the tube ends is dispensed with, and greater facility is 
afforded for joining together two tubes at an angle. (Accepted 
December 9, 1903.) 


7767. The Steel Nut and Joseph Hampton, 
Limi and T. Hampton, Wednesbury. Loom. 
Nuts. [11 Figs.) April 3, 1903.—The invention relates to lock- 
nuts for screw-bolts and screwed rods and tubes, and other 
screws, and consists in the construction of self-locking screw-nuts 
whereby the use of a second screw or lock-nut or equivalent de- 
vice is rendered unnecessary. By the construction!of the screw- 
nuts constituting the said invention the lower or base part of each 
nut is made slightly elastic or capable of yielding, so that when 
the said nut is driven home against the fixed or bearing surface, 
the said elastic part is compressed and flattened, and its threads 
thereby jammed or forced into close contact with the threads of 


the screw-bolt or screwed article adjacent to it, and the said nut 
is thereby efficiently locked to the screw-bolt or screwed article. 
a, @ are horizontal slots in opposite sides of the screw-nut, the 
said slots partially dividing the nut into two parts. 0, b are con- 
necting-webs between the upper and lower parts of the nut. The 
bottom or bearing face of the base part c of the nut is made 
slightly arched, the arched part being preferably angular, as is 
best seen in Fig. 1. When the self-locking screw-nut is screwed 
home on the screw-bolt d, and its underside made to bear flat or 
approximately flat on the fixed surface e, against which it is forced, 
the arched face of its elastic base part c is compressed and 
flattened against the said fixed surface, and the threads of the said 
flattened elastic or yielding base part c of the nut are forced or 








27,336. J. Moeller, Westminster. Incandescent- 
Gas Burners. [2 Figs.) December 11, 1902.—This invention 
relates to an improved arrang t for pending the mantles 
of incandescent-gas burners in a manner which shall protect them 
from vibration. The mantle-support A is in the form of a loop 
that is supported from the gallery part of the burner or from a 








| collar F by means of arms E. The upper part of the support is | 


formed into a loop B, in which is suspended a hook © that sup- | 
ports the mantle. This hook swings loosely, and any vibration | 
or shock to the burner is partly broken by the support A, and is | 
entirely counteracted by the slight swinging action of the hook. | 
The hook C is balanced by a backwardly projecting arm. (Ac- 

cepted December 23, 1903.) 


27,337. J. Moeller, Westminster. Burner By-Pass 
Tap. (3 Figs.) December 11, 1902.—This invention relates to 
by-pass taps for street lanterns. The body A of the gas-cock is 
provided with a short arm B extending horizontally from the 
right-hand side thereof. This arm is formed with a gas-way 





through it. The by-pass tube is carried upwards from this arm 
to the top of the burner. Dis a D-shaped groove in the plug E 
so placed that a leak of gascanescape to the side arm B and up 
to the top of the burner. This leak is only shut off when the 
hole in the plug is vertical. This leak constitutes the by-pass 
flame when the burner is shut off. (Accepted December 23, 1903.) 


21,374. T. H. augeeby and J. Tylor and Sons, 
Limited, London. Taps or Valves. [5 Figs.) October 5, 
1903.—This invention relates to that class of tap or valve in which 
the spout or bib through which the water or other liquid is 
delivered forms the arm or lever by which the tap or valve is 
opened and closed. According to the present invention, instead 
of employing a tap-plug to regulate the passage of the liquid, 
a screw-down valve is employed, which, as is well known, is free 
from the defects of rotating plugs. For the purpose of this 
invention the valve proper a is connected by suitable means to 
the rotating stem J of the spout or bib c, and the rotation of the 


| worked from the interior of the tank. 





said spout or bib c moves the valve @ up and down by means of a 
screw-thread d formed on or connected with the said stem and 
taking into a corresponding screw-thread e formed in the shell or 
body J, so that when the spout or bibc is turned more or less in | 
one direction, the valve a is drawn up off its seat g so as to allow | 
of the passage of liquid from the inlet / to the spout or bib c | 
through the passages 7 in the stem ); and when turned in the | 
opposite direction, the said valve is pressed down on to its seat g 
so as to prevent such flow. It will be seen that a liquid-tight 
joint is made round the stem / of the spout or bib ¢ by passing | 
the latter through a stuffing-box y in the cover of the shell or | 
body jf of the valve. The spout or bib c may be fitted with a | 


rose cx or with a plain bib or spout, or with a nozzle or any 
— form of outlet that may be required to suit the pene 
ticular purpose for which the valve is to be used. (Ac 

December 23, 1908.) (Accepted 


26,871. W. Skaife, London. Riveted Tanks. (3 Figs 
December 5, 1902.—This invention relates to apparatus whereby 
the holes usually left between the plates of large rectangular 
tanks at the corners can be closed in a water-tight manner quickly 
and economically. The hole at each corner of a tank is closed 
by a rivet with a head cupped on its underside, and passed diagon. 
ally through the hole from the exterior. The rivet is held in 
position during riveting by a holding-up tool that engages its head 
and its inner end is closed or riveted over, so as to more or leas 
fill the corner of the tank by a portable riveting hammer that js 








@ are standards arranged 
one near each corner of a rectangular base-plate ) and provided 


| with heads c, each furnished with a holding-up tool d arranged 
| to incline downwardly towards the centre of the tank e. 


Below 
each head c is a block f that bears against and supports the lower 
portion of the tank e during the process of riveting; w is the 
portable riveting hammer. The heads c of the holding-up tools can 
be turned about vertical pins », so as to enable the tools to be 
brought into the operative or inoperative position at will. (Accepted 
December 16, 1903.) 








Dock EXTENSION AT SHIELDS.—A large scheme of 
dock extension, proposed by Smith’s Dock Company, has 
come before the Tynemouth Town Council. The com- 
pany, which owns docks on both sides of Shields Harbour, 
desires to extend one of its North Shields docks to 600 ft., 
so as to admit the largest vessels afloat, and it has bought 
a good deal of adjoining property with this view ; but 
the scheme involves serious difficulties in alterations of 
streets and the acquisition of licensed premises, for which 
the company consider a prohibitive price is asked. There 
are two schemes, one of which obviates the necessity of 
purchasing the public-house, but a tunnel will have to be 
made under the street and a bridge across it. The council 
expressed its willingness to aid either of the schemes, so 
far as its powers would permit it to do so, as the works 
would provide employment for a great number of men. 
Should these schemes at North Shields fall through, it is 
probable that the firm will extend its docks at South 


| Shields to meet the necessity for docking the largest class 


of vessels which come to the Tyne. 


AGRICULTURAL ENGINEs.—We have now complete in- 
formation as to the exports of agricultural steam-engines 
from the United Kingdom in 1903. The shipments for 
December showed a considerable increase, being valued 
for the month at 60,515/., as compared with 29,132/. in 
December, 1902, and 14,684/. in December, 1901. The 
corresponding value for the whole of 1903 was 877,147/., as 


| compared with 631,736/. in the whole of 1902, and 620,968/. 


in the whole of 1901. The largest shipments were made 


| to European countries, which took engines to the value of 
| 571,9782. last year, as compared with 454,324. in 1902, and 
| 442,379/. in 1901. The shipments to South America last 
| year were valued at 79,173/., as compared with 35,726/. in 


1902, and 74,795/. in 1901. The colonial demand was 
represented by the following values during the three 
years :— 


1903. 1901. 


eune Es 
7,245 
20,770 
28,009 


Colonial Group. 1902. 





£ 
36,953 
10,504 
78,075 


£ 
18,546 
13,269 
35,880 


British South Africa 
British India ‘ie 
Australasia .. 


It will be observed that, contrary to general experience, 
the colonial demand is not of much importance, although 
it appears to be increasing. 
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. 7 oy ECU aims and achievements of Professors Riedler and | sure into velocity takes place in the wheel-buckets, 
THE ae STEAM Stumpf. jand the speed of rotation of the latter can be 
. we When the whole of the 


DisrEGARDING the claims of Hero of Alexandria, 
dating about two thousand years back, we may say 
that the practical steam-turbine is barely 20 years 
old—an age of two decades against the two centuries 
of the steam-engine. It would be idle to conjecture 
what the prime mover of the far future may be 
like. But there is little doubt that in the near 
future the infant steam-turbine will strongly com- 
pete with the maturely aged reciprocating engines, 
which in their turn have managed to rejuvenate 
themselves with remarkable success by adopting, 
with the help of modern lubricants, a new mode of 
living on novel diets. 





We are inclined to think of water-turbines when | correspondingly reduced. 
we hear of steam-turbines, and the general prin- | pressure head is converted into velocity head 
ciples involved are precisely the same; and it is| within the guide-blades, the fluid enters the wheel- 
convenient, following hydraulic practice, to group | buckets with the full velocity due to the available 
steam-turbines into pressure and impulse types. | head, and, as is well known, the best speed of the 
In pressure turbines the pressure in the space! wheel is then about half the velocity of the fluid as 
between the guide-blades and the wheel-buckets | it issues from the guide-blades. Turbines of this 
is always greater than the pressure of the fluid as| kind may be considered as a limiting form of pres- 
it leaves the wheel, so that some of the pressure | sure turbine, and are known as impulse turbines, 
head of the working fluid is converted into velocity | and the well-known De Laval steam-turbine is con- 
head within the wheel-buckets. If the whole of! structed on these lines. De Laval uses only one 
this conversion of head took place within the wheel, | wheel with circumferential buckets, to the sides of 
as, for example, in a Barker mill, the velocity of | which steam-nozzles are applied. His velocities 
the bucket at the point of escape should be equal |are much smaller than they would be in the 
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We may broadly distinguish three types of steam- 
turbines. The two chief types are due to the two 
pioneers in this field, C. G. P. De Laval and C., A. | 
Parsons. The Rateau and Zolly turbines may be | 
classed with the Parsons turbine, which is of an 
earlier date than De Laval’s turbine, and has been 
the most largely applied. The Curtis turbine of the 
General Electric Company (described in our last 
issue), and the Riedler-Stumpf turbine occupy, in a | 
certain sense, intermediate positions between the | 


turbine has been before the public for about a year, 
but was patented in 1896. The Riedler-Stumpf 
turbines were first described by Professor A. 
Riedler, of Charlottenburg, in a discourse which 
he delivered at the fifth meeting of the Schiff- 
bautechnische Gesellschaft, held in Berlin in 
November, 1903. Through the courtesy of Pro- 
fessor Riedler we are enabled to illustrate its 


points. A few general remarks will be neces- 





from an orifice under the same head. This would 
necessitate that, with a steam-jet velocity of 1000 
| metres per second, we should have to run a wheel 
| about 1 ft. in diameter at a speed of 100,000 revo- 
lutions per minute. 
| machine, and it would be useless if we could. 


structed so that the pressure head of the working 
Special features, which present some interesting| fluid is partially converted into velocity head 
before the fluid issues from the guide-blades, and 
Sary in order to characterise the significance of the | in that case only a portion of the change of pres- 
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|Barker mill type, but are yet very high ; hence, 
intermediate gearing—toothed gearing, as a rule— 
|has to be resorted to when machinery is to be 
idriven, and large wheels cannot vell be con- 
structed for large powers. These are briefly the 
drawbacks of the Laval turbine, which its originator 
has perfected to a remarkable degree. 

| In the Parsons turbine the steam passes through 
| many alternating rings of fixed and moving blades, 
| the steam-pressure energy decreasing at every step. 
If we make the number of wheels sufticiently large, 
we can considerably reduce the common velocity of 
these wheels, which are all fixed on the same shaft; 
and we come thus to what may be styled multiple- 
compound turbines, with speeds ranging between 
1000 and 3000 revolutions, but requiring, say, a 
hundred wheels or rotors, and as many guide-blade 
systems, fitted with thousands of buckets. The 
Parsons turbine has been wonderfully perfected 
within the comparatively short time of its existence ; 
and in economy of steam consumption these tur- 
bines now rival, if they do not exceed, the very 
best steam-engines, which they surpass in smooth- 
ness of motion. The long shafts take up a good deal 
of floor space, however ; the speed is correct only for 
a certain pressure-drop and corresponding steam 
velocity, and only under normal conditions can the 
full efficiency be realised. Similar restrictions 
apply, of course, to other engines, and larger 
engines will, on the whole, run more economically 
than smaller engines. The construction of small- 
power Parsons turbines, however, seems to be 
unprofitable. 

| When the attention of engineers was drawn to 

| the Laval turbine, and also to the high efticiency 

jattained by Mr. Parsons, the possibility of com- 

bining the two principles was fairly obvious, and 

| several applications were made for patents in which 

this idea wasembodied. The earliest we have been 
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two other types. Asa practical machine, the Curtis | to the velocity of escape of the fluid if flowing 





We cannot build such a| 


Generally, however, pressure turbines are con- 
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able to find is that of Mr. Ferranti, of 1895. But | gerous), and thoroughly well balanced ; the buckets | 3000 or 4000 revolutions per minute, is stated to 
there is a long path to travel between the acquisition | had, further, not to be fixed on the rotor, but cut | be imperceptible to the eye. 


of a patent right and the construction of a practic- | 
able machine. These latter steps have been taken, as | 
already stated, by Mr. Curtis in America, and now | 
by Messrs. Riedler and Stumpf in Germany. Both 
these designers have combined a gradation in the 
steam pressure with a gradation in the steam velo- 
city. The latter isa more effective way of reduc- | 
ing the speed of the rotor than the former. But 
the subdivision of the steam velocity cannot be 
applied many times. How it is managed in the| 
Kiedler-Stumpf turbine we shall see later on. | 
Experimenting first with single-rotor turbines, of | 
a modified Laval type, it occurred to Professors | 
Riedler and Stumpf to increase the rotor diameter. 
That required perfect materials, and perfectly 
smooth wheels, not perforated, if possible, at the | 
centre (where the centrifugal strains are most dan- | 


out of the disc. . A 10 per cent. nickel steel proved | 
suitable. This steel was so hard, however, that it 
was feared strains might be set up in cutting the | 


| buckets into the circumference of the wheel ; but | 


experiments with discs, into the periphery of which | 
slots were sawn, reassured the investigators. It will | 
be remembered that Laval uses thin elastic shafts. 
This did not seem advisable for rotors several 
metres in diameter, intended to transmit large | 
powers, and the bearings—or the one bearing 
were therefore placed as near the rotor as possible. 
The centre of gravity of the rotor was, by contract, 
to be within 0.1 millimetre of the geometrical mass | 
centre. This condition was fairly well fulfilled, and | 
the centre of gravity could afterwards be made | 
correct within 0.01 millimetre. Under these cir- 
cumstances the motion of a turbine, running at 


t=] 


Figs. 1 to 3, page 211, show the rotor, with its 
shaft and its peculiar oblique pocket-buckets ; Fig. 4 
is a view of the rotor of the 2000-horse-power 
Riedler-Stumpf steam-turbine installed at the elec- 
tricity works of Moabit, a suburb of Berlin. The 
corresponding nozzle-ring is illustrated in Figs. 6 
and 7; the nozzles themselves are shown in Fig. 5. 
The buckets, it will be seen, are cut into the rim 
of the rotors, and the nozzles are placed obliquely 
upon one another, and united to a ring which sur- 
rounds the wheel. The nozzles remind us in their 
construction of the Laval type, but they are square 
in cross-sections, and not elliptical, as Laval’s. 
This is an important point, as experiments con- 
ducted in the Charlottenburg Technical College 
demonstrate. The nozzles are made of nickel steel, 
which is not liable to rust; as any rust would 
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diminish the efficiency. The nozzles are made of 
round bored tubes ; the portion below the stricture, 
the size of which depends upon the desired ex- 
pansion, is then drawn out square, and finally cut off 
obliquely. The complete nozzle-ring furnishes a full 
steam-jet ring. If partial admission is intended, 
the nozzles are united to an arc, and the rotor- 
buckets not played upon by the steam are covered 
to decrease the ventilating resistance. 

The finished rotor bears a certain resemblance 
to a Pelton wheel. Whilst, however, the cups of a 
Pelton wheel are open on all sides and placed one | 
pehind the other, the buckets of the rotors are 
stratified above one another and closed at the sides, 
and the steam-jets are fully guided. The clearance 
between rotor and nozzle amounts, in the Moabit 
turbine, to 3 millimetres measured radially, and 
to 10 millimetres (nearly 4 in.) when measured in 
the axis of the nozzle. The radial clearance has 
been increased to 5 millimetres without affecting 





was a loss of steam velocity in the nozzles amounting 
to 5 per cent., and a further loss of 15 per cent. in the 
buckets, and also a loss of 15 per cent. because the | 
steam was allowed to enter the condenser at high | 
velocity. The steam-consumption was in the first | 
trials 8.89 kilogrammes, and later 8 kilogrammes per | 
kilowatt-hour, which the inventors compare to the 
8.8 kilogrammes consumed by a Parsons turbine of 
1500 horse-power at Elberfeld. We shall revert to 
this point again. The Moabit turbine is running | 
at 3000 revolutions -which is not too high for the 
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the efficiency of the turbine, which does not need 
any internal steam-tight packing. 

The buckets of these rotors may be made of a 
simple U shape, so that the steam-jet is turned 
through an angle of 180 deg. in its path through the 
bucket ; or they may be as illustrated, and represent 
a double U, in which case the steam-jet strikes the 
ayer between the two buckets, and leaves on 

oth sides. The first experimental steam-turbine 
of the engineering laboratory of the Charlottenburg 
College was constructed with two rotors, 1.5 metres 
(nearly 5 ft.) in diameter, and provided with simple 

U buckets. When working with condensation, 
both rotors are used ; when non-condensing, only 
one wheel. In the latter case, tests conducted with 
an hydraulic brake and with a triphase dynamo, | 
built by the Allgemeine Elektricitiits-Gesellschaft, | 
showed a steam consumption of 13 kilogrammes per | 
effective horse-power. In the second turbine built— 
that for the electric supply station at Moabit, the 
machine several times referred to already, and 
illustrated in Fig. 8—several concessions were in- 
tentionally made to simplicity at the expense of 
efficiency. Thus, Professor Riedler states, there 





electric generator coupled with it—-with steam at 
13.25 kilogrammes per square centimetre (188 Ib. | 
per square inch) of 294 deg. Cent. (562 deg. | 
Fahr.), and with a condenser-vacuum of 85 per 
cent. The rotor weighs only 850 kilogrammes 
(1875 lb.), and it has therefore been possible in 
other turbines to give the rotor only one bearing, 
so that two bearings in all suffice for the turbine 
and generator-unit. Oil is led to the outer end of | 
the bushes of the bearing, sucked into the interior 
by the vacuum, and returned to the bearing. 

In the turbines so far mentioned, steam-pressure 
and velocity remain uniform. When we wish to 
apply the compounding principle to either pressure | 
or velocity, the construction necessarily becomes 
more complicated. When the steam-velocity is 
to be utilised twice, Professors Riedler and Stumpf 
employ reversing guide-blades of novel appearance, 
illustrated in Figs. 9 to 11. The object of these 
will be obvious to anyone conversant with the ordi- 
nary water turbine. Should the bucket of a tur- 
bine run below its proper speed, the fluid will leave | 
it flowing in a backward direction, with a more or | 
less great absolute velocity. The object of the 
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reversing guide-blades is to gather up this fluid, and 

| turn it round so that it flows in a forward direction, 
and is then directed on to a second revolving tur- 
bine-wheel, or else on to other buckets of the 
original wheel. In the type illustrated by Figs. 9 
to 11 the steam is returned to one and the same 
wheel, and as the nozzle has to be circumvented, 
the blades have to be arranged spirally. The 
steam is always deflected in the same sense. 
This holds also for the guide-blades of Figs. 12 
to 17; but in this second case we find two rings of 
wheel-buckets, and the steam issuing from the 
bucket is sent into the guide-blade system of the 
second wheel. There is no need for a spiral 
arrangement in this instance, and with both con- 
structions the rotors can be inspected and taken 
out without removing or touching the guide-blade 
rings. 

The first turbine of this kind built had one guide- 
blade ring (as in Fig. 9), but as the diameter was 
only 800 millimetres (31.5 in.), its speed was high 
(3500 revolutions). It was a 20-horse-power turbine, 
driving a continuous-current dynamo, and the con- 
sumption, non-condensing, was 17 kilogrammes of 
steam per effective horse-power per hour. This is 
not a remarkable performance. It is yet noteworthy 
that without the use of the reversal guide-blades 
the steam consumption was 26 kilogrammes, so 
that the expense of providing for this guide-blade 
system would repay itself. Fig. 18 shows such 
a turbine, also built by the Allgemeine Elektricitiits 
Gesellschaft, coupled with a continuous-current 
generator. Professor Riedler proposes to mount 
these turbo-dynamos on locomotives for train-light- 
ing ; and the compact and simple construction, as 
well asthe great accessibility of the turbine, and the 
very small space taken up, are indeed noteworthy 
features. The type is fitted with four nozzles. 
|The Allgemeine Elektricitiits Gesellschaft has con- 

structed various turbo-dynamos of medium power, 
from 50 up to 250 kilowatts: Figs. 19 and 20 illus- 
trate one of these 100-kilowatt units; it will be 
noticed that there are only two bearings. 
Two bearings we find also in other types; for 
instance, in a 1500 horse-power compound-impulse 
_ unit for 1500 revolutions, combined with a centri- 
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fugal condenser. More than two steps in ‘‘com- 
pounding” for the velocity are not advisable. By 
applying the compound principle to both the steam- 
pressure and velocity, Professors Riedler and 
Stumpf have succeeded in reducing the speed to 750 
and 500 revolutions. In such cases the dynamo is 
placed between a high and low-pressure turbine ; 
each of these turbines may further be subdivided— 
that is, we may have two (or more) wheels, separated 
by a partition which completely divides the casing, 
and each of the four wheels may have two rings of 
guide-blades. The whole arrangement has also 
been made vertical, as Fig. 21 indicates. 

As regards the performance of these turbines, 
Professor Riedler gives the figures contained in the 
table on the next page concerning the 2000-horse- 
power machine of the Moabit electricity works. 
The steam consumption in the last row of figures, 
which refer toa speed of 3000 revolutions, would have 
been reduced to 8 kilogrammes, Professor Riedler 
adds, if the vacuum had been 95 per cent. At sub- 
sequent brake tests, when 1917 horse-power was 
developed, the consumption was only 7.9 (instead 
of 8.9 kilogrammes) at a speed of 3800 revolutions, 
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At nearly Full Load. 
June 15, 1903 1365} 9 294 64.8 85 8.89 6.5 
Professor Riedler concludes his memoir with a 
summary of comparative performances of other 
turbines. We do not reproduce this table, which 
is favourable to Professors Riedler and Stumpf, 
because the data concerning the Parsons turbines 
are taken from a communication by Messrs. Brown, 
Boveri, and Co., of Baden, Switzerland, published 
in the Zeitschrift des Vereins Deutscher Inge- 
niewre, in January, 1903, and are therefore not 
up to date. The Parsons-Brown turbines in ques- 
tion were mostly smaller than the Riedler-Stumpf 
turbine; and our readers will see from a letter 
which Messrs. Brown, Boveri, and Co. addressed 
to us in August last* that in tests of a 5000- 
horse - power machine the steam consumption 
was reduced to 6.7 kilogrammes, the pressure being 
10.6 atmospheres, the steam temperature 312 deg. 
Cent., the vacuum 90 per cent., and the load 
2995 kilowatts. Nevertheless, though not a record, 
the performance of the Riedler-Stumpf turbine 
must be considered highly satisfactory and full of 
promise for the future. 








ELECTRICAL WINDING ENGINES. 
By Dr. R. HeErzrexp. 

Ow1ne to the very great demand for coal and 
other mineral products, the increasing depth and 
output of the mines worked, coupled with the keen- 
ness of competition, and the rise in wages, it becomes 
more and more necessary to adopt labour and time- 
saving plant in order to obtain a profit on the large 
capital outlay in modern mines. To effect this pur- 
pose, the first step is to increase the winding speed ; 
the second, to devise special means of loading and 
unloading the cages in the quickest possible way. 
Very great progress has been made in the last 
decade; larger sizes of winding-engines have been 
generally adopted, and the highest limit of speed 
with steam-engines has been practically attained. 
The use of steam winding-engines, however, has 
serious inherent disadvantages. In dimensioning 
the boiler-plant and the piping allowance has to be 
made for the load coming on in rushes ; the cooling 
surface is consequently very large, and this fact, 
combined with the violent fluctuations in the load, 
causes considerable condensation losses. The cost 
of lubrication is also very high for such large 
machines. The work done both by the furnace and 
the surface of the boilers is intermittent, and, there- 
fore, ineffective. All these factors combine to 
render great economy in steam consumption im- 
possible, so that even with the best types of wind- 
ing-engines a steam consumption of 44 1b. to 48 lb. 
per horse-power hour on mineral raised is the 
lowest figure attainable, and in the majority of 
cases it is found to amount to 80 lb. or even 120 lb. 

In this connection electrical distribution of power 
has recently made extraordinary progress. The 
idea is to generate the whole of the energy necessary 
for working the machinery above and below ground 
by means of one generating plant of high efficiency, 
thus reducing the cost of the energy to a minimum. 
Under favourable circumstances it is even possible 
to generate the whole of the energy required for 
several pits at one central generating station, the 
transmission of the energy presenting no difficulty. 
It will be understcod that with such a central gene- 
rating plant the sudden variation of load, which is 
one of the disadvantages of winding work, will be 
felt far less than is the case where steam winding- 
engines are used, as, in comparison with the whole 
of the energy generated, such variations are very 
slight. It is even possible to compensate completely 





* See ENGINEERING, vol. Ixxvi, page 247. 


for these fluctuations by means of balancing devices, 


so that the generating plant works constantly in | 


the most economical manner. In deciding whether 


a balancing device should be used or not, all the | 
conditions of working have to be taken into con- | 


sideration ; anditistherefore not surprising that elec- 
trical winding plantsalways differ from one another. 
In every case where electrical driving has been 
adopted, the cost of winding has been considerably 
reduced, and the larger the generating station from 
which the supply was obtained, the greater has been 


the saving effected, the amount of steam consump- | 


tion per horse-power hour on mineral raised being 
in some cases as low as 24 lb. to 26 lb. 

The constant turning moment of an _ electric 
motor is more favourable to the life of the ropes 
than that of a steam-engine, where the torque 
varies from 0 to a maximum. It prevents dangerous 
waves in the ropes, while it is well known in mining 
circles that the variations of torque in a steam- 
engine cause ‘‘dancing,”’ and consequent over- 
strains. Another great advantage of electrical 
winding-engines—and one of the reasons why the 
energy required is less than in steam plants—is 
that steam winding machinery requires a very 
heavy drum to balance the varying torques. It is 
only necessary to mention the principal conse- | 














ticulars may not be out of place. The principles 
of this system may be gathered from the illustration 
| annexed. 

A grooved pulley is fitted on the shaft of a 
winding-engine, and around this the rope, to the 
ends of which the cages are attached, is passed, the 
load being lifted by the friction between the rope 
and the pulley only. The weight of the rope is in 
every case balanced by a tail-rope attached to the 
cages, forming an endless system. It is essential 
that the rope should be always taut, and therefore 
the usual practice is to have a kepps for the upper 
| cage only, while the lower cage is suspended free 
|in the shaft. To prevent the tail-rope swinging jn 
the shaft it is usually guided by an arrangement of 
; wooden beams at the bottom of the pit. A buffer 
|is placed at a short distance (about 12 in. or 15 in.) 
| below the loading level to prevent the cage being 
| lowered too far. . 

In calculating a Koepe pulley, it must be borne 
in mind that all possibility of the rope slipping 
must, under any circumstances, be avoided. The 
following mean values of the coeflicients of friction 
have been obtained from numerous tests : 


Between steel rope and cast iron 
oak 
leather 
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quences of the heavy weight of the druin—viz., the 
high initial expenses, the large amount of energy 
consumed during the acceleration period (which 
cannot be wholly regained), and the extraordinary 
size of the driving-engine, which possesses all the 
disadvantages of machines having a greater capacity 
than their average load. 

One of the first essentials for economical winding 
is, as we have seen, constancy of load at the 
generating station. For a long time past, there- 
fore, the builders of winding-engines have taken 
sare to balance the varying weights of the winding- 
ropes, and several systems have been developed, 
the oldest of all being the bobbin system, which 
consists of two guides, between which the rope, 
generally flat, coils itself. This system, however, 
has not come into use in this country on account 
of the difficulty of obtaining the flat ropes here. 
An arrangement of conical drums for balancing the 
weights of the ropes, in which the gradient is so 
determined that the resulting turning moment due 
to the weights of the ropes, cages, and trams is 
zero, is therefore preferred to the former system. 
This arrangement, however, is an expensive one, 
and some mine-owners prefer cylindrical drums and 
balancing the weight of the rope by a tail-rope. 
Both these methods are much used in this country. 

About twenty years ago another system was 
developed on the Continent, known by the name 
of the ‘‘Koepe wheel,” which compares very 
favourably with those above mentioned ; and as it 
is not very well known in this country, a few par- 

















If () = useful load (mineral), 
Pr dead load, 
a = the arc of the circle of contact of the rope. 
c* = the base on natural logarithms, 
the limit of equilibrium is expressed by :—- 


Q+P=Pxe% 


or 
Q=Pieh* — BP: 


This equation shows that the slightest increase 
of the limiting value of @ would cause the rope to 
slip on the pulley, and it is therefore not permis- 
sible for Q to exceed this value. A safety factor of 
between 1.6 and 2.5 is generally chosen, thus 
allowing for the factors hitherto disregarded, such 
as inertia, windage, and friction on the guides. In 
determining the factor of safety, it must be taken 
into consideration that the rope may sometimes be 
accidentally covered with oil or other lubricant, or, 
in cold climates, with ice. 

By this new system, more than by any other, the 
advantages of electrical transmission of power can 
be turned to profitable account. Owing to the 
even turning moment at every angle of motion of 
the electric rotor, Koepe pulleys may be constructed 
solely with regard to rigidity, no balancing effects, 
as in steam plants, having to be taken into con- 
sideration. ‘Therefore, for the same plant, a Koepe 
pulley coupled to an electric motor can be of about 
one-fourth the weight of a drum coupled to a steam- 
engine. This constant turning moment is also very 
favourable for the dimensions of the driving motor 
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accelerating force, which, for parposes 
should be reduced as much as possible. 
There is every reason to believe that the Koepe 
ulley system with direct-coupled electric motors 
will be the system of the future in this country. 
Winding-machines have been built for depths of 
3500 ft., and in some very rare cases even for 
5000 ft. In dealing, however, with the new pro- 
blems which have arisen in South Africa, depths of 
8000 ft. to 10,000 ft. may not be abnormal. The 
majority of experts agree that the winding opera- 
tion must be performed in several stages, as the 
difficulties in connection with the weight and safety 
of a very long rope are considerable, and the ex- 
treme limit, at which the rope is no longer able to 
bear its own weight, is soon reached. It has often 
been proposed to use a rope tapering towards the 
end, but the cost of such a rope is an objection ; 
and even if cost were not a consideration, the depth 
could only be increased by about 1000 ft. If steam 
winding were under consideration, another disad- 
vantage would have to be added to the above-men- 
tioned, as this method would entail either the 
employment of very complicated mechanical con- 
nections between the underground winding machi- 
nery and the steam-engine at the surface, or the 
conducting of steam into the workings. However, 
on account of the progress made in the electrical 
transmission of power, this method of operation 
need no longer be seriously considered, as electri- 
city affords simple and convenient means of distri- 
puting energy to any place required, either above 
or underground. The same reasons which caused 
the installation of electrically-driven pumping and 
haulage plants to become general will also promote 
the application of electrically-driven winding ma- 
chinery to deep-level mining. It is even possible 
by electrically combining the different machines to 
prevent the amount of energy required for raising 
ore being higher with two or three stages than 
with one. 

It is only natural that the use of modern winding 
machinery should have heen developed earlier in 
those countries where the cost of energy, and par- 
ticularly of coal, is higher than in England, and 
where, therefore, more interest has been taken in 
such plants. The Continental branches of the 
Electrical Company, Limited, have, up to the 
present, built sixteen electrically-driven winding 
engines for main pits in Germany, Belgium, 
France, and Austria. Some data regarding the 
largest of the installations which have been made 
by this company may be of special interest. This 

lant is installed at the Grand Hornu Mine, in 

elgium. 

At the power-station three-phase high-tension 
current at a pressure of 1250 volts, at a periodicity 
of 234 cycles, is generated and distributed by 
underground cables to supply the various motors. 
There are two electrically -driven main winding- 
engines, two ventilators, a Riedler express pump, 
coal-screen, coal-conveyor, and a cableway. The 
following extensions are under consideration :—A 
third winding-engine, a second Riedler express 
pump, and motors for the machine-tools now in- 
stalled in the workshop. 

Two three-phase alternators have been put 
down in the power-station. One of these, for 1250 
volts at 234 cycles, has an output of over 2000 
kilowatts (flywheel effect 4100 ft.-tons) at 88 revo- 
lutions per minute, and is driven by a Carels 
tandem engine (Sulzer system). The other alter- 
nator has a capacity of 4000 kilowatts (flywheel 
effect 11,200 ft.-tons), and is driven by a Carels 
double tandem engine. A paralleling switch has 
been provided for in order to transfer the load from 
one machine to the other. 

A jet condensing plant has been installed, the 
double-tandem engine being provided with two 
separate condensers, so that either half can be run 
asa simple tandem engine. Water-cooling plant 
of 130,000 gallons capacity is installed, feed-water 
being taken direct from the condenser, and pumped 
into the boilers through an oil-filter by means of 
an A.E.G. motor-pump with a capacity of 44,000 
gallons per hour at 225 revolutions per minute, 
driven by a motor ata pressure of about 1150 volts ; 
Korting injectors being held in reserve for feed 
purposes. Six Meunier boilers have been put down 
in the boiler-house, having a heating surface of 
2000 square feet each, the working pressure being 
140 Ib., whilst the steam is superheated 260 deg. 
Cent. by means of Hering’s superheaters. 

In addition to the three-phase alternators, a 
three-phase direct-current motor generator has 


and for the 
of economy, 





been put down. This machine consists of a Kigh- 
tension motor, 1200 volts, with an output of 330 
horse-power when running at the normal speed of 
460 revolutions per minute, periodicity 234, and is 
coupled direct to a continuous-current machine on 
either side. One of these, a shunt-wound dynamo, 
generates 90 kilowatts at a pressure of 230 volts, 
is connected to a stationary balancer, is used as au 
exciter, and maintains a pressure of 2 by 110 volts 
between the outers of the three-wire lighting 
system. The other dynamo, compound - wound, 
generates 130 kilowatts at 600 volts, supplying 
current to a locomotive, as well as to a small 
existing power-transmission plant. 

In order that the pressure of the exciter may 
be kept constant, a buffer battery of 130 cells is 
coupled to the leads of the shunt-wound dynamo. 
This battery has a capacity of 144 ampere-hours 
for three hours, and is also used to excite the three- 
phase machines on starting up. ' 

A steam-engine is placed in an adjacent room in 
order to take the place of this transformer in case 
of need. The engine is used to drive a 220-volt 
dynamo as well as an existing 600-volt machine by 
means of belting. 

The main switchboard consists of twelve panels 
in a raised position, whilst all high-tension gear is 
placed in the cellar. Both dynamos are provided 
with oil switches, all high-tension cables being con- 
nected to the switchboard, current passing through 
long - distance maximum cut-outs, which may be 
operated from the main switchboard by means of 
press-buttons. 

The main winding-engines are driven in exactly 
the same manner as those at the ‘‘ Zeche Preussen,” 
described in Ene1neerine of August 1, 1902. 
Winding is done by means of bobbin drums and 
a flat cable made of Maguey vibre (Aloe fibre), 
as preferred in Belgium. As previously pointed 
out, there is little chance of this system being 
adopted in this country, but this point makes no 
difference to the whole system of concentrated 
generation of energy, and of the electrical part of 
the plant. 

The following are the main particulars of the 
winding-engine :— 


Depth of shaft 1093 yards 


Net load Pe mA 2 tons 11 ewt. 
Weight of cage... i 1 ton 19 ewt. 
Six trucks, weighing together ... 1 ,, 5 ,, 


The motor is coupled direct to the drum-shaft, 
and, in order to attain an average speed of 31 ft. per 
second, runs at 42 revolutions per minute. This 
speed determines the frequency of 233. When 
miners are being conveyed, the speed is reduced 
to 20 ft., and when it is desired to inspect either 
shaft or cable, the speed can be still further re- 
duced to 20in. per second. Both starting and 
regulating are effected by means of the well-known 
water-regulator, a full description of which is given 
in the article above referred to. The motor used 
had a normal capacity of 460 horse-power, but 
starts up at 960 horse-power, and is wound for 
1100 volts. 

One of the winding-engines is supplied with a 
steam-brake ; the other is operated by compressed 
air, an electric compressor being furnished for the 
latter. A clutch and a foot-brake are also provided. 
In addition to the above, one shaft depth-indi- 
cator, one voltmeter, one ammeter, one Karlick 
tachograph, and one retarding apparatus have been 
supplied. The driver controls the winding-engine 
by means of three levers—one for the large valve 
of the water-switch (controlling lever), one for the 
small valve of the same (which, under ordinary 
conditions, is not made use of), and one for either 
steam or compressed-air brake. . In addition to the 
above, there is a pedal which operates the clutch- 
brake. 

The steam or compressed-air brake is thrown 
into action by— 

(1) The brake handle ; 

(2) The shaft depth-indicator ; or by 

(3) An electro-magnet. 

The safety cut-out acts in cases 2 or 3. 

The retarding apparatus is connected to the 
depth - indicator, and is automatically worked, 
thereby causing the cage to slow down as it ap- 
proaches the bank-side or the bottom of the shaft, 
so that in case of over-winding, both brake and 
safety cut-out are operated by the depth-indicator. 
The details of the other secondary stations are 
also very interesting, but do not come under this 


commencing competition of foreign against English 
coal, one of the best-known mine-owners in Wales 
has decided to adopt the system of which an outline 
description is given above, and is putting down a 
generating plant capable of providing two pits, 
close to each other, with the necessary energy. 
Both pits will have an output of 1500 tons per 
eight hours’ shift, and the depths will be 550 yards 
and 750 yards respectively. 

Probably other English mine-owners will shortly 
make up their minds to avail themselves of the 
most approved means on the market for reducirg 
the cost of working, and to seriously consider the 
introduction of electrically-driven winding -machi- 
nery into their mines, 
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Municipal Trade: The Advantages and Disadvantages 
Resulting from the Substitution of Representative Bodies 
for Private Proprietors in the Management of Industrial 
Undertakings. By Major LkONARD DARWIN, author 
of ‘‘Bimetallism.” 1903. London: John Murray. 
[Price 12s. net. } 

THE publication of this volume is an indication of 
the growth of public interest in the question of 
municipal trading which has taken place within the 
last two or three years. When municipalities, no 
longer content with their gas and electricity under- 
takings, began to turn their attention to all manner 
of trade enterprises, competitive as well as mono- 
polistic, they were able to make considerable head- 
way almost unobserved, as Parliament was too 
ready to grant their requests, owing to the great 
influence which the municipal corporations were 
able to bring to bear upon it ; and it was not until 
the evils of municipal trading began to make them- 
selves obvious to the ratepayers, who had to suffer 
in pocket by it, that any real public feeling in the 
matter was aroused. Now, however, all this is 
changed, and even Parliament is no longer willing to 
grant the unlimited powers to municipalities which 
these bodies are anxious to obtain. A great effect 
has undoubtedly been produced by the literature on 
the subject which has recently appeared in various 
newspapers and journals, by showing the more intel- 
ligent sections of the public, by practical illustra- 
tions from real life, all the evil consequences which 
municipal trading brings in its train. But much 
yet remains to be done, and therefore any further 
analysis of the subject is to be welcomed. The 
present volume has, however, less force than much 
of the literature we have referred to, as it looks upon 
the subject not so much from the practical as from 
the theoretical side. It is to a large extent a philo- 
sophic treatise on the morals and ethics of municipal 
trading, but is more practical in character when the 
financial aspect is under consideration. 

The opening chapter gives a brief sketch of the 
history of the movement towards municipal trading, 
showing incidentally that its growth has been 
accompanied by an increase in English municipal 
rates as well as in municipal debt, which now far 
exceeds per head of population that found in other 
countries. The effect of Socialism is next touched 
upon, and the author analyses carefully the conten- 
tion that workmen receive higher wages when an 
undertaking is municipalised than when it is under 
private control. He points out that if this better 
treatment of workmen is obtained without extra 
cost, the same result could be obtained under 
private management, and the remedy, therefore, is 
to enforce this result by legislation ; but if, as is 
practically certain, it is only cbtained by an increase 
in the cost of production, it is not justified, as it is 
penalising the community at large to give a bonus to 
a particular section. Having cleared the ground 
thus far, the author devotes a chapter to mono- 
polies, in order to show how the growing tendency 
of trades to become monopolies has helped to 
foster the municipal trade movement ; and then he 
begins to discuss the general question on its merits. 

Chapter III. is entitled ‘* The Advantages of 
Municipal Trade,” and in his effort to be quite fair 

















particular subject. 





After careful consideration of the question of the 


to the municipalists in his treatment, the author has 
gone to the other extreme, and has been less than 
just to private traders. He concludes that muni- 
cipalisation may be right in some cases, as a private 
company is mainly concerned with earning a profit, 
whereas a municipality need not. The only objec- 
tion we would make to this argument is, that it is 
the hope of making profits which leads muni- 
cipalities to undertake trading enterprises, and 
that recourse is only had to the author’s argument 
when the local authority finds that it cannot make 


ENGINEERING. 








[Frs. 12, 1904. 


—=—_—. 





CRANK-PIN 


MESSRS. 


CONSTRUCTED BY 


a profit. But we do not think he is entitled to 
enlarge upon this argument by such a statement as 
the following :—‘* They (i.e., private proprietors) 
will pay hardly any attention to public health, 
morals, order, or convenience, especially when such 
attention would tend to diminish their profits.” 
The author must surely know that this is a gross 
exaggeration, if not actually the reverse of the 
truth. Is it not true that in many cases private 
companies have done*more for the public welfare 
than local authorities engaged in the same enter- 
prises’ We rather suspect that the author has 
been led to make this statement by the fact that in 
this chapter he has frequently chosen the construc- 
tion and maintenance of sewers as a practical illus- 
tration—obviously quite an improper choice, as 
sewers do not enter into the question of municipal 
trading at all. By the statute law of the land the 
local authority is responsible for them. But in gas, 
electricity, and similar undertakings no such general 
statement as is here made would hold good. 

It may be that the author was anxious to make 
as strong as possible the little that he had to say in 
favour of municipalisation, as in the remaining 
chapters of the volume, while discussing each aspect 
dispassionately, he is almost invariably led to decide 
against municipalisation. We do not propose to 
discuss these chapters. in detail, as readers of 
ENGINEERING are familiar with most of the objec- 
tions to municipalisation emphasised by the author 

e.g., corruption in administration, loss of economy 
in management, obstruction to progress by checking 
competition, and so on—and we would therefore 
merely say that Major Darwin gives a very able 
analysis of all these matters; and, in addition, points 
out the impossibility of materially lessening by 
legislation the present disadvantages of the system. 


E. CAPITAINE AND 


For Description, see Page 219.) 
} ’ ‘ 


CO., 


Fia. 1. 


| There are, however, three chapters on the finan- 

cial aspect of the subject which deserve to be closely 

studied by all who are interested in the manage- 
|ment of municipal trade enterprises. The com- 
|parisons ordinarily given of alleged municipal 

‘* profits” with those made by companies are 

usually highly fallacious ; and in too many cases it 

is clear that even local authorities themselves do 
}not really know how their businesses stand finan- 
|cially. Major Darwin, in the chapters on ‘“‘ Risks 
jand Gains,” ‘* Municipal Statistics,’ and ‘‘ Price 
jand Quality,” shows how unreliable municipal 

statistics usually are, and discusses the method by 
| which the real gains of municipal trade over private 
| trade ought to be estimated, so far as an estimate is 
|possible. There is a great deal of instruction here, 
|and the author’s line of treatment is original. If 
| we refer now only to mistakes or omissions, we are 
|none the less mindful of the great merit of this part 
lof the work; and but for the fact that it would 
| extend this notice to inordinate length, we would 
| gladly deal with it in detail. The author appears 
|to us to have gone wrong at one point in his dis- 

cussion, through overlooking the importance of 

depreciation in all trading enterprises, and the 
| necessity of making proper allowance therefor. He 
|is not among those who say that depreciation allow- 

ances are not necessary when a sinking fund is pro- 
| vided for the redemption of debt, but he goes so far 
jas to say that the existence of a sinking fund justi- 
| fies a smaller allowance for depreciation in muni- 

cipal trades. He recognises that if no allowance is 
|made, then at the end of the period the debt will be 

wiped off, but there will be no assets; but he adds to 
| this (page 227) that the citizens of that future time 
|could raise no complaint on that ground, as they 
| would have subscribed nothing and lost nothing. 


————aee 
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| We cannot, however, accept thisargument. In such 
a state of affairs these future ratepayers must either 
borrow again or let the undertaking drop. The 
latter alternative is, in all probability, imprac- 
ticable ; and as to the former, the liabilities of that 
generation will be sufticiently great without throw- 
ing upon them the burden of a fresh debt for an 
| undertaking in the adoption of which they had no 
|voice. Parliament rightly objects to a permanent 
|debt being incurred by a local authority, and 
therefore requires repayment out of revenue by 
|means of a sinking fund ; but we do not think it 
|was ever intended that a fresh debt should be 
'incurred for the same purpose as soon as the first 
has been redeemed. 

If the author had taken this view of the matter, 
we do not think he would have fallen into the 
errors now to be noticed. Using the returns given 
by the Local Government Board, Major Darwin 
says (page 236) :— 

‘‘ English municipalities are now making a net 
| profit of about 80,0001. a year out of the tramways 
| they manage, a profit which will eventually increase 
'to about 375,000l. a year. These tramways might 
|be leased out to private companies for between 

100,000/. and 200,0001. a year: and it is therefore 
|fair to state that English municipalities are now 
‘losing between 20,0001. and 120,000/. on their 
| tramways—a loss which will be gradually converted 
|into a gain of between 75,0001. and 175,000/. a 
| year.” Now, by the word “ eventually,” near the 
beginning of our quotation, the author means ‘‘ when 
the period of the loan has expired, and the debt has 
been redeemed by the sinking fund ;” and the figure 
375,0001. is obtained by adding to present profits 
the sums (given on page 211) now paid for sinking 
|fund charges and interest on loans ; but to take 
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cement industry is, of course, as English as any. 
Smeaton, and the originator of the name Portland 
cement, John Aspdin, were Englishmen. Vicat, 


to whom one of the most important suggestions is | 
| a 
F. M. Meyer, an expert of note, who adopted 


due, was a Frenchman ; but up till 1850 England 
enjoyed an undisputed monopoly in the Portland 
cement manufacture. That the monopoly broke 
down has nothing to do with economical policy and 
Protection. The German chemists did it. By 1886 
Germany had 124 cement works ; by 1890 as many 
as 159; and by 1900—after a period of depression 
and amalgamation, during which smaller works dis- 
appeared—once more 159. The number of fully- 
employed workmen has almost steadily increased 
from 11,833 in 1886 to31,371 in 1900, and the average 
wages have risen from about 700 to 900 marks per 
year. We reproduce these figures as everything 
of this kind has its particular interest now. No 
detailed information is offered, however. 

The author shows that local conditions will con- 
siderably influence the chances of new cement 
works. In his remarks on the constitution of raw 
materials, and their proportions, he relies chiefly 
on W. Michaelis. Among the machines illustrated 
for crushing, preparing, washing, drying, &c., the 
raw materials, we notice particularly those of 
Cummer, manufactured by the Eisenwerk, formerly 
Nagel and Kaemp, of Hamburg, Moller and 
Pfeifer, of Berlin, Friedrich Krupp, Grusonwerk, 
of Magdeburg-Buckau, F. L. Smidth and Co., of 
Copenhagen, and Amme, Giesecke, and Konegen, 
of Brunswick. As regards the air-blast separators 
of Mumford and Moodie, as made by Gebr. Pfeiffer, 
of Kaiserslautern, the author agrees with J. 
Pfeitfer that these devices will only separate the 
different sizes of grains, but not produce any 
undesirable separation of the particles according to 
their specific gravity. If the latter took place, the 
proportions of the constituents would be altered ; 
but in the resistance which small particles offer to 


air the gravity plays only a secondary part. The 
author recommends the brick presses of L. 


Schmelzer, of Magdeburg, and the dry presses of 
the Dorstener Maschinenfabrik, Hervest-Dorsten. 
As regards drying the crude bricks, we find a com- 
plete record of two days’ working with the Cummer 
tunnel plant, further descriptions of the Moller 
and Pfeifer, the Keller, and the Cohrs systems. 

Passing to kilns, we see the constructions of 
Th. Schmidt, of Bonn ; F. L. Smidth and Co. ; the 
continuous - producer gas-kilns of Theurer and 
Hansen, of Wiener-Neustadt; the ring-kilns of 
F. Hoffmann, and the rotatory kilns of Hurry 
and Seaman, adopted by the Atlas Cement Com- 
pany, of Northampton, Pa.—the largest cement 
works in existence. The author draws attention to 
the manner in which fusion between the lining of 
the tubular kiln and the clinker in it is prevented. 
The German kilns of this type—notably those of 
the Brenn6fenbauanstalt, of Hamburg, are of a 
later date; this firm has recently arrived at an 
understanding with the American inventors. 
Smidth and Co, of Copenhagen, also construct 
rotatory kilns, about whose performance particulars 
are given. 

We now come to the fourth section of the book, 
which deals with grinding of the clinker ; storage, 
handling, and packing of the cement ; dust removal, 
and auxiliary apparatus, and, further, with barrel- 
making. This last heading is confined to the 
machines of Hespe and Co., of Ottensen-Hamburg. 
Of grinding machines we find described the ball 
mills of Krupp Grusonwerk, and the well-known 
Griffin pendulum mill, which the Eise 1werk, for- 
merly Nagel and Kaemp, attempted to improve by 
using two pendulumns, while O. Gaiser, of Kempten, 
made the rod of best flexible steel, thus dispensing 
with the universal joint of the Griftin mill. The 
invention by Davidsen of the Dana tubular mill, 
constructed by Smidth and Co., put a stop to these 
endeavours. For when we wish to break up a grain 
into hundreds and thousands of small particles, we 
do not want concentration of power in one spot, but 
repeated action and subdivision of the power over 
as large a surface as possible, which can be obtained 
by means of balls moving in slowly-revolving 
barrels. Of dust-removing apparatus we notice 
the flannel sheet filters of Nagel and Kaemp, the 
hose filters of W. F. L. Beth, and the centrifugal 
dust-collectors of Cummer combined with water 
injection. 

A description of some works is added to this 
section. The machinery of the Rudelsburg Works, 


dating from 1900, was supplied by Amme, Giesecke, 
and Konegen, that of the Malzow Works at 














Djatkowo, Orel, Russia, by the Kisenwerk, formerly 
Nagel and Kaemp, whose productions are most 
conspicuous in this volume. ‘The Djatkowo cement 
works were originated by L. Scheschmintzeff and 


the process which Berggreen first introduced in the 
Cimbria Worksat Hobro, Denmark. Berggreen mixes 
the raw materials— chalk and clay—when found of 
suitable quality directly, and passes them through 
rolls. The process can only answer under excep- 
tional circumstances, of course, such as seem to be 
met with at Djatkowo. The Malzow cement enjoys 
a high reputation in Russia. These descriptions of 
the Rudelsburg and Djatkowo works are illustrated 
by plates, reproduced from the Zeitschrift des 
Vereins Deutscher Ingeniewure. There are, further, 
a few notes on two works established by Smidth 
and Co., of Copenhagen—at Malmo, Sweden, and 
St. Louis, Mo. It is a great pity that the author 
has not bestowed more time and space on this 
chapter. The whole section on ‘‘ Cement Testing,” 
consisting largely of quotations from the excellent 
guide-book on the ‘* Deutsche Portland-Cement 
und Beton-Industrie,’” which had been compiled 
for the Diisseldorf Exhibition of 1902*, might have 
been spared. That would have been in accordance 
with the avowed object of the author. The volume 
concludes with the regulations for the supply and 
testing of Portland cement. The regulations in 
force in Germany, Austria-Hungary, Russia, and 
Switzerland are printed in full, and there are ex- 
tracts from the French rules, and a few lines on the 
English rules. From the names of firms we have 
quoted, it will be apparent that the author is almost 
silent on the practice prevailing in England and 
France. That is to be regretted ; but a work by an 
English engineer would probably not say much on 
German cement works. 


The Practical Physics of the Modern Steam Boiler. By 
F. J. Rowan, A.M.I.C.E., M.I.E.S. London: P. 8. 
King and Son. [Price 21s. net. | 
THE steam boiler may be regarded from two 

different standpoints: from the mechanical point of 
view it is a structure adapted to withstand high 
pressures, while in its physical aspect it is a device 
for conveying heat to water in the most efficient 
manner. It is chiefly from the latter standpoint 
that it is considered in the present work. In an 
introductory note by the late Professor Thurston 
the author is congratulated on his choice of a title, 
and certainly it is an excellent definition of the 
contents of the volume. The practical application 
of the principles enunciated is kept in view through- 
out, and innumerable illustrations are given from 
actual practice or from reliable experiments. The 
mechanical details of construction are outside the 
scope of the book, the aim of the author being to give 
prominence to the fundamental principles under- 
lying the action of the boiler, and thus to indicate 
in what direction improvements may be effected. 
Though a large portion of the work applies equally 
to boilers of every class, the illustrations, both of 
fact and principle, are mostly taken from boilers 
of the water-tube type, and it is soon apparent 
that Mr. Rowan is an advocate of this form of 
generator. 

The book commences by a consideration of the 
features essential to a good boiler. 
due to changes of pressure and temperature are 
then investigated, and a large number of quantita- 


tive experimental results given. In the next chapter | 


combustion is dealt with, and the economy of mecha- 
nically controlled, as compared with natural draught, 
is emphasised by calculations. The author appears 
to regard the use of external-combustion chambers 
as the best means of avoiding fluctuations of heat 
in the furnace caused by opening the doors for 
firing purposes. It seems probable, however, that 
any advantages in this direction would be more than 
neutralised by the loss of direct radiation of heat 
from the incandescent fuel. 

Chapter IV. deals with the transmission of heat 
through the plates of the boiler, and contains some 
interesting experimental results concerning the 
effect of grease and incrustation. The importance 
of a high relative velocity of the hot gases to the 
water and the necessity of a thorough scouring 
action to obtain a high rate of heat transmission 
are dwelt upon. The question of the circulation 
of water forms the subject of the next chapter. 
The portion dealing with the effect of bubbles in 
promoting circulation leaves one in some doubt as 


* See ENGINEERING, vol. Ixxiv., page 333. 


The stresses | 





'to what their effect really is, as the experiments 
described are capable of so many interpretations, 
The effect of high temperatures on the strength and 
elasticity of iron and other metals receives full 
consideration, and the various causes of corrosion 
in boilers are examined. 

A long and interesting chapter is devoted to a 
| historical sketch of boiler designs. Water-tube 
| boilers only are included, and it is instructive to 
|note how early the correct principles of steam- 
| generation were understood, their application being 
retarded by the backwardness of mechanical art, 
A very large number of more modern types are 
described and illustrated, among them being the 
flash boilers of Serpollet, De Laval, and Simpson 
and Bodman. The last chapter contains a number 
of records of boiler tests, which are complete as far 
as they go ; and the volume closes with an appendix 
on the subject of incrustation. 

Although superheaters, strictly speaking, are 
not boilers, they are so intimately connected that 
a chapter dealing with them would have added 
completeness to the book, particularly as the 
advantages of a rational use of superheat are becom- 
ing so widely recognised. Without this, however, 
the book contains an enormous amount of valuable 
information, well arranged and plentifully illus- 
trated. Records of authoritative experiments bear- 
ing on nearly every point are given, ascertained 
facts being rightly given precedence of theory ; and 
to everyone who takes an interest in the principles 
of steam-raising the book may be heartily recom- 
mended. 








A Code of the Law of Compensation under the Lands 
Clauses Acts and other Statutes. By SYLVAIN Mayer, 
B.A., Ph.D. London: Sweet and Maxwell ; Waterlow 
and Sons. 1903. [Price 38s. | 

Tuosr who are familiar with Messrs. Browne and 

Allan’s standard work on compensation, published 

in 1896, will find little that is new in the above 

work, allowing for the difference of date. A certain 
number of new cases have been decided, a few new 

Acts have been passed, which deal directly or, 

more frequently, incidentally with the question of 

compensation ; but no new principle has been de- 
cided under the older Acts, nor has any new Act 
varied substantially the settled law on the subject. 

There are therefore only minor points to note 
in a work of this kind, which does not profess to 
criticise, but only to expound the law. The first 
point we note for comment is that in the note to 
section 16 of the Lands Clauses Consolidation Act, 
1845, it is stated that promoters cannot be re- 
strained from entering on lands acquired by them 
under section 85 of the Act of 1845, on the ground 
that the capital has not been subscribed, as required 
by section 16; and the authority quoted for this 
assertion is the case of the Great Western Railway 
Company v. the Swindon, &c., Railway Company 
(9 A.C., 787). The point was certainly discussed in 
this case, and the headnote bears out this con- 
tention ; but the judgments of Lords Watson and 
Bramwell show that the decision turned on the 
terms of the special Act, and opinions were, and 
still are, divided on the point. 

In the notes to section 63 of the same Act, 
| discussing the principles of reinstatement, some 
reference should have been made to the unreported 
case of the Corporation of Edinburgh v. the North 
British Railway Company, in which Lord Shand 
delivered a valuable judgment on this point. This 
judgment is reprinted in Browne and Allan on 
Compensation, but Mr. Mayer makes no allusion 
to it. 

The author prints the report of the Select Com- 
mittee of the House of Lords on ‘‘ betterment” as 
an appendix. Though the principle has not yet 
been fully adopted, he notes that betterment 
charges have been sanctioned in special Acts relating 
/to improvements in Manchester. But London is 
not behind in this, for the London County Council 
(Improvements) Acts, 1897 and 1899, and the Tower 
Bridge (Southern Approach) Act of 1895, contain 
betterment clauses. 

It is interesting to note, in regard to nuisance 
caused by authorised works, which is the result of 
user and not of construction of the works, that 
Parliament has inserted a clause in an underground 
| electric railway company’s special Act making them 
liable to pay compensation for such nuisance. The 
effect of this is practically to overrule, in this 
particular instauce, the decision in the well-known 
case of Brand v. Hammersmith Railway Company 
\(L.R. 4, H.L. 171). This case established the 



































Fes. 12, 1904.] 


ENGINEERING. 


219 











So SS 

principle that compensation could not be claimed | 
for loss or damage caused by user as distinguished | 
from construction of works authorised by statute. | 
The above decision of Parliament is a startling | 
departure from this rule, and is also at variance | 
with the opinions expressed by the Joint Committee | 
of the Lords and Commons on Electrical Energy | 
(Generating Stations and Supply) in 1898. It} 
seems a pity that the general law should be over- | 
ridden by clauses in private Acts, unless there are 
very cogent reasons therefor, and we think this! 
is rather a dangerous precedent. 

We note a slight inaccuracy on page 254: the| 
author says that where a railway company wishes | 
to create a footpath to be permanently used, they | 
must first acquire the land, having no power by | 
their special Act to acquire easements. Even if 
they had had that power, we doubt whether it 
would have helped them, for Lord Justice Cuirns, 
in his judgment in Rangeley v. Midland Railway 
Company (L.R. 3 Ch., App., page 310), gave 
reasons for holding that making a footpath was, 
strictly speaking, not an easement in law. 

Under the Railway Clauses Consolidation Act, 
1845, Mr. Mayer notes a new decision as to level- 
crossings. The Court of Appeal has held in the 
case of A.-G. v. London and North-Western Rail- 
way Company (1900, 1 Q.B., 78) that a railway 
company may not run at more than four miles an 
hour over crossings adjoining stations, even although 
it is a benefit and not an injury to the public to 
do so. 

There is little to notice in reference to the less 
important Acts bearing on the subject ; the notes 
seem full and accurate. A few cases will be found 
here which have not been noticed by other authors 
on the subject, and a few cases are omitted. 

Perhaps the most valuable portions of the book 
are the appendices of specimens of valuations and 
valuation tables, which would be of great service to 
those dealing with the subject of compensation. 

The book is well arranged, the decisions under 
each section of each Act being set out in the form 
of a code, and the index is complete. We hardly 
think that, either in matter or arrangement, there 
is sufticient novelty in the book to make it a very 
valuable contribution to legal literature, but, 
assuming there is a place for it, we do not know 
that it could have been much better done. 
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Practival Construction of Electric Tramways. 
N. Spon, 


Rk. Bowker. 1903. London: E. and F. 

Limited. 

On reading this book one is compelled to ask the 
question, *‘ Is it not desirable now that publishers 
should be more strict in their scrutiny of a work 
submitted to them, before deciding to add it to the 
already long list of technical books on the market?” 
The boom in electric traction has led all sorts of 
writers to publish text-books, theoretical and 
practical, on every branch of the subject ; and while 
some of these works are yood, and serve a useful 
purpose, many more are of little value. We regret 
to say that the present volume, in our opinion, 
must be allocated to the latter class. It is not for 
what the book contains that we find fault with it, 
but for what it does not contain. The author says 
it is ‘‘ intended to be a thoroughly practical work— 
setting forth the details of the laying out and con- 
struction of the permanent way, and the overhead 
equipment of electric tramways ’”’; but, in reality, 
all that he does is to pass in review the different 
branches of constructional work, saying a little 
about each, but rarely dipping beneath the surface 
of things. There is nothing original in the work, 
nor is the treatment of the subject sufficiently fresh 
and meritorious to justify the appearance of the 
volume. We could not recommend any student or 
practical engineer who desires solid information on 
the construction of electric tramways to turn to 
these pages, and therefore we do not propose to 
discuss their contents in detail. In the final 
chapter the author has endeavoured to give instruc- 
tion on the management of tramways ; but we fear 
that, if Mr. Bowker gave verbally toa tramway 
manager the same advice as he seriously puts in 
print here, the latter would ask if he looked such a 
fool that it should be thought necessary to instruct 
him in the self-obvious. 

Under other circumstances we should have said 
less of the faults of this book, and would have tried | 
to say as much as possible in its favour ; but it does | 
seem necessary now to protest against the loading | 
of our technical literature with superfluous works. 








minerals into Belgium last year were 3,043,375 tons, as 
compared with 2,550,347 tons in 1902. 
iron minerals from Belgium last year were 400,977 tons, 
| as compared with 368,560 tons. 
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CAPITAINE’S CRANK-PIN TURNING 
MACHINE. 


THE idea of tooling the pins and webs of crankshafts 
in a machine in which the crankshaft is stationary 
and the tool rotating is far from being new, the first 
machine of this design being built at Havre, by Maze- 
line, about 50 years ago. Though the advantages of 
this manner of working are obvious, the machine has 
not found an extensive application, owing in certain 
cases to imperfections in the design of the mechanical 
parts, which did not allow of turning out the work dead 
true or of taking heavy cuts. 

Some time ago, Messrs. KE. Capitaine and Co., of 
Frankfort-on-Main, who are represented in this country 
by the Power Plant Company, Limited, of 20, New 
Bridge-street, E.C., put on the market a new machine 
on this principle, the design embodying the highest 
accuracy with great stability, and of this we publish 
illustrations on pages 216 and 217. 

The machine is represented in actual work on a 
crankshaft in Fig. 1 on page 216, whilst Figs. 2, 
3, and 4 show its construction. Referring to these 
figures, it will be seen that the bearings A, with hinged 
caps for taking the crankshaft, are supported one by 
the casting B, fixed to the bed of the machine, and the 
other by the casting B,, capable of sliding on the bed. 
The bearings A are adjustable at right angles to the 
centre line of the crankshaft ; fine adjustment, up to 
sy millimetre (0.0127 in.), being carried out by means 
of a vernier and scales on B and B,. This allows the 
centre of the pins to be placed coincident with the 
centre line of the machine in the shortest possible time. 
In order to avoid bending of the waren 3 overhanging 
portion of the crankshaft, it is desirable, especially 
with long but not very heavy shafts, to counterbalance 
the overhanging part, instead of supporting it in the 
usual manner. The shaft is prevented from turning by 
the holder 8. The tool is held in a recess Z in the 
disc R, the latter being made of cast steel. This disc 
is guided by projections F, which are attached to the 
rotating ring D. The feed of the tool-holder R, with 
its tool, is accomplished by means of the star-wheel P 
and the pins oo. The latter are adjustable by means of 
a lever-handle, according to the feed required ; and by 
the engagement of another pin the movement of the 
star-wheel may be reversed. The main features of 
this machine are its rigidity and the care taken to 
accurately guide the slide R, in which the tool is 
held. This enables heavy cuts to be taken without 
the setting up of vibrations. Larger sizes of the 
machine, those for tooling crankshafts of 12-in. throw 
and over, are fitted with two tool-slides, and there- 
fore work with two tools at the same time. With the 
machine for crankshafts of 24-in. throw it is possible 
to take cuts corresponding to an output of 0.3 ton of 
shavings per hour. A special feature of the machine 
consists in the guide for the slide C. This slide rests 
on the wide surface of the bed, and is guided on one 
side by the slide-guides G and on the other side by 
the projections K. The slide-guides G serve merely 
to hold down the saddle, and are attached by tapered 
bolts, as shown in Fig. 4. The heads of these bolts 
are smaller than the holes into which they fit, and 
a certain amount of ‘‘draft” is therefore available 
for tightening up the guide-piece when necessary. 
The feed arrangement V consists of an eccentric, a 
double lever, a movable pin, and a double pawl and 
ratchet-wheel. Five different speeds of feed can be 
obtained. The feed device can produce a movement in 
either direction, and acts nearly continuously. 

The machine is driven by belt from countershafting 
with a three-step pulley, and a gear capable of being 
disengaged. By means of the latter, six different 
speeds may be obtained for the tool c. The movement 
is transmitted from the gear V by the shaft H with key- 
way, the spur gear J, and the toothed rim of the part D. 
The illustration shows a machine with two tools. 








Gotp.—The value of the gold imported into the United 
Kingdom last year was 28,657,393/., as compared with 
21,629,0497. in 1902, and 20,715,628/. in 1901. The in- 
crease in South African gold production, which has 
followed the return of peace in that quarter, told rather 
appreciably upon last year’s imports. This is shown by 
the following table, illustrating the deliveries from the 


f | three principal colonial gold-producing regions :— 











Colonial Group. 1903. 1902. 1901. 
£ | £ | Bis 
British South Africa 14,020,224 7,946,698 | 1,962,283 
British India 4,333,641 3,212,843 6,946,334 
Australasia .. 5,462,349 5,566,724 


5,817,784 
\ 


What may be termed the commercial movement of gold 
—that is, the movement of gold to adjust trade balances 
—was, upon the whole, upon a smaller scale last year than 
in 1902. The value of the gold exported from the United 
Kingdom in 1903 was 27,766,512/., as compared with 
15,409,0887. in 1902, and 13,965,265/. in 1901. The excess 
of imports over exports was accordingly 890,881/. last 








year, as compared with 6,219,961/. in 1902, and 6,750,363/. 
in 1901. 
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We illustrate in our present issue two petrol-cars 
designed and constructed by the Thornycroft Steam 
Wagon Company, Limited, of Chiswick and Basing- 
stoke. Both these cars are to be exhibited at the 
Automobile Show opened to-day at the Crystal Palace. 
Figs. | and 2 represent a plan and elevation of the 
Thornycroft Company’s 1904 design for a 20 horse- 
power pleasure car. As there are some novel points 
about the design, a short description of the mecha- 
nism may be of interest. 

The engine is of the four-cylinder vertical type, 
working on the Otto cycle, so that there are in all 
two impulses to every revolution of the crankshaft. 
The engine, including the governor and the two-to-one 
gear, is entirely enclosed, lubrication being on the 
‘* splash” principle. The cylinders are cast in pairs, 
the water-jacket being made in one with the cylinder 
proper. As will be seen, the exhaust ports of each 
pair of cylinders are connected in the casting and are 
then brought into a common exhaust-pipe by means of 
a breeches pipe, which has gills cast on its exterior 
surface in order to assist in cooling the exhaust gases 
before they enter the silencer at the rear of the vehicle. 
The gases pass from the exhaust-pipe to the silencer 
through a number of small holes. They are made to take 
a swirling motion, so that by the time they leave 
the car they are cold, and escape practically without 
noise. 

The clutch is of the Hele-Shaw type, which has 
already been described in ENGINEERING.* With it 
Messrs. Thornycroft have lately made some experi- 
ments which have given very satisfactory results. 
‘The gear-box is of compact design, and provides three 
speeds forward of 7.5, 20, and 31 miles per hour 


* See ENGINEERING, vol. Ixxvi., page 163. 
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' . - . 
respectively, and one reverse speed of 5 miles per 


hour. These are with the engine running at a normal 
speed of 900 revolutions per minute. Both the forward 
and the reverse speeds are obtained through the 
operation of a single lever, which, by a sideways 
pressure of the hand, is made to engage in either of 
two quadrants, and by means of a cross-shaft enter- 
ing the gear-box actuates the different gears. It is 
often found that the momentum of the wheels in the 
gear-box, and that of the clutch, is a serious difficulty 
in changing speeds ; and although the momentum has 
been reduced to a minimum in this mechanism of the 
cars, a thin steel disc brake has been fitted on the 
gear-box shaft, and this is automatically applied on 
releasing the clutch. The brake at once slows down 
the gear-wheels, and makes the changing of gear so 
easy a matter that the difficulty is entirely over- 
come. A thin sheet aluminium tray, bolted to the 
side channels of the frame, and extending from the 
forward cross-member to the rear of the gear-box, 
prevents the splashing of mud on to the engine, the 
clutch, or the gear-box. This tray, being secured by 


butterfly nuts, may at any time be easily removed 


should it be found necessary. 

The carburettor is of the self-adjusting type, and is 
warmed by means of a water-jacket through which 
the engine-cooling water passes. It has been specially 
designed by Messrs. Thornycroft for the work, and is 
so constructed that the petrol cannot become pocketed, 
and then get drawn into the engine in gulps. By 
means of a spring-controlled diaphragm «xtra air is 
admitted when it is needed, owing to the larger 
quantity of petrol consumed when the engine is run- 
ning fast. 

The engine and gear-box are supported on an under- 
frame, which is inclined, so that the centre line of the 


engine and gear-pot shafts passes almost through 


the centre of the back axle. This inclination, although 
not sufficient to affect the splash lubrication of the 
engine, relieves the universal joints of the coupling 
shaft of nearly all angular motion. The universal 
joints have large wearing surfaces, and are enclosed 
in muffs, or casings, held in place by a spring clip, so 
that they may be easily removed for inspection and 
for greasing the joint. 

The speed of the engine is regulated by a throttle- 
valve on the admission-pipe, counected to a governor 
on the crankshaft. The throttle-valve is also under 
the control of the driver, the connection being effected 
by mans of a thin steel rope attached to it, which, 
by running over a guide-pulley, passes up the centre 
of the steering-pillar to a small handle pivoted on the 
steering-wheel. The commutator is controlled in a 
similar manner. 

It will be noticed that the back axle is attached to 
the springs somewhat behind the centre. If it were 
placed exactly at the centre, the forward ends of the 
springs would get more work than the rear ends, 
owing to the fact that there is a transverse spring to 
which the longitudinal springs are attached at their 
rear ends, as shown in the illustration. The steel used 
throughout is high-grade nickel steel of from 37 to 40 
tons tensile strength, with the exception of the frame, 
where it has been found that too hard a steel is un- 
suitable. ais 

Figs. 3 and 4 represent a heavier class of venicle for 
commercial use, and designed to carry loads up to 
2 tons. The engine fitted to this lurry is exactly 
similar to that of the 20 horse-power car just de- 
scribed. : : 

The gear-box provides four forward speeds of 25, 9; 
74, and 10 miles per hour respectively, and one re- 
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verse motion giving aspeed of 24 miles per hour. As | 
in the light cars, all speeds are operated by one hand- 
lever, which is placed to the left of the driver. This | 
lever, by means of a side pressure, is made to engage | 
in either of three racks projecting through the side of | 
the gear-pot; the inner ends of these racks are attached 
to the sliding spur-wheels. The two racks not in mesh 
with the quadrant are held by an automatic stop-plate, 
which makes it impossible to get more than one gear 
in mesh at one time. The power is transmitted from | 
the gear-box to the back axle by means of a chain, this | 
method being found quite suitable for loads of up to 
2tons. Above 2 tons a chainless transmission is em- | 
ployed. In order to relieve the spokes of the wheels | 
of all driving strain, a Thornycroft patent spring drive | 
has been adopted. This consists of a pair of semi- 
elliptic springs, bolted to a square on the driving-axle ; | 
the outer ends of the springs engage in two stops on | 
the felloes of the wheels, so that the latter are driven | 
entirely through the springs. This arrangement also | 
absorbs sudden jars, due to bumpy roads, &c., which | 
are transmitted through the wheels, and thus are not | 
communicated to the mechanism. This feature is of | 
special advantage where a chain drive is used. 

A powerful foot-brake is applied to a drum on the | 
gear-box countershaft. It is so arranged that. no | 
additional pressure is produced on the countershaft | 
bearing when it is applied, there being a purely tor- 
sional effect. This is an improvement on the codinany 
form of brake, with which there is considerable side | 
pressure on the bearing of the drum when applied. The 
springs on this vehicle are particularly long and 
flexible ; the rear ones, being attached to the under- 
side of the axle-box, bring the platform conveniently 
low for loading. 

This form of vehicle is suitable for fast delivery | 
purposes, for omnibuses, and generally for situations | 
intermediate between those filled by the powerful | 
steam-wagons and the lighter and swifter motor-car, 
both of which types are constructed by this firm. It! 








is also well adapted for military uses, examples | year:—Bethune, 1,605,941 tons, as compared with 1,292,929 
having been supplied to His Majesty’s Government for | tons; Bruay, 2,101,322 tons, as compared with 1,731,835 
such purposes. tons; Courriéres, 2,225,730 tons, as compared with 
| 1,816,681 tons; Dourges, 1,062,050 tons, as compared 
with 891,750 tons; Lens, 3,228,716 tons, as compared 
Tramways AT Rio DE JANEIRO.—The San Paulo Light | = grr Age Foyt: Pag 475" ahem 
and Power Company is formulating a plan for the unifica- | po with’ 1.180. 200 ton a, aay 530 983 a were 
tion and electrification of all the tram-lines of Rio de oom ared with 1.283.769 ad is me h = 1.375 657 te — 
Janeiro, It is proposed to work the lines by means of | a pe ared ‘with: 1 158 708 tons; ond Adiain "3 136, 480 
electricity generated at the Sapucaia Falls. | tons, = compared with 2,710,015 tons. The output of 
Durpan Bay.—The Natal Government has purchased | - rg ioe co nena — aie bon Re yen a 
364 acres of land abutting on the Admiralty reserve in | 90 353,507 tons in 1901 sr 870,530 tons in 1900 20,540,872 
Durban Bay for storage purposes. | Of the land thus | tons in 1899, 19,955,286 tons in 1898, 18,942,196 tons in 
acquired 300 acres are at the head of the bay, and they | 1397, 17,097,271 tons in 1896, 16,157,159 tons in 1895, and 
were purchased from the Durban Bay Lands Company, | 45, ¢30 663 tons in 1894 
while the odd 64 acres were bought from private owners. ~~’ *~” — 
The purchase, which involved an outlay of 162,400/., | 
secures to the Natal (sovernment the whole of the bay 
frontage on the Bluff side of the harbour. 














SHaw’s Patentwoop Kres.—Last week we had the 
| cope of —s peaes at a ae pret given 
= = <a" os | by the Patentw ‘eg Syndicate, Limited, at 32, Com- 
Regenrec fy ee ee ee ee |mercial-road, Lambeth, S.W., in order to witness the 
branch which will develop a productive section " of ——— Ro ey maa. Picci « ueenen 3 De 
country capable of raising heavy crops of cereals. The | wood or verotahle yo nailan- tex Tuecitaean a rad 
branch will probably be the first portion of a wider scheme | mould of the required wri sain tis the fo are dried 
ran sali alae, Vege my “nes — in artificial heat, and when hard are turned upona lathe, 
Ermelo in the Transvaal, to Middelburg on the Pretoria = *h - ms “> a — a 5" They are used 
and Delagoa line. The port has been found at the mouth ‘on oy feted a ie Bro A te hdsooner Chemie: a 
rs the U oe which has been surveyed by the Natal added to the water used in making the pulp, and have 
ROT CEREUS Owe a: the effect of binding and hardening the material. When 
uite dry, the kegs have about the same hardness as oak. 

CoaAL IN THE NorTH OF FRANcE.—In consequence of | The chief feature in the manufacture is the machine in 
an absence of labour difficulties, the production of coal which the kegs are formed. This is very ingenious, 
in the French Departments of the Pas-de-Calais and the | and one boy can turn out a keg every two minutes. The 








| Nord showed the large increase of 3,951,169 tons last | kegs are made with a very decided bilge, and resemblé 


year, the output for the two basins having been 22,938,100 | in shape an ordinary white-lead keg; they can be 
tons, as compared with 18,986,931 tons in 1902. The pro- | made practically any size. We understand that a great 
duction of the Pas-de-Calais last year was 16,614,280 tons, |many of these patentwood kegs are made in America ; 
as compared with 13,556,553 tons ; and that of the Nord, | and that it is now the intention of the syndicate to build 
6,323,820 tons, as compared with 5,430,298 tons. The | a large factory in this country with the object of manu- 
following companies effected the largest production last ‘facturing them over here, 
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NEW OFF-SHORE FLOATING DOCK 
REIHERSTIEG SCHIFFS- 
UND MASCHINENFABRIK, 


THE 
FOR THE 
WERFTE 
HAMBURG. 

Tur Port of Hamburg has long been famous for its 

floating docks ; in fact, it may be said that this is 

almost the only type of ship-repairing structure used, 
there being but one small 4000-ton masonry dock in 
the whole harbour against 60,000 tons of floating 
docks. Extending along the Harburg side of the 

Elbe is a long string of these docks, ranging from the 

monster belonging to Messrs. Blohm and Voss, on 

which the Deutschland was lifted, to quite small 
wooden docks capable of dealing with hardly more 
than river barges. 

We illustrate on the two-page plate of our present 
issue a floating dock that has only just been completed 
and got to work by its owners, the Reiherstieg Nhiffs- 
werfte und Maschinenfabrik. The conditions that 
this company had to contend with in installing docks 
were somewhat different from those that governed 
other firms, as at their works the river was so nar- 
rowed that no mooring rights could be obtained in the 
stream, and it was impossible to utilise the ordinary 
double-sided type of dock into which vessels enter by 
the ends. They therefore fell back on the one-sided 
type, known as Messrs. Clark and Standfield’s Off- 
Shore Dock. Their first dock of this type was in- 
stalled in 1887, and will be found described in our 
issue of May 10, 1889 (vol. xlvii., page 531). 

During the year 1902, however, finding their docking 
accommodation too restricted, they decided to extend 
it by the acquisition of a new plot of land adjoining 
their present yard, and by the installation there ot 
a second off-shore dock with a net lifting power of 
11,000 tons. The preparation of the drawings was 
again confided to Messrs. Clark and Standfield, and 
the contract wa3 placed with the Flensburger Schiffs- 
bau Gesellschaft, of Flensburg, North Germany. In 
the meantime the company themselves proceeded with 
the preparation of the shore work, which, in view of 
the great weight to be lifted, had to be of a very 
substantial nature. 

As will be seen from the plan, the space allowed 
by the port authorities for the dock was very 
restricted, and in order not to block the fairway 
up the canals which run each side of the site, the 
shore-work had to be of special construction. The 
dock is attached to the shore by nine sets of double 
parallel booms, of which two are A shaped in plan, 
so as to lay hold of a good length of the dock, and yet 
be only attached to a single column on the shore. 
The columns are built and concreted into wrought- 
steel cylinders sunk by means of a grab deep into the 
gravel of the river bed. They are tied back to the 
shore by means of steel ties firmly attached to piles 
and concrete on the shore. All the columns are tied 
together in a fore-and-aft sense by a lattice girder. 
The yawing of the dock is prevented partly by the A 
girders, which act as diagonals, and also by two other 
sets of booms, which are strongly cross-braced into 

airs. The end and central booms serve as gangways 

a to the top deck, and, in addition to these, 

broader gangways lead down on to the pontoon deck, 

passing through the large gangway passages left in 
the walls. 

The dock proper has an over-all length of 507 ft. 94in. 
The down-stream, or bow, end is in the form of a point 
50 ft. long. The stern end is square, or approximately 
so, on the wall, or land, side, but the river side is 
bevelled off to the same angle as the bow. It has an 
over-all width of 100 ft., but the position of the keel- 
blocks is such that the maximum beam of vessel that 
can be taken is 76 ft., when allowing a working space 
of 4 ft. between the side of the ship and face of the 
wall. The normal draught of ship is 22 ft. over 
4-ft. blocks ; but as this gives a freeboard of 3 ft., it 
might be somewhat exceeded. The depth of the 
pontoon is 12 ft., so that to dock a ship under these 
conditions required 38 ft. of water at the berth ; and 
this has been dredged, so as to make this depth obtain- 
able from half flood to half ebb. 

The machinery of the dock is located in the walls, 
and consists of eight sets of 18-in. centrifugal pumps, 
driven each by a compound horizontal engine placed 
on its side and driving directly on to the pump-shaft. 
The engines, shafts, and pumps were provided by 
Messrs. Gwynne and Co., of Holborn, and, according 
to the contract, should be of sufficient power to lift 
an 11,000-ton vessel in 90 minutes. As a matter of 
fact, on the official trial they succeeded in lifting a 
10,000-ton vessel in one hour, which was a very satis- 
factory result. The engines take their steam from a 
set of boilers placed on shore, the steam being con- 
ducted to them through articulated pipes running 
along the shore booms. 

The pumping arrangements of the dock are under 
very complete control, and are all directed from one 
central point—an elevated valve-house built on top of 
the upper deck. The valves are all worked hydrauli- 


cally from this point, duplicate accumulators and 
pumps being provided on the dock itself. 


Each valve 





has an indicator in the form of a small semaphore 
automatically actuated by the valve itself, so that the 
valveman may be sure his valve is opened, and in 
addition each separate water-tight compartment of 
the dock has a water-level indicator that records in 
the valve-house itself the exact amount of water in 
each compartment. The valveman is also in direct 
communication, by means of speaking-tubes, with each 
engine, so that from his central conning-tower he acts 
like the brain of the dock, controlling everything. 

Special facilities have been provided for the rapid 
berthing of vessels, for it has been recognised that it 
is not sufficient to merely rapidly lift a vessel, but 
that a successful docking operation must embrace a 
rapid berthing. For this purpose powerful steam 
capstans are placed on the top deck, whilst a series of 
mechanical side-shores are provided in the wall of the 
dock, which can be screwed out to any desired extent, 
so that once a ship’s side is brought against them, it 
is known that she is centered over the keelblocks. 
In addition to the twenty ordinary mechanical side- 
shores, ten very large and powerful shores hydrauli- 
cally actuated are provided, so arranged that, whilst 
they advance slowly, they can be withdrawn very 
rapidly. Ships have to enter this dock mainly side- 
ways, and these shores are very useful for catching 
the vessel as she sheers in, gradually checking her, 
and eventually, if necessary, pushing her back over 
to her true position. 

The bilges of the ship are supported by means of 
mechanical bilge shores, worked by wim-woms from 
the top deck. These shores consist of long steel 
girders, made water-tight so as to reduce weight when 
submerged, carrying timbers on their top. One end 
is pivoted to the deck about the keel line, and the 
other is raised by means of a steel rack and pinion 
actuated by the above-mentioned wim-woms. There 
are twenty of these shores on the outer, or river, side 
of the dock, and twelve on the inner. 

The keelblocks are spaced 3 ft. 4 in. centres, are 
4 ft. high, and consist of a bottom block 12 in. high, 
two wedge-pieces making up | ft. 9in., a 12-in. block 
on top of these, and over alla 3-in. capping-piece. 

The dock is well provided with all minor fittings, 
has an electric light installation in the engine and 
other rooms, with are lamps carried on gallows on the 
top deck for outside illumination, and numerous plug- 
boxes from which separate lamps may be taken for 
lighting any desired spot. Cold and hot (steam) water 
mains are also provided for washing down vessels, 
testing tanks, or thawing in winter the valves of the 
dock or any of the exposed gear. 

Our illustrations show in Fig. 1 the dock empty—a 
view which gives a good idea of the general arrange- 
ment of the berthing gear—andin Fig. 2 the s.s. 
Feldmarschall, 415 ft. by 50 ft. by 31 ft., and of 10,000 
tons displacement—the latest twin-screw mail steamer 
of the German East Africa Line, lifted on the 
pontoon. 

The dock, which is the second largest on the Elbe, 
lifted its first ship on May 12, and between then and 
the date of the official trial (July 29) 31 steamers of 
various sizes were lifted. 








YEAR-BOOKS AND ANNUALS. 

Hazell’s Annual for 1904.—The new issue of ‘‘ Hazell’s 
Annual,” just published, has been greatly improved 
by the addition of a very full index, which greatly 
facilitates reference, and gives, at the same time, a 
good idea of the great range of subjects dealt with. 
The matter is still arranged in alphabetical order, but 
the cross-references have been abolished, the index 
taking their place. Several of the articles which have 
appeared in previous issues have been greatly enlarged, 
and there is a new article on the fiscal question. The 
paragraphs on scientific and engineering subjects have 
been consolidated into one article, and we find here a 
series of notes on radium, which are not, however, 
remarkable for their accuracy. ‘The writer has appa- 
rently confused the y rays with the gaseous emana- 
tion, and further credits Ramsay with the statement 
that radium is not a definite element. Hardly any 
attention is, moreover, given to, perhaps, the most 
important work on radium yet done—viz., that due to 
Rutherford and Soddy, who, whilst others have suc- 
ceeded in cataloguing certain properties of radium and 
its allies, were the first to formulate a theory under 
which these various properties could be consistently 
grouped. MRutherford’s discovery of the gaseous 
emanation is further credited to Ramsay, who has 
certainly done much excellent work in adducing 
further experimental evidence of the truth of Ruther- 
ford’s theorems, but has not been a pioneer in this 
field. 





The Colliery-Managers’ Pocket-Book for 1904.— 
The new edition of this pocket-book, just issued from 
the offices of the Colliery Guardian, is the thirty-fifth 
of the series. It opens with a short résumé of the 
work of the Royal Commission on coal supplies, and 
this is followed by notes on the new timbering rules, 
coal-cutting machines, miner’s anemia, coal prices, and 





the like. A large section is devoted to notes for candi- 
dates for mine-managers’ certificates, and the ues. 
tions set at recent examinations are republished. ‘The 
remainder of the book is made up mainly of the usual 
rules and formule, and will, no doubt, be found 
useful by the class for whom it is intended. 

Who’s Who, 1904, London: Adam and Charles Black, 
Soho-square. [Price 7s. 6d.] The utility of this publi- 
cation, giving a succinct biography of all notable people, 
is well recognised. Six years ago this biographical 
section of the book extended to 550 pages; in the 
current issue 1700 pages are occupied. We have here 
an indication of the greater completeness of the hook, 
which is a necessary quality ; but there is room for 
doubt as to whether all of the 20,000 people included 
are worthy of the distinction; and unless a most 
scrupulous scrutiny is exercised in the choice, there 
is a danger that, with the greatly-increasing number 
of entries, the value of the book for ready and quick 
reference will be impaired. 

Who’s Who Year-Book, 1904. Adam and Charles 
Black, Soho-square, London. [Price Is..net.] The 
increasing size of ‘‘Who’s Who” suggested to the 
publishers the idea of confining it to biographies, and 
of issuing in a separate volume the official lists for. 
merly included as a prefix to the personal sketches, 
This isa really useful desk companion, and it would 
be easier to state what official information igs 
omitted than what is included. Government, foli- 
tical, ecclesiastical, colonial, legal, parliamentary, 
educational, maritime, &c., lists of officials all find 
there place, and there are lists of societies, clubs, 
newspapers, &c. Accuracy can only be tested by time 
and frequent use; but we note the omission from 
the list of societies of the British Astronomical Associa- 
tion. In this same list there is some want of uni- 
formity in treatment: the Institution of Mechanical 
Engineers is under ‘‘ Institutions,” while all others are 
under their distinctive names—i.e., Civil, Electrical, 
Naval, &c. 





The Universal Electrical Directory (J. A. Berly’s), 
1904. London: H. Alabaster, Gatehouse, and Co., 
4, Ludgate Hill, E.C. [Price (including home postage), 
10s.]—This directory, issued now for the twenty-third 
year, contains a record of all the firms connected 
directly or indirectly with electricity, arranged both 
alphabetically and according to production, under the 
following four geographical divisions :—Continental, 
United States, Colonial and general, and British, 
The total number of firms included is 32,090, as com- 
pared with 23,794 five years ago, indicating indirectly 
development in the industry. The British section has 
increased from 9918 to 11,560, which is very satis- 
factory, as it is no disparagement to the editor to say 
that the home section would attain completeness earlier 
than the others. The United States section includes 
7500 names, as compared with 4080 five years ago ; the 
Continental section 9420, against 7872; and the 
Colonial section 3610, against 1924. 


The Englishwoman’s Year-Book and Directory, 1904. 
Edited by Emity Janes. London: Adam and Charles 
Black. [Price 2s. 6d. net.|—We have here an admir- 
ably arranged book of 350 pages devoted solely to the 
assistance, by advice and data, of women towards 
advancement in the widening spheres of usefulness. 
One cannot help realising from even a cursory examina- 
tion of the details the great progress made by women, 
and at the same time the beneficent results accruing 
to society generally. Most of the sections—KHduca- 
tion, Employment, Industrial, Literature, Art, Music, 
Philanthropy, Temperance, Charitable, and Religious 
—embrace very sensible advice to aspirants for public 
service. In the domain of science it is satisfac- 
tory to observe that noteworthy work has been done 
during the year by thirty-eight women, several of 
them in the same branch of science as their husbands, 
as, for instance, Madame Curie, Mrs. Ayrton, Mrs. 
Percy Frankland, Lady Huggins, and Mrs. Maunder, 
all of whose work is worthy to rank with the best. 


The Public Schools Year-Book, 1904. London : 
Swan, Sonnenschein, and Co., Limited, Paternoster- 
square. [Price 2s. 6d.]—This annual, now in its 
fifteenth year of publication, gives details of the scope, 
staff, fees, and successes of 112 public schools in 
Britain ; but some of the Scotch schools—Blair Lodge, 
Glen Almond, &c.—are omitted. The details given 
should be specially useful to parents who have in con- 
templation a public-school course for their sons. 
Equally, if not more, valuable are the articles in the 
appendix reviewing the conditions obtaining in dif- 
ferent professions, and the qualifications for and 
probabilities of success. This year engineering and 
the musical profession are added for the first time, 
and, so far as the former is concerned, we consider it 
a plain straightforward statement of the case, which 
should be helpful to youths, if they can be brought to 
read it, 
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ence College Calendar, 1904, and Matriculation Direc- 
tory. London: University Tutorial Press, 157, Drury- 
lane, W.C. [Price 1s. net.]|~The University Corre- 
spondence College, of Burlington House, Cambridge, 


is doing a splendid work, offering as it does most of | not, it cannot affect the results of mathematical analysis, 
the advantages of college or tutorial training to such| if, as Mr. Hanssen admits, I have correctly written down 
students as draughtsmen engaged in works in isolated | the energy equation according to his premises. He may 
districts where no technical college exists. By their} think gravity raises the water, I may think that the 
system students are assisted through a complete | energy of the air overcomes gravity in raising the water ; 


course in any one or more subjects, the goal—a neces- 
sary stimulating agent in all such cases—being the 
London University examinations for matriculation or 
for degrees in the arts and sciences. The wide extent 
to which the system is utilised is indicated by the fact 
that last year 485 University Correspondence College 
students passed matriculation. Either of the two 
books of which we have given titles will give all par- 
ticulars, the second being specially suggestive for 
beginners. 

The Export Merchant Shippers’ Directory for 1904. 
London: Dean and Son, Limited, 160, Fleet-street, 
F.C. [Price 15s. 6d.]}—The idea of the publishers is 
admirable ; it is to give (1) lists of shippers arranged 
under ee py gi ; (2) similar lists classified under 
the special goods shipped by the respective firms; 
and (3) a list of manufacturers under the produc- 
tions, alphabetically arranged. Such lists are of 
great advantage, especially to foreign clients; but 
we must again direct attention to the fact that the 
lists are not complete, reyes, Aeron f names of first 
importance. It is stated at the beginning of the manu- 
facturers’ list that insertion is contingent upon pay- 
ment ; but this should be indicated in the preface or 
title page so as to avoid misunderstanding. Even in the 
shippers’ lists, where no such payment is indicated, 
there are many notable omissions. Thus no Scotch 
firm seems to ship electric-light apparatus, dynamos, 
&c., according to page 683; and the list on page 797 of 
firms shipping ships—i.ec., building for foreign clients— 
is a most remarkable one ; it probably includes 10 per 
cent. of the firms entitled to be named. Many such 
instances could be given. 





Almanacks.—We have received almanacks for the 
current year from the following firms :—Messrs. J. H. 
Sankey and Son, Limited, of Essex Wharf, Canning 
Town, E.; Messrs. John Smith and Co., of the Grove 
Works, Carshalton, Surrey ; Mr. E. Arnold Pochin, 
of Croft-street, Pendleton, Manchester; Messrs. 
Arnold Goodwin and Son, Sumner-street, Southwark, 
S.E.; Messrs. W. H. Wilcox and Co., Limited, of 
23, Southwark-street, S.E.; the United States Metallic 
Packing Company, Bradford ; Birmingham Aluminium 
Casting Company, Limited, Cambridge-street, Bir- 
mingham ; the Consolidated Pneumatic ‘Tool Company, 
Limited, 9, Bridge-street, Westminster; Messrs. W. 
R. Renshaw and Co., Limited, Stoke-on-Trent ; 
Messrs. Peckett and Sons, Atlas Locomotive Works, 
Bristol; the Rossendale Belting Company, Limited, 
of 117, Queen Victoria-street, E.C.; the International 
Stoker Company, of 109, Montgomery-street, Jersey 
City, N.J.; andthe Morgan Kngineering Company, of 
Alliance, Ohio, U.S.A. 








Orpers FOR Stret.—The Barrow Steel Company, 
Messrs. Cammel], Laird, and Co., Limited, Workington, 
and the Moss Bay Iron and Steel Company, Workington, 
have jointly received orders for 30,000 tons of steel rails 
from Indian State railways, at prices ranging from 95s. to 
100s. per ton net, free on board. This is supplementary to 
large Canadian orders for rails booked a short time since. 
The Barrow Steel Company has booked an order for 
plates, castings, and other material required for the con- 
struction of a new Japanese line-of-battleship, to be built 
by Messrs. Vickers, Sons, and Maxim, Limited, at 
Barrow. 


ELEcTRICI1Y IN THE NortH.—The seventeenth meet- 
ing of the Newcastle and District Electric Lighting Com- 
pany, Limited, was held on Friday, at Newcastle, Mr. 
J. D. Milburn presiding. In moving the adoption of the 
directors’ report, the chairman said the company was 
paying the same dividend—8 per cent.—as last year ; 
and, as usual, it was busy with extensions. Since the 
last meeting the directors had completed arrangements 
for taking over the order for Newburn and district—an 
important district including Messrs. Spencer’s works. 
They had entered into an arrangement with the Benwell 
Council, which was shortly to be incorporated with New- 
castle. In addition to this, the company had the lighting 
of some 7 miles westward from its offices in Grainger- 
street. The directors had considered it advisable under 
these circumstances to put down a new station at New- 
burn, from which station they would, in all probability, 
supply Benwell. The station at Newburn would also 
used for the purpose of supplying energy to Messrs. 
Spencer’s works. In securing the contract for the electric 
lighting of these works, the directors had obtained the 
services on the board of Mr. J. W. Spencer. Since 1890 
the company had paid some 96 per cent. upon its capital. 
This result has been secured, to a large extent, by careful 


London University Guide and University Correspond- RAISING WATER BY COMPRESSED AIR. 


To THE Eprtor or ENGINEERING. 

_Srr,—It is indeed surprising to find an engineer who 
disputes the principle of the conservation of energy. 
Whether I fail to grasp the true theory of an air-lift or 


still, since I have started from the same data as he 
assumes, we must both arrive at the same equation, what- 
ever method we may use in analysing the problem. 
Mr. Hanssen makes a mistake in solving his equation, 
or he would have arrived at my result in the first case. 
The solution of his equation is perhaps a little difficult, 
but I hope the following is clearly stated. 
His self-evident proposition with which he starts is quite 
correct, if the proper limitations are borne in mind, due 
to the assumptions of the data. He states :— 
1 
Q+V hythotf 

where Q and V are the actual volumes of water and air 
in the pipe at any instant. 
His assumption that V is equal to Vo Po is, however, in- 
Im 

correct. 
It is required to find V. I use the same notation as 
before. sam 
At any point in the pipe where the pressure is p, the 

density of the mixture is 

Q p 


Q+ Po Vo 
p 


.‘. if d x is the length of an element of the pipe 


dp_gp Qp /neglecting the kinetic 
dx Qp+tpo Vo energy, as before 
Now, since the quantities of air and water at any point 


are ina constant ratio (assuming the water and air to 
have no relative velocity)— 


dQ _ Q 
(e v/ ; Wee 
Po 
or 
dQ_ PQ 
dV ~ pp V,’ 


where dQ and d V are the small elements of the volumes 
of air and water, at the point where the pressure is p. 
Let « be the area of the pipe. 

Then in a length of pipe 


€dQ+daVv 
a P 


we have a volume d V, of air. 
*. ina length dx we have a volume 


( adV )a 
aQ+av) °* 


_ ade _ adz =a(1 +2) 
ie dQ pQ pQ dp 
av Po Vo pQ 
ao Dh ) 
PoVo 
V= Pig Po Vo dp 
- gpQ * p 
Po- 
_ aM Vo log Pi 
9 pQ "Po" 
Also 
IPQ =ag ph, =a(p; — M9), 
hence 
Wise Po Vo log. PA 4 
Pi — Po Po 


We can now get a correct solution of Mr. Hanssen’s 
equation, which becomes 


Vo= Q (ho + f) (> — Po) 
hy po log. 
Po 


——i.e., the same equation as I deduced from energy con- 
siderations. 

Itis impossible to discuss properly the effect of a taper 
pe without mathematical symbols ; in fact, to do so is 
ike trying to demonstrate a proposition of Kuclid with- 
out a figure; but I should like to repeat my previous 
argument, that if it isevident that increasing the area of 
the pipe increases the quantity of air used, then it is 
equally evident that decreasing the area decreases the 
air ratio. The truth is that the air ratio remains un- 
altered, except that indirectly it is effected by diminish- 
ing or increasing the friction and the velocity head. 

Why Mr. Philps took upon himself to defend and ex- 
plain Mr. Hanssen’s arguments I cannot conceive ; and, 
of course, I did not notice his letter ; and now that Mr. 
Hanssen has written himself, a reply to Mr. Philps would 
be superfluous. However, I did not confuse the point he 
mentions, and since he himself owns that he finds it a 
difficult one, it is more probable that it is he who has 
been dropping into pits. 

I have already given my opinion of “J. A. W.’s” 
formula in my previous letter, and after what I said 
then, further discussion will be seen to be needless. If 











working, and by making a point of keeping the capital 
OW, 





**J. A. W.” had taken the trouble to read my first letter 
carefully, he could not have blundered into the defence 





he puts forward in his second letter. For instance, 
assuming v to be the mean velocity, it is still a variable 
(as I said before, depending on the air supply), as we may 
force any quantity of air up the pipe that the compressors 
are capable of delivering. 
Yours very truly, 
C. C, Mason, 
Tulketh-road, Preston, February 7, 1904. 








WORKING STRESSES. 
To THE Eprtor of ENGINEERING. 

Srr,—-With regard to the stresses induced in a beam 

under a bending load, and the discrepancy between 
oractical and theoretical results, as pointed.out by Mr. 
Vatson in your issue of January 29 last, , the question 
arises, Are the stresses in such a case sufficiently ac- 
counted for in theory ? 

Since there is a tendency to lengthen the material of 
the beam above the neutral axis, it is evident that the 
particles in the uppermost plane have a tendency to 
move longitudinally and relatively to particles in a plane 
at an indefinitely small distance below the uppermost one 
referred to, and so on, but to a decreasing extent as the 
neutral axis or plane is approach The resistances to 
such tendency would appear to partake of the nature of 
shear stresses, having a maximum value at the uppermost 
plane, and no value at the neutral plane, as in the case of 
the induced tensile and compressive stresses. 

Assuming such to be the.case, the summation of actual 
moments of resistance would be, for wrought iron, 


(+5) (®)=wH 


where f = the ordinary tensile or compressive stresses, 
and /, the corresponding shear stress in the same beam. 


For wrought iron the ratio £ is practically constant 


1 
within and beyond the elastic limit, and therefore the 
above formula, if true, should be applicable to either 
case. The difficulty in the way of a comparison with the 
results given by Mr. Watson is to find the shear stress 
corresponding to the beams having the tensile stresses 
there tabulated; but the average ultimate tensile stress 
of wrought iron being about 50,000 lb. per square inch, 
and that of the second case in Table I., on page 165, being 
52,910 lb. per square inch, we may, perhaps, apply the 
average shear stress of 40,000 lb. per square inch to such 
a case. 

According to the theory herein, the actual tensile 
stress 52,910 + 40,000 (or shear stress) should equal the 
total stress induced. The sum named = 92,910 lb. per 
—— inch; and the computed stress, according to 
B 7 = 93,030 lb. per square inch—an agreement which, 
if nothing else, is rather remarkable. 

Of course, the present theory assumesa kind of negative 
shear to take place at that side of the beam in compres- 
sion; and the problem is somewhat complicated -when 
the stresses in tension and compression are not alike, 
although the shear stress remains constant. 

Manchester, February 5, 1904. A. Gapp. 
[We repeat here that there is no mystery whatever 
about the resistance of beams under transverse loads. 
The theory on the assumption of perfect elasticity has 
been inexpugnably established by St. Venant, and ex- 
periments properly made confirm the theoretical results. 
The experiments quoted by Mr. J. Watson in our issue 
of January 29 last have no bearing on the case, since it 
is impossible to discover by observation when the outer 
fibres of a bent beam have reached their elastic limit. 
The true test is to compare under low loads the calcu- 
lated and observed deflections.—Ep. E. ] 








THE ACCIDENT ON H.M.S. ‘‘ BULLFINCH.” 
To THE EDITOR OF ENGINEERING. 

Sir, —I notice that, in your article of February 5, deal- 
ing with the failure of the connecting-rods of H.M.S. 
Bullfinch, the writer, after deducing the stress at the 
point where the fracture commenced, proceeds to apply 
the results of Wohler’s experiments to this case, in order 
to obtain the stress at which fracture would ultimatel 

occur. As some of your readers may not be familiar wit 

the precise nature of Wohler’s experiments, I think it 
should be mentioned that, as Professor Unwin points out 
in his treatise on the testing of materials (page 348), the 
only experiments of Wohler in which alternate opposite 
stresses of tension and compression were chtahied were 
those made on a rotating bar loaded at the end. Thus 
the analogy is not quite so exact as might be inferred 
from the article, although I do not doubt that an alternat- 
ing stress of the magnitude calculated might ultimately 
cause fracture. Further, a reference to the table of 
Wohler’s results from the rotating-bars (in the same trea- 
tise, page 349), shows that the ratio of the statical break- 


ing stress to the least stress at which the bar failed under 
alternating loads varied approximately from 2.5 in the 
case of steel whose statical breaking stress was 29.2 tons 
per square inch to 3.4 for steel whose statical breakin 
stress was 49 tons per square inch, the values of wien 
are considerably lower than those given in the article, in 
which a value of 3.2 is assumed for steel of from 30 to 35 
tons breaking stress. 

Yours truly, 

T. E. STanTon. 

{In making the above comments, has Dr. Stanton 
borne in mind the fact that in the case of the con- 
necting-rod the stresses were reversed completely thir- 
teen times in the second ?—Ep. E.] 
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but is fastened to the jib at M) when the jib falls, it, 
of course, pulls the lifting-chain after it, and so pre- 
vents the hook at A from falling, except to a small 
extent, or, in other words, keeps its path nearly hori- 
zontal. 

The jib is balanced at O, Fig. 1, by means of the 
links P, to two ropes R, which are led up to two 
spiral pulleys made like the fusee of a watch. These 
pulleys are placed one on each side of the vertical 
crane-post, and are so fixed that when the jib is out in 
its furthest position, the ropes R lead off the smallest 
part of the spiral. On the same spindle as the pulleys 
S, but outside them, two other spiral pulleys are fixed, 
to which are attached ropes from the two balance- 
weights U, and these pulleys are so arranged that 
when the jib of the crane is in its lowest position the 
ropes from the balance-weights lead off their largest 
part. The effect of this will be at once understood, 
for the arrangement forms a most effective balancing 
arrangement for the jib; inasmuch as, when the latter 
is lowered, and the pull it exerts on the ropes R is 
consequently increased, the leverage exerted on the 
spindle carrying the pulleys decreases, because the 
rope unwinds from the larger part of the spiral to the 
smaller ; at the same time also that this is happening 
the ropes from the balance-weights are winding on to 
the pulleys from the smaller part of the spirals to the 
larger, thus increasing their leverage over that of the 
ropes on the other spirals. In this way the jib is 
balanced in any position. 

The whole of the machinery is operated by one man 
from the house shown at the top of the crane. 
Having now described the special features of the 
cranes, we will pass to the pumping machinery, 
which is placed in a very confined space under the 
wharf. The general arrangement of the engine and 
pumps is shown in Figs. 3 and 4. . The latter are 
driven by three 80 brake horse-power Fielding gas- 
engines, with self-starters, and the working hydraulic 
pressure is 750 lb. per square inch. The pumps are 
shown in detail in Figs. 6 and 7, page 225, and do not 
require any special reference. The accumulators are 
fitted with the necessary safety and relief valves. 

We recently had an opportunity of visiting the above 
very complete installation, and were much struck by 
the smoothness with which all the plant worked, and 
the ease with which the man in charge controlled all 
the movements of each crane, Although these cranes 
are placed at one of the busiest wharves in London, 
their erection was carried out without any interruption 
to ordinary work, which speaks well for those in 
charge. 








NOTES FROM THE NORTH. 
GLAsGow, Wednesday. 

Glasgow Pig-Iron Market.—Thursday’s market was 
moderately active, and 42s, 5d. and 42s. 6d. cash was paid. 
At the forenoon and afternoon meetings the turnover 
was 2000 and 1000 tons. On the following day there was 
very little change in the condition of the forenoon 
market. While there was no improvement in the volume 
of business done, the tone was firm at an advance of 1d. 
in Cleveland warrants, which were dealt in at 42s. 7d. 
cash and twelve days, and 42s. 8d. one month. The 
turnover was 2500 tons. There was rather more doing in 
the afternoon, and the prices of Cleveland rose 1d. per 
ton further for cash, and 14d. one month. There were no 
cash transactions, but 5000 tons changed hands up to 
42s. 10d. one month. Hematite iron was quoted at 53s. 
cash sellers. In the market on Monday there was a flat- 
ness, and the market was very idle. Cleveland warrants 
declined 2d. to 42s. 6d. cash, but the business, which in- 
cluded one lot at 42s. 64d. seven days, only amounted to 
1000 tons. In the afternoon the market developed 
strength, and the prices of Cleveland advanced 34d. to 
42s, 9d. cash, and 42s. 11}d. one month. Business was 
also done at 423. 74d. and 42s. 104d. fourteen days, the 
turnover being 6000 tons. The settlement prices 
were: — Scotch, 503. 3d.; Cleveland, 42s. 7id. and 
42s, 9d. ; and hematite iron, 52s. 104d. per ton. Mon- 
day’s advance was not maintained on the following 
day, when, in the forenoon, on the termination | of 
“‘hear” covering, the prices of Cleveland warrants 
declined 24d. per ton. Opening steady at 43s. one 
month, values dropped to 42s. 104d. one month, and at 
the close buyers offered 2d. below that figure. Cash 
business was done down to 42s. 7d., and one lot was dealt 
in at 42s, 104d. nine days. The turnover was compara- 
tively small, and did not exceed 3000 or 4000 tons. 
On some support being extended to the market in the 
afternoon, Cleveland iron recovered the forenoon loss and 
closed at the previous day’s quotations. The values rose 
to 42s. 7d., while business was done up to 42s. 113d. one 
month. The market was fairly active, with a turnover 
aggregating to 7000 tons, and the settlement prices were:— 
50s. 3d.. 42s. 74d., and 52s. 104d. per ton. The market 
was dull and idle this forenoon, only one lot of Cleveland 
being dealt in at 42s. 104d. cash. Hematite and Scotch 
iron were quoted nominally at 53s. and 50s. 3d. cash 
buyers respectively. Cleveland warrants declined 14d. 
further in the afternoon, when 2500 tons changed hands 
down to 42s. 9d. one month—a drop of 2}d. on the day. 





The settlement prices were :— 50s. 44d., 42s. 9d., and 53s, 34. 
The market quotations of makers’ iron No. 1 brands were:- 

Clyde, 58s. per ton; Gartsherrie, Summerlee, and Calder, 
58s. 6d. ; Langloan, 70s. 6d. ; Coltness, 71s.—all the | 


foregoing shipped at Glasgow ; Glengarnock (shipped | 


at Ardrossan), 58s. 6d.; Shotts (shipped at Leith), 
61s. ; Carron (shipped at Grangemouth), 61s. 6d. per ton 
A fairly strong market has characterised the dealings of 
the last few days, and the price of Cleveland has ad- 
vanced 4d. per ton during the week, but business has only 
been done on a very limited scale. The undertone is 
distinctly firm. There still appears to be an inclination 
on the part of those connected with the Continental trade 
to buy iron, induced probably by the stronger reports 
regarding the foundry trade in Germany. Heavy 
founders here complain of a scarcity of new work. 
There are still 85 blast-furnaces blowing in Scotland, as 

ainst 79 on January 29, and 86 at this date last year. 
The difference between the number blowing—85 and 79— 


is accounted for by the fact that the Glengarnock furnaces | § 


have been blown in again. 


Scotch Iron : Examination of Employers’ Books.—A re- 
duction of 24 per cent. on the rate of wages of Scotch 
ironworkers has been intimated by Mr. John M. Macleod, 
as a result of his examination of the employers’ books for 
November and December, the examination showing a fall 
in the realised price of iron at the works. 


Scotch Steel.—There is no new feature in the home- 
manufactured steel, the general tone of which—with the 
exception of the shipbuilding trade on the North-East 
Coast of England—is undoubtedly dull. The loss of the 
large proportion of the British market for tinplate bars, 
billets, &c., by Germany, which has been taken by the 
American steelmakers, is to some extent being felt here. 


Sulphate of Ammonia.—The demand for sulphate is 
not quite so active as it was, and prices this week are a 
shade easier. For some lots 13/. and 13/. 2s. 6d. are being 
paid, but as the February wants of users are very fairly 
met, those prices are not being paid in many cases, and 
12/. 17s. 6d. is more frequently the ruling price at Leith 
and Glasgow. 


West of Scotland Coal Trade.—There is no change to 
report in the condition of the coal market in the west 
this week. The market, on the whole, remains quiet. 
The shipment demand has fallen off, as it usually does at 
this time of year. The collieries are getting fairly steady 
work. Splint coal is still in request. Washed stuffs and 
dross are plentiful, and house coal is quiet. Prices, f.o.b. 
Glasgow, may be quoted as follow :—Ell coal, 8s. 3d. to 
9s. 3d. (according to quality) ; splint, 9s. to 9s. 6d. ; steam, 
8s. 9d. to 9s.; main, 7s. 6d. to 7s. 9d. Burntisland and 
Glasgow shipments are showing a tendency to fall off ; 
but Grangemouth shipments show an increase, and the 
Ayr shipments have improved about 3000 tons. Taken 
at all the coal-shipping ports in Scotland, the exports 
show a falling off per week as indicated by these figures 

-185,669 and 208,648 tons. 

Steam Turbines for Glasgow Electricity Works.—At 
the late meeting of the Glasgow Electricity Committee a 
report was submitted by a deputation who visited various 
towns in England where steam turbines are in use for 
generating electricity ; and they recommended that in 
ae additional power in the Port Dundas and 

*ollakshaws-road Works they should fix on steam 
turbines. They should give preference to Messrs. Dick, 
Kerr, and Co., and Messrs. Willans and Robinson. 
They gave orders for two continuous dynamos by Siemens 
Brothers. 


Shipbuilding Orders.—We understand that Messrs. 
Gow, Harrison, and Co., shipowners, Glasgow, recently 
a an order with Messrs. Russell and Co., ship- 

uilders, Port Glasgow, for a steamer of about 7000 tons 
capacity.—-Messrs. Watson Brothers, shipowners, Glas- 

ow, have just contracted with the same lon of builders 
or a steamer of 6500 tons capacity.—Messrs. Scott and 
Co., Greenock, are about to lay down a steamer to take 
the place of the last of the six China Navigation 
steamers which they have built for a Liverpool company. 








Nortu German Lioyp TRANS-ATLANTIC PASSENGERS. 
—We are now in a position to supplement the figures of 
Trans-Atlantic passengers to New York in last week’s 
issue (page 198 ante), by stating that the North German 
Lloyd steamers carried 73,366 passengers to Baltimore 
and 2458 to Galveston, making, with the New York pas- 
sengers, 230,934 passengers in all. Of these, Baltimore 
and Galveston passengers 2907 were cabin and 72,917 
steerage, the number of steamer trips having been 68. 
Added to the New York figures given last week we have 
thus as total — 15,983 first cabin, 22,955, second cabin, and 
191,996 steerage, for 187 trips—a splendid record. 





Prersonat.—Messrs. Thomas Piggott and Co., Limited, 
Atlas Works, Birmingham, inform us that they have 
removed their London offices from 14, Great St. Thomas 
Apostle, to 63, Queen Victoria-street.—Messrs. Sybry, 
Searls, and Co., Limited, of the Cannon Steel Works, 
Sheffield, have opened a London office at 46, Queen 
Victoria-street, E.C.—The Car and General Insurance 
Corporation, Limited, of 1, Queen Victoria-street, E.C., 
have been appointed insurers to the Motor Union.— 
Messrs. Holdsworth and Sons, of the Croft Boiler Works, 
Bradford, have appointed Messrs. Frank Jordan and 
Co., of 15, George-street, E.C., their sole representa- 
tives in London and the South-Eastern District.—Mr. 
Thomas W. How, F.R.G.S., the chief of the staff in the 
firm of Messrs. Shelford and Son, of Westminster, is 
about to sever his connection with this firm. For up- 
wards of 29 years Mr. How has been engaged with Mr. 
W. Shelford, M. Inst. C.E., on important engineering 
works, including the survey and construction of the Hull 


|} and Barnsley Railway, but with the practical retirement 
| from active business of his chief, Mr. How has decided 


to open new business on his own account at 15, Victoria- 
street, Westminster, 8. W. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Henry Bessemer and Co., Limited.—At the annual 
meeting of the shareholders in the above company, held 
at Sheftield on Monday, Mr. Charles Allen, chairman of 
directors, and a member of the Chamberlain Commis- 
sion, stated that the company’s Workmen’s Compensa- 
tion Fund had now assumed considerable proportions, 
and the directors hoped shortly to close it and compen- 
sate workmen out of the interest, Although their profits 
last year was only about 1000/. Jess than in 1902, the year 
had been one of uneasiness and depression. Both em- 
ployers and employed in the heavy steel trades had 
Sane from intermittent working, and this had led to 
reduction in profits. The depression was not owing to 
lack of demand, as that had been excessive. It had been 
a struggle for commercial supremacy against vexa- 
tious and unfair foreign competition, which was becom- 
ing more acute every year. e referred to the serious 
handicapping of trade in consequence of the dumping of 
foreign materials in this country, and said he believed 
conscientiously that they were merely on the fringe of 
what might be a very serious condition of affairs if the 
present tariff system was not altered. The Germans 
especially were encroaching on the industries, not only 
of this country, but of the Colonies as well, and many 
orders which they had been accustomed to receive of a 
profitable nature were gradually drifting into the hands 
of the Germans and Belgians. In their own little concern 
from 20,0002. to 30,0007. of labour were lost last year in 
consequence of foreign competition. Scarcity of work 
deteriorated the physical condition of the working 
classes, and especially the artisans. Intermittent em- 
ployment brought about indifference, carelessness, and 
slovenliness in work, let alone the effects of poverty on 
the wives and children. The report was adopted, anda 
dividend of 74 per cent. was declared. 


The Hull Coal Trade.—The return for January shows 
an increase in the total amount of traffic bstween the con- 
tributing collieries of 10,448 tons as compared with the 
corresponding month of last year, but a reduction of 
54,703 tons in the total exported. In January, 1903, 
however, the United States took 54,854 tons, and this 
year not aton. Last year’s traffic to the States was due 
to the dispute then existing between miner and mine- 
owner. The total exported this year represents a fair 
average tonnage. The total tonnage received at Hull 
during January amounted to 263,952 tons, as compared 
with 253,504 tonsa year ago. 

Tron and Steel.—The outbreak of hostilities in the 
East will seriously affect some Sheffield firms. There is 
a considerable amount of work on hand amongst them for 
Japan, and all recent contracts contain a ‘‘ war clause” 
to the effect that goods not actually shipped at the out- 
break of hostilities must remain in makers’ possession 
until the war is over. How long that may be cannot, 
of course, be told. Business in many of the heavy 
branches continues to taper off, and is quieter than has 
been known for years. It was stated some time since 
that a Sheffield firm had secured an order for a metal- 
mixer of 200 tons capacity for the Earl of Dudley’s Round 
Oak Works. They have since had placed with them an 
order from the Ebbw Vale Steel Company for one of 
750 tons capacity—the largest ever made. The iron, 
instead of running into pig, flows into the mixer, where 
by means of gas it is kept ina molten state and used 
for steel-making as required. 


The South Yorkshire Coal Trade.—The coal trade, 
taking it all round, is fairly well up to the average. The 
openness of the weather is admitting of business being 
carried on round the coast and also with the Continent, 
and prices remain steady. There is a moderate demand 
for steam coal, although the railway companies are only 
taking their contract quantities. There is an excellent 
business going on in gas coal, and common sorts are 
finding a ready market. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change here, and_ business 
was quiet, the principal topic of conversation being the 
crisis between Russia and Japan. At the same time a 
fairly cheerful tone prevailed, but at one time quota- 
tions for Cleveland pig iron were rather weak. Makers 
of foundry qualities of pig, all of whom have sold 
pretty well of late, were not pressing sales, but a 
fair quantity of forge kinds was offering. Deliveries of 
pig were reported to be on a satisfactory scale, the ship- 
ments being fully up to an average for this season of the 
year. At the close of the market No. 3 g.m.b. Cleveland 
pis iron was firm at 42s. 9d. f.o.b.; No. 1 was 438s. 9d.; 
No. 4 foundry, 42s. 74d.; grey forge, 42s. 44d.; mottled, 
41s. 9d.; and white, 41s. 6d. Early in the day, how- 
ever, purchases might have been made from second 
hands at 3d. per ton below the foregoing quotations. 
East Coast hematite pig iron was in rather better request 
in consequence of some improvement in shipbuilding, 
but producers complained that prices ruling left little or 
no profit to them. For early delivery of mixed numbers 
50s. 9d. was the quotation, whilst No. 1 was 5ls., and 
No. 4 forge 49s. Spanish ore was very strong. Rubio 
was fully 15s. 3d. ex-ship Tees, but there was very little 
doing, most consumers having made their contracts. _ To- 
day quotations were unaltered. 

Manufactured Iron and Steel.—In the manufactured 
iron and steel industries a few slight changes have oc- 
curred. Shipbuilding material istirmer, and an expected 
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advance in angles has been made. Inquiries for rails are 
poche and they are half-a-crown cheaper than a week 
ago. Market quotations now stand :—Common iron bars, 
6/, 2s. 6d.; best bars, 67. 123. 6d.; iron ship-plates, 6/. 5s.; 
iron ship-angles, 6/.; steel ship- plates, 5l. 103.5 steel ship- 
angles, 5.3 steel sheets (singles), 77. 17s. 6d.; steel sheets 
(doubles), 82. 78 6d.; steel joists, 5/. 5s.; and heavy sec- 
tions of steel rails, 47. 103.—all less the customary 24 per 
cent, discount, except rails, which are net cash at works. 


Coal and Coke.—Fuel, on the whole, is dull. Bunker 
coal is very plentiful and weak in price. Gas coal con- 
tinues in fairly good demand, and rates are unaltered. 
Coke is dull, quotations showing a decided downward 
movement. There is an abundance on the market. 
Average blast-furnace qualities are offered at 13s. 3d. 
delivered here, and as low as 13s. is said to have been 
accepted. Foundry coke for export may be put at about 
14s. 6d. f.o.b. 








NOTES FROM THE SOUTH-WEST. Ra 

Cardiff.—Steam coal has not shown much activity. 
The best descriptions for shipment this month are, how- 
ever, becoming scarcer, and this has involved an increased 
demand for secondary qualities, which have exhibited 
rather an upward tendency. The best large steam coal 
has made 14s. 6d. to 14s. 9d. per ton, while secondary 
qualities have made 13s. 6d. to 14s. per ton. The best 
ordinary household coal has been quoted at 14s. to 15s. 
per ton, while secondary qualities have made 10s. 6d. to 
13s. per ton. No. 3 Rhondda large has brought 14s. 9d. 
to 15s. per ton. Patent fuel and coke have shown 
scarcely any change ; foundry coke has been making 18s. 
to 18s. 6d. per ton, while furnace ditto has been quoted 
at 17s. to 17s. 6d. per ton. As regards iron ore, Rubio 
has been quoted at 13s. 9d. to 14s. per ton; Tafna at 15s. 
per ton, and Almeria at 14s, to 14s. 3d. per ton, charges 
including freight to Cardiff or Newport. 


Western Wagon and Property Company, Limited.— 
The twenty-fourth annual rage of this company was 
held on Saturday at Bristol, Mr. G. White in the chair. 
The report of the directors recommended a dividend at 
the rate of 10 percent. per annum, carrying forward 1837/. 
The chairman stated that a larger dividend could have 
been paid, but the directors had thought it well to employ 
1537/. of the net revenue of the past year in writing down 
the company’s simple hire wagons to 25/. each, although 
they were worth more, most of them being gcod 10-ton 
wagons. 

Coal for the Extreme East.—Since the commencement 
of this year, thirty cargoes of coal have left Cardiff for 
the Extreme East. The shipments to Hong Kong are 
estimated at 43,000 tons ; those to Japan at 55,000 tons ; 
those to Port Arthur at 33,000 tons; and those to 
Shanghai at 5000 tons. 


The Swansea Valley.—The blast-furnace at Landore is 
still idle. The tinplate trade is considered, upon the 
whole, to be keeping up well. The spelter factories are 
showing about their usual activity. The coal trade is 
considered to have slightly improved. An aerial railway 
connecting the Midland Railway with Graig Trebanos 
Colliery is now completed. 

Welsh Coal Areas.—A suggestion, by Professor Boyd 
Dawkins that the Government should purchase certain 
coal areas in the South Wales coalfield, and keep them 
in reserve for naval purposes is regarded favourably by 
some commercial men in the Principality. It is assumed 
that the areas so bought would not be worked except in 


the event of a failure or prospective failure of supplies | },, 


from the other collieries, so that the customary contracts 
would continue to be given out by the Admiralty to 
private owners. On the other hand, should it be known 
that any purchase negotiations were — on behalf of 
the Government, coal-owners would probably demand 
high prices for the desired areas. —— on the subject 
at Cardiff, Mr. D. A. Thomas, M.P., contended that for 
the cost of a single line-of-battle ship the Government 
could acquire an acreage of coal which, at the present rate 
of consumption, would last-the Navy for two centuries or 
more. 


Rhymney Railway.—The half-yearly meeting of tho 

ymney Railway Company was held at. Cardiff on 
Friday, when dividends of 8 per cent. on the ordinary 
stock (for the half-year), and 35 per cent. on the deferred 
ordinary stock (for the year), were declared. The chair- 
man (Sir Myles Fenton) described the improved trade 
facilities afforded by the company, and complained of the 
increasing burden of local rates. 


The Great Western and Motor-Cars.—The Great Western 
Railway Company is further developing its recently in- 
augurated motor-car service. Arrangements are now 
being made by which fourteen steam motors and twenty- 
five road motors will be running in June—the former on 
the railway, and the latter in various districts in which 
local traffic can be nursed. 


London and South-Western Ratlway.—The ratio of the 
working expenses to the traffic receipts of this system in 
the second half of last year was 56.81 per cent.,’ as com- 
pared with 56.85 per cent. in the second half of 1902. 
Lhe revenue of the Southampton Docks, which are owned 
by the London and South-Western Company, declined in 
the second half of last year 21,196/., but the working ex- 
penses were less by 19,2007. The falling-off in the revenue 
was due to the fact that in the eecond half of 1902 the 
docks were largely used by transports conveying troops 
returning from South Africa. During the past half-year 
steady progress has been made with works at Waterloo 
and other stations, and with widenings of the main line. 
The number of locomotives owned at the close of last 
year was 736, with 440 tenders. The number of vehicles 





used in the coaching department was 4163, and the nimber 
of vehicles used for the conveyance of merchandise and 
minerals was 14,087. The expenditure made for addi- 
tional working stock in the second half of last year was 
63,655/., carrying the total outlay under this head to 
5,493,5741. The aggregate expenditure on capital account 
to the close of 1903 was 47,551,333/. The cost of locomo- 
tive power in the second half of last year was 413,337/., as 
compared with 422,145/. in the second half of 1902. 
Maintenance of way and works involved an outlay of 
263,715. in the second half of last year, as compared with 
258,809/. in the corresponding period of 1902. The length 
of line maintained last year was 904 miles 8 chains, as 
compared with 899 miles 7 chains in the correspondin 
riod of 1902. Of the mileage maintained in the secon 

half of last year 269 miles 16 chains were single line, 580 
miles 37 chains double line, 12 miles 53 chains three lines, 
36 miles 61 chains four lines, 1 mile 16 chains five lines, 
2 miles 3 chains six lines, and 1 mile 62 chains seven lines. 
The aggregate distance run by trains in the second half 
of last year was 9,429,028 miles, as compared with 9,302,086 
miles in the corresponding period of 1902. 








DIAMONDS IN THE TRANSVAAL.—There are rfow four 
diamond mines in operation in the Transvaal. The value 
of the production, which is constantly growing, is at pre- 
sent about 500,000. per annum. 

Contracts.—The tender of the British Thomson- 
Houston Company, Limited, of Rugby, for the motors 
to be used on the trains of the Underground Electric 
Railways Company, of London (Metropolitan District 
Railway, &c.), has been accepted.—The Underground 
Electric Railways Company, of London, Limited, have 
decided to adopt the Westinghouse electro-pneumatic 
signalling system on the 15 miles of the Metropolitan 
District Tadlway. and have ordered the necessary plant 
for 200 signals, which is being made with all accessories 
be the Westinghouse Brake Company, Limited, at their 

ing’s Cross Works.—Messrs. Heenan and Froude, 
Limited, of the Newton Heath Iron Works, Manchester, 
have been awarded the contract for the extension of 
the Latter-street Wharf, Rangoon, and provisionally for 
the extension also of the Sule Pagoda arf at the same 

rt.—The Underground Electric Railways Company ‘of 
4ondon, Limited, have placed a contract for electric 
lifts for the whole of the Yerkes system of tube rail- 
ways with the Otis Elevator Company, Limited, 4, Queen 
Victoria-street, London, E.C. This is the largest con- 
tract for passenger lifts which has ever been placed in 
this or in any other country. The contract comprises 
about 170 lifts, each capable of raising a load of 10,000 Ib. 
(equivalent to about 65 passengers) at a speed of 200 ft. 
per minute, through shafts varying from 40 ft. to 180 ft. 
in depth. The underground stations will be fitted 
in most cases with four, and in some cases with six, lifts ; 
the majority of the shafts will be 23 ft. in diameter ; some, 
however, will be 30 ft. in diameter ; the small-size shafts 
will each contain two lifts, the larger size three lifts each. 
The lifts will be electrically operated from the Chelsea 
generating station, from which electric power will be 
furnished for the three railways comprising the system 
—namely, the Baker-street and Waterloo, the Charing 
Cross, Euston, and Hampstead, and the Great Northern, 
Piccadilly, and Brompton Railways. 





Tue ELECTROMOBILE COMPANY’S CARRIAGES. -— The 
Electromobile Company have now about 60. carriages of 
various patterns running in London, and they appear to 
giving every satisfaction. The main features of the 
carriages are the straight ‘‘chassis” and the underslung 
interchangeable battery. The frame is constructed of 
rolled channel steel, with attachments for the springs 
riveted on. The wheel-base is 7 ft. for all the carriages, 
and the track 4 ft. 6in. The battery is slung underneath 
the body, and has the great advantage that it can be de- 
tached in a few minutes when exhausted, and a freshly- 
charged battery put in its place. This is a great advan- 
tage, and is effected very easily. When a carriage re- 
quires the battery changed, it is run over a pit in the floor 
of the dépét, where, by means of hydraulic power, the 
battery is lowered down. A freshly-charged battery is 
then placed on the table of the hydraulic ram, and raised 
into position under the carriage and secured. The battery 
consists of 44 ‘‘contal” cells, and weighs about 10 cwt. 
Tt has a capacity of 135 ampere-hours, and affords suffi- 
cient power to propel a Victoria about 40 miles, and a 
double landaulet about 30 miles, over average roads. 
In the latter carriage the battery forms about 33 

r cent. of the total weight. The motor is of 
5 brake horse-power at 1500 revolutions per minute, 
but it can safely exert over 16 horse-power for short 
periods. The motor drives through a double train of 
double helical gearing to the differential, and thence to 
the hubs of the rear wheels by live shafts, which revolve 
in an external tubular axle. The carriages can be driven 
at forward speeds of from 3 to 15 miles per hour, and 
they each have two electric brakes and one reverse speed. 
An ingenious form of quick brake-switch is connected 
with the brake pedal, so that the electric current is broken 
before the brake is applied. Current from the street 
main is utilised for charging the batteries, but is trans- 
formed from 400 volts to 120 volts before the batteries are 
charged. The company have introduced a very complete 
arage system, by which their customers’ carriages are 
ooked after, and where, for a certain annual sum, a pur- 
chaser’s carriage may be housed, washed, cleaned, and 
lubricated ; and all the mechanical parts cf the carriage 
(not including the tyres) which require renewal in conse- 
quence of fair wear and tear, are maintained. The dépot 
where this garage system is now carried out in London 





is at 7, Curzon-street, Mayfair, W. 








MISCELLANEA. 


WE note that Mr. Edward Stanford, of Long Acre, has 
issued a capital map of Korea, showing clearly all the 
principal strategic vantage points. The price is 5s. 

The President’s address to the cee Society at 
8 p.m. to-night lang“ at the Royal College of Science, 
South Kensington, will be-on the ‘‘Theories of Micro- 
scopic Vision,” and will be illustrated by experiments. 


At the official Exhibition of the Automobile Club, to 
be held at the Agricultural Hall, London, next month, 
under the direction of Messrs, Cordingley and Co., a 
special section will be devoted to a display of heavy 
vehicles for municipal and public services. 


On Friday evening, January 29, a meeting of the 
Students’ eens. soe Metallurgical Society was 
held in the Technical Department of University College, 
when Mr. H. J. Davies read a paperon ‘ High-Speed 
Steam- Engines.” 

The next meeting of the Cold Storage and Ice Asso- 
ciation will be held at Caxton Hall, Caxton-street, 
Westminster, London, 8.W., on Thursday, March 3, at 
8p.m., when Mr. E. H. West, member, will read a 
paper on ‘‘Small Refrigerating Plant for Shops and 
Private Residences.” Tickets of admission may 
on application to the hon. secretary, 19, Ludgate-hill, 
London, E.C. 


A demonstration of the fire-resisting qualities of uralite 
took place at the cement works of Messrs. Currie and Co., 
Limited, Cathcart-street, Glasgow, on Monday last. Build- 
ings and other structures of wood, protected by uralite, 
resisted perfectly a very fierce fire, whilst similar struc- 
tures unprotected were destroyed in a few minutes. The 
contents of a wooden deed-box —- by uralite were 
— uninjured after the box had been exposed to the 

ames for over one hour. 


A considerable amount of interest has been shown in 
connection with the forthcoming side-slip trials to be 
held by the Automobile Club, and a private track has 
been kindly lent for the purpose of making the tests. We 
are asked to remind competitors that the last day of 
entry is February 29, and that drawings of the devices 
to be submitted must be sent in by that date. The first 
prize will be 100/., or possibly up to 200/., if the device 
1s considered worthy, and other prizes will be given 
according to the merits of the devices. The actual trials 
will take place about March 25. 


The third meeting of the session of the Bristol Asso- 
ciation of Engineers was held in the Imperial Hotel, 
Clifton, on Saturday last, the President, Mr. J. S. Martin, 
His Majesty’s Inspector of Mines, in the chair, when a 
paper on ‘‘ The Development of Electrical Machinery” 
was read by Professor Robertson, of the Merchant Ven- 
turers’ Technical College. In the discussion which 
ensued, Mr. Frank Brain gave an account of his experi- 
ence of electrical driving in the colliery he is connected 
with, about twenty years ago, using the old A Gramme 
machine, and stated that even that old plant had saved 
its cost in a couple of years’ working. 


It may interest our readers to know that, with the 
approval of the Council of the Sanitary Institute, Mr. 
Scott-Moncrieff’s sewage-testing, apparatus can now be 
seen in the Parkes Museum. The apparatus has been 
designed for the purpose of obtaining exact information 
upon which to base bacterial sewage-disposal schemes, 
particularly as to (1) the depth of filter required to 

roduce the necessary standard of purity in the effnent; 
(5) the quantity of air a for the life-processes of 
the organisms in the filter; (3) the correct rate of flow per 
unit of filter-bed surface in order to obtain the. best 
results; and (4) the best period of rest. between: each 
ae to prevent gelatinous growths in the filtering 
material. 


The first of the North-Eastern Railway motor coaches, 
after preliminary tests, went through a very satisfactory 
official test run of 60 miles on their main line on Thurs- 
day, the 28th ult. This coach was fitted with the first of 
the new “‘ Wolseley ” 80-brake-horse-power petrol motors, 
constructed by the Wolseley Tool and Motor-Car Com- 
pany, Limited, Birmingham, who, we understand, are 
prepared to supply either the engines or complete coaches 
on this or similar systems. The coach ran through the 
60 miles non-stop without a hitch. The petro? consump- 
tion was approximately 1 pint per brake. horse-power 
hour. A speed of nearly 40 miles per hour was frequently 
attained, and the 60 miles test-run was accomplished at 
about 30 miles per hour ave speed, including four 
stops and starts. The coach climbed a bank-1 in 95 on 
each journey without any~ difficulty whatever. The 
weight of the coach is about 35 tons. 


The Marine Rundschau contains an article on the 
laa: lines of development of the medium artillery in 

ttleships, in which it is stated that the vast improve- 
ment in the quality of armour-plates, by, which an equal 
thickness of plate offers a much greater resistance to shot 
and shell, and the increase at the same time in the dis- 
placement of —— permits, among other thin 
of an increase in the calibre of the medium artillery. i 
particular the writer refers to the 6;7-in. guns of the 
German a the place of which guns in ships yet 
to be built should, as far as possible, be taken by guns 
of at least 8.27 in. (210 millimetres), in order to cope with 
the increased range of the torpedo, It may be too late 
to do this in ships of the ‘‘N ” class, which class follows 
on that of the Braunschweig class, if the principle of 
— homogeneity in ships of a class is to continue to 
nold good ; but medium artillery of heavier calibre might 
vel be jnmodaced in the ‘'S” class, which is to follow 
the ‘‘N ” class. 
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HYDRAULIC CRANES AT THE TOWER WHARF. 
CONSTRUCTED BY MESSRS. FIELDING AND PLATT, LIMITED, ENGINEERS, GLOUCESTER. 


(For Description, see Page 224.) 
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OFF-SHORE FLOATING DOCK FOR THE RETHERST]p¢q cH 


CONSTRUCTED FROM THE DESIGNS OF MESSRS. CLARK AND STANDFIELD, ENGINERR , yINSTE 


(For Dewriilie, Page 2 
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street, Strand, London, W.C., or toour accredited Agents for the 
United States: Mr. W. H. Wiley, 43, East 19th-street, New York, 
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thin and 10 dollars for thick. 
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American firms desirous of advertising in ENGINEERING are 
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~~“ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line. The 
line averages seven words. pi cere must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. Serial 
advertisements will be inserted with all practicable regularity, but 
absolute regularity cannot be guarante 

Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition 
alterations for standing Advertisements should be 
received not later than 1 p.m. on Wednesday after- 
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Foreign and Colonial Subscribers receiving incomplete copies 
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Publisher, together with the agent’s name and address. 

Offices for Publication and Advertisements, Nos. 35 
and 36, Bedford Street, Strand, London, W.C. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE Address, and 
that no connection exists between this Journal and 
= other publications bearing somewhat similar 
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Steiger, M. Inst. C.E. 
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WAR! 

Tue long-expected war in the Far East has at 
last commenced ; the miracle of diplomacy for which 
we scarcely dared hope up to Tuesday last has not 
intervened, and the world is about to witness the 
appalling tragedy of a contest between two Powers 
possessing all those terrible implements of slaughter 
with which civilisation has armed strife. Now the 
horror of the thing is once more brought home to 
us, it is almost with despair that we contemplate 
civilisation finding no other means of settling 
disputes than by destroying human life; at all 
other times so carefully guarded. But, in a crisis 
such as this, once the sword is drawn, such thoughts 
must be quickly dismissed ; for even those who 
would shrink most from shedding blood must 
acknowledge that there are worse evils than war. 





than is yet in sight, and there is established that 
universal tribunal among nations of which idealists 
dream, countries must be prepared to defend their 
rights by the sword. It is well, therefore, to 
abandon moralising, and be prepared to profit by 
the lessons that will “offer, so that, by greater pre- 
paration, we may avoid war in the future, and be 
thankful that, for the present, these lessons-are 
not set at the expense of our fellow countrymen. 

We have not had long to wait for the first of the 
lessons. It is one frequently set forth in these 
columns : the immense possibilities of the torpedo. 
Such details as have yet arrived of the Japanese 
attack on Port Arthur must have been read by 
everyone, and, though they are meagre, the broad 
lesson is plain. By the torpedo a great naval vic- 
tory has been gained, without cost to the victors, and 
of such a nature that it may, perhaps, decide the 
whole issue of the war. We must, however, avoid 
the danger of over-estimating the value of the tor- 
pedo through this one success. The weapon is 
essentially, when operated from boats, one of sur- 

rise ; and for a ship to be surprised in war argues 
ack of vigilance. The few successful torpedo attacks 
recorded in history have been effective through the 
unpreparedness of the enemy, and though Russian 
accounts say that ‘‘the approach of the Japanese 
torpedo-boats was met by a timely concentrated 
fire from our warships,” through other sources of 
information we learn that the Japanese attack was 
not expected for three or four days, that lights 
were burning, and the lighthouse was in-use as 
usual, Moreover, three explosions, evidently of 
torpedoes, were heard before the firing commenced, 
and before the Russian searchlights were made to 
play. The report of the correspondent who gives 
these particulars to the New York’ Herald is too 
|detailed, and-also too much in accordance with 
| probabilities, to be open to much doubt. He was 
'not confused by the excitement of battle, as ‘he 
|was on board a merchant steamer ; and, more- 
,over, until early the next morning he was under 
|the impression that the firing was simply due to 
| exercise or manoeuvres. 
| Those who have had experience of the two 
| belligerent Powers will recognise the greater proba- 
| bility of the latter narrative, and willbe able to pic- 
| ture the alert and eager Japanese sailors hastening 
|to attack their more leisurely foe. After all, it is 
| personnel that tells; the motive power of all the 
marvellous mechanism of destruction that modern 
Science has evolved is the human will. Japan 
iseems to have evolved a system of naval adminis- 
| tration in which strict discipline is‘maintained, and 
| yet zeal is preserved. The Japanese sailor has an 
|interest and pleasure in his duties, and exultation 
|in overcoming difficulties accompanied by hardship, 
| Which is also a characteristic of the British and 
| American sailor. So far as our observation goes, 
it is not shared to the same extent by the sailors 
of any other nation. In torpedo-boat work—which 
in modern warfare has taken the place of the old 
cutting-out expeditions—these qualities are espe- 
cially apparent and more particularly valuable. 
When the qualities we have enumerated are com- 
bined with patient industry, intelligence, and un- 
daunted courage in the hour of battle, we have the 
perfect type of warrior for eitker land or sea. 

The Russian character is different. No doubt 
with so vast an empire, including so many different 
peoples, natural characteristics vary ; but the iron 
rule of the military service appears to mould the 
rank and file to one type. Of the patient industry 





|and enduring courage of the Russian fighting-man 
|many notable examples are recorded in history. 


He will suffer extreme hardship with uncomplaining 
endurance, obeying orders to the letter though not 
in the spirit, or, perhaps, one should say, without 
spirit. What we have said refers to experience in 
times of peace, when, however, there is often 
much hardship and occasionally real danger, espe- 
cially in torpedo craft. Russian patience will, 
however, as we know, give place to rage when the 
soldier is once roused by the fury of battle ; but 
that is a poor substitute for cool intrepidity, or 
the desire to sink, slay, and destroy in order to 
win, which is characteristic of the more competi- 
tive races. 
We have dealt here with the question of personnel 
first, because it is the chief element in a navy, 
although one generally least considered, or, perhaps, 
we should say, least discussed. That is not sur- 
prising, because there is so little material for dis- 
cussion during peace, and hitherto we have had no 





Until all races of mankind reach a higher plane 
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rifled ordnance dawned. It is easy to count battle- 
ships and cruisers, though that is only a part of the 
tale ; but to estimate the relative values of the per- 
sonnel of two forces needs more than lists and tables, 
until the test of war gives the unanswerable record. 
It must be remembered, however, that battles are 
won and lost before war is declared ; actual hosti- 
lities are only the proof. This applies to personnel 
as well as to matériel ; to men as well as to ships 
and guns. No one is better able to appreciate this 
—at any rate, among civilians—than the engineer, 
who knows that a good workman with poor tools 
can do better work than will be produced with the 
best mechanical appliances unskilfully directed. 

The Japanese have been fortunate, so far, in 
getting their two newly-purchased armoured 
cruisers to the East, and their recent triumphs 
have placed them in a position of undoubted 
superiority afloat. The disabling of the two 
largest and most powerful battleships of the 
Russians—Tsarevitch and Retvizan—and of the 
Pallada, a protected cruiser, also of recent date, by 
the torpedo operations might in itself have been 
sufficient to turn the scale; but if the later successes 
reported are confirmed, it would appear that an- 
other large battleship—the Poltava—of about 11,000 
tons, and also of fairly recent date, having been 
completed in 1898; a cruiser of 6630 tons, the 
Diana, completed in 1902; another cruiser of about 
the same size, the Askold, completed in 1901 ; and 
still another cruiser of a similar description, com- 
pleted in 1900, have also been put out of action. 
To these must be added the Variag and Korietz, 
sunk outside Chemulpo. The disablement of any 
one of these vessels would in itself have been 
a notable triumph at this early stage of the 
war, but the disablement of even those of which 
we have undoubted particulars is a victory for 
Japan which is without parallel in naval records. 
No doubt the majority of the injured ships are 
capable of repair, but even under favourable cir- 
cumstances that would occupy a _ considerable 
period of time. At Port Arthur there is only one 
dock, and the engineering facilities are said to be 
inadequate for any extensive work. It may be, of 
course, that Russia, perhaps by the operations of 
her torpedo flotilla, will do something towards 
equalising the forces; but it appears hardly pro- 
bable that the Japanese sailors will allow oppor- 
tunities for surprise which are essential to these 
methods of attack. 

It seems more than probable, therefore, that 
Japan will rule supreme in Eastern waters, for a 
time at any rate, as she has a modern homogeneous 
fleet of preponderating power. The anxious ques- 
tion for ourselves is whether Russia, stung by re- 
verses inflicted by a foe she has despised, will endea- 
vour to concentrate all her available naval force in 
the East, and determine to ignore treaties by bring- 
ing her Black Sea fleet through the Dardanelles. 
What that would mean is pretty generally under- 
stood. It might involve a war, the magnitude of 
which the world has never seen, exceeding even 
the upheaval caused by the ambition of the first 
Napoleon. Under these circumstances it is com- 
forting to notice that the good intentions of the 
United States Government in endeavouring to 
isolate the quarrel have been well received by 
European Powers. 

If, as can hardly be doubted, the Russian ships 
in the East are confined to their ports, we shall see 
a striking example of the supremacy of sea power, to 
which attention has been so prominently drawn in 
recent times by Captain Mahan. The Russian land 
forces in the East are chiefly concentrated near the 
mouth of the Yalu River, whichruns southwardacross 
the base of the Korean Peninsula. Thisposition would 
be guarded on the west by a fleet concentrated at 
Port Arthur, and the Japanese could not, without 
running an unwarranted risk, have attempted to 
land troops in the Yellow Sea, so near the Russian 
naval base, had the fleet of the latter Power re- 
mained intact, even though the Japanese might 
have been the somewhat more powerful naval force. 
To reach the Russian army, therefore, the Japanese 
army would have had to land on the eastern side and 
make the difficult march of about 200 miles to the 
Yalu River. With the disablement of so important 


a part of the Russian fleet, Japan will be able to 
choose her own point for disembarking troops, and 
will have a base of supply on the coast which will 
be, beyond everything, valuable. 

Russia, on the other hand, will be dependent on 
the single thread of the Trans-Siberian Railway 
fur reinforcement and supplies of war. 


How long 





the railway will remain unobstructed, those who 
remember our own difficulties in this direction in 
South Africa will be well able to judge. It is true 
that the Manchurian line does not pass through a 
country directly hostile, as was the case with our 
communication during the Boer War ; but we know 
that a line of railway is a terribly vulnerable thing, 
and that a stretch of thousands of miles needs a 
force almost prohibitive to guard it against the 
attack of an enterprising foe. 

We do not, however, propose to discuss the 
strategical aspect of the war. At present it would 
seem that Japan holds the commanding position, 
in spite of the almost overwhelming preponderance 
of the Russian Empire in numbers. It is true 
that Japan can do little to injure the vast bulk of 
Russia excepting by checking her expansion east- 
ward ; but that is Japan’s object in having recourse 
to hostilities. 

It would be premature to conclude that the 
naval interest in the war has been brought to a 
close by the successful results so quickly achieved 
by Japan, and that naval strategists of other 
nations will again be baulked of the lessons they 
confidently expected to learn. In the immediate 
future, however, soldiers will probably gain most 
instruction, and attention will be chiefly turned to 
the land forces. These operations are not likely to be 
so quickly decisive ; but whatever happens, it is to 
be hoped that the war will not drag on for a long 
period, and that the nations will be able to settle 
down to peaceful avocations without the fear of a 
general conflagration at any moment. The Japanese 
troopsare likely to give as good an account of them- 
selves as their naval compatriots. During the recent 
Chinese troubles they proved their high military 
virtues, conspicuous among them being their self- 
restraint. It was noticeable that among the forces 
of the Christian countries, they—the only non- 
Christian race engaged — showed themselves to 
possess to a higher degree those qualities of honesty 
and humanity which we have always considered 
essentially the outcome of Christianity. 








SHIPBUILDING STATISTICS AND 
THEIR SIGNIFICANCE. 

Tue shipbuilding industry lends itself admirably 
to statistical purposes, and now that the ship- 
builders and marine engineers, not only of the 
United Kingdom, but of the Continent and 
America, and even of the Far East, are furnishing 
annual returns of their productions, it is possible 
to get a fairly accurate idea of the shipbuilding 
progress of the various countries. This is espe- 
cially the case this year, for the various reports 
and statistics recently published constitute probably 
the most complete record ever yet compiled of the 
world’s shipbuilding and marine engineering. 

The first significant deduction to be made is 
that Britain’s place as the foremost shipbuilding 
country of the world is practically assured for a long 
time to come ; that, notwithstanding the competi- 
tion of other countries by the development of 
their industries, half the total shipbuilding ton- 
nage of the world is still constructed in the 
United Kingdom. The total foreign output for 
last year was slightly less than that for 1902 ; but in 
any case we are inclined to agree with Mr. Cramp, 
of Philadelphia, that the shipbuilding position of the 
United Kingdom is at present unassailable. We 
see no signs of weakening in our position of supre- 
macy in this great industry, in spite of foreign 
competition. The German shipbuilders have un- 
doubtedly made considerable progress ; yet, not- 
withstanding the lower rate of wages and the longer 
hours of their workmen, they are unable to build 
as cheaply as we can ; and with regard to our other 
competitors, we have at present nothing to fear, 
nor are we likely to have fur many years to come, 
if we keep our plants and works up to date, and 
show ourselves possessed of the same enterprise 
and resource that have distinguished our ship- 
builders and engineers in the past. As for American 
shipbuilding, it passed through a severe trial last 
year, and is at present in anything but a sound or 
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units adopted in electric stations, the marine type 
has been found adaptable. Moreover, several firms 
have taken up the construction of the engines for 
utilising blast-furnace gas for internal combustion. 
Last year engines totalling 35,000 indicated horse- 
power were made for land service by marine firms 
as indicated in our article in our issue of J anuary 1 
(page 12 ante). This development, which has widened 
the clientele of some firms, and has so far assisted 
towards continuity of work, has, however, intro- 
duced another difficulty in the compilation of 
statistics. With these engines included, the figures 
are misleading if they are presented as marine en- 
gineering production. We have carefully pointed 
out all such instances where we were cognisant of 
all the facts, and we are indebted to those firms 
who placed us in the position todo so. Thus on 
page 62 ante, in referring to the output of North- 
East Coast engineering firms, we pointed out that 
whereas Messrs. Richardsons, Westgarth, and Co. 
are credited with 82,600 indicated horse-power, their 
return includes 27,560 as the indicated horse- 
power of gas-engines, electric power-engines, steam 
blowing-engines, boilers, &c., which had nothing 
to do with marine engineering, so that the horse- 
power of their marine work—which is all that should 
be taken into account in this connection—is 55,000, 
instead of the higher figure above mentioned. 
The Wallsend Slipway and Engineering Com- 
pany’s return also includes, as pointed out by us, 
6600 indicated horse-power for land engines—viz., 
those for the Manchester Corporation electric tram- 
ways. One or two other firms-—notably the Cen- 
tral Marine Engine Works, of West Hartlepool—- 
included similar engines. Again, as already stated 
in our issue of January 8 (page 62 ante), some 
firms include the horse-power of boilers, although 
they had not made the machinery for these. 
Where we had clear indication of this we ex- 
cluded the power thus in part accounted for ; but 
some firms, which need not here be named, try to 
include boilers in their total indicated horse-power 
in such a way as to prevent any deduction being 
made forthem. This inclusion, reckoned by several 
of our contemporaries in preparing records of the 
years’s work, of boilers and various kinds of 
machinery of an entirely distinct character from 
marine engineering, probably gives a better idea of 
the particular firm’s enterprise and the extent of 
their operations ; but land engines should not be 
included in returns relating to marine work, nor 
should boilers be classed at their indicated horse- 
power where no engines are supplied. All who 
review the annual returns could render a distinct 
service to statistical accuracy by excluding from their 
reports on shipbuilding and its allied industry any- 
thing that does not strictly pertain toit, and also by 
rearranging where necessary the returns furnished 
by the various firms in such a way as may be neces- 
sary to show their exact relative position, and make 
the figures, as a whole, a correct record of the 
growth or decline of the industry during the period 
under review. 

Another source of inaccuracy in the records of 
some of our contemporaries is the practice of 
coupling indicated horse-power with the tonnage 
returns of builders who do not construct marine 
engines, but obtain machinery outside their own 
establishment. This leads to considerable con- 
fusion, and, moreover, the power of engines so 
recorded appears twice, being included also in 
the return of the engineering firm. For instance, 
Sir W. G. Armstrong, Whitworth, and Co. 
are credited in some reports (but not in Enct- 
NEERING) with the production of 75,200 indicated 
horse-power, which, of course, is quite erro- 
neous; not being marine engineers, they do not 
construct the machinery for any of the ships they 
build. Messrs. Hawthorn, Leslie, and Co., as 
stated in ENGINEERING, page 62 ante, supplied 
them with the machinery for H.M.S. Hampshire 
(21,000 indicated horse-power) and the Abdul 
Hamid (12,500 indicated horse-power), and with the 
boilers for the Amethyst. The Wallsend Slipway 
Company supplied them with engines aggregating 
15,560 indicated horse-power, the North-Eastern 


flourishing condition as regards the construction of | Marine Engineering Company also constructed some 


ocean vessels. 


of their machinery, and Messrs. Humphrys, Ten- 


Another significant feature is the extent to which | nant, and Co. engined theSwiftsure, or Constitucion, 
marine engineers are engaging in the production las this battleship was at first designated. Other 


of stationary machinery. 


In the old days of | similar instances of inaccuracy in the records of our 


Robert Napier and David Elder, land and marine | contemporaries could be given. 


work were closely associated ; the latter was origi- | 
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nally a development of the former : but later there Messrs. Hawthorn, Leslie’s output is exactly 50,000 


was a complete severance. 
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by some of our contemporaries with 27,200 addi- 
tional indicated horse-power, or 77,200 in all, 17,400 
of it being the horse-power of engines supplied by 
other firms, and, of course, also included in the 
returns of those firms, while 9800 is in respect of 
the Amethyst, already referred to, and for which 
they only supplied the boilers, the Parsons Com- 
pany constructing the turbine machinery. All 
this was, however, made quite clear in the firm’s 
return, so that it is the statistician who is at fault 
in this case. The foregoing are some of the criti- 
cisms we think it well to offer in the interest of 
accuracy in making up the marine engineering re- 
turns in future; and with regard to tonnage, we 
think it would not be out of place to offer one or 
two suggestions on this point also, although of late 
years there has been a good deal of improvement 
in the furnishing of the returns. 

Some of the builders still give tonnage with erec- 
tions, although, as a rule, the Board of Trade 
tonnage is the only reliable basis of comparison in 
merchant steamers. For this latter we have made 
application in general terms to all firms, and by 
special request—but without avail—to those firms 
who appear in our list with the tonnage including 
erections opposite their name. Such exceptions 
are very few. We named them in our previous 
article so far as we knew them, and we hope they 
will come into line in future. It is satisfactory to 
observe also that the Board of Trade tonnage is the 
basis now recognised by the Glasgow Herald and 
other leading papers at the shipbuilding centres in 
the compilation of these annual statistics. The New- 
castle Chronicle, however, in their annual report in- 
clude the tonnage with erections, and in doing so they 
placed fourth on their list Messrs. Workman, Clark, 
and Co., Limited, of Belfast, who very properly 
sent us both tonnages. It is, of course, quite open 
to builders to send in tonnage including erec- 
tions if they wish to do so; but the Board of 
Trade gross register is the only tonnage that 
should be recognised as the basis for compari- 
son in merchant steamers, and we hope to have 
from all firms the Board of Trade tonnage, with 
or without the measurement including erections. 

Another difficulty is the inclusion or exclusion of 
structures that are not really ships, although they 
may be the work of shipbuilders. Regarding the 
latter point, there is not so much to complain of in 
the present review as on former occasions; but 
7472 tons of the tonnage of Messrs. Swan, Hunter, 
and Wigham-Richardson, Limited, who are second 
on the list, relate to a floating dock and floating 
workshop for Durban. Perhaps a fair rule—al- 
though a somewhat arbitrary one—would be to 
include only such structures as are launched and 
perform their functions afloat. A difficulty in 
making accurate comparison is created where firms 
do not engine as well as build the ships. The two 
firms at the top of the list offer illustration. Messrs. 
Swan, Hunter, and Wigham-Richardson, Limited, 
who are second in respect of tonnage, obtained a 
great part of their machinery outside their own 
works, so that Messrs. Harland and Wolff's posi- 
tion, with their 110,463 tons and 100,400 indi- 
cated horse-power constructed in their own works, 
is all the more commanding. 

Taking the returns altogether, however, they 
have this year been very complete, and we cannot, 
when writing on shipbuilding statistics, refrain 
from congratulating the editor of the Glasgow 
Herald especially on the admirable supplement 
of December 31 last. In this record inaccuracy 
has been guarded against with singular success, 
except that we notice they include H.M.S. Rox- 
burgh in the London and Glasgow Shipbuilding and 
Engineering Company’s return, although, as they 
themselves state, that vessel was not to be launched 
until the middle of January; but they have avoided, 
for the most part, the errors of other tabulators to 
which we have referred, and the result is a most 
complete and admirable review of the world’s 
shipbuilding for 1903. 








THE ALLOYS RESEARCH 
COMMITTEE. 

WHATEVER revelations and surprises the future 
may have in store for engineers, we cannot help 
thinking that some of the most useful, if not the 
most startling, will be due to the untiring labours 
of the Alloys Research Committee of the Insti- 
tution of Mechanical Engineers, whose guiding 
spirit was the late Sir William Roberts-Austen. 
Who would have thought only a few years ago that 





the microscopical researches of various earnest mén 
would have revealed all that they have done of the 
internal constitution of iron and steel ; or who would 
have ventured to predict that the discovery of 
the thermo -couple pyrometer, whereby high 
temperature can be read with exactitude, would 
be the prelude to discoveries the importance of 
which can be as yet only dimly seen? To the engi- 
neer of ten years ago, even though he were a man 
conversant with all known processes of iron and 
steel manufacture, the words ‘ferrite,’ ‘‘ cemen- 
tite,” ‘‘ pearlite,” ‘‘ austenite,” and ‘‘ martensite ”’ 
would not have conveyed any intelligible meaning. 
Yet to-day in the lecture-halls of our engi- 
neering societies these are becoming household 
words. True, there are those to whom they 
convey but little meaning even now; but time 
will rapidly change this, and our engineers, 
through the researches of such men as Stead, 
Arnold, Hadfield, and others, will become familiar 
with the lessons taught by the investigations 
now going on, more particularly, perhaps, with 
regard to iron and steel, until they are able 
to produce material having given properties 
for certain purposes, with an exactitude which 
a few years ago would have heen deemed little 
short of impossible. All this is well, for the more 
earnestly we strive after knowledge of this kind, 
the better able shall we be to hold our own in the 
struggle of thenations. In view of this fact it is highly 
satisfactory that, in this particular branch of know- 
ledge, the younger members of the profession have 
not been forgotten. We refer to the lecture 
delivered by Mr. W. H. Merrett, A.R.S.M., to the 
graduates of the Institution of Mechanical Engi- 
neers on the evening of the 8th inst., on the 
‘* Alloys Research Committee.” In this lecture 
the salient points of the work of the Alloys 
Research Committee during the last few years 
were dealt with, as well as matter not referred to 
in the Proceedings. The early portion of the 
lecture was more or less historical, bearing on 
the work done by the late Sir William Roberts- 
Austen and Sir William Anderson ; and it showed 
clearly how impossible the work would have 
been but for the discovery of the thermo- 
couple recording pyrometer, by means of which 
an exact register of high temperatures can be 
taken. As is now well known, the action of 
these pyrometers depends on the electric cur- 
rent which is produced when a thermo-couple, 
formed of platinum on the one side and platinum 
iridium on the other, is raised in temperature ; 
the current produced deflecting a galvanometer 
which carries a mirror. The galvanometer and 
mirror are placed in a dark box, through a hole in 
which a ray of light falls on the mirror from a lamp 
outside the box. This ray of light, when it is 
reflected from the mirror falls on a photographic 
plate, which, as the ray of light moves along it 
owing to the mirror being deflected by the electric 
current, records automatically any temperature that 
may be obtained. 

By means of diagrams the typical freezing-points 
of pure metals and of a metal containing eutectic 
were shown ; also the best form of crucible to be 
used when carrying out experiments on molten 
metals was described, as well as the best way of in- 
serting the thermo-couple in the metal. 

Among other things, the lecturer described how 
sodium will pass through plain glass from sodium 
amalgam to pure mercury, and the glass will remain 
quite clear ; while with lithium amalgam, although 
the lithium would pass through the glass, the latter 
became brittle. Some very interesting curves of 
copper-tin alloys were exhibited for the first time, 
and these showed that in some cases the alloy has 
three freezing-points. 

When touching on the fourth report of the 
Alloys Research Committee, the lecturer explained 
how it had been discovered that the strength of 
alloys of metals of different atomic volumes was 
much higher than that of alloys in which the atomic 
volumes of the metals forming it were the same. 

Interesting as the whole of the researches of the 
Committee are, we cannot help thinking that—to 
engineers, at any rate—the equilibrium curves of 
the carbon-iron series are particularly so ; and it 
is little short of marvellous what an intimate know- 
ledge has been gained of the behaviour of different 
alloys of iron and carbon, while passing from the 
molten state to the solid, and it is not always easy 
to grasp the idea that steel obeys the ordinary laws 
of solution. 

Mr. Merrett showed by means of numerous lantern 





slides the wonderful effect produced on steel by 
different methods of heat treatment, and explained 
how it was that a certain steel, if treated in one way, 
might appear quite worthless for the purpose for 
which it was intended ; while, if treated in another 
way, it would prove to be all that could be desired. 
And this is what the Research Committee are doing 
for engineers, to tell them how exactly to treat 
different steels for different purposes, and in so 
exact a manner that certain results can be relied 
upon to follow certain treatment. We are not at 
all sure that engineers yet quite appreciate the full 
benefit that is likely to accrue from this. It ap- 
pears to us vast in its far-reaching results, and we 
look forward with keen anticipation to what the 
next few years may bring forth. The whole out- 
look is one of much promise, and is surrounded by 
so many issues that it is quite impossible to foresee 
whither the present course of investigation may 
tend. 








GREATER LONDON RAILWAYS. 

Ong striking fact—perhaps the striking fact—in 
connection with Greater London Railways has been 
the recovery in the passenger traftic of the Metro- 
politan and the Metropolitan District systems from 
the depression occasioned by the invasion of the 
Central London in July, 1900. The number of 
passengers carried year by year over the Metro- 
politan and the Metropolitan District during the ten 
years ending with 1903 inclusive was as follows :— 


Year. Total. 
1894 128,385,746 
1895 128,318,069 
1896 131,131,305 
1897 136,680,884 
1898 134,593,327 
1899 136,562,606 
1900 132,808,279 
1901 125, 940,990 
1902 133,078, 417 
1903 142, 413,982 


It will be observed that a sharp reduction in the 
passenger movement was the immediate result of 
the opening of the Central London, and that this 
reduction was still more severely felt in 1901. In 
1902, however, a substantial rally occurred, which 
assumed still more importance in 1903, the business 
of the Metropolitan District having been assisted 
last year by the opening of the Whitechapel and 
Bow, as well as by a substantial reduction in fares. 
It may be interesting to record the yearly move- 
ment of passengers over the City and South London 
and the Central London lines during the ten years 
ending with 1903 inclusive. The yearly totals 
come out as follow :— 


Year. Total. 
1894 6,662,803 
1895 6,285,637 
1896 6,561,152 
1897 6,775,671 
1898 6,941,791 
1899 6,983,040 
1900 24,105,481 
1901 54,085,017 
1902 64,374,429 
1903 63,176,500 


The later totals were swollen by the extension of 
the City and South London to Moorgate in Nov- 
ember, 1900, and Clapham Common in June, 1900 ; 
while the Central London was brought into opera- 
tion at the close of July, 1900. On the other 
hand, the traffic of the City and South London was 
adversely affected last year by the competition of 
London County Council tramways, while the 
Central London also suffered from the reduction 
in Metropolitan and Metropolitan District fares, - 
the cessation of the attraction of novelty, and the 
terrible accident on the Paris Metropolitan. If we 
combine together the passenger traffic of the four 
London systems during the decade, we shall find 
that an enormous extension has taken place during 
that period :— 


Year. Aggregate, 
1894 135,048,549 
1895 134, 605,7 
1896 137,692,457 
1897 143, 456,555 
1898 141,535,118 
1899 143,545,546 
1900 156, 913,760 
1901 170,026,007 
1902 197,452,846 
1903 205,590, 482 


If we compare what may be termed the London 
underground movement of 1903 with that of 1894, 
we arrive at the vast increase of 70,541,933. This 
great result is, of course, explained, to some extent, 
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by the growth of London’s population during the ten 
years; but it is probably still further accounted 
for by the increasing tendency of London people 
and London visitors to avail themselves of under- 
ground means of locomotion. We have taken no 
account of passengers travelling by season tickets, 
although these represented, of course, a consider- 
able further movement. But while our figures 
show that underground railway trattic has acquired 
an astonishing development in London, the open- 
ing of the Great Northern and City, the Great 
Northern, Piccadilly, and Brompton, and other lines, 
will, no doubt, secure a great further expansion in 
future years. 

We proceed to give a few details with regard to 
these new lines. The Harrow and Uxbridge, which 
is being constructed under the auspices of the 
Metropolitan, is expected to be opened during the 
current half-year. Some delay has occurred in the 
completion of this line, and this has rather seriously 
interfered with the development of traffic upon 
the Metropolitan District Company’s Ealing and 
Harrow branch. In accordance with powers con- 
ferred upon the Metropolitan District Company 
and the Great Northern, Piccadilly, and Brompton 
Company, an agreement has been entered into 
under which the Brompton Company is now con- 
structing a portion of the deep-level railway from 
South Kensington to West Kensington, including 
the junction between the two railways; and the 
works are making rapid progress. Provision is 
made in a Bill which the Metropolitan District 
Company is promoting in Parliament this session, 
for widening the lines between West Kensington 
and Hammersmith, so as to provide four sets of 
rails; a new station is also about to be erected 
at Baron’s Court-road. The Great Northern 
and City line is ready for traffic. Negotia- 
tions are proceeding for an extension of the City 
and South London to King’s Cross, St. Pancras, 
and Euston, so as to establish closer communica- 
tion with the termini of the Great Northern, the 
Midland, and the London and North-Western. 
An inquiry by a Royal Commission on the general 
question of the future provision for London traftic 
is proceeding ; and in view of a statement in the 
House of Lords that no Bills for new tube lines 
would be dealt by Parliament in the session of 1904, 
the Central London has not submitted any applica- 
tion to the Legislature this year. An additional 
sub-station of the Central London at Bond-street 
has been practically completed and will be shortly 
brought into service. A large fan, introduced at 
Shevherd’s Bush, is now in regular working, with 
the result that the air in the tunnel has been con- 
siderably improved. The new self-contained cars 
now running on the Central London have been 
found to work satisfactorily. 

The electrification of the original lines of the 
Metropolitan and the Metropolitan District, which 
is now being proceeded with, is, of course, a 
matter of considerable interest. The building of 
the power-station of the Metropolitan at Neasden 
has been practically completed, and the station is 
ready for the reception of machinery, which is 
being constructed at the works of the British 
Westinghouse Electric and Manufacturing Com- 
pany; the new reservoir adjoining the power- 
station is filled, and the wells continue to show an 
ample supply of water. The building of the neces- 
sary sub-stations and the equipment of the perma- 
nent way are being proceeded with. The power- 
station of the Metropolitan District at Lots-road, 
Chelsea, is being roofed in ; subways from Chelsea 
to Earl’s Court are completed ; the sub-stations are 
well in hand ; the ducts are completely laid; and 
contracts for cables have been let. The company 
has commenced a new dépdot at Mill Hill Park. An 
arrangement has been made between the Metro- 
politan and the Metropolitan District Companies 
as to the electrical equipment of the joint city 
lines from the Mansion House to Aldgate (High- 
street) ; and the work is being rapidly proceeded 
with. The expenditure made by the Metropolitan 
District during the half-year ending December, 
1903, in the preparation and equipment of its lines 
for electric traction was 359,9731. This somewhat 
formidable total included an allowance for discount 
on stocks issued to the Underground Electric Rail- 
way Company of London, pursuant to agreements 
entered into with that company. The Metropolitan 
District also expended 8484/. during the past half- 
year for electrical trains. The great question—and 


it is a question which can only be solved by future 
experience 


of course, is whether the economies 





and advantages realised by electric working on the 
Metropolitan and the Metropolitan District will be 
sufficient to compensate those companies for the 
heavy additional capital outlay which the electriti- 
cation of their original lines will involve. There 
appear, however, to be fair grounds for hoping that 
this will be the case. 








THE LATEST TRADE UNION CASE. 

WHATEVER may be the ultimate result of the 
case of the Denaby and Cadeby Main Collieries 
Company v. the Yorkshire Miners’ Association and 
others, it will be long remembered as a leading 
decision in the law relating to master and servant. 
The case itself—a reference to which will be found 
in another column of the present issue—is a sequel 
to that of Howden v. the Yorkshire Miners’ Associa- 
tion, which arose out of the same disastrous strike. 
That case was dealt with in ENGINEERING of Feb- 
ruary 6, 1903. To understand both cases it is 
necessary to recall the facts which led up to the 
Denaby and Cadeby strike in the summer of 1902. 
It appears that in the summer of 1902 certain dis- 
putes arose between employers and men at the 
Denaby Main Collieries. The trouble was said 
to have been caused by a _ refusal upon the 
part of the masters to consent to pay the men 
what they demanded for the removal of ‘‘ bag- 
dirt.” Attempts were made to settle the dispute, 
but without avail, and in the end a large number 
of the colliers decided to stop work. The rules 
of the Yorkshire Miners’ Association contained 
certain provisions relating to the commencement 
and conduct of a strike. These provisions were 
not observed by the colliers, with the result 
that the committee of the association passed a 
resolution to the effect that the strike was illegal. 
It should be mentioned that the strike was com- 
menced by the men stopping work without notice. 
Inasmuch as they had declared the strike to 
be illegal, the committee at first felt themselves 
unable to grant strike-pay, but a method was 
devised by which they sought to put the men into 
a position similar to that which is occupied by a 
workman who is locked out. Having done this, 
strike-pay was authorised and granted to the men. 
Howden was one of a number of so-called ‘‘ black- 
legs,” who refused to be bound by the decision 
of the other men. He therefore brought an action 
to restrain the union from applying funds towards 
the payment of strike-pay to men who were out on 
a strike which had not been properly constituted in 
accordance with the rules of the association. In 
this action he was successful, and judgment in his 
favour was given by the Court of Appeal in 
January, 1903. After that, as they were deprived 
of the sinews of war in the form of strike-pay, the 
men returned to work upon the terms of a 10 per 
cent. reduction in wages, which reduction, it ap- 
peared, had formed the real casus belli in June of 
the previous year. The matter did not rest here. 
During the pendency of the strike the colliery 
company had sustained immense pecuniary loss, not 
only through the pit lying idle, but because of the 
serious injury which was done to the passage-ways 
and tunnels beneath the surface through their not 
being periodically shored up. Hence they found it 
necessary to commence an action against the union, 
and the officials of the union, to recover damages 
for the injury sustained. It appears that the York- 
shire Miners’ Association has a central council, 
which consists of delegates from the various branches. 
The Denaby and Cadeby pits are branches of the 
association, and it appears that the Denaby and 
Cadeby delegates took a large part in the proceed- 
ings which occurred before the strike. 

There was a dispute during the hearing of the 
case as to the real cause of the strike. The men 
alleged that they struck work because there was a 
question between them and the masters as to the 
amount payable to the pitmen in respect of the 
removal of ‘‘ bag-dirt.” It was shown, however, 
that this matter had been settled by two decisions 
of a County Court Judge, and also by a court of 
arbitrators. The masters alleged, and, indeed, it 
is only too clear, that the real cause of the trouble 
was a proposal to reduce wages by 10 per cent. 
Hearing this, one would naturally say, ‘‘ What 
better reason could there be for a strike’” But it 
must be clearly understood how the reduction came 
about. The wages in the district were based 
upon a price-list which was drawn up some years 
ago. Since that date, however, owing to a rise in 
the price of coal, the wages have gradually in- 





creased, until in 1901 they showed an increase of 
60 per cent. over what they were when the list was 
settled. By the award of a Conciliation Board, 
which was to take effect on July 2, 1902, the wages 
were to be reduced by 10 per cent. The strike 
took place on June 29, yet it was stoutly contended 
during the course of the case that the wages ques- 
tion had nothing to do with the matter. 

These facts alone make it important for em- 
ployers to make a close study of the Denaby Main 
case. Here were a number of workmen whose 
wages had gradually been increased by 60 per cent. 
So long as payment at the increased rate continued, 
all went well ; but as soon as the Conciliation Board 
made any reduction in favour of the masters, it 
was a case of war to the knife. 

The full effect of the Denaby Main case may be 
well appreciated if we consider the questions 
which were submitted to the jury, and the answers 
which were given by them: ‘‘Q. 1. Did the 
defendants Nolan and Humphries, or either, and 
which of them, unlawfully and maliciously procure 
the men to break their contracts of employment by 
going out on strike on June 29 without giving 
notice? A. Yes. . 2. If you answer the 
first question in the affirmative, then, were 
Nolan and Humphries, or either, and which of 
them, in so doing purporting to act as agents of the 
association, and for its benefit? A. Yes. (). 3. 
Did the members of the committees of the Denaby 
and Cadeby branches, or any of them, unlawfully 
and maliciously procure the men to break their con- 
tracts of employment by going out on strike on 
June 29 without giving notice? A. Yes. (. 4. If 
you answer the third question in the aftirmative, 
then, were the members of the committees in so 
doing purporting to act as agents of the associa- 
tion and for its benefit? A. Yes. Q. 5. Did 
the defendant association by its executive council, 
or by its officials, ratify the acts of Nolan 
and Humphries, or of the members of the com- 
mittees, in so procuring the men to break their 
contracts. A. Yes. Q. 6. Did the defendant 
association by its ofticials, or by the members of 
the committees of the Denaby and Cadeby branches, 
maintain, or assist in maintaining, the strike by 
unlawful means—that is to say: (a) by molesting 
or intimidating men who were working for 
the plaintiffs, with a view to induce them to 
cease from so working; (6) by inducing, or 
attempting to induce, men who were willing to 
enter into contracts of service with the plaintiffs, or 
to work for them, to refrain from so doing ; (c) by 
the grant of strike-pay against the rules of the 
association? A. Yes.” The remaining questions, 
which, in effect, asked the jury to say whether the 
defendants had conspired together to do all or any 
of the above acts, were also answered in the aftir- 
mative. It is easy to see from these findings on 
the part of the jury what their view was of the 
facts of the case. 

The last passage in the summing-up of the 
learned Judge expresses what many people feel 
with regard to this case. He said :—‘‘I do think 
it is a pity that in matters.of this kind some person 
belonging to the union who has to deal with the 
men—-who are difficult to deal with, as you see they 
are—-had not the moral courage to stand up in his 
place and tell the men that when they enter into 
a contract they must be expected to keep that 
contract, on their side, as those with whom they 
contract may be expected to keep it on their side ; 
that when they appeal to the law, they themselves 
must abide by that law which they appeal to. I 
wish I could have seen any indication from any one 
person on the part of the Miners’ Association— 
these people who come from headquarters—instead 
of pandering to the passions of the men, to give 
them some good advice, because, rough as they may 
be, rude as they may be, I believe, like all other 
men, and all other Englishmen, they are open to 
something like plain, honest speaking, and I cannot 
help thinking that it would do great good, and put 
an end to a great deal that is very much to be 
deplored in these cases.” 








NAVAL ARCHITECTURE IN JAPAN. 

We have just received the volume of the Tran- 
sactions of the Japanese Society of Naval Architects, 
giving the papers read during their late summer 
session, held in connection with the National In- 
dustrial Exhibition at Osaka. The meetings 
occupied three days—viz., July 15 to 17, and 
followed the orthodox course of the reading of 
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ers, visiting of works, and social intercourse. 
In the matter of works the city of Osaka is par- 
ticularly favourably situated. From the earliest 
days it has been noted as a centre of the shipping 
and shipbuilding interests ; and although to-day it 
boasts of only one large shipyard—that of the 
Osaka Ironworks—the number of vessels launched 
in Osaka, mostly, it is true, of small size and of 
iunk build, give it an important place in the yearly 
production of the country ; in number, indeed, it 
stands first among the shipbuilding centres. As 
will be seen from the names of the authors of the 
papers, the meetings were well supported by pro- 
fessional men belonging to the Navy Department 
and other State bureaus ; they were otherwise also 
largely attended ; were under the direction of 
Admiral Baron Akamatsu, the President of the 
Society; and proved in every respect a great 
success. The list of papers is as follows :— 

“On Ten Years’ Experience in Steel mae ce ne 
Mr. M. Abe, yard manager of the Kawasaki Docky: 
Company, Kobe. : 

“On Gecent Warships in the Japanese Navy,” by 
Rear-Admiral Constructor S. Sasso, Director of Naval 
Construction in the Imperial Japanese Navy. 

“On the Development of Marine Engineering in the 
Japanese Navy, especially with reference to Miyabara’s 
Patent Water-Tube Boiler,” by Engineer Rear-Admiral 
J. Miyabara, Engineer-in-Chief of the Imperial Japanese 


’ by 
ard 


“i Shipbuilding Bounties, as applied in Japan and 
Abroad,” by Mr. kk. Uchida, Director of the Marine 
Bureau—Department of Communicationsin Japan. (This 
department.corresponds to the British Board of Trade.) 

‘On the Premium System in Shipbuilding and Engi- 
neering Works,” by Dr. T. Shin, Engineer to the Marine 
Bureau—Department of Communications. 

“On Shallow-Draught Steamers Built at the Osaka 
Iron Works,” by Mr. G. Yemura, engine works’ manager, 
Osaka Iron Works. 

In the first paper on the list Mr. Abe traced the 
progress made at his works during the past ten 
years, during which their output had been 35 ships, 
of a total tonnage of 20,000; this progress consisted 
of reduction in time of building, and of economy in 
the wages account. The first ship built, with a 
tonnage of 408, took 9 months and 14 days from 
commencement to date of launch ; while in March, 
1903, a ship of over 600 tons was launched after 
being only 4 months and 14 days in hand. The 
enormous reduction in both time and cost he 
attributed to the extended use of machine tools, 
to improved methods of laying-off, and to the 
training of the workmen. In the matter of classi- 
fication at Lloyd’s, so largely adopted in Japanese- 
built ships for convenience of insuring, Mr. Abe 
had something to say; he gave expression to the 
grave inconvenience experienced in having to sub- 
mit all proposals to London before building can be 
commenced, the delay involved in the process 
being at least four or five months. So long as all 
material had to be ordered from abroad, the delay 
was not so serious, as the delivery of material also 
involved a delay of similar length; but already 
material is being obtained from the Japanese 
Government Steel Works, and before very long all 
steel material would be so obtained. To get full 
advantage of this, in the matter of time, required 
the best consideration, and submissions for new 
ships would, in the early future, require to be made 
the subject of some special arrangement. 

Admiral Sasso’s paper dealt with the various 
types of warships built for Japan (both at home and 
abroad) under the navy extension programme of 
1896 and later ; the last ship of the programme— 
the Otowa, a third-class cruiser—was launched at 
Yokosuka in November last. Admiral Sasso’s 
particulars involve four battleships, six armoured 
cruisers, one despatch-boat, and twenty torpedo- 
boat destroyers; for each type of ship he gives 
much information of an interesting character. By 
his kind permission the paper is being translated 
for us, and will be given in a subsequent issue. 

Admiral Miyabara’s paper also contains much 
information of a statistical nature, and is highly 
interesting. In general engineering progress his 
figures show results comparable with those obtained 
in other countries. In the matter of boilers, Japan 
has something to say about the experience in her 
navy with Belleville and Niclausse boilers, and to 
this Admiral Miyabara adds the further compara- 
tive results obtained from his own boiler. Of his 
em we hope to give a more extensive account 
ater. 

_ Mr. Uchida commences with a somewhat lengthy 
investigation into the history of subsidies paid for 
the purpose of encouraging home shipbuilding in 
the various western countries ; he analyses the 





nature of the subsidies, discriminating between 
those which indirectly advantage the home slip- 
builder and those which give him direct assistance 
in the form of money down. Turning from the 
encouragement given in Western countries to the 
treatment meted out in Japan, he first deals with 
the growth of the mercantile marine in the country. 
In 1867 the number of ships on the Japanese 
Register was 46, of a total (gross) tonnage of 17,000; 
in 1894, just prior to the China-Japan War, these 
figures had increased to 1400 vessels, of a total 
tonnage of 210,000; during 1894, 67 vessels, of 100 
tons and upwards, and aggregating 102,300 tons, 
were added to the register* ; so insignificant was 
the shipbuilding of the country, except, at least, 
in the production of native types, that of these 
67 vessels, 29 only, aggregating 6300 tons, were 
built at home, the remainder being all acquired 
from abroad. Of vessels above 1000 tons then 
owned in Japan, one only, a wooden ship of 1400 
tons, had been built in the country. 

After the war the Government of Japan resolved 
to encourage both the shipping and the shipbuild- 
ing of the country ; an Act was passed in 1896, to 
remain in force for eighteen years. Under that 
Act shipbuilding is directly encouraged by the 
following bounties :—Vessels of 700 tons and above, 
if built in Japan, are the recipients; the smaller 
vessels—viz., those between 700 tons and 1000 
tons, receive 12 yen (roughly 24s.) per ton ; larger 
vessels—viz., those over 1000 tons—receive the 
larger rate of 20 yen (roughly 2/.) per ton. An 
additional sum is paid upon the machinery ; the 
rate of this does not vary with size, but is uniform 
at 5 yen per indicated horse-power developed upon 
trial ; it is paid only in the case of steamers having 
the minimum tonnage already stated of 700. At 
the time of Mr. Uchida’s paper thirty-fivet ships 
had been built (or were building) in the country so 
as to take advantage of the Act ; the total tonnage 
of these steamers is 86,000 (gross) ; the total indi- 
cated horse-power is 71,000. Distributed year by 
year they show :— 


Indicated 
Tonnage. Horse-Power. 
1897 1 721 877 
1898 2 7,691 4,193 
1899 2 9,720 6,494 
1900 4 7,630 8,250 
1901 9 22,669 19,662 
1902 7 19,051 15,624 


1903 (to date) 1 
26 completed 
9 in hand 


Distributed According to Tonnage and Indicated 
Horse-Power. 


: Indicated 
Tons. Horse-Power. 
4under 1000 4under 1000 
11 between 1000 and 2000 12 between 1000 and 2000 
Cr 5: 2000 ,, 3000’ 6 ,, 2000 ,, 3000 
5 6. ~=— 6000 |, 7000 «2 =; ~=— 3000 :-,, 5000 
3 4, 5000 ,, 6000 
Other classifications show— 
Flush-deck vessels 12 
Spar-deck vessels ve se 4 
Awning-deck vessels ... ee 5 
Shallow-draught river steamers 5 
2% 
Triple-expansion, single-screw 13 
me cg twin _,, = " 11 
Quadruple-expansion, single-screw * 2 
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As will be seen, Mr. Uchida’s paper deals with 
shipbuilding bounties. Our readers will be in- 
terested in knowing the full tale. of what Japan is 
paying for the encouragement of her shipping as 
well as her shipbuilding ; for this purpose we 
quote the following figures from an official return, 

giving approximate values in pounds sterling :— 
Ordinary Ship- 
ping or 


1897 72,000 
1898 263,000 
1899 404, 000 
1900 121,000 
1901 92,000 
1902 32,000 


* The minimum tonnage of vessels required to be 
registered has varied somewhat from time to time; at 
present it is 20 tons for sailing vessels ; for steamers, none 
are exempt. 

+ At the end of 1903 this number had imcreased to 41, 
of which 31 were completed and 10 in hand, 





The fall since 1899 is explained as follows :— 
Under the Act of 1896, all Japanese steamers of 
more than 1000 tons, and of a speed exceeding 10 
knots, receive subsidy so long as they are engaged 
on foreign trade ; the minimum subsidy amounts to 
25 sen (about 6d.) per ton per 1000 miles ; with in- 
crease of size and speed of ship the subsidy in- 
creases up to 60 sen (1s. 3d.), the tonnage required to 
insure this highest rate being 6000, and speed 17 
knots. While the age of steamer, dating from her 
launch, is less than five years, the subsidy is paid 
in full ; after the fifth year it is reduced 5 per cent. 
every year, and when the steamer is 15 years old 
it is withdrawn altogether. . The encouragement 
thus given was found to be insufficient to induce 
Japanese owners to enter into serious competition 
with well-established foreign steamship companies ; 
so in 1899 a new departure was made, and special 
contracts were entered into with owners to give 
regular services on certain definite routes. The 
effect of this new arrangement has very naturally 
been to reduce the number of steamers obtaining 
the ordinary subsidy under the 1896 Act ; subsidies 
paid under special contracts becoming instead 
largely predominant. The contracts now in force 
are with the a Yusen Kaisha, the Toyo 
Kisen Kaisha, the Osaka Shosen Kaisha, the Daito 
Kisen Kaisha, H. Oie and Co., and the Hunan 
Steamship Company. 

The routes run by the Nippon Yusen Kaisha, 
and the respective subsidies, are as follow :— 


Yokohama to Melbourne, employing three steamers of 
3500 tons and above; speed, 16 knots and above. A 
monthly service. Subsidy, 53,6002. Contract runs from 
April, 1901, to March, 1906. 

okohama to Bombay, employing three steamers of 
3000 tons and above; 10 knots and above. A monthly 
service. Subsidy, 18,200/. Contract runs from April, 
1901, to March, 1906. 

European line, employing twelve steamers of 6000 tons 
and above ; 14 knots and above. A fortnightly service. 
Subsidy, 272,800/. Contract runs from January, 1900, to 
December, 1909. 

Hong Kong to Seattle, employing three steamers of 
6000 tons and above ; 15 knots and above. A four weeks’ 
service. Subsidy, 66,7007. Contract runs from Novem- 
ber, 1901, to December, 1909. 

Also mail routes :— 

1. Yokohama to Shanghai, employin 
of 2500 tons and above; 14 knots and a 
service. 

2. Kobe to North China, employing three steamers of 
1400 tons and above; 12 knots and above. A weekly 
service, except in winter. 

3. Kobe, Korea, and North China, employing one 
steamer of over 1400 tons ; speed, over 12 knots. A four 
weeks’ service. 

4. Kobe to Vladivostock, employing one steamer of 
over 1400 tons and 12 knots. A four weeks’ service. 

5. Kobe to Otaru, employing twelve steamers of 1400 
tons and above; 14 knots and above. Two routes: 
eastern, ten times a month ; western, weekly. 

6. Aomori to Mororan, employing three steamers of 
700 tons and above, 10 knots and above. A daily service. 

The joint subsidy for the foregoing six mail routes is 
— Contract runs from October, 1900, to September, 
905. 


The Toyo Kisen Kaisha have the following route 
and subsidy :— 


three steamers 
ve. A weekly 


Hong Kong to San Francisco, employing three vessels 
of 6000 tons and above, and 17 knots and above. <A four 
weeks’ service. Subsidy, 103,400/. Contract runs from 
January, 1900, to December, 1909. 


The Osaka Shosen Kaisha have the following :— 


Shanghai to Hankow, employing three steamers of 
2000 tons and above; 11 knots and above. <A bi-weekly 
service; in winter, three times a fortnight. Subsidy, 
25,000/. Contract runs from January, 1898, to December, 
1907. Hankow to Ichang, employing two vessels of 
1500 tons and above ; 10 knots and above. Service, six 
times a month ; in winter four times. Subsidy, 11,2000. 
Contract runs from January, 1899, to December, 1907. 
Kobe to Korea, employing two steamers of 700 tons and 
above; 10 knots and above. A three weeks’ service. Sub- 
sidy, 3100. Contract runs from October, 1900, to Sep- 
tember, 1905. 


The first two of the other companies mentioned 
run services on Chinese rivers and on the Japanese 
sea respectively, and receive subsidies, the one of 
5900/., the other of 14,0001. 

The total annual payments on account of the 
special services above detailed amount to 630,000I. 

Coming back to the papers read at the Osaka 
meeting, Dr. Shin investigates the methods of pay- 
ment to workmen made in Japan, as compared 
with those in England and America. He states 
that the average journeyman’s wage in Japan, for 
skilled labour, amounts to 3.6 yen (about 7s. 4d.) 
a week ; the corresponding wage for England he puts 
down at 48s. To show that in Japan much further 
inducement is needed to make the workman exert his 
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full powers, Dr. Shin obtains rates for certain works | 2,375,000 acres nine years ago to 2,810,793 acres 
in the three countries representing the amount of | now. This has been attended with a steady increase 
annual output to be credited to each worker. The | inthe net revenue from these works, which, for the 
rates are obtained as follows :~-The total value of | past three years, averages a sum equal to 5.10 per 
output during one year from the given establish-|cent. of the capital expenditure. This even in- 
ment is divided by the total number of men em- cludes the unproductive works constructed in the 
ployed ; in the case of Government works, the rate | vicinity of Godalpur, intended almost entirely as 
so obtained is necessarily low, as there is nothing a protective measure. If this latter expenditure 
corresponding to profit in the figures, and various | had not been involved, the return on the produc- 
establishment charges are neglected; again, in tive works alone would have been 9.16 per cent. 
establishments buying largely from outside, the On other works, known as ‘“‘ minor undertakings,” 
rate is comparatively high, as the men inside the of which there are 27, the result has been almost 
works are fewer than the whole number of the |as satisfactory, the net revenue equalling about 5} 
producers. Neglecting these somewhat important | per cent. on the capital involved. The return for the 
details, the rate obtained by Dr. Shin from certain | past three years is, however, less than in the six 
Japanese Government works amounts to 300 yen; preceding years, owing partly to deficient rainfall, 
in private establishments it may go as high as|and consequent failure of crops, and partly to 
800 yen, the rate for smaller works being somewhat | large remissions in rates, made on account of the 
higher than for larger. A similar rate worked out | unfavourable character of some of the recent 
from the returns of a single shop in England (a! seasons. But from first to last it will be recognised 
marine engineering establishment) gave him 2500 | that the works have been most beneficial, while at 
yen ; and in America (a locomotive works) 3000 yen. | the same time profitable ; and it is to be hoped 
From the comparison thus made Dr. Shin is led to | that the assured financial success now will result 
the recommendation of some means of payment |in an extension of the system of irrigation, which 
calculated to ensure greater exertion on the part of | is so great a boon where the rainfall is sufticient, 


the workers, and he thinks a careful trial of the 
premium system well worth the making. 

Mr. Yemura’s paper contains the experimental 
results obtained from several light-draught vessels 
built at the Osaka Ironworks ; quite a speciality 
of this class of steamer has there been made ; the 
number, dimensions, and position of propellers has 
been greatly varied ; and with these variations have 
been made further variations in the tunnels cover- 
ing the propeller race. The principal results were 
given in Mr. Yemura’s paper. 

Since the Osaka meeting, the same society—viz., 
the Japanese Society of Naval Architects—has held 
its annual autumn meeting in Tokio on Nov- 
ember 7. The papers then read were as follow :— 

“A Plea for a Floating Dry-Dock,” by Mr. F. P. 
Purvis, Professor of Naval Architecture at the Tokio 
Imperial University. 

““On Naval Architecture as Taught in the Tokio Im- 
perial University,” with some reference to the building 
newly erected for the accommodation of the classes, by 
Dr. S. Miyoshi, Professor of Naval Architecture at the 
University. 

‘‘On the History of Shipping and Shipbuilding Boun- 
ties in France,” by M. Yukawa, Secretary to the Marine 
Bureau of Communications. 

The reading of the papers took place in one of 
the class-rooms of the new building erected for the 
accommodation of the students of naval architec- 
ture ; the building is an annexe of the Engineering 
College of the Tokio Imperial University. Follow- 
ing the papers came the annual dinner ; on this 
occasion it was held at the Shukwaijo, the rooms of 
the University Club, located in the most pic- 
turesque part of the University compound. 








NOTES. 

IRRIGATION IN MADRAS. 

Or the works which have benefited India as a 
result of British occupation, probably those asso- 
ciated with irrigation come next to railways—a fact 
to which testimony is borne by the triennial revenue 
report just issued by the Government of Madras. 
The rainfall, 30 in. to 40 in. per annum, might, 
under ordinary climatic conditions, suffice for 
agricultural requirements; but the rainy season 
is of short duration, with the result that the 
water flows down from the extensive watersheds 
of such rivers as the Godavari, Kistna, and Cau- 
very in great volumes, carrying destruction, and 
leaving the land parched and dry, were it not for 
the damming-up of the waters and their distribu- 
tion over the plains in artificial waterways. The 
Government have constructed these 


canals, mostly at the mouths of rivers, but extend- | 


ing in some cases from 50 to 100 miles from the 
point of confluence between the rivers and the 
Bay of Bengal, so that there have been formed 
well-watered deltas, where vegetation has flourished 
and has been of incalculable gain to the country. 
In Madras alone the capital expended amounts to 
84 million rupees (nominally over 8,000,0001.), and 
the area irrigated in this way amounts to about six 
million acres (or over 9300 square miles). These 
are classified under major and minor works; the 
former, for the most part, constitute the deltas to 
which we have referred, while the latter are con- 
structed in the interior. In the case of the 


major works there has been only a slight increase 
in recent years in the total acreage irrigated—from | dome fashion. 


extensive | 


but confined to a short period. 


PREPAYMENT METERS. 


Certain cases which were heard last week at one 
of the Metropolitan police courts illustrate the 
importance of a gas company or an electric-lighting 
company who work their business on the ‘‘ prepay- 
ment system” drawing up a proper agreement 
with their consumers. It appears that a number 
of gas consumers were summoned for rent by a 
gas company. Some time ago a man who falsely 
represented himself to be one of the company’s 
collectors visited the premises of a number of 
consumers, and by means of a key opened the 
meters and stole their contents. The agreement 
between company and consumer provided that 
‘if from any cause” the money in the meter does 
not correspond with the amount of gas consumed, 
the consumer must make good the deficiency. 
It was stated on the part of the company that they 
had found it necessary to enforce this clause by 
reason of the fact that money had upon some occa- 
sions been stolen by the consumers themselves; it was 
also shown that if a consumer desired to question 
the authority of an inspector, the inspectors were 
always bound to produce their books. The magis- 
|trate, although he decided the cases in favour of 
| the company, thought it right to express the opinion 
|that the agreement in question was exceedingly 
| harsh tothe consumer. This may be so; but the com- 
|pany must take steps to protect themselves from 

fraud. Unless they do insist upon an agreement of 
| this kind, it appears that the company may incur a 
heavy liability. In a case which was heard in 1902 
it appeared that a corporation who supplied gas 
erected upon a consumer’s premises an automatic 
|slot meter fitted with index dials which registered 
|the quantity of gas passing through it, and there 
was a box attached to the meter into which shillings 
could be dropped ; on each occcasion when a shilling 
was dropped in, a certain quantity of gas passed 
into the meter. The respondents were the only 
persons who had the right to open the box, the key 
of which was kept by them. When the respon- 
| dents’ inspector came to collect the money, the meter 
| showed that 19s. worth of gas had been consumed, 
| but there was no money in the box. The money 
had been stolen through no negligence on the part 
of the appellant. The respondents claimed to 
[recover from the appellant 19s. for the gas sup- 
|plied. It was decided that the appellant, by put- 
ting the money into the box, had paid for the gas 
‘and was not liable to pay again. 





| AERIAL SOUNDINGS IN DENMARK AND GERMANY. 


Since August, 1902, international co-operation 
in meteorological observations has entered upon a 
new phase. The importance of continuity of kite- 
flying experiments having clearly been recognised 
| by Teisserenc de Bort in his observatory at Trappes, 
near Paris, the directors of the French, Danish, 
jand Swedish meteorological services — Mascart, 
Paulsen, and Hildebrandsson—agreed to establish a 
F ranco- Scandinavian observatory on the moors 
|near Viborg, in Jutland, a favourite centre for 
| atmospheric depressions, and an excellent place for 
|sending up kites. A tower, 10 metres in height, 
was constructed in Stockholm, transported to 
Viborg, and mounted on a hill, on rails in revolving 
The tower is open on one side, 








and is turned away from the wind. It con- 
sists of two storys, and contains registering 
instruments, and, further, an_ electric motor, 
two windlasses, and other appliances for start- 
ing kites. There are also a balloon-shed, engine. 
shed with a 12 horse-power steam-engine, work- 
shop, testing-room, and accommodation for the 
director, Teisserenc de Bort, his five assistants—two 
Frenchmen, two Swedes, one Dane—and for the 
numerous mechanicians and labourers. Kite-flying 
is one of the principal objects. Kites can easily 
reach heights of 200 metres in this district, but 
to send them up to 3000 and 4000 metres is 
difficult. For such attempts, a second kite is 
fixed to the line by means of a special ‘ casse” 
wire of copper, which will break if the strain be 
excessive. The line itself—steel wire—increases in 
diameter from 0.6 to 1.3 millimetre, and in lengths 
of 500 metres. In spite of all precautions, breakages 
are not infrequent, and on one day 14,000 metres of 
steel wire, fifteen kites, and three instruments were 
lost, the latter being recovered. The kites and 
instrument baskets are marked with a number and 
address, and a reward of 7 francs is offered to 
finders. One kite was discovered, several weeks 
after an accident, near Christiansund, in Norway ; 
there was hope then that the second upper kite, 
together with the instruments, would also be re- 
covered, and it was really found, having travelled 
about 150 miles. Paper balloons are also sent up 
every other day. They are charged with coal-gas, and 
are not intended to rise to more than five miles in 
height, as they would then be too likely to be 
carried out to the sea. A clock therefore rips the 
balloon open after a certain interval; finders 
receive a reward of 14 francs. The instruments 
have been recovered in most cases. Combined 
balloon kites have been tried in days of continued 
calm. The balloon is to buoy up the weight ; but 
the balloon kites are not easily manceuvred, and 
there is generally enough wind to make ordinary 
kites rise. Experiments with kite-flying from a 
Danish gunboat have also been nade. These con- 
tinuous observations have proved very instructive, 
especially when combined with the records of other 
stations. At Berlin, Assmann has been sending 
up a small balloon every morning regularly since 
January, 1903, and almost regularly since August, 
1902. Those records demonstrate that temperature 
inversions—that is, cases in which the air in the upper 
strata becomes warmer again—are very common, 
and that there is a certain connection between pro- 
nounced temperature inversions and heavy rainfalls 
at some distance. When dry air ascends, Assmann 
points out, it cools by 1 deg. Cent. for every 
100 metres ; but moist ascending air cools only by 
0.4 deg., owing to the condensation of water 
vapour. There is no difference cf this kind as 
regards sinking masses of air. When such warmer 
air flows towards an anti-cyclonic area, it will spread 
on the top of the colder air. These are important 
features, about which only balloon and kite experi- 
ments can bring us information, and it is to be 
hoped that the advocates of such investigations in 
our country will obtain more support than they 
have so far met with. 








NOTES FROM THE UNITED STATES. 

PHILADELPHIA, February 3, 1904. 
Tue American iron trade presents a few features of 
improvement over last week, particularly in Bessemer 
and basic pig iron. Prices for Bessemer have declined 
25 cents within a week, as the United States Steel 
Corporation is not absorbing all the surplus produc- 
tion. The makers of Bessemer pig iron are contem- 
plating the building of a mill to consume their own 
product, aud thus secure two profits. Latest Bes- 
semer pig sales have been made at 12.65 dols. 
Inquiries for basic pig show that 40,000 tons 
could be absorbed at once provided the prices suit 
buyers. Buyers have been willing for weeks past to 
place their orders, but have been deterred by the 
refusal of manufacturers to accept what they regard 
as fair prices. Quite a number of steel products, 
including billets, light rails, plates, sheets, and 
structural materials, are being sold below the quo- 


tations generally given. Manufacturers are resort- 
ing to devious devices to secure trade without 
making any reduction from their officially pro- 


mulgated price-lists. It is this that sustains the 
suspicion in the minds of so many consumers 
that a lower level of prices will ultimately be 
effected. The most active branch in the industry at 
present is wire and wire products. Allof the wire mills 
are busy, and some large orders are now about being 
sent to the mills. Billets are selling from 1 dol. to 
2dols. per ton below card rates; tinplate is selling 
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well at a reduction of 15 cents. Efforts are now being 
made to secure a market for American plates in 
France. Orders for 17,500 tons of steel rails are re- 
ported to have gone to Pennsylvania rail-mills. The 
rumoured price is 20 dols., as against 28 dols., the 
price at home; but the correctness of this rumour 
cannot. be vouched for. 

The estimated production of copper during 1903 is 
710,000,000 lb., or, approximately, 317,000 gross tons 
—the greatest in the history of the country. The con- 
sumption of domestic copper for 1903 is estimated at 
512,000,000 lb., compared with an estimated consump- 
tion in 1902 of 551,688,131 lb. The excess of available 
supply of domestic copper over home consumption last 
year is estimated at 46,335,240 Ib., or 20,865 gross 
tons. According to Government figures, stocks of 
copper in producers’ hands on January 1, 1903, were 
155,665,652 lb., a decrease of 126,348,645 lb. during 
the year. With larger production, decreased consump- 
tion, smaller exports and larger imports of stocks 
in the United States at the beginning of 1904, there must 
have been considerably larger stocks than on January 1, 
1903. Making due allowance for over estimates last 
year, stocks on the first of this month may be conserva- 
tively estimated at from 75,000,0001b. to 100,000,0001b. 
The condition of the country as a whole is quite satis- 
factory. The farming communities are exceptionally 
prosperous, and high prices are being paid for nearly 
all agricultural products. All things point to another 
prosperous agricultural year. The industrial classes 
are certainly better off than at any time during the 
history of industrial activity. Wages have reached 
a point which, in many instances, is restrictive 
of building enterprise. The mercantile classes 
are enjoying exceptional prosperity, and failures, 
considering the volume of business done, are com- 
paratively few. There has been very little over- 
trading, and the merchants of the country have 
been wise enough to buy just about as much stock as 
they could profitably dispose of. There is but little 
speculation, unless we except cotton, and the claim is 
made that the present price is altogether legitimate. 
Among the manufacturing interests there are a few 
weak spots. 

A number of the industries are suffering from the 
evils of over capitalisation, and while an adjustment 
is being made to legitimate and normal conditions, the 
adjustment is slow. The forced liquidation which has 
almost reached its necessary limits, has laid the foun- 
dation for a revival of business along safe lines. A 
large increase in loans is noticeable, and the banks are 
showing wise liberality in extending accommodations. 

A great many improvements and expansions which 
were projected six months ago in railway improve- 
ments will now probably be undertaken because of the 
more favourable conditions. The banks are more 
willing to lend money to railroads than a few months 
ago. ‘The heavy volume of traffic and the uniform good 
earnings both unite to strengthen the situation and to 
lead to more bond and securities buying on the part of 
the public. There is very little pure speculation and 
more investment for permanent holding. Two or 
three weeks will develop the policy of quite a number 
of railroad systems as to launching out into im- 
provements involving enormous expenditures. The 
general outlook for business is all that could be 
desired. The uniformly remunerative employment 
of the masses of the people is the strongest reason 
for saying that trade and manufacturing conditions 
will continue healthy and vigorous throughout the 
current year. Outside of the iron industry capacity 
is pretty well employed. The restriction of output 
from 21,000,000 tons of pig iron as measured by capa- 
city to about half that amount as measured by weight, 
shows the condition of that industry better than any 
number of words could possibly show it. 








BELcIan Coan Imports.—The imports of coal into 
Belgium last year were 3,548,618 tons, as compared with 
3,232,510 tons in 1902. In these totals German coal 
figured for 2,324,660 tons, and 2,100,788 tons respectively ; 
British coal for 587,874 tons and 626,361 tons respectively ; 
and French coal for 576,275 tons and 452,449 tons re- 
spectively. The imports in December were 316,079 tons, 
as compared with 288,889 tons in December, 1902. 





TYNESIDE TrAMways.—The half-yearly meeting of the 
Tyneside Tramways and Tramroads Company was held 
on Monday at Newcastle, Lord Armstrong in the chair. 
The chairman stated that the business of the company 
was making steady and satisfactory progress. During 
the six months under review the company had carried 
250,000 more passengers than during the previous half- 
year. The extra receipts from these additional passen- 
gers amounted to 11587. The working expenses were 
proportionately lower than at Sinetsoel and practically 
the same as at Sunderland. The company had extended 
its business, in spite of many difficulties. The shipyards 
and engine works in the district which it served had for 
the past year been unfortunately suffering from depres- 
sion; some of them were working only three-quarter 


time, and others were not employing their full number of 
men, 





LAUNCHES AND TRIAL TRIPS. ’ 


On Saturday, the 16th ult., the steel screw steamer St. 
Croix, built by the Flensburg Shipbuilding Company for 
Det Vestindiske Kompagni, Copenhagen, put out to sea 
for her official trial trip. The vessel has the following 
dimensions :—Length over all, 370 ft.; breadth, extreme, 
45 ft. 24 in.; depth, moulded, 27 ft. 04in.; and the carry- 
ing capacity is about 5000 tons. Accommodation has 
been fitted for twenty first-class passengers. The engines 
have cylinders 27 in., 45 in., and 75 in. in diameter by 
48 in. stroke, and there are four boilers. 

The consumption of coal on board the French cruiser 
Gloire at her trials on January 20, when she made 
214 knots (the Petit Var stated 21 knots only), was 
1.96 lb. per horse-power per hour, and the combustion 
34.2 1b. per square foot of grate per hour. On January 23, 
when she performed her trials with natural draught and 
engines developing 14,000 horse-power, her engines 
actually developed 14,400 horse-power, giving her a speed 
of 19.3 knots. Her coal consumption was 1.71b. per 
horse-power per hour, and the combustion only 22.51b. 
per square foot of grate. 





On Monday, the 25th ult., the Flensburg Shipbuilding 
Company, Flensburg, launched from their yard a steamer 
in course of construction for the Deutsche Dampfschiff- 
fahrts Gesellschaft ‘‘ Hansa,” of Bremen. The chief 
dimensions are:—Length over all, 389 ft.; breadth (ex- 
treme), 50 ft. 6 in.; depth (moulded), 30 ft. The engines 
will be fitted by the shipbuilders. The estimated carry- 
ing capacity of the boat is about 6500- tons. 

On Friday, the 29th ult., the large steel steamer Dalton, 
built by Messrs. R. gs and Sons, Limited, Tees 
Dockyard, Middlesbrough, for Messrs. Webster and 
Barraclough, of West Hartlepool, of about 6100 tons 
dead-weight, proceeded to sea for her official trials. The 
results were pronounced entirely satisfactory to all con- 
cerned, the vessel registering a speed of 124 knots in 
ballast trim. The machinery has been fitted by Messrs. 
Blair and Co., Limited, of Stockton-on-Tees, having 
cylinders 25in., 41 in., and 67 in. in diameter by 45 in. 
stroke, steam being supplied by two large single-ended 
boilers working at 180 1b. to the square inch. 





The Sunderland Shipbuilding Company, Limited, 
launched on Monday, the Ist inst., a steel screw steamer 
named Louise. This vessel is 152 ft. between perpen- 
diculars by 26 ft. breadth, extreme, by 12 ft. deep, having 
raised quarter deck, bridge, and topgallant forecastle. 
The vessel will carry 500 tons dead-weight, and is fitted 
with water ballast in cellular bottom and peak tanks. 
The engines, by Messrs. MacColl and Pollock, Sunderland, 
have cylinders 134 in., 22 in., and 37 in. in diameter by 
24 in. stroke, steam being supplied by a large boiler work- 
ing at a pressure of 180 1b. per square inch. The vessel 
has been built to the order of M. Robert Bigo, of Calais. 





A steel screw steamer was launched on Monday, the 

Ist inst., from the North Sands Shipbuilding Yard of 
Messrs. Joseph L. Thompson and Sons, Limited, Sunder- 
land, having been specially constructed to the order of 
Messrs. Grace Brothers and Co., Limited, of London and 
New York, managers of the New York and Pacific 
Steamship Company, Limited. The principal dimensions 
of the vessel are:—Length over all, 414 ft. ; breadth, 
extreme, 50 ft. ; depth, moulded, 31 ft. 4 in. The engines 
and boilers have been built by Messrs. John Dickinson 
and Sons, Limited, of Sunderland, to a special specifica- 
tion, the sizes of the cylinders being 26 in., 44 in., and 
72 in., by 51in., with three boilers working at 180 lb. 
pressure. 
On Tuesday, the 2nd inst., Messrs. Ropner and Sons, 
Stockton-on-Tees, launched from their yard a steel screw 
steamer named Brookwood, of the following dimen- 
sions:—Length, 336 ft. 3 in.; breadth, 48 ft.; depth, 
24 ft. 3 in. The engines will be of the triple-expansion 
type, by Messrs. Blair and Co., Limited, of Stockton, of 
about 1100 indicated horse-power, having two steel boilers 
15 ft. 3in. by 10 ft. 3in.; steam pressure, 160 1lb.. The 
vessel has been built to the order of the Constantine and 
Pickering Steamship Company, Middlesbrough. 


Messrs. Osbourne, Graham, and Co., Hylton, Sunder- 
land, launched on Tuesday, the 2nd inst., the steel screw 
steamer Engineer Avdakoff. Her principal dimensions 
are 273 ft. by 40 ft. 14 in.; depth, moulded, 20 ft. 6 in. 
She is designed to carry a cargo of 3000 tons on a shallow 
draught, and is of the single-deck type. The engines are 
to be fitted by Messrs. Geo. Clark, Limited, of South- 
wick, Sunderland, and have cylinders 20} in., 33 in., and 
54 in. in diameter by 36 in. stroke, and two large boilers 
to work at a pressure of 180 lb. 


The s.s. Tholma, built to the order of Messrs. T. 
Thommesen and Son, of Arendal, was on Wednesday, the 
3rd inst., successfully launched at the yard of the Elsinore 
Iron Shipbuilding and Engineering Company, Elsinore, 
Denmark. This steamer is built of steel, and measures 
278 ft. 6 in. by 40 ft. 4 in. by 19 ft. 54 in. depth of hold. 
The engines are of the triple-expansion type, with surface 
condenser, indicating 800 horse-power. 





There was launched on Thursday, the 4th inst., from 
the Troon yard of the Ailsa Shipbuilding Company, 
Limited, a steel twin-screw steam yacht, the Warrior, 
built to the design of Mr. G. L. Watson, for Mr. F. W. 
Vanderbilt, of Sew York. The yacht is 239 ft. long 
on the water line and 284 ft. long over figure by 32 ft. 6in. 





beam by 19 ft. depth moulded, and will be fitted with 





quadruple expansion machinery by Messrs. A. and J. 
Inglis, Glasgow. 

Messrs. Wm. Simons and Co., Limited, launched from 
their yard on Thursday, February 4, with steam up, 
ready for work, a powerful twin-screw suction-pump 
hopper dredger named the Madras, which they have 
just completed to the order of the Indian Government. 
The dredger is fitted with two powerful centrifugal sand 
suction-pumps, each connected to one trailing suction- 
pipe. The vessel is propelled by two sets of triple-ex- 
pansion surface-condensing engines of sufficient power 
to give a speed of 9 knots, steam being supplied by 
two large cylindrical boilers constructed for a working 
pressure of 160 lb. per square inch. Powerful windlasses 
and independent steam capstans are fitted for manceuvring 
the vessel when at work. The Madras has been constructed 
under the direction of Sir A. M. Rendel, K.C.I.E., con- 
sulting engineer for the Indian Government. 


H.M.S. New Zealand, the fifth battleship of the King 
Edward VII. class to be floated, was launched at Ports- 
mouth Dockyard on Thursday, the 4th inst. Her 
launching weight was about 5000 tons. We have, in 
connection with her predecessors, given full details of 
the design. 


There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Thursday, 
the 4th inst., a steel screw trawler measuring 110 ft. by 
21 ft. by 11 ft. depth of hold. The vessel has been built 
to the order of the Great Central Co-operative Engineer- 
ing and Ship-Repairing Company, Limited, of Grimsby, 
who are fitting her with powerful triple-ex pansion engines. 
a the vessel left the ways she was christened the 

elocity. 


On Friday, the 5th inst., the steel screw steamer Long- 
hirst, which Messrs. William Gray and Co., Limited, 
have built for the London and Northern Steamship Com- 
pany, Limited, London, had her trial trip in Hartlepool 

ay. Her principal dimensions are:—Length over all, 
351 ft.; breadth, 49 ft.; and depth, 24 ft. 6 in. The 
engines are of the triple-expansion type, constructed at 
the Central Marine Engine Works of the builders, and 
have cylinders 24 in., 38 in., and 64 in. in diameter by 
42 in. stroke. Steam is generated in two large steel 
boilers designed to work at 180 lb. pressure per square 
inch. The vessel ayeraged a speed of 114 knots, light 
ship, and the performance of both ship and machinery 
gave entire satisfaction to all concerned. 


The dredger Duiker, recently built by Messrs. Fleming 
and Ferguson, Limited, Paisley, to the order of the 
Government of Cape Colony, has just completed her 
dredging and speed trials. As suitable sand in sufficient 
quantity could not be got on the Clyde estuary to fully 
test the dredging capabilities of the vessel, the trials had 
to be carried out on the Fleetwood Bar, and were in every 
way highly satisfactory, the pumps lifting over 2200 tons 
per hour. The Duiker is a twin-screw suction hopper 
dredger 205 ft. long by 40 ft. broad by 14 ft. deep, and is 
fitted with two centrifugal suction pumps driven by the 
main engines. The main engines, of which there are two 
sets, are of the triple-expansion type. Thesuction pumps 
are designed to raise 2000 tons of sand per hour from a 
depth of 60 ft. ‘The fittings and auxiliary machinery are 
of the most modern description. By a reversible arrange- 
ment of the suction pipe dredging can be carried on either 
forward or aft of the vessel, and close up to quay walls. 
Spoil can be delivered into the vessel’s own hopper, into 
barges on either side, or on shore through floating pipes. 
The hopper doors and suction pipe are manipulated by 
hydraulic gear instead of the customary steam-winches. 
The vessel and her machinery has been constructed to the 
designs and under the superintendence of Messrs. Coode, 
Son, and Matthews, consulting engineers, London, the 
inspecting engineer being Mr. Robert Anderson, Renfrew. 








Execrricity IN Mines: Erratum.—The Departmental 
Committee to consider the use of electricity in mines was 
appointed in 1902. By inadvertence the date was given 
as 1892 in our last issue. 

Water AT Rio DE JANEIRO.—A new water - supply 
scheme is under consideration at Rio de Janeiro. It is 

roposed to increase the daily supply to 211,000,000 
a The cost of the works contemplated is estimated 
at 1,000,0002. More attention is to be paid to distribution 
which is at present defective. 

Nava. Borters.—In our issue of December 25, 1903, 
we gave a table showing to what extent different types 
of water-tube boilers had been adopted in the navies of 
the world ; but as the information as to certain ships was 
not complete, a number of boilers were included under 
the headings ‘‘ Various” and ‘*Type not Known.” We 
have since learned from Messrs. J. and A. Niclausse, of 
Paris, that certain of their boilers were so included, and 
that the figures for the Niclausse boiler should be as follow: 


Horse- Power. 


England ... 113,000 
France 239,000 
Russia 42,000 
Germany ... 16,400 
United States 108,000 
Japan 60,000 
Italy 47,000 
Spain 23,000 
Turkey 23,000 


671,400 


Total 
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THE GEIPEL STEAM-TRAP. 


In an article dealing with steam-trap litigation, 
published on page 838 of our last volume, we referred 
to a decision of Mr. Justice Buckley that the two traps 
illustrated below were not embodiments of the same 
invention, but differed in principle. In the one trap, 


Fig. 1, the steam or water flows through two tubes, one 
of which has a different coefficient of expansion than the 
other ; whilst in the second trap, Fig. 2 (correspond- 
ing to Fig. 6 of Geipel’s specification), the lower tube 
is replaced by a rod which, not being exposed to steam, 
Every me- 


remains of practically constant length. 
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chanic would admit, we think, that the two arrange- 
ments are exact mechanical equivalents, and Mr. 
Justice Buckley’s decision, if upheld, would therefore 
have created rather a serious state of affairs, from the 
point of view of a patentee. We publish below the 
judgment just delivered by the Appeal Court, reversing 
the decision of the Court below, as delivered by Lord 
Justice Stirling. 





This is an appeal from an order made by Mr. Justice 
Buckley on a petition for the revocation of a patent, by 
which it was ordered that the patent should be revoked 
unless within three months, or such further time as the 
Court should allow, the patentee obtained leave to amend 
the specification by disclaiming Figs. 2 and 6 of the 
drawings attached thereto. The appeal extends only to 
so much of the order as relates to Fig. 6, it being admitted 
that the decision as to Fig. 2 was well founded. 

The ground on which the learned Judge held that Fig. 6 
must be disclaimed was, that in respect of it there is 
disconformity between the provisional specification and 
the complete specification. The patent relates to im- 
provements in steam-traps, which are devices used for 
draining the condensed water from steam-pipes or other 
receptacles for steam. It is desirable that these traps 
should act automatically as the water falls, and for this 
purpose advantage is taken of the expansion and contrac- 
tion of metals, caused by variations of temperature, in 
such a way-that when water is formed there is opened a 
valve through which the water is discharged. Prior to 
the date of this patent this had been effected in various 
ways. These different methods have been classified by 
the learned Judge under three heads, which are in sub- 
stance as follows:—First, free expansion, which takes 
place where a tube is allowed to elongate under the heat of 
steam, and to contract freely when water forms and the 
tube consequently cools, the tube by its expansion or 
contraction actuating a lever, so arranged that at the 
moment when the water forms the valve is opened 
by the action of the lever. Secondly, controlled ex- 
pansion, where a tie-rod or tie-rods is, or are, connected 
with the tubes so as to control their expansion and con- 
traction in such a way as to produce a movement which is 
used to opena valve. Thirdly, differential expansion, 
which, in the language of the learned Judge, ‘consists in 
having two of the tubes with different coefficients of ex- 
pansion so as to get, as the temperature is higher or lower, 
a greater amount of expansion or a greater amount of 
contraction in the case of one tube than in the case of 
the other,” the variations in figure thence arising being 
applied to open or close a valve. The learned Judge has 
held, and I think rightly, that the invention described 
in the provisional specification falls within the third 
class. In that specification the patentee states as 
follows :—‘‘ The apparatus consists essentially of two 
tubes of metal having as different a coefficient of 
expansion as practicable, one end of the tubes being 
the inlet admitting water and steam, the other being 
the outlet; thus the water or steam is within, and not 
outside, of the tubes. ‘These tubes are firmly connected 
at both ends, one of the junctions being free to move, 
the other being fixed; there is a slight distance between 
the ends of the tubes at the fixed junction, but at the free 
junction they may be close together.” The two tubes 
**form two sides of a triangle, the base into which they 
are fixed making the third and smallest side. Accord- 
ing as the pipes are hot or cold, the relative lengths 
thereof alter and cause movement at one of the angles ; 
this movement takes place at what I have called the free 
end.” In the complete specification the patentee de- 
scribes by reference to Figs. 1, 3, and 4 of the drawings, 
a trap which is admitted to conform to the provisional 
specification. In those figures the letter A designates 
the tubes having a higher coefficient of expansion, pre- 
ferably of brass or copper ; while B designates those having 
the lower coefficient, preferably of iron. In this arrange- 
ment the steam and water passes through both tubes. 


The mode of working of the trap is explained in the com- | 
| files his complete specification he either finds out improve- 


plete specification by reference to Fig. 5 of the drawings. 
The patentee says :—‘ When the tubes are cold, or com- 








| way in which that can be carried into effect and o 


shown by the dotted lines; the base E being fixed. 
Consequently the lever F moves from the position 
shown by the full lines to that shown by the dotted 
lines, and so closes the valve or cock. When the 
water again enters the tubes they cool, and side A 
contracts most, thus bringing the tubes back to the posi- 
tion shown in the full lines, and reopening the valve or 
cock,” and so on. The particular mode of motion pro- 
duced in this way was, at the date of the patent, entirely 
a novel mode of opening and closing the valves. Nothing 
is found in the provisional specification which aptly 
describes the device represented by Fig. 6 in the com- 
plete specification. The following description is given :— 
‘There are other obvious ways of arranging this steam- 
trap; for instance, ins of having only two tubes [ 
may use three or more, or, instead of one of the tubes I 
may use a tie-rod. Such an arrangement is shown in 
Fig. 6. In this case the length of the rod B remains con- 
stant, while according as the tube A is cold or hot the 
valve is opened or closed. In this case the valve is moved, 
the spindle being adjusted by the screw K to a fixed 
position. Since the valve and outlet move in this arrange- 
ment, I may use a flexible tube, or expansion piece, or 
bellows, in case it is necessary to conduct away the dis- 
charged water, or I may place the valve at the junction 
of the two tubes at the free end, so that the iron tube B 
carries off the water after passing off the valve; the 
length of the tube B in this arrangement remains prac- 
tically constant, and the opening and closing is done by the 
contraction and expansion of the tube A.” The device so 
descri forms the subject of a second claim, which is as 
follows :—‘‘Second, the combination of two metal tubes 
having different expansion coefficients, or of one metal tube 
and one tie-rod having different expansion coefficients, and 
through which water and steam are discharged, one end 
of the said tubes or tube, and rod being fixed and the 
other ends being connected together, and free to move 
with a lever, or link, or spindle, or other similar arrange- 
ment for opening and closing the outlet valve or cock 
substantially as described.” In dealing with this portion 
of the patent the learned Judge, after pointing out that 
the language of the second claim is inaccurate, inasmuch 
as the water or steam is not discharged through the rod, 
but is discharged through the tube only, proceeds as 
follows :—‘‘ It is true that in the immediately antecedent 
words he says:—‘ having different expansion coeffi- 
cients,’ and if you read that literally, I agree he has said, 
‘my tie-rod is to have a different expansion coefficient to 
my metal tube.’ But he has told you above that the 
length of the rod is to remain constant, which is equiva- 
lent to saying that it does not matter that the coefficient 
of expansion of my rod is different to that of my tube. I 
do not think in Fig. 6 he has relied on differential expan- 
sion at all. I think he has relied on controlled expan- 
sion. That being so, it seems to me that there is discon- 
formity between the provisional specification and the 
complete specification. The provisional specification goes 
to differential expansion ; this particular claim is a claim 
to controlled expansion.” With the greatest respect for the 
learned Judge, [am unable to agree with this part of his 
judgment. In particular, I cannot agree that the patentee 
by saying that the length of the rod is to remain constant 
has done what is equivalent to saying that it does not 
matter that the coefficient of expansion of the rod is 
different to that of the tube. Neither, according to the 
terms of the provisional and complete specification, nor 
in actual working, is it essential to the success of the 
patented invention that both the tubes referred to in the 
specification should expand. What the specifications do 
require is that the coefficients of expansion of the two 
tubes should be different, a condition which is specified if 
the coefticient of one be of considerable amount, and that 
of the other zero—that is to say, if the second tube be 
inextensible or incapable of expansion by heat. Whether 
the second tube expands under heat only to a slight 
extent or does not expand at all, the motion relied on by the 
patentee for opening and closing the valve will be pro- 
duced, and will be of the same nature as when the second 
tube is of iron, as suggested in the specifications. Such 
motion is attributable to ‘‘ differential expansion,” though 
that is a term which does not occur in the specifications 
any more than ‘‘controlled expansion.” It appears to me 
that in reality those terms, though they may be con- 
venient for purposes of classification, are not in strictness 
mutually exclusive. If, then, an apparatus in which one 
of the tubes is inextensible falls, at think it does, within 
the provisional specification, it seems to me that an ap- 
paratus consisting of one tube in combination with a tie- 
rod cannot be excluded merely on the ground that the 
tie-rod is inextensible, for in both forms of apparatus dif- 
ferential expansion is made use of, and in the argument 
before this Court other grounds were urged in support of 
the decision. It was contended that the patentee, in his 
provisional specification, states that his apparatus con- 
sists essentially of two tubes of metal, and that it was 
not permissible for him to claim by his complete specifica- 
tion an apparatus consisting of one tube and a tie-rod. 
Now the function of the provisional specification is to 
describe the nature of the invention, while the complete 
specification must particularly describe and ascertain the 
nature of the invention, and in what manner it is to be 
performed. In Woodward v. Sansum, in 4 Patent Cases, 
page 166, Lord Justice Cotton, at page 175, says:—‘‘ A 
patentee putting in a provisional specification showing 
the nature of his invention is not bound to describe the 
ration, 
but if he does describe a way of doing it, and before he 


ments in that way or a different way of carrying into 


paratively cold, which will be the case so long as they | effect that which is described as his invention in the pro- 
contain water, they take up the position shown by the full | visional specification, he is bound to give the public the 
lines ; but whenever the water is discharged and steam | benefit of what he has discovered as regards the mode of 
follows, then the tubes become hotter, and the side of the 
triangle expands most, the tubes assuming the position 


carrying the invention—the nature of which must be 
described in the provisional—into effect, even although 





there may be improvement, and even invention, which 
was not known to him at the time.” A patentee, there. 
fore, is at liberty to describe in his complete specification 
a method of carrying his invention into effect different 
from that given in the provisional specification, pro- 
vided this new method is really within the inyen- 
tion of which the nature is described in the provisional 
specification ; and the question whether this is so or 
not is one, not of construction of the specifications, 
but of fact, as was decided in the same case of Wood- 
ward v. Sansum. In the present case I think the in. 
vention was the application of differential expansion, 
so as to produce a new mode of motion for the purpose of 
opening and shutting a valve in steam-tubes and other 
receptacles. In the ap tus described in the provisional 
—— this mode of motion was produced by the 

ifferential expansion of two tubes. In the complete 
specification it was also obtained by the differential ex. 
pansion of a tube and a rod. Both methods are, in my 
opinion, within the invention, and the evidence shows 
that the second naturally arises out of the first; see the 
cross-examination of Mr. Swinburne at Question 827. | 
apply to this case the language of Lord Justice Lindley in 
13 Patent Reports, at page 177. It appears to me that if 
we were to hold that this complete specification was bad, 
as being more extensive than the provisional specifica. 
tion, we should find ourselves driven to go this length; 
that a man could not vary from his provisional specifica- 
tion at all, and that if he had done more than describe the 
nature of his invention in general terms—that is to say, 
if he had condescended to describe anything particularly 
clearly and intelligible—he might therefore tie himself 
down to what he had so described, and would find himself 
unable to introduce into his complete specification any 
variation, however obvious, or however much it might 
naturally grow out of, or be involved in, the nature of his 
real invention. 

It was also pointed out that in the case of the tie-rod 
it was admitted by Mr. Swinburne, who gave evidence 
on behalf of the patentee at Questions 328 to 331, that in 
Fig. 6 it was practically immaterial that the coefficients 
of expansion in the tube and in the rod should be diffe- 
rent ; and it was urged that it was of the essence of the 
invention described in the provisional specification that 
the two coefficients should be different. To this it was 
answered, that however this might be, the complete 
specification was in entire conformity with the provisional 
specification, because the claim made in respect of Fig. 6 
is limited to the combination ‘‘of one metal tube and 
one tie-rod, having different expansion coefficients,” and 
I think the answer is sufficient. The patentee certainly 
appears by his provisional and complete specifications 
to one confined his claims within narrower limits than, 
so far as I can see, were absolutely necessary, and when 
questions as to infringement arise he may find himself in 
a position of very considerable difficulty. But, on a 
petition for revocation, no question as to infringement 
can arise. The only matters to be considered are those 
relating to the validity of the patent, and it is no ground 
of objection that the ambit of the specification is too 
narrow. 

These objections being disposed of, it becomes necessary 
to deal with a point which was argued in the Court below, 
as well as before us, but was sok aad with by the learned 
Judge who referred to it in the following :—“‘Now, 
if I thought that controlled expansion'was within his (that 
is, the patentee’s) ~ a ge So and that the principle he 
was availing himself of wasthat, and not that which it seems 
to me, there might be very great difficulty as to subject- 
matter, but I am not of that mind. It appears to me that 
he has not relied in his provisional specification on con- 
trolled expansion at all, and I do not think that he has relied 
on it in his complete specification. He has throughout 
relied upon differential expansion. Now Fig. 6, as I say, 
is based not on the principle of differential, but of con- 
trolled expansion. It seems to me to be really in a 
modified form just what Royle and Kusenberg did.” For 
the reasons already stated, I am unable to agree with the 
view that Fig. 6 is not based upon the principle of dif- 
ferential expansion. It was contended, however, that 
the invention described in Fig. 6 was bad for want 
of subject-matter, on the ground that it was a mere 
modification of the inventions of Kusenberg and Royle, 
to which the learned Judge refers. I am of opinion 
that this contention is not well founded, for this 
reason, that the motion of which the patentee avails 
himself to effect the opening and closing of the valve 
is of an entirely different kind from that employed 
by Kusenberg and Royle. The patentee, whether his 
apparatus consists of two tubes or of one tube and a tie- 
rod, avails himself of the motion produced by differential 
expansion at a point at or near the junction of the tubes, 
or the tube and the tie-rod, as the case may be, that 
junction being free to move while the other ends of the 
tubes, or the tube and the tie-rod, remain fixed. Kusen- 
berg and Royle, on the contrary, used devices consisting 
of combinations of tubes and tie-rods, in which the junc- 
tions of the tubes and tie-rods were kept fixed, while 
points situated in the tubes or the tie-rods were caused 
to move in straight lines, and this is a mode of motion 
entirely different from that made use of by the patentee. 

The mechanical device employed by the patentee in 
the present case was novel at the date of the patent, and 
has been held by Mr. Justice Buckley to offer advantages 
not afforded by the devices of Kusenberg and Royle. 
That decision, so far as regards Fig. 3, has not been 
appealed from, and with it I agree. In my view, Fig. 6 
is a modification and natural development of Fig. 3, and 
in Fig. 6 the same novel mode of motion is made use of, 
and the same advantages are gained as in Fig. 3. 

I think, therefore, that this objection fails, and the con- 
clusion is that the agers ought to be allowed. ' 

Lord Justice Vaughan Williams: The judgment delivered 
by Lord Justice Stirling is the judgment of the Court. 
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PETROL MOTOR FOR MOTOR-CARS. 
CONSTRUCTED BY THE VAGNFABRIK ACTIEBOLAGET, SODENTELGE, SWEDEN. 
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Tue Vagnfabrik Actiebolaget, of Sodentelge, in| the power developed by the motor increases. 
Sweden, exhibited at the motor-car show held at| way, the motor is self-regulating. 







































































In this 
The arrangement 


Paris, in December last, a petrol motor which we illus- | does not of necessity do away with mechanically- 


trate in Figs. 1 and 2 herewith. 


In designing it the| operated valves, and throttling can also take place 


company set out from the principle that the best| by varying the height of lift of the valves, or by re- 


means for regulating the action of an explosion motor | tarding the lift. 


The company claim that by resorting 


consists in the admission and combustion of a varying | to a constant and comparatively high rate of compres- 
quantity of petrol in a certain volume of air, com-| sion, and by providing that a practically non-diluted 


pression taking place at a constant pressure. 


This, | explosive mixture is always quite near the sparking- 


as will be remembered, is the principle followed in the | point, combustion is always rapid and complete ; and 
Diesel engines, and the most simple way of adapting | seeing the rapidity with which combustion takes place, 


it to a four-cycle petrol motor is by varying the 
proportion of vaporised petrol in the explosive 
mixture, the latter remaining constant in quan- 
tity. The mixture, however, might soon become 
unsuitable, owing to the too great dilution of the 
petrol. In order to obtain the complete combustion 
of even the poorest mixtures, the inventors provide 
separate admission for the petrol and for the air, so as 
to prevent as much as possible their rapid mixing, the 
gases on compression being placed as follows in the 
explosion chamber :-—Near the sparking-point a highly- 
explosive mixture, high in carburetted vapours, the 
mixture being more and more diluted as it lies nearer 
the piston. As will be seen from the illustrations, 
they have increased the space in which combustion 
takes place, and have combined with this a special 
device for regulation. The references to Figs. 1 and 2 
are the following :— 

F. Throttle valve on the petrol-admission pipe. 

H. Petrol-admission valve. 

I. Exhaust-valve. 

N. Air-valve, placed as far as possible from the ad- 

mission valve, and enclosed in the neck P. 


The air-valve is held by a spring so regulated that 
it does not open until the admission of vaporised petrol 
is low in quantity. When, for instance, the throttle 
valve is set so that the admission of carburetted 
vapour is reduced, the air-valve N opens owing to the 
suction created by the piston, which acts energetically 
upon it; more air is therefore drawn in through N 
than petrol vapour through F and H. From the posi- 
tions of the valve and the shape of the neck P, this air 
does not combine readily with the explosive mixture in 
the combustion-chamber. The design of the various 
parts and the dimensions of the valves have been calcu- 
lated with a view to provide that the air so admitted is 
sutticient to cause the cylinder to be always practically 
filled, and for this reason compression remains constant. 
The force of the explosion and the power of the motor 
decrease when the admission of petrol is throttled and 
a larger quantity of air is drawn in. When the 
throttle-valve is held in a suitable position, and the 
motor speed decreases by reason of a higher load, a 
larger quantity of petrol is drawn into the combustion- 
chamber, owing to the piston stroke being slower, and 











it is not necessary at all to modify the sparking moment, 
even for speeds as high as 1200 revolutions. In this 
motor the sparking is invariably fixed, and_ takes 
place immediately after the dead-point is passed. 

When, as is generally the case, the motor does not 
run at full speed, the larger quantity of air drawn in 
prevents the walls from heating to the extent met with 
in other types. It would follow that the motor can work 
under very heavy over-loads for short periods, as large 
quantities of petrol can be admitted for a time without 
risk of overheating. The motor cannot race, as when 
a speed higher than normal is reached, a resistance 
is opposed to the admission of petrol, and more air is 
drawn in ; this reduces the force of the explosions, and 
checks acceleration. 








INDUSTRIAL NOTES. 

Tue further hearing of the Denaby and Cadeby 
Main case against the Yorkshire Miners’ Association 
was resumed and continued during the past week. 
The evidence given by plaintiffs’ witnesses was gene- 
rally in support of that given by the manager of the 
company (Mr. Chambers), whose evidence was sum- 
marised in last week’s Industrial Notes. The object of 
the evidence given was to show :~-(1) That there was 
breach of contract, the men leaving work without due 
notice ; (2) that there was intimidation used to induce 
those who remained at work, or who went to work 
after the strike, to abstain from work ; (3) that the 
union was responsible through its local officials for the 
action taken, and that they incited the strike; (4) 
that the union as a body was responsible because it 
gave strike pay, and thereby sanctioned the strike ; 
(5) that great damage was done to the mine, and serious 
losses were incurred by the owners thereof. Witnesses 
for the defence traversed generally the points above in- 
dicated, especially the contention that the union was 
responsible, or that it incited the strike. On the con- 
trary, it was contended that the union discouraged 
the strike ; that it officially ordered the men to resume 
work, and then, if thought to be necessary, to give 
legal notice according to the terms of the contract. 
The cross-examination on both sides sought to mini- 
mise the evidence where adverse. The evidence 
of the under manager of the pit was important 





as to the facts of the case, and the rules of the 
colliery. 

Mr. Rufus Isaacs, for the defence, contended that 
there were two periods in the case—one up to July 15, 
1902, the other after that date. As regards the first 
period, he submitted that there was no case against 
the union, “though the evidence did raise serious 
questions, more serious, he thought, than were the 
question raised in the Taff Vale case.” He endeavoured 
to separate the action of the two local members of the 
council of the Association from the council as a whole, 
the two members aforesaid not being represented in 
the action before the Court. He contended that there 
was no evidence of conspiracy on the part of the council 
of the Association, and that the body was not respon- 
sible as a whole for the action of two of its members. 
He also relied upon the fact that strike pay was paid 
locally. He denied ‘‘agency” on the part of the two 
men referred to—the local officials ; the fact of their 
being in the council did not constitute them “ agents ” 
in the sense of making the Association responsible for 
their acts. He pleaded that the Association urged the 
men to resume work, and that at a public meeting 
the men by ballot agreed to return to work, and then 
to give formal notice according to the colliery rules. 
Counsel for the Association officials contended that 
the members of the council were in no way implicated 
in the illegal acts alleged, and therefore the Associa- 
tion as such could not be held financially responsible 
for the damages alleged to be sustained by the plain- 
tiffs. Counsel for the latter subsequently agreed to 
submit certain questions to the jury. These were 
comprised under seven heads. Mr. Isaacs, for the 
defence, said that he had contested each of them. 
Mr. Montague Lush replied, and Mr. Justice Lawrance 
summed up. The jury found for the plaintiffs on all 
issues. The amount of damage has yet to be decided. 





By the death ot Mr. Benjamin Pickard, M.P., a 
notable figure in the labour world has passed away. 
He did not live to see the end of the Denaby and 
Cadeby Main case, the anxiety as to which doubt- 
less hastened his end. He was of a nervous tempera- 
ment and unusually irritable ; but he was a strenuous 
worker, and very uncompromising on points upon 
which he had made up his mind. He did not long 
survive his old and devoted friend, Mr. Cowey (the 
President of the Miners’ National Federation), who 
also was a strenuous worker and an able man. Mr. 
Benjamin Pickard was a miners’ man. His sympathies 
were for labour generally, but miners were his first 
care, and outside their ranks he did but little. Some 
Press notices seem to have confounded him with Mr. 
William Pickard, J.P., of Wigan, long since dead. 
They were in no way related, though they bore the 
same name. It was Mr. William Pickard who 
helped to carry the Mines Regulation Act of 1872. 
He became the Secretary of the Yorkshire Miners’ 
Association after the death of Mr. John Normansell, 
and the retirement of Mr. Philip Casey. Mr. 
Benjamin Pickard was the founder of the National 
Miners’ Federation, and was its guiding spirit. He 
was the chief promoter of the Miners’ Eight-Hours’ 
Bill, and never faltered in his work to that end. He 
was opposed to sliding-scales, but favoured a minimum 
wage, with a Conciliation Board to settle differences. 
He did much to promote and foster organisation and 
affiliation among the miners on the Continent, and was 
the founder of the International Congresses, which 
brought together delegates from ali European coun- 
tries in which coal is produced. He was only a little 
over 61 years of age. 





The fourth annual conference of the Labour Repre- 
sentation Committee. was opened in St. George’s Hall, 
Bradford, on Thursday, in last week, and was con- 
tinued on the two following days—February 5 and 6. 
There were some 400 delegates present. The chair- 
man stated that the delegates present represented 
an aggregate of 996,800 members of 165 trade 
unions, 75 trades councils, the Fabian Society, the 
Independent Labour Party, and one co-operative 
society. The report stated that 43 candidates for 
Parliament, including five sitting members, had been 
approved by the have Representation Committee, 
in view of the next General Election. At the end of 
the year the fund for the maintenance of the Labour 
members in Parliament amounted to 2277/.; the com- 
mittee asked for more generous support for this fund, 
and also for an increase of the annual income of the 
Labour Representation Committee. The report says: — 
‘“We have decided to rule that no candidate is properly 
recommended by any affiliated society unless it makes 
itself responsible for raising his election expenses.” 
This means that no candidate is to be approved if the 
funds are found by private friends, or bodies out- 
side the organisation. Of the 30 candidates selected, 
irrespective of the five sitting members, only two are 
opposed by Liberals, 17 by Unionists, 11 are stand- 
ing for double-member constituencies ; the other con- 
tests are more complicated by the attitude of political 
parties. The report still further stultifies the action 
of the committee as a body by its remarks as regards 
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Mr. Bell, M.P. for Derby, because of his action as 
regards Norwich, where he, by letter, supported the 
Liberal candidate, and by telegram congratulated him 
upon his success. A motion to expunge the name of 
Mr. Bell from the list of approved candidates was 
made, but postponed till later on. 

When the discussion took place on Mr. Bell’s con- 
duct, some of the delegates were disposed to act in a 
high-handed manner, but the good sense of the con- 
ference overruled the more ardent spirits, and it was 
determined to relegate the matter to Mr. Bell’s own 
society—the Amalgamated Society of Railway Ser- 
vants, which body he represents on the Labour Repre- 
sentation Committee. ‘To have done otherwise would 
have stamped the conference as tyrannical in the 
extreme. As it is, Mr. Bell has been exonerated by 
a vote of his own body as regards his general political 
action and conduct. 





By the death of Mr. Benjamin Pickard there is a 
vacancy in the Normanton Division of Yorkshire. It 
is reported that the Yorkshire Miners’ Association 
and the local Liberals will put forward as_ their 
candidate one of the secretaries of the West York- 
shire Miners’ Association. But the Independent 
Labour Party, it is rumoured, have decided to run an 
Independent Labour candidate, and thus split the 
party. There will also be a Conservative or Unionist 
candidate, so that the tactics at Norwich will be 
again resorted to. 

At the annual meeting of the Durham Miners’ Con- 
ciliation Board, held last week, it was decided to 
reduce the wages of miners 1} per cent., making the 
pay of underground workmen 31} per cent. over the 
basis of 1879. Lord Davey was re-elected umpire, 
Sir David Dale chairman, and Mr. W. H. eo lt 
vice-chairman of the Board. For a long time now the 
Board has worked smoothly in all matters pertaining 
to disputes. 





The question of the importation of Chinese labour 
into South Africa was placed upon the notice paper 
of the. House of Commons by a Liberal member in no 
way identified with the labour cause. Why the Labour 
membets ignored the matter is not at all clear ; at least, 
they did not take the initiative, as they were expected 
todo. Mr. Barnes, of the Amalgamated Society of 
Engineers, Mr. Chandler, of the Amalgamated Society 
of Carpenters and Joiners, and a few others have 
called attention to this matter in their monthly 
reports, but the majority of the Labour leaders and 
officials of the trade unions have ignored the question 
or passed it by as of little account. Two outside 
bodies—the Aborigines’ Protection Society and a news- 
paper syndicate—have been the prime movers in the 
matter, not the labour unions of Great Britain, so far. 
But now it is before Parliament and the country from 
a party political point of view. The Rand Parlia- 
ment passed the ‘‘ ordinance ;” then it had to be sub- 
mitted to the Colonial Oftice ; but the latter refused 
to take the responsibility without some sort of sanc- 
tion from Parliament. 





As has been usual of late years, immediately before, 
or at, the opening of the Parliamentary Session, depu- 
tations from the Parliamentary Committee of the 
Trades Union Congress and others waited upon various 
ministers, with a view to influence them upon matters 
of importance to labour. This year deputations waited 
upon the President of the Board of Trade, with refer- 
ence to housing the working classes, and for the 
purpose of urging greater railway facilities for 
workmen to go to and from their work. They also 
went to the Home Secretary. The matters urged upon 
the latter were an amendment of the Compensation 
for Injuries Act, the Shop Clubs Act, and a reduc- 
tion in the fees paid by foreigners on naturalisa- 
tion. The Home Secretary was busy, owing to the 
illness of the Prime Minister, so that the deputation 
was left to deal with the Under-Secretary. They got 
very little out of him at the interview. He said ‘* that 
some of the matters had better be relegated to the 
Trades Disputes Commission, now sitting.” This was 
rather cruel, seeing that the Congress, the trade 
unions, and other labour bodies have resolved by 
formal resolutions to ignore that Commission alto- 
gether. The reply as to lower fees for naturalisation 
was to the effect that the fees were small for the 
privilege of becoming British subjects. The interviews 
were not such as to encourage the belief that any legis- 
lation for labour is to be introduced into Parliament 
this session. 

The position of the iron and steel trades in the 
Midland districts is regarded as far from satisfactory. 
The reduction of 10s. per ton in the price of marked 
bars has led to a fair accession of orders, and the firms 
engaged in the production of such are pretty well em- 
ployed ; but the effect on unmarked qualities is not 
reassuring. As a rule, it appears, consumers generally 
only get supplies from hand to mouth. This may not 
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iron and steel-using industries. 
consumers seem to be satisfied if they secure supplies 
for three or four weeks ahead. Stocks are low with 
them, and they are kept low in makers’ yards, as pro- 
duction is in no way stimulated. The above descrip- 
tion applies both to the Wolverhampton and Birming- 


and allied trades. There is very little change of any 
kind ; but the tendency seems to be towards a quieten- 
ing down in most cases. The hardware industries 
generally are in the same position; indeed, all the 
iron, steel, and other metal-using branches are quiet, 
some are slack. 
making branches, which have become more active by 
recent orders. The expectation of heavy orders from 
South Africa at the conclusion of the war has not 
been realised. It was thought that constructive work, 
for bridges, railways, and stations, and also for large 
consignments of galvanised iron, would have resulted ; 
but so far there has been nothing but disappointment 
in these respects. It may be that with longer days 
and brighter weather a stimulus will be given to 
British industry. 





The position of the engineering and allied trades in 
the Lancashire districts is far from satisfactory. The 
tendency seems to be continually towards a quietening 
down in nearly all branches. Only in exceptional cases 
are firms well engaged, the real activity being mainly 
confined to a few special machine-tool makers; in 
ordinary machine tools very little has been doing in 
the way of new work. Boiler-makers are slack, with 
no signs of improvement ; structural engineering is 
also quietening down, and general engineers are doing 
comparatively little as a rule. The state of the cotton 
trades has been such that there is no improvement in 
the textile-machine-making branches. The iron and 
steel trades lack animation, very little being done. 





Manufacturers’ Iron Trade Conciliation and Arbitra- 


spection of the employers’ books shows that the prices 
realised in November and December last entitle the 
employers to reduce workmen’s wages 24 per cent. ; 
but blast-furnacemen’s wages will remain as before. 
The Glengarnock blast-furnaces in Ayrshire, which 
have been closed since the end of last year, partly for 
repairs and partly to reduce production, have been re- 





be the mere result of prices, but because the outlook 


started, also the steel works. 





The chartered accountant appointed by the Scottish | 


tion Board has reported to the secretaries that an in- | 


is such that there are no real signs of revival in the | 
For the most part | spinners, Aberdeen, have decided to close their works 


ham districts. The same may be said of the engineering | 


The only spurt has been in the gun- | 


Messrs. Crum, Robinson, and Co., Limited, cotton 


for a time, owing to the high price of material. Some 
600 persons will be thrown idle in consequence. The 
deplorable gambling in cotton in America is producing 
disastrous effects in all the cotton industries of the 
world 

The proposal to reduce the wages of colliery engine- 
men and boilermen has led to a proposal to regulate 
their wages on some basis which shall be satisfactory 
to the men. At a meeting of the executive of the 
National Federation of Colliery Enginemen’s Associa- 
tions, held in London last week, the reports from the 
three districts affected were discussed. The engine- 
men suggest a proper representation on the Concilia- 
tion Board, and a fixed basis, as it was declared the 


| men’s wages had not been advanced with the wages of 


jis keyed in close proximity to the crank-case. 


miners. It was proposed to resist the reduction under 
Lord James’s award. 

The colliery-owners of South Wales and Monmouth- 
shire have formulated their request for a reduction of 
5 per cent. in miners’ wages, for the consideration of 
the Conciliation Board. The miners, on the other 
hand, have sent an intimation to the effect that they 
require an advance of 24 per cent. A special meeting 
of the Board is to be called to consider the situation 
and demands. 





The South Metropolitan and Crystal Palace Gas 
Companies report that practically the whole of the 
employés are shareholders in these concerns. The 


| profit-sharing system is to become a co-partnership 


concern, the workpeople to have a share in the direc- 
torship of the companies. 


The Spanish shipbuilders have accepted a basis of 


| arrangement proposed by the Workmen's Federation 
| for the settlement of the strike, and for dealing with 


future disputes. 








THE HAGEN CHANGE-SPEED GEAR. 

Tuk Hagen goods motor-car, exhibited at the Paris 
Motor-Car Show, on which the change-speed device 
we illustrate above is fitted, weighs 3 tons in working 
order, and can carry a useful load of 3 tons on all 
gradients up to 1 in 10, and 4 tons on a level or an 
easy gradient. The motor is a two-cylinder engine ; 
it drives a longitudinal shaft, on which a —— 
the 
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longitudinal shaft works a bevel pinion gearing 
on a toothed wheel, marked A in Fig. 1, which 
reduces the speed from 1000 to 300 revolutions. The 
toothed wheel A is keyed on a shaft at E, at one 
end of which is placed a rectangular plate B, Fig. 1, 
containing a regulating-screw C in a sliding-block D, 
on which is jointed a connecting-rod V, shown also in 
Fig. 2. The connecting-rod V acts on the working 
beam B. The stroke of the connecting-rods C and D 
for the ratchet motion is lengthened or shortened 
by varying the amplitude of the oscillations of con- 
necting-rod V, and this is obtained by changing the 
distance /, Fig. 1. Near the connecting-rod, Fig. 1, 
a bevel pinion L is fitted on the longitudinal axis of 
shaft E; it gears in the bevel pinion M keyed 
on the regulating-screw C. On the other side 
of the mechanism, the toothed wheel F gears in the 
intermediate one marked G, the latter being fastened 
to the toothed wheel H, which, in its turn, gears in 
that marked K, the latter turning loose on the shaft 
and made with jaws for throwing in and out of 
gear. The levers, shown in Fig. 1, serve to engage 
the clutch P with the toothed wheel K, or the fixed 
clutch N. —_ 

If the motor be supposed working, and driving the 
change-speed gear, E revolves and plate Balso. But 
as the bevel pinions L and M maintain their relative 
position, the latter does not turn round its axis, 
and L. follows the motion of B, the clutch P 
being in the neutral position, shown in Fig. 1. 
If this be made to clutch in with the wheel K, the 
searing F GH K multiplying the speed, the wheel 
K, by turning more rapidly than the one marked F, 
will cause the clutch P and the bevel pinion L 
to turn quicker than E. The wheel M will then 
commence turning, and will revolve the screw C, the 
latter thus acting on the sliding-block D, causing the 
centre of the connecting-rod joint S to vary with 
reference to the axis X Y. If the clutch P is made 
to engage N, the speed of the wheel L will be retarded 
with reference to that of EK, and the motion of the 
screw © will be reversed, a contrary action being 
exerted on the connecting-rod centre. The shaft 
which carries the bevel pinion L is fork-shaped at one 
end; at the other, it is fitted with the sleeve T, 
made with a circular groove, in which is jointed a 
lever connected, as shown, to the one which works 
the clutch P. Each branch of the fork is fitted 
with a die fitting in a groove in the plate B, 
the latter and the shaft operating in conjunction 
one with the other. The dies have a forward 
and backward action on an inclined plane, the 
motion of which is governed by that of the — 
block D. When the speed requires to be changed, 
the levers are operated by displacing the clutch P ; 
the action displaces also T and the shaft to which it is 
connected. On the other hand, the turning of the 
screw C displaces the sliding-block and the inclined 
planes, the latter acting on the dies on the fork. At 
a given moment—when the maximum of acceleration, 
for instance, has been reached—the shaft is displaced 
together with the sleeve T ; this operates the levers, 
and throws out the clutch P. 

The connecting-rods C and- D which drive the rear 
axle are fitted as shown in Fig. 2. For deadening the 
shocks and noise, india-rubber wedges are fitted at 
the connecting-rod heads. The connecting-rods drive 
the car by ratchet motion contained in a casing 
mounted on the rear axle, beside which is placed a 
second casing for the reversing and differential gear. 

We are told that very good results have been 
obtained with this goods motor-car under severe 
tests carried out by M. Gasnier, Professor at the Paris 
College for Physics and Chemistry. The ratchet 
mechanism, however, is not new; ié is. well known 
in conjunction with change speed gears, and has not 
been found, so far, to work satisfactorily for any 
length of time for heavy work. The car is built by 
the Société Francaise des Camions Automobiles Hagen. 








THE HEAT TREATMENT OF STEEL. 


Sixth Report to the Alloys Research Committee on the 
Heat Treatment of Stecl.* 


By the late Sir Win1n1am C. Rosperts-Austen, K.C.B., 
D.C.L., D.Se., F.R.S., Honorary Member ; completed 
by Professor WiLLIAM GOWLAND, Member of the Com- 
mittee. } 

(Concluded from paye 208.) 

Miscellaneous Photomicrographs of Thermally and Mecha- 
nically Treated Stecl.—Since it is possible to read the life- 
history of a piece of steel from suitably prepared photo- 
micrographs, it has been decided to publish a few of the 
plates taken for the Committee, all of which are quite 
typical structures of the steels they represent. The 





* Read before the Institution of Mechanical Engineers, 
January 15, 1904. For the first, second, third, fourth, 
and fifth reports, see Proceedings, 1891, page 543; 1893, 
page 102; 1895, page 288; 1897, page 31; and 1899, 
page 35. Also ENGINEERING, vol. lii., pages 548 and 579 ; 





vol. lv., pages 629, 659, and 686; vol. lix., pages 743, 778, 
and 811; vol. lxiii., pages 220 and 253; and vol. Ixvii., 


majority of these plates are of steels which have received 
some special thermal or mechanical treatment under works 
conditions, and are, perhaps, the more valuable on this 
account, 

It is well known that specimens of both iron and steel, 
produced under apparently the same conditions, often 
display totally different properties. This is especially 


TABLE XXI.—Comparison OF BREAKING STRESSES (IN 





of the microscope, to learn much about the chemi- 
cal composition of the metal under examination, it is, 
nevertheless, not for this purpose that it is most useful. 
Many samples of steel, having identical chemical compo- 
sition, vary enormously in mechanical properties ; and it 
is by the aid of the microscope that the causes of these 
variations may be pee ‘* Photomicrography ”— 
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aac Bars ANNEALED FOR HALF-AN-HouR. Bars SoakED For 12 Hours. 
¢ |S ab si 
2 to 2 | | | 
ri 258 620dg.C. | 720dg.C. SCOdg.C. 900dg.C. 1100dg.C. 620dg.C. | 720dg. C. | 900dg. C. | 1200 dg. C. 
Oo om | 1148 dy. F.)|\(1328 dg. F.) (1472 dy. F.) (1652 dg. F.) (2012 dy. F.) (1148 dg. F.)/(1328 dg. F.) (1652 dg. F.)}(2192 dg. F.) 
oceeees —— | —= 
per cent | 
0.130 30.22 | a 20.16 20.10 21.48 oa 19.75 20.00 | | 
0.180 81.52 | 30.60 26.52 26.46 27.84 26.91 26.31 27.75 | 26.91 25.27 
0.254 | 38.25 | 34.50 | 28.50 29.40 29.46 28.11 28.60 28.18 29.55 24.86 
0.468 36.96 | 37.02 | 32.82 33.00 32.46 31.38 29.31 J 29.91 29.10 
0.722 49.00 50.22 39.96 42.48 43.20 42.38 38.11 43.21 40.17 
0.871 58.02 55.02 43 98 52.50 50.40 47.69 39 38 | 49.32 29.55 
0.947 53.74 52.90 39.30 39.96 51.12 49.62 33.73 47.76 | 24.02 
1.306 = 56.11 51.54 50.53 39.12 44,52 46.62 33.38 44.41 | 35.93 


TABLE XXII.—Comparison or Exastic Limits (1n Tons PER SQuARE INCH) OF ANNEALED AND SOAKED Bars. 
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TABLE XXIII.—Comparison OF THE ELONGATIONS PER CENT. 


Carbon. aero cr: 
620dg.C. 720dg.C. 800dg.C. 900 dg. C. | 1100dg. C.! 620dg.C. | 720dg. C. 900 dg. C. 1200 dg C. 
1148 dg. F.) 1328 dg. F.)|(1472 dy. F.)i(1652 dg. F.)|(2012 dy. F.)\(1148 dg. F.)|(1328 dg. F.)) (1652 dy. F.) | (2192 dy. F. 
per cent. 
0.130 wr 11.34 10.20 13.02 | es | 10.64 11.67 
0.180 26.50 14,52 16 08 15.84 | 15.37 | 14.31 7.63 20.62 20.76 
0,254 27.73 18.24 19.44 17.28 } 15 30 } 17.22 15.81 25.00 17.00 
0.468 27.36 21.60 18.72 18.03 | 14.28 | 22.08 11.76 25.58 23 79 
0.722 31.68 22.98 t t t | 21.13 16 16 38.74 29 91 
0.871 29.28 t t t | 21.96 15.28 42.75 21.65 
0.947 34.20 t 22.50 t t } 23.15 14.11 36.07 20.09 
1.306 40.92 t t t t | 28.29 11.69 38.04 26.77 
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2ac Bars ANNEALED FOR HALF-AN-HOwR. Bars SOAKED For 12 Hours, 
eo 
at? 1 ee secant ntti ice 
} tom 2 | | | 
5 pee & 620dg.C. 720dg.C. | 800dg. C. | 900 dg. C. 1100 dg. C. | 620dy.C. 720dg.C. | 900dg. C. | 1200 dg. C 
6) ran) (1148 dg. ¥.) (1328 dg. F.)|(1472 dg. F.)!(1652 dg. F.) (2012 dg. F.)\(1148 dg. F.) (1328 dg. F.) (1652 > F.)|(2192 dg. F.) 
per cent 
0.130 20.00 a 44.50 46.20 ah 48.50 42.50 
0.180 12.50 33 00 36.00 35.00 39.50 32.50 29.50 37.00 18.00 
0.254 | 12.70 24.00 32.50 29.50 33.50 31.00 31.00 29.00 12.50 
0.468 6.25 24.00 29.00 27.50 27.00 33.00 30.50 30.00 16.00 
0.722 11.72 20,50 23.00 17.70 14.00 29.50 21.00 12.50 11.00 
0.871 5.47 12.00 20 00 | 11.50 11.00 19.50 19.50 11.00 | 20.00 
0.947 7.03 15.00 22.00 | 18.00 7.50 18.50 23.50 11.90 20.00 
1.306 | 7.03 3.00* 7.00 | 20.00 6.50 11.50 26.50 | 10.00 33.00 
* Broke outside gauge points. 
TABLE XX1LV.—Comparison OF THE REDUCTIONS OF AREA AT FRACTURE (IN PERCENTAGES) OF 
ANNEALED AND SOAKED Bars. 
ean Bars ANNEALED FOR HALF-AN-Howr. Bars SoAKED For 12 Hours. 
_ ~ 
S  ™»e8 
5 — s 3 620 dg. C. | 720dy.C. 800dg.C. 0dy.C. | 1100dg.C. 620dg.C. | 720dg.C. | 900dg.C. | 1200dg.C. 
5 >*™ (1148 dy. F.)/(1328 dg. F.)\(1472 dg. F.) (1652 dy. F.)|\2012 dg. F.)(1148 dy. F.)|(1328 dg. F.)\(1652 dg. F.)|(2192 dg. F.) 
per cent | 
0.130 34.73 | % 73.26 71.16 71.16 ne 81.12 73.21 
0.180 29.71 | 62.85 72 54 67.32 60.24 60.60 71.43 61.11 58 80 59.30 
0,254 25.31 | 56.06 62.66 58.56 54.84 54.77 65.18 57.28 57.50 56.80 
0.468 18.76 49.70 58.56 45.60 46.26 40.38 57.61 42.70 43.50 38.380 
0.722 3.43 33.48 47.88 31.74 25.86 17.21 46.54 35.97 14.00 11.30 
0.871 5.38 22.11 40.42 16.92 15.84 12.51 30.82 29.69 15.30 40.20 
0.947 63 27.00 45.00 28.44 15.42 9.07 27.10 35.44 | 11.00 | 37.50 
1.306 8.48 3.90 5 12 33.90 5.58 8.94 16.45 34.60 | 11.70 | 21.70 





TABLE XXV.—Comparison OF BREAKING STRESSES 
WATER AN 


(In Tons PER SquaRE INCH) OF BARS QUENCHED IN 
D IN OI, 











QUENCHED IN WATER AT 20° C. (68° F.). 





Original 
Carbon. Bars as 
Received. 
720° C. 800° C. 900° C. 1200° C. 
(1328° F.) (1472 F.) (1652° F.) | (2192° F.) 
per cent. | 
0.130 30,22 36.18 38.88 32.34 44.29 
0.180 | 31.52 44.82 49.02 49.92 72.78 
0.254 | 33.25 43.20 52.38 70.32 77.04 
0.468 36.96 39.60 61.26 55.44 31.74 
0.722 49.00 61.00 61.98 13.44 
0.871 58.02 54.84 . 26.04 5.40 
0.947 53.74 56.04 : 21.60 4.20 
1.306 | 56.11 56.94 70.02 s 3.52 
* Broke in 


the case with steel, which, on account of its more com- 
plex character, is easily affected by small alterations 
in the conditions of its manufacture. The causes of 
the variation in properties of similarly produced samples 
of metal may, in most cases, be explained by the aid 
of the microscope when all other methods of investi- 
gation have failed. Although it is possible, by means 








pages 210, 259, and 294, 








QUENCHED IN O1L AT 80° Dea. C. (170° F.). 











Not Tem- | Tempered at 360° C. Tempered at 600° C. 
pered. (612° F.) (1112 F.) 

{— : ———_—__ ——____. —--— 
720°C. | 720°C. | 870°C. | 1000°C. ro, AS 
(1328° F. | (1328° F.) (1598° F.) | (1832° F.) | (1472° F.) | (1652° F.) 

| 
32.68 22.13 24.50 26.91 21.42 24.55 
36.79 31.10 36.12 35.96 36.16 30.13 
37.84 | 34.15 41.13 40.32 # 31.24 
39.75 | 41.83 54.65 54.10 41.06 35.71 
50.43 48.70 78.59 76.41 58.47. | 50.44 
76.77 | 53.94 90.68 83.84 53.11 | 62.68 
52.30 54.63 102.52 94.19 45.97 49.10 
53.82 57.75 90.57 | 90.00 46.86 61.32 
clips. 
or, as it is now more frequently termed, ‘‘ metallo- 


graphy ”—is intended to augment rather than supplant 
chemical analysis. It is possible by means of the micro- 
scope to ascertain much about the mechanical and 
thermal treatment the metal has received, which in com- 
merce is often of the utmost importance. 

Although much useful information may be obtained 
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THE HEAT TREATMENT OF STEEL. 


Heat TREATMENT OF HiGH-CAaRBON STEEL. 
ee Ry DOP 





—_- ~— me 4. A “ d 
Fig, 127. Austenite prepared by Quenching 1.4 per Fig. 128. Austenite Transformed by Immersing Fig. 129. Steel containing 1.4 per cent. Carbon. 
cent. Carbon Steel in Iced Brine. By 1600 Diams. Steel in Liquid Air. By 1690 Diams. Air Cooled. By 1600 Diams. 








ts 9 \3e 
Fig. 130. Die Steel Overheated before Quenching Fig. 181. Spring Steel for Safety Valve. Fig. 132. Spindle containing 1.02 per cent. Carbon. 
in Water. By 850 Diams. Oil Hardened, By 850 Diams. Oil Hardened. By 1600 Diams. 


STEEL SUITABLE FOR THE MANUFACTURE OF ORDNANCE. 
Pp Freee 
AS 
Vise 
' PR 
>, .% 









Ppt! Bas z 
Fig. 133. Steel as Cast. By 20 Diams. Fig. 134. Steel Annealed at 909 deg. Cent. Fig. 135, Exterior of Oil Treated ‘* A” Tube 
(1652 deg. Fahr.). By 140 Diams. of Gun. By 140 Diams. 











ms 





Fic. 136. High Power View of Carbide Area of Fig. 137. Interior of Oil-Treated ‘“‘ A” Tube Fig. 188. High Power View of Carb:de Area, 





Gun Steel. By 1600 Diams, of Gun. By 140 Diams. By 1600 Diams. 
from low-power (say 100 diameters) photographs, yet it is TABLE XXVI.—Comparison or Enastic Limits (In Tons PER Square INcH) oF Bars QUENCHED IN 
under the higher renee of the microscope (1000 to 2000 WATER AND IN OIL. 
diameters) that the true effect of a tempering or anneal-) = . : : a ee 


ing can be ascertained. 
The changes in hardness of a steel die, for example, are Nor QUENCHED IN Otn at 80° CO. (176° F.). 

accompanied by a corresponding change of structure. Ph am ee Sha hci 

When the die is quenched in water, its structure, as » An. | QUENCHED IN Water at 20° C. (68° F.). 





revealed under the microscope, is composed of a system po at Not Tem- Tempered at 350° C. Tempered at 600° C. 
; thea: ° 4 ° die Jarbon. pered. (662° Fahr.) (1112° F.) 
of interlacing acicular crystallites (austenite, variety 
martensite). When this steel is tempered, the interlac- 
ing crystalline fibres disappear, and the structure be- 620° C 720° C 800° C 900°C. , 1200°C 720°C 720°C 870° C 1000°C. | soe’ o 900° O. 
comes granular. The character of the tempered struc- (1148° F.). | (1328° F.) (1472 F.) | (1652° F.) | (219° F.) (1328° F.) (1328° F.) (1598° F.) (1832 FE.) (1472° F.) (1652° F.) 
ture varies greatly with the temperature and the time the | ———_|—— —- —-/ ——_—_—_-_». —_—__»_ __ | —_— —— $= $$ | — —— 
steel is re-heated. In practice, the steel is tempered by or i ; : a ; , cei — snes 
vaierdn= ~~ 3 a3 " , > surface 2 ¢ 18 24.3 8.6 5.68 Bi 5.62 
watching the colours assumed by the surface of the metal 0.180 ; ; : 0 - on 24 93°81 99,82 94.55 
during the progress of the operation, and when the 0.254 H H H ' 24.94 98°81 25,89 
proper colour makes its appearance the object is suddenly 0.468 | H i } ' 29.14 42. | 31.92 29.02 
cooled. These tints are caused by films of oxide, corres- 0.722 t ‘ | { 30.74 50. | 49.90 44.63 
erga: with considerable exactitude to the degree of 0.871 t t t 50,24 58.30 | 46.86 46.85 
eat to which the metal is exposed, and they consequently _—9..947 t : t t 40.00 os | = 40.18 
serve as a tolerably accurate guide in determining the 1-306 | t t ‘ t 37.75 s018 59.81 | 42.50 ae 
hardness which the object will acquire on being cooled. — - . rn 


Although this method is wonderfully accurate, it must be * Broke in clips, No definite yield point. 
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THE HEAT TREATMENT OF STEEL. 


Streets SUITABLE FOR THE MANUFACTURE OF ORDNANCE. 
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Pas Si ae e a a 1 
Fig. 139. Steel quenched at 720 deg Cent. Fie. 140. Steel quenched in Warm Water at 
(1328 deg. Fahr.) in Water over Mercury. Show- 720 deg. Cent. (1328 deg. Fahr.’. By 850 Diams. 


ing Martensi‘e ard Ferrite. By 140 Diams. 





3 37 





Fig, 141. Steel quenched in Water over Mer- Fic. 142. Manganese Sulphide Iliw in Slowly-Cooled 
eury. Showing Martensite and Ferrite. By Steel. By 850 Diams. 


1600 Lisms. 
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Fig. 115. Exterior of Axle. 





ii 
™ a 
Fig, 148, Section from No. 4 position, 





TABLE XXVITI.—Comparison OF THE ELONGATIONS (PER CeNT, ON 2 IN,) OF BARS QUENCHED IN 
WATER AND IN OIL. 


QUENCHED IN O1L AT 80° C, (176° F.). 








QUENCHED IN WATER At 20°C, (63° F.). 








| Original Not Tem- Tempered at 350° C, Tempered at 600° C. 
Carbon. Tars as pered. (662° F.). (1112° F.). 
Rcceived. ie * ae 
| 
720°C 800° C. £00° C. 1200° C. 72” C. 720° C, 870° C, 1000° C. 800° C. | 900° C. 
(1328° F.) (1472° F.) | (1652° F.) (2192° F.) | (1828° F.) (1828° F.) | (1598° F.) | (1882° F.) | (1472° F.) | (1652° F.) 
per cent. | | 
0.130 | 20.00 22.00 21.70 28.20 9.00 26.00 41.00 59.50 32.50 38.00 | 407 
0.180 12.50 14.00 14.50 6.50 3.50 25.00 29.00 23.50 26.50 26.00 30.00 
0.254 12.7 13.70 6.50 3.80 3.00 23.00 25.00 24.50 19.00 | .. | 2620 
0 468 6.25 21.00 1.60 1.00 Nil 24.50 20.00 25.00 14.00 | 17.00 27.20 
0.722 11.72 17.50 ‘ 1.00 " 16.50 21.50 23.50 14.00 | 17.50 | 17.50 
0.871 5 47 15.80 x 2.00 2 13.00 13.50 10.50 9.50 | 15.00 | 15.50 
0.947 7.03 12.00 . Nil a 13.00 12.00 7.00 5.50 | 12.00 | 17.00 
1.206 7.03 8.80 0,50 os ” 7.00 6.50 5.50 5.00 7.50 | 17.60 





* Broke in clips, 












Very MILp STEEL. 









eae 4 a 
Fie. 143. Structural Steel as Cast. By 140 
Diams. 


Fic. 144. Structural Steel reheated to 850 deg. 
Cent. (1662 deg. Fahr.) and Cooled in Wood Ashes. 
3y 140 Diams. 


Ten-Incn AxLe ConTAtnine 0.4 PER Ceyt. Carson. QueNCHED IN Om. By 140 Dramerers. 


Fie, 150, Centre of Axle. 


remembered that the colours will appear even when the 
metal has not been quenched, so that the tint alone is not 
indicative of a good result. This may, however, be easily 
determined under the microscope. As the time and the 
intensity of the reheating increases, the structure more 
and more resembles that of pearlite, so that it is quite 
possible to ascertain the quality of the temper from the 
microstructure alone. 

To be able to ascertain the quality of the quenching of 
large masses of metal, such as gun ingots and axles, is of 
vital importance. Ifa gun-tube is quenched below the 
Ac, point, it will be soft, and consequently very unsafe 
for firing purposes, on account of its low elastic limit. 
Even under the low powers of the microscope, valuable 
evidence could be obtained as regards the correct quench- 
ing of the metal, while, under the higher powers, it would 
be ible to ascertain whether the subsequent tempering 
had been carried out correctly or not. 

On pages 240 to 242 are shown a number of photomicro- 
graphs, many of which indicate typical structures of 
thermally-treated steels as obtained in practice. 

On page 240 are shown six photomicrographs, at magni- 
fications of either 850 or 1600 diameters, of high carbon 
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THE HEAT TREATMENT OF STEEL. 


Courtine Epar or a Cast-Iron Toon From PrincrpaL WorRKSHOP OF THE 
PENNSYLVANIA RatLRoap CoMPANY IN ALTOONA. 


STEEL SPINDLES. 









4 a Pe r : j 
eas Gi 
Fie. 152. Cementite and Modified Martensite. Fie. 155. Good Spindle. 
By $50 Pians. 





= 





Fig. 153. Cementite and Modifi-d Martensite. Fic. 154. Cementite and Martensite, which is 
By 140 Diams. passing into Minute Pearlite. By 1600 Diams. 


MISCELLANEOUS PIOTOMICROGRAPHS. 





/ 





Fie. 157. Steel containing 0.4 per cent. Carbon, Fic. 158. Tempered at 190 deg. Cent. (212 de. Fig. 15). Burnt Steel Slowly Cooled. 0.8 per 
Quenched in Mercury. By 1600 Diams. Fahr.) for 1500 Hours. By 1690 Diams. Cent. Carbon. By 140 Diamys. 





Cooled. 0.8 per Fie. 161. Cold Rolling of Steel Rail. Fic. 162. Pearlite Structure made evident hy 


Fie. 160. Burnt Steel Slowly 
Squeezing a Dead Soft Steel. By 1620 Diams, 


Cent. Carbon. By 850 Diams. By $20 Diams. 


steels which have been thermally treated in different TABLE XXVIII.—Comparison OF THE REDUCTIONS OF AREA AT FRACTURE (IN PERCENTAGES) OF Bars 
ways. Fig. 127 was obtained bv quenching a piece of QUENCHED IN WATER AND IN OILS. 
1.4 per cent. carbon blister steel from 1050 deg. Cent. 
(1922 deg. Fahr.) in iced brine. The constituents shown 
are austenite—the white, and cementite—the dark sub- 
stance. Fig. 128 is a remarkable structure obtained by QUENCHED IN WATER AT 20°C. (68° F.). 
M. Osmond by placing austenite in liquid air at — 243 Original 

deg. Cent.(-—405 deg. Fahr.); this structure indicates Carbon. Bars as pered. 
the transformation of y iron into the a state. A similar Received. _ . 


(UENCHED IN OIL AT 80° C, (176° F.). 


Not Tem- Tempered at 350° C. Tempered at 600° C. 
(662° F.). (112° F.). 

















change takes place when certain non-magnetic | nickel 720° C 800° C 900° C 1200° C 0° OC “90° C 870°C 1000° C sou’ C 900° C 
are @ ¢ , 2 x ar : »¢ , . Je t le - . ie Je ic Je ‘ Je . . bs ° 

—_ are cooled in a mixture of solid carbon dioxide and (1328° F.) | (1472" F.) | 1652" F.) (219° F.) (1328° F.) | (1328 °F.) (1598° FE.) (1852° F.) | (1472° F.) (1652° F.) 

Fig. 129 is a structure obtained when a steel containing _ per cent. ate yn a as ieee ae . aie 
1.4 per cent. of carbon is rapidly cooled in air; it con- 0.130 60.20 £9.94 76.26 39.12 59.62 76.44 67.48 70.60 72.00 
sists mainly of a matrix of incipient pearlite containing 0.180 46.92 51.60 35.28 5.16 60.24 65,38 63.04 57.00 58.£0 
large acicular crystallites of cementite. Fig. 130 shows 9.254 45.96 8.94 13.44 4.74 57.77 62.14 60.51 oe 58.40 
the structure of a ‘‘ burnt” die which has been quenched a oe = ne Nil 9 “7 gtd me mgd . 
in water, at a magnification of 850 diameters. It will be 9/871 29.58 * 216 $i 36,34 31.82 24.15 | 32.60 30,00 
seen to consist of martensite, which is traversed by 0,917 24.78 . Nil es 19.81 16,99 14.84 12.90 28.60 
numerous black lines, which have been already described. 1.306 15.84 1.32 t a 8.67 By 10.57 7.09 | 22.00 21.00 


Such a die could be resuscitated by carefully heating to : Dial Casal 
about 900 deg. Cent. (1652 deg. Fahr.) and forging two or * Broke in clips, } Broke outside gauge points, 
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three times. Figs. 131 and 132 represent respectively an 
oil-hardened spring for a safety valve and an oil-hardened 
spindle containing 1,02 per cent. of carbon. Both these 
structures are very good examples of oil-hardened high- 
carbon steels ; the pearlite of the spring steel is, however, 
rather more granular than the spindle. | 

Figs. 133 to 138 are interesting, as showing the structures 
assumed by gun steel containing 0.33 per cent. of carbon 
and 0.6 per cent. of manganese, In practice, after different 
conditions of thermal treatment. Fig. 133 indicates the 
structure of the original ingot, which has not been re- 
heated. The crystals are bounded by more or less straight 
lines. In Fig. 134 this structure has been broken u by 
reheating the ingot to 900 deg. Cent. (1652 deg. Fahr.), 
forging, and allowing it to cool slowly. In this case the 
boundaries of the crystals are irregular in shape, and have 
assumed the so-called ‘interlocked ” structure. Fig. 135 
was taken from the exterior of the metal after it had been 
‘‘oil-tempered ”—that is, the forged tube has been heated 
to 815 deg. Cent. (1500 deg. Fahr.), quenched in oil, and 
afterwards reheated to 475 deg. Cent. (900 deg. Fahr.), 
and allowed to cool oe The structure consists of a 
minute granular pearlite which is traversed by threads of 
ferrite ; these threads increase in size as the centre of the 
metal is approached. Fig. 136 shows the structure of the 
carbide area of Fig. 135 under the high power (1600 dia- 
meters). It is composed of a minute granular pearlite. 
Fig. 137 indicates the interior of the same gun-tube under 
thelow power (140 diameters). In this case the cooling 
has been slower than it was at the exterior of the tub», 
and in consequence the separation of the ferrite has been 
more complete. As would be expected, the carbide area 
in this part of the metal is in a minutely laminated state, 
not in the granular form in which it exists at the ex- 
terior of the tube, This structure is well shown in Fig. 
138 at a magnification of 1600 diameters, 

In Figs. 139, 140, and 141 are shown the results 
of more rapidly quenching a steel of approximately 
the same composition as the last. Figs. 139 and 140 
are the structures obtained at 140 and 850 diameters 
magnification respectively by quenching the steel in 
mercury at 720 deg. Cent. (13828 deg. Fahr.), and then 
lightly etching it ; in this instance the ferrite has been 
attacked while the martensite still remains bright, some- 
what resembling cementite. In Fig. 141 is shown a 
portion of one of these martensite patches at a magnifi- 
cation of 1600 diameters, which has been etched for two 
minutes in a 0.1 per cent. solution of nitric acid in 
alcohol; the needle-like structure at once discloses its 
identity. Fig. 142 is a photomicrograph of a manganese 
sulphide flaw in a slowly-cooled gun steel at a magnifica- 
tion of 850 diameters. Fig. 143 is the structure of an 
ingot of very mild steel which has been allowed to cool 
after casting ; the carbide areas are bounded by straight 
lines, similar to those of the gun ingot in Fig. 133, 
and in this case each grain is also partly surrounded 
by a layer of free cementite. The metal in this condi- 
tion was extremely brittle; but on reheating the steel 
to 850 deg. Cent. (1562 deg. Fahr.), and allowing it to 
cool in wood ashes, a perfectly malleable ingot was the 
result. The structure given a this reheated metal is 
shown in Fig. 144. Both Figs. 143 and 144 are at mag- 
nifications of 140 diameters. 

Figs. 145 to 150 are interesting, as indicating the varia- 
tion of the structure in different parts of a 10-in. axle con- 
taining 0.4 per cent. of carbon which has been oil-tempered. 
The photomicrographs are not very good, but they neverthe- 
less show a large proportion of carbide area at the exterior 
of the axle, and a gradually-diminishing amount in the 
sections as they approach the centre, while at the centre 
the structure is practically that of a slowly-cooled steel. 
An excellent series of photomicrographs of axles were 
taken at the Royal Mint, but after Sir William Roberts- 
Austen’s death they could not be found. In every case, 
however, the structures varied from exterior to centre in 
the manner indicated in Figs. 145 to 150. Such a hetero- 
geneous structure must entail a considerable amount of 
internal strain, even under the best conditions of oil- 
quenching ; and it therefore appears advisable to seek for 
other means of obtaining a metal with suitable properties, 
such as power of withstanding ‘“‘shock,” while at the same 
time possessing comparatively high limits of elasticity and 
tenacity. These properties can, without doubt, be ob- 
tained in slowly-cooled steels containing a small pro- 
portion of one or more of the rare metals, and it is pos- 
sible that equally good results may be obtained with 
suitably annealed carbon steels. 

Figs. 151 to 156 are of particular interest. Figs. 151, 152, 
153, and 154 show the structure, under different magnifica- 
tions, of the ‘‘cutting edge” of a cast-iron tool which Mr. 
Worthington brought from the locomotive workshops of 
the Pennsylvania Railroad Company in Altoona, and 
handed to the author. All these photomicrographs show 
that the metal is composed of a large quantity of cemen- 
tite embedded in a matrix of a dark substance which, at 
a magnification of 1600 diameters (Fig. 154), shows the 
presence of a very minute form of pearlite in conjunetion 
with martensite. 

This metal would seem to be suitable for high-speed 
lathe work. The ordinary tool when used for high-speed 
work rapidly becomes dead soft by ‘‘tempering,” on 
account of the heat produced, while a self-hardening tool 
in most cases rapidly loses its edge. Cementite, on the 
other hand, is quite unaltered at temperatures of even 
690 deg. Cent. (1112 deg. Fahr.) or 700 deg. Cent. 
(1292 deg. Fahr.), so that a good cast-iron tool will retain 
its edge for some considerable time. 

Figs. 155 and 156 show two spindles, one of which gave 
exceedingly good results, while the other gave very poor 
ones as regards wear. The total carbon in each spindle 
was approximately the same—viz., 1.45 and 1.50 per cent. 
respectively. A determination of the graphitic carbon, 
however, revealed the fact that, whereas Fig. 155 did 





not contain any, Fig. 156 contained 0.22 per cent.’ On 
reference to the photomicrographs it will be seen that, 
while the bad spindle is entirely com of granular 
pearlite, the good one contains a considerable amount of 
cementite, and it is entirely due to the extremely hard 
bearing surface, presented by the cementite patches, that 
the good lasting qualities of this spindle are due. It is 
interesting to note that many g bearing metals owe 
their qualities to a similar cause; the metal is generally 
composed of a comparatively soft matrix containing 
some hard metallic compounds which form the bearing 
surface, in the same way that the cementite does in the 
spindle. 

Fig. 157, page 242, shows the structure of a steel con- 
taining 0.4 per cent. of carbon, which has been heated 
to about 900 deg. Cent. (1652 deg. Fahr.) and quenched 
in mercury, thus producing well déveloged martensite. 
The sample was then placed in an oven at 100 deg. Cent. 
and allowed to remain there for 1500 hours, Fig. 158 
indicates the structure produced by this treatment, and 
it will be observed that it is very similar to that obtained 
| from a water-quenched steel which has subsequently been 
| tempered to a straw colour under normal conditions, 
| Figs. 159 and 160 show the structures of, a piece of 
| steel containing 0.8 per cent. of carbon which has n 
| burnt and then slowly cooled. The photomicrographs are 

at magnifications of 140 and 820 diameters respectively. 

| Tt will be observed that black furrows and spaces exist in 
the slowly-cooled as in the quenched ones. The two 
remaining structures on the plate were produced by 
mechanical treatment. Fig. 160 is from a rail containing 
0.5 per cent. of carbon and about 0.8 per cent. of man- 
ganese. The section was prepared from the ‘running 
edge” of the rail, and the effects of the ‘‘ cold rolling” 
can be plainly seen. In Fig. 161 is shown the effect of 
strain on tool steel in the soft condition. A small section 
was removed from the tool and polished, but was neither 
polished in relief nor etched. The sample was then 
placed in a small testing machine and gently squeezed. 
On examination it was found that a pearlite structure had 
developed, owing to the ferrite laminw being forced up 
between the plates of cementite. 

The matter contained in this report by no means 
represents the total work done for the Alloys Research 
Committee, as much time was given to experiments 
which yielded negative results. 

In conclusion, attention should again be drawn to the 
valuable work of Mr. W. H. Merrett, who has supplied 
the material for the completion of the report, and for 
which he deserves the special thanks of the Committee. 

Their thanks are also due to Mr. F. W. Harbord, of the 
Royal Indian Engineering College, to whom was entrusted 
the analyses of the specimens of steel and the determina- 
tion in most cases of their mechanical properties after 
thermal treatment, and who has spared no effort to 
ensure the trustworthiness of the results; and to Mr. 
S. W. Smith, B.Sc., of the Royal Mint, who assisted in 
some of the experimental work, and Mr. P. Reilly, for- 
merly of the Royal Indian Engineering College, who pre- 
pared the stress-strain curves. 











CATALOGUES. 

A PAMPHLET describing their Meyer gear air-compressors 
has been sent us by the Laidlaw-Dunn-Gordon Company, 
of Cincinnati, Ohio, U.S.A. 

The Locomotive Publishing Company, Limited, of 3, 
Amen-corner, Paternoster-row, E.C., have issued a new 
catalogue of Mr. F. Moore’s railway photographs and 
lantern slides. 

The Sir Hiram Maxim Electrical and Engineering 
Company, Limited, have sent us Section E of their general 
catalogue, containing particulars of their accessories for 
electric power stations. 

A catalogue of flexible metallic tubing, suitable for 
different purposes, has been issued by Messrs. John Law- 
man and Co., of 143, New Kent-road, London, S.E., who 
are agents for the manufacturers—the Neue Gasindustrie 
Ulm. 

A pampblet describing their plant for manufacturing 
gas for industrial furnaces from fuel of all kinds has been 
sent us by the Power and Mining Machinery Company, 
of 52, William-street, New York. 

A circular drawing attention to his New Century 
governor, which can be speeded up or down whilst 
running, has been sent us by Mr. A. S. F. Robinson, 
A.M.I.C.E., of Beccles, Suffolk. 

A catalogue of elevating and conveying machinery has 
been sent us by Messrs. Gibbon Brothers, Limited, of 
142-3, Palace-chambers, Westminster, 8S. W. 

Messrs. W. H. Spencer and Co., of Hitchin, Hertford- 
shire, have sent us a copy of their’new catalogue and 
price-list of vertical and horizontal boilers. 

A new catalogue of electric lifts has just been published 
by Messrs. R. Waygood and Co., Limited, of Falmouth- 
road, London, 8. E. 

A catalogue describing the large variety of copper rail- 
bonds made by Messrs. Felten and Guilleaume, of Mul- 
heim, has been sent us by their British agents, Messrs. 
W. F. Dennis and Co., of 49, Queen Victoria-street, E.C. 

A new catalogue of their well-known Stockport gas- 
engines has been published by Messrs. J. E. H. Andrew 
and Co., Limited, of 80, Queen Victoria-street, E.C. 

Messrs. Roberts Brothers, of Dukinfield, Manchester, 
have sent us a copy of their new catalogue of dise-grinders. 
The firm claim to make more dise-grinders than all other 
makers in the world put together. 

The Trump Manufacturing Company, of Springfield, 
Ohio, U.S.A., have sent us a copy of their catalogue of 
pressure turbines. 

Messrs. Chambers, Scott, and Co., of Motherwell, N.B., 
have sent us a catalogue of their electric overhead travel- 
ling cranes, 





The General Electric Company, Limited, of 71, Queen 
Victoria-street, E.C., have sent us a circular giving prices 
of their cut-out and distribution boards, and of their 
switches and plugs. 

A circular giving particulars of their laminated leather 
belting has been sent us by Messrs. James Hendry, of 
Bridgeton, Glasgow. 

Sheets of engravings representing their ties piston 
packings, as supplied in over 4500 cases, have been sent 
us by MacLaines Patent Perfect Piston Company, 
Limited, of 24, Ulster-chambers, Belfast. 

Messrs. Hans Renold, Limited, of the Progress Works, 
Brook-street, Manchester, have sent us a copy of their 
new catalogue of driving chains, four principal ty of 
which are made by the firm. Special interest attaches to 
the now well-known silent chain, which of late years has 
found such varied uses, 

The Morris Cohen Company, Limited, of the Vulcan 
Works, Alfred-street, pe 1ave sent us an illustrated 
price-list of their Whitworth and B.A. standards, bolts, 
screws, and nuts in steel and brass. 

A new catalogue of hydraulic machinery, including 
presses, pumps, and fittings has been sent us by Messrs. 

Mill-lane, 


Hollings and Guest, Limited, of Thimble 
Birmingham. 

Messrs. Holden and Brooke, Limited, of the Sirius 
Works, West Gorton, Manchester, have sent us circulars 
describing their ‘‘one movement” and their ‘‘ split cone ” 
injectors. In the former the regulation of the water and 
steam supplies is controlled by a single handle only. In 
the split-cone injector the same feature is embodied, with 
the addition that the interior of the injector is made 
readily accessible by the main casting being made in 
halves bolted together. 

Messrs. Estler Brothers, of 25, Laurence Pountney- 
lane, Cannon-street, E.C., have sent us a circular of a 
new rail-joint now being introduced by them as the 
Imperial rail-joint ; and in another circular from the 
same office we find a description of Harvey’s automatic 
tramway signal for warning drivers on approaching a 
single-line section of a tramway, whether that section is 
clear or occupied. 

A catalogue of light locomotives has just been published 
by the Baldwin Locomotive Works, of Philadelphia, The 
types illustrated include both saddle and side-tank pat- 
terns, as well as light styles of tender-engines for a 
variety of gauges. 

The Power and Mining Machinery Company, of 52 
and 54, William-street, New York, have issued a new 
gas-engine catalogue. This firm have secured the right 
to build the Crossley engines in America from draw- 
ings supplied by the famous Openshaw firm. 

The Raison and Swan United Electric Light Company, 
Limited, of 36 and 37, Queen-street, E.C., have sent 
us leaflets giving illustrations of electroliers, arc-light 
carbons, switches, dynamo brushes, and other electrical 
fittings. 

Messrs. Musgrave and Co., Limited, of the St. Ann’s 
Ironworks and Cromac Foundry, Belfast, have sent us a 
circular describing their ‘‘ Ulster” fans, as applied to the 
production of mechanical draught. 

A new catalogue of pumping machinery has been issued 
by the Knowles Steam Pump Works, of 179, Queen Vic- 
toria-steet, E.C. 

A catalogue of large milling machines built on ‘‘ Planer” 
lines has been sent us by the Hess Machine Company, of 
1002, Pennsylvania-buildings, Philadelpbia, U.S.A. The 
largest machine illustrated takes a cut 42-in. wide by 
18 ft. long, and on cast iron will do this to a depth of 
4 in, with a feed of 10 in. per minute, the weight of chips 
removed being 54 1b. per minute. 

In order to meet the demand for lathes with greater 
possibilities in. the matter of nice adjustment of cutting- 
speeds, Messrs. John Lang and Sons, of Johnstone, near 
Glasgow, have patented a type of variable-speed lathe, 
which is fully described in a new catalogue just issued 
from their offices. With these lathes any desired cutting- 
speed is attainable, and, further, in surfacing-work the 
speed of revolutions is automatically varied as the tool 
approaches the centre so as {to keep the actual cutting: 
speed constant during the whole traverse. 

A new portable electric drill and a new type of worm- 
gearing, in which the worm-wheel is fitted with conical 
rollers of hardened steel in place of teeth, has been sent 
us by the Power Plant Company, Limited, of 20, New 
Bridge-street, London, E.C. 

The Lahmeyer Electrical Company, Limited, of 109- 
111, New Oxford-street, W.C., have just published an 
illustrated circular describing their electrically-driven 
pumps and compressors. 

Messrs. George Green and Co., of Crosshills, Keighley, 
have sent us a copy of their new illustrated price-list of 
‘* Airedale” feed-water heaters. 

Messrs. Thomas Thompson and Co., of 35, New Broad- 
street, E.C., have sent us a catalogue describing their 
new system of centrifugal tachometers, which are 
designed so that the centrifugal portion of the mechanism 
is subject to rolling friction only and requires no oiling. 

A catalogue describing the Crowe stoker, which is of 
the chain grate type, has been sent us by the Inter- 
national Stoker Company, of 109, Montgomery-street, 
Jersey City, U.S.A. 

Messrs. Bever, Dorling, and Co., Limited, of the Bow- 
ling Iron Works, Bradford, Yorkshire, have issued a new 
catalogue giving illustrations and descriptions of their 
Corliss and other mill engines, their winding and hauling 
machinery, and their steam and electric pumps. 

Messrs. J. ay, and Co., Limited, of the Canal 
Works, Halifax, have sent us a copy of their new cata- 
logue of moulding and planing machines. 

The Bromell Patents Company, Limited, of Thomas- 
street, Liverpool, have sent us a catalogue describing 








their selection of engineers’ sundries, 
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METALLURGY AS APPLIED IN 
ENGINEERING.* 
By ArcnHispaLp P. Heap, M. Inst. C.E. 

THe President and Council have honoured me by 
requesting me to address you to-night on the subject of 
‘“‘ Metallurgy as Applied in Engineering,” with a view of 
demonstrating the importance of the study of metallurgy 
to the students of the Institution. When I was informed 
there was to be no discussion, I felt that the privilege of 
having perfect freedom to express my views without fear 
of contradiction was a temptation not to be resisted. 

Metallurgy is defined by the dictionaries as the art of 
extracting metals from their ores, but I would include in 
the definition the preparation of those metals for use in 
the arts. It is obvious that engineers, both civil, 
mechanical, and mining, are the chief users of such metals 
and alloys. The metallurgist provides the engineer with 
his raw materials, and as the requirements of engineering 
become more exacting, it devolves upon the metallurgist 
to meet them by improved methods or appliances. Some- 
times the engineer calls for a new material which he 
requires, and the metallurgist, in response to the demand, 
sets himself to discover it. Sometimes the metallurgist 
lights upon new alloys or methods of treatment to be 
found a use for by the engineer. The two branches work 
hand in hand, each necessary to the other, and the efforts 
of either unavailing without the co-operation of the other. 

As competition in the production of metals grows 
keener, labour - saving devices become of great im- 
portance, especially in the handling of materials, and 
often make the difference between success and failure. A 
lecture might, indeed, be delivered on ‘‘ Engineering as 
Applied in Metallurgy,” which is a distinct subject from 
what I now deal with, and I shall endeavour not to 
confuse the two. 

Metallurgy, as understood 7. an engineer, refers chiefly 
to iron and steel, the great bulk of all machinery and 
structural work being made from these materials, and it is 
with these that I propose to deal chiefly to-night. The 
chief iron-producing countries are Great Britain, the 
United States, and Germany. Our much-favoured island 
had a long start of the other two, and has done perhaps 
more than any other country to bring the art to its present 
state of efficiency. During the century commencing with 
the invention of the steam-engine and ending with the 
Franco-Prussian war, England was the workshop of the 
world, and supplied all countries with iron, steel, and 
machinery, amassing immense wealth, to which she is 
largely indebted for the proud position she now occupies. 
The reason for this predominance in metallurgy is, as is 
often the case, largely geographical. Our insular position 
gave us peace when the Continent was convulsed with a 
series of wars, and enabled us to turn our attention to 
industrial occupations. Nature has endowed us with 
abundant coal and iron ore, both of which are essential to 
aniron industry. Our extended seaboard gave us good 
lines of communication, and made us the great sea-carrying 
power, while our wealth made us the financial centre of 
the world. 

Germany and the United States have both made great 
strides in the metallurgy of iron and steel, Germany being 
aided by the extensive deposits of Minette ores in the 
west, and the United States by the unrivalled Lake 
Superior iron ores and the Connellsville coke. 

Location of Ironworks.—The study of the location of 
iron and steel works involves many points of interest. 
This industry differs from many others in that the cost 
of assembling raw materials and distributing the product 
is of paramount importance. The watchmaking industry, 
which might be located anywhere so far as regards cost 
of carriage, may be cited as being at the other extreme. It 
is not within the power of man to regulate the position of 
ore and coal deposits, nor can the existing centres of con- 
sumption for the finished product be moved. The location 
of iron or steel works and of the coke-ovens must there- 
fore be chosen to suit the circumstances. 

Iron ore and coke are the chief ingredients which are fed 
into the blast-furnace. Where both are obtainable in 
suitable qualities, as well as means of transport and a 
market for the product, an iron industry may be estab- 
lished. From 1} tons to 3 tons of ore and about 1 ton of 
coke are required to produce a ton of pigiron. In the 
yast the coke has generally been made at the coal mines. 
Therefore it would seem logical to place the blast-furnaces 
near the ore rather than near the coke, and thus to minimise 
the transportation of materials, assuming that the selling 
market is ae good in one place as in the other. The 
question is, however, not quite as simple as this. Coke is 
friable, and deteriorates by transportation. Hence the 
growing practice is to carry 14 tons of coal from the mines 
to the blast-furnaces, and coke it on the spot. Thus, not 
only is the coke unbroken, but the waste gases from the 
coke-ovens can be used for power purposes, and the by- 
products collected. With this arrangement, and assum- 
ing the ore to be rich, the amount of ore and of coal 
carried to the blast-furnaces is approximately equal, and 
the exact position between the ore mines and the coal 
mines where the furnaces should be placed must be settled 
with reference to markets of consumption or facilities for 
shipping, rather than collection of raw materials. 

An ideal location is one where iron mines and coal 
mines are close together, and both are near to the sea- 
coast, and enjoy a good local selling and labour market. 
Such conditions are, however, difficult to obtain in 
ee They are approached at Middlesbrough, 

ingland, where the local ore and coal are comparatively 
near to a navigable river, and with a good local market. 
In Alabama, U.S.A., the ore and coal mines are both 
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| visible from the furnace top, with a fair local market and | iron. These methods were superseded, except in the case 


away. In the Lorrain district of Western Germany, and 
in Luxemburg, the conditions are not so good, the 
furnaces being near the Minette ores, but a considerable 
distance from the coal mines and the sea. In South 
Russia, the Donetz coalfield is about 260 miles from the 
Krivoy Rog iron-ore deposits, the two being joined by a 
railway. The sea to the south is equally distant from 
either point, as also are the markets in the north. Con- 
sequently, it is not of much importance where ironworks 
are placed, so long as they are on the railway joining the 
ore and coal, and works are in fact distributed along this 
line. In the iron industry of the Northern United States 
the ore is situated round the shores of Lake Superior, 
while the coal is at Connellsville, near Pittsburgh. As the 
ore is carried by the great lakes in bulk, a greater or less 
distance makes little difference in the freight charges, 
and the unloading port on the lakes may be considered 
as the starting point for the ore. The works are there- 
fore placed somewhere between these ports on Lake 
Erie, and Connellsville-Pittsburgh owes its prosperity to 
the fact that it occupies such a position, combined with 
the advantages of natural gas and good river com- 
munication with the coalfields. The new practice of 
conveying coal to be coked at the furnaces, together with 
the partial exhaustion of the natural gas supply, re- 
moves the two last-named advantages, with the result 
that new works are being placed on the shore of 
Lake Erie, thus enabling all ore transportation to 
be by water, and confining the rail transportation to coal, 
which is practically undamageable freight. In Northern 
Spain, Bilbao, asa seat for iron manufacture, combines the 

vantages of abundant local iron ore mines, fair local mar- 
ket for products, good shipping facilities, and cheap labour, 
but lacks coke, which has to be imported from England. 
The iron industry of Sweden continues to prosper, 
although conducted at great cost and with primitive 
a. It is largely a contributory one to the 
Sheffield tool-steel industry, which requires, above all, 
purity of material. The advantages enjoyed by Sweden 
are pure ore, boundless forests yielding charcoal, cheap 
labour, and good water transportation. The chief dis- 
advantage is the absence of coal, which is imported from 
England. 

The location of steel works tends to follow that of 
blast-furnaces. There is a growing tendency to unite the 
two under the same company, whereby the commercial 
advantages of unified management and reduced general 
expenses, and the technical advantage of conveying pig 
iron in a molten condition from one to the other, is 
secured. In the United States the combining tendency 
is carried still further, embracing iron ore mines, ships, 
railways, coal mines, coke-ovens, and including every link 
in - chain of processes from ‘‘ mother earth” to finished 
steel. 

I have dwelt more fully than perhaps the title of my 
paper warrants on the subject of the location of iron and 
steel works, because of the importance and interest of the 
subject, and because by some it is so little understood. 
To judge by the proposals which are sometimes placed 
before a confiding public in the shape of prospectuses of 
new iron companies, it is only necessary to have an iron 
ore deposit and a coal seam, to start making iron on a 
lucrative basis. Such important questions as transporta- 
tion of raw materials and finished products, markets, 
labour, and competition, are frequently ignored, and not 
until the ultimate failure of the enterprise do those 
interested realise that the commercial considerations are 
at least as important as the engineering or metallurgical 
conditions, 

Metallurgy of Iron and Steel.—I do not intend to 
trouble you with a detailed consideration of the techni- 
calities of the manufacture of iron and steel, but I think a 
brief survey of its more modern feature may be of interest 
as indicating the directions in which progress is now being 
made. The iron industry is of immense importance, 
being second only to agriculture, and the prosperity of 
the iron trade is a faithful index of the state of general 
commercial conditions and of public confidence. Wrought 
iron was originally made in prehistoric times, direct from 
iron ore, or oxide of iron, by heating the ore in contact 
with charcoal, thus depriving it of its oxygen, and leaving 
spongy iron. The furnace was a Catalan forge or equiva- 
lent appliance, was very wasteful, could only be used 
with the best ores, and required charcoal as fuel. These 
disadvantages led to the introduction of the blast-furnace, 
which is very much more economical in fuel and iron, but 
— pig iron rich in carbon instead of wrought iron. 

uccessive inventors improved the blast-furnace by using 
coke instead of coal, and by heating the blast, until it 
reached its ont high efficiency and large productive 
capacity. The Duquesne furnaces of the Carnegie Steel 
Company can make no less than 700 tons of pig iron per 
24 hours each. The blast-furnace is, of course, only a step 
in the series of processes required to convert ore into, 
say, a finished forging. The direct process, on the other 
hand, was self-contained, and was able to convert ore into 
a lump of hot wrought iron, which could be hammered to 
the required shape then and there. Strenuous attempts 
have been made, and are still being made, to re-introduce 
the direct process on a sufficiently economical scale, aided 
by modern appliances, to compete with the blast-furnace 
and sang js processes, but as yet without commercial 
success. I saw such a process at work at Pittsburgh in 
1890, but it has since been abandoned. I saw anew and 
omens plant, in July last, erected for the same pur 
in Sweden, where the purity of the materials and high 
price obtainable for the product offer more hopes of success 
than elsewhere. For the conversion of pig iron to wrought 
iron, the Lancashire Fire and Walloon vi were early 
in the field. In these the pig iron is heated, in contact with 
charcoal, by aid of a blast, and worked into a ball of spongy 








cheap labour, but the nearest seaport is about 250 miles | of Sweden, where they still flourish, by the puddling process 


—a truly basic process, which is able to eliminate phos- 
phorus. The invention of railways and steamships gave 
an immense impetus to the mabalbengy of iron and steel, 
Up to the early ’seventies, all rails and structural work 
were made of puddled iron. In August, 1856, before the 
British Association, Bessemer first announced his epoch. 
making discovery of producing steel by blowing air 
through a vessel of molten pig iron. The new process 
was widely adopted, but was found unsuitable Or the 
treatment of pig iron containing phosphorus. In 1878 
Thomas and Gilchrist invented the basic Bessemer pro- 
cess, by which phosphorus could be removed, and the 
converter was thus adapted for pig iron made from phos. 
phoric ores, which constitute the greater part of those 
found in England and Germany. 

Concurrently with the two divisions of the Bessemer 
process, the open-hearth process has been developed. The 
original Siemens process consisted in melting together 
pig iron rich in carbon with iron ore poor in carbon, and 
so making steel with any desired amount of carbon. In 
order to obtain the requisite high temperature, Siemens 
a the regenerative process to the furnace, by which 
the temperature produced is cumulative and practically 
unlimited. M. Martin melted together pig iron and scrap 
wrought iron in a similar furnace, with similar results. 
The combination of the two, or the Siemens-Martin pro- 
cess, consists in melting together pig iron, scrap iron, and 
iron ore. Hitherto the open-hearth furnace fad had a 
silicious or acid lining, which was under the same disabili- 
ties as the original Bessemer process as regards the non. 
removal of phosphorus. But when the advantages of a 
basic lining for a converter were demonstrated by Thomas 
and Gilchrist, the same principle was applied to the open- 
hearth furnace, thus making the process suitable for 
phosphoric pig iron, scrap iron, or ore. 

There are thus four steel-making processes now prac- 
tised—viz. : the Bessemer acid, Bessemer basic, open-hearth 
acid, and open-hearth basic. The two Bessemer processes 
are more rapid than the two open-hearth processes ; but 
at the expense of a heavy waste of metal, and perhaps on 
account of this rapidity, they are not so reliable in the 
composition of the resulting steel. A Bessemer blow may 
take about ten minutes, but an open-hearth charge about 
as many hours, thus giving more leisure for testing the 
composition of the bath, and with a greater economy in 
metal. ‘The Bessemer process is used, with certain excep- 
tions, mainly for rails, structural material, and wire 
billets, whereas the open-hearth process is used for plates, 
structural material, tin bars, &c. In England, the Besse- 
mer basic and the open-hearth acid ‘processes are used, the 
former for domestic phosphoric pig iron, and the latter 
for non-phosphoric pig iron made from the purer imported 
ores. In America the exact reverse is the case, the 
Bessemer acid and the open-hearth basic processes being 
used almost without exception. The former is used with 
the pure pig iron produced from the iron ores of Lake 
Superior, and the latter is increasing in favour, because 
scrap steel, which may or may not be phosphoric, can be 
had in large quantities and at low prices, and readily 
lends itself to the process. In Germany, both basic pro- 
cesses are in high favour, originally because of the large 
quantities of phosphoric Minette ores, and more recently 
because of the vast quantities of highly phosphoric 
Swedish ores which are imported at low prices. The 
particular process which is most suitable for a given dis- 
trict must be regulated by the conditions there extant. 

The slag from a basic Bessemer converter contains a 
high percentage of phosphorus, which, when properly 
treated, is valuable as a manure, and largely increases the 
productive power of the land. This has led to a singular 
result. So valuable is the slag that in some cases this 
by-product has yielded more profit than the steel, which 
has itself become the by-product. As the value of the 
slag increases rapidly with the richness in phosphorus, it 
is clear that the more phosphoric the pig iron, the more 
valuable will be the slag resulting from its conversion into 
steel. Pig iron makers have therefore studied to supply 
steel-makers with such materials, and have searched far 
and wide for phosphoric materials to feed into the blast- 
furnace with the iron ore. Old and forgotten heaps of 
‘*puddlers’ tap,” or highly phosphoric slag from the 
puddling furnace, have suddenly become valuable, and, 
from being an encumbrance which it was worth paying a 
few shillings a ton to remove, have ome a veritable 
gold mine. In metallurgy, as in other things, it is the 
unexpected that happens, and the element phosphorus, 
which was once the bugbear of the steel-maker, is now 
eagerly looked for. 

ntil recent years steel produced by one or other of the 
Bessemer processes has been cheaper than open-hearth 
steel, because they lent themselves to the application of 
mechanical labour-saving appliances. The conveyance of 
liquid pig iron from blast-furnace to converter, the blowing, 
the —s the ingots, and their stripping and con- 
veyance tothe heating furnace, are all mechanical processes, 
while the frequency of blows enabled a large turnover to 
be obtained per unit of capital invested. In the open- 
hearth furnace, on the clar hand, the charging and 
tapping of the furnace involved a good deal of hand 
labour. But within the last five or six years mechanical 
charging has been brought to a high state of perfection, 
while the invention of the tilting or rocking furnace gives 
to the open-hearth furnace many of the conveniences of 
the converter. ; 

Another advantage of the Bessemer converter is due to 
the fact that the oxygen of the blast, by uniting with the 
metalloids in the iron, not only removes them, but in- 
cidentally produces enough heat to raise the temperature 
of the bath. No extraneous heating is therefore required. 
In the open-hearth furnace, on the other hand, where 
each heat starts with cold materials, gas-producers are 
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required to supply fuel for heating, and the consumption 
of fuel may be reckoned at about 600 Ib. of coal per ton of 
ingots. This is a serious handicap to the open-hearth 
rocess, which, however, seems likely to be overcome by 
the Talbot process, recently introduced. Instead of cold 
re, and scrap being charged, liquid metal, direct 
rom the blast-furnace or mixer, is poured in, whereby 
loss from oxidation during melting 1s avoided, and the 
heat from the blast-furnace, which would otherwise be 
wasted, issaved. When by the additions of ore this is 
converted into steel, one-third is poured out into ingot 
moulds, and after iron ore additions have been made, a 
corresponding weight of liquid pig iron is poured in, 
which mingles in intimate contact with the liquid steel. 
The consequence is the rapid removal of the metalloids 
by the oxygen of the iron ore, accompanied by violent 
reaction and production of heat, and in a comparatively 
short time the whole bath is again converted into steel. 
The process of pouring out one-third, adding ore, and 
pouring in the corresponding amount of pig iron, is then 


repeated. Scrap 1s used only to prepare the first heat at 
the commencement of a week’s run. 


ig iron, ( 


The furnaces in 
which the process is conducted are of the tilting type, 
necessitated by the frequent tappings. The yield is as 
much as 106 per cent.—?.e., for every 100 parts of pig iron 
poured in, 106 of steel are taken out, the excess baing 
accounted for by the iron ore additions. The furnaces are 
generally of large capacity, containing as much as 200 tons 
of steel. The output of a furnace of this capacity at 
Pittsburgh is over 1400 tons per week. 

The various economies enumerate1 above hive so 
cheap2ned the open-hearth process that its practice is 
creeping in, to the exclusion of the Bessemer process, and 
it is the opinion of some metallurgists that it is only a 
matter of time before the latter will be superse led. i 
certain that in England, and especially in America, the 
open-hearth process is increasing by leaps and bounds, 
whereas the Bessemer process is advancing at a much less 
rapid rate. ; ee PRS 

{the use of mild steel for rails in substitution for 
wrought iron commenced about thirty years ago. Rails 
differ from other rolled sections in that the power to 
resist surface abrasion is at least as important as the 
stiffness to resist bending. Mild steel is in this respect 
specially suitable for rails. The life of a steel rail is 
estimated at 30 years, and the relaying of the early steel 
rails ought shortly to commence on a large scale. 

Uses of Stecl.—Mild steel has not only largely displaced 
wrought iron, but, owing to its cheapness, strength, and 
general manageability, is becoming increasingly used as a 
rival of wood, brick, and stone. There is an enormous 
amount used in the construction of steel freight-cars, 
which are found to be stronger and more durable than 
wood. Steel is increasingly used in building, and in the 
high structures of America its use is almost a necessity, 
since brick or stone walls would not stand the crushing 
stress of the superincumbent mass. In such buildings 
the steel framework is frequently completed before the 
walls are commenced, the latter being used simply as a 
screen to keep the weather out, forming no essential part 
of the structure. It is an interesting point that in theory 
the top story should receive its oiling of walls first, 
and so on down to the bottom. If the reverse order 
were adopted, the bottom walls first put in would be 
subject to an increasing compressive stress as the work 
proceeded. The demand for fire-proof buildings has led 
to the substitution of iron for wood, not only in the 
structure, but in the internal ——— of buildings. In 
many other directions we may see the same substitution 
going on, and in all probability the world’s output of iron 
and steel is destined to go on increasing. 

High-Speed Tool Steel.—One of the most important 
metallurgical developments made in recent years, and 
one with avery direct bearing upon engineering practice, 
is the perfection of high-speed tool-steel, of which the 
first variety was known as Taylor-White steel. Many 
different brands are now made, both in England, America, 
and elsewhere, and there appears to be no longer any 
secret either in the composition or thermal treatment. 
Such steels are similar in composition to Mushet steel, 
with the difference that a much higher temperature is 
used in tempering. They contain chromium, tungsten, 
and molybdenum. The treatment of the steel consists in 
forging at a deep cherry red, after which the tool is 
heated to about 2000 deg. Fahr., then rapidly cooled to 
about 1700 deg. Fahr. in a bath of melting lead, after 
which it is cooled slowly in air, lime, or oil. Tools so 
made operate at speeds sufficient to produce red heat in 
the tool and a blue colour in the turnings. The latter cir- 
cumstance forms a convenient check by which the foreman 
can ascertain at a glance if the mechanic is getting the 
most out of his machine. The tools work better when 
hot, and are not suited for finishing cuts, as they are apt 
to be brittle when cold. A single tool has removed over 
450 lb. of material an hour in a planing machine. By the 
use of this steel it is found economical to make forgings 
of ample size, and with no attempt to come near the 
finished dimensions, so saving money in the forge, and 
leaving the machine-shop to remove the surplus material 
at a cheap rate. 

_ The Bethlehem Steel Company, at whose works the 
invention was developed, found that they were able to 
speed up the shafting in their main machine-shop, and 
run their machines at about three times the previous rate. 
They thus increased the output to such an extent as to 
render unnecessary a contemplated extension of the shop. 


Care must be taken, when applying the new steel to | 


existing machine-tools, that the machines are strong 
enough to bear the extra strain put upon them. Neglect 
of this point has caused a good deal of unjust criticism to 


be levelled against the new steel on the ground that it | 


knocks the machines to pieces. 


It is | 


and steel? This question is not easily answered. Pro- 
bably we may divide the different varieties into three 
main subdivisions—wrought iron, steel, and cast iron. 
The chief tests by which we may distinguish one from the 
other is malleability. Generally speaking, this is pos- 
sessed by all steels, and by no cast iron. The following 
definitions may be accepted as being widely applicable. 

Wrought Iron is a slag-bearing malleable iron, which 
does not harden materially when suddenly cooled, and 
which is free from manganese. 

Steel is iron which is malleable at some temperature, 
and is either cast into an initially malleable mass, or is 
capable of being hardened: by sudden cooling, or both. 

Cust Iron is iron containing so much carbon as not to 
be malleable at any temperature. 

Ingot Iron is practically pure iron, which has been fluid, 
and is cast in ingots, and contains less than 0.15 per cent. 
of carbon. 

Ingot Steel is the same as ingot iron, except that it con- 
tains more than 0.15 per cent. and less than 2.5 per cent. 
of carbon. 

Wrought iron made by puddling differs from ingot iron 

or ingot steel in containing up to 2 per cent. of slag or 
cinder, which is silicate of iron; otherwise, the chemical 
composition may be the same. The slag and crystals of 
iron are drawn out into fibres during rolling, giving the 
material a definite grain, which is absent in ingot iron or 
steel. Wrought iron is made by welding together under 
pressure pasty particles, and as these have never been 
liquid, the slag remains entrapped. Ingot iron, being 
cast liquid, gives the slag mixed therewith an opportunity 
for complete removal by gravity. Before Bessemer’s 
| invention, steel was made either by the cementation 
process, and contained slag, or in the crucible, where it 
was freed from slag by its fluidity; hence the name of 
‘*cast steel.” Suchsteel is used for cutting tools, and is high- 
carbon steel, containing from 0.70 to 2 per cent. of carbon. 
Above 2.5 per cent. the material becomes cast iron, which 
may contain up to 4.4 per cent. of carbon, and usually 
other metalloids. Bessemer’s and Siemens’s inventions 
produced a new material, which was not steel, because it 
did not harden on quenching ; it was not wrought iron, 
because it contained no slag; and it was not cast iron, 
| because it was malleable. It was more nearly wrought 
iron than anything else, but was not so called, partly 
because the word ‘‘ wrought” would be misleading, and 
vartly because ‘‘steel” sounded better, and fetched a 
Clabee price. The name, though inappropriate, is now 
firmly fixed ; but it is quite obvious that if we speak of a 
steel bridge or a steel knife, we refer to different mate- 
rials. I remember pointing out to a child one of the 
earliest steel ships. The child expressed astonishment 
that it had such a dull appearance, instead of being bright 
like a steel knife. Doubtless the same confusion exists in 
the minds of many adults. 

Steel and Iron Compared.—Wrought iron possesses 
some advantages over steel, which, indeed, one would 
expect to find, to account for the fact that to-day there is 
a considerable wrought-iron industry, and iron plates are 
selling for 15s. a ton more than mild steel plates, and are 
therefore presumably worth so much more to the pur- 
chaser. Wrought iron is less subject to corrosion than 
mild steel, because the fibres are separated from each 
other by slag, which forms a most efficient protection. It 
is, in fact, painted throughout. Mild steel, on the other 
hand, has no such natural protection, and the deteriora- 
tion of steel when exposed to alternate moisture and 
dryness is rapid. Iam informed by a prominent bridge- 
builder that most of the bridges supplied by his firm for 
London or the district for 20 miles around, are specified by 
the purchasers to be of wrought iron, so as to resist the 
ravages of corrosion, which are especially serious owing to 
the fogs. Painting, unless frequently done, cannot be 
relied on as a protection from corrosion. In any case, it 
is expensive, and is difficult to supervise. Possibly, 
pneumatic painting or spraying may be perfected to such 
an extent as to make the question of corrosion of minor 
importance. 

Again, the homogeneous and granular structure of mild 
steel renders it liable to crack in a way which, during its 
earlier history, was looked upon as mysterious. A small 
crack in the edge of a plate is liable to extend rapidly and 
suddenly, especially if. the thermal treatment iad been 
such as to set up internal stresses. The crack is, in fact, 
a tear, and leaves the torn edges of undiminished thick- 
ness. Wrought iron, on the other hand, being of fibrous 
structure, resists such tearing action, each fibre inter- 
posing an obstacle in the way of its extension. <A parallel 
case can be observed in textile fabrics, where materials of 
a fine texture tear more readily than those of a coarse 
| mesh. 
| Steel castings are rapidly coming inte favour for some 
| engineering purposes to replace iron castings. They are 
| stronger, weight for weight, and less brittle, generally 
| giving warning of distress by bending. There is, however, 
| still much room for improvement in their manufacture. 
| Surface blow-holes are very frequently seen, being not 
| only unsightly, but leaving a doubt as to how much the 

same sponginess may exist in the interior of the casting. 
Again, the necessity of annealing renders steel castings 
expensive. But even if the technique of producing 
steel castings had reached perfection, there are still 
|many advantages possessed by iron castings which are 
likely to ensure for them continued use. Owing to 
the lower temperature of cast iron, and the absence of 
destructive effect on the lining of the mould, the casting 
takes the form with great exactness. Intricate or orna- 
mental castings are therefore best made of iron. Again, 








a purpose as cross-head guides. In the United States, 
where the i, mixing of cast iron to obtain maximum 
strength has been closely studied, nearly all freight-car 
wheels are of cast iron, with chilled treads, and these 
seldom fail. 

Chemical Composition.—The physical effects of the 
chemical composition of mild steel is a subject of which 
the importance can hardly be overstated, and which 
closely concerns the engineer and the metallurgist. Much 
is already known, but much remains to be known, and 
the developments which may in the future be made, aided 
by the new science of crystalline structure as revealed by 
the microscope, are difficult to foresee. I propose ver 
shortly to give the effect which the different metalloids 
have upon mild steel, of which carbon is the most 
important. 

Pure iron has a tensile strength of 21, and an elastic 
limit of 14 tons per square inch. The addition of carbon 
increases these figures, until, with 1.35 per cent., which is 
ordinary turning tool steel, they are incr to 57.5 
and 46.5 respectively, Pure iron has an elongation of 
47 per cent. and a contraction of area of 76.5 per cent., 
while for tool steel the figures are 5 per cent. and 5.6 per 
cent. respectively. Phosphorus is one of the most in- 
jurious metalloids. It combines readily with iron, and 
its removal is one of the chief objects of the metallurgist. 
I; imparts a coarse crystalline structure to the iron, 
causing great brittleness. If present to the extent of 
1 per cent., the elongation and contraction of area dis- 
appear, but the tensile strength and hardness are 
increased. According to Mr. J. E. Stead, in steels con- 
taining small quantities of phosphorus—up to 0.12 per 
cent.—the mechanical properties vary atin 23 due soaks 
to difference of mechanical treatment than to the phos- 
phorus. Sulphur is also very injurious to iron. If 
1 per cent. is present, according to Professor Arnold, it 
exists as a sulphide of iron, enveloping each crystal of 
iron by a cell wall. This melts at 950 deg. Cent., render- 
ing the metal brittle when hot or ‘‘red short.” On 
cooling down, the sulphide of iron contracts, and causes 
cracks. Manganese neutralises the ill effects of sulphur, 
as the << has a greater affinity for it than for iron. 
Thus, steel containing 0.55 per cent. of sulphur and 1 per 
cent. of manganese is perfectly satisfactory. Mr. A. 
Wahlberg finds that at low temperatures such steel gives 
better tests than ordinary steel. 

An addition of 1.5 per cent. of nickel to pure iron 
produces an elastic limit of 22.4 tons per square inch, 
tensile strength of 26.8 tons, elongation 35.3 per cent., 
and contraction of area 62 per cent. Nickel therefore 
increases the strength without a corresponding decrease 
in ductility, or, in other words, it confers toughness. 

‘he tenacity reaches its maximum with 8 per cent. of 
nickel, and the resistance to crushing at 16 per cent. ; at 
30 per cent. the alloy is weaker than pure iron. Nickel 
steel containing about 3 per cent. of nickel is now much 
used for forgings, castings, and armour-plates. Even 
rails are now being made in America containing up to 
3.5 per cent. of nickel. They are hard and rigid when 
cold, but somewhat red-short when hot. Ferro-nickel 
containing 44 per cent. of nickel has the same coefficient 
of expansion as glass, and is used for embedding in glass, 
for protection or otherwise. The addition of 1.3 per cent. 
of manganese has an effect similar to that of 1.5 per cent. 
of nickel. e presence of 1.8 per cent. of copper 
increases the elastic limit and tensile strength to 30 tons 
and 34 tons per square inch respectively, but reduces the 
elongation to 30 percent. The addition of tungsten to 
high-carbon steel greatly increases the retentiveness of 
magnetism in permanent magnets, but has no such effect 
in mild steel. Tungsten is an important ingredient in 
high-speed tool steels. Tungsten and chromium added to 
muld steel greatly increase its ductility, but the presence 
of either of these or of manganese or nickel destroys the 
welding properties. Silicon up to 2 per cent. increases 
the tensile strength and decreases the ductility. At 
4 per cent. the ductility disappears, and at 6 per cent. the 
tensile strength is reduced to that of pureiron. Silicon 
increases the magnetic permeability of steel and decreases 
the hysteresis losses. Silicon added to cast iron increases 
the fluidity. Titanium increases the elongation and 
elasticity of steel; added to cast iron it increases the 
power of taking chill. 

Sound Ingots.—When molten steel is poured into the 
ingot mould, the tendency is for the outside surfaces in 
contact with the mould to solidify while the inside is 
still molten. Further cooling causes the ingot to shrink, 
which occurs chiefly in the molten interior, the outside 
being already set. This causes piping, or the formation 
of a cavity at the upper end of the ingot; and as this, if 
rolled into a bar or rail, would cause unsoundness, it is 
usual to crop off and reject this portion, amounting to 
about 25 per cent. of the ingot, and involving much waste. 

Another cause of unsoundness in steel ingots is the for- 
mation of blow-holes or honeycombing throng hbut the 
mass of the metal, owing to the liberation, during cooling, 
of hydrogen, nitrogen, and carbonic oxide absorbed during 
melting. The addition of silicon, manganese, or alumi- 
nium tends to prevent such blow-holes by keeping the 
gases in a state of yi A and so to produce sound 
ingots. Aceording to Mr. J. A. Brinell, an addition of 
0.32 per cent. of silicon, or 1.66 per cent. of manganese, 
or 0.0184 per cent. of aluminium, will produce sound 
ingots, free from blow-holes. 

Piping, however, cannot be cured by the addition of 





metalloids, and various devices for doing so by applying 
pressure have been adopted. Whitworth applied h sat 


| pressure to the top of the ingot after pouring, and Krupp 


iron castings are much cheaper than steel, and much more | employed the pressure of liquid carbonic acid for the 
rapidly made—a fact which is of paramount importance | same purpose. M. H. Harmet, of St. Etienne, applies 


balance in their favour. 


in case of a breakdown, and which will often weigh the | 
; The surface of iron castings | : 
Definitions.—Let us now ask ourselves, what are iron | possesses good wearing qualities to resist abrasion for such | vertical pressure. 


the pressure from beneath, and forces the still soft ingot 
up in a tapered mould, so obtaining lateral as well as 
M. Harmet states that the loss from 
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unsound top ends is, in the case of armour-plate ingots, 
only 5 per cent. 

Metallography.—If samples of iron or steel are chemi- 
cally analysed, they are found to contain definite quan- 
tities of metals and metalloids. At one time this was 
supposed to be a complete indication of the nature of the 
material. There are, however, factors other than chemical 
analysis which have an important bearing on the subject 

—namely, the form in which the constituent substances 

occur as revealed by the microscope. One has only to 
call to mind the tempering of tools to see the importance 
of heat treatment on the nature of steel, quite apart from 
chemical composition. This subject is being investigated 
simultaneously by an enthusiastic band of workers, and 
already important results have been achieved. If iron 
or steel are polished, etched, and examined microscopic- 
ally, they are found to consist of conglomerates of minute 
particles of different substances in varying proportions. 

The chief of these are as follow :— 

1. Ferrite, or pure iron, being soft, ductile, and of high 
conductivity. 

2. Cementite, or Fe; C.—a definite carbide of iron, 
harder than glass and very brittle. 

3. Pearlite, or amixture of six parts by weight of ferrite 
to one of cementite. 

4. Martensite, or a solid solution of carbon in iron, 
containing from traces up to 1.1 per cent. of carbon—a 
hard brittle substance varying in these characteristics 
with the amount of carbon. Martensite is the chief 
constituent in suddenly cooled and hardened steel. 

5. Austenite, which is obtained by quenching steel con- 
taining from 1.1 per cent. to 1.6 per cent. of carbon, from 
1000 deg, Cent. in ice brine. It is not so hard as marten- 
site, can be machined, and is non-magnetic. 

_ 6. Graphite, or carbon—found in slowly-cooled cast 
iron. 

Troostite and sorbite occupy intermediate stages be- 
tween martensite on the one hand, and pearlite on the 
other. 

Ordinary wrought iron and mild steel consist of a mix- 
ture of ferrite and cementite, the softer steels—such as 
those for rivets, ships, and structural work—being about 
99 per cent. ferrite and 1 per cent. cementite; while the 
harder steels—such as those for rails designed to resist 
abrasion—may contain 93 per cent. of ferrite and 7 per 
cent. of cementite. The carbon contents may be ascer- 
tained by dividing the percentage of cementite by 15. 
As the cementite increases, the hardness increases and 
the ductility diminishes without apparent limit. The 
tensile strength increases till the cementite reaches 15 per 
cent., above which it falls off. Grey cast iron, which is so 
much used in foundries, consists of a mixture of ferrite 
or pearlite asa matrix through which is scattered graphite, 
rendering the mass weak and brittle. White cast iron 
differs from steel only in a degree, being a mixture of 
ferrite and cementite, the latter rising in some cases to 
67 per cent. 

High-carbon tool steels hardened by quenching consists 
almost entirely of martensite. The same steel cooled 
slowly consists of pearlite, and sometimes free ferrite or 
cementite. Cutting-tools contain from 0.75 to 2 per cent. 
of carbon, the latter percentage approaching the boundary 
between steel andcastiron. Heat affectssteel by altering 
the condition of carbon ; hence, the greater the percentage 
of carbon, the more fusible the steel and the more easily 
burnt, burning being incipient fusion. 

The mere mention of these facts must be sufficient to 
show their immense importance ; and as our knowledge 
of the microscopic structure of iron and steel increases, 
- practical application of that knowledge will find a 
place. 

Sorbitic Steel.—Much work has already been done to 
improve the heat treatment of mild steel, and few workers 
have done more in this direction than Mr. J. E. Stead, to 
whom I am indebted for valuable hints in the preparation 
of this address. Messrs. Stead and Richards found out 
that in a mild-steel rail or bar, rolled in the ordinary way 
and cooled in air, the carbon exists as pearlite. It has long 
been known that if such a rail be oil-hardened, the pearlite 
is changed to sorbite, which may be regarded as pearlite 
which has not had time to separate into ferrite and 
cementite, and is consequently more homogeneous. The 
formation of sorbite improves the steel, rendering it hard, 
tenacious, and tough. 

Sorbite can be produced by rapidly cooling or quench- 
ing the piece, and then reheating to 870 deg. Cent., and 
allowing it to cool in air. The initial quenching prevents 
the carbides, which in the hot state are diffused in solid 
solution, from segregating ; while the reheating to a com- 

yaratively low temperature commences to bring the car- 
vides out of solid solution, but only carries the process as 
far as a nascent state of separation, thus forming sorbite. 
Messrs. Stead and Richards’s experiments were directed 
to finding a simple thermal treatment for rails ; they found 
that instead of reheating the rail and quenching, the same 
result was obtained by quenching indie of the hot rail 
after being sawn, until it was just black. This was then 
laid in air, the internal heat being sufficient to reheat the 
head to about 870 deg., after which air cooling finished 
the treatment ; the rail thus tempered itself. The tests 
showed that such a sorbitic rail had over three times the 
wearing property of an ordinary pearlite rail, together 
with an increase in toughness. Messrs. Stead and 
Richards believe that this simple and inexpensive treat- 
men will increase the life of rails from 25 to 50 per cent. 

The same workers show that if structural steel becomes 
dangerously crystalline by overheating, the old idea that 
the strength can only be restored by reforging or rolling 
is a miskaken one, and they demonstrate experimentally 
that proper thermal treatment is sufficient. It is only 
necessary to heat the piece to 870 deg. Cent., and assoon 
as it reaches that temperature to cool in air. The re- 
stored steel is better than the original unburnt steel in all 








hysical properties. Mr. Stead is careful to point out, 
n0wever, that his process applies to structural steels 
which contain between 0.10 and 0.40 per cent. of carbon. 
It is impossible to over-estimate the importance of this 
result both to metallurgists and engineers. It is a fact that 
in many works steel is forged and rolled at temperatures 
dangerously near that which produces injurious results. 
Mr. Stead advocates the thermal treatment of all struc- 
tural steel, by which errors and irregularities in manufac- 
ture are eliminated. At least one firm in England is pro- 
ducing sorbitic steel forgings, and others in America are 
preparing to do the same. 

I trust I have now succeeded in convincing you, even 
at the risk of wearying you, of the immense importance 
of metallurgy to the engineer. It is the frequent duty of 
engineers to specify for, or inspect the manufacture of, 
or superintend the tests of iron and steel. A know- 
ledge of the first principles of metallurgy is therefore of 
the greatest importance, and had such a knowledge been 
more universal, there would, I venture to think, have 
been fewer complaints from manufacturers of unneces- 
sarily stringent or contradictory requirements in the 
specifications imposed by consulting engineers. In the 
time at my disposal it is only possible to touch the fringe 
of the subject, and I have therefore confined myself to 
iron and steel. But if I have succeeded in arousing your 
interest or curiosity in this most fascinating subject, I 
shall feel that the time spent in the preparation of this 
address has not been lost. 

Specialisation.—Having now spoken rather fully about 
the use of materials, I propose to say a few words about 
the use of something less tangible—namely, time. Time, 
unlike manufactured articles, cannot be increased, but 
can be economised by the avoidance of waste. I consider 
it most important that young ‘engineers should have a 
proper appreciation of the importance of economy in time. 
Consider the matter of reading alone. I think there are 
few professions in which so much technical reading is 
necessary as in the engineering profession. This applies 
not only to the school or college period, but also to the 
active life of the engineer. He finds that in a profession 
where the state of knowledge is so ever changing, he 
quickly falls out of touch with current ideas unless he 
occupies a considerable portion of his leisure in reading. 
An engineer can never call his leisure his own quite to 
the same extent as a lawyer, accountant, or merchant. 
‘* Of making books there is no end,” is especially true of 
engineering literature. The educational faculties are at 
hand to train authors, as also are the means for printing 
and distributing the result of their labours. The mass 
of technical literature is daily becoming more over- 
whelming, while the time and energy of the average man 
remains constant. The busy engineer is apt to find that 
after he has read the technical papers and attended the 
more important meetings of technical societies, most of 
which take place in what by other men would be con- 
sidered leisure hours, he has little time or inclination 
to keep up to date by reading books. 

This brings me to the importance of specialising. We 
should strive to know ‘something of everything, and 
everything of something,” and to attain this object, each 
one should keep clearly before him what subjects come 
under the ‘ete general information, and what under 
the head of specialised knowledge. Much time may be 
saved by refraining from studying too closely what is not 
one’s speciality. [Iam aware that a young engineer does 
not always specialise the moment ts has finished his 
technical education. He is frequently thrown on the 
world to earn his living after having received a good 
general shop and technical college training. The line in 
which he ultimately specialises is frequently determined 
by chance. But once the specialisation is decided on, 
he should conserve his time and energy therefor, in- 
stead of squandering it on extraneous subjects. 

Technical Education. — Technical colleges equipped 
with engineering laboratories have only existed to any 
extent for about thirty years. Prior to that time 
engineers in this country were educated purely by a 
shop and drawing-office training, on the apprentice- 
ship system. The resulting engineers, while, perhaps, 
deficient in abstruse learning, were men imbued with 
practical experience, who understood workmen and ma- 
terials, and could be trusted to overcome difficulties as 
they arose by the aid of common-sense. The Continental 
system was the reverse, with a maximum of college and a 
minimum of shop training. If I were to choose between 
an all-theory and an all-practice engineer, I would choose 
the latter without hesitation. This appears to be the 
verdict of the rest of the world, judging by the way in 
which practical English engineers have been employed 
in all parts; and, as a rule, have done credit to their 
training. The ideal education is a compromise—say, 
three or four years in the shops and drawing-office, and 
two years at a technical college. Ido not propose to go 
into the much-disputed question of whether the shops or 
college should come first. It is a point about which most 
engineers have strong opinions, each man being inclined 
to think that his own training was the best. There is 
room for legitimate difference of opinion, and much 
depends on circumstances, especially the character and 
physique of the student. 

Commerce and Finance.—The consideration of the com- 
mercial or financial side of engineering enterprises is one 
which I think is too much neglected by young engineers. 
I think that it will be conceded that the primary object 
of any engineering work or business, whether a railway, 
harbour, steel works, shipyard, or factory of any kind, is 
to earn money. During construction, when capital 
expenditure is going on, these considerations are perhaps 
less vividly before the eyes of the engineer responsible 
for the work than during operation as a going concern, 
with an annual profit and loss account fo shareholders’ 
meetings to look forward to. It may, I think, be taken 





for granted that the vast majority of all engineers are 
connected with or yy ea ben by some such money-earning 


enterprise, of which the success is measured by the profit 
made. I have known young engineers fresh from a shop 
and college training, who are thoroughly educated in 
science and mathematics, and who, owing to the atmo. 
sphere in which they have moved, think that they are 
perfectly fitted to take their place in the engineering 
world. Such young men are apt to have what our trans. 
Atlantic cousins call a ‘‘swelled head,” sometimes to an 
extent approaching a hydrocephalous condition. As q 
rule they have not travelled, and are consequently 
insular in their views, and share the Englishman’s usual 
contempt for foreigners. It is only after a few years of 
rubbing shoulders with the world that the young engi- 
neer discovers there are things more conducive to success 
than the differential calculus. He learns that his work 
is assessed by an unsympathetic public by the measure 
of £s. d., rather than technical excellence ; he learns 
that society is his ultimate customer and paymaster 
paying him according as he serves it, neither more 
nor less. He learns that accountancy, finance, and 
commerce are so closely interwoven with engineer- 
ing, and so interdependent thereon, that a know- 
ledge of these subjects is indispensable if he is ever 
to climb to the top rung of the ladder. He learns 
the immense value—I was going to say witchcraft— 
of experience, which, in his college days, he had so 
much undervalued. He learns that the non-technical 
people with whom he comes in contact are as much, 
if not more, influenced by his tact, bearing, amiability, 
and other personal considerations as by his technical 
knowledge. He learns that an understanding of human 
nature and power to organise and command are 
necessary if he is to occupy a place in the front rank. 
He learns that the man who is to be found at the head 
of a large engineering enterprise is frequently a commer- 
cial man, with no pretence of technical knowledge, but 
with the most useful knowledge of how to choose and 
control those under him. According to my observation, 
the more clever an engineer, as an engineer, by the law of 
compensation, the less he is fitted to appreciate the various 
non-technical qualities enumerated above. An inventor 
can seldom exploit his own invention, as he lacks the 
commercial and financial knowledge. Inventors are 
numerous, while the successful exploiter is more rare; 
consequently, society rewards the latter generously, and 
the former with a meagre hand. Inventors seldom grow 
rich, and when they do, itis generally because they possess 
the rare combination of technical knowledge and financial 
acumen. The average inventor frequently finds himself 
at the mercy of his moneyed backer. This has always been 
so, and always must be so until human nature changes, 
or engineers can be brought to understand in their youth 
that there are many important qualities which are con- 
ducive to success in the engineering profession besides 
engineering. 








BELGIAN Coat Exrorts.—The exports of coal from 
Belgium last year were 4,827,786 tons, as compared with 
5,078,278 tons in 1902. In these totals the exports to 
France figured for 3,554,632 tons and 3,961,853 tons 
respectively ; those to Germany for 319,951 tons and 
308,882 tons respectively ; and those to the Low Countries 
for 296,099 tons and 292,188 tons respectively. 





BRAZILIAN. RAILways.—In a_ recent report, the 
Brazilian Minister of Public Works insists on the 
importance of establishing the bases of continuous com- 
munication between Rio de Janeiro and the States of 
the North, and the connection of the interior of Per- 
nambuco, Parahyba, Piauhy, and Ceara with the existing 
railway system. The construction of lines into the 
interior, and of reservoirs for water, would greatly con- 
tribute to mitigate the effects of the periodical droughts 
experienced in the Northern States. As regards the 
Central States, the prolongation of the Central Railway 
and the extension of its branch in San Paulo would 
fairly respond to their requirements. As for the South, 
the Minister, in his report, intimates that the railway 
needs of that part of the Republic are not being neglected. 
In conformity with the programme of the Minister, the 
Chamber of Deputies has voted an amendment to his 
budget, authorising the Government to build a railway to 
Rio Grande do Norte, to prolong, in the State of Ceara, 
the Baturité line as far as Crato, in the fertile valley of 
Cariry, and that of Sobral towards Piauhy. 





Tue Roya Navy List.—A new quarterly issue of 
the ‘‘Royal Navy List” has been made by Messrs. 
Witherby and Co., 326, High Holborn, and 4, Newman’s- 
court, Cornhill, and it brings the record of the personnel 
of the Navy up to date. The quarterly review of current 
history deals with the official report of manceuvres, 
launches, trials, additions to squadrons, and new regula- 
tions as to promotion, retirement, pay, training, «c.; 
while the record of the war services of 28 officers has been 
added to the already useful biographical sketches in the 
book. Glancing over the pages, we find one or two slips 
which suggest the need of even ter vigilance than is 
undoubtedly bestowed. Sir John Durston is a Past- 
President, not President, of the Institute of Marine Eng- 
neers ; the Triumph is included in the list of ships in the 
Navy at page 198 q, but the Swiftsure is omitted at page 
198m. Then, in the list of ships building, at page 144 A 
[not 144 D, asin the contents], the Berwick 1s included, 
although she was commissioned considerably before 
Christmas, and in the same list the Hibernia is given as 
of 5600 tons, 10,000 indicated horse-power, and 11 guns, 
instead of 16,350 tons 18,000 indicated horse-power, and 
18 guns. 
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—— 
THE NORTHAMPTON INSTITUTE. 


Tue Northampton Institute is one of the chief 
of the numerous polytechnics and technical in- 
stitutes that have become so notable a feature in 
the educational system of this country during 
the last few years. The extensive and handsome 
building in which it is housed is situated in 
St. John’s Street-road, in that part of Clerken- 
well which abuts upon Islington, near the high 





Fig. 1, 





|tions. It may be mentioned, however, that the 
Artistic Crafts Department forms an important sec- 


tion of the work of the Institute; but of this we do | 
There is also a department | 


not propose to treat. 
of Technological Chemistry, a Horological Depart- 
ment, and another devoted to miscellaneous trades, 
such as upholstery, furriers’ work, &c. Another 
department is that devoted to domestic economy 
and women’s trades, of which Miss A. M. Tuck, 
the lady superintendent, is the head. 
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tional aim is to provide classes in technological and 
trade subjects, these being branches of educational 
work hardly touched by the sister institutes. As 
the Northampton Institute is situated in Clerken- 
well, attention is more particularly paid to the 
industries that are followed in that neighbourhood. 

The engineering day courses are for students who 
are willing to give the whole of their time for one, 
two, or more years to a thorough systematic train- 
ing in one of the branches of engineering dealt 
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ground where Pentonville Hill and the City-road | 
meet. It is described as a ‘‘ Technical, Social, | 
and Recreative Institute for both Sexes;” and | 
the principal is Mr. R. Mullineux Walmsley, 


D.Se. The head of the Mechanical Engineering |the Birkbeck College, in Breams - buildings, 
Department is Mr. C. E. Larard, A.M. Inst. C.E., | Chancery-lane, and the City of London College, 
M.I. Mech. E., whilst Mr. C. V Drysdale, D.Sc.,, in Moorfields. Members of the Northampton 


is the senior lecturer of the Electrical Engineering 
and Applied Physics Department. It is our pre- 
sent intention to deal with the educational section, 
chiefly so far as it comprises the Engineering, Mecha- 





of the City Polytechnic, the other branches being 


Institute are entitled to admission to the classes of 
these sister institutes on the same terms as their 
own members ; and, therefore, in a general way, | 
|classes provided at the Birkbeck College and the | 


AL RESISTANCE MEASUREMENTS. 


Tue TECHNICAL DEPARTMENTS. 
The Northampton Institute forms one branch 





APPARATUS FOR INDUCTION MEASUREMENTS. 


with. The evening courses and classes are pro- 
vided for the needs of those who, on account of 
being engaged during the day, or from any other 
cause, are unable to devote the whole of their time 
to day courses. Up to the present, the evening 
classes form by far the most important section of 
the work of the Institute, the day students being 
comparatively few in number. Possibly, as time 
passes, and the Institute gets better known, the 
facilities afforded’ at so low a price for regular 
students attending the day classes will be more 
appreciated. In the Engineering Department the 
day courses are divided into three branches :—(1) 
Mechanical engineering ; (2) electrical engineering; 
and (3) watch-making and horological engineering. 
The work consists of lectures, exercises, laboratory 
work, and drawing-oftice and workshop practice. 
We shall presently deal more in detail with the 
mechanical engineering equipment, and that de- 
voted to electrical engineering; but before proceed- 
ing to do this it will be convenient to repeat the 
declared aim of the Institute, as set forth in the 
official publications. 

It has been wisely determined not so much to 
prepare the student to pass examination tests as 
to fit him to become a competent worker and 
thinker in his career. The management has fol- 
lowed closely the discussions which have taken 
place of late at meetings of the various technical 
institutions and elsewhere. They recognise that it 
is admitted that the trade workshop training can 
only be given in a business establishment ; but they 
hold that valuable introduction to such training can 
be obtained in the educational workshop. These are 
views which cannot be gainsaid ; but although they 
may be, and very often are, acknowledged, they are 
not invariably acted upon. The arrangement here 





is such that in the Mechanical and Electrical Engi- 
neering Departments the work allows of some inter- 


nical, and Metallurgical Departments, including the | City of London College are not provided at the} lacing of the commercial and educational training. 
Electrical Engineering and Applied Physics Sec-| Northampton Institute. In the latter, the educa-| It is held that, with some types of student, a year 
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or two of work ina commercial factory may form one 
of the best introductions to the courses of instruc- 
tion, whilst with others such preliminary experience 
would not be necessary. The course of instruction 
contemplated occupies four years. In the first 
year the student is put through a full session’s 
work, and at the end of that period, if an under- 
graduate of London University, he will take the 
intermediate examination for the degree of B.Sc. 
in engineering. The second, third, and fourth 
years’ work would consist of six months’ training 
at the Institute during the winter, and two periods, 
of approximately six months each, would be passed 
in the commercial workshops during the summer. 
At the present time negotiations are being carried 
on with various manufacturing firms, and the hope 
is expressed by the management that students sent 
from the Institute at the end of their second and 
third winters’ work will be allowed to enter works 
for a period of practical training. 

This arrangement would introduce, in a very 
efficient manner, the principle of the ‘‘ sandwich ” 
system which has been so prominently brought for- 
ward of late, largely owing to its introduction at the 
works of Messrs. Yarrow and Co., of Poplar. The 
aim of the management of the Northampton Institute 
is to secure due co-ordination of the theoretical and 
practical training of the Institute and of the experi- 
ence in the workshop. It will be only those students 
doing satisfactory work at the Institute who will be 
recommended for such facilities as are available 
for commercial work during the vacation ; and the 
promotion to a higher course, as well as the official 
certificate issued by the Institute, will depend upon 
work in the class-room, laboratory, workshop, and at 
examinations. It may be added that the Institute is 
one of the ‘‘ qualified institutions” from which stu- 
dents can be presented as ‘‘ internal students ” for 
the new engineering degrees of the University of 
London; and the mechanical and electrical engineer- 
ing courses are recognised by the University. It is, 
however, necessary that students wishing to enter 
as ‘internal students” of the University should 
first pass the University matriculation examination. 

In regard to instruction in the Mechanical Engi- 
neering Department, it may be said, so far as the 
day classes are concerned, that the usual courses 
are followed, the work comprising lectures, labora- 
tory practice, and practice in the engineering and 
pattern-making workshop. Many of the courses 
are attended by both mechanical and electrical 
engineering students. In the Electrical Engineering 
Department the course of study includes lectures, 
laboratory work, and workshop practice ; whilst for 
advanced students there is special drawing-oftice 
instruction in the design of electrical machinery and 
apparatus. Here, again, many of the courses are 
attended by the mechanical students as well as by 
the electrical students. 

Turning to the evening courses and classes, the 
fundamental principle, as already stated, has been 
followed of adapting the work of the Institute to 
the special requirements of the surrounding dis- 
trict, this principle being carried out more fully 
than in the case of the day courses. The neigh- 
bourhood surrounding the Institute is thronged with 
small workshops engaged in a great variety of trades ; 
amongst them watch and clock-making stands out 
prominently. There are also a large number of 
mechanical and engineering workshops, including 
those devoted to electroplating and electrotyping, 
to optical and scientific instrument making, and to 
art metal-working. Many of the workshops are of 
small extent, and those engaged in them are espe- 
cially in need of an all-round training in the prin- 
ciples of the different sections of their trade. Cer- 
tificates are issued to students who become effi- 
cient, not only in regard to the work done, but also 
as to thesteadiness and diligence with which they 
pursue their studies. Several of these evening 
courses have been officially recognised by the 
University of London, and some of the courses are 
suitable for those preparing for the technological 
examination of the City and Guilds of London 
Institute. There is a special course for opticians, 
and this covers the ground required for the 
examinations of the Spectacle-Makers’ Company. 
Arrangements have been made for holding exami- 
nations, under the Board of Education, in magnetism 
and electricity, and in mathematics, so as to meet 
the requirements of the Post Office. 


Tue MecuanicaL ENGINEERING DEPARTMENT. 


The Mechanical Engineering Department is 
under the superintendence of the present head 





of the department—Mr. C. E. Larard—who is 
considerably extending the equipment, and is 
making a special feature of the laboratory testing 
work. He is also dealing with those special lecture 
courses which have hitherto not received so much 
attention at technical schools. We have already 
given a general idea of the scope of the work 
carried out in this department, and the methods of 
instruction. In Fig. 1, on page 247, and Figs. 2 
to 4, on page 250, we give three views of different 
sections of this department. Here special attention 
is given to the testing of steam and heat-engines on 
a commercial scale, the aim of the Mechanical Engi- 
neering Department being to give a good all-round 
training in the fundamental principles of mechani- 
cal practice. Another feature here is the attention 
which is devoted to the design and use of automatic 
machinery for the rapid and economical production 
of finished work—a matter which is daily becoming 
more and more of practical importance. 

The installation in the engine and boiler-room 
includes a high-speed compound engine by Messrs. 
Willans and Robinson, giving on the brake 100 
horse-power. It is directly coupled to a Holmes 
bipolar undertype dynamo of 63 kilowatts, and to 
a 50-brake-horse-power compound vertical engine 
of the inverted type, running up to 300 revolutions. 
This latter engine (see Fig. 1, page 247) has been 
designed for instructional work. Thecylinders and 
valve-boxes are steam-jacketed, and arrangements 
made so that the engine may be worked either with 
or without steam in the jackets. A coupling 
between the two cranks enables the two engines to 
be run either coupled or uncoupled; or, if de- 
sired, the cranks may be fixed so as to make 
any angle with each other. The regulation of 
the engine speed can either be controlled by 
the usual equilibrium throttle-governor, or by an 
automatic expansion arrangement. Other novel 
features include a receiver of variable capacity, 
spherical crankshaft bearings, and provision for 
working the engine either with ordinary lubrication 
or with forced lubrication. The engine is capable 
of being worked either with a brake, or of driving 
a four-pole dynamo which may run in parallel 
with the machine used for lighting purposes. 

In the boiler-room are two boilers, each having 
a rating of 3000 lb. of steam generated per hour. 
One is a Lancashire boiler fitted with Meldrum 
furnaces, and the other a Babcock and Wilcox 
water-tube boiler, both being designed to work up 
to a pressure of 200 lb. per square inch. These 
boilers supply the necessary steam for the engines, 


.as well as the steam for the radiators heating the 


building. A large steam-ring main, with its cover- 
ing remoyable for experimental purposes, is carried 
round the boiler-house and through into the engine- 
room. The valve connections are so arranged 
that each engine can be driven separately from 
either boiler, and run from either side of the ring 
main. By this arrangement one boiler may be 
used for experimental work in connection with the 
engine under test, whilst the other may supply 
steam for heating the building. It is therefore 
possible to arrange that one boiler shall be always 
in use when required for experimental work. 
Graduated feed - water tanks are fitted for the 
determination of the steaming capacity, the boilers 
being fed with a Worthington steam-pump, or with 
one or other of two injectors. The condensed steam 
from the heating apparatus is run into a tank, or 
sump, near the be er, so that in this way it is possible 
to use either cold feed or a hot-water feed. Econo- 
misers, feed-water heaters, and superheaters are 
being added to increase the efficiency of the plant. 

The stop-valves and auxiliary apparatus are 
of various designs, and procured from different 
makers, in order to enable students to become 
practically acquainted with as many designs as pos- 
sible. Full-power trials have been organised and 
conducted by Mr. Larard during the last two 
sessions, the results being obtained by means of 
various measurements taken from the coal consump- 
tion of the boiler furnace to the electrical output; 
and the various efficiencies and rates of coal and 
steam consumption have thus been determined, 
in addition to the fuel cost per Board of Trade unit 
generated. Special apparatus is provided for the 
analyses of fuel and flue gases, and for the deter- 
mination of the moisture in the steam supplied to 
the engines. 

The work from the students’ point of view has 
been found to be very instructive and complete, as 
is evidenced by the attention given to it by the 
power-laboratory class. The majority are not 





of the artisan type, but are largely men who are 
engaged in central-station practice—draughtsmen 
and designers from large boiler and engine works 
in the London district. It is intended to instal a 
gas-engine and gas-producer plant, and these will 
probably be fitted up for experimental work during 
the present session. In addition, a modern oil. 
engine is at the present time being placed and 
fitted up for laboratory testing work. 

During the earlier part of the laboratory course 
students are instructed in the construction and 
testing of engine-indicators, planimeters, &c., and 
the working out of the results of experiments 
obtained by these instruments; after which the 
students are taken down to the laboratories and 
placed at the different stations for the manipu- 
lation of the apparatus in actual work and the taking 
of observations. It is proposed during the next 
session to further extend laboratory instruction by 
the formation of a testing class for those concerned in 
the motor-car industry. This, of course, will be run 
conjointly with special drawing-office and lecture 
work, and possibly workshop practice in the same 
subject. Certificates will be given at the end of 
the session to those students who successfully go 
through the course of instruction in drawing and 
designing, and in the testing-class work and work- 
shop practice. Another special feature of the 
instruction carried out in the Engineering Depart- 
ment is the mechanical laboratory instruction, which 
is being organised and extended under the present 
head. Apparatus is fitted up and machines are 
provided for the testing of materials. The authori- 
ties are arranging for the addition of a large testing 
machine and some other apparatus for special 
hydraulic work. 

Experimental mechanics is a subject fully dealt 
with, and the apparatus for teaching the funda- 
mental laws in their application to engineering is 
quite of a special order. To fully enumerate the 
many different objects which are comprised within 
the equipment of this laboratory would take us 
quite beyond the limits of space at our disposal ; 
and it will be sufticient to say that an inspection of 
the department has satisfied us of the care and 
attention that has been displayed in arranging the 
work carried out. It forms a pleasing contrast to 
the mechanical laboratory methods which one occ:- 
sionally meets with in some establishments. The 
head of the Mechanical Engineering Department at 
the Northampton Institute expresses himself as 
determined to keep in view the needs of engineering 
students who require a practical knowledge of the 
principles and laws of mechanics in relation to 
engineering work. Students are given definite 
experiments to carry out, and are told to make 
certain observations in connection with the appa- 
ratus under test, and then to interpret their own 
results, deriving any law or information from them 
that may be suggested, graphical methods being 
largely used in the interpretation of the experi- 
ments. In this way the student is taught to 
think for himself, and his technical education, in 
place of being a mere learning of lessons, or mas- 
tering of rules and formule, without thought of 
their application, becomes a means of enabling him 
to originate new methods or processes, and he thus 
does work of lasting value. 

A well-equipped workshop, of which we give 
a view in Fig. 2, on page 250, forms a prominent 
section in the Engineering Department of the 
Institute. In it are a number of modern English, 
American, and German machine-tools. Beinz so 
recently installed, the management has been able 
to arrange an equipment which differs from that 
which one occasionally, though too often, meets 
with at some technical institutions, where only 
ancient types of machines are to be found. There 
are, of course, some machine-tools that are never 
out of date, and the fundamental principles of 
working may be efficiently taught on an old soundly 
designed tool. At the same time it is highly 
desirable that the student, at an impressionable 
age, should have the best practice brought before 
him, and be made acquainted with the newer 
principles of construction which modern science has 
produced. The machine-tools in some instructional 
establishments should find their chief use as ‘‘awful 
examples.” The machinery in the department under 
notice is driven by electricity. By an arrangement 
of separate motors for different units, or collections 
of tools, long and wasteful lines of shafting, which 
would be constantly running however small the 
output, are avoided. 

Engineering drawing and design is carried out 
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-. +wo offices, the larger one (see Fig. 3, page 250) 
negara of accommodating 80 students, and the 
other 25 students. The latter room is reserved 
for the more advanced work. The course of in- 
struction, which aims at being of a thoroughly 
practical description, commences with a preli- 
minary course in drawing - office work, dealing, 
first of all, with geometry im plano, ortho- 
graphic projection of simple geometrical and mecha- 
nical forms, the setting out of curves—cycloidal, 
involute, tangents — wheel-teeth, loci and link 
work, projections of screw-threads, &c. This is 
followed by instruction on elementary mechanical 
design and the preparation of working drawings 
from freehand dimensioned sketches, which the 
students are required to make for themselves, of 
machine or engine details. It is realised that, 
although the student may be able to make an elabo- 
rate drawing with a fair amount of neatness, yet in 
everyday practice it is common experience that 
engineering draughtsmen are often unable to make 
intelligible dimensioned sketches. The students 
passing through the Mechanical Engineering De- 
partment therefore receive special attention in this 
direction. The more advanced students, after 
taking a course on design, are set to do responsible 
and even original work. They may be given the 
specification of a boiler, an engine, or some special 
machine-tool for which to produce designs. Natu- 
rally, only those students who have done a fair 
amount of engineering drawing and design, and who 
are well advanced in other respects, are able to deal 
successfully with this higher work. Making trac- 
ings, preparing blue prints, and the drawing of 
specifications also receive attention. We noticed 
in this department a number of machine and engine 
detailed models of a thoroughly practical nature, 
and well designed for the purpose in view. 

It will be gathered from what has been said that 
the lecture courses of the Mechanical Engineering 
Department, as outlined in the prospectus, ap- 
pear to have been devised with a view to being 
thoroughly practical, and the way in which the 
theoretical instruction should be applied to engi- 
neering work has always been kept in sight. The 
management has taken care that the courses should 
be altogether free from any cramming or pre- 
yaration with a view to examinations by outside 
bidliee. Attention is given to special subjects, 
such as the practical design of machinery, engi- 
neering workshop calculations, engineering graphics, 
engineers’ quantities and estimates, prime movers, 
hydraulic power and hydraulic machinery, tools and 
modern workshop practice. 

Other practical instruction, metallurgical, pat- 
tern-making, &c., receive attention. The system 
of teaching pure carpentry to engineering students 
has been abandoned in favour of a method of in- 
struction in pattern-making, the object being that 
students should be early impressed with the value 
of information that would be useful in design, and 
which can only be obtained by a knowledge of 
foundry work and pattern-making. 


THe ELECTRICAL ENGINEERING AND APPLIED 
Parysics DEPARTMENT. 


We now turn to the Electrical Engineering and 
Applied Physics Department, the head of which 
is Dr. Walmsley, and which is under the superin- 
tendence of Dr. Drysdale, with Mr. A. C. Jolley 
as senior demonstrator, and Mr. Marinier as 
senior lecture assistant. The arrangements here 
are of great interest ; and the whole scheme of in- 
struction, with the apparatus by which it is carried 
out, has been most carefully thought out with a 
view to giving the best educational result for the 
students who will avail themselves of the courses. 
There is so much to describe that our record must 
necessarily be somewhat brief, and where there is 
much that calls for favourable comment we must con- 
tent ourselves with little more than an enumeration 
of the instructional plant employed. In Figs. 6 to 9, 
page 251, we give four views, prepared from photo- 
graphs taken in this department. 

In the Electrical Engineering Section the 
student, besides being trained to deal with the 
ordinary work of electric lighting and power 
distribution, has his special attention directed 
to electric traction and electro-chemistry. The 
laboratory is situated in the basement of the 
Institute next to the power-house, and is divided 
into two parts -- namely, the main laboratory, 
Shown in Figs. 6 and 7, in which various small 
generators, motors, and transformers are fixed 
for test; and a smaller portion, or standardis- 


ing laboratory, which is devoted to the calibration 
of commercial measuring instruments and the 
standardisation of direct and alternate-current 
meters. The object which has been kept in view 
in designing the arrangement of this laboratory is 
to enable commercial tests to be made on direct 
and alternate-current generators, motors, and 
transformers up to a capacity of about 20 horse- 
power with the greatest possible accuracy, rapidity, 
and convenience. 

As the laboratory was equipped primarily for 
evening students, and these have hitherto formed 
the bulk of those attending the Institute, every 
care has been taken to make the connection and 
running of the machines as easy as possible, other- 
wise it would be impossible for those attending 
evening classes only to obtain results of any real 
value. While recognising that it is advisable for 
day students to have considerable practice in con- 
necting and running the machines themselves, it is 
found with the trade students, who form the bulk of 
the evening classes, that their time has been already 
principally devoted to the rougher type of work, 
and that their attention is most profitably occupied 
in learning to obtain results with the greatest 
accuracy and in the most convenient manner. The 
value, however, of thorough drilling in all the 
details of connections and experimenting on the 
principles underlying the construction of the ma- 
chines is not overlooked, but is provided in other 
laboratories. Students are only admitted to the 
senior engineering laboratories either after a course 
in these or on giving evidence that they have 
had the necessary experience. On this account 
the whole of the machines in the electrical labo- 
ratory are connected by conductors in channels 
under the floor to a main mercury distribution 
board, so arranged that the connections for any 
test on a machine can be made without the neces- 
sity of altering any of the leads at the machine 
itself. This board is an extension of the form used 
by Mr. Mather at the Central Technical College 
some years ago, but the connections are here made 
from below by specially-designed mercury-tight 
contacts, and the circuits have been modified to 
give the greatest possible elasticity. Power is 
supplied to the main mercury board from the 
generators in the adjoining room through a main 
switchboard with switches, instruments, and circuit- 
breakers up to 250 amperes at 100 volts, both direct 
and alternate current. 

The machines to be tested are all fitted on sliding- 
rails, which in their turn rest on other rails em- 
bedded in the floor, the arrangement being such as to 
enable a machine to be put down in a few minutes 
in any part of the laboratory. They are arranged in 
lines in such a manner that one standard length of 
belt is used in the laboratory, and any pair of ma- 
chines in a line can be coupled together. The excit- 
ing current, &c., is supplied from two batteries of 
cells, and from the larger battery in the upper part 
of the building. The cells are enclosed in glazed 
cases so as to be visible, and to avoid the damage 
to instruments caused by spray during charging. 
The leads, as before mentioned, are all in troughs 
under the floor, with the exception only of two sets 
of bare copper-tube conductors, which run to the 
end of the laboratory at each side. Each of these 
sets contains six tubes, which are connected to the 
rotary converters at the end of the room, and 
they enable single-phase, two-phase, or three-phase 
currents to be tapped off at any part of the labora- 
tory. 

At the two sides of the generator and motor- 
testing portion of the laboratory the instruments 
and regulating resistances are fixed. Each machine 
is fitted with its own permanently-connected am- 
meter and voltmeter, and in most cases with a 
shunt-regulating resistance and exciting current 
ammeter ; each machine is, in addition, provided 
with a special electrical speed-indicator, which has 
been devised to enable the students to read the 
speed simultaneously with their electrical output or 
input. The speed-indicator consists simply of 
a copper disc running between the poles of a 
strong permanent magnet, with contacts at the 
circumference and centre, and the readings are 
taken on a suspended coil galvanometer fixed by the 
side of the ammeter and voltmeter. 

It will be convenient here to give briefly a list of 
the plant in the laboratory at the time of our visit. 
It is as follows :— 

Two Alioth rotary converters each of a maximum 
output of 10 kilowatts, fitted with six slip-rings, giv- 








A 6-horse-power Johnson and Phillips motor, 
direct-coupled to a Ferranti alternator. 

A 2-horse-power Lawrence-Scott direct-current 
motor. 

Two Bruce-Peebles slow-speed motors, each of 
34 brake-horse-power, coupled together for use as 
booster, balancer, or for Hopkinson test. 

A Gramme series-wound dynamo for charac- 
teristics. 

Three machines, each of about 2 kilowatts capa- 
city, by Messrs. Paterson and Cooper. Two of 
these are series-wound and one is shunt-wound, 
and two are provided with three-phase slip-rings. 

A 4-brake-horse-power Heyland single-phase 
alternate-current motor. 

A 4-brake-horse-power single-phase Langdon- 
Davies motor. 

A 4-brake-horse-power single-phase Geist motor, 
starting by pilot motor. 

All the three latter machines have wattmeters 
permanently connected to them, as well as the 
apparatus for direct-current machines. 

Two three-phase motors by the Allgemeine Elek- 
tricitaits Gesellschaft, each of 3 brake-horse-power at 
60 volts between lines, and 50 periods. These 
machines are connected to the polyphase bars before 
described. There are ammeters in each of the 
stator phases, and a voltmeter which can be con- 
nected to each of the phases in succession by a 
change-over switch, as well as wattmeters and 
starting resistances. The switchboards are so 
arranged as to permit of the motors being run in 
tandem if they are to be tested under these con- 
ditions. 

The Alioth rotary converters first referred to 
have been specially connected up to enable them to 
be run separately or in parallel, and tested under 
various conditions. Besides main current and 
excitation-current resistances and ammeters, each 
one is provided with a hot wire voltmeter, which 
can be connected to any pair of slip-rings by a 
change-over switch, and each is also connected to 
an Everett-Edgcumbe synchroniser, by means of 
which the two can be readily paralleled. The pulley 
of one of the machines has also been converted 
into an effective magnetic clutch, which locks the 
machines in any relative position required when 
running. The machines at first would not run in 
parallel, but have had damping or amortisseur 
coils fitted in the Institute workshops, and now 
run without difficulty. A large three-phase non- 
inductive resistance is also connected, and by this 
either of the machines can be loaded up, by steps, 
to 25 per cent. above its full capacity. A trans- 
former, with the necessary synchronising arrange- 
ments and switch-gear, enables the converters to 
be thrown into parallel with the main external 
supply. For the larger machines the regulation is 
effected by liquid resistances of special design, 
there being employed two lead plates of conical 
form. These resistances enable a large range of resist- 
ance to be secured, the area of contact being very 
small at first, and giving perfect short-circuit when 
in contact. 

The generator and motor-test bed has been 
arranged with special attention to the testing of 
generators and motors, both direct and alternate- 
current. The majority of the machines in situ 
have their mechanical output determined by one or 
other of the three Soames brakes in the laboratory; 
but to enable machines of any kind to be readily 
and accurately tested over longer periods than can 
be satisfactorily accomplished by a brake, a special 
Westinghouse 10-horse-power generator, running 
at speeds from 750 to 1100 revolutions per minute, 
has been put down. This machine, which is sup- 
ported on ball-bearings and knife-edges, is provided 
with a telescopic shaft and special couplings to 
enable it to be connected to any motor under 
test; the latter being brought into line with 
the shaft by being mounted on slide-rails on a 
cast-iron table that can be elevated or lowered 
by means of screw gear, an optical device 
being used for securing perfect alignment. The 
mechanical power supplied by a motor or supplied 
to a generator under test is measured by weighing 
the torque at the end of one or other of the levers 
connected to the Westinghouse generator. The 
arrangement is such that a weight of 21b. balanced 
at a speed of 1000 revolutions per minute repre- 
sents 1 horse-power. Two switchboards are pro- 
vided—one for regulating the input or output of 
the machine under test, the other for regulating 





the Westinghouse machine. The former board 


ing single-phase, two-phase, or three-phase currént. |is fitted with switches, enabling either direct 








REPT NT NNT 


[FrB. 19, 1904. 


ENGINEERING. 











“AMOLVUOAW'T TVONdQ HOINAG “e “OI ‘RUOLVUOAWY] ONINAANIONGY TVOINVEOSY “fF OTT 











“HOM -ONIMVUG WAVY “ES “OL “TOHSHUOM ONIEAANIONGY °G “OLA 























(‘1#z bog 28 ‘uoydrsosagy 10,7) 


NOGNOT @LOLILSNI NOLdNVHLIUYUON AHL 








ERAT LEY MILT 


251 


ENGINEERING. 


‘AUOLVHOEV'] TVOIULOATY AOINIG °G “OTT 

















FEB. 19, 1904. | 





z 
ca 


Th 
PL A 


4 


® ® ; 
> p 


"4 





NOAUNO'T 








CLES abd 08 


GALALILSNI 





‘NOOY ONISIGUVAINVLG GNV ONIISEL-INIWAMISNY °“g ‘OT 








*AUOLVUOAV'] ONIYAANIONG TVOIELOATYE °9 “YLT 














‘woud ..98a(] Og) 


NOLHTWVHLUYUON AHL 


252 


ENGINEERING. 





[FEB. 19, 1904. 











current, single-phase, two-phase or three-phase 
alternating current to be supplied to the machine 
under test through four terminals at the bottom of 
the board, the ammeters being connected in the 
various phases. A voltmeter, with change-over con- 
nections and a special wattmeter, enables readings 
to be directly taken whatever kind of supply may 
be used ; the speed being electrically measured, as 
in other cases. The Westinghouse machine is con- 
nected to a switchboard, by means of which the 
exciting current of the machine may be varied over 
very wide limits, and the loading is effected by 
putting this machine in parallel with the direct- 
current machines of the Institute, and raising or 
lowering the exciting current. By this means 
generators or motors of any capacity up to 10 horse- 
power or more may be kept under continuous load 
for any length of time without wasting any other 
power than that in heating the bearings, cores, and 
windings of the machines, as the power transferred 
from one machine to the other is supplied back to 
the mains. 

A table is provided bearing eight bars, which are 
connected to the six bars from the rotary converters 
and to the direct-current supply ; on this table 
experiments are made with a number of small 
single-phase and polyphase transformers and motors 


made in the Institute. In this way students have | 


practice in connecting and running the machines. 
The transformer table, which we will notice next, 


enables transformer or static-converter testing to | 
be carried out as accurately and conveniently as | 


possible without danger. A special testing-bench 
has been designed, in which the transformers are 
enclosed in glass-fronted cupboards so as to be 


visible without opportunity of access. Power at | 


2000 volts is supplied at one end of this testing- 
table by a 15-kilowatt three-phase Kolben converter, 
and the other transformers, which range from 2 to 
4 kilowatts, are arranged with special switch-gear 
to be coupled to thisconverter and to transform down 
to 100 volts. Resistances are provided by which 
the transformers can be loaded, or they can supply 
back to the mains as in the motor-testing. Two 
wattmeters are provided which read directly either 
on single-phase or three-phase circuits, so that the 
test is made with actual wattmeter measurements 
of the power on both the high-tension and low- 
tension sides, thus enabling the test to be taken on 
inductive as well as non inductive loads. 

An oscillograph is available for wave forms, and 
alsoa special contact-maker running on the Ferranti 
alternator. This is connected to an Addenbrooke 
electrostatic voltmeter, and enables wave forms to 
be very conveniently determined. 

In the standardising laboratory (Fig. 8, page 
251) the principal feature is the calibration 
bench, upon which are mounted the secondary 
standards of current and potential difference ; 
the former being in the form of four Siemens 
dynamometers, which are checked when neces- 
sary through the leads from the Kelvin balances 
in the senior laboratory. A bank of three cells, 
which can be arranged in series or parallel, 
and a converter transforming down to 5 volts, 
enables direct or alternating currents up to 300 or 
400 amperes to be always supplied. The regulation 
is effected by graduated resistances of eureka wire, 
and final adjustment is secured by connectors 
sliding in large mercury troughs, which are moved 
by cords running up from the bench. Battens are 
provided, enabling instruments of any shape to be 
readily clamped up for test; but main leads run 
from the terminals of the bench to the main 
mercury switchboard, thus enabling any ammeter 
in the laboratory to be instantly put in series with 
the bench and calibrated in situ. The other half 


of the bench is provided with a potentiometer, a | 


Weston voltmeter, and a Kelvin electrostatic in- 
strument as standards of direct and -alternate- 
current potential difference, while various direct 
and alternate-current voltages are supplied. Volt- 
meters can be tested on this table by fastening on 
battens in a similar way to the ammeters, but a 
pair of ‘‘ checking leads” is taken round the whole 
of the laboratory ; and nearly every voltmeter is 
provided with a two-way switch, which at any 
instant disconnects it from the machine under test 
and connects it to the checking-circuit. It is 


therefore possible at any time to check either the | 


ammeter or voltmeter, which is being used, without 
any removal or disconnection. To insure the readings 


of the instrument being known as accurately as| 


a calibration card containing a list of the errors 
of the instrument, both for direct and alternate 
current. 
A number of different experiments are performed 
‘in this part of the laboratory, but the principal 
feature is meter-testing. Two banks of meters are 
| provided—one for direct current, the other for 
alternate current. To facilitate the examination 
|of the mechanism of the meters without risk or 
/injury, the covers have been removed and the 
/instruments are enclosed in glass cases. Steady 
|current can be supplied to the direct - current 
imeters from cells, while the alternate - current 
|meters may be supplied with alternate current of 
| any convenient strength and power factor, a special 
| phase-shifting device, supplied from the polyphase- 
|current bars, being employed. The power of the 
|circuit is read by a special wattmeter. Instruc- 
‘tion sheets are provided for the various experi- 
ments, thus facilitating the work as much as possible. 
|The laboratory is used by the intermediate and 
|senior evening students on three evenings in the 
| week, and on three occasions by the senior day 
| students. 





ELECTRICAL WorKSHOPS. 

| With the object of giving instrument-makers 
/and wiremen an all-round training in mechanical 
| work, special workshops, under Mr. E. T. Martin 
|as chief instructor, have been arranged, with every 
|facility for electrical-instrument making and for 
‘electric-light wiring. The electrical instrument 
shop is fitted with six power-driven lathes, drills, 
emery grinders, and other tools. There is a shop 
in which the winding of direct and alternate-current 
armatures and magnet coils is carried on, the arma- 
‘tures being finally varnished and baked. It is 
| believed that this is a unique feature in such an 
institute. 


Senior Evectricat LABORATORY. 


The equipment of this laboratory (Fig. 9, page 
251) has been arranged especially with a view 
to enable instruments of various kinds to be 
standardised with a fair degree of accuracy, and 
for performing the more delicate tests, such as 
require reflecting instruments, both in electrical 
engineering and telegraphic work. For this pur- 
pose a number of tables are provided, each of 
which is arranged with apparatus for accurately 
testing some special electrical quantity, and to be 
ready for such tests at any moment. 

The first of these tables (Fig. 10, page 247) is 
for general resistance measurement, and is pro- 
vided with a large standard Anthony-pattern 
bridge, connected with various cell - regulating 
devices and shunts to a sensitive Kelvin gal- 
vanometer with coils of different resistance ; the 
bridge is wound with wire of extremely small 
temperature variation. The second table is ar- 
ranged to enable the standardisation of resistance 
coils to be carried out with a very high degree of 
accuracy by means of a special form of Carey 
Foster bridge, which is suitable for the comparison 
of coils of any ordinary resistance, and for the com- 
parison of very low resistances, such as are used in 
potentiometer work. Electrically-heated oil-baths 
are also provided for keeping the coils under test at 
any desired temperature, and standard resistances 
of various forms are available. The third table is 
for insulation-testing by deflection methods. A 
100,009 - ohm high - insulation Kelvin galvano- 
meter is provided for this purpose, and pressure up 
to 600 volts can be obtained from a battery of 300 
small secondary cells at hand. Adjacent to this 
table are three circular tanks, each containing 
about a quarter of a mile of different types of sub- 
marine cable. 

The next table (Fig. 11, page 247, No. 4) 
is employed for testing very high insulations, 
such as those of telegraph insulators, by fall 
of potential methods. An Ayrton-Mather elec- 
trometer is used for this purpose, and small 
tanks are provided containing various types of 
insulators. Other electrometer tests can be 
made on this table. The fifth table is for 
capacity measurements, and is equipped with a 
19,000-ohm Nalder ballistic galvanometer, a stan- 
dard condenser, and various forms of special keys. 
There is also a Sullivan universal shunt, enabling 
| capacity tests to be made by various methods, espe- 
cially such as are employed in telegraph work. 

Table 6 (Fig. 12, page 247) is devoted to induc- 





possible, each ammeter and voltmeter is provided | tion measurements, the apparatus consisting of a 
with a small frame at its side, into which is slipped | Wheatstone bridge, to which are connected variable 











and fixed standards of self-induction and a motor 
secohmmeter. Table 7 is used for voltmeter stan- 
dardisation and for potential difference measure- 
ments. A Crompton standard potentiometer js 
used in conjunction with a Crompton moving- 
coil galvanometer ; and several Board of Trade 
and Carhart cells are used in standardisation. 
A volt-box is also available, by which measure- 
ments can be made up to 750 volts, this 
pressure being obtained from the cells in the 
laboratory. Tables 8 and 9 are used for current 
measurements, and are provided with Kelvin 
decca- and centi-ampere balances, and regulating 
resistances. Copper and silver voltameters are also 
available, with balance for standardising current. 
The remaining tables are devoted to conductivity 
measurements, to iron-testing, to breakdown and 
other tests on insulators with high-pressure alter. 
nate currents, and to general telegraphic and tele- 
phonic work. For the conductivity measurements 
a Kelvin bridge and various forms of low-resistance 
measurers are available. For iron-testing—which 
receives special attention—the operations are 
carried out by magnetometer, and on ring and yoke 
methods, other special apparatus being provided. 
For the breakdown and other tests on insulators 
with high-pressure alternate currents, a Kohlrausch 
dynamometer is provided for measuring small alter- 
nating currents ; whilst the general telegraphic and 
telephonic work is such as is needed by students 
from the General Post Office, the National Tele- 
phone Company, and the various cable companies, 
The dimensions of the laboratory are 50 ft. by 
40 ft., and accommodation is available for about 
sixty students working at one time. Current is 
supplied to the laboratory from the mains through 
a mercury-distribution board of similar but smaller 
construction to that in the electrical engineering 
laboratory, and from a battery of from 52 to 80 
ampere secondary cells in an adjacentroom. These 
are themselves provided with a mercury board en- 
abling the cells to be used with any number in 
series or parallel, or independently. The distri- 
buting leads from the switchboard run in chases 
along the floor, and are well twisted together to 
avoid inductive disturbances. Each table is pro- 
vided with terminals and regulating resistances, and 
with its own reflecting instruments, which are sup- 
ported in pillars supported from the floor on elastic 
pads. The scale-stands for the galvanometers are 
of special construction, each containing a small 
6-volt glow-lamp ; and these lamps are arranged in 
series, and with simple replacement resistances, so 
that the light for any galvanometer is available at 
any instant. By means of the mercury switchboard 
the standardising instruments can be put in com- 
munication with the secondary standards in the 
electrical engineering laboratory, or with any other 
circuit, and telephonic communication between the 
rooms enables standardisation to be conveniently 
effected without shifting any of the instruments. 


Junior EvectricaL LAaBoraTory. 

In the Junior Electrical Laboratory the first-year 
day and evening students have a course of instruc- 
tion in verifying the simple electrical laws, and 
making various ordinary commercial tests. As the 
arrangements of this laboratory are somewhat 
similar to those of similar departments in other 
institutions, we need not enter into any description 
here, except to notice that special provision has 
been made for handling large classes by providing 
the current, &c., to terminals which are easily 
available. Instruction sheets are fixed in frames in 
front of the benches, so that it is possible for the 
whole of the students to get to work without pre- 
liminary explanation from the demonstrators. 


JuNIoR PuysicaL LABORATORY. 


This laboratory is a companion to the Junior 
Electrical Laboratory, and in it instruction is given 
in heat measurements, and such other branches of 
physics as are of special importance to electrical 
and mechanical students. Most of the apparatus 
has been specially designed, the heating in nearly 
all cases being effected electrically—an arrangement 
which enables much more accurate results to be 
obtained, with great convenience and cleanliness. 


OpticaL Laporatory. 

There are two optical laboratories—the junior and 
the senior (Fig. 5, page 250). In the former, means 
are provided for proving and studying the fundamen- 
tal laws of optics, and for making the simpler optical 
tests. Photometers and optical benches are avail- 
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able for the students, and there is a well-fitted 
dark-room. In the senior laboratory students have 
the opportunity of thoroughly testing surveying 
instruments, photographic apparatus, and micro- 
scopes of the best types. The place is specially 
equipped with apparatus for the study of colour 
photography. In connection with the laboratory 
there are optical workshops for grinding, polishing, 
and testing lenses. 

Early this session the number of students who 
actually attended the laboratories of the Electrical 
Engineering and Applied Physics Department in a 
single week was over 400, exclusive of the elemen- 
tary Post Office students, whose laboratory work 
commences later. 


GENERATING PLANT. 


The electrical plant in the power-house consists, 
in the first place, of a Holmes bipolar undertype 
machine for an output of 600 amperes at 105 
volts. This is direct-coupled toa Willans 100-horse- 
power compound engine. There is also a four- 
pole machine by Messrs. Holmes and Co., of similar 
output to the former, and which is arranged to be 
rope-driven from the vertical experimental engine. 
Each of these machines is connected by copper straps 
on insulators under the floor to the main switch- 
board of the Institute, which carries two omnibus- 
bars. The above two generating sets are con- 
nected to these bars through double-pole switches 
and ammeters, and a pair of alternate-current bus- 
bars are also fixed. The latter are connected 
through switches and instruments to the outside 
supply company’s mains. There are twenty-four 
distributing circuits in the Institute, each of which 
is coupled to a two-way double-pole change-over 
switch, by means of which any one of the circuits 
may be thrown over at any instant from the direct 
to the alternate-current supply. 

As the various workshops throughout the Insti- 
tute are electrically driven, each by one or more 
direct-current motors, and, in order to provide for 
the laboratory work, it is necessary for direct 
current to be available in the daytime. This is 
provided for by a 20-kilowatt motor generator 
which takes power from the direct-current external 
supply mains at 500 volts and transforms to 100 
volts. This motor can be coupled to the ordinary 
direct-current bus-bars of the main switchboard, 
and, if necessary, run in parallel with one or both 
of the generating sets. 


CONSTRUCTIVE AND ARTISTIC CRAFTS. 

A feature in the scheme of instruction is a 
special course in connection with the constructive 
and artistic crafts. It is held that these crafts 
employ in their processes so many methods 
derived from widely different sources, and that 
they use the principles developed in so many 
branches of natural science, that scarcely a single 
trade can be found which does not demand from an 
intelligent craftsman or journeyman a clear know- 
ledge of the fundamental principles drawn from 
more than one science. <A special table has been 
compiled to enable workmen engaged in the various 
engineering, building, carpentering, artistic, and 
other trades to select those special courses of in- 
struction which may be suitable for their purposes. 
These courses have been arranged specially for the 
benefit of artisans, apprentices, and others engaged 
in the Clerkenwell trades. It is assumed that a 
student will be willing to devote three, or in some 
cases four, nights a week to study during the winter 
months ; and a table, which is incorporated in the 
syllabus of the Institute, from which we have taken 
these particulars, shows how the student can make 
the best use of his time. Specially reduced fees 
are given for these courses. 


THe CHEMISTRY, METALLURGICAL, AND 

Horo.ocicaL DEPARTMENTS. . 
Reference should be made here to the depart- 
ment of technical chemistry, in which electro- 
chemistry forms an important section, the lecturer 
anddemonstrator being Mr. Samuel Field, A.R.C.Se. 
This department has been organised to meet the 
requirements of the electro-plating industry in its 
different branches of electro-gilding, silver-plating, 
nickel-plating, and copper-depositing, in which 
industries there are several establishments in the 
neighbourhood of Clerkenwell. The courses of 
mstruction include the principles underlying the 
process of electro-deposition ; these are treated both 
theoretically and practically, there being set apart 
for the purpose a special laboratory and workshop 





equipped with modern arrangements for practical 
work. The laboratory is supplied with apparatus 
for the deposition of copper, silver, nickel, brass, 
iron, &c., electric current for the work being 
derived from accumulators which are connected to 
@ mercury switchboard, so as to give series or 
parallel working as required. 

In the department devoted to electro-metallurgy 
and electro-chemistry there is a course in which 
the more recent methods of extracting metals 
from their ores by the agency of the electric current 
is dealt with. In the electrotyping and stereotyp- 
ing department there is a workshop supplied with 
all the necessary apparatus for the moulding, 
building, blackleading, and preparation of work 
for the bath. The stereotyping apparatus is in the 
same room, and is fitted with the usual metal-pots, 
chamber, press-beating and flong-tables, together 
with the necessary tools and planes for finishing. 

The section devoted to metallurgy is one of the 
most important, it being held that in the district 
of Clerkenwell no subject is so far-reaching in its 
scope and utility as that of metallurgy. The 
influence of small percentages of impurities is so 
important that a knowledge of their effects is 
essential to all metal-workers who would work 
intelligently. There is in the Metallurgical De- 
partment a laboratory well equipped with furnaces, 
gas mufiles, and such appliances as are necessary to 
produce those alloys which have the greatest bear- 
ing on the work of the district. In the laboratory 
there is a tensile testing-machine, draw-bench 
rolls, lathes, and machine-tools for preparing 
specimens, &c. 

In the Horological Department, again, an attempt 
has been made to meet the special requirements of 
this historic industry of the district, and it is to 
be regretted that the employers in the watch- 
making trade have not given greater support to the 
Institute by encouraging their apprentices and 
employés to attend the day courses. The evening 
classes have, however, been extremely successful, 
the applications last session exceeding the accom- 
modation, so that a number of candidates had to 
be refused admission. The evening courses con- 
sist of practical instruction in the workshops, draw- 
ing-office, and laboratory, together with lectures 
on the principles underlying the various branches 
of the subject. The practical workshop classes in the 
evening are only open to those who are engaged in 
the trades affected, as the accommodation is limited. 


SoctaL AND RECREATIVE SECTION. 

Before concluding this notice of some of the 
features of the Northampton Institute, reference 
should be made to the report which the Prin- 
cipal, Dr. Walmsley, presented to the govern- 
ing body as the result of a tour he made in 
America with the special object of studying the 
educational features in the United States. With a 
wise liberality—which the directors of some other 
institutions might follow with advantage -—the 
governing body of the Northampton Institute com- 
missioned Dr. Walmsley to make this voyage of 
discovery, considering it to be desirable, in view 
of the expected rapid developments of the different 
classes in engineering, that the Principal should 
make himself acquainted with what was being done 
on the other side of the Atlantic. Dr. Walmsley’s 
very able report forms a valuable guide to those 
who would take advantage of the information he 
has obtained ; but as it has formed the basis of a 
paper recently read before the Institution of 
Electrical Engineers, it is, perhaps, unnecessary 
for us to give details here. We, however, recom- 
mend its study to those of our readers who are 
interested in the subject. 

The Social and Recreative Section comprises a 
numerous staff, including an organist, Mr. H. Davan 
Wetton, Mus. Bac., Professor of Music, and other 
instructors for instrumental music. There is also 
a gymnastic director and an instructor in swimming, 
as well as other instructors in these sections. There 
is a very fine swimming bath, 100 ft. long by 35 ft. 
wide. For the purpose of giving concerts, and for 
important functions in connection with the work 
or recreation of the institute, there is a large hall, 
which is capable of seating more than 1400 persons, 
exclusive of platform accommodation. Here, during 
the winter, there are, as a rule, weekly concerts 
and other entertainments. There is a large organ. 
Non-members are admitted to the entertainments 
at a charge of 6d. per head. Separate social-rooms 
are provided for men and women members and 
associates. There is also a large room for the 





meeting of clubs and societies, of which a. number 
have already been formed in connection with the 
Institute. Amongst these may be mentioned boxing, 
tents, cricket, cycling, and football clubs. 
"here is a gymnastic club for men, and another for 
women ; these are held on separate days. The 
gymnasium is a spacious hall, well equipped with 
appliances for physical culture. 

All these advantages are offered to members of 
the institute at extremely moderate prices ; indeed, 
the prices may be said to be almost nominal, and 
within the reach of those earning very modest sums. 
Members or associates must, generally, be between 
the ages of 16 and 25 ; but the governing body con- 
sider favourably applications for a limited number 
of admissions of persons over the latter age. The 
members are entitled to free admission to the library, 
reading-rooms and social-rooms, to the use of the 
swimming-bath and gymnasium, and admission to 
the entertainments in the large hall, all at moderate 
fees. They have also reduced fees in the technical 
classes. The establishment of an institution such 
as this cannot fail to improve both the moral and 
physical character of a district. Wholesome recrea- 
tion and healthy exercise afford the initial steps 
towards the elevation of young people. In a work- 
ing community, such as that for which the North- 
hampton Institute is intended to cater, character is 
formed chiefly during the hours of leisure ; and if 
the pleasures of youth are wholesome, the moral 
fibre will be sound. Education—the learning of 
school-lessons—is not enough in itself to elevate, 
as thirty years of the School Board have taught us. 
‘*'The three R’s” may easily become a means of 
deterioration ; for it is more important to teach 
young men and young women to read the right 
thing than to teach them to read at all. The social 
influence also of institutions of this class can 
hardly be overrated. The wider companionship 
gives an added sense of responsibility—the opinion 
of their fellows amongst members carries weight ; 
and, fortunately, opinion is, on the whole, sound. 
Whether these moral considerations, which depend 
necessarily on the character of pleasures followed 
(for youth will have enjoyment of some kind), 
should be coupled with the fostering of technical 
education is a matter upon which different opinions 
are held ; but, perhaps, there is more interdepend- 
ence between the two than is generally thought. 

It only remains for us to thank Dr. Mullineux 
Walmsley, Dr. Drysdale, and Mr. Larard for 
their courtesy and attention in enabling us to visit 
the Institute, and in supplying us with the 
detailed information here set forth. 








THE MOTOR-CAR SHOW. 

Tue Annual Official Show of the Society of Motor 
Mauufacturers opened on Friday last, the 12th inst., 
at the Crystal Palace, and will remain open until 
Wednesday, the 24th inst. The Show is a very fine 
one, there being a collection of automobiles of unusual 
interest. Whether it is, as the management claims, 
‘*the best automobile show on earth,” is a matter 
which we cannot decide ; but, at any rate, there is 
ample material to occupy the attention of the most 
enthusiastic automobilist. There are, according to 
the statement of the Committee of Management, 
270 exhibitors, who occupy 130,000 square feet of 
space. No doubt, from the Committee’s point of 
view, the area occupied is a very good criterion of 
the success of the Show, indicating, as it does, the 
amount contributed to the exchequer. The visitor, 
however, may take another view of the case, and 
possibly would prefer that some of the stands 
should not be so large, and that there should be 
more variation. 

It will, perhaps, help to give some idea of 
the growth of the motor-car industry if we 
repeat a quotation from the catalogue giving the 
Board of Trade returns for imports and exports 
of motor-cars for the two years 1902 and 1903. 
In the former year we imported 3747 cars and 
motor-cycles, of a value of 992,229]. Last year the 
number of cars imported was 6133, their value being 
1,713,972l. In addition to this there were imported 
in 1902 110,836/. worth of parts ; last year the cor- 
responding figures were 274,426/. Turning now to 
exports, we find that the cars which we buy from 
abroad far exceed in numbers those which we send 
away to customers in other countries. But here, 
again, there has been a very considerable increase. 
In 1902 we exported 415 cars and motor-cycles, 
the value being 155,340/.; in 1903 we exported 
957 cars and motor - cycles, the value being 
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285,6621. The value of parts exported in 1902 was | 
16,8031. ; in 1903 it was 58,3631. These figures 
speak moat eloquently of the advantage of a 
national industry getting a good start. We can 
hardly doubt that the British manufacturers would 
be well able to manufacture cars effectively, and at 
as cheap a rate as, say, those of France or Ger- 
many. Legislation, however, barred the way to 
the establishment of an industry in the early days, 
and, judging by exports and imports, we do not 
yet appear to have made up the leeway. The engi- 
neering visitor to the Crystal Palace will, however, 
judge that Great Britain is likely to shortly hold 
her own in this branch of industry. The best of 
the English cars are beautifully finished, and 
certainly for simplicity of design and reliability 
they will bear comparison with those of any other 
country. For the reasons stated, the French 
manufacturers set the example; but in a great 
many cases British manufacturers have improved, 
especially in regard to simplicity, on their foreign 
prototypes; and were it not, we think, for the 
prestige that attaches to the vreat names of some 
of the prominent foreign makers, there would be 
far less importation of cars into this country than 
there is at present. 

To judge by the exhibits at the Crystal Palace, 
we should say that the design of motor-cars is fast | 
settling down to stereotyped lines. This is an 
advantage, both from the manufacturers’ and the 
users’ point of view. Nothing tends more to keep 
any engineering structure at a high price than 
constant fluctuations in design. If makers feel 
that they can arrange for standard patterns, they | 
will lay down special plant for the production 
of the parts, and that, we need hardly say, will 
enormously cheapen production. Beyond this, de- 
signers will be able to turn their attention to per- 
fecting details of construction. By experience weak 
places will be found, and the causes that led to 
them will be removed, so that trustworthiness or 
reliability, which is the premier virtue of a motor- 
car, will be increased. By far the greater number 
of exhibits consist of cars propelled by petrol- 
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engines. There are a few electrically - driven engine. The number of small 


vehicles shown, and some that are steam-pro- 
pelled; but we should judge that the former 
class of motor preponderates more largely than 
in any previous show. The vertical engine still 
holds the premier place, and there seems to 
be a strong tendency towards multiple cylinders, 
in spite of the cheapness of the single-cylinder 
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two-seated cars of low price 
is in excess of anything we 
have seen before. Some of 
these are so cheap that one 
can hardly suppose the work- 
manship and material in them (s108. 
is of a very high class. But 
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there is this to be said—that once a cheap car 
is introduced, it will necessarily find purchasers 
amongst those who have an overwhelming desire to 
possess a motor-car, but have not the means to get 
anything of a superior nature. In this way the 
manufacturers of higher reputation will be forced to 
reduce their prices, and it may reasonably be hoped 
that quality will not fall in a like ratio. Competi- 
tion in this respect may be trusted to do its work, 
irrespective of the reduction in price that will natu- 
rally result from improved methods in the use of 
automatic machinery. A number of cars in the 
Show are now arranged to drive directly on the 
top speed ; this, of course, is a great advantage, as 
it gives steadiness of running. If the internal- 
combustion motor could be made more flexible— 
that is to say, if the power given out by it could be 
regulated in the same way as in the steam-engine— 
it would be one of the greatest advantages that 
could be gained in the design of motor-cars. 
Another feature that mechanical visitors will per- 
haps notice is the increasing number of large engi- 
neering firms that are turning their attention to the 
production of motor-cars. Slackness in the engi- 
neering trade naturally leads the management 
of firms and companies to look for new outlets 
for their energies, and the motor-car appears to 
afford a promising field. So much has been heard 
at times of the impossibility of getting deliveries 
of motor-cars, that one would judge the demand 
had been in excess of the supply; such a state of 
affairs always leads to competition. Again, the 
enormous prices demanded fur high-class cars seem 
out of all proportion to the amount of machinery 
they contain and the work expended upon them. 
These considerations are doubtless more apparent 
than real. The 1000/. car is undoubtedly a very 
costly article for its size, while even 5001. or 600I. 
appears a very long price for the material and 
workmanship comprised in the design. One must 
not, however, judge of a motor-car by ordinary 
engineering standards, and though there is much 
room for cheapening of production, a high-class car 
will always be a very costly article. How many 
persons there are who can afford to pay these 
high prices for a vehicle which certainly does not 
have a very long life, is an interesting problem 
that time will tend to solve. If we may judge 
from the results in another field of sport—that of 
yachting—there must be a very large number. 
One thousand pounds is not a high price to pay 
for a yacht, and yet around the coast of this 
country there are hundreds of yachts for which 
very much larger sums have been given; at any 
rate, it may be said that in Great Britain there is 
a more likely market than in almost any other 
country. 

In referring in detail to some of the exhibits in 
the Show, we do not propose to give anything 
approaching an exhaustive catalogue, and can only 
notice those types that appear to us to contain 
most novelty, or which are in some way specially 
worthy of attention. 

The principal exhibits are, as usual, grouped in 
the middle part of the centre transept of the 
Crystal Palace. Messrs. 8. F. Edge have here a 
handsome show of cars of different sorts, manu- 
factured by Messrs. Napier and Son. Some of 
these are very costly vehicles, one being priced at 
over 1000/. Amongst them is a 15 horse-power 
brougham, and a car with tonneaw body having a 
motor of the same power, and fitted with a canopy 
and glass wind-screen. A car of this description 
gained the highest award for an English car in 
the Paris Exhibition. A Napier chdssis, with a 
six-cylinder engine, gives a very good idea of the 
work done by this firm. The engine is rated at 30 
brake horse-power. In Figs. 1 and 2, page 262, we 
give two perspective views of parts of the mechanism 
of a Napier car. As will be seen in Fig. 1, which 
shows the exhaust side of the engine, the radiator 
is of the honeycomb type, which has largely super- 
seded the old pipe description, with radiating plates 
or gills. In the Napier car the radiator takes up 
very little room longitudinally, the whole structure 
not being so deep as usual, This reduction in 
size is obtained by each tube being fluted in four 
places, thus giving greater radiating surface than 
with the cylindrical tube. There is also more air 
space between the tubes, and the metal can be 
made thinner than usual, in terms of the surface 
exposed. The fan, which is seen behind the 


radiator, is of aluminium, and is driven by a belt. 
The starting-handle is attached directly to the 





motor, so that the power is not supplied through 


achain. The six cylinders are in three pairs, each 
pair being cast together. The inlet valves, which are 
of the annular type, are placed immediately above 
the exhaust-valves. This annular type of valve has 
been patented by Messrs. Napier and Edge, and 
gives a much larger circumferential opening with a 
given diameter than is obtained with the ordi- 
nary single-ported valve ; this applies to both 
mechanical and automatic admission valves. The 
engine has circular hollow connecting-rods, and is 
fired by a system of single-coil synchronised igni- 
tion, this being considered a necessity in order to 
get good running from a multi-cylinder engine. 
The clutch, shown in Fig. 2, has metal surfaces on 
both the male and female part. It is kept in 
gripping position by three springs, and being self- 
contained, there is no end thrust. It is rated as 
being capable of transmitting 40 horse-power, but 
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‘these firing one after the other in turn. A good 
deal of ditticulty has been experienced in firing 
six-cylinder engines with regularity, and cars so 
fitted will fail if not equipped with ignition which 
is properly synchronised. Special arrangements 
for inspecting and testing the firing apparatus are 
therefore of very great convenience with muilti- 
cylinder engines. ‘There are also to be seen four 
grease lubricators for the gear-box. The water- 
pump is mechanically driven, and is titted with ball- 
bearings. There is a cut-out arrangement, so that 
if any solid material should get into the pump, the 
latter would not be broken in a serious manner ; 
this end is attained by the fitting of two small 
prongs, which would give way first, but could be 
easily renewed. The axles are of nickel steel, the 
front axle being dropped, while the back axle is 
straight, and is of H section. The chdssis is, how- 
ever, kept low through the springs passing under 
the axle. These cars run by chain drive. The 
weight of the chdssis of the 30-brake-horse-power 
car is 17 ewt. The tyres are of 120 millimetres on 
the back wheels and 100 millimetres on the front. 
The standard-sized wheels are 36 in., and there is a 
10-in. clearance, at the lowest point, between the 
bottom of the car and the ground. This chdssis 
represents a new design recently brought out and 
admirably finished, and naturally attracts a great 
deal of attention at the Exhibition. 

In Figs. 3 and 4 we illustrate the method of 
regulating the air supply to the carburettor by 
hydraulic means, introduced by Messrs. Napier. 
Advantage is taken of the higher pressure in the 
water circulation when the engine is running fast— 
this higher pressure resulting from the increased 
speed of the pump, and the augmented friction of 
the water through the jackets—to actuate the 
valve B in Fig. 3, the air-admission branch 
being shown at A. There is a diaphragm C con- 
tained within the vessel as shown, and this is 
connected to the valve B bya stem. The valve- 
stem is surrounded by a spiral spring, which, under 
ordinary conditions of running, keeps the valve in 
the position indicated. When, however, the water 
pressure rises, it overcomes the resistance of the 
spring to a certain amount, and thus forces the 
valve down to the position shown by the dotted 
lines ; this allows more air to pass, as is required 
when the engine is running at higher power. The 
arrangement of carburettor is also shown in section 
in Fig. 3. Fig. 4 is a plan of the appparatus. 



























































Fig. 5. 


a 2-lb. weight on the foot-pedal will depress it 
sufficiently to allow the clutch to slip. With regard 
to the transmission, there is direct drive on the top 
speed, which is obtained without the intervention 
of gear wheels at all, the gear-box merely acting as a 
long bearing. The flexibility of this multi-cylinder 
engine is so great that speeds of 4 to 50 miles an 
hour are regulated merely by the use of the accele- 
rator, and without the clutch being thrown out of 
gear. The engine is sufficiently powerful to take 
acarup Reigate Hill on the top speed, and this 
has been done with three persons on board in very 
muddy weather. Fig. 2 shows the arrangement 
of the dashboard. On the extreme right is 
the accelerator pedal, and next to this the brak- 
ing and clutch pedal. There is a mechanically- 
driven lubricator which works when the engine 
runs, and is thrown out of action when it stops. 
The ignition apparatus is seen in the centre, and 
this is so arranged that it can be inspected when 
running. There is one coil only for all six cylinders, 





Tut Lancpon-Davirs CHANGE-SPEED GEAR. 


The device, as will be seen, is extremely simple, 
|and is found to be of great advantage in running 
the car. 

The Daimler Motor Company have also a very 
fine exhibit of motor-cars in the centre of the build- 
|}ing, and among them several important vehicles are 
| shown, besides two chdssis—one of 28 to 36 horse- 
power, and the other of 18 to 24 horse-power. 
| Amongst other cars is a 28-horse-power phaeton. 
There is also an 18-horse-power tonneau car with 
|detachable top; this has a side entrance to the 
tonneau body, a feature which appears to be finding 
|favour with designers, as it gives an easier mode 
|of access, and affords better accommodation in the 
body of the car. There is also a commodious 
| wagonette with a canopy over it, and a 22-horse- 
| power shooting-brake. This type of vehicle won a 
| special gold medal for general excellence in the yelia- 
| bility trials of the Automobile Club in 1903. There 
lis also shown a 22-horse-power tonneau car, which 
‘won the gold medal on the same occasion. The 
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18-horse-power chdssis is arranged with four 
speeds, and has mechanical induction valves. 
There is a new feature in the arrangement of the 
plunger euides of the valves, which work by 
means of a rocking lever. The arrangement is 
very convenient, and lends itself to easy removal 
of the cam-shaft, which can be taken out with its 
vovernor and the drive of the electrical ignition. 
This is effected by releasing the caps of the bear- 
ings, when the whole gives way bodily. The advan- 
tage of this feature will be recognised by those 
who have had much experience in driving motor- 
cars. The valve stems are inclined, in place of being 
vertical, and this enables. the valve to be brought 
close up to the combustion chamber, and thus 
shortens the ports. The arrangementis well shown on 
the Daimler Company’s stand by means of an actual 
section through the valve chamber, the casting being 
sawn in two. The castings of these cylinders, as 
thus shown, are of excellent quality, and we are 
glad to learn that they are of English manufacture. 
These cars have central drive. In place of the 
modified Hook’s joint, the simple plan is adopted of 
the intermediate shaft working by means of a square 
end which fits into a square socket ; the end of the 
internal part is tapered, so as to give the flexibility 
needed to compensate for inequalities of the road. 
There is a simple adjustment of the gear-case, 
which is suspended and held by one bolt, so that 
alignment can be preserved by setting up a nut. 
The transmission-shaft bearings are lubricated by 
means of a ring-oiling arrangement, the oil being 
supplied from the gear-case. The oil is all 
strained in order to prevent small particles 
getting into the bearings. he change-speed gear 
is on what is known as the ‘‘two-sleeve” system, 
which permits the change to be made from any 
one of the four speeds to another without running 
through the intermediate gears—that is to say, in 
changing speeds the gear wheels go into mesh and 
back again, not running through each other. The 
device by which the change gears are actuated 
through the hand-lever, without the intervention 
of a notch quadrant, is very ingenious, and has been 
devised by this firm. The lever is always pushed 
over to the extreme end of the quadrant, and 
thus the need for feeling for the right notch to 
get a particular speed is got over, and mistakes can 
hardly occur. By moving the lever sideways 
it is possible to pass it from one slot of the 
quadrant to the other, the dividing web between 
the two slots being supported in the middle. This 
is ® very ingenious trick, and has been copied by 
other makers ; a separate lever is used for reverse 
motion. A compensating device, securing equal 
pressure on the brakes at each side, is provided 
for by a whipple-tree arrangement. Another good 
point in the design of this vehicle is that the 
actuating part is kept independent of the change- 
speed gear. If, therefore, it is required to give 
more accommodation, and a greater length of 
vehicle, it is only necessary to lengthen the frame, 
the intermediate shaft, and the various connecting- 
rods, which, of course, isa simple matter. A full 
description of the Daimler works will be found 
in the February issue of Traction AND TRANS- 
MISSION. 

We have referred to the fact that some important 
engineering establishments are entering the motor- 
car business, and one of the most striking examples 
of this is the firm of Sir W. G. Armstrong, Whit- 
worth, and Co., Limited, who have taken over the 
business of Messrs. Wilson, Pilcher, and Co., and 
are, we understand, transferring the works from 
London to Newcastle-on-Tyne. The company are 
exhibiting several cars of the Wilson-Pilcher type. 
There is an 18 to 24-horse-power six-cylinder car, 
which has a side entrance to the body. The price 
of this is stated in the catalogue to be 950 guineas ; 
the cha: which is also shown, is quoted at 750 
guineas. We mention these prices, which are 
typical, as indicating the costly nature of a high 
class car. There is also shown a 12 to 16- 
horse - power four - cylinder car, with a five- 
Seated tonneau body. The price of this is 700 
guineas, whilst the chdssis is 600 guineas. The 
chief claim for these cars, apart from the excel- 
lence of the work—a claim made so frequently by 
manufacturers that it need hardly be mentioned— 
Is the silence and freedom from vibration with 
which they run. The special means provided to 
attain this end is in the balancing of the motor, 
which is of the horizontal type, and has a crank- 
shaft running lengthwise to the chdssis. The engine 





and transmission gear are suspended from a raised | 





part of the frame in a manner which gives flexi-| of interest in the design is the change-speed gear, 


bility, so that the bearings are not thrown out of 


a diagram of which we give in Fig. 5. It is stated 


line by inequalities of the road, and they can there-| that this is the only gear of the kind which is 


fore be made of more than usual length. 
transmission gear is of the central-line shaft type, 
the power being taken through the main clutch by 
meaus of two reduction gears, which have some 
special features. The gear-wheels are always in 
mesh, and are only running when actually required. 
The change of speed can be effected without throw- 
ing out the main clutch, or taking the driving 
effoit off the motor. On the top speed the main 
bevel-wheels alone are in motion. The reduction 
gears are worked by friction clutches of the direct 
acting cone type. The changes are all effected by a 
singlelever. A detail worth attention is the method 
in which the piston-rings are made gas-tight by 
means of a spring which fills the space where the 
ring is cut. The special arrangement of the induc- 
tion-valves is also worthy of attention. These 
details could not, however, be described without 
special illustrations. Particular attention has been 
paid to the production of a single-trembler mul- 
tiple coil, which, it is claimed, gives absolute 
precision and certainty of ignition. The arrange- 
ment enables low-tension current to be commuted 
without a separate trembler being provided for each 
cylinder. The advantages of a single high-tension 
coil are thus combined with those of a low-tension 
commutator and its connections. The Wilson- 
Pilcher cars have many interesting points, to 
which, however, we could not do justice in a 
general notice such as this. 

Another example of an important engineering 
firm entering the motor-car industry is that afforded 
by Messrs. Crossley Brothers, Limited, of Open- 
shaw, Manchester, the makers of the Otto gas- 
engine. The Crossley car is exhibited by Messrs. 
Jarrottand Letts, of Westminster. The engine is of 
the four-cylinder vertical type, the cylinders being 
4} in. in diameter, with a 5-in. stroke. The admis- 
sion-valves, which are of nickel steel, are mechani- 
cally operated, and are placed on opposite sides of 
the cylinders. The exhaust-valves are of special 
bronze, which is said to be harder than steel. 
So far as can be judged, the engine does not 
differ in any essential feature from the ordinary 
design. It is said to be run at a normal speed 
of 800 revolutions without acceleration, but is 
capable of being accelerated to 1250 revolutions 
per minute. The nominal horse-power is 22, but 
at 1000 revolutions it works up to 30 brake horse- 
power. It is said that the speed of the engine can 
be reduced to 150 revolutions per minute, and it 
can be kept running at that speed. The car- 
burettor is, perhaps, the most interesting feature 
in the design. It is of the float-feed type as 
regards the supply of petrol, the air regulation 
being its novel feature. This consists of a float 
resting on mercury, and this is coupled by a 
light rod to the piston-valve, having slots in a 
concentric cover. The mercury chamber consists 
of two parts concentric with one another, but 
communicating at the base. The inner chamber 
containing the fluid is air-tight, but the outer 
one is open to the atmosphere. To the inner 
chamber a tube is coupled to the suction-pipe 
or vaporising chamber. As the vacuum in the 
suction-pipe or yaporising chamber is increased, a 
corresponding vacuum is introduced into the 
mercury chamber. The mercury therefore rises, 
carrying the float with it, and thus admitting more 
air. The air inlet is, in this way, automatically 
regulated by means of the suction of the engine, 
and without the employment of springs, water 
pressure, or exhaust pressure. The carburettor is 
heated by the circulating water, and is fitted with 
a filter. 

It is stated also that Messrs. Willans and Robin- 
son, Limited, of Rugby, are now manufacturing 
the mechanism for the motor-cars of the Duryea 
Company, of Coventry, the machinery thus being 
produced in England. This firm show in the 
central transept several motor-cars of their usual 
make. A new description is a 15-horse-power 
engine and chdssis, with a new type of body. The 
engines are of the three-cylinder inclined type ; 
they have two speeds and a reverse. There is a 
single-chain drive, which is direct on the top speed. 
There is also an automatic carburettor with a new 
form of governing. 

The Langdon-Davies Motor Company, Limited, 
of 101, Southwark-street, London, 8.E., exhibit a 
delivery van, which has been manufactured for the 
Imperial Tobacco Company. The principal object 





' adopted direct drive at top speed. 


The | operated by the clutch-pedal. In this arrangement 


all the wheels are in mesh, and are clutched to 
the shaft, when required for the particular speed 
needed, by interlocking the jaw-clutches shown. 
This is effected in the following manner :—Upon 
the clutch-pedal e being pressed down, its first 
movement is to release the sliding main clutch shown 
on the left of the drawing, by which the power is 
conveyed from the engine to the change-speed gear. 
On being depressed further, the pedal unclutches 
whichever wheel was previously in use, the motion 
being conveyed to the clutches through the shaft d 
and the jaws upon it. In the engraving it is evident 
that the clutch g has been drawn out of engage- 
ment by the depression of the pedal e and the 
endwise movement of the shaft d. ‘The other twc 
clutches cannot get into gear, as the parts stand, 
because there are pins in the shaft c which bear 
against their bosses. It is to be noted that the pin 
of the third clutch is dotted, to denote that it is at 
the lower side of the shaft, and not opposite the 
gate in the clutch-boss, as might be assumed on a 
superficial inspection. When the shaft d is over to 
the right, the shaft « can be rotated by the handle f 
to bring either of the three pins in it opposite the 
gate in the boss of one of the clutches. When the 
pedal is allowed to rise again, the spring pulls the 
cam shaft d in the opposite direction, and this, 
through the medium of one of the forks, operates 
the clutch requiring to be used. In order to get 
any required speed, the handle f is moved, and 
this, through the bevel-wheels shown, operates the 
shaft c, which turns the spur-wheel at the end of it. 
This in turn moves the spur-wheel keyed to d, and 
this being rotated, the fork corresponding to the 
clutch to be used is made to engage with its 
corresponding arm. The handle is therefore 
definitely locked when the gear is either engaged 
or disengaged, except, of course, when the pedal is 
depressed. For top speed there is a direct drive 
through the main clutch 4. 

Messrs. A. Darracq and Co., Limited, of Oxford- 
street, London, W., have a large display of cars in 
the Roman Court, there being no fewer than 12 in 
all. There are many interesting features in con- 
nection with these vehicles, the chief, perhaps, 
being the remarkable example of pressed steelwork 
combined with forging which is disp'ayed in the 
chassis. In place of the flitch frame, or ordinary 
pressed-steel frame, generally used in motor-cars, 
this firm has devised what may, perhaps, be described 
as a semi-plate structure, the cross-members and the 
side bars being from one piece of steel. The sub- 
frame, which carries the engine, is in one with the 
main frame, and is formed by a deep dishing of 
the plate. Rigidity is gained in the usual way, 
by turning over the members, on the principle 
of the reverse angle of the shipbuilder. How 
much of this remarkable result is due to pressing, 
and how much welding enters into the work, we 
are not aware. It would be also interesting to 
know how many heats are needed during the 
pressing process. On these points, however, we 
could get no information at the Exhibition, though 
it would have been of great interest to engineers. 
The whole production well illustrates how new 
developments of mechanical applications extend the 
field of work in particular departments. The four- 
seated 7-horse-power car shown by this firm is a 
remarkable example of cheapness, the price being 
no higher than 195/., while the larger car of 28 to 
32 horse-power, with a tonneau body, is priced at 
7501. A feature about the Darracq cars is that 
they will run as slowly as 4 miles an hour on the 
top speed with direct drive. As will be gathered, 
the whole display is one of considerable interest, 
and deserves more attention than we can give it in 
a general notice such as this. 

Another fine show is that of the Wolseley Tool 
and Motor-Car Company, Limited, of Birmingham, 
who exhibit ten cars and chdssis in all. Here, 
again, we see an example of the attention that is 
being paid by important firms to a cheaper descrip- 
tion of vehicle, a 6-horse-power light car selling at 
175l.; this may be contrasted with the 24-horse- 
power cars, the price of which is 7251. 

Messrs. Charron, Girardot, and Voigt show 
examples of handsome and elaborately finished 
vehicles, and two chdssis, also remarkable for fine 
finish of work. The engine frame, or faux 
chassis, is not used by this firm, and they have 
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are mechanically operated, and are well arranged for 
rapid examination, one nut being sufficient to 
loosen the bridge, which can then be turned and 
the valve easily drawn out. The water-circulation 
pump is driven from a cam-shaft by bevel-gear, and 
the inlet and exhaust valves are operated by dif- 
ferent shafts. The admission of the explosive mix- 
ture is regulated by a governor, which operates a 
butterfly valve in the inlet port. A_ ball-thrust is 
used between the bevel drive and the differential gear 
shaft. The connection between the differential shaft 
und the sprocket shaft is by a Carden joint, which 
we have previously described, to allow the necessary 
flexibility. The pump-drive is from the exhaust cam- 
shaft by a train of three gears. The small size of the 
gear-box for the three speeds with direct drive is a 
noticeable feature. The engines can be run at as 
low as 150 revolutions, but may be accelerated up to 
1500 revolutions per minute by opening the throttle- 
valve. The fan is operated by a friction drive. A 
convenient detail in the design of this car is the 
movement of the lamp-bracket, which moves with 
the front wheels, thus always throwing the light 
directly ahead when the car is turning. These cars 
are admirable examples of the best foreign work, 
but it is to be hoped that arrangements may be 
made for the manufacture in England of those that 
are intended for this country. 

The Brush Electrical Engineering Company is 
another of the large engineering firms that has 
entered the motor-car industry. It shows a 
large omnibus with buffer-tyres, which appear to 
be double solid india-rubber. This firm has also 
brought out a small two-seated car at the low 
price of 1601.; the engine is of 6 horse-power. 
The Brushmobile car—which is of 5 horse-power, 
and has speeds up to 25 miles an hour on the level 
—is but 140/., complete with all accessories. It 
has pneumatic tyres and bicycle wheels. The 
engine is horizontal, and the ignition is on the 
high-tension system, while the cooling is effected by 
a gear-driven rotary pump. The carburettor is of 
the spray type, with self-adjusting air-inlet. There 
is also a centrifugal governor, controlled by a foot- 
pedal. Here the power on the high speed is trans- 
mitted direct from the crankshaft to the rear live 
axle by a Brampton roller chain, whilst the lower 
speed is obtained by a special form of rotary gear- 
box, carried on the motor-shaft. The motors used 
by this firm are of the Daimler type, with the in- 
duction valves placed on the top of the cylinders. 
This arrangement gives easy accessibility, it only 
being necessary to unscrew a single nut in order to 
examine the valves. The higher-price cars of this 
firm run up to 8501. 

Messrs. Lea and Francis, of Coventry, are, we 
believe, comparatively new competitors in the motor- 
car industry. They show excellent examples of work. 
There is a horizontal engine, the arrangement being 
such as to give easy accessibility to the parts. A 
feature in their design is the long connecting- 
rod which couples up the pistons to the crank- 
shaft, the latter being parallel to the rear axle, 
and there is a flywheel at each end containing 
a friction-clutch. Each clutch is mounted on an 
extension shaft, at the end of which there is a 
sprocket, which drives the chain and conveys the 
power to the corresponding sprocket on the live 
rear axle. The engine has three cylinders, and 
the valves are placed vertically, and mechanically 
operated. The advantage of the long connecting- 
rod will be appreciated by engineers as giving easy 
running ; at the same time there is no need for 
any intermediate gear, as is required with other 
arrangements of this type of engine. Another 
feature of interest in these cars is the fact that the 
transmission gear enables the direct-drive to be 
obtained on the two higher speeds, the lowest 
speed and reverse action operating through planet 
motion, placed between the friction-clutch and 
the chain-sprocket of the high-speed side. The 
teeth of the wheels are always in mesh ; but at the 
higher speeds the gear runs idly. Roller bearings 
and ball thrusts are used. It will be seen from 
this brief notice that the Lea and Francis motor- 
car comprises some novel and interesting features. 

The Simms Manufacturing Company, of Kilburn, 
have a large display of motors, all of which are 
fitted with the Simms - Bosch magneto - ignition. 
They have also a chdssis and cars, one a 20 to 24 
horse-power four-cylinder car, with a four-seated 
phaeton body, having side doors. This isa handsome 
vehicle. There is also a 30-horse-power four-cylinder 
Simms-Welbeck chassis. The Simms automatic car- 


purettor is also shown, besides many other articles, 





Amongst them is the Arbel pressed-steel frame, 
which is made by the Forges de Douai of France, 


for whom the Simms Manufacturing Company are | 


the representatives in the United Kingdom. This 
frame is similar, if not identical, with that already 
described in connection with the Darracq exhibit, 
and is, as we have said, a most remarkable piece 
of work. There are also shown on this stand 
pressed-steel wheels. They consist of two discs, in 
place of the usual spokes, with the felloes riveted 
on. A light delivery-van shown by this firm is also 
worthy of attention. It has a 30-horse-power four- 
cylinder motor. The brake used on this van is 
novel ; it is of the band-brake type, and acts 
directly on a drum on the driving shaft by means 
of a toggle joint. A leather cover for the uni- 
versal joint is a useful fitting. The cups of the 
joint are covered by the leather, and the whole 
is filled up with grease. A new form of car- 
burettor which has been introduced by this 
firm makes a very compact arrangement. There 
is a slide-valve with a flanged end, the flange 
opening and closing the air-ports. It has the advan- 
tage that in starting the engine the air-ports are 
not very widely opened ; but when the full work 
comes on, the more powerful suction introduced 
causes the sleeve to slide forward, and thus give a 
wider opening for the admission of air. 

Messrs. Jarrott and Letts have on an adjoining 
stand a large display of the ‘‘Oldsmobiles.”” This 
is one of the light, cheap cars known as_ the 
‘‘runabout”’ type, of which a large number have 
been sold in America, and we are informed that 
the output of this type now reaches forty cars 
per week. The arrangement is very neat. In 
appearance the car may be described as of the 
four-wheeled dog-cart type. It is steered by a 
tiller, and the engine is placed beneath the body 
of the car, there being thus no bonnet forward ; the 
weight is 7 cwt. The range of speed is from 3 to 
20 miles per hour. One of these ‘‘ Oldsmobile ” 
“ars was running in the grounds, and certainly 
went very quietly and easily. It is said to run 
40 miles on one gallon of petrol, under favourable 
circumstances; but as a rule will require one 
gallon for every 35 miles on an average road ; 
this brings the expense of petrol to about $d. per 
mile. The car has 2}-in. pneumatic tyres. A one- 
cylinder 5-horse-power motor is used, and power 
is transmitted direct from the motor shaft to the 
rear axle by a chain. There are three changes 
in the transmission gear, there being two forward 
speeds and one reverse motion. For ordinary 
running the gear is locked to the motor shaft, the 
change-speed only coming into use in starting and 
climbing very steep gradients, or in running back- 
wards. The engine can be accelerated by means 
of a foot-lever, which admits more explosive mix- 
ture, and the spark can be advanced every change 
of load. Although this is a two-seated car, like 
other vehicles of the dog-cart type, it may be 
made to carry four dus-d-dos. 

Amongst other light cars, which are, as we have 
said, a feature of this year’s Show, may be men- 
tioned the New Orleans voiturette. The New 
Orleans Motor Company, of Twickenham, were 
early in the field as manufacturers of a light and 
inexpensive car, and at the Exhibition they show, 
amongst others, a voiturette which is of the ex- 
tremely moderate price of 80/. The car is of the 
two-seated dog-cart pattern, and has a 3$-horse- 
power engine. The cylinder is cooled by a fan 
driven from the flywheel of the car.  Trans- 
mission is by means of a leather belt. The 
wheels are fitted with pneumatic tyres. There 
are two speeds, the low one being from 7 to 8 miles 
an hour, whilst the high speed is 14 to 18 miles 
an hour. Somewhat more recent competitors 
in this field are Messrs. Alldays and Onions, of 
Birmingham, who exhibit a 6$-horse-power voitu- 
rette. This has a water-cooled cylinder with 
radiator in front, the engine being placed under a 
bonnet in front of the dashboard. There are two 
forward speeds and one reverse, there being direct 
drive on the top speed. The price is 165 guineas. 
The Ludgate two-seated car is of extremely low 
price, costing no more than 70 guineas. It is 
shown by Mr. J. F. Bentley, of 50 Aldersgate- 
street, and has a 3}-horse-power engine. It is 
water-cooled, and has two speeds—7 and 20 miles 
per hour respectively. 
to the bicycle wheels. 
weighing only 3 ewt. 
pany, of Wolverhampton, also exhibit a two-seated 
car, having a 6-horse-power single-cylinder engine ; 


Pneumatic tyres are fitted | 
This car is very light, | 
The Star Engineering Com- | 


there are three speeds and a reverse ; the engine 
is water-cooled. The price is 1751. The Velox 
Manufacturing Company, of Coventry, show a 
| 5 - horse - power single-cylinder Velox car, the 
price of which is 125l., or with mechanically- 
operated inlet valves, 1301. The cylinder js 
water-cooled, and there are two speeds for- 
ward and a reverse. Cycle wheels are used, with 
pneumatic tyres. The weight is 4$ cwt. A more 
powerful two-seated car is shown by the Vulean 
Motor and Engineering Company, of Southport. 
This hasa 10-horse-power two-cylinder engine, and 
the weight of the car is 10 cwt. This more highly- 
powered vehicle is naturally more expensive than 
some of the others, the price being 200I., the 
engine being water-cooled. There are three specds 
forward and one reverse, the car travelling from 
25 to 30 miles an hour. The top speed is driven 
direct. The same firm exhibit a 6-horse-power 
two-seated car, the price of whichis 1051. Another 
two-seated car, known as the ‘‘No Name,” js 
shown by the Horley Motor Company, of Horley, 
Surrey. It has an 8-horse-power engine, with three 
speeds and a reverse; there are pneumatic tyres 
and artillery wheels. The price of this car is 
100 guineas. The engine is placed under the 
bonnet forward. 

The Leonard voiturette, shown by Messrs. J. J. 
Leonard and Co., of Crofton Park, 8.E., has a 6-horse- 
power De Dion engine. It has two speeds forward 
and a reverse, there being a direct drive at top 
speed ; the engine is water-cooled. The price of 
this is 1451. The Humber Company have also 
entered the field, with a special light car known as 
the ‘‘Humberette.” It hasa single-cylinder 5-horse- 
power engine, water-cooled ; the change-speed gear 
gives two speeds forward and one reverse ; bicycle 
wheels and pneumatic tyres are used ; the price is 
125 guineas. Another two-seated car of this firm, 
with a 6}-horse-power engine, costs 150 guineas ; 
this is known as the ‘‘ Royal Humberette.” The 
25-horse-power car costs 800 guineas. We have 
given attention to these light cars, considering 
them a feature of the Show, as we have already 
stated ; the price, of course, is a ruling considera- 
tion, and has therefore been mentioned. 

It would be impossible to make even the briefest 
mention of the large number of exhibits, some of 
them of considerable interest, which would remain 
to be noticed were the space at our command 
unlimited. Last week we illustrated and described 
the chdssis of the new Thornycroft motor-cars; and 
we may add here that the exhibit of the Thorny- 
croft Steam-Wagon Company was noticeable for 
simplicity and sound mechanical construction 
a point sometimes lost sight of by designers of 
cars. Several of the most important exhibits 
have not been mentioned here. Amongst them 
is the 15- horse - power car which recently 
ascended Snowdon, and which is exhibited by 
the Aerial Motor Company, Limited, of Birming- 
ham. Another vehicle, which is interesting from 
a similar point of view, is the Martin car, 
shown by Messrs. Deasy and Co., of Piccadilly, 
which made the descent from Rochers de Naye 
along the rack railway, the gradient being in parts 
1 in 4.4. Mention ought to be made, moreover, 
of the exhibit of Messrs. A. Meier, of Redhill, 
Surrey. Mr. Meier is a carriage-builder, and de- 
votes himself to the production of the body-work 
of motor-cars. Heshows a 20-horse-power four-cylin- 
der car, for which he supplied the carriage work to 
the Thornycroft Steam Wagon Company, and also 
an 8-horse-power car, the mechanism for which was 
manufactured by the Horley Motor Company ; the 
price of this car is 1001. The work done by Mr. 
Meier is particularly worthy of attention, not only 
on account of its sterling quality, but because the 
division of labour resulting from the carriage- 
building part of the work being produced by one 
firm whilst the mechanism is manufactured by 
another, should lead to a healthy development of 
the industry by encouraging a class of smaller 
builders. It is undesirable that the motor-car 
trade should fall entirely into the hands of large 
producers, as this is likely to lead to excessive 
stereotyping of production—an evil scarcely less 
injurious to the industry than insuflicient stan- 
dardisation. As we have already stated, stan- 
dardisation is to be desired as leading to the 
cheapening of production, but it should not be 
carried to the extent of stifling advancement. 

The Heavy Vehicle and Marine Section of the 
| Show was somewhat hardly treated, being placed in 
|the basement of the Palace, out of the general 
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track of visitors. In this section a few of the well- 
known manufacturers of heavy vehicles have ex- 
hibits, amongst them being the Thornycroft Steam 
Wagon Company, who show a 4-ton tip-wagon 
and a 4-ton steam dray. The Straker Steam 
Vehicle Company, of Bush-lane, exhibit a 5-ton 
chissis and a 1-ton standard wagon, besides a 5-ton 
colonial wagon and a 20-passenger omnibus ; also 


a 2-ton standard delivery van, besides other 
vehicles. Messrs. F. Coulthard and Co., of 
Preston, send a steam road-vehicle which has 


covered 18,000 miles, besides a more recent type of 
their steam-wagon. An interesting novelty shown 
by another exhibitor is a locomotive coffee-shop, 
drawn by a Thornycroft steam tractor, specially 
designed for the purpose. The whole vehicle 
has six wheels, the tractor being in the form 
of a forward bogie, on which the machinery 
is mounted; the front part of the large struc- 
ture, representing the coffee-shop, rests on the 
hinder part of the tractor, the rear being carried 
by two wheels. Steam-ovens and steam-boilers 
are fitted on board, so that the whole thing is 
self-contained. It is anticipated by the adven- 
turers who have ordered the vehicle that there is 
a large future for locomotive refreshment-rooms of 
this kind. The Bristol Wagon and Carriage Works, 
of Bristol, show a 4-ton steam lurry, having a 
water-tube boiler. The Cadogan Garage and Motor 
Company, of Chelsea, also show a 5-ton lurry fitted 
with four speeds and a reverse. The Ivel Agricul- 
tural Motors, Limited, of Biggleswade, manufacture 
machinery for agricultural purposes. The ‘‘ Ivel” 
motor is capable of operating any kind of two or 
three-furrow plough or any agricultural implement 
within its compass. These motors can also be 
used for driving other kinds of machinery, such as 
thrashing-machinery, chaff-cutters, &c. 

In the marine section, which is of a limited 
nature, the most interesting exhibit is that of 
Messrs. J. I. Thornycroft and Co., of Chiswick, 
who showed the new celebrated 30-ft racing 
launch, the Scolopendra, fitted with a 30-brake- 
horse-power petrol motor. This boat won the 
Yachtsman’s Cup last year at Cork. The same firm 
also show a Thornycroft marine four - cylinder 
petrol motor of 20 brake horse-power, besides 


gun-metal propellers for special high - speed 
work. Messrs. Simpson, Strickland, and Co., 


of Dartmouth, have a 30-ft. launch, fitted with 
250 indicated horse-power triple-expansion engine 
and Thornycroft boiler. This boat has made a 
mean speed of 19 knots, the steam pressure being 
250 lb., and the revolutions 450 a minute. The 
boat is by no means one of the extremely light 
racing type, but has the appearance of being a 
sea-going craft for its size. The same firm also 
manufacture launch engines, one an 18 - horse- 
power triple-expansion engine and one a 45-horse- 
power quadruple-expansion four-crank ; also a 
23-horse-power compound engine of the enclosed 
type. The Simms Manufacturing Company exhibit 
a 3-horse-power Simins launch motor, fitted in a 
12-ft. dinghy ; besides other motors. The Napier 
iarine motor is more fortunate than some of its 
fellows, being shown in the centre transept of the 
Palace, on Mr. Edge’s palatial stand. 

The last exhibit of which we make mention is 
‘that of Messrs. A. Herbert, Limited, of Coventry, 
who show a large number of their well-known 
tools. Many of these we have described on prior 
occasions, and doubtless in the future we shall 
have occasion to notice more of them. In any case, 
it would be useless to attempt to give any account 
of the number of admirable machine-tools manu- 
factured by this firm at the end of a general 
article of this description. 








AGRICULTURAL ENcines.— The weight of the agricul- 
tural steam-engines forwarded to foreign countries and 
British colonies in January was 958 tons. The value of 
the agricultural engines exported in January was 42,674/., 
as compared with 33,762/. in January, 1903, and 16,481/. 
in January, 1902. The colonial demand figured in these 
totals for the following amounts :— 


Colonial Group. | Jan., 1904. , Jan., 1903 Jan., 1902. 











= ; £ £ £ 
British South Africa 1,576 2404 1293 
British India os ~ 185 420 1353 
Australasia .. a we | 11,215 2122 1580 


| 


ed value of the agricultural engines exported to sundry 
“uropean countries in January was 13,634/., as c ympared 


bo 17,4077. in January, 1903, and 10,014/. in January, 


EXPRESS PASSENGER LOCOMOTIVE FOR 
THE NORTH-EASTERN RAILWAY. 

On our two-page plate and on pages 258 and 259 we 
give this week illustrations of a new type of locomotive, 
which Mr. Wilson Worsdell has designed, and is now 
building at the Gateshead Works, with a view to still 
further increasing the locomotive power of the North- 
Eastern Railway. The engines in question have four 
wheels coupled, a leading bogie, and a pair of carrying 
wheels under the firebox. The coupled wheels are 
6 ft. 10 in. in diameter, the bogie wheels 3 ft. 7} in. 
in diameter, whilst the carrying wheels are 4 ft. in 
diameter. The cylinders are placed outside the 
frames, and are 20 in. in diameter, with a stroke of 
28 in These engines are fitted with segmental steam- 
distributing valves on Mr. W. M. Smith’s system. As 
will be seen from the dimensions tabulated below, the 
boiler is of exceptional size, while, as shown by the 
views, Figs. 4 to 15, on pages 258 and 259, its con- 
structive details present many features of interest. 
The heating surface in tubes is 2275.8 square feet, and 
in the firebox 180 square feet, making a total of 2455.8 
square feet. 

These engines will be the largest and most powerful 
express engines ever built in England, and quite 
capable of dealing with the present heavy fast pas- 
senger traflic between York and Edinburgh. The 
weight of the engine without the tender will be about 
72 tons. The Scotch traffic is ever increasing in speed 
and weight, so that the engines are being built with 
a considerable margin of power that can be utilised 
when required. The principal dimensions of these fine 
engines are tabulated below :— 


Cylinders : 


Boiler (Steel) : Ft. In. 
Centre of boiler from rail 8 ll 
Length of barrel ... bg 15 104 
Diameter of boiler, outside 5 6 
Thickness of plates 0 08 
Pitch of rivets 0 2 
Diameter of rivets 0 t§ 

Tube-Plate (Copper) : 

hickness of smoke-box tubs-plate oO 1 
Firebox (Steel) : 
Length outside... see 9 Oo 
Breadth outside at bottom _... aes 3 It 
Depth below centre line of boiler at 
front end... sie a ae rs 6 4 
Depth below centre line of boiler at 
back end... a “i ma Ne 5 4 
Thickness of front plate... O 68 
” DRONE! 45, 5s 0 0g 
a sides and top ms 0 0g 
Distance of copper stays apart... 0 4 
Diameter of copper stays : Le | 


Inside Firebox (Copper) : 
Length at the bottom 
Breadth a “i re 
From top of box to inside of shell 
Depth of box at front (inside) ... 


one uD 
~ 











‘7 », Inside at back 4 
Tubes (Steel) : 
Number of tubes Re des 263 
Length of tubes, between tube-plates 16 28 
Diameter outside ... a ¢ a 0 2 
Thickness ... he ...No. 12 W.G. 
Diameter of exhaust-pipe nozzle 0 5 
Height of chimney from rail sede ee 
Heating-surface in tubes . 2275.8 sq. ft. 
a », in firebox 180 im 
Total 2455.8 ,, 
Area of fire-grate... - aes 27 ‘- 
Weight of Engine in Working Order : 
Tons. Cwt 
On bogie wheels ... : 1 PA 10 
On leading wheels i Sad ae 10 
On driving wheels 19 10 
On trailing wheels 16 10 
Total nie es 72 0 
Weight of Tender in Working Order : 
On front wheels ... ae ce ace 10 
On middle wheels a oa sca 30 10 
On trailing wheels 15 10 
Total 43 10 
TENDER. 
Wheel-Base : Ft. In, 
From front buffer beam to centre of 
leading wheels ... “ia =e ve 4 2 
From centre of leading wheels to centre 
of middle wheels mas a ae 6 4 
From centre of middle wheels to centre 
of trailing wheels a es ea 6 4 
From centre of trailing-wheels to back 
buffer-beam as he 4 6 
Wheels (Steel) : 
Diameter of wheels on tread 3 9 
Thickness of tyres 0 3 
Axles (Steel) : 
Diameter of bearings 0 5 
Length of bearings ae 0 10 
Diameter of wheel-seats ig 0 62 
Length oe a 1) aa 0 74 
Distance between centre of bearings... 6 10 
Frames (Steel) : 
Distance between inside frames 451 
Thickness of inside frames : 0 Of 
Distance between outside frames 6 2% 
Thickness of outside frames 0 Of 
Capacity of tank ... 3669 gals. 
Pe well... 456, 
Total 4125 ,, 
Coal space ... 5 tons 








Enciish Rattway Divipenps.—The following table 
gives, for the principal English railways, the rate of 
dividend on ordinary capital for the past half-year, with 
the amount carried forward, and the comparative figures 
for the corresponding period in the previous year :— 


Half-Year, 1903. Half-Year, 1902. 








Dividend.' Balance. Dividend | Balance. 

per cent. £ per cent. £ 
Great Central (’81) .. 14 5,000 Nil 3.800 
Great Eastern 4} 7,000 4} 78,700 
Great Northern 4 41, 160 4} 37,000 
Great Western : 7 47,060 re 48,300 
Lane. and Yorkshire 34 32,800 4} 22.000 
Lon. and N.-Western 6} 99,000 4 102 8€0 
South-Western - s 42, 50 & 21,546 
London and Brighton 74 27,800 7] 29,000 
Lon. & Chatham (Ist) 45 26 965 44 14,470 
Midland Deferred .. 3} 55,700 24 44,530 
North- astern 6 55,000 6} 46 000 
South Eastern $} 4,€00 4 10,370 

















"t. In. 
Diameter of cylinders 0 20 
Stroke of pistons... Ie 0 28 
Length of ports ... ee 2 
Width of ports in liner ... On Ty 
Segmental valves 
Distance apart of cylinders, centre to : 
centre... or oe =f a Gis 
Distance between centre of valve 
spindles ... 2 ‘43 
Lap of valves ; Pha 0 ik 
Maximum travel of valves O 434 
Lead of valves #3 0 of 
Stephenson link motion 
Diameter of piston-rods... rep ce 0 4 
Length of slide-blocks ... ; bss 1 ae 
ea connecting - rods between 
centres ae Ard ll 44 
Wheel (Steel) : 
Diameter of driving-wheels 6 10 
3 leading ,, 6 10 
me bogie-wheels 3 74 
2 carrying wheels ... 4 0 
Thickness of all tyres on tread .. os 
Width of all tyres on tread... i: OG 
Distance between centre of bogie and 
centre of driving-wheel : «, 2 9 
Centre of bogie-wheels ... * ie 6 6 
4 driving-wheels to centre of 
trailing-wheels ... a a "ee 8 0 
Distance from centre of driving-wheels 
to front of firebox ae ee ‘i 1 & 
Distance from centre of trailing-wheels 
to back buffer-plate ae sa 6 6 
Axes (Steel) Driving and Leading : 
Diameter of wheel-seats... 0 9 
3 bearings 0. 9 
ye at centre Re Sc a 0 8} 
Distance between centre of bearings... 3 10 
Length of wheel-seats ‘ 0 6% 
- bearings oo. -9 
Trailing Axle: 
Diameter of wheel-seats... 0 74 
‘<a bearings 0 6 
- at centre Sad aie ooh 0 62 
Distance between centre of bearings... 6 94 
Length of wheel-seats ee 0 8 
95 bearings ; a ae 19 By 
Bogie Axles (Steel) : 
Diameter of wheel-seats .. 0 7 
KA bearings 0 6 
39 at centre 0 53 
Tength of wheel-seats 0 74 
af bearings iF PA aad Ce 
Distance between centre of bearings... a 
Crank-Pins (Steel ; Driving): 
Diameter of crank-pins for connecting- 
rods Ae Cea ey ra 0 6 
Length of bearings Ag ve 0 5 
Diameter of crank-pins for coupling 
rods i ie eis PP ~ 0 6} 
Length of bearings 0 35 
Crank-Pins (Leading) : 
Diameter of crank-pins for coupling- 
rods i eee n- ss Be 0 5} 
Length of bearings 0 3 
Frames (Steel) : 
Distance between frames 4 0 
Thickness of frames m cE Oi 1 
Distance between bogie frames gn 
Thickness of bogie frames 0 03 
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THE NAPIER MOTOR-CAR AT THE CRYSTAL PALACE SHOW. 


(For Description, see Page 253. 
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FOUR-WHEEL COUPLED EXPRESS PASSENGER 4-0) 
CONSTRUCTED AT THE COMPANYS WORKS, GATESHEAD, FROM. 9, - 


(For De 


268 Tubes 2 dita. 
Heating Surface uv Tubes 2278-8 Sq.Ft. 
P a ~ Firebox 180 in wv 
“Total 2455°8 “ 


Fire Grate Area 22 $q.Fe. 
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THE RAILWAYS ‘AND THE 
TRAMWAYS. 


THE attitude with which the great railway com- 
panies are now regarding tramways is of much in- 
terest, and very different views have been expressed 
by different chairmen at the shareholders’ meetings 
just concluded. At the Brighton meeting it was 
frankly stated that in some cases the tramways might 
be looked upon actually as feeders to the railways, 
and instances can be brought forward where this 
has undoubtedly been the case. Other chairmen, 
though less favourably inclined towards the tram- 
ways, have expressed the view that it is not wise 
to attempt to compete with them; whilst others, 
as, for example, the Great Western and Great 
Central railways, are by no means inclined to take 


to their cars the tramway passengers. In the imme- 
diate neighbourhood of large towns it is, perhaps, 
very doubtful if the game is worth the candle inthe 
case of companies doing a long-distance traffic, 
which is relatively much more profitable than the 
short suburban runs. The opening of tramways 
in the Newcastle district took away from the North- 
Eastern Railway one million passengers in a single 
half-year ; but the money loss was only some 7400/., 
so that the average fare paid by these passengers was 
only about 1?d. per head. The only ways in which 
these passengers could be attracted back to the line 
would be by a substantial reduction in fares, or by 
a great improvement in the speed. It is doubtful 
whether the fare paid to the tramways is less than 
the 13d. quoted above ; so that the advantage of the 
tramway would appear to be rather in the greater 
facilities it gives, in the frequency of its services, 
and in delivering passengers at more numerous 
points than it is possible for a railway to do. 

An instructive light on the matter is furnished by 
some figures published not long since by the Kail- 
road Gazette. In America the extension of street 
and inter-urban tram-lines was earlier in assuming 
importance than it was in this country ; and in some 
localities the railway proprietors, in view of their 
loss of traftic, have attempted to meet the competi- 
tion of their rivals by an increase of facilities and a 
reduction in fares ; whilst in other cases they have 
resisted the temptation so to act, and have found 
that the falling-off in their short-distance traftic has 
soon been more than made good by an increase in 
the more profitable long-distance passengers. For 
example, the New York Central line along the 
Mohawk Valley, west of Schenectady, is para- 
lelled between Little Falls and Rome—a distance of 
38 miles—by an inter-urban electric railway. This 
line runs, for the most part, on a private right-of- 
way ; but in each of the townships passed through 
the line is laid along the principal street, and the 
tramcars can therefore be boarded without the 
passenger having to betake himself to a regular 
station. ‘I'he fares charged are about #d. per mile 
by the electric line, and 1d. per mile by the rail- 
road. The tram-lines have, accordingly, captured 
the bulk of the local traffic, the returns of the rail- 
road from this source experiencing at the outset a 
reduction amounting to no less than 65 per cent. ; 
but as time has gone on, the revenue loss has been 
more than compensated for by the increase of the 
long-distance traftic which the opening of the elec- 
tric roads has brought to the steam line. In the 
case in question the railway competed with is 
a main line, and the conditions to be met 
are therefore different from those arising when 
the steam railway is a mere branch, dependent 
on its local traffic. A case in point is the rail- 
way between Syracuse and Baldwinsville, N.Y.— 
a distance of 13 miles. Before the construction 
of the electric tramway the railroad charged 3s. 4d. 
for a return ticket between the stations named. 
On the opening of the electric line the fare by this 
yas made 7$d. single and 1s. return, which was met 
by the steam railway reducing its fares to 5d. single 
and 74d. return. Yet in spite of this the electric 
railway gets nearly all the passenger traffic. This 
is the more remarkable, in that the trip by it takes 
nearly twice as long as by the steam line. The 
tramway company runs a half-hourly service be- 
tween the termini all the year round, with addi- 
tional cars during the summer. The electric lines, 
it should be added, do also a large amount of light 
freight «traffic, which is carried generally at a 
cheaper rate than can be done by the railway com- 
pany ; and the fact that the lines pass through the 
main streets of the towns of course greatly facili- 
tates the delivery of the goods, by getting rid, toa 
large extent, of the necessity for cartage. Milk- 
cans, in particular, are largely carried by the elec- 
tric lines. 

It would seem from the foregoing, which, it should 
be added, are by no means isolated instances, that 
American experience confirms the conclusion drawn 
from recent British railway returns, that in actual 
practice the opening of electric tramways and light 
railways is not always such a serious matter for the 
railway companies as was at one time anticipated. 
It all depends on the special circumstances of the 
case. In the instance of through lines the opening of 
the tram-lines would seem to be positively beneficial ; 
particularly as it is doubtful whether the net returns 
from short-distance suburban trafiic, as it has hitherto 
been worked, have really been sufficient to pay for 





their defeat ‘‘ lying down,” but by reducing fares 
and increasing facilities are attempting to lure back 











the very expensive structures it has been necessary 
to build to accommodate it ; and it may well be that 
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the great companies may ultimately abandon any 
idea of attracting this class of traftic back to their 
lines by the expensive expedient of electrification. 
Certainly it would be possible in this way to give a 
more frequent and much more rapid service ; but 
the fact that prospective passengers are able to 
pick up the trams in the actual highway, in place 
of having to walk to a station, discounts to a very 
large degree the advantage the steam lines have in 
the possibilities of higher running speeds. Branch 
lines, however, stand on a very different footing. 
In addition to their purely local trafic, they also 
provide for the main line a certain proportion of 
long-distance passengers ; and here they have the 
advantage of delivering these passengers on to, it 
may be, the very platform from which they must 
enter their main-line train. 

Nevertheless, if these branches continue to be 
worked as has hitherto been usual, the local 
passenger traflic is certain to be captured by any 
tramway opened to parallel the railway. Until 
lately the railway companies have failed to appre- 
ciate the possibilities of developing the pas- 
senger traffic of such lines; but the steam motor- 
sar services, started last year by a number of 
the companies, have shown conclusively that here 
is to be found a long-neglected source of revenue. 
The first of these services was started between 
Southsea and Fratton. The example here set was 
followed by several other companies, and, perhaps, 
under more favourable conditions. The Taff Vale 
Railway Company report that the steam motor- 
car service they have inaugurated between Penarth 
and Cardiff has been very successful, and has led 
to a large increase in the passenger traftic, owing to 
the greater frequency of the service. It costs 6d. 
per mile to run, as against Is. 6d. in the 
case of a locomotive. The Great Western Rail- 
way Company state that the adoption of the 
steam motor-car on their Chalford and Stone- 
house branch has multiplied the passenger trattic 
by eight, and similar cars are therefore to be 
adopted on other branches. This company also 
runs a service of road motor-cars between Helston 


and the Lizard, and Penzance, Marazion, and 
Newlyn. This service is said to pay expenses 


during the winter, and to be profitable during the 
season. A similar service is to be started by the 
Great Eastern Railway Company between Lowes- 
toft and Southwold. 

In cases of this kind the railway companies are 
adopting weapons from the armoury of their com- 
petitors. The fact that increasing the frequency 
of the service between two small towns, such as 
Chalford and Stonehouse, has increased the traftic 
eight times is most significant, and points to the 
possibility of making profitable a number of small 
branches now barely paying expenses. It is, how- 
ever, impossible to adopt similar methods to meet 
the competition of tramways in the case of large 
suburban areas. Any attempt to compete with 
the tramways in frequency of service would involve 
either the abolition of the block system, or the 
adoption of blocks but a couple of hundred yards 
long. Kither plan is totally impracticable. The 
best card the railway companies can play is to 
reduce the time of transit; and this, if done in 
a liberal manner, would certainly go far to discount 
the convenience of the tram-cars, the rate of progress 
of which in crowded streets must naturally be slow. 
The latter would continue to hold their own for the 
shorter runs, but the higher the commercial speed 
afforded by the railway, the shorter becomes the 
distance up to which the tram-cars will be preferred 
by the public. Any marked increase of railway 
speed would, however, seem to involve the adoption 
of electrification, since all attempts to rival with 
steam the electric motor in the matter of getting 
trains quickly under way have signally failed. The 
weight necessary in the engine to give even ap- 
proximately as good results as are easily attained 
electrically is so great that the adoption of such 
engines would involve a heavy expenditure in 
strengthening bridges, and the attempt has accord- 
ingly been abandoned both on the Great Northern 
and the Great Eastern Railways. Another peculiarity 
of the steam locomotive also militates against it in 
getting a train rapidly up to speed. Engines, 


it is true, have been built which have given 
a heavy train a starting acceleration of nearly 
1} ft. per second; but they have proved in- 
capable Of maintaining this, and the rate soon 
drops to a very moderate figure; whilst with 
the electric motor it can 
constant up to nearly the maximum speed. 


be maintained almost 
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would seem, therefore, that if they wish to effect | 
any great improvement in the ‘‘ commercial speeds ” 
of their suburban services, the companies will ulti- | 
mately be driven to adopt electricity. Naturally, | 
they are very shy of venturing upon such a course, | 
particularly in view of the different opinions as to 
the best system of electrification emitted by 
different eminent electricians. A few years back, 
American engineers, who claimed to be authorities 
on electric traction, vehemently maintained that | 
the continuous current could alone be used satis- | 
factorily in railway work. Now many of them are | 
beginning to realise that European engineers were | 
justified in believing that the respective claims of | 
continuous and alternating currents had not been | 
finally adjudicated on. When the time at length | 
arrives for the great companies to proceed further | 
in the matter of electrifying their lines, they may 
derive some comfort from the fact that the electric , 
motor is a less delicate piece of mechanism than a | 
locomotive, and can be worked much harder and | 
more continuously than is possible in the case of 
its predecessor, and has, moreover, only about | 
one-third as much internal friction. 
Some very interesting figures have been published | 
in this regard, showing the capital results obtained | 


fore, were not entitled to any charge, and the 
summons would be dismissed. 

In an action by a shareholder of a limited 
company against a director for damages for iis- 
representations in the prospectus, the time at 


' which the damages ought to be assessed is the date 
|of the allotment to the plaintiff ; accordingly, 


where the plaintiff has applied for and obtained 
shares on the faith of a false representation in the 
prospectus that the company had already acquired 
a valuable property, the fact that the property is 
acquired shortly afterwards affords no answer to 
the plaintiff’s claim for damages, unless it be shown 
that at the date of the allotment the risk that 
the property would not be acquired was unsub- 
stantial. (McConnel v. Wright (1903) 1 ch. 546.) 

The importance of the rule that the prospectus 
must make mention of all material contracts entered 
into by the company was illustrated in several 
cases last year. In Watts v». Bucknall ((1903) 
1 ch. 766), the prospectus of a company formed 
for the purpose of acquiring and working some 
breweries stated that a contract for purchase, dated 
December 1, 1896, had beer. entered into between 
two persons, whose names were given, one of them 
being a trustee for the company. It was further 


with electrity on some of the Italian and Swiss lines. | stated that ‘‘during the negotiations for the 
The Valtellina instance is, of course, well known, | purchase of the properties and the formation of 





but less has been heard about the Milan-Gallarate 
line, which, unlike the former, is worked on the 
continuous-current system. The distance between 
termini on this branch is 484 miles. Gallarate is 
about midway, its distance from Milan being 25 
miles, and the express trains make the run_be- 
tween the two cities in 30 minutes. There are 75 
to 80 trains per day, and the average daily mileage 
of the electric motor-cars varies between 250 to 
280 miles per day. These figures would be good 
even for locomotives used exclusively on long- 
distance expresses, the record for which, estab- 
lished by the ‘‘ Charles Dickens,” still stands. 
This engine, it will be remembered, was used for 
working the London and North-Western expresses 
between Manchester and London, and in a period 
of 9 years 219 days covered a distance of one 
million miles, the average being, therefore, 285 
miles a day. During the period in question it was 
twice re-boilered. This feat was, however, rather 
a tour de force than a fair example of what is 
customary with railway locomotives, the average 
annual mileage of which is, of course, only a frac- 
tion of that accomplished by the ‘‘Charles Dickens.” 








COMPANY LAW IN 1903. 

ALTHOUGH the number of company cases heard 
in the Courts during the past year was considerable, 
none of them can be said to have established any 
new or startling principle of law in relation to the 
formation and working of limited liability com- 
panies. Nevertheless, a short account of some of 
the more striking cases heard and decided in the 
Courts may prove useful to some of the readers of 
ENGINEERING, 

A question sometimes arises as to whether, when 
a man sells his business to a company, the creditors 
of the vendor have rights in priority to the deben- 
ture - holders. In the case of Morris v. the 
Harden, &c., Company ((1903) W. N. 64), it ap- 
peared that by an agreement dated the 15th day of 
July, 1901, made between Harden and the defendant 
company, Harden agreed to sell, and the company 


agreed to purchase, the goodwill, property, and | 


assets of a business which Harden had previously 
carried on. The agreement provided that the 
company should pay, satisfy, and discharge all 
the debts and liabilities of the vendor in relation 
to the business (such debts being set out in a 
schedule), and that the property forming the sub- 
ject-matter of the contract should vest in the 
company, subject to the debts and liabilities set out 
in the schedule. The schedule contained a list of 
creditors of the business, and the respective amounts 
of their debts. _Contemporaneously with this 
agreement, the company issued debentures creating 
a charge upon the whole of its undertaking and 
assets. This was a summons in a debenture-holder’s 
action, taken out by creditors whose names ap- 
peared in the schedule, claiming to be incumbrancers 
upon the property and assets of the company in 
priority to the debenture -holders. Mr. Justice 
Joyce held that the creditors were no parties to the 
contract, and there was no trust, express or implied, 
in their favour, although their names were 
scheduled to the agreement. The claimants, there- 


| the company contracts have been entered into 
| between various parties with reference to the 
formation and promotion of the company and the 
subscription of its capital, but to none of which 
the company is a party. ... The contracts re- 
ferred to in this paragraph are, or may be, contracts 
within the meaning of Section 38 of the Companies 
Act, 1867, and, accordingly, applicants for shares 
are to be deemed to have notice of the said con- 
tracts, and to have agreed with the company (as 
trustee for the directors and other persons liable) 
| to waive all claims, if any, against them for not 
| more fully complying with the requirements of the 
| said section, and the allotments will only be made 
|on this express condition.” Neither the dates of 
|nor the names of the parties to the contracts thus 
| referred to were stated in the prospectus. A share- 
| holder, who had applied for his shares on the faith 
of this prospectus, brought an action for damages 
against one of the directors, who was responsible 
for the issue of the prospectus, on the ground that 
the requirements of Section 38 had not been 
complied with. The defendant admitted that he 
had read through the prospectus, but said that he 
knew nothing of the nature or contents of the con- 
tracts referred to, and that he was ignorant of 
Section 38. It was decided that the defendant had 
knowingly issued the prospectus, within the mean- 
ing of Section 58, that he was not protected by the 
waiver clause, and that he was liable to refund 
to the plaintiff the sum which he had paid for the 
shares. It was further held that the statement in 
the prospectus, though it was sufticient to fix the 
defendant with knowledge of the existence of the 
contracts in question, and thus to make him liable 
under Section 38 as having ‘‘ knowingly’ issued 
the prospectus without specifying the contracts, 
was not a sufticient notice of the contracts within 
Section 38 so as to deprive the plaintiff of his 
remedy under that section, the position of a 
director and that of an applicant for shares being 
for this purpose entirely different. In order that 
an applicant may be affected with ‘notice of 
|a contract within Section 38, he must have notice 
not only of the existence of the contract, but also 
of its contents. 3 


| 


The Court also held that a ‘‘ waiver” 
clause in a prospectus of this kind cannot operate 
to excuse compliance with the requirements of 
Section 38, except under such conditions as would 
render a release in general terms effective. 

The following case is another illustration of the 
kind of contract which should be disclosed in a 
| prospectus. It appeared that on September 21, 
| 1898, the directors of a newly-incorporated com- 
| pany entered into a contract by letter with the 
| promoter (which contract was subsequently con- 
| firmed by a resolution) to the effect that in con- 
| sideration of his advancing a sum of 14,250/. to 
}enable the company to pay the deposit on its In- 
| tended purchase of an undertaking introduced by 
him, and of his taking upon himself the risk of 
forfeiture of the deposit in the event of non-com- 
pletion of the purchase, the company would rep:y 
the deposit by a certain day, ‘ together with 7500/. 
bonus for such loan.” The deposit was then raised 
by the promoter and paid to the vendors. Sub- 
sequently by a contract, by resolution of the 
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lirectors, of October 10, 1898, between the pro 
moter and the directors upon their giving him the 
‘assurance that his right to recover proper re- 
muneration for commission on introducing the 
business” of the purchase, ‘‘and raising the neces- 
sary deposit shall be honourably met at a future 
meeting of the directors,” the contract of Septem- 
ber 21 was ‘‘cancelled,” and the subject was ‘‘ ad- 
journed to a future meeting of the board.” On 
October 20 the directors issued a prospectus stating 
that certain contracts therein spectied were the 
‘only’ contracts entered into by the company, no 
reference being made to either of the two contracts 
of September 21 and October 10, 1898.” On the 
faith of that prospectus the plaintiff applied for 
400 101. shares in the company, which were duly 
allotted to him on October 26, 1898, and he paid 
10001. for them. In January, 1900, the company 
went into liquidation, and in December, 1901, the 
plaintiff brought an action against the directors 
claiming under Section 38 of the Companies Act, 
1867, to have the prospectus declared fraudulent, 
by reason of the omission of the two contracts, with 
damages ; and also under Section 3, Sub-Section 1 
of the Directors’ Liability Act, 1890, compensation 
for the alleged ‘‘ untrue statement” in the pro- 
spectus. Mr, Justice Buckley held that both con- 
tracts were such as ought to be specified in the 
prospectus, and that as the defendants had, even 
though they might have done so innocently and on 
legal advice, ‘‘knowingly issued” the prospectus 
containing an ‘‘ untrue statement,” the plaintiff had 
established his case both under. Section 38 of the 
Act of 1867, and under Section 3, Sub-Section 1 of 
the Act of 1890 ; also that the plaintiff was entitled 
to damages, the measure of which was the difference 
between the price he paid for the shares and their 
fair value at the date of allotment. 

A power to forfeit shares on non-payment of 
calls is usually inserted in all articles. It must not 
involve any payment from the company, and it 
exonerates insolvent shareho!dersfrom future lia- 
bility. A case last year illustrates the effect of 
declaration by the company that shares are forfeited. 
It appeared that the articles of association of a 
company contained a forfeiture clause, which pro 
vided that the forfeited shares should become the 
property of the company ; that before the shares 
were disposed of, the directors might annul the 
forfeiture upon such conditions as they thought fit : 
and that notwithstanding the forfeiture, the share- 
holder should be liable to pay all calls, interest, and 
expenses owing in respect of the shares at the time 
of forfeiture. The directors passed a_ resolution 
forfeiting the shares of one Larkworthy for non- 
payment of a call, and gave him notice of the forfei- 
ture. On demand Larkworthy paid the call, 
interest, and expenses, and at the same time wrote 
that he repudiated any further liability on the 
shares. Nine months afterwards the directors 
passed a resolution purporting to rescind the for- 
feiture and giving notice to Larkworthy that he 
was registered in respect of the shares. He replied 
that he declined to have his name reinstated as 
owner of the shares. It was decided that the com- 
pany had no power to reinstate Larkworthy with 
the liability of a shareholder. (Jn re Exchange 
Trust ( (1903) 1 ch. 711). 

In the case of the Lord Mayor, &c., of Sheftield 
v. Barclay and others (19 T.L.R. 714), an important 
question was discussed as to the incidence of lia- 
Lility in a case where there has been forgery of a 
share transfer. The Court of Appeal decided 
that :—‘t Where a person, acting innocently and 
without negligence, hands to a company a forged 
trausfer of stuck, requesting the company to re- 
gister him as the transferee thereof, and the 
company, acting bond fide and without negligence, 
register the transfer, and subsequently the com- 
pany has to make good the loss to the true owner 
of the stock, whose signature was forged,’ there 
is no implied contract by the transferee of the 
stocx to indemnify the company against loss 
arising from their acting upon his request to register 
the transfer.” 








AMERICAN IRON PRODUCTION. 

At the end of last year the production of iron in 
the United States was on a smaller scale than for 
several years past, and the make in December was 
little more than half what it was at the beginning 
of the half-year. Nevertheless, the output for the 
tvelve months was in excess of any previous 
hgures, the total amounting to 18,009,252 tons, as 








compared with the previous record of 17,821,307 


tons in 1902, and 15,878,354 tons in 1901. These 
are the official figures, prepared by Mr. James M. 
Swank, the general manager of the American Iron 
and Steel Association, who has compiled his figures, 
giving his results, not only for the whole country, 
but for every State and every leading district, witha 
promptitude that is altogether commendable. The 
figures are complete, for Mr. Swank states that he 
has received reports directly from every furnace. 

A sharp distinction must be drawn between 
the product for the first six months of the 
year and that of the second. Down to June 30 
the make was 9,707,367 tons—by far the largest 
of any such period in the country’s history, 
and equal to close upon 19}$ million tons a 
year. In the second half, the production was 
8,301,885 tons—a decrease of nearly 1} million 
tons; but even this does not tell the whole story, for 
the make between July and December declined at 
a progressive rate. In September, 1,596,703 tons 
of iron were made ; in October, 1,462,193 tons ; in 
November, 1,078,628 tons; and in December, 
898,380 tons. The furnaces in blast at the end of 
December numbered 182, as against 320 at the 
end of June, and 307 on December 1, 1902. In 
fact, it is necessary to go back to December, 1896, 
to tind a smaller number in operation than at the 
end of the current year. It is only natural, having 
regard to the depression which developed in the 
later months, that there should have been some 
accumulation of stock. At the end of the pre- 
ceding year the unsold stocks in the hands of manu- 
facturers did not exceed 49,991 tons, the American 
Pig-Iron Storage Warrant Company holding no 
iron whatever in its yards at that time. At the 
end of 1908 the Company held 47,200 tons of 
iron in its yards, and the total unsold stocks 
(including these) amounted to 598,489 tons. It 
follows that the consumption of domestic pig 
iron was not equal to that of the year 1902, 
the comparison being 17,460,714 tons, against 
17,845,003 tons. Imports were ona large scale, this 
applying to steel as well as iron, the shipments 
evidently having been made on orders given when 
the trade was still active. The total was, in fact, 
nearly as large as that for 1902, when the pro- 
sperity of the country was phenomenal, the aggre- 
gate being 599,574 tons, as against 625,383 tons. 
Exports, on the other hand, did not exceed 20,381 
tons—the smallest of all recent years. Taking the 
importations into account, domestic consumption 
of iron exceeded 18,000,000 tons after all— 
18,039,907—against 18,442,899 tons for 1902. The 
course of domestic consumption in the past four 
years is shown by the following table, for which we 
are indebted to Mr. Swank. 








Tons of 2240 Lb. “ 1903. 1902. 1901. | 1900. 
Stock of pig, Jan. 1.. 49,951 73,647 446,020 68,309 
Production during 

year .. aA .. 18,009,252 17,821,307 15,878,354 13,789,242 





18,059,203 17,894,954 16,324,374 13,857,551 
598,489 49,951 73,647 446,020 


Total supply . 
Stock at end of year.. 


Consumption of home 





























pig .. oz .. 7,460, 17,845,003 16,250,727 13,411,531 
Imports of pig «| Bo 625,383 62,930 2,565 
Total .. — .. 18,060,288 18,470,386 16,313,657 13,464,096 
Exports of pig ve 20,381 27,487 81,211 286,687 








Domestic consump- 
tion .. ° .. 18,039,907 18,442,899 16,232,446 13,177,409 


In addition to heavy imports of raw iron, Ameri- 
can takings of other forms of iron and steel also 
continued on an exceptional scale, the total of all 
forms of iron and steel—including pig—being 
1,169,552 tons, against 1,212,389 tons in 1902, and 
no more than 221,292 tons in 1901, and 209,951 
tons in 1900. It is rather pathetic to reflect, after 
the boasts of two or three years ago, that exports 
should continue to diminish—thus :—1903, 326,373 
tons ; 1902, 370,805 tons ; 1901, 700,857 tons ; 1900, 
1,154,284 tons. In other words, imports exceeded 
exports by 843,579 tons last year, and 841,584 tons 
in 1902, against an excess of exports over imports 
in 1901 of 479,565 tons, and in 1900 of 944,329 
tons. Consideration of the production of iron by 
States shows that, with four exceptions, every 
State in the Union made more iron last year than 
in 1902, this being due, of course, to the active 
state of trade in the earlier months; and in only 
two of the four cases has the falling-off been af all 
considerable. Ohio produced 3,287,434 tons, as 
against 3,631,388 tons ; and Illinois, 1,692,375 tons, 











as against 1,730,220 tons. Below is another table, 
for which also we are indebted to Mr. Swank, 
showing the distribution of the output by the 
various States :— 

















Tons of 2240 Lb. re 1903. | 1902. 1901. 1900. 
Southern States : tons | tons tons tons 
Alabama -» 1,661,398 | 1,472,211 | 1,225,212 1,184,337 
Virginia a 544,034 537,216 448,662 490,617 
Tennessee... 418,368 | 392,778 837,139 $62,190 
West Virginia 199,013 | 183,05 166,597 166,758 
Kentucky 102,441 110,725 68,462 71,562 

Georgia zs wn ane eo ark OF 296 ¢ 
Sia op \ 75,602 32,315| 27,383 28,984 
Maryland ea 324,570 | 303,229 808,186 290,073 
Texas .. a & 11,653 | 3,005 | 2,273 10,150 

Total ..  .. 3,237,079 | 3,034,574 | 2,578,864 2,604,671 
Pennsylvania 8,211,500 | 8,117,800 6,365,935 
Ohio... ia 3,287,444 | 3,631,383 2,470,911 
New York 652,917 | 401,369 292,827 
New Jersey 211,667 191,380 170,262 
Illinois... 1,692,375 | 1,730,220 1,363,383 
Michigan 244,709} 145,213 163,712 
Wisconsin 282,516 | *273,987 *184,794 
Missouri 270,289 | +269,930 $159,204 
All others 17,766 | 15,446 





13,543 
ammt ESS PE es AEE = 


. | 18,009,252 17,821,307 15,878,354 13,789,242 








Grand total 


* Including Minnesota. 
+ Including Colorado and State of Washington. 


It will be seen that the Southern States added 
further to their output; but even with this in- 
crease the whole South did not make as much pig 
iron as the State of Ohio after its falling off. Penn- 
sylvania’s increase on the one year is rather under 
100,000 tons ; but, as compared with 1901, there 
is a very considerable increase ; and, altogether, 
there seems little likelihood that the supre- 
macy of this State will be endangered for many 
years to come, even should the South continue 
to grow year by year. Prices during the year show 
an all-round decline, with the one exception of 
steel rails. Thus the average price of No. 1 foundry 
pig iron at Philadelphia was only 15.85 dols. in 
December, against 24 dols. in January ; grey forge 
pig iron at Pittsburgh was only 12.80 dols., against 
20.50 dols.; Bessemer pig at Pittsburgh, 14.40 dols., 
against 22.85 dols.; steel billets at Pittsburgh, 
23 dols., against 29.60 dols.; and best refined bar 
iron at Pittsburgh, 1.30 dols., against 2 dols. 








SOUTH AUSTRALIAN RAILWAYS. 

THE annual report of the Commissioner for the 
South Australian Colonial Railways can searcely be 
said to indicate any very material development in 
the resources of that colony or in the distribution 
of the population. There are two main sections of 
railway. In the extreme north of the colony, 
stretching from Palmerston on the northern sea- 
board of the great island continent, there is a 
length of 145$ miles, constructed at a cost of 
1,175,0001. For eight years this railway has in- 
volved an increasing loss. There has been no 
progress in the volume of traffic ; the gross receipts 
for the year ending with June last are quite 32U00I. 
less than the average for the past ten years, while 
the total working expenses are about 63001. over 
the average. The railway system in the southern 
part of the colony is in a more favourable condi- 
tion, because of the greater population and the 
wider variety of interests. But even so, there are 
4.78 miles of railway per 1000 of the population. 
Stretching from the capital at Adelaide there are 
570 miles of railway of 5-ft. 3-in. gauge, and 1073 
miles of 3-ft. 6-in. gauge, one line extending to 
the Victorian frontier-—196 miles from Adelaide, 
another terminus is at Broken Hill—318 miles from 
Adelaide, while the north line reaches to Oodna- 
datta—688 miles from Adelaide. Only 71 miles 
have been added in ten years, and the tonnage of 
goods and live stock dealt with on this southern 
section has only increased at the rate of about 
3? per cent. perannum. The number of passengers, 
however, has increased from 5} to 9 millions; but 
this latter is accounted for by short-distance traftic, 
the receipts from coaching traftic having only in- 
creased in nine years by about 25 per cent., as 
compared with over 60 per cent. in the number of 
passengers. The receipts from goods traftic have 
not increased, the total for the past year having 
been 703,522/., while the average for the ten years 
was 715,424/.; but in recent years reductions have 
been made in freight rates, which perhaps account 
for this difference, as the tonnage of goods trattic 
has increased by 34 per cent. 

Directing attention to the results for the past 
year, we find here that the drought, as in the other 
oceanic colonies, materially affected the traftic 
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halance-sheet. Mr. A. G. Pendleton, the Com- 
missioner, points out that in order to relieve dis- 
tress in the drought-stricken districts, concessions 
were made in the charges for the carriage of live- 
stock, chaff, seed-wheat, and farming implements, 
which represent a loss to the railways of about 
90001.; whereas the actual decrease in the whole of 
the traffic was, including passengers, only 85631. 
3ut this 9000/. is a low figure when compared with 
the value of the 221,000. concessions made in New 
South Wales, even when consideration is given to 
the relative total volume of traffic in the two 
colonies. Later in his report the South Australian 
Commissioner points out that in view of the falling 
revenue, and having regard to the large reductions 
in charges made during past years, a slight increase 
was made in the rates for the carriage of parcels, 
live-stock, grain, and passengers, ordinary and ex- 
cursion fares. The action of the Commissioner 
here, as in Queensland, has been universally criti- 
cised, and not without reason. In his defence Mr. 
Pendleton points out that during years of compara- 
tive plenty, the railways have from time to time made 
reductions, which, on the basis of the present traftic, 
represent a very large annual sum. This is one 
of the dangers of Government railways : in times of 
prosperity there is a tendency to make concessions 
disproportionate in some cases to the demands 
dictated by colonial-expansion considerations ; and 
sooner or later, when depression comes, these cause 
difficulty in balancing accounts. Mr. Pendleton is 
inclined to think that needless sacritices have been 
made, even in view of the reasonableness of the 
demand for reduced rates and fares in order to 
develop the colony and to legitimately help the 
producer. It would be better to pursue a firm 
policy in favour of utilising part of such surpluses 
in times of prosperity towards meeting special main- 
tenance requirements, or in building up a reserve 
for this purpose against the ‘‘lean years.” The 
whole aim should be to secure an equitable balance, 
and particularly to obviate any recurrence to higher 
rates, as has been experienced during the past year. 
Permanent prosperity in the colonies is in part 
dependent upon stability in every department of 
finance and commerce, and any fluctuations in rail- 
way rates must materially hinder those market 
dealings which are of great consequence to an agri- 
cultural colony. We do not say that the South 
Australian rate, which for the past year averaged 
1.02d. per ton per mile for all goods, including 
live-stock, was excessive. What is to be depre- 
cated is frequent and considerable changes. 

The passenger receipts show a decrease of 11,434J., 
due in part to the fact that the comparison is 
with unusually high figures, owing to the visit in 
the preceding year of their Royal Highnesses'the 
Duke and Duchess of York. There is also recorded 
a heavy decrease, amounting to 16,2001., in pay- 
ment for mail service, which is said to be due to 
the fact that credit was taken in the two preceding 
years for a larger mail subsidy than the Federal 
Government consented to pay ; the excess in two 
years had, therefore, to be deducted in closing the 
accounts to June 30 last. The mineral traftic has 
shown a very considerable falling off, the total 
reduction being 20,653/., in consequence of the 
prevailing low prices of the metal market, and of 
the cessation of all smelting operations at Port 
Adelaide. Wool shows a reduction in tonnage of 
1129 tons, but there is an increase in the receipts 
of 16431., while in grain there has been a reduction 
of 42,000 tons and 10,442/. in the receipts, so that 
in both cases higher rates and longer hauls have 
contributed toward the result. General goods 
traffic receipts, however, have profited most by the 
change in the rates; for here, although there was 
an increase of barely 12 per cent. in the tonnage of 
goods submitted for traftic, there is an increase of 
between 14 and 15 per cent. in the receipts. In live- 
stock traffic, again, there has been an increase of 
nearly 20 per cent. in the tonnage, and of something 
like 1Ofper cent. in the revenue, The gross revenue 
amounted to 1,076,612/., or a decrease, as compared 
with the immediately preceding year, of 85631. 

The Commissioner has endeavoured to maintain 
his net revenue at the level of previous years by 
the very simple method of reducing his train- 
mileage and the maintenance and other charges to 
the lowest extent; indeed, it is doubtful if the 
latter item has not been carried too far. In his 
report he states that the reduction of expenditure 
has only been rendered possible ‘‘ by restricting 
expenditure in every branch, so far as was at all 
consistent with the existing regulations, and by 





postponing repairs and renewals which it would 
have been the truest economy to give effect to.” 
1t is scarcely necessary to add to this statement in 
view of the last clause. The expenditure has been 
reduced by the very large amount of 65,0001., not- 
withstanding that the loss in revenue was only 
85631. Of this reduction, 26,3551. is accounted 
for by economies in the locomotive branch ; the 
train-mileage has been reduced by over 10 per cent., 
to 3,770,351 miles, and thus it comes that the total 
earnings per train-mile show an increase of 64d., 
being 68.53d., while the working expenses have 
only increased 0.31d., being 39.75d. It does not 
follow that any more work was done for the earning 
of this amount per train-mile—increased rates pro- 
bably account for it; the receipts per mile of rail- 
way open were about the same as in the previous 
year, notwithstanding the less volume of traftic, 
having been 6201., as compared with 6251. Apart 
from the question as to whether or not the trains 
were adequate to the necessities of the case, there 
has been commendable economy in regulating the 
trains to suit the traffic. At the same time locomo- 
tive and traction charges were involved in conveying 
water, especially in the northern districts, to keep 
the works going, and it is estimated that 20,000 
miles were run by locomotives in the northern 
district on this duty alone. The Commissioner 
hopes that such work may be obviated in the future 
by the construction of two reservoirs, and the en- 


largement of a third, nowin progress. He strongly 
advocates also that water-softening appliances 


should be introduced in order to obviate the dele- 
terious effect on boilers of the water used in some 
of the districts. 

There is a reduction of 27,3941. on the mainten- 
ance charges of the southern lines. An indication 
of the economical policy that has been adopted is 
afforded by the fact that all painting of wagon 
stock, and other maintenance work which can be 
postponed without jeopardising public safety, has 
been stopped. There can be no doubt that a very 
large part of this decrease is due to a desire to 
increase the net revenue, and is opposed to the 
maintenance of the line in a satisfactory state. 
The percentage of maintenance charges to the gross 
revenue this year was 12.94 per cent., whereas the 
average of ten years has been 14.61 per cent. No 
step has been taken in connection with the equip- 
ping of the rolling-stock with the Westinghouse 
continuous automatic brake, although South Aus- 
tralia is alone amongst the oceanic colonies in 
neglecting this important element in the safe 
working of traftic. In the trattc, compensation, 
and general charges there has been a reduction of 
11,257/., also due to economies. 

The net result of the year’s working is, there- 
fore, a revenue of 452,101/., which is equal to 
3.37 per cent. on the total capital expenditure of 
13,400,000/. This compares with 2.98 per cent. in 
the previous year, when, however, the return was 
much lower than in any preceding year. But, as 
we have pointed out, it seems doubtful if this 
increase in the net revenue—which, by the way, 
is barely sufticient to pay the total interest charges 
on capital—has been earned by a sound policy of 
finance and maintenance. 








NOTES. 
ENGINEERING STANDARDS. 

STANDARDISATION has for some years been pre- 
scribed by many as the panacea for all the ills 
causing a decline in our trade, and without going 
so far as to agree that it will smooth all the difti- 
culties in the manufacturing world, we are satisfied 
that the principle, broadly applied in general design 
and consistently and closely applied in details, must 
make for economy in manufactures, which is the 
true basis for the maintenance of home and foreign 
trade. It is for these general reasons that we have, 
time and again, strongly commended the work being 
done by the Engineering Standards Committee, 
representative of the five great technical institu- 
tions concerned with the various departments of 
mechanical work. The report which we publish in 
another column of this issue not only indicates the 
extent to which the committee propose to introduce 
standards, but also demonstrates that very sutis- 
factory progress is being made towards the arrange 
ment of the many conflicting interests involved in 
a unification of details. There are twelve sec- 
tional committees and eighteen sub-committees, 


and three of these have already prepared stan- | 
dards which are now finding their way into | bars. 





use throughout the Government departments and 


private works. Nearly all the other committees 
have their reports in the initial stage, and the 
publication of these will certainly be most helpful 
to engineering firms, not only in establishing safe 
limits for given pressures, &c., but in greatly sim- 
plifying manufacture and subsequent repair. The 
work of the committees necessarily involves expen- 
diture, and the general committee are appealing for 
funds to assist towards the completion of the work. 
The Government, recognising the great value of the 
work, have agreed to subscribe a sum correspond- 
ing to the amount raised from the many manufac- 
turers who are sure to profit by the scheme. We 
are sure that this matter has only to be brought to 
the attention of the engineering trade to meet with 
a hearty response, and we hope that this response 
will be prompt, as well as universal and substantial, 
Already a number of the leading members of the 
profession have given most liberally of their time 
and trouble, sitting week by week for several hours ; 
and were the Government to advance a sum equi- 
valent to the value of their services, calculated at 
ordinary professional rates, the committee would 
be put in immediate possession of many thousands 
of pounds. This is probably more than can be hoped 
for, but the point is one which the Government 
should unquestionably take into account in deter- 
mining the amount of their grant. It now remains 
for commercial firms to show an equal interest in 
the matter, and send in their subscriptions to the 
secretary, Mr. Leslie Robertson, at 28, Victoria- 
street, Westminster, 


THERMIT AND ITS APPLICATIONS. 


Some few years ago, when it was found possible 
to manufacture the metal aluminium on a commer- 
cial scale, and at a reasonable price, many were the 
hopes raised by the discovery ; and, as so often 
happens, it was eagerly taken up by enthusiasts 
who, in many cases, put it to uses for which it was 
quite unsuited. The result of this was that. it vot 
a bad name, not altogether deserved. Whatever the 
future may have in store for it as a metal pure 
and simple, its wonderful affinity for oxygen promises 
to be of as much importance as any of its other cha- 
racteristics. This aftinity and the uses to which it 
has been put were the subject of a very interesting 
lecture entitled ‘‘Thermit: Its Application to 
Metallurgical Engineering,” delivered by Pro- 
fessor C. V. Boys, F.R.S., at the Society of 
Arts on the 10th inst. Thermit is the fancy name 
given to mixtures of finely-powdered aluminium 
with metallic oxides, sulphides, chlorides, &c., in 
order to effect a reduction of metals with which 
oxygen, sulphur, or chlorine combine. Mr. Claude 
Vautin, of London, first made use of this property 
in the year 1894, when he found that when alumi- 
nium in a finely-divided state was mixed with the 
bodies we have named, and then ignited, the 
mass attained an enormously high temperature, 
which was developed by the oxidation of the 
aluminium. This temperature was so high that 
metals such as chromium, ordinarily infusible, could 
be reduced and obtained in a compact form. In this 
reaction, owing to the absence of carbon, it is possible 
to obtain many metals with a degree of purity before 
unknown. The temperature of the reaction is 
estimated to be about 3000 deg. Cent., which is so 
high that the contents of the crucible in which the 
reaction takes place are liable to be lost through 
being scattered over the edge of the crucible. 
When iron oxide and aluminium are mixed together 
and treated as described, the result is that the 
oxygen in the iron combines with the aluminiun, 
leaving very pure metallic iron in the crucible, 
which is not ‘‘cast iron,” but melted ‘‘ wrought 
iron,” and can be cast into moulds. It has 
been named ‘‘thermit iron.” It may, if de- 
sired, have its softness modified by the admix- 
ture with the thermit of small quantities of 
manganese, titanium, chromium, or other metals, 
and it may be carbonised, to a certain extent, by 
an addition to the mixture of high carbon steel or 
cast iron. The temperature is so high that it is, in 
any case, better to reduce it to some extent, and 
this is done in the case of thermit iron by the 
addition of about 10 per cent. of sheet iron punch- 
ings, particularly where the thermit iron is to be 
used for welding purposes. This latter use was 
the invention of Dr. Hans Goldschmidt, who first 
successfully welded together two iron bars by 
means of molten thermit iron, which he poured 
into a mould formed round the butted ends of the 
The joint thus formed was found to be per- 
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fect in every way. Since the time it was first found 
possible to weld iron and steel by means of thermit, 
Dr. Goldschmidt has made many improvements in 
the process, until, at the present time, a variety of 
dificult welding operations have been carried out by 
means of it, including pipe-welding, rail-welding, 
marine-shaft welding on board ship, and many 
others. Perhaps, however, the most extensive use 
to which the process has been put is the welding of 
street tram-rails. This is performed as follows :— 
A simple mould is placed round the rails at the 
joint, the two ends being held together by means 
ofclamps. When all is ready, a required charge of 
thermit in a crucible is ignited, and as soon as it 
is in a molten state it is allowed to flow out through 
a hole in the bottom of the crucible into the mould. 
When the metal is set, the mould is knocked away. 
These joints are now being regularly made by the 
Corporation of Leeds. 








PNEUMATIC-POWER HAMMERS. 

Ix our present issue, on pages 254 and 255, we 
illustrate a new type of pneumatic-power hammer, 
which has been introduced, and is being manufac- 
tured, by Messrs. B. and $8. Massey, of Openshaw, 
Manchester. Fig. 1, page 254, gives a perspective 
view of a 7-cwt. hammer of this type, which is 
motor-driven with a swing motor. Fig. 2 shows a 
l-cwt. belt-driven hammer, having a special arrange- 
ment for holding the bottom die attached. Fig. 3 is 
a 4-ewt. pneumatic-power hammer of the arched form ; 
it is belt-driven, and is a special arrangement designed 
for spade and shovel plating or similar work. Fig. 4 
is a back elevation, partly in section, of a 10-cwt. 
pneumatic-power hammer, electrically-driven, with 
the motor mounted on a fixed bracket secured to the 
standard. Fig. 5 is a side elevation of the same 
hammer, whilst Fig. 6 is a plan, partly in section, but 
not showing the motor in position. Fig. 7 is a ver- 
tical section, and Fig. 8 a horizontal section, on 
different planes, of the cylinders and valve of a hammer 
of another size. 

As will be seen by our illustrations, the general 
arrangement consists of two cylinders—one, known as 
the hammer-cylinder, being vertical, and the other, 
which is designated the pump-cylinder, inclined 
slightly from the vertical. The pump-cylinder is 
driven by a motor or belt, and acts as a compressor for 
the air that supplies the motive power to the hammer- 
cylinder, Referring to Fig. 7, it will be seen that there 
are double sets of ports between the two cylinders, 
as shown by the full and dotted lines. The distribu- 
tion of air between the two cylinders is controlled by 
means of the circular valve shown near the bottom 
between the two cylinders. This valve is actuated 
by means of the hand-lever shown in Figs. 1 and 5; 
or, with the smaller size of hammer, it may be moved 
by the foot through the medium of the circular rod 
shown in Figs. 1 and 2. To put the hammer to work 
the motor is started, or, if power-driven, the belt is 
put in position to operate the driving pulley, and the 
piston of the pump-cylinder is naturally caused to 
reciprocate through its full stroke. The hand-lever 
will then be in the second notch of the quadrant, as 
shown in Fig. 5. This will place the valve in such a 
position that the air expelled on the upward stroke 
will simply flow through the passage shown in Fig. 7 
to the underneath part of the piston, both ends of the 
pump-cylinder being then in communication, and a 
like effect will naturally follow on the downward 
stroke. The hammer-piston will therefore remain 
stationary. When, however, it is required to strike 
a blow, the hand-lever is moved soas to turn the valve 
in such a way that the two ends of the pumping- 
cylinder will be no longer in communication, and the 
ar will therefore be forced alternately above and 
below the piston of the hammer-cylinder, thus giving 
the required blow on the piece ine forged. The 
arrangement gives complete control over the work of 
the hammer, the valve, as will be seen, not being 
worked for the distribution of air, but only to re- 
gulate the quantity admitted. By putting the 
lever into the appropriate position, the amount 
of air admitted to the hammer-cylinder can be 
so apportioned that any length of stroke or power 
of blow can be obtained. To strike light blows 
the valve is so moved that it is not quite closed, and 
a certain volume of air thus escapes past it. When 
the hand-lever is at the top position—that is, nearly 
horizontal—the air which is compressed on the upward 
stroke of the pump-piston passes down the passages 
into the hammer-cylinder below its piston, but no air 
is admitted above the hammer- piston. Thus the 
lower part of the hammer-cylinder is filled with com- 
pressed air, and the hammer is therefore held up at 
the top of its stroke. This is the convenient position 
for commencing work, or arranging the piece on the 
anvil, The surplus air that is driven in by the working 
of the pump-piston, beyond that needed to hold the 
hammer up, is able to escape through the passage. 











On the other hand, if it is required to hold the Hammer 
firmly down on the anvil, the action of the pump- 
piston creates a partial vacuum beneath the hammer- 
piston. This application is very useful in forging work, 
when the tup and anvil are used as a vice for holding 
parts that are to be bent over by hand-hammers 

It will be seen that the arrangement is extremely 
simple, the regulation of the blow being effected by 
the movement of one lever, which can be actuated 
either by hand or foot. The single valve used is of 
simple construction, and its action positive. The fact 
that the tup is both raised and driven down by pres- 
sure of air, applied alternately on opposite sides of the 
hammer-piston, gives the same method of operating as 
in a steam-hammer. The actions of lifting and of 
forcing down the tup act throughout the stroke ; and 
it will be noticed that this is a: long-stroke hammer, 
so that large-sized work can be effectively dealt with, 
heavy blows being struck. That the hammer is 
double-acting is an important point, the pressure of 
air acting during the whole stroke both on the upward 
and downward motions. 

The makers call attention to the fact that, in assign- 
ing power, the falling parts have the full weight, 
indicated by the nominal size accorded to them ; that is 
to say, that in the 3-cwt. hammer, the actual weight 
of the piston-rod tup and pallet is at least 3 cwt. 
This Messrs. Massey regard as the accepted rule of 
the trade, although in some cases a nominal size greatly 
in excess of the actual weight of parts—sometimes 
nearly as 3 to 1—has been apportioned to steam or pneu- 
matic hammers. The hammers illustrated, however, 
are quite as powerful, size for size, as steam-hammers. 
The sudden heavy demand made on the boilers by 
steam-hammers is a well-known difficulty in many 
engineering works ; whilst condensation in pipes is a 
source of loss which need not be dwelt upon, as the 
convenience of these pneumatic-power hammers will 
be apparent in this respect. A useful feature which 
should be noticed is that directly the foot-lever is 
released or the hand-lever put in the top position, the 
tup goes to its highest point. 

These hammers can be conveniently installed where 
steam-power is not available, but where electric motors 
can be worked from the public mains. Up to the 
present time the 15-cwt. hammer is the heaviest made, 
but it is anticipated that larger sizes will be needed. 
In one important engineering works which had been 
supplied with these hammers, the whole of the works 
were originally steam-driven. Then all but the forge 
department was converted for electric driving ; but 
the firm are now using pneumatic-hammers with 
electric driving, so that steam is no longer necessary 
at all, even in the forge department. The works in 
question are of large size, and may be taken as an 
example of what is possible with this system. In 
many cases where the smithy is distant from the 
source of power, as in shipyards, these pneumatic-ham- 
mers will be found especially advantageous. 

It will be noted that the anvil is placed diagonally 
to the standard, thus allowing long parts to be forged. 
The general arrangement of the actuating mechanism 
is good, the crank and driving pulleys being placed 
between the standards, as shown in Fig. 6, thus 
giving a good bearing for the driving pulley. The 
crank-web is built into the driving pulley, no keying 
on being therefore needed. The pulley is of sutticient 
weight to act as a flywheel when the hammers are 
motor-driven. We recently had an opportunity of 
seeing these hammers at work in the forge of the 
makers at Openshaw, Manchester. The rapidity of the 
blow, the control of the machine, and the quickness 
with which parts were forged at one heat was very 
remarkable, and enabled a large quantity of heavy 
work tu be done in a short space of time. 








THE ENGINEERING STANDARDS 
COMMITTEE. 

THE following statement of work now in progress has 
been issued :— 

The Engineering Standards Committee first commenced 
its operations in April, 1901. A work of this kind must 
necessarily be of a laborious and- protracted nature, and, 
though comparatively few reports have, as yet, been 
actually published by the Committee, an enormous amount 
of information and material has been collected, and a 
large number of specifications and findings are approach- 
ing the stage of completion. Before a standard specifica- 
tion can be arrived at, many interests have to be consulted, 
and conflicting views harmonised as far as pussible. The 
simplest way to give an idea of the multifarious inquiries 
and operations being carried on will, perhaps, be to deal 
seriattm with the various committees, and the work in 
which they are engaged. 

The Main Committee.—The whole work is under the 
control of what is known as the Main Committee, con- 
sisting of the official representatives of the five supporting 
institutions—viz. :— 

The Institution of Civil Engineers. 

The Institution of Mechanical Engineers. 

The Institution of Naval Architects. 

The Iron and Steel Institute. 

The Institution of Electrical Engineers. 


To this Committee, of which Mr. James Mansergh, 


, 





P.P. Inst. C.E., is chairman, falls the duty of organising 
the work, considering what subjects shall be dealt with, 
appointing the chairmen of the various committees, pass- 
ing the reports of the committees before they are pub- 
lished, controlling the expenditure, and devising the 
means of raising the necessary funds to carry on the work. 

Sectional Committees.—Immediately under the main 
committee there are twelve sectional committees, and 
under these again eighteen sub-committees, the total 
membership being 192. The different committees and 
sub-committees have been holding meetings as occasions 
have required, some sitting once a fortnight, others at 
longer intervals. The first report issued was that on 
Standard Rolled Sections for Constructional Work, drawn 
up by the Committee on Sections used in Shipbuilding 
(Chelivnan, Mr. Archibald Denny), the Committee on 
Bridges and Building Construction (Chairman, Sir Ben- 
jamin Baker, K.C.B.), and the Committee on Railway 
Rolling-Stock Underframes (Chairman, Sir Douglas Fox). 
The Standard Sections are now gradually, but surely, 
finding their way into use throughout the Government 
Departments, as well as the general trade of the country. 

Committee on the Structural Material for Ships.—The 
Committee on Tests for Iron and Steel Material used in 
the Construction of Ships and their Machinery (Chairman, 
Mr. Archibald Denny), has been engaged in drawing up 
a standard specification for steel used in the huils of ships. 
This committee has already presented one report to. the 
Main Committee, and the recommendations arrived at 
are now being considered by the committees on bridges 
and underframes, to see how far the views of these three 
committees may be brought into line, so as to cover the 
requirements of their respective interests. No findings 
are arrived at without the most careful inquiry, and, if 
need be, extensive experiments. Professor Unwin’s 
report on the work carried out by him for this com- 
mittee, which has recently been published, forms an 
admirable example of the thorough way in which the 
committee’s work is being done. A small sub-committee 
nominated by the Committee on Tests for Steel and Iron 
Material used in the Construction of Ships and their 
Machinery, is engaged in drafting a specification for 
boiler steel. 

The Locomotive Committee (Chairman, Sir Douglas Fox) 
has completed the consideration of a very interesting 
question referred to it by the Government of India— 
namely, that of recommending a series of standard types 
of locomotives for Indian railways. A conference was 
convened between the leading consulting engineers for 
Indian railways and the principal locomotive manufac- 
turers ; and, after many meetings, a report was drawn up 
and forwarded to the Secretary of State for India, who 
now has it under consideration. The Locomotive Com- 
mittee has the following five sub-committees dealing with 
different branches of their work—viz. :— 

1. A Sub-Committee on Component Parts and Types 
(Chairman, Mr. F. Wolley-Dod) has been chiefly engaged 
in preparing, in conjunction with the Conference of 
Locomotive Builders and Consulting Engineers, the 
—e on Standard Locomotives for India mentioned 
above. 

2. A Sub-Committee on Locomotive Steel - Plates 
(Chairman, Mr. William Lorimer) has drawn up a draft 
specification for locomotive boiler steel-plates, which has 
still to be considered by some of the other sub-com- 
mittees. 

3. A Sub-Committee on Tyres, Axles, and Springs 
(Chairman, Mr. William Lorimer) has been engaged in 
drafting standard specifications for tyres, axles, springs, 
castings and forgings, and it is hoped that these will 
shortly be reported to the Locomotive Committee for 
approval. 

4, A Sub-Committee on Copper and its Alloys (Chair- 
man, Mr. William Dean) has prepared a standard speci- 
fication for copper-plates, rods, tubes, &c., used in loco- 
motives, and this will shortly be issued. 

5. A Sub-Committee on Tyre Profiles (Chairman, Mr. 
James Holden) is preparing a set of standard tyre pro- 
files, which will be published when the series of standard 
rails have been finally decided upon. 

The Committee on Rails (Chairman, Sir John Wolfe 
Barry, K.C.B.), nas divided its work into two sections, 
which are being dealt with by two sub-committees :— 

1. The Sub-Committee on Railway Rails (Chairman, 
Mr. James C. Inglis) is engaged in drawing up two series 
of standard rails, rising by increments of 5 lb. at a time. 
The series of bull-headed rails ranges from 60 1b. to 105 Ib. 
per yard. The series of flat-bottomed rails ranges from 
20 lb. to 110 Ib. per yard. These sections, and the accom- 
panying specifications, have now been circulated amongst 
the leading railway companies and engineers of this 
country, and will, it is hoped, be published at no very 
distant date. 

2. The Sub-Committee on Tramway Rails (Chairman, 
Mr. Howard-Smith) has already issued its report, and 
published a series of standard sections and accompanying 
specification. 

Screw-Threads and Limit-Gauges. — Two committees, 
presided over by Mr. H. F. Donaldson, are dealing with 
the subjects of screw-threads and limit-gauges. These 
committees have held several meetings, and collected a 
large amount or information on these two intricate and 
difficult subjects, and are now sitting regularly to hear 
evidence from the leading engineers and screw-makers of 
this country. 

The Committee on Pipe-Flanges (Chairman, Mr. William 
H. Maw) is busy drawing up a series of standard flanges 
for low, medium, and high pressures, the work being done 
by a sub-committee who are busily engaged in drafting 
the proposed lists of flanges. 

The Committee on Cement (Chairman, Mr. William 
Matthews, C.M.G.) has handed over to a small sub-com- 
mittee the preparation of a draft standard specification. 
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This will be completed in the near future, when it will be | at 42s. 9d. cash and 42s. 104d. one month. Hematite iron 


thoroughly discussed by the Committee as a whole. 

The Committee on Cast-Iron Pipes (Chairman, Mr. 
Charles Hawksley) is at present in process of formation, 
and has barely begun its labours, but an important con- 


| was quoted nominally at 53s. 6d. cash buyers. The market 
| was idle on Tuesday morning, with prices of Cleveland 
| iron nominally 4d. down at 42s. 10d. cash sellers. While 
| there was no official business transacted, 1000 tons were 


ference of the leading pipe-founders of this country has | reported as having been done at 42s. 11d. six weeks. 


already been held in connection with the work of the 


Committee. 
The Electrical Section is a large and important one, con- 


| Scotch iron was quoted 50s. 9d. cash sellers. The tone was 





| 2500 tons of Cleveland iron was dealt in at 42s. 104d. cash, 


sisting of the Electrical Plant Committee (Chairman, Sir | and up to 42s. 114d. one month,. with closing buyers at 
William Preece, K.C.B.), and the following sub-com- | 433. 04d. Two lots also changed hands at 43s. fourteen | py ych beyond the demand, and for open sales there js 


mittee :— 


~ i : = the » P amatite 1 ry i 7 ar at | ° er ° - 
1. The Sub-Committee on Generators, Motors, and | changed, and hematite iron was nominally dearer at! reyived sufficiently to increase the consumption of fuel 


Transformers (Chairman, Colonel R. E. Crompton, C.B.) 
is engaged in drawing up standard sizes of generators and 
motors, and in standardising speeds, frequencies, elec- 
trical pressures, &c. Important conferences with the 
leading consulting engineers and makers are being held, 
at which these different subjects are being fully and care- 
fully discussed. 

2. The Sub-Committee on Transformers (Chairman, 
Mr. C. P. Sparks) deals with the standardisation of trans- 
formers. 

3. The Sub-Committee on Physical Standards (Chair- 
man, Dr. R. T. Glazebrook) deals with all subjects touch- 
ing the physical standards upon which the various reports 
are based, as well as undertaking any experimental work 
that may be required. 

4. The Sub-Committee on Nomenclature (Chairman, 

Professor Silvanus P. Thompson) is engaged in bringing 
into line, as far as possible, the nomenclature employed 
in this important branch of engineering. 
5. The Sub-Committee on Telegraphs and Telephones 
(Chairman, Mr. John Gavey, C.B.) has drafted a stan- 
dard specification for wires used in the construction of 
telegraphs and telephones. 

6. The Sub-Committee on Cables (Chairman, Mr. 
Robert Kaye Gray) has also drafted standard lists of 
sizes of cables, &c., and the wires composing the same. 

7. The Sub-Committee on Electric Tramways (Chair- 
man, Mr. A. P. Trotter) is at present engaged in deal- 
ing with the standardisation of tramway poles, trolleys, 


&e. 

Three other sub-committees dealing with electrical 
matters are in process of formation. 

The Publications and Calculations Committee is respon- 
sible for the supervision of the various calculations which 
have to be made, and for the final revision of all reports 
prior to publication. The calculations in connection 
with standard beams have already been published, and 
those for the other sections will follow at no very distant 
date. 

Finance.—The Committee are indebted to the gene- 
rosity of His Majesty’s Government, the five supporting 
institutions, the railway companies, and the leading engi- 
neering firms of this country, for the funds necessary to 
carry on the work. The funds are administered under 
the Main Committee by two committees. 1. The Finance 
Committee which controls the ordinary expenditure of 
the Committee. 2. A committee appointed “ the Insti- 
tution of Civil Engineers, at the request of the Govern- 
ment, to control the expenditure of the grant in aid, and 
on which the Board of Trade have appointed Colonel Sir 
Herbert Jekyll, K.C.M.G., R.E., as their representa- 
tive. 

From the number of subjects being dealt with, and the 
nuniber of committees actually at work, some idea may 
be gathered of the far-reaching extent of the Committee’s 
labours, and the enormous influence which their findings 
must ultimately have on the trade and commerce of this 
country. His Majesty’s Government have recognised the 
utility of the Committee’s labours, and made them a 
grant towards the necessarily heavy expenses incurred in 
carrying on a work of this nature. Having made their 
grant dependent upon the amount subscribed by the in- 
dustries interested, it is confidently hoped that the lead- 
ing firms in this country will not allow the work of the 
Committee to be curtailed for want of financial support. 
The whole secretarial work is carried on by Mr. Leslie 8. 
Robertson, M. Inst. C.E., at the offices of the Committee, 


28, Victoria-street, S.W. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Business was quiet in the 
pig-iron market on Thursday forenoon, and prices were 
steady, but there was no business doing until near the 
close, when 1500 tons of Cleveland warrants changed 
hands at 42s. 9d. one month. In the afternoon the tone 
was weak, and the prices of Cleveland iron declined 34d. 
to 4d. cash and to 42s. 54d. one month. There was also a 
transaction at 42s. 74d. thirteen days. A comparatively 


large business, aggregating some 10,000 tons, was done | 


| days, and 43s. Obd. 21 days; Scotch warrants were un 


53s. 3d. cash sellers, the settlement quotations being 
| 50s. 6d.. 42s, 9d., and 52s. 104d. per ton. The upward 
| movement continues. There was again a scarcity of 
| Sellers, and the price of Cleveland warrants advanced 
|2d. further. There were no cash transactions, but 
|3500 tons were dealt in at various rates. In the 
|afternoon one Jot realised 43s. 2d. The sales were 
| 2000 tons, and the settlement prices were :—)0s. 9d, 
43s, and 533. per ton. The following are the market 
quotations of makers’ iron No. 1:—Clyde, 58s.; 
| Gartsherrie, Calder, and Summerlee, 58s. 6d. ; Lang- 
|loan, 70s. 6d. ; Coltness, 71s.—the foregoing all shipped 
}at Glasgow; Glengarnock (shipped at Ardrossan), 
58s. 6d. ; Shotts (shipped at Leith), 61s. ; Carron 
(ship at Grangemouth), 60s. 6d. per ton. Con- 
sidering the possibilities of the tremendous complica- 
tions involved by the war between Japan and Russia, 
markets all round, and especially the pig-iron markets, 
have accepted the news with wonderful equanimity. 
The inicial successes of the Japanese at sea have, 
indeed, tended to strenghen all markets, and it looks as 
if the pig-iron markets, putting this war on one side, will 
follow their own natural courses, unless some unexpected 
further complication arises. Prices have thus been very 
steady throughout the week, rather mounting upwards, 
as American advices are, on the whole, more favourable 
in some respects, and German advices are, meanwhile, 
no worse. Home trade is no further enlivened by fresh 
shipbuilding orders; but, on the whole, there is little 
ground on which to build hopes of any rise meanwhile. 


Shipments of Pig Iron.—The February shipments for 
the past two years have been published by one of 
the engineering papers, and they afford an opportunity 
of comparing how they have gone from year to year. To 
the United States none has been shipped so far during 
February, 1904, whereas in a week in February, 1903, 
700 tons were shipped there, and for the year com- 
mencing January 1, 1904, till February 13, 388 tons, 
whereas 10,000 tons were despatched in the year 1903 
—from January 1 til! February 14. Most countries have 
taken decent quantities of iron, but Italy has aken a 
somewhat large quantity ; and during the period extend- 
ing from January 1 till February 14, 4000 tons. Holland 
took decent quantities during each period. 


Scotch Stecl.—The position of the Scotch steel trade is, 
if anything, better than it was a week or two ago. How 
business may be affected by the war in the Far East it is 
difficult to say. At the present time inquiries from that 
quarter are fairly active, but prompt delivery is a neces- 
sity. Steel remains tirm, ship-plates being 5/. 10s. per 
ton, angles 5/. and extras, and boiler-plates 5/. per ton, all 
delivered in Clyde district. An advance is announced 
to-day. A meeting of the trade was held in Glasgow 
yesterday. It was resolved to advance the prices of ship- 
plates, angles, and bars of all descriptions by 2s. 6d. per 
ton, and boiler-plates are advanced to 5/. 12s. per ton, or 
to 5/. 10s. per ton. There has been an advance on the 
North-East Coast of England. 

Sulphate of Ammonia.—This commodity is somewhat 
easier this week—at 12/. 15s. per ton for prompt delivery, 
but there is very little business doing, considering that 
we are in the middle of February, when there should be 
some demand. The shipments at Leith last week 
amounted to 551 tons. 


Institution of Civil Enyineers.—At a meeting of the 





Glasgow Association of Students on Monday, the 15th 
|inst., a paper on the ‘‘ Venturi” meter, by Mr. T. B. 
Maling Gray, was, in the absence of the author, read by 
Mr. T. Lindsay Galloway. The construction and advan- 
tages of this form of water-meter were fully described ; 
and in the course of the discussion Mr. Bamford, of Glas- 
gow University, gave a mathematical demonstration of 
Bernoulli’s theorem on which the principle of the 
“*Venturi” meter is based. On the motion of the chair- 
man, Mr. J. KE. Harrison, M. Inst. C.E., President of 
the Association, votes of thanks were awarded to the 
| author and Mr. Bamford. 


| 





firm in the afternoon, and a small business, aggregating 


| 
at these quotations. The settlement prices were: a 
Scotch, 50s. 45d.; Cleveland, 42s. 7)d.; and Cumberland | 
hematite iron, 53s. 3d. per ton. In the pig-iron market | SHEFFIELD, Wednesday. 
on Friday morning Cleveland warrants recovered 14d. to} Iron and Steel Trades.—There are some inquiries out 
42s, 54d. cash and 42s. 8d. one month, but only a small | for small quantities of shot and shell, but no contracts of 
business was done—3500 tons—at those prices. There | moment will be placed until the turn of the financial 
was little change in the afternoon, the values of Cleve- | } i 
land being steady at 42s. 6d. cash. The turnover was | East may bring work to Sheffield in the near future. The 
only 1000 tons. Hematite iron was quoted at 53s. 3d. cash | Russians have all the necessary plant and appliances for 
sellers, and the settlement quotations were :—50s. 44d., | making armour, forgings, and other parts of battleships 
#2s. 44d., and 533. 3d. per ton. The market continued | supplied to them some years ago by a Sheffield firm. 
firm on Monday, and in the forenoon Cleveland warrants | Some of the battleships and cruisers belonging to the 
advanced to 42s. 94d. cash, but closed 1d. easier at 42s, 8hd. | Japanese were built by themselves, the armour and so 
cash buyers. Business was done at 42s. 10d. thirteen days | forth having been obtained from England. They have 
and 42s. 1ld. twenty-five days. The turnover, which | now in course of erection a complete armour-plate mill, 
included one lot of Scotch iron at 50s. 6d. one month, | supplied by a Sheffield firm, and they will soon be inde- 
amounted to 40,000 tons of Cleveland. Hematite iron pendent of outside help. There is no change to note in 
was quoted at 53s. 6d. cash sellers. The market was | the steel trade. The makers of the well-known Mushet 
steady in the afternoon, and a small business was done | steel have brought out an adaptation of it for the manu 


NOTES FROM SOUTH YORKSHIRE. 











year. The damaging or sinking of warships in the Far | 


facture of tools for high-speed purposes, and it has been 
received with much favour. The same firm have put 
down up-to-date machinery for the turning out of twist. 
drills and milling-cutters, which are keenly competing 
with the American productions. Some houses in the tile 
trade, especially those who make freest use of machinery 
are well off for orders, more particularly on foreign account, 
Hand cutters are very badly off for employment. 


South Yorkshire Coal Trade.—There is a good deal of 
complaining in the coal trade. The means of supply are 





| keen competition. Trade in the heavy branches has not 
| and with few exceptions none of the hard-coal pits are 

working more than four or five days a week. The house- 
coal branch is unusually quiet for the time of the year, 
and prices are unchanged. In best qualities less is doing 
than in common sorts. Makers of coke are keeping down 
their output as much as possible, as some have larger 
stocks than usual. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
athin attendance on Change, but the market was cheer- 
ful in tone, and a fair amount of business was transacted, 
There was more confidence in the future, and this was 
emphasised by the fact that many buyers of pig iron were 
not only willing, but rather anxious to enter into contracts 
for delivery over the first-half of the year at current 
quotations. The rather small shipments so far this 
month had no detrimental influence on the market, as 
they were accounted for to some extent by the stormy 
weather, and it was pointed out that they were likely to 
improve in the very near future, as several good 
cargoes had to be shipped. Though in odd cases 
42s. 9d. was accepted for f.o.b. delivery of No. 3 
g.m.b. Cleveland pig iron, 42s. 104d. wasalso realised, and 
a good few sellers asked 433. No. 1 was 43s. 9d. to 44s., 
and No. 4 foundry, 42s. 74d. There was a good deal of 
forge iron offering, but quotations were steady. Grey 
forge was 42s. 4)d.; mottled, 41s. 104d.; and white, 
41s. 7}d. Kast Coast hematite pig showed a marked 
change for the better, but producers declared that there 
was still room for improvement. Nos. 1, 2, and 3 changed 
hands at 51s.; whilst No. 1 was 51s. 6d., and No. 4 forge 
50s. Spanish ore was a little easier. Rubio was obtain- 
able at 15s., and even less; but some dealers stil] held 
out for 15s. 3d. To-day No. 3. g.m.b. Cleveland pig was 
firm at 433., and as much as 43s. 6d. was realised for 
special brands, Clarence iron changing hands at that 
figure ; whilst the same price was asked for Newport and 
Redcar iron. For other qualities quotations were as 
yesterday. 

Manufactured Iron und Steel.—Better accounts can be 
given of certain branches of the manufactured iron and 
steel industries. The recent placing of orders for 
steamers with north-eastern builders has naturally im- 
proved the demand for plates and angles, quotations for 
which have risen, and further advances are confidently 
looked for. Bars, sheets, rails, and joists are un- 
changed. Market rates now stand :—Common iron bars, 
6/. 2s. 6d.; best bars, 6/. 12s. 6d.; iron ship-plates, 67. 5s.; 
iron ship-angles, 6/. 2s. 6d.; steel ship-plates, 5/. 12s. 6d.; 
steel ship-angles, 5/. 2s. 6d.; steel joists, 5/. 5s.; s 
sheets (single), 7/. 17s. 6d.; steel sheets (double), 8/. 7s. 6d.; 
and heavy sections of steel rails, 4/. 103.—all less the 
customary 25 per cent. discount, except rails, which are 
net cash at works. 

Coal and Coke.—The state of the fuel market is by no 
means satisfactory. Durham coal is abundant, and un- 
screened bunkers are in the neighbourhood of 7s. 9d. 
f.o.b. Gas-coal continues in fairly good demand, and 
quotations run from about 7s. 104d. to 8s. 9d. f.o.b. For 
manufacturing coal inquiries are only small, and quota- 
tions are easy. Household coal is in a little better 
request, but there is plenty offering. Coking coal is dull. 
A strenuous effort has been made to raise the price of 
coke, and to some extent it has succeeded. Contracts 
have been made at 14s. for best blast-furnace kinds deli- 
vered here, but average qualities have sold at 18s., though 
those disposing of them endeavour, as a rule, to fix the 
price at 13s. 3d. 














NOTES FROM THE SOUTH-WEST. | 

Cardiff.—The steam coal trade has had to contend with 
difficulties arising out of recent stormy weather. The 
best large steam coal has made 14s. 6d. to 14s. $d. per 
ton, while secondary qualities have brought 13s. 6d. to 
14s. per ton. The seaborne household coal has been dull, 
but demand has continued satisfactory for home consump- 
tion, and recent rates have been well maintained; the best 
ordinary descriptions have made 14s. to 15s. per ton, 
while secondary qualities have been quoted at 10s. 6d. to 
3s. per ton ; No. 3 Rhondda large has realised 14s. 9d. 
|to 15s. per ton. Foundry coke has been making 18s. 
lto 18s. 6d. per ton, and furnace ditto, 17s. to 17s. 6d. per 
ton. As regards iron ore, Rubio has been quoted at 
13s. 9d. to 14s. per ton ; Tafnaat 15s. per ton, and Almeria 
at 14s. to 14s. 3d. per ton, including freight charges to 
| Cardiff or Newport. 


| The Bute Docks.—Now that the new South Dock at 
| Cardiff is approaching completion, the necessity © 
| dredging an entrance from the Channel has come under 
consideration. Tenders were invited for this contract ; 
but apparently they were not satisfactory, inasmuch as 
the company has decided to do the work itself. For this 
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purpose, the . P : 
firm for a powerful dredger, which, with a few alterations, 


will be of the same design as one which they recently 
purchased in Holland. 

Electricity at Bristol.—The electrical committee of the 
Bristol City Council resolved, at its last meeting, to buy 
a second-hand service launch to ply between Temple Back 
and Avonbank stations with stores, &c. Extensions 
of the mains were sanctioned in_Tyndall’s Park - road, 
Cheltenham - road, Cheese - lane, Lawrence - hill, Philip- 
street (Temple), East-street (Bedminster), Church-lane (St. 
Philip’s), Horfield-road, Bath-street, and Merchant-street. 

Bristol and South Wales Railway Wagon Company, 
Limited. —The half-yearly meeting of this company was 
held at Bristol on Monday, Colonel Savile presiding. 
The chairman, in moving the adoption of the report and 
accounts, referred to the fact that during the 24 years he 
had been chairman, the company had been enabled to 
pay dividends of 10, 12, 14, and on one occasion 15 per 
cent. Mr. J. Inskip seconded the motion, which was 
adopted. The chairman moved that a dividend be paid 
at the rate of 10 per cent. per annum, leaving a_balance 
of L441/. to be carried to the current half-year. He added 
that when he became chairman, 24 years since, the reserve 
fund stood at 50002, now the contingent fund was 
47,000/. Mr. J. Almond seconded the motion, which was 
adopte 1. 

South Wales Coal.—The exports of coal, foreign and 
coastwise, from the six principal Welsh ports—Cardiff, 
Newport, Swansea, Port Talbot, Neath, and Llanelly 
in January, were:—Foreign, 1,754,105 tons; coastwise, 
343,260 tons; total, 2,097,365 tons. The corresponding 
exports in. January, 1903, were 2,069,486 tons. _ The 
exports of coal, foreign and coastwise, from Cardiff in 
January were 1,521,099 tons; from Newport, 308,956 
tons; from Swansea, 149,493 tons; from Port Talbot, 
75,233 tons; from Neath, 21,659 tons ; and from Llanelly, 
20,925 tons. The exports of iron and steel from the six 
ports in January were 13,313 tons ; of coke, 7456 tons; 
and of patent fuel, 110,197 tons. 








BraziLian TELEGRAPHY.—A line of telegraph, connect- 
ing the capital of Matto Grosso with Rio de Janeiro, has 
just been completed. 

Tue Juntor InstiruTion oF ENGINEERS.~At the 
meeting of this Institution held on February 5, at the 
Westminster Palace Hotel, the Chairman, Mr. 8. Cutler, 
Jun., M. Inst. Mech. E., presiding, a paper was read by 
Mr. Hal. Williams, A.M. Inst. Mech. E., A.M. Inst. 
Elec. KE, on ‘‘ Producer-Gas Power for Factories, Cold 
Stores, and Freezing Works.” The paper was essentially 
a practical one, and was written with the object of briefly 
describing the three systems of generating producer-gas 
now in use and of drawing attention to the principles 
which must be observed and the errors which must be 
guarded against in designing a satisfactory power-gas 
installation. Using the name in its generic sense, the 
author drew attention to the disadvantages which were 
inherent to the Dowson system of small-pressure pro- 
ducer-gas plants, and after describing generally the prin- 
ciples of bituminous plants, went on to deal with the 
suction producer-gas plants, which are being so much 
used on the Continent for generating gas-for small powers. 
Some interesting remarks were made regarding the re- 
covery of by-products from bituminous plants, and it was 
pointed out that while the only two by-products avail- 
able were sulphate of ammonia and steam, it did not pay 
to recover the former from plants of a smaller power 
than from 3000 to 4000 horse-power. Steam, however, 
could be generated as a by-product from any gas-engine 
over 50 horse-power, the method being to employ a boiler 
ange by Mr. Wilson, which was placed on the ex- 
1aust-pipe of the gas-engine, and which acted really as 
an exhaust silencer. With this boiler as much as 2 lb. 
of water should be evaporated and steam raised to 100 Ib. 
pressure per brake-horse-power hour. Steam raised in this 
way might be very valuable to certain industries requir- 
ing a small portion of it for their manufacturing pro- 
cesses, Taking the average run of factory steam- 
engines throughout the country, not less than 4 lb. 
to 5 1b. of coal per brake-horse-power hour are required. 
In the bituminous plant, as much as 150,000 cubic feet of 
power-gas, having a calorific value of 130 to 150 British 
thermal units, can be generated from 1 ton of slack coal. 
A gas engine of 40 brake horse-power requires from 70 to 
80 cubic feet of power-gas per brake-horse-power hour ; 
larger engines only require from 60 to 70 cubic feet per 
brake horse-power hour. This means that whereas a 
steam-engine requires from 4b. to 5 lb of coal per brake- 
1orse-power hour, a gas-engine will only require 1 |b. 
Further than this, the coal used in the former case must 
be of a better quality than that used in the latter. The 
author dealt at some length with the suction gas plant 
and pointed out its numerous advantages. With. this 
type of plant one brake-horse-power hour can be gene- 
rated from 1 Ib. of anthracite coal, with the great advan- 
tage that gas is only generated by the engine as it 
1S required, and that consequently there is no waste. 
Comparative costs of power between electricity taken 
from the supply companies’ mains, between gas taken 
from the gas companies’ mains, and that generated from 
a producer plant, were then cited. After numerous prac- 
ticai hints upon the working of gas-engines, the paper 
concluded with a brief reference to the plants for generat- 
ing fuel gas from wood, it being prod that as much as 
one brake-horse-power hour can be obtained from the 
destruction of 41b. of wood. An animated discussion 
ensued, and the proceedings closed with the announcement 
of the ensuing visit, on February 20, to the Colonial Con- 
Signment and Distributing Company’s frozen meat store, 
Nelson Wharf, 


directors have given an order to a Belgian | 








MISCELLANEA. 


OwInG to its satisfactory working at their village dur- 
ing the past twelve months the Liernur sewerage system 
is to be definitely adopted at Stansted, and a loan of 
30002. is to be raised to this end. 


The power plant at the Shawinigan Falls, from which 
energy is transmitted to Montreal, 90 miles distant, is 
said to rank next to that at Niagara in importance. The 
total power available at the falls is estimated at 500,000 
horse-power at times of high water and 150,000 horse- 
power at low water. At present about 100,000 horse- 
power is developed, of which some 6000 horse-power is 
being delivered to the Montreal Light, Heat, and Power 
Company. ‘This transmission is effected at 55,000 volts, 
and there is a drop of 10 per cent. in the 90 miles of 
transmission line. 


The Taff Vale Railway Company have placed an order 
with the Bristol Wagon and Carriage Works Company, 
Limited, of Bristol, and the Avonside Engine Company, of 
Bristol, for six steam motor-cars for passenger traffic to run 
on theirrailway. These are duplicates of the one designed 
by the railway company’s locomotive superintendent, Mr. 
T. Hurry Riches, which has been working so successfully 
during the past few months. ‘The Avonside Engine Com- 
pany are building and supplying the locomotive portion 
to the Bristol Wagon and Carriage Works Company, who 
are making the carriage portion. The cars are to be 
delivered for the summer traffic. 

In a paper just presented to the Royal Society, Pro- 
fessor Bryan, F.R.S., and Mr. W. E. Williams discuss 
mathematically the plane motion of an aerial glider. 
They show that with speeds of forward movement below a 
certain limit the motion is unstable, and give numerical 
results for a number of different cases. To give an 
example, asquare plate moving at an angle of 20 deg. with 
the horizon will move steadily if its velocity exceeds 
27 s/a, where « is the breadth of the square, provided 
also that the weight of the plane is so distributed that 


: : 2 
its radius of gyration is given by the relation 1? = as = 


In a paper read before the Newcastle Local Section of 
the Institution of Electrical Engineers, Mr. J. A Ander- 
son gives details as to the applicability of_three-phase 
motors for driving machinery in shipyards. For ordinary 
work he recommends that squirrel-cage motors should be 
used, although such motors take 245 times the normal 
current to give normal torque at starting. They are, how- 
ever, cheap, and the wiring is relatively simple. For 
driving cranes, however, the slip-ring motor is necessary, 
as, whilst a 10-horse-power slip-ring motor easily works 
a 3-ton shipyard winch, a squirrel-cage motor of the 
same horse-power could not start with a load of more than 
15 cwt. In one case brought forward by the author a 
50 nominal horse-power Crossley gas-engine driving a 
shipyard shed was successfully roy:aced by three-phase 
motors of 11 horse-power in the aggregate, with an 
annual saving in working expenses of 49/. 18s. 


In a paper read before the Institution of Civil Engineers 
of Ireland, on February 3, Mr. R. G. Allanson-Winn 
dwelt on the uselessness of building expensive protective 
works on a shore along which deep-sea erosion was going 
m. He pointed out that in all shores in which the 
material is of a soft and easily eroded nature, and where 
the sea’s advance is observed to be steady and continuous, 
no protective works erected on the visible shore between 
high and low-water marks will necessarily afford perma- 
nent protection, because the erosion going on below low- 
water level causes a continual undermining of the works 
erected, and a persistent advance of deep water. In 
1899 a British Association Committee was appointed to 
inquire into coast-line changes. It gathers information 
from the coastguard; but Mr. Allanson- Winn pointed out 
that coastguards were not in a position, by their training 
and equipment, to give the necessary information; and he 
brought forward several instances in which the records of 
the Committee were in direct disagreement with his own 
knowledge and observation. 


In a communication just read before the Royal Society, 
Professor Fleming and Mr. L. H. Walter describe a new 
‘*detector” for electrical oscillations. This in one 
respect resembles Marconi’s development of Rutherford’s 
discovery that the hysteresis of iron or steel was altered 
by the impact of electric oscillations ; but whilst in the 
Marconi apparatus the hysteresis is diminished by the 
electric waves, the working of the new detector depends 
on an increase of hysteresis. It appears that the net result 
of electric oscillations on hysteresis is the sum of two 
antagonising effects. The direct effect of the waves tends 
to reduce hysteresis, but apparently at the same time they 
increase the amplitude of the magnetism resulting froma 
vibrating magnetic field, and the extra hysteresis due to 
this increase in amplitude overpowers the direct effect of 
the electric oscillations. The new instrument is said to 
not merely detect electric waves, but actually measures 
them, and its sensibility is capable of adjustment —— 
a very wide range. Its sensitiveness may at one time be 
of the same order as that of an ordinary coherer, and 
at another it may be practically insensible to powerful 
sparks in the same room. 


Under the name of a ‘‘motor-meter,” Messrs. Elliott 
Brothers, of 36, Leicester-square, W.C., are introducing 
a combined speed-indicator and cyclometer which can be 
very readily fitted to any motor-car without interfering 
in any way with its structure or general appearance. 
The instrument consists essentially of a small speed- 
indicator of the well-known governor type, driven by a 
flexible shaft from one of the front wheels of the ear, 
which, for this purpose, has clamped to it a flat ring of 
metal, on the surface of which bears a friction roller 


fixed to the flexible shaft. By taking care in making 
the initial adjustments accuracy in the speed indications 
can be relied upon, and the effect of wear, if any occurs, 
will be in the direction of indicating speeds too high, so 
that any possible error from this source will be on the 
right side. In view of the determination of many 
country magistrates to strain their powers to the utmost 
in the matter of making things awkward for the motor- 
car driver, this device should prove of great value 
to motorists, as they can be certain of never un- 
wittingly exceeding the legal limit of speed; and 
though the justices of the type already referred to 
are not likely to accept the testimony of an instrument 
in opposition to that of their favourite policeman, a 
court of appeal will probably consider the testimony of 
the mechanism as the less biassed of the two. 


At a recent meeting of the Yorkshire College Engi- 
neering Society, Leeds, Mr. Frederick Grover gave an 
account of his experience in India, where he went as 
Special Commissioner to the Indian Government to 
investigate the smoke nuisance in Calcutta. He described 
the position and character of the coal-mines, which are 
very shallow, and worked in primitive fashion by human 
labour alone, and produce material of about 80 per cent. 
of the calorific value of English coal. This poor quality 
of coal, combined with the low intelligence of the native 
stokers, and the manufacturers’ aversion, on the score 
of expense, to adopt mechanical stokers, renders the 
smoke question difficult to deal with. Mr. C. G. 
Petree next gave a paper on ‘‘Rotary Engines.” He 
said that rotary engines have been a failure in the past 
owing to errors in design rather than principle. He 
described and illustrated by slides a rotary engine now on 
the market, for which the following advantages over a 
reciprocating engine of the same power are claimed :— 
Small size and weight (about 34 lb. per brake horse- 
power); slight vibration, with silent smooth working ; 
very little friction, except that of rolling ; enclosed work- 
ing parts; practically no risk from priming boilers ; 
much lower first cost, and easily interchangeable parts. 
This engine has been submitted to efficiency and en- 
durance tests, and gave very satisfactory results. Mr. 
L. Reynolds then gave a paper on ‘*‘ Some Details of 
a Flour-Mills Plant.” Commencing at the boiler-house, 
he gave particulars of two Lancashire boilers in work 
over thirty years. These are working night and day, 
only being covled once a week. He considered that all 
other conditions ae equal, the life of a boiler varies 
inversely to the number of times it is allowed to cool. 
He spoke of the good effects experienced from using 
Green’s economiser for raising the temperature of the 
water. He emphasised the necessity of obtaining good 
fire-bars, and recommended short bars. The substitution 
of a tandem compound engine with Corliss valves, and 
Rhodes trip motion, instead of a beam engine, brought 
about a saving of 30 per cent. in the coal bill (the flour- 
miller does not reckon coal consumption per horse-power, 
but per sack of flour). This engine worked for twenty 
years, day and night, and is now replaced by a Pollitt and 
NVigzell engine. here gearing is used, one of each pair 
of wheels is a mortise wheel, with wooden teeth. For 
high-speeds helical gearing is used, with satisfactory re- 
sults. Lubrication in a flour mill presents some diffi- 
culties, and is mostly of the ring type. What is known 
as ‘‘ Diamond grease” proves excellent, and flour itself is a 
good lubricant. Fire is an ever present danger in a flour 
mill; naked lights are not allowed, and sprinkler appliances 
are insisted on by insurance companies in conjuction with 
chemical extinguishers, hand grenades, and all ordinary 
fire appliances. 








Sree. IN BELGium.—-The production of finished steel in 
Belgium last year was 959,000 tons. The corresponding 
output in 1902 was 756,000 tons ; in 1901, 511,000 tons ; in 
1900, 569,000 tons ; in 1899, 634,000 tons ; in 1898, 568,000 
tons ; and in 1897, 526,000 tons. 





Braprorpd. E.ecrric Tramways.—A tender of Messrs, 
Bolckow, Vaughan, and Co., Limited, Middlesbrough, has 
been accepted for the supply of 750 tons of girder steel 
rails and fishplates for the Bradford tramways. The 
rails are to be supplied at.5/. 13s. 11d. per ton, and 
the fishplates at 7/. 3s. 11d. per ton. 





EXTENSION OF SouttH Lonpon Exectrric Tramways.— 
The London County Council, on the recommendation of 
their Highways Committee, have accepted the tender of 
Messrs. William Griffith and Co., Limited, London, for 
the reconstruction to the electric conduit system of the 
existing cable tramway from Kennington to Streatham, 
and for the construction of tramways in Tooting High- 
street and Defoe-road, the total length of line involved 
being about 8 miles of single track. The amount of the 
tender was 86,623/. 19s. 1ld. Following this successful 
tender came the following :— Messrs. J. G. White and 
Co., Limited, London, 95,005/. 7s. 4d.; Messrs. Dick, 
Kerr, and Co., Limited, London, 95,751/. 7s. 9d.; Messrs. 
Edmund Nuttall and Co., Manchester, 97,132/. 13s. 1d.; 
Messrs. William Underwood and Brother, Dukinfield, 
99,2217.; Messrs. Robert W. Blackwell and Co., Limited, 
London, 104,604/. 10s. 6d.; Messrs. Pethick Brothers, 
London, 110,142/. 16s. 8d.; Messrs. John Mowlem and 
Co., Limited, 111,7107.; Messrs. William Kennedy, 
London, 113,896/. 12s. 1ld.; and Mr. George Law, Kid- 
derminster, 128,587/.. lls, 3d. Messrs. Griffiths will 
complete the work in three months from March 31, and 
‘* will take special measures with a view to the conveni- 
ence of the frontagers and the general public.” They 
are sub-contracting with the Hadfield Steel Foundry Com- 
pany, Limited, for the points and crossings, and with 





the Anderston Foundry Company forthe cast-iron yokes, 
road boxes, and covers. ' 
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CURTIS STEAM-TURBINES. 
To THE Eprror OF ENGINEERING. 

Srr,—The design in a general way of the Curtis steam- 
turbine has been familiar to engineers for some time past, 
but until your issue of the 5th instant very little has been 
known of their performances. I, for one, heartily welcome 
the interesting curves you reproduce demonstrating what 
has been and what can be done. Although at present I 
am not connected with the manufacture of turbines, I 
have had considerable experience with these motors, and 
through your columns I would like to ask the English 
makers of the Curtis turbine for a little amplification of 
Fig. 5, page 183. It has been claimed in America that 
the Curtis turbine gives an increased economy of from 
6 to7 per cent. for every inch of vacuum above 25 in. 
(bar 30 in.), which figures, I fear, I have somewhat 
doubted. As nearly as I can read the curve, the enumera- 
tion is as follows :— 






Citi Con- Differ- Per- 
A sumption. ence. centage. 
25 . 22.8 
26 21.7 1.1 5.06 
27 20.5 1.2 5 
23 19.1 1.4 
Average 6.08 


which barely carries out the claim. 

It is unfortunate that the curve does not go back to 
atmosphere, and it is on this point that I should like 
further information. I send you herewith a curve carried 
back, which, of course, is largely imaginary, and tends 
to show that the Curtis is by no means an economical 
engine if employed non-condensing, and would use about 


Assumed contiruvation of Carve 
‘a’ 500K. W Parsons Turbine 
5 300K W Parsons Tartine 


POUNDS OF STEAM PER K.W. HOUR 





eo 3 12 
¢arra) VACUUM IN INCHES OF MERCURY 


or 
“i 


40 lb. of steam per kilowatt, or double that at in. 
vacuum. Now, all power-station engineers must be pre- 
pared for having their condensing plant interrupted for 
lack of water or failure of pumps, in which contingency 
a turbine station would only be able to maintain one-half 
of the demand unless a very large number of extra boilers 
were kept under steam. 

Exception has often been taken to existing turbines on 
this ground, and the case demonstrated above shows how 
serious it is. I have drawn on the same sheet two other 
curves of Parsons turbine results—a, a 500-kilowatt non- 
condensing type, 1800 revolutions per minute, 150 Ib. of 
steam, nosnperheat, with varying vacua ; and }, a 300-kilo- 
watt condensing type, 160 Ib. of steam, 3000 revolutions 
per minute, no superheat. Both at their nominal output 
the conclusion would appear that the Pelton wheel portion 
of a turbine is not an economical user of high-pressure 
steam, or that the extra clearances claimed in the Curtis 
turbine are obtained with a large sacrifice of economy. 

One great claim of the Curtis turbine has been, I 
believe, that the revolutions are much lower than can be 
obtained with the older type, but the 500-kilowatt 
referred to above is of the same speed. 

If the information I ask for is forthcoming, I shall be 
glad to return to the subject at a future date, and also to 
deal with the remaining two curves. 

Yours faithfully, 
JouN H. Barker, M. Inst. C.E. 

Shelton Cottage, Shrewsbury, February 16, 1904, 








“THE SIX-O’CLOCK MAN.” 
To THE EpiToR or ENGINEERING. 

Str,--Al]though personally I am well content to let 
**Old Fogey,” or anyone else, have the last word on the 
above subject, yet I have been prevailed on by my fellow 
workmen to take up some of his last arguments, as they 
are untrue. Further, we have heard them rapped at us 
before, and they are stale. 

Firstly, I am glad he admits that he feels ‘‘ chastened in 
spirit” since the last letter, and we are willing to hold our 
hand out to one who confesses his fault; we are also 
aware that his remark can be taken{in another way, but 
we tolerate it. 

Secondly, no man, in all my thirty years’ experience of 
the trade, has ever resented the introduction of a modern 


labour-saving machine-tool ; for when you probe it to the 
bottom, you find it is not that, but the inevitable lowering 
of wages that has resulted, that has really been kicked 
at. 
steady wage on best tools, to do his best. 


Nothing would please a workman better than a 
As the case ts, 





very often after a year or two of devising, improving, and 
bringing out, say, a new automatic machine-tool or other- 
wise, and the draughtsman being in continual touch of same, 
these said skilled machine-men are told this sort of tale :— 
‘““Ah! Now that’s ready, we will get some ploughboys off 
the wheatfields to come in and work these machines at 
about 14s. per week, or less, and we shan’t want you 
fellows any more. Thanks; good morning!” 

It is that sort of conduct that we kick at, not the 
machine’s introduction. 

The human factor, no matter when, will always have to 
be considered, even in these money-grasping days of 
inconsiderate companies, &c.; and far from wanting no 
hours or work at all, as he suggests, may I point out 
that the better-minded are willing for shorter hours and 
more men employed, which is better than being on 
overtime, and continually helping pals on pay-day, who 
are short of that work, owing to the greedy overtimer. 

I feel sorry for the moral tone of the shops he is in 
touch with, as here I do not see such a keen desire for the 
public-house as he mentions. 

Also I wish to draw ‘‘Old Fogey’s” attention to the 
following—i.e., that the argument is, and has been all 
along, that for some indoor manufacturing and allied 
engineering trades, if work is got through as wanted, it 
can make no difference if a man starts at 8 a.m. Still, 
I am well aware that no hard-and-fast rule can be made, 
and that the starting time must be arranged to suit indi- 
vidual works’ circumstances. Nevertheless, 6 o’clock does 
cause a good many inconveniences to the working man, 
who, to get there in time, if he lives a fair distance away 
from the shop, must be up at 4am. I trust this will 
explain, and cover the ground. 

I remain, vours truly, 
A WorkING Man. 

Small Heath, Birmingham. 








PREPAYMENT METERS. 
To THE Eprror oF ENGINEERING. 

Srr,—Your note published in ENGINEERING of Feb- 
ruary 12, 1904, page 234, calls attention to a most 
important subject—namely, the question of what is a 
desirable agreement with the consumers through the 
penny-in-the-slot meters. 

The system itself is a most valuable one for all con- 
cerned, and is a large revenue-earner ; but, as in every 
other kind of collection, there are always difficult and 
fraudulent people to be dealt with. Fortunately, the 
proportion of these is very small, so that it becomes mani- 
festly unfair to inflict such stringent, strict, and irritating 
regulations upon, say, 999 out of every 1000 consumers, 
who desire to meet honourably the undertaking treating 
with them, for the sake of one bad payer. 

Respecting the before-mentioned few cyphers, all the 
agreements in the world will not prevent them carrying 
out their nefarious practices. Generally speaking, these 
consumers change residence in the early hours of the 
morning, without going through the formality of giving 
48 hours’ notice respecting their prepayment meter. 
Upon inquiry being made as to the new address, it will be 
found to be too indefinite for anything; generally 
** America.” 

Cases and circumstances differ materially in different 
towns, but after several years’ practical experience with 
the penny-in-the-slot system, I have come to the conclusion 
that an agreement is superfluous in this town. In the one 
case, as before stated, there are honourable people to be 
dealt with, and inthe other case dishonourable ones. 
a latter are few, and too insignificant to be bothered 
with. 

Such should be left for the police to deal with, when 
it will be found they are generally required on other 
counts. 

It goes without saying that any inspector visiting a 
house should produce his authority, if he is not known. 

Your note brings the matter prominently before those 
concerned in such a way that it is likely to produce suit- 
able consideration thereon. 

Yours faithfully, 
Epwarp A. Harman. 

Gas Works, Hudderstield, February 16, 1904. 








A Raitway Jupiter.—An interesting event took place 
on Friday, the 12th inst., at York—viz., the holding of 
the 100th half-yearly meeting of the North-Eastern Rail- 
way Company. The North-Eastern Railway Company 
originated in a combination of the York, Neweastle, and 
Berwick, the York and North Midland, and the Leeds 
Northern. These undertakings possessed between them 
698 miles of line, and 19,130,000/. of capital ; and the 
first joint half-yearly report was issued in February, 
1854—just fifty years since. The chief officials of that 
day were Mr. W. O’Brien, secretary and general manager; 
Mr. J. Cleghorn, assistant secretary ; Mr. T. E. Harrison, 
engineer ; Mr. H. Tennant, accountant ; Mr. E. Fletcher, 
locomotive superintendent ; and Mr. A. C. Sheriff, traffic 
manager. The receipts of the three joint lines were 
pooled, and the profits were allocated as follows :— 
York, Newcastle, and Berwick, 57.735 per cent. ; 
York and North Midland, 33.265 per cent.; Leeds 
Northern, 9 per cent. These proportions were varied 
later on, to some extent, by otnar lines being brought 
into the combination. The growth of the business may 
be estimated from the following facts :—Locomotives 
owned in 1854, 371; locomotives owned in 1904, 2142; 
passengers carried in the second half of 1853, 2,908,543 ; 
passengers carried in the second half of 1903, 29,202,409 ; 
receipts from passengers in the second half of 1853, 
263,023/. ; receipts from passengers in the second half of 
1903, 1,668,658/.; receipts from mineral traffic in the 
second half of 1853, 237,285/.; receipts from mineral 





traffic in the second half of 1903, 1,501,7902. 


ROYAL METEOROLOGICAL SOCIETY, 


Tue monthly meeting of this society was held on 
Wednesday evening, the 17th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster 
Captain D. Wilson-Barker, president, in the chair. ; 

Mr. E. Mawley presented his ‘t Report on the Pheno- 
logical Observations for 1903.” He showed that, owing 
to the mildness of the winter and early spring, wild | ints 
flowered in advance of their average dates until about 
May, after which time only backward dates were recorded, 
In no previous year, since the present series of reports 
were first instituted in 1891, have such spring migrants 
as the swallow, cuckoo, and nightingale been so late 
in reaching our shores. The yield of wheat, harley 
potatoes, turnips, and swedes was somewhat under 
average, but all the other farm crops yielded well, espe- 
cially those of hay and beans, which were unusually alun- 
dant. On account of the wet and protracted harvest, 
most of the grain of the cereals was more or less dis. 
coloured, while potatoes were almost everywhere much 
diseased. Throughout the country this was one of the 
most disastrous years for fruit ever known; in fact, the 
only crop which gave anything like an average yield was 
that of strawberries. 

Mr. W. H. Dines gave an account of the observations 
which he had made by means of kites at Crinan, off 
the West Coast of Scotland, during last summer. These 
observations were carried out by Mr. Dines, under 
the auspices of a joint committee of the Royal Meteoro- 
logical Society and of the British Association, the 
Government Grant Committee of the Royal Society 
providing funds for the hire of a vessel for the pur- 
pose, he author, after describing various improve- 
ments which he had effected in the kites, stated that 
the weather last summer was most unfavourable for 
kite-flying, as not only was there heavy rainfall, but gales 
were of frequent occurrence. On one occasion a thunder- 
storm came on suddenly when the kite was at a altitude 
of about 4500 ft. ; but, fortunately, it was got down with- 
out mishap. The results of the observations show that 
in August last the mean temperature gradient for the 
tirst 5000 ft. was 3.2 deg. per 1000 ft. This is substan- 
tially the same as that obtained during the preceding 
summer, although the conditions of weather were very 
different. 








ELectricAL WINDING ENGINES: Erratum. — By a 
printer’s error the base of the natural logarithms in 
column three of page 214, line 27 from the bottom, 


was given as ‘‘ e“” in place of ‘ ¢.” 





Contracts.—Messrs. Graham Morton and Co., Limited, 
of Leeds and London, have just secured contracts for the 
building of eleven bridges for the Great Western Railway 
Company, and fifty-seven girder bridges for the Bengal 
North- Western Railway Company. — Messrs. Merry- 
weather and Sons have received a repeat order from the 
Liverpool Corporation for one of their 500-gallon motor 
steam fire-engines.—The British Westinghouse Company, 
Limited, of Trafford Park, have received an order for a 
5000-volt alternator from Dunedin (N.Z.), and the same 
firm are also about to execute some further work in 
connection with the lighting of the Savoy Hotel and 
Theatre. 

Prersonat.—Mr. H. Entwistle announces that he has 
moved his business from 29, New Cannon-street, Man- 
chester, to Woodall’s-buildings, 42, Deansgate ; and that 
having taken into partnership Mr. W. H. Thorpe, the 
business will in future be carried on under the style of 
Messrs. Entwistle, Thorpe, and Co.—Messrs. James 
Howorth and Co., of the Victoria Works, Farnworth, 
near Manchester, have appointed as their general manager 
Mr. F. M. Prockter, A.M.I. Mech. E.—Messrs. Combe 
Barbour, Limited, of Belfast, have appointed Messrs. 
Doddrell Brothers, 11, Bothwell-street, Glasgow, their 
agents in Scotland.—Mr. H. Grunwell, A.M.I.C.E 
M.I. Mech. E., has been appointed a director of the 
Steam Crane Works, Stanningley, Leeds.—Mr. John 
W. Wainwright, A.M. Inst. C.E., M.I.M.E., has com- 
menced practice as a consulting engineer at Parliament 
Mansions, Victoria-street, S.W.—Mr. Edward Hayes, 
engineer, steam-tug, and launch builder, of Watling 
Works, Stony Stratford, advises us that he has removed 
his London address from 12, Great St. Helens, E.C., to 
Palace Chambers, 9, Bridge-street, Westminster, S.W. 


dey 





Tux “Suippinc Wortp” Yrar-Boox.—Amongst the 
increasing number of annuals and year-books now issued, 
none serves the shipper, shipowner, or ship captain so 
well as the Shipping World Year-Book, now in its 
eighteenth edition. It is edited by Evan Rowland 
Jones, and is published at 5s. at the Shippiny World 
office, Effingham House, Arundel-street, Strand, London, 
W.C. There is given a list of ports at home and abroad, 
with details as to channels, depths of water, docks, dues, 
pilotage, business done, consulate regulations, &c. The 
record of many of the ports occupies a page. The com- 
plete tables of the tariffs of all nations are specially useful 
to shippers, but are not without their interest for the 
general reader, at a time when the subject of retaliation 
and tariff reform is so much in the air. While these 
occupy over 1000 pages of the 1256 embraced in the 
book, there is also included all Board of Trade regula- 
tions and Acts of Parliament dealing with shipping, lists 
of officials, tables of distances, and statistical abstracts 
as to the industries—but these only bring the facts up to 
the end of 1902—with much data and formule appealing 
to the special clientele for whom the book has been sa 
carefully edited, 
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GREEN’S EQUILIBRIUM STOP-VALVE. 
CONSTRUCTED BY MESSRS. HOLDEN AND BROOKE, LIMITED, ENGINEERS, WEST GORTON. 

















Fic. 1. 


In the modern engine-room, whether land or marine, | 


with the high pressures now in vogue, the leakage of 
stop-valves is one of the greatest recognised sources 
of annoyance. Ordinary valves with a single seat are 
too large and unmanageable, while, on the other hand, 
ordinary double-beat valves are difficult to keep tight ; 
neither can these types of valves be easily controlled 
as regards the admission of small quantities of steam. 
With Green’s patent valve, constructed by Messrs. 
Holden and Brooke, Limited, West Gorton, Man- 
chester, these difficulties are entirely overcome, and 
the operating of the valve is under absolute control. 

Referring to the accompanying engravings, it will be 
seen that the smaller valve L has the pressure on the 
under side, and the larger valve M the pressure on 
the top. 
naturally tends to open first on putting the operating 
gear into motion, and the smaller valve will continue 
opening until the pressure is equal on both sides of 
the larger valve ; thus, as soon as the larger valve is 
placed in equilibrium, it can then, in its turn, also be 
opened with ease. The extent of lift on the lower 
valve is controlled by a stop on the cover. 

The valves and seatings are made of phosphor-bronze, 
unless otherwise specified, and the bodies are made in 
cast iron, steel, or gun-metal. 

‘The valves are opened by revolving the hand-wheel 
with a left-hand motion; the spindle is thereby 
rotated, and the nut on the left-hand thread travels 
along the spindle in the direction of the hand-wheel. 

The upper nut on the spindle is held stationary 
owing to the pressure being on the top side of the larger 
valve, and is screwed with a right-hand thread ; this 


By this arrangement the smaller valve) 
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Fie. 2. Fia. 3. 


| for example, only twelve turns of the hand-wheel are 
| necessary for a 10-in. valve from shut to full open. 

3. The smaller valve can also be used without 
| operating the larger valve, and thus be employed as a 

manceuvring or by-pass valve. 

| 4. The admission of small quantities of steam can 
| be more easily, delicately, and safely effected than in 
| any other type of valve. 
| 5. The valves do not chatter or hammer, even when 
only slightly opened, as is the case in most other 
balanced valves. 
| 6. The relative positions of the inlet and outlet can 
| be arranged in different positions to suit the lead of 
| the steam-pipe. 








INDUSTRIAL NOTES. 


and Cadeby Main Collieries Company, Limited, against 
the Yorkshire Miners’ Association ended on Monday 
in last week in a verdict for the plaintiffs, the ques- 
tion of damages being deferred, as explained in our 
| leading article last week. On the day following the 
| matter was again before the judge, when it was inti- 
mated that there would be an appeal on the part of 
the defendants. In reference to the Judge’s remark 
that he was sorry some man had not the moral 
courage to stand up in his place and tell the men 
that when they entered into a contract they must be 
‘expected to keep it, it is worth recalling that some 
|of the old labour leaders would have had the 
| pluck to do so—such men as William Allan, of 
the Engineers’, Daniel Guile, of the Ironfounders’, 
John Kane, of the Iron-Workers’, Robert Applegarth, 
of the Carpenters and Joiners’ Society, pe others. 
The latter, once at Birmingham, told the members 
of his own society, who were for prolonging a strike, 
that if he were living in Birmingham, he would 
be by his bench side on. the Monday following. 





him from his post ; but in six months’ time they in- 









TuE first stage of the great action by the Denaby | 








‘‘The men hooted and hissed, and threatened to oust | 












» a RA 
SY ING 











Fig. 4. 


‘account. There is also a very interesting review of 
the shipbuilding industry in 1903. The London 
County Council requested Mr. James Cox, the general 
secretary of the Iron and Steel Workers’ Association, 
to undertake an inquiry into the conditions of em- 
ployment, &c., in Germany and Belgium, in conse- 
quence of the criticism a upon the L.C.C. in 
respect of contracts for the supply of steel tram-rails 
for the London Tramways under the management of 
the Council. The association gave its secretary a free 
hand, and he conducted the inquiry, the report of 
which will be a valuable document as regards the 
conditions of labour in those countries. No better 
selection could have been made than Mr. Cox, whose 
experience is world-wide. 





The monthly report of the Ironfounders’ Society 
states that there is very little change in the state of 
trade, but there was a decrease of 80 members on 
| donation benefit. The latter is thought to be due to 

a re-start after the holidays at Christmas and the 
New Year. The decrease in the balance of cash in 
hand was really less than given, for a portion of it was 
due to an oversight in last month’s report. Still the 
decrease was considerable—over 2000/. It is stated that 
| the newspaper reports as to the collapse of the Chatham 
| strike are untrue; no settlement has been effected, and 
| the strike continues. The arrears due at the end of 
| the year by members were less by 581/. 16s. 5d., so that 
| the year ended under conditions which indicate a fair 
| start for the next. The returns as to the state of trade 
| vary considerably in the various items, but on the whole 
| the changes were rather small. In ten places, with 
1015 members, trade was said to be very good, as com- 
pared with four places, with 310 members, in the 
previous report. But under the head of ‘‘ Good” 
there was a decrease in the number of places and 
of members. Nevertheless, there was a decrease in 
the number under ‘“‘ Bad” and “‘ Very bad,” both as 
regards the number of places and of members. On 
the whole the indication is rather favourable to 


vited him to a dinner and praised him for his courage.” | better prospects. The total number on the funds was 





causes the spindle to travel through the upper nut, in 
an upward direction, at the same time as the lower nut 


Recently Mr. J. N. Barnes, of the Engineers’ Society, | 36]4—net increase, 11. The decrease of 80 on donation 
had to do a similar thing at Glasgow, and he did it, | benefit was more than made up by an increase of 63 











2 also oe along —— in es same — | though at the time he was a prospective candidate for | 
ion. is action opens the smaller valve, and con-| one of the divisions of Glasgow. ‘ This is the kind of 
pong — the lower lever comes in contact | courage which tries and tests the man, and which, 
e stop on the cover. | unfortunately, is not always to be f 1. 

The pressure is now equal on both sides of the | " on oe | 
larger valve, and as the lower nut cannot travel further| The Jronworkers’ Journal for the current month is 
in = oo oe Mi ¥ the cae, nga eg | of exceptional interest at the present time. It reviews | 
revolving of the hand-wheel causes the spindle to| the North of England iron and steel trades for the 
aoe — wg age nut a ging Lom year, — states vp = the a in 
aeue pon : yh aged nut will also travel in an | prices upon the wages of the workers. The fiuctua- 
; s action opening the larger| tions in the average prices of material, which consti- 

— ; | tutes the basis of wages, were singularly few and 
a e oe on over other types may be | small. on six months in the year the average was 
umerated as follows :— just a trifle over 6/. 4s. per ton; once, in May and 
1. The great disadvantage in the ordinary double- | ysl nearly ‘1s. above that rate ; in Supieasnos and 
beat valve caused by expansion in affecting the distance October only 0.77d. over. The highest rate was in 
between the valve-faces, and also the valve-seats, is| July and August, when the price was 6/. 6s. 1.98d., the 
entirely overcome owing to the independent action of lowest rate was in March and April, when it was 
the two valves ; the distance between the valve-faces  6/. 3s. 4.71d. per ton. There was no change in iron and 
adjusting itself automatically to suit the distance | steel workers’ wages in the North of England during the | 
between the seats. year ; but the wages of blast-furnacemen were reduced 


2. The time required to open or close is very short ; | 2 per cent. in October and 3 per cent. on the December 





| compared with the ’end o 


on sick benefit, of nine on superannuation, nine on the 
trade funds, and ten on dispute benefits. The cost 
was at the rate of 1223/. 18s. 6d. per week. The 
total membership was 18,375; the cash balance was 
100,115/. 14s. 4d., showing very little difference as 
December, 1902, and an 
increase over the balance of January 31, 1903. 


The monthly report of the Amalgamated Society of 
Carpenters and Joiners states that there is nothing 


‘of special importance to comment upon this month, 


but the general office is busy, and there is a dearth 
of employment throughout the country. No im- 
"one is expected till the weather is better and 

righter. Members are charged not to imperil their 
situations by any reckless action, as all the funds are 
needed to provide benefits for those out of work, sick, 
and on superannuation allowance. The total number 
of members is 72,185 ; of these, 4710 were on donation 


| benefit, 1826 on sick benefit, and 1443 on super- 
allowance; total on the funds, 7979. 


annuation 
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: a : ‘ 3 ‘ jaan 3 — 
Some more officials have been convicted of em-| Chinese labour is denounced in no measured terms. | with 101,025/. for the cost of new cables, &c. On the 


bezzling the funds, and the council suggests that|The article represents the attitude of workmen} other hand, it was credited with 2861/. for premiums 
there is a great lack of supervision on the part of | generally, although they have been slow to come | received on 4 per cent. mortgage debenture stock, 


some of the branches. There is an absence of disputes 


to the front to declare their opinions. 


It is curious} The fund was accordingly increased from 1,038,342/. 


it would appear, as there is no mention of places where | that in this same issue appears the ‘‘ Address of the | at the close of March, 1903, to 1,060,178/. at the close 


members are not to seek work. 
South Africa would appear to be deplorable. Five | 
branches report trade to be very bad, two as bad, | 
two as deplorable, one as depressed, six as overstocked, | 
and one as ‘strike pending.” Not one even reports 
trade as fair or moderate. Branch resolutions call 
attention to the state of trade in South Africa, and 
also to signing agreements in this country for work to 
be performed abroad, an instance being given of men 
sent to France on the understanding that they could 
work full time—53 hours per week, whereas they only 
worked 37, with no compensation for lost time. The | 
report has also resolutions on the fiscal question, all 
in favour of Free Trade, anda reprint of the circular | 
of the Parliamentary Committee of the Trades Union 
Congress on the same question, as adverse to the new 
fiscal proposals now before the country. 





The monthly report of the Associated Blacksmiths 
expresses regret that there is no evidence of any im- 
provement in trade. It then refers to the ‘‘ renewed 
attack on the part of the North-East Coast and Clyde | 
employers on the wages and earnings of their em- 
ployés,” It states that ‘‘ the usual stereotyped apology | 
was used —depression in trade.” Well, wages were | 
reduced, but there was no great accession of orders | 
on the part of shipowners, though the cost was less, | 
or supposed to be less. Employment is scarce, and 
wages are lower, the workmen and their families being 
the chief sufferers The quarterly report for the last 
quarter of 1903 1s given ; the income had decreased, 
and the expenditure had increased. The increase was 
general—under all heads. Some exclusions are men- 
tioned, among others the unfit—men who had paid for 
a while, then obtained all the benefits possible, then 
fell into arrears, and were excluded. The opinion of 
the branches is being taken as to the proposed reduc- 
tion in wages. 


The Monthly Circular of the Durham Miners’ Asso- 
ciation states that the membership has risen from 
82,894 at the end of 1902, to 86,346 at the end of 1903, 
showing an increase in the year of 3452. Still, it is 
complained that many are outside the ranks of the 
union. In one instance the union men insisted upon 
the non-union men joining the union; this they did 
when brought face to face with the option of joining | 
or ceasing work. Jubilant reference is made to the 
return of Mr. Johnson for Gateshead. He is one of 
the trusted officials of the union. The compensation 
committee have had many cases of accident before 
them—fatal and non-fatal. These are dealt with 
without going into the Law Courts. 











The report of the Cotton-Spinners’ Association shows 
an increase of members on the funds, as compared | 
with the previous month, of 6.5 per cent., as against | 
3.88 per cent. a month ago, and 4.87 per cent. a year | 
ago. There was also a slight increase in the full mem- 
bership, but a decrease of 16 as compared with a year 
ago. The united membership is stated to be 13,923 of 
all sections. There were 14 dispute cases; 15 in the 
previous month, and 26 in the same month a year ago. 
All the cases were dealt with by the officials of the 
association. The number of accident cases was 27 ; 
in the month previous, 34; and in the same month a 
year ago, 37. The compensation claims sent to em- 
ployers, to be dealt with by the joint committee, were | 
20 in all—unless the employers agree without any | 
dispute or reference. No reference is made to the | 
cotton ring in America and its recent doings. | 

The dearth of cotton has been having a sad effect | 
upon the cotton trades of Lancashire. It is computed 
by the operatives’ representatives that two millions 
sterling were lost in wages alone during last year, and 
the outlook for the present year is not encouraging. 
The movement for opening up new sources of supply 
is gaining ground in Lancashire; but Mr. Hutton, who 
has been } sae on the subject, intimated at a 
meeting in Manchester that the cotton operatives have | 
done more in proportion to their means in financially | 
helping the movement than the employers. This 
means, of course, that while many employers give 
liberally, a large number withhold their financial 
support. Yet the movement is quite as much for the 
employers as for the operatives. 





The current number of the London Trades and | 
Labour Gazette deals with some of the more urgent | 
political topics, such as the fiscal question, the labour | 
question in South Africa, &c., from the industrial | 
standpoint. It shrewdly suggests that a protective | 
volicy, if inaugurated, would consolidate the Labour | 
Suey in this country, as it has done and is doing in | 
Germany. It indicates also, as a result, that many 


politicians will view these questions in that light, and 
will hesitate to declare for a policy which will have 
that effect. 


The importation into South Africa of 


of Great Britain and Ireland,” in favour of the pro- 
tection of native industry. It is at variance with the 


decisions of the London Trades Council, of the Trades | 48,005/. in the six months un 


Union Congress, of the General Federation of Trade 


| 


The state of trade in | Metropolitan Trades Delegates to the Working Classes| of September, 1903. The repair and renewal of 


cables, depreciation of spare cable, sundry differences 

in exchange, and income tax —— abroad absorbed 
er review. 

Further tariff reductions are to be made by the 


Unions, of the Labour Representation Committee, and | company as from July 1, 1904. The reductions wil] 


of resolutions by numerous trade unions. 
of the journal is taken up by reports of trade councils 


‘and other labour bodies, and of labour movements 


on the Continent. It is a record of the doings of the 
past month, from sources in direct contact with labour, 
both at home and abroad. 





The position of the iron and steel trades in the Wol- 
verhampton district has undergone little change. The 


| complaint is that the bookings are limited for prompt 


delivery in most branches of the finished iron trade. 
Prices continue weak, except as regards marked bars 
at the reduced rates, with corresponding prices for 
best plates, hoops, and thin sheets; the firms supplying 
all of which have a fair amount of new work on hand. 
Unmarked iron is not in great demand, business being 
mostly done by a few of the leading firms. There are 
no new features in connection with the engineering 
and allied trades, nor in the bulk of the hardware in- 
dustries of the district. 

In the Birmingham district the market was better 
attended than for some time past, but it was without 
animation. Marked bars have been fairly in demand 
at the reduced rates, but unmarked bars are inactive. 
It is said that a considerable amount of Belgian iron 
continues to come into the market. Galvanisers are 
quiet, both on home and foreign account. German 
steel is not offered so freely. There are no changes of 
importance in respect of the engineering and allied 
trades, nor in the other iron, steel, and metal-using 
trades. 


More inquiry is reported in some branches of the 
engineering and allied trades in the Lancashire dis- 
tricts, but the result, in the shape of new work, is not, 
as yet, a large increase of actual orders. Boiler-makers 
are a little busier, and among machine-tool makers 
and in some other branches more orders are being 
given out. But the situation is still far from satisfac- 
tory. A larger proportion of men are out of work 
than usual in these branches of industry. Quietude is 
the general condition of the iron market in most cases. 





The representatives of the engineers, boiler-makers, 
and iron shipbuilders on the North-East Coast have 
been officially notified that the employers have decided 
to postpone the proposed reduction in wages for six 
months. The changed conditions in trade are credited 
with this change of policy. It is an indication of a 
probable revival in those industries. 


The coal-heavers at Marseilles struck work last 


| week on account of the number of foreigners who are 


employed in the port at this work. Coaling of the 


| vessels to a considerable extent is at a standstill in 


consequence. What a peculiar comment upon the 
doctrine of the solidarity of labour! The old idea 
was a brotherhood of the workers ; now it is a restric- 
tive policy—each to his own country. 





A Bill for the establishment of Wages Boards in this 
country has been introduced ; two Labour members 
and four others have backed the Bill. The object is 
to fix a minimum wage to be paid in particular trades. 
But if for some trades, why not for all? It isa 
retrograde policy, on the lines of the Statutes of 
Labourers, dating from Edward III. 





Short time is being adopted in the cotton trades in 
America and Belgium, as well as in Lancashire, in 


| consequence of the short supply of the raw material, 


and the cornering of such by great capitalists and 
syndicates in America. 





The Home Office inquiry into the advisability of 
making rules and regulations to prevent accidents at 
the docks, harbours, and canals of the United King- 
dom, when the loading and unloading vessels are in 
operation, is being thoroughly done, and will probably 
end in some legislation or Government restrictions 
which will be of advantage to the workers in all such 
undertakings and employment. 








SUBMARINE TELEGRAPH ENTERPRISE. 
Tue Eastern Telegraph Company, Limited, is 

enabled to maintain its dividends tor the half-year 

ending September 30, 1903, at the customary rate, 


and at the same time to add 7000/. to its mainten- | 


ance ships’ reserve fund, and 120,000/. to its general 
reserve fund. The general reserve fund was debited 
during the six months ending September 30, 1903, 





The rest | be 4d. per word in the case of messages to and from 


Portugal, Spain, Gibraltar, Tangiers, and (ireecce ; 
14d. per word in the case of messages to and from 
Malta ; 2d. per word in the case of messages to and 
from some parts of Egypt ; 5d. per word in the case of 
messages to and from other parts of Egypt; and 2s. 
per word in the case of messages to and from Labuan, 

In the six months ending September 30, 1903, 89,162/, 
was expended on capital account for new instrument- 
rooms at Gibraltar and Porthcurnow, new staff-(juarters 
at St. Helena, new buildings at Vigo, the purchase of 
the Sherard Osborn from the Eastern Extension, 
Australia, and China Telegraph Company, Limited, 
and sundry investments. The expenditure made on 
account of new cables to the close of September 30, 
1903, was 759,305/., reduced to 659,305/. by a deduc- 
tion of 100,000/. from the general reserve fund. The 
reserves formed stood altogether at the close of Sept- 
ember, 1903, at 1,628,035/., being made up as follows : — 
General reserve, 1,060,178/.; maintenance ships’ fund, 
245,181/. ; marine insurance fund, 165,661/. ; fire in- 
surance and guarantee fund, 98,842/.; land and build- 
ings depreciation fund, 42,707/. ; and insurance of goods 
in transit fund, 8966/. 

In the course of the half-year ending September, 
1903, revenue was debited with 38,792/. for the repair 
and renewal of cables. Theactual expenditure under 
this head was 87,398/., but 48,605/. was charged to the 
French Government for repairs of cables, as well as to 
other companies for calls of ships for cable-repairing 
purposes, or of ships repairing cables, &c. The com- 
pany has now seven steamers engaged in the repair and 
renewal of cables—viz., the Chiltern, the Electra, the 
Mirror, the Amber, the John Pender, the Duplex, and 
the Sherard Osborn. The expenses of the Chiltern 
for the half-year ending September, 1903, were 11,027/.; 
those of the Electra, 9779/.; those of the Mirror, 
93071.; those of the Amber, 10,561/.; those of the 
John Pender, 7018/.; those of the Duplex, 10,060/.; 
and those of the Sherard Osborn, 8499/. The 
Chiltern was engaged on repairs to the Suez and 
Aden No. 3 cable, the Porthcurnow and Vigo cable, 
the Lipari, Milazzo, and Messina Straits cables, and 
shifting shore ends at Vigo. The Chiltern also re- 
paired the Zanzibar and Mozambique No. | cable, the 
Mombassa and Zanzibar cable, the Lourencgo Marques 
and Durban cable (twice), and the Mozambique and 
Lourengo Marques cables for the Eastern and South 
African Telegraph Company. The Electra was engayed 
on repairs to the Aden and Bombay Nos. 1 and 2 
cables, the Suakim and Perim No. 2 cable (twice), and 
the Perim and Aden No. 2 cable. The Electra also 
repaired the Perim and Assab cable for the Italian 
Government. The Mirror was engaged on repairs to 
the Bona and Malta Nos. 1 and 2 cables. She also 
repaired the Falmouth and Bilbao cable for the Direct 
Spanish Telegraph Company, the Sennen and Canso 
Nos. 1 and 2 cables for the Western Union Telegraph 
Company, and the Emden and Vigo cable for the 
German Ocean Telegraph Company. The Amber 
was engaged on repairs to the Porthcurnow and 
Lisbon No. 1 cable (twice), the Lisbon and Cibraltar 
No. 1 cable (twice), the Gibraltar and Malta 
No. 1 cable, the Cadiz and Gibraltar cable, the 
Lisbon and Gibraltar No. 2 cable, and the Marseilles 
and Bona Nos. 1 and 2 cables. She also repaired the 
Lisbon and Madeira cable for the Western Telegraph 
Company. The John Pender was engaged on repairs 
to the Lisbon and Gibraltar No. 1 cable (twice), and 
the Porthcurnow and Lisbon Nos. 1 and 2 cables. 
She also repaired the Sennen and Canso cable for the 
Western Union Telegraph Company. The Duplex 
was engaged on repairs to the Mossamedes and Cape 
Town cable for the Eastern and South African Tele- 
graph Company; the Accra and Lagos cable, the 
3athurst and Sierra Leone cables, and the Sierra Leone 
and Accra cables for the African Direct Telegraph 
Company ; and the St. Thomé and Loanda cable for 
the West African Telegraph Company. She also laid 
a new four-core cable between Cape Town and Robben 
Island. The Sherard Osborn was engaged on repairs 
to the Aden and Zanzibar, the Mombassa and Zanzi- 
bar, and the Zanzibar and Mozambique No. 1 cable 
for the Eastern and South African Telegraph Com- 
pany. She further repaired the Mozambique and 
Majunga cable for the French Government. 

The Direct United States Cable Company reports a 
revenue for the second half of 1903 of 47,815/., as 
compared with 52,544/. in the corresponding period of 
1902. The working expenses for the past half-year 
were 21,816/., as compared with 21,747/. The direc- 
tors allocated 8000/. of the profits of the past half- 
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rear to the reserve fund. On the other hand, the 
reserve fund was debited during the half-year with 
30,178/. for the cost of cable repairs. After allowing 
for interest on investments and profit realised on the 
sale of securities, the reserve fund was reduced from 
474,665/. at the close of June, 1903, to 462,094/. at the 
close of December, 1903. Spare cable and cable tank 
stood in the books at the close of December at 17,3331. ; 
200/. was charged against revenue for the past half- 
year to provide for the depreciation of spare cable. 


J 








THE TONNAGE LAWS. 

Ar the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 9, Sir William 
H. White, K.C.B., President, in the chair, the paper 
read was entitled ‘‘ The Tonnage Laws, and the Assess- 
ment of Harbour Dues and Charges,” by Mr. H. H. 
West, M. Inst. C.E. The following is an abstract of 
the paper :— ve) ¥ f 

The Merchant Shipping Act of 1854 established the 
present method of measuring the tonnage of vessels. The 
consolidation of the laws relating to merchant shipping, 
which was accomplished by the Act of 1894, made some 
changes in the details of tonnage allowances ; but as it 
did not alter the fundamental principles of measurement, 
comments on the tonnage regulations made in the paper 
are based on the law as it now stands under the Consoli- 
dating Act of 1894. . ; ; 

The word ‘‘ton” has such a variety of meanings in con- 
nection with shipping that its derivative ‘‘ tonnage” has 
acquired an undesirable vagueness. There is the ton of 
weight ; the ton of measurement; the ton of displace- 
ment; the ton of burthen ; also the registered ton, totally 
different from any of the others. The words “‘ registered 
tonnage” are used to denote the internal capacity of a 
ship, and are supposed to express the internal space in 
the vessel, in ton units of 100 cubic feet. 

Tonnage, as ascertained by the tonnage regulations of 
the Merchant Shipping Act, 1894, is of three denomina- 
tions :— 

(a) Gross tonnage, being the vessel’s total internal 
capacity ; : : 

(6) Tonnage under tonnage-deck, being the internal 
capacity up to the tonnage-deck ; . 

(c) Registered tonnage, being the net, or official, ton- 
nage after the deduction from the gross of all allowances. 

The duty of directing and controlling the measurement 
of ships has been imposed by Parliament upon the Board 
of Trade, whose surveyors carry out the actual measuring 
and calculation of the tonnage of British ships. 

Although the tonnage regulations for the measurement 
of internal capacity are sound in — and have never 
been seriously objected to since their introduction in 1854, 
questions have frequently been raised upon the inter- 
yretations which the authorities of the Board of Trade 
1ave, from time to time, put upon the Act; first, as to 
what spaces shall be measured, and what spaces shall be 
exempt from measurement in the gross tonnage ; and 
secondly, upon the deductions and allowances from the 
gross tonnage which are permitted by the Act in ascer- 
taining the net, or registered, tonnage. 

The allowances contemplated by the Act of Parliament 
are of three classes :—(1) aoe devoted to the accommo- 
dation and comfort of the officers and crew, and to the 
protection of deck passengers from exposure to the 
weather ; (2) spaces occupied by the necessary appliances 
of navigation, and by certain arrangements which may, 
under special circumstances, tend to the safety of the 
ship ; (3) spaces occupied by the ship’s propelling appa- 
ratus, It is the third class of allowances which make 
the most marked differences between the treatment of 
sailing ships and steamers in respect of tonnage measure- 
ment, and gives scope to the ingenuity of designers, 
which, while it secures perfectly legal tonnages, some- 
times makes such tonnages ridiculously small ; this causes 
grave inequalities in the incidence of charges based upon 
tonnage. 

The paper explains in detail what is the law respecting 
tonnage measurement, and an appendix gives a number 
of illustrations of the actual tonnages of vessels, showing 
the irregularity which arises from the present law. 

As the Merchant Shipping Act of 1894 allows authorities, 
who have power to levy tonnage rates upon ships, to levy 
them upon the registered tonnage as determined by the 
regulations of the Act, it isnatural that shipowners should 
take advantage of every device to reduce that tonnage to 
its legal minimum. There being no Imperial taxes upon 
shipping, the most important bearing of this clause of 
the Act is upon the dues and charges levied on shipping 
by the various port authorities of the United Kingdom. 

There can be little doubt that the original idea of 
harbour dues was a tax recognising the rights of the lord 
of the place, and, perhaps not unnaturally, it was levied in 
some supposed proportion to the apparent ability of the 
shipowner to pay it. This view has crystallised into the 
idea that harbour charges should be levied in proportion 
to the earning powers of the vessel, and it has been sup- 
posed that tonnage is a fair measure of that earning 
power. 

The author contends that this idea is feudal and anti- 
quated, and that even if it were not, tonnage is a false 
and inadequate measure of earning power. He believes 
that the only fair and reasonable basis for the assessment 
of harbour dues and charges is the nature and extent of 
the services rendered by the harbour authority to the 
particular vessel making use of those services. 

If this be right, it is necessary to consider the nature of 
harbour services before a proper opinion can be formed 
as to how dues should be assessed. These may be broadly 
described as of three different kinds :— 

1. The provision and maintenance of a safe and con- 








venient waterway from the open sea to the point of loading 
or discharge. 

2. The provision of safe and suitable quays for loading 
and discharging cargo, and, or, embarking and disembark- 
ing passengers. 

3. The provision of special appliances and conveniences 
for special purposes. 

The cost of preparing and maintaining a waterway 


approach to the harbour, other things being equal, is | 


probably proportional to the depth of the channel. The 
breadth of channel is governed by natural local condi- 
tions or by the volume of traffic to be accommodated, and 
not by the breadth of any individual vessel. It would 
therefore appear that for this part of the harbour service 
every vessel should pay in proportion to her draught of 
water. 

Quay accommodation is somewhat different. The cost 
of construction and maintenance is probably proportional 
to the height and length of quay wall. A vessel’s draught, 
therefore, is not a complete measure of the service ren- 
dered to her; her length comes into the question, and 
the service rendered would be more correctly gauged by 
the product of the vessel’s length and draught. For 
reasons explained in the paper, it would, perhaps, prove 
more convenient to levy the quay charge separately on 
the vessel’s length and on her draught. It does not 
appear that the Breadth of the vessel has much to do with 
this part of the service rendered by the harbour authority, 
except, perhaps, to a small extent in the case of enclosed 
docks, when it may somewhat affect the water area re- 
quired for manceuvring the vessel, and to this extent have 
an influence on the assessment of her dues. The vessel’s 
breadth may also have some effect by the width of dock 
entrances required, and these are points which it is hoped 
may be elucidated in discussion. 

Capacity may be said to affect the question of quay 
area required for the reception of cargo; but the author 
is of opinion that this factor in the assessment of dues 
varies so much on account of special circumstances in 
each case that the area of quay required should be 
relegated to the class of special charges for special pur- 
poses, and be charged for as a rent according to the area 
— and the length of time of occupation, 

Jnder the present system passenger accommodation is 
liable for dues, whether that part of the ship is in use on 
the particular voyage or not. It is possible, of course, 
that the port does provide facilities for passengers, in 
which case they should certainly be paid for when, and 
to the extent that, they are used. A tonnage charge, 
however, makes no such distinctions, and to this degree 
is inequitable ; a suggestion, whatever it may be worth, 
is made for meeting this difficulty by a time and capita- 
tion charge. 

The author further points out that the unit of time for 
occupation adopted by most port authorities is so long 
that little distinction is made between the vessel which 
arranges for rapid despatch, and so makes room for a 
fresh customer, and the vessel which uses the accommoda- 
tion of the port up to the extreme limit allowed on one 
payment. 

The principle of payment for special appliances, accord- 
ing to the extent of their use, is already recognised in 
such a large degree that it needs little argument to justify 
its extension. 

It is recognised that harbour revenues, however 
derived, should be sufficient to pay working expenses, 
maintenance, a reasonable interest on capital outlay, and 
the accumulation of such a reserve fund as will provide 
for improvements from time to time as they may be 
necessary to keep abreast of the requirements of the 
traffic. Probably this means, in most cases, a revenue at 
least equal to the present revenue. Any change, there- 
fore, should first of all be so arranged as to conserve the 
present incomes of existing ports. At the same time the 
charges on an ‘‘average ship” should not be higher than 
they are at present. 

It is evident that such a readjustment of charges in- 
volves a laborious investigation and exhaustive inquiry. 
The author confesses that he has but little hope of any 
beneficial reform from an amendment of the tonnage 
laws, partly because tonnage is an international subject, 
and the laws can only be altered with the approval and 
consent of most of. the maritime nations of the civilised 
world, but also, and perhaps mainly, because he considers 
tonnage to be an unnatural basis for the assessment of 
harbour dues. 








IRRIGATION IN Mexico. —Irrigation companies are 
taking up large tracts of land in the Rio Grande valley in 
Mexico with a view to the cultivation of rice upon an 
extensive scale. ah 





AMERICAN NaATuRAL Gas.—In 1886 the great Findlay 
field in Ohio began to be a prominent factor, and was 
followed soon after by the development of the vast Indiana 
field. With these remarkable and sudden discoveries of 
quantities of natural gas which were before unknown, the 
general impression was that the reservoirs of this remark- 
able fuel in the United States were practically inex- 
haustible. North-Western Ohio and Central Indiana vied 
with Western Pennsylvania in consuming the greatest 
quantity of natural gas in the shortest time by almost 
turning night into day. The climax was reached in 
1888, when it had been estimated that not less than 
750, 000,000,000 cubic feet of natural gas were consumed 
and wasted. For this immense quantity only 22,630,000 
dols. was paid. This includes what was received for all 
the natural gas consumed in the United States in 1888, at 
an average price of 3 cents per 1000 cubic feet. If sold at 
only 10 cents per 1000 cubic feet, the gas would Jhave 
yielded 75,000,000 dols. It took the place of about 
18,000,000 tons of coal. 


| 
ENGLISH AND BELGIAN RAILS. 


Ir is interesting to contrast the course taken last year 
| by the foreign demand for English and Belgian rails as 
| compared with 1902. The general conclusion at which 

we may arrive is that while English steel rails were, upon 
| the whole, in better demand last year, the progress of the 
exports was less marked than that indicated by the ship- 
ments of Belgian rails. The British exports in 1902 were 
583,543 tons ; in 1903 they advanced to 608,146 tons. The 
Belgian shipments in 1902 were 183,708 tons; in 1903 
they rose to 267,122 tons. It follows that while the ex- 
pansion of the British exports last year was 24,603 tons, 
that of the Belgian exports was 83,414 tons. There is 
also more strength about the Beigian exports than is ob- 
servable in the British exports. We make this none too 
encouraging admission because the external demand for 
British rails is immensely dependent upon colonial con- 
sumption. This is shown by the annexed table illus- 
trating the shipments of British rails during the last two 
years to the four principal colonial groups :— 


Pe el 1903. 1902. 

Colonial Group. ‘Sone a. 
British South Africa 126,400 49,066 
British India 3 122,515 162,627 
Australasia 45,337 75,935 
Canada 83,755 71,174 


These colonial shipments at once accounted for 378,007 
tons and 358,802 tons out of the 608,146 tons and 583,540 
tons, representing the whole exports for 1903 and 1902 ; 
and it is not too much to observe that but for the return 
of peace in South Africa, there would have been no in- 
crease at all in the shipments of British rails in 1903, but 
that, on the contrary, some decrease would probably have 
been noted. On the other hand, the only Belgian colony 
to which Belgium forwarded any steel rails last year was 
the Congo, to which 1777 tons were sent, as compared 
with 602 tons in 1902. Even the Congo can scarcely be 
said to be a Belgian colony, as it claims to be an indepen- 
dent State. At the same time, it is so much under 
Belgian influence that it is, perhaps, fair to class it as a 
Belgian dependency. In 1903 Belgium forwarded 35,932 
tons of rails to the United States, as compared with 22,825 
tons in 1902. The rail exports of Great Britain in the 
same direction last year were conspicuous by their absence ; 
in 1902 they amounted to 17,402 tons. e also had to 
contend with the competition of Belgian rails last year 
in Canada. As we have just shown, our rail shipments to 
Canada last year were 83,755 tons, as compared with 
71,174 tons in 1902; the increase would, however, in all 
probability have been much more considerable but for 
the fact that Canada took 35,995 tons of rails from Bel- 
jum last year, as compared with nil in 1902. Mexico 
tn been for some years another external market for 
British rails; but here, again, we have had to contend 
with Belgian deliveries, amounting in 1903 to 34,562 tons, 
and in 1902 to 46,021 tons. A market for Belgian rails 
has even been opened out in Great Britain itself, the 
shipments made last year to this country having been 
29,195 tons, as compared with 19,691 tons in 1902. Ex- 
ports of Belgian rails exceeding 5000 tons in each case 
were further made last year to the following countries (the 


corresponding deliveries for 1902 are also annexed) :— 
1903. 1902. 

Country. Tons. Tons. 

Brazil 14,824 8452 
China 17,474 8313 
Cuba 5,012 974 
Greece 6,623 22 
Italy 9,738 3045 
Holland 13,696 5229 
Argentina ... 5,541 488 


These totals would certainly appear to show that the 
general demand for Belgian rails is increasing ; and this 
is in all probability due to the greater activity observable 
in Belgian canvassing for orders, supported by a larger 
investment of Belgian capital abroad. 





Our Locomotive Exports.—The weight of the loco- 
motives exported from the United Kingdom in January 
was 3055 tons. In this total South America figured for 
539 tons, British South Africa for 884 tons, and British 
India for 1008 tons. The value of the locomotives ex- 
ported in January was 162,096/., as compared with 281,796/. 
in January, 1903, and 147,734/. in January, 1902. The 
a demand was represented by the following 
totals :— 





Colonial Group. Jan., 1904. Jan., 1903. | Jan., 1902. 
£ £ £ 
British South Africa 44,753 31,053 26,654 
British India 50,720 104,031 62,163 
Australasia .. 4,129 93,644 10,160 


The value of the locomotives forwarded to South America 
in January was 28,084/., as compared with 24,093/. in 
January, 1903, and 19,2587. in January, 1902. With this 
exception—explained by the large amount of British 
capital invested in Argentine railways —the foreign 
demand for British locomotives will be seen to be com- 
paratively insignificant, the great support of our locomo- 
tive export trade being the colonial demand. Upon 
the whole, the new year appears to have opened in rather 
a discouraging fashion, but it would be premature to 
arrive at present at any definite conclusion upon the 








subject. 
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THE BRADFORD FEED-PUMP. 


On the present page we give two views of a new 
type of boiler feed-pump (steam-driven), which has 
recently been introduced, and is manufactured by 
Messrs. Thwaites Brothers, Limited, of the Vulcan 
Iron Works, Bradford. Fig. 1 is a perspective view 
of the pump, and Fig. 2 is a sectional elevation 
showing the arrangement of parts. The particular 
pump from which our illustration is taken is employed 
in feeding a Lancashire boiler working at a pressure of 
150 lb. to the square inch; this pump we recently 
had an opportunity of seeing in operation at Bradford. 
It will be gathered from our engravings that the pump 
is of the direct double-acting type. The distribution 
of steam in the actuating cylinder is governed by a 
single valve, which is operated entirely by mechanical 
means, and which is therefore not liable to stick in the 
annoying manner that is sometimes experienced with 
pumps of this nature fitted with an ordinary shuttle- 
valve. The valve is operated on the ‘‘lost-motion ” prin- 
ciple by means of a lever connected to the piston-rod, 
as shown in our illustration, the distribution of steam 
being indicated by means of arrows. There are bored in 
the liner of the pump-cylinder a number of small holes 
or ports. These are so arranged that when the steam- 
valve reaches its central position, and the steam is cut off 
from entering the steam cylinder, these ports are begin- 
ning to open, owing to the upward or downward move- 
mentofthepump-piston. The effect is that the opening of 
the ports throws both sides of the pump-piston into 
communication. The pressure on the pump-piston is 
therefore equalised, oak te expansion of the steam in 
the steam-cylinder is then sufficient to complete the 
full stroke, thereby actuating the steam-valve, so that 
steam is admitted to the opposite side of the steam- 
cylinder. Naturally, as is customary with this type 
of pump, the steam is carried practically full stroke, 
no more work being done by expansion than is required 
to complete the very small portion of the stroke neces- 
sary to operate the valve. 

The advantage of this design will be apparent, the 
pump acting with certainty, and a full stroke being 
obtained with every reciprocation. There is no fear 
of sticking at any speed, and a very regular discharge 
is obtained owing to the absence of slowing down at 
the end of the stroke. The steam-valve is of a simple 
type, such as would be understood by an attendant 
who had been used to dealing with steam-engines of 
any kind. The pump is useful for either marine or 
land purposes, and it is proposed to make a larger size 
with cylinders on the compound principle. The 
pistons of the water-pump are packed with ebonite 
rings, and all parts in contact with water are 
of gun-metal. As stated, we recently had an 
opportunity of seeing one of these pumps at work 
at Messrs. Thwaites Brothers’ establishment, where 
it was employed in feeding a Lancashire boiler 
used for supplying steam to the works. It was 
run first at 40 double strokes a minute, when 
it delivered the feed smoothly and without shock 
at the end of the stroke. Slow running was 
then tried, the speed being brought down to 54 
double strokes per minute, and there was, of 
course, no sticking of the valve. This pump had a 
5-in. steam-cylinder and a 3{-in. pump-cylinder, the 
stroke being 74 in. The boiler pressure was 150 lb. 
to the square inch. The feed-pipe was of 2 in. diameter 
and 30 ft. long, having twelve right-angled bends 
between the pump and the boiler. The suction pipe 
was also 2 in. in diameter, and drew from a tank 
below, the lift being 6 ft.; there were four bends 
in this pipe. The pump was fitted to work both 
condensing and non-condensing. The travel of the 
valve in this case was ,°; in. The capacity of 
the pump was given as 500 gallons per hour, it 
being designed for a feed pressure of 200 lb. to 
the square inch. Messrs. Thwaites Brothers have 
made arrangements for the construction of these 
pumps of;different sizes and on a large scale. Special 
arrangements have been made for carrying out the 
work on the “‘ gauge and jig” system, so as to ensure 
accuracy of parts and interchangeability ; indeed, the 
operations of these works for the manufacture of the 
various standard type articles produced are carried out 
on this principle, the tool-room and the jig and gauge 
department being especially well equipped. The firm 
have also recently introduced a system of working 
with modern semi-automatic machines with limit- 
gauges, and other appliances, in conformity with the 
best modern workshop practice. 





Beicium Buast-Furnaces.—The number of blast- 
furnaces in activity in Belgium at the commencement of 
February was 34, while six furnaces were out of blast at the 
same date. At the commencement of February, 1903, the 
active furnaces numbered 33, while the number of fur- 
naces out of blast was 6. The total of 34, representing 
the furnaces in blast at the commencement of February of 
this year, was made up as follows :—Charleroi group, 12; 
Liege group, 16; Luxenbourg group, 6; total, 34. The 
output of pig iron in Belgium in January was 114,142 tons, 
as compared with 108,741 tons in January, 1903. 
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THE ELECTRIC CONDUCTIVITY OF 
STEEL. 


Tests of Steel for Electric Conductivity, with Special 
Reference to Conductor-Rails.* 
By J. A. Carr, Schenectady, New York. 

For certain classes of electric railways a steel conductor 
is preferable to the older and more commonly used over- 
head trolley-wire. The third-rail presents a rather better 
appearance, because of the absence of an overhead struc- 
ture ; it is easily installed, cheaply maintained, presents 
a large area for conducting and collecting the current, and 
is therefore particularly suitable for high-speed and heavy 
service. With costs calculated on the basis of equal con- 
ductivity in rail and trolley-wire, the third-rail construc- 
tion is cheaper than the overhead trolley. But the 
average inter-urban road will use a trolley-wire of con- 
siderably less conductivity than would be obtained with 
the smallest size steel rail (about 60 1b. per yard) that 
would ordinarily be used, and here the first cost of trolley 
construction would generally be less than that of the third- 
rail. While no third-rail installation has yet been in 
operation long enough to give figures of value, it would 
appear that the cost of maimtenance of the third-rail 
construction should be less than that of the overhead 
trolley. This consideration, together with that of sight- 
liness and adaptability (particularly in the case of ter- 
minals, yards, and very heavy or high-speed service), will 
frequently offset the higher cost of the third-rail con- 
struction, and make it the preferable means of conducting 
the current from the generator to the car-motor. 

For the first third-rail installations, old track-rails were 
used when obtainable, and these old rails were supple- 
mented with new rails of standard T-section and com- 
position. With the coming of the very heavy, high-speed 
service during the past few years, the resistance of these 
old and new standard T-rails was found to be so high that 


* Paper read before the American Institute of Mining 
Engineers, at New York. 
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| they would not carry the Ifigh currents necessary without 
too great a drop in the line-potential. The rails would 
| therefore have to be supplemented with additional copper 
feeders ; but as this would be an expensive way to over- 
|come the trouble, rails of higher specific electric con- 
| ductivity were sought. . 
Because of the lack of specific data on the relation 
between conductivity and composition of mild steels, 
| specifications for conductor-rails am usually been based 
|/on the fact that the conductivity of a metal is generally 
more or less directly in proportion to its purity. In most 
|cases the purity of the iron specified for such rails has 
| been so high that not only was it difficult to obtain, but 
| the iron was also correspondingly of high price. One of 
| the factors governing the choice between a third-rail and 
|a trolley-wire is the relative price of steel and ‘copper, 
allowance being made for the difference in conductivity. 
Hence, a balance must be struck between high con- 
ductivity (which is equivalent to saying a high degree of 
| purity or freedom from the usual metalloids associated 
| with iron) and the cost of producing the steel of the 
| composition necessary for the conductivity required. 
| With the object of drafting a rational specification for 
| Such third-rail steels, a series of tests was started last 
spring, in the testing laboratory of the General Electric 
Company, on steels of as wide a range of composition as 
could be obtained from the steel-makers. The results of 
| these tests form the basis of this paper. . 

On entering the market with an order for rails of special 
|composition, difficulty was encountered in interesting 
| rail-makers, and the reason became apparent. The mills 
| which make the standard T-rails, or standard rails of 
| other sections (such as the girder and grooved rails), have 
| generally been designed with the object of making such 

rails only, and practice throughout has been standardised 

to the greatest possible extent, both in the manipulation 
| of the steel and in its manufacture in the furnace or con- 
| verter. Hence an order, even of considerable extent, for 
| rails of special composition has so upset the routine work 
|that it was considered a nuisance to be endured rather 
|than a desirable business to be sought for. Obviously, 
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then, recourse must be had to mills where such special 
compositions can be handled economically. . E 

The T-section of rail was the outcome of designs in- 
tended to present the greatest life and strength of the 
section, with the least weight of the metal—conditions 
necessarily to be met in a running-rail, But the con- 
ditions for the third, or. conductor, rail are different ; 
here there must be provided sufficient surface for the 
collection of the current, and cross-section ample to carry 
the current without an undue drop in the line-potential. 
The strength of the section is of little moment, and any 
section-which is easily installed in an insulator is satis- 
factory. This permits the use of sections rectangular, or 
nearly so, Which may be rolled easily in any mill equipped 
for the rolling of merchant-bar shapes of reasonably heavy 
weight, without any change in equipment, or practice, 
beyond the provision of grooved rolls of the necessary 
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cation of the relation between conductivity and composi- 
tion, we obtained, from as many of the steel-makers as we 
could interest, — representing all of their common 
products. Some of the makers kindly provided us also 
with samples of special steels made in crucible charges. 
The samples were mainly forged or rolled bars of from 
1 to 2.5 in. in diameter, and from them were turned bars 
of 0.75 in. in diameter, or 1 in. in diameter by 24 in. in 
length, on which resistivity was determined. The chips 
from the finishing cuts were collected, and these furnished 
the samples for analysis. Also, we cut similar bars from 
the heads of T-rails which were to be found in the yard 
tracks. 

Table I. states the electrical resistance and the chemical 
composition of 45 samples of steel, and Table II., page 276, 
gives similar data on seven samples of wrought, or refined, 
iron, together with results on three samples of iron re- 
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TABLE I.—RESISTANCE AND COMPOSITION OF STEEL. 
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SPECIFIC RESISTANCE. oateneiie ANCE. PERCENTAGE COMPOSITION. 
! 
SERIAL | er eer “ 
a Microhms | T Matthie- | | 

4 empera- Matthie- | | - 
Per £™. | tare, sen | Cu.=1. 0. Mn. P. s Si. Beer P.+S, 

Cm2 | Deg. C. Standard. | Not Fe. +Si. 

deg. 

1 | 22.72 19 7.58 13.20 0.33 1.27 0.09 0.05 0.05 1.79 0.19 
2 20.90 20 | 8.27 12.12 0.17 1.09 0.09 0.05 0.004 1.404 0.144 
3 21.29 25 8.27 12.09 1.40 0.222 0.01 0.020 0.082 1.734 0.112 

4 19.87 19 8.65 11.55 0.20 0.95 0.10 0.08 0.05 1.38 0.23 
5 19.80 19 8.68 11.51 0.43 0.77 0.10 0.04 0.066 1.406 0.206 
6 19.80 | 19 | 8.69 11.51 0.36 0.80 0.10 0.04 0.047 1.347 0.187 
7 19.81 20 8.69 11.51 C.22 1.08 0.10 0.05 0.06 1.510 0.210 
8 19.69 19 | 873 11.44 0.74 1.58 0.043 0.036 0.20 1.599 0.279 
9 18.95 25 | 9.29 10.76 1.61 0.147 0 015 0.018 0.092 1.882 0.125 
10 18.17 19 9.46 10.56 0.41 0.72 0.039 0.041 0.11 1.32 0.190 

ll j 17.27 19 9.96 10.04 0.36 0.87 0,08 0.09 0.04 1.44 0.21 

12 17.10 19 10.06 9.94 0.37 0.73 0.09 0.04 0.06 1,29 0.19 
13 17.10 19.5 10.06 9.94 0.23 0.80 0.016 0.033 0.016 1.095 0.065 
14 16.96 19 10.14 9.86 0.30 0.95 0.063 0.01 0.01 1.333 0.083 
15 16.95 19.5 10.14 9.86 0.29 0.99 0,084 0.01 0.01 1,384 0.104 
16 16.32 19 10.55 9.48 0.23 0.89 0,058 0.01 0.005 1.193 0.073 
17 16.25 19.5 10.59 | 9.44 0.26 0.83 0,053 0.01 0,004 1.157 0.067 
18 16.21 20 10.62 | 9.42 0.28 0.65 0.083 0.06 0.05 1.123 | 0.193 
19 16.09 19 10.69 | 9.36 0.22 0.68 0.077 0.07 0.05 1.097 | 0.197 
20 16.09 19 10.69 9.36 0.16 0.66 0.074 | 0.030 0.014 0.958 | 0.118 
21 15.32 19 11.24 | 8.90 0.33 0.49 0.068 0.05 0.02 | 0.938 0.138 
22 14.57 19.5 11.82 8.46 0.31 0.45 0.10 0.04 0.026 0.926 | 0.166 

23 14.49 20 11.88 8.42 0.25 0.41 0.10 0.04 0.03 0.83 | 0.17 

24 14.73 23.5 11.88 8.42 0.144 0.46 0.09 0.08 trace 0.774 | 0.17 

25 14.62 23.5 11.96 8.36 0.188 0.48 0.09 0.08 = 0.83 017 
26 14,15 19 12.17 8.22 0,22 0.56 0,024 0.34 os 0.838 0.058 
27 14.03 19 12.26 8.16 0.192 0.57 0,024 0.34 me 0.82 0.058 
28 13.86 19 12.41 | 8.06 0.16 0.48 0.091 0.04 0.01 0.781 0.144 
29 13.83 19.5 12.44 | 8.04 0.10 0.55 0.08 0.05 0.024 0.804 0.154 
30 13.80 19 12.57 | 8 02 0.14 0.41 0.11 0.05 0.009 0.719 0.169 
31 13.67 i9 12.58 7.95 0.23 0.48 0.024 0.01 0.023 0.767 0.057 
32 13.64 | 19 1261 | 7.93 0.24 0.57 0,029 0.01 0.003 0.850 0.042 

33 13.90 24 | 12.63 7.92 0.10 0.25 0.04 0.02 0.05 0.46 0.11 
34 13.31 | 19 12.92 | 7.74 0,25 0.37 0.04 0.03 0.018 0.708 0.088 
35 13.30 19.5 12.94 | 7.73 0,23 0.49 0.024 trace 0.004 0.748 0.028 

36 13.27 19 12.97 7.71 0.19 0.37 0.09 0.05 0.01 0.71 0.15 
37 13.25 19 12.99 7.70 0.27 0.41 0.024 0.01 0.001 0.715 0.035 
38 13.18 19 13.05 7. 0.28 0.28 0.027 0.034 0.04 0.661 0.111 
39 13.18 | 19 13.05 7.66 0.07 0.40 0.08 0.07 0.013 0.633 0.163 
40 13.07 | 19 13.16 7.60 0.28 0.42 0.022 0.04 0.008 0.770 0.970 
41 12.87 20 13.27 7.48 0.16 0.38 0.08 0 04 0.009 0.669 0.129 
42 12.73 20 18.52 7.40 0.15 0.45 0.011 0.033 trace 0.644 0.044 
43 12.69 19 13.55 7.38 0.19 0.21 0.025 0.04 0.034 0.499 0.099 
44 12.53 19 13.74 7.28 0,215 0.22 0.051 0.113 zee 0.599 0.164 
45 11.01 19 15.63 6.40 0.05 0.19 0,054 0.059 0.03 0.383 0.143 

shape. Mills rolling merchant bars, or structural steel, | ported by Messrs. Barrett, Brown, and Hadfield in a paper 


to me are generally equipped to make steel in the open- 
hearth furnace, which readily lends itself to the making 
of steel of the special composition demanded by the 
electrical engineer for the third, or conductor, rail. 
Having these facts in mind, a section of a conductor- 
rail has been designed by Mr. W. B. Potter, Chief Engi- 
neer of the Railway Department of the General Electric 
Company, which, when 2.5 in. wide by 4 in. high, will 
weigh about 98 lb. to the yard. This shape, which is 
shown in Fig. 1, may easily be rolled in any mer- 
chant-bar mill heavy enough to attempt sections of this 
weight. A dovetail at tlie bolton provides an easy means 
of securing the rails by fish-plates of special forms, and 
any of the common forms of er may easily be applied. 


Ordered in lots of 1000 tons or more, such a rail should 
cost no more than a plain rectangle of equal weight. 
To provide steels of sufficient range to give some indi- 


referred to later in this article. The samples were num- 
bered serially in the order of their resistance, No. 1 being 
of the highest resistance. Samples Nos. 1, 2, 4, 7, 11, and 
12 are standard T-rails from several well-known makers, 
while Nos. 24 and 25 are cut from the 100-lb. T-rail used 
for the conductor on the Aurora, Elgin, and Chicago 
Railroad. No. 45 is a T-rail used by the Underground 
Electric Railways Company of London, and ordered 
from a steel-maker in Westphalia. Samples Nos. 46, 47, 
and 48, Table II., are ordinary refined bar-iron, while 
Nos. 49 and 50 are special brands of refined bar-iron sold 
for use in stay-bolts and similar work. Nos, 51 and 52 
are Swedish and Norwegian irons respectively. 

The resistance is expressed in the three ways in which 
such results are frequently stated. The first column gives 
the specific resistance, or resistivity, of a section 1 square 
centimetre in cross-section and 1 centimetre long, ex- 
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TOTAL PER CENT NOT IRON. 


pressed in microhms (ohms x 10~-) and at the tempera- 
ture given in the second column. In the third column is 
. the conductivity (on the basis of Matthiessen’s 
etermination of the resistivity of pure copper)—1.e., the 
ratio of the resistivity of copper to that of the sample, ex- 
pres as a percentage. The fourth column gives the 
resistance of the samples compared with Matthiessen’s 
copper as unity (the figures in the fourth column are the 
reciprocals of those in the third column multiplied by 100), 
The second half of the table gives the percentages of the 
usual elements to be found in steel or iron, the total per- 
centage of these elements, and the sum of the percentages 
of phosphorus, sulphur, and silicon. 
he coefficient of —- of resistance with change of 
temperatures is practically the same for copper and for 
ordinary steel and iron ; hence, even though resistivities 
are determined at different temperatures, the conduc- 
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| tivities, or comparative resistances derived therefrom, are 
| directly comparable within limits close enough for the 
| purpose of this discussion, without actual determinations 
'of the temperature coefficient in each case, and the re- 
| duction of results to a basis of common temperatures. 
| Therefore, in all succeeding reference to results, the re- 
| sistance will be expressed as in the fourth column—.e., 
the ratio of resistivity of sample to that of Matthiessen’s 





copper. 

The resistance of steel, as of other alloys, might be 
| expected to vary more or less directly with its purity. 
| Therefore, in the curve shown in Fig. 2 are plotted re- 
| sistances and total percentages of metalloids. The curve 

was first drawn from the data in Table II., and was ap- 
| proximately a straight line, but on adding the results 
| obtained for refined iron from Table II., the lower part 


| TaBLE III.—Resistance of Steel. Variation with Man- 
| ganese. (Carbon from 0.17 to 0.23 per Cent.). 











Bee Manganese. | Resistance. | Carbon. | P.+S.+Si. 
per cent. per cent. per cent. 

| 2 1.09 12.12 0.17 0.144 

| 4 0.95 11.55 0.20 | 0.28 

| 7 1.08 11.51 0.22 0.210 
13 0.80 9.94 0.23 0 065 

} 16 0.89 9.48 0.23 0.073 

| 19 0.68 9.36 0.22 0.197 

| 25 0.48 8.36 0.188 0.17 

26 0.56 8.22 0.22 0.058 

| 27 | 0.57 8.16 0.192 0.058 

| 31 0.48 7.95 0.23 0.057 

| 35 0.49 7.73 0,23 0.023 

| 36 0.37 7.71 0.19 0.15 

| 43 0.21 7.38 0.19 0.099 

| 44 | 0.22 7.28 0.215 | 0.164 


of the curve was found to bend up as shown by the 
broken line. This would indicate that the increase in 
resistance, due to increasing percentages of metalloids, 
| becomes gradually greater up to about 0.75 per cent. of 
| metalloids, after which it follows a straight line up to 
| about 2 per cent. of metalloids; beyond this latter point 
oursamples did not extend. 

By the selection of samples of a composition varying 
in one element only, an attempt was made to define 
separately the influence of the several elements upon the 
resistance of steels. In Table III. are listed those samples 


TABLE IV.—Resistance of Steel. Variution with Man- 
ganese. (Carbon from 0.27 to 0.33 per Cent.) 





Fa: a Manganese. | Resistance. | Carbon. P. + 8.+ Si. 
per cent. per cent. per cent. 
1 1,27 13.20 | 0.33 0.19 
14 0.95 9.86 | 0.30 0.083 
15 0.99 6.86 0.29 0.104 
18 0.65 9.42 | 0.28 0.193 
| 21 0.49 8.90 } 0.33 0.188 
| 22 0.45 8.46 0.31 0.166 
37 0.41 | 7.70 0.27 0.035 
38 0.28 | 7.66 0.28 0.111 
| 40 0.42 | 7.60 0.28 0.070 
| 


| 


having carbon between 0.17 and 0.23 per cent., man- 
| ganese being the principal variable; and in Table IV. 
are listed samples with manganese variable, and 
carbon constant at from 0.27 to 0.33 per cent. These 


| results are plotted on the curves shown in Figs. 3 and 4, 
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which show that the effect of manganese in increasing 
resistance gradually increases with the percentage of 
manganese present, within the limits represented by these 
samples. 

Messrs. Barrett, Brown, and Hadfield,* in the study 
of the influence of manganese on resistance, used steels 
containing from 0.5 to 18.5 per cent. manganese, and 
found the resistance to increase at first very rapidly, with 
constantly increasing percentage of manganese, then 
more and more slowly, until 7 per cent. manganese, after 
which a further increase in the percentage of manganese 
produces little or no increase in resistance. Le Chateliert 


Fig. ef Resistance of Steel. Variation of Manganese 
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TABLE V.—Resistunce of Steel. Variation with Carbon. 
(Manyanese from 0.15 to 0.28 per Cent.) 
Sample Carbon Resistance. | Manganese. P.+S +Si 
Number. a e vesistance. Manganese. ~ tS +51 
per cent. per cent. per cent. 
3 1.40 12.09 0.272 0.112 
9 1 61 10.76 0 147 0.125 
3: 0.10 7.92 0,25 0.11 
38 0.28 7.66 0.28 0.111 
43 0.19 7.38 0.21 0.099 
44 0.215 7.28 } 0.22 0.164 
45 0.05 6.40 0.19 0,143 | 


Taste VI—Resistance of Steel. Variation with Carbon. 
(Manganese from 0.4 to 0.48 per Cent.) 











—- Carbon. Resistance. Manganese. P. +S. x Si. 

per cent. per cent. percent. | 

21 0.33 0.49 0.138 

22 0.31 0.45 0.166 

23 0.25 0.41 0.17 

24 0,144 0.46 0.17 

25 0.188 0.48 0.17 

28 0.16 0.48 0.144 

30 0.14 0.41 0.169 } 

31 0.23 7.95 0.48 0.057 | 

35 0.23 7.73 0.49 0.028 

37 0.27 7.70 0.41 0.035 

39 0.07 7.66 0.40 0.163 

40 0.28 7.60 0.42 0.070 

42 0.15 7.40 0.45 0.044 


Table VII.—Resistance of Steel. Influence of Carbon. 
(Results of M. Le Chutelier.) 





Resistance. Composition. 
Microhms. Oa: = 1, C. Mn. Si. 
per cent, per cent. per cent- 
10 5.78 0.06 0.13 (.05 
12.5 7.22 0.20 0.15 0.08 
14 8.10 0.49 0.24 0.05 
16 9.25 0.84 0.24 0.13 
18 10.40 1,2] 0.21 O11 
18.4 10.64 1.40 0.14 0.09 
19 10.00 1.60 0.13 0.08 


TABLE VIII.— Resistance of Steel. Variation with Carbon. 
Results of Barrett, Brown, and Hadfield. Temperature 
17 Deg. Cent. 


Resistance. Composition. 
Sample 
Mark. 
Microhms. Cu. = 1. Carbon. Manganese. Silicon. 
percent percent. per cent 
1392G 19.1 11.19 1.23 0.12 
326L 17.6 10.31 1.09 0.17 
1392 A 17.9 10.49 0.85 0.17 
1392 B 17.2 10.07 0.84 0.20 
1392 I 16.7 9.78 0.83 0.06 
1392 H 16.1 9.43 0.78 0.10 
1166A 13.4 7.85 0.14 0.08 





also gives figures showing the influence of manganese on | 
resistance, but he has reported five samples only, and 
these are of such high carbon content as to be of no, 


* “©On the Electrical Conductivity and Magnetic Per- 
meability of Various Alloys of Iron,” by W. F. Barrett, | 
W. Brown, and R. A. Hadfield, in Transactions of the | 
Royal Dublin Society, vol. vii., Series 2, Part IV. 

+ ‘‘Sur le Resistance Electrique des Alliages,” par 
Mons. H. Le Chatelier, in ‘‘Contribution 4 1’Etude des 
Alliages,” published by the Committee on Alloys of the | 
Societe d’Encouragement pour I’ Industrie Nationale. 


service to us in the study of steels available for conduc- | 
tor-rails. 

To determine the influence of carbon, we have selected, 
in Table V., those steels with manganese constant at 
from 0.15 to 0.30 per cent., with carbon as the principal 
variable. In Table VII. we havestated results given by 
Le Chatelier in the paper previously mentioned ; and in 
Table VIII. the results of Messrs. Barrett, Brown, and 
Hadfield taken from the paper previously quoted. All of 
these figures are plotted on the curve shown in Fig. 5, 
where the solid straight line represents closely the results 
of Le Chatelier, while the broken line follows more nearly 


cer. 
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quantities which the steel-makers would consider reason. 
able, without unduly increasing the resistance. 

For a satisfactory third-rail, the lowest possible resist- 
ance (from 6 to 6.5 times that of copper ”) is not necessary ; 
and the great cost of making such extremely pure steel 
is not warranted. In fact, such extremely pure steels 
would probably be so soft that the frictional wear of the 
collecting shoe would be excessive, and the life of the 
rail in service unduly short. Assuming, then, that a rail 
made from steel having a resistance not greater than 
eight times that of copper (13.8 microhms at 20 deg. Cent.) 
would be desirable for conductor-rails, the figures tabu- 





| 


-50 .60 .70 .80 .90 100 4110 1,20 





PER CENT MANGANESE 


of 


43 


= 


3 


RESISTANCE -COPPER 1, 
& © 


_ 


gy 


















© RESULTS OF LE CHATELIER 
+ FROM TABLE N91, 
4 RESULTS OF BARRETT, BROWN & 


Fig 6. 






trom 0:40-Sper %, 





3 


3 






| +] 






RESIS TANCE -COPPER =1. 
© 


40.20 .30 40 
PER CENT CARBON 


“ 











6 
10.20 .20 40 50 60 .70 60 .90 100 140 420 130 140 1,50 
8105.0.) PER CENT CARBON 
TABLE II.—ReEsistanck AND COMPOSITION OF IRON. 
SpEcIFIC RESISTANCE, OOK Rusist- PERCENTAGE COMPOSITION 
inne — | DUCTIVITY.| ANCE. Pag a ae saad 
SERIAL eee a a Me Te ee oe es | om a 
Number. Microhms Tempera- Matthies- | Total 
rep CM ture, sen tu= C. Mn. P. 8: ae ae P. x8, 
Per Gm2 deg. C. Standard. sates # ; Not Fe. x Si. 
| 
46 13.80 7.82 0.15 0.068 0.13 0.02 0.15 | ¢.518 0.30 
47 13.82 7.48 0.15 0.064 0.036 0.02 0.13 } 0.400 0,186 
48 13.10 7.41 0.16 0.074 0.12 0.027 0.10 | 0.481 0.247 
49 12 54 Be | 0.08 nil 0.13 0.008 0.024 | 0.242 0.162 
0 11 92 6.76 0.17 0.027 0.074 0.022 0.077 | 0.370 0.173 
51 10.82 6.17 0.058 0.10 0.014 trace 0012 | 0.184 0.026 
52 10.80 6,12 0.16 0.018 0.049 0.011 0015 | 0.252 0.075 
LSS 11.40 6.68 0.050 0.180 0.013 0.011 0.02 | Or | 0.044 
B 11.00 6.44 0.030 0.036 0.065 0 016 0.14 ; 0.287 | 0.221 
SCI 10.35 6.06 0.028 trace 0.004 0.0.5 0.07 | 0.107 | 0.079 


the average of the combined figures from all three sources. 
With uniformly increasing carbon, the resistance at first 
rises very rapidly, but the rate of increase gradually 
drops until it reaches a straight line at about 0.2 per cent. 
C, which continues up to limits of the carbon listed. In 
all cases the steel is supposed to be unhardened, as it has 
been shown by Barus and by Le Chatelier that hardened 
steels may have double or even treble the resistance found 
in the annealed state. Table VI. selects samples, with 
manganese constant at from Q.4 to 0.5 per cent. and 
carbon variable ; these results are plotted on the curve 


shown in Fig. 6, but the range of the carbon percentages | 
is too small to permit the drawing of any curve. The | 


broken line is drawn parallel to the straight portion of 
the line in the curve shown in Fig. 6. Saal 
The elements—phosphorus, sulphur, and silicon—were 


not present in sufficient quantity in any of the ——— 


tested to permit us to draw any curves showing t 
influence upon the resistance. In both the papers pre- 
viously quoted, the influence of silicon, when present in 
large quantity, is studied ; but the number of samples 
tested is too small to warrant any conclusions that are 
really definite. In commercial steels the percentages of 
all three of these elements is so small that their effect on 
resistance may generally be neglected. 

A study of the tables and curves given in this paper | 
shows that manpanese preponderates in influencing the 
resistance of steels, and that for lowest resistivity, this 


| element must be present in very small quantity, much 


smaller than is usual in merchant or structural steels. 


| While all the other elements must be present only in very 


small percentages, so great is the preponderance of the 


| influence of manganese that they may be tolerated in | 


reir | 


lated would seem to indicate that the following extreme 


composition would be permissible :— 
Per Cent. 


Carbon up to . ee as oe es a 0.2 
Manganese up to.. ee oe a oe vis 0.4 
Phosphorus up to oe = oe oe os 0.06 
Sulphurupto .. = at ee “s oe 0.96 
Silicon up to a ar . : an 0.05 


This composition, however, would be extreme, and any 
overstepping of bounds might result in too great resist- 
ance ; therefore, for resistance up to eight times that of 
copper, the specified analysis should be :— ican 

er Cent. 


Carbon not to exceed .. nr a se Se 0.15 
Manganese not to exceed os rs bia Ss 0.30 
Phosphorus not to exceed Pr re a we 0.06 
Sulphur not to exceed .. ev. ~ i os 0.06 


Silicon not to exceed .. a = = ee 0.05 
This latter composition is one which could be made 


| easily in any open-hearth furnzce, and it should present 


no difficulty in rolling to a shape suitable for conductor- 
rails, such as that shown in Fig. 1. In fact, steel of this 
composition has been successfully rolled into sheets as 
thin as 0.014 in., and was for a long time a standard pro- 
duct of a large sheet mill. 








Nova Scotran Coat.—The Nova Scotian Steel and Coal 
Company’s output from its mines at Sydney last year was 
about 80 per cent. larger than in 1902, and at the Marsh 
mine, near New Glasgow, 75 per cent. larger. During the 

ast year two new eons were opened at the companys 
Sydney mines, and they produced 100,000 tons. It is 
estimated that 700,000 tons of coal will be raised in 1904. 
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BOILER EXPLOSION AT DORCHESTER. 
A yorMAL investigation has been conducted by the 


Board of Trade with reference to the cause and circum- 
stances of a boiler explosion, which occurred on Sept- 
ember 30, at the West Farm, Tolpuddle, near Dorchester, 
and by which two men were injured, one of them seriously. 
The Commissioners were Mr. Howard Smith, barrister- 
at-law, and Mr. Matthew McIntyre, consulting engineer 
and member of the Institute of Naval Architects ; Mr. 
CG. C. Vaux appeared for the Board of Trade, and Mr. 
H. A. Huxtable for Messrs. Lott and Walne, who were 
made partners to the inquiry. : 

In opening the proceedings, Mr. Vaux said that the 
boiler, which was of the portable locomotive type used 
for threshing purposes, was made in 1877 by Messrs. 
Brown and May, Limited, engineers, of Devizes, to resist 
a working pressure of 60 1b. on. the square inch. The 
usual fittings were attached, and in July, 1877, the boiler 
was sold to Mr. Phillips, engineer, of Newport; but as 
that gentleman had destroyed his papers, the history of 
the boiler from then up to 1896 could not be traced. It 
had been ascertained that ultimately it came into the 
possession of Mr. Arthur Legg, a farmer, and on his 
death it was, along with the other machinery and the 
stock, taken over by Mr. Robert Hunt. Up to 1890 the 
Loiler appeared to have been worked at a pressure of 
40 lb. or 45 1b. per square inch, and in that year some of 
the tubes began to leak, so that repairs were made by 
Mr. Taylor, an engineer, of Dorchester. After being 
used for some little time for driving an engine for 
threshing purposes, Mr. Hunt decided to sell the boiler, 
and requested Messrs. Lott and Walne, engineers and 
jronfounders, Dorchester, to make an offer for it ; and 
on December 20, 1902, it was purchased by that firm, 
the price paid being 80/. After the purchase they 
appeared to have been under the impression that the 
fire-box was renewed at the time the repairs were 
made by Mr. Taylor, but this was not the case. They 
overhauled and repaired the engine, and tried the boiler 
under steam, and in July, 1903, sold it to Mr. Alfred 
Coleman, of the Manor Farm, Broadmayne, for 120/. 
At that time there were two safety valves on the boiler, 
a 2}-in. valve loaded by means of a lever and spring 
balance, and a lock-up valve 2 in. in diameter, loaded by 
a direct spring, the former being the only effective valve. 
The boiler was set to work at West Farm, Tolpuddle, 
under the charge of a labourer; and on Wednesday, Sep- 
tember 30, he lighted the fire at 7 a.m., and at 9.35 a.m. 
the engine was stopped to replace a band which had come 
off, the pressure then being about 50 lb. Just when the 
engine was being re-started the explosion occurred, the 
boiler being carried to a distance of about 45 ft., and the 
funnel, fire-box, smoke-box, fire-door, &c., scattered 
over the field. Bowles, the labourer, and another man 
named Wills, were injured, the former having his arm 
broken, and the latter had his spine so severely injured that 
at the time of the inquiry he was in the hospital partially 
paralysed. The boiler had subsequently been examined 
by Mr. Boyle, engineer-surveyor to the Board of Trade, 
who found that the fire-box was seriously weakened by 
corrosion. 

Among the witnesses called by Mr. Vaux were the fol- 
lowing :— 

Mr. Robert Ord, works manager to Messrs. Brown and 
May, Limited. He produced a pee and description of 
the boiler, and said that though the general outward 
form of boilers of that class now was practically the 
same as those made in 1877, yet ps apie had, of 
course, been made since, because of the increase in pres- 
sures. Their boilers now were made for 90 1b. pressure; 
then they were for 60 lb. 

Mr. Henry Duke, estate agent, appeared for Mr. 
Robert Hunt, Poundbury Farm, who, it was stated, was 
ill. The boiler was used very little while he was there, 
and it was sold to Messrs. Lott and Walne for 80/. 

Mz. William Chalker, farm bailiff to the last witness, 
said that no repairs were made to the boiler while he was 
there; and deposed to a conversation which he had had 
after the explosion with Mr. Coleman as to a new fire- 
box. The boiler looked all right, but he did not remem- 
ber telling Mr. Coleman that it was in good condition. 

Frederick Dennett, employed at Poundbury Farm, said 
he had charge of the boiler during threshing time. He 
had never had any trouble with it, and had not noticed 
any leakage. He knew of nothing wrong with the fire- 
box. They worked at 45 lb. by the gauge, and the safety- 
valve blew off at 601b. The Coiiee had not been fitted 
with a new fire-box. 

By Mr. Huxtable: Witness denied that when Mr. 
Walne saw the boiler on one occasion there was 70 lb. 
pressure on it. It had never been so high to his recollec- 
tion. He was not specially trained for engine-driving. 

3y Mr. Howard Smith: He used town water for the 
boiler, and it was clear. 

By Mr. Huxtable: The fire-box appeared to be in good 
order. 

Mr. George Taylor, implement repairer, spoke to 
effecting some repairs to the boiler in March, 1900. He 
fixed the valve for 40 lb. pressure before returning the 
boiler, but nothing was done to the fire-box. He ex- 
amined it outside, and considered there was nothing wrong. 
He had repaired boilers on previous occasions. 

Mr. John G. Lott, director of the firm of Messrs. Lott 
and Walne, Limited, engineers and ironfounders, of 
Dorchester, spoke to purchasing the boiler with other 
machinery from Mr. Hunt. He understood from Mr. Hunt 
that the boiler had had new tubes and a_new fire-box. 
The boiler was not fully examined as regards the fire-box 
when he bought it, but all appeared to be in good order. 
He had, however, since found out that the fire-box was an 
old one instead of a new one, which they expected to find. 
Since it had left their works the fire-box appeared to have 


been overheated. On examination after the explosion, 
witness found the crown split right along the fire-holé and 
sides, while the crown-plate was very thin and much 
buckled. There must have been a higher pressure than 
601b. when the explosion occurred. He attributed the 
explosion to the thinness of the fire-box crown and defec- 
tive working. When the boiler left their works, the safety- 
valve blew off at 601lb. The driver might have had a 
bigger fire than usual, but witness did not consider that 
there was shortness of water at the time of the explosion. 

By Mr. Howard Smith: Witnesscertainly understood 
from Mr. Hunt that a new fire-box had been put in. I 
they had not been told that, they would have tested the 
fire-box before it left their works, either by drilling it or 
ta ping it with a hammer. 

A . J. J. Walne, of the firm of Messrs. Lott and 
Walne, said he thought the primary cause of the <— 
sion was shortness of water after the boiler left their 
works. The fusible plug had been melted, and the crown 
of the fire-box was buckled. 

By Mr. Huxtable: After hearing Mr. Hunt’s statement 
as to the fire-box, and knowing that Mr. Taylor had made 
repairs, he believed the fire-box to be perfectly sound. 

Mr. Howard Smith remarked that he and Mr. McIntyre 
had seen the boiler, and they considered there had been 
overheating. 

Witness, in further reply to Mr. Howard Smith, said 
he was quite under the impression that a new fire-box 
had been put in. He assumed that the boiler was fit to 
work at a pressure of 60 lb. 

Mr. Oscar C. Vidler, engineer and director of the firm 
of Messrs. Lott and Walne, deposed to having made a 
thorough examination of the Colle and engine, and 
found the fire-box to be flat on the fire side. Still, he 
considered it was in good condition, and quite safe to 
work it at 60 lbs. pressure. 

Mr. W. G. Balchin, inspector to the Vulcan Boiler 
Insurance Company, laid before the Court a report he had 
prepared on the explosion. The primary cause, he con- 
sidered, was the thinness of the fire-box plates, which were 
worn by internal and external corrosion. The girder- 
stays, he thought, were too short. 

After some unimportant evidence, a report was pre- 
sented by Mr. Alexander Boyle, engineer-surveyor to the 
Board of Trade, on the result of his examination of the 
exploded boiler. The plates forming the top and sides of 
the fire-box had been wasted by corrosion, and the fire-box 
was practically worn out. 

The evidence being closed, Mr. Huxtable addressed 
the Court on behalf of Messrs. Lott and Walne, and 
contended that, considering all the circumstances, they 
had not been guilty of culpable negligence. 

The Court then adjourned until the following day; the 
Commissioners, in the meantime, visiting the scene of the 
explosion, and examining the boiler. On resuming the 
proceedings, Mr. Howard Smith delivered an exhaustive 
judgment, carefully reviewing the history of the boiler, 
and the evidence which had been given during the 
inquiry. The Commissioners, he oak considered this 
case was of very grave importance. The boiler, when 
made, was a strong one, made up to the requirements 
of that day, and fit for its work. This was evidenced 
by the fact that the fire-box had lasted twenty-six 
years. Referring to the period—March, 1900—when 
the boiler was sent to Mr. G. Taylor, an engineer and 
agricultural implement repairer, Dorchester, in order to 
be re-tubed, Mr. Howard Smith said that Mr. Taylor had 
told the Court that he was inside the firebox when the 
new tubes were being put in position ; that he inspected 
the fire-box, and the crown was not bulged; although he 
did not apply a straight-edge to ascertain this, nor test 
with a hammer; and not having attempted to examine 
the water side of the fire-box by test or otherwise, he 
nevertheless came to the conclusion that the fire-box did 
not require any repair at all. When the boiler had been 
re-tubed, Mr. Taylor tested it by steam pressure to 80 Ib. 
pee square inch, by screwing down the Salter spring 
valance. His bill amounted to 232. 16s., and the main 
item was 31 new tubes, nothing whatever being said about 
the fire-box. As the explosion did not occur until a con- 
siderable period after Mr. Taylor had dealt with the boiler, 
which subsequently, and before the explosion, came into 
the hands of another firm of engineers, he was not respon- 
sible for the explosion, and the Commissioners thought that 
he had rightly not been made a party to the investigation. 
But they felt bound to express their opinion as to his 
conduct. <A boiler, which from its construction and ap- 
pearance he must, as an engineer, have known was anold 
one, was, according to his own account, sent to him to be 
repaired if necessary; and in ascertaining what repairs 
were required, he neglected to make an examination of 
that part of it from which danger was most likely to be 
apprehended—namely, the fire - box crown. Simply 
looking at the inside of the fire-box was making no ex- 
amination worthy of the name. They trusted that in 
future he would be more careful with regard to the 
interests of his customers. The boiler, Mr. Howard 
Smith proceeded to say, came into the possession of 
Messrs. Lott and Walne, who had both stated in evidence 
that they understood that a new fire-box had been put in 
by Mr. Taylor. The Court were convinced that they 
told them what at all events they believed to be the 
truth. No examination, however, was made of the fire- 
box, although a re-sale of the boiler was contemplated. A 
steam pressure of 70 lb. per square inch was applied, and 
the boiler appeared to behave well under the test. The 
reason why Messrs. Lott and Walne did not examine the 
fire-box appeared to be that the fire-box they believed was 
new, and had been recently supplied by an engineer whom 
they knew to be competent; and they therefore thought 
an examination by themselves was not requisite. After 
the explosion had occurred, the boiler was examined by 








Mr. Boyle, engineer-surveyor to the Board of Trade, 


lates at the top and 
y corrosion, and that 


and it was ascertained that the 
sides of the fire-box were wasted 
the fire-box was quite worn out. 
In reply to various questions submitted by the Board 
of Trade, the Commissioners found that the boiler was 
not properly examined by Messrs. Lott and Walne before 
they sold it to Mr. Coleman. At that time the fire-box 
was quite worn out, and yet the boiler was guaranteed 
by Messrs. Lott and Walne to be in good order, and fit 
for the working pressure of 60 1b. per square inch. The 
explosion was caused by the neglect of Messrs. Lott and 


f| Walne; and their counsel had pleaded on their behalf 


that they were to be excused for not examining the fire- 
box as n Ce thought it had been recently renewed, and 
that their omission, therefore, was only one of a venial 
character. In the judgment of the Commissioners, how- 
ever, the excuses urged entirely failed. The firm were 
not merely tradesmen, but engineers holding themselves 
out as capable of giving advice. In any event, they would 
be liable at law on an implied condition that the boiler 
which they supplied for a specific purpose was fitted for 
that purpose ; while as engineers, on whom another duty 
was cast, of advising Mr. Coleman as to the machine 
which he required for his work, they had failed in their 
duty tohim. The Commissioners considered this case 
one Of carelessness which amounted to recklessness, and 
they had to find Messrs. Lott and Walne seriously to 
blame for the explosion. They decided, however, to say 
that they were not alleging any incompetence with regard 
to their business, which, no doubt, they thoroughly 
understood ; and the Commissioners thought that after 
this lesson Messrs. Lott and Walne would be more careful 
in the future, and so they did not desire by their judg- 
ment to damage them in their business. Bunt their care- 
lessness in this case necessitated the strong comments 
which the Commissioners had felt it their duty to make. 

Mr. Vaux applied for an order against Messrs. Lott and 
Walne to pay a portion of the cost of the investigation. 
From a rough calculation, he found that these would 
amount to 90/. 

On behalf of Messrs. Lott and Warne it was stated 
that they had taken back all the old plant, and that their 
loss was at least 80/. in consequence. 

Mr. Howard Smith said the Court took a very strong 
view of this case. His learned friend, Mr. McIntyre, 
took even a stronger view than he did, and thought there 
had been grave carelessness. They did not expect that 
it would occur again, but they were bound to deal with 
it as requiring exemplary recognition, if he might use that 
expression. In order that people in the same position as 
Messrs. Lott and Walne might know what they might have 
to expect from that Court if they were guilty of such neglect 
as had been proved in this case, the Court thought that 
Messrs. Lott and Walne ought to pay the whole of the 
costs of that investigation. Mr. Vaux wassure not to have 
over-estimated them at 90/.; but, lest he should have done 
so, the Commissioners had discounted them by 10 per 
cent., and the order of the Court would be that Messrs. 
Lott and Walne pay to the solicitor of the Board of Trade 
the sum of 80/. towards the costs and expenses of the 
investigation. 








CoaL IN GERMANY.—The production of coal in Ger- 
many last year was 116,664,370 tons, as compared with 
107,448,534 tons in 1902. The output of lignites last year 
was 45,955,558 tons, as compared with 43,313,122 tons ; of 
coke, 11,509,250 tons, as compared with 9,202,796 tons ; 
and of briquettes, 10,476,170 tons, as compared with 
9,214,226 tons. It will be seen that considerable progress 
was made in production last year all along the line. This 
increase was also still continuing in December, the out- 
put of coal for that month having been 9,934,102 tons, as 
compared with 9,360,704 tons; that of lignites, 4,265,911 
tons, as compared with 4,194,969 tons; that of coke, 
1,007,931 tons, as compared with 878,634 tons ; and that 
of. briquettes, 947,496 tons, as compared with 850,725 
tons, The imports of coal into Germany last year were 
6,766,513 tons, as compared with 6,425,658 tons in 1902, 
those of lignites, 7,963,123 tons, as compared with 
7,882,010 tons ; those of coke, 432,819 tons, as com- 
pared with 362,488 tons ; and those of briquettes, 84,635 
tons, as compared with 81,854 tons. On the other 
hand, the exports of coal from Germany last year 
were 17,388,149 tons, as compared with 16,101,141 
tons in 1902; those of lignites, 22,499 tons, as compared 
with 21,766 tons; those of coke, 2,525,136 tonsa, as com- 
vee with 2,182,383 tons; and those of briquettes, 

95,145 tons, as compared with 697,792 tons. It will be 
seen that the exports of coal from Germany have been 
growing faster than the imports, and the appreciably 
increased production of last year appears to have been 
absorbed without difficulty. Of the coal exported from 
Germany last year, 5,658,974 tons went to Austria and 
Hungary ; 5,179,448 tons to Holland; 2,409,112 tons to 
Belgium ; 1,084,008 tons to Switzerland ; 1,073,043 tons to 
France; and 605,279 tons to Russia. Of the coke ex- 

rted from Germany last year, 917,131 tons went to 

rance ; 525,964 tons to Austria and Hungary ; 237,346 
tons to Belgium; and 215,620 tons to Russia. Of the 
oo exported last year, 429,278 tons went to Switzer- 
land and 240,926 tons to Holland. German coal exports 
have considerably increased during the last five years, the 
aggregate of 17,388,149 tons attained in 1903 comparing 
with 16,101,141 tons in 1902, 15,266,267 tons in 1901, 
15,275,805 tons in 1900, 13,943,174 tons in 1899, and 
13,989,293 tons in 1898. The exports of coke from Ger- 
many have not increased in a similar proportion; they 
advanced, however, to 2,525,136 tons in 1903, as com- 
pared with 2,182,385 tons in 1902, 2,096,931 tons in 1901, 
2,229,188 tons in 1900, 2,147,985 tons in 1899, and 2,133,179 
tons in 1898. While the exports of briquettes from Ger- 
many last year were 895,145 tons, they only amounted in 





1898 to 325,408 tons. 
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THE PRESSURE TEMPERATURE CURVE 
OF SULPHUROUS ANHYDRIDE (SO.)*. 
By Epwarp F. Mier, Boston, Mass. 

1. THE use of sulphurous anhydride as one of the 
working vapours in the ‘‘ Binary Heat Engine” or 
‘“ Waste Heat Engine” has made evident the need of 
more complete tables of the properties of this vapour, 
especially at the high pressures. 

2. A series of articles by Professor R. H. Thurston, 
printed in the Journal of the Franklin Institute, 1902, ex- 
plains fully the principle of this engine. 

3. A paper by the writer, read before the New England 
Water Works Association, printed in the 1902 Proceedings 
and reprinted in Engineering News of November 27, 
1902, gives an account of the engine at the Technische 
Hochschule at Charlottenburg, with results of tests made 
on the engine. 

4. Volume XII. of Transactions of A. S. M. E. con- 
tains the results of an experimental determination of the 
latent heat of SO, by Professor Jacobus. 

5. Messrs. Flowers and Walton, of Cornell, tabulated 
the work of the various experimenters on SO., and 
from this tabulation constructed tables of the properties 
of this vapour. These tables are the most complete of 
any the writer knows of. 

6. The work presented in this paper was carried on under 
the direction of the writer by Mr. D. D. Mohler, a senior 
in the course in Chemical Engineering at the Massa- 
chusetts Institute of a a a al 

7. The apparatus in which the SO, was vapourised con- 
sisted of an aluminium bronze cylinder with hemispherical 
end and cover, 74 in. inside diameter and 10 in. in length 
inside of cover. This cylinder was placed on end inside 
of a copper kettle 15 in. in diameter and 15 in. tall. 
This kettle was open at thetop. Thekettle was covered 























on the outside with magnesia to a depth of 2 in. The 
bottom of the kettle rested on an electric stove. 
TABLE I.—Summary of Corrected Observations. 
Ire 38 a 2 SS) Ee 
Tem} 2 rature I eal a Ten poet ure oe 
si Absolute. ss Absolute 
49.41 168.53 236.08 
55.35 171.00 243.61 
61.77 172.78 249.65 
68.80 176.51 
76.07 178.97 
$2.56 180.33 
89.59 183.32 
94.72 185.01 
99.77 187.51 
104.57 189.24 
191.29 
192.58 
194.19 
195.23 337.25 
197.14 344.70 
198.71 352.12 
200.01 358.01 
201.21 363.80 
202.33 368.76 
203.05 371.84 
204.97 381.18 
206.49 388.04 
200.01 207.24 292.48 
204.80 208.26 398.08 
215.58 209.80 405.89 
164.22 ¢ 210.41 409 72 
166.71 229.21 211.14 416.74 
TABLE IT. 
Perssures Pressures 
Tempe — gong Prosvures. Preamares. from Ex- 
rature, | tionof ments of ae od on get Soya 
Deg. F. Messrs.  Sajots- ee ao * ote - 
Flowers & chewski. —— eee ~ co 
Walton. -_— 
68 47.7 47.6 47.9 
77 56.4 56.4 56.6 
86 66.4 sis 66.4 66.7 
95 77.7 £0.1 77.6 78.0 
104 90.3 90.4 90.6 
113 104.4 “ 104.5 104.7 
116,1 c> * 111.0 os 109.9 
122 120.1 123.9 es 120.4 120.5 
131 137.5 ae 137.9 137.9 
140 156.7 163.0 . 157.1 157.6 
149 177.8 ea 180.6 178.0 179.5 
158 200.8 210.4 a a 203.8 
167 226.1 an : 230.7 
171.5 3 - 251.7 245.2 
176 253.5 265.9 * ie 260.5 
194 ie 330.3 3 bs 331.1 
209.3 <5 396.3 se 402.0 
212 408.9 pa 418.0 
248 - 610.9 
302 os 1050.3 





8. Cylinder oil filled the space between the kettle and 
the cylinder to a depth of 5 in. 

9. Immersed in the oil there was a heating coil of 25 ft. 
of No. 24 B. and 8S. gau 
vanes turned so as to » 
wards. 
power motor. 


10. The cover of the aluminium bronze cylinder was 
provided with a gauge connection, a filling valve, and a 


thermometer well reaching down into the liquid SO,. 
11. Temperatures of the SO, were determined { 


iron wire, and a stirrer with 
1 so. rive the oil from the top down- 
This stirrer was driven by a one-tenth horse- 


oy an 





* Paper presented at the New York meeting (De- 
cember, 1903) of the American Society of Mechanical 


Engineers. 





Alvergnait millimetre thermometer graduated to one- 
tenth of a deg. Fahr. 

12. Pressures were measured by a gauge of large dia- 
meter provided with a steel tube made specially for this 
purpose. 

13. This gauge could be read to one-tenth of a pound. 

14. The SO, used was found by chemical analysis to 
be 99.3 per cent. pure, with 3 per cent. of CO, and 4 per 
cent. air. 

15. In filling the aluminium bronze cylinder with SO, the 
air was first exhausted to a vacuum of 28 in. Liquid SO, 
was then run in till the pressure inside the cylinder was 
the same as that of the atmosphere. The cylinder was 
then exhausted again to 28 in. vacuum, and more SO, 
supplied. The operation was repeated a third time. 

16. After the air had been removed, 8 Ib. of liquid 
SO, were run in. This amount brought the level of the 
liquid SO, a little above that of the cylinder oil in the 
outer kettle. 

17. The oil could be heated sufficiently in from 10 to 15 
minutes by the resistance coil to cause an increase of pres- 
sure of 5 lb. inside the cylinder. 
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18. After heating to the desired temperature, the cur- 
rent was turned from the coil, and the electric stove under 
the kettle was used to supply sufficient heat to make up 
for that lost by radiation. 

19. By this means the pressure could be maintained 
nearly constant for a considerable space of time. 

20. A series of preliminary observations gave sufficient 
data to enable one to plot the curve with considerable 
accuracy. 

21. The final observations, covering a continuous period 
of 24 hours, were taken as follows: At low tempe- 
rature 20 to 25 readings were taken at each pressure at 
15-second intervals. The thermometer readings for each 
set were practically constant: when the higher pressures 
were sot ry where the temperature change is slight for 
a considerable change of pressure, it was found that the 
thermometer lagged ; the gauge showing a change before 
any movement of the mercury could be detected, 

22. To allow for this lag of the thermometer, readings 
were begun when the gauge had reached within one-tenth 
of a pound of the maximum pressure, and were con- 
tinued at 15-second intervals till the pressure had fallen 
to one-tenth of a pound below the maximum pressure. 

23. It was assumed that the lag of the thermometer on 
a falling pressure and falling temperature would be the 
same as the lag on a rising pressure and rising tempe- 
rature. 

24, In some cases as many as 40 observations were taken 
on one determination. 

25. The observations corrected for the lag of the thermo- 
meter and for errors in the thermometer and in the gauge 
are given in Table I. 

26. The writer has plotted both these observations and 
those representing Reynault’s curve on plotting paper 
11 ft. by 4 ft. 6 in., and after drawing a smooth curve 
through the points has read from this curve the pressure 
corresponding to each degree. 

27. At high pressure the work may be in error ; possibly 
1 lb. at lower pressure the error is much less. 

28. Table II. will enable one to compare the results 
obtained by the various experimenters. 

29. Reynault experimented between the temperatures— 
40 deg. Fahr. and 149 deg. Fahr, ; Sajotschewski between 
122 deg. Fahr. and 302 deg. Fahr., determining 8 points. 
This curve is above the others up to about 200 deg. Fahr., 
where it apparently crosses ; Blumcke between 95 deg. 
Fahr. and 209.3 deg. Fahr., determining 5 points, 





TaBLE IIT.—Saturated Sulphurous Anhydride, 
Temperatures and Pressures Corresponding, 





Tempera-| Pressure || Tempera- | Pressure i| Tempera- | Pressure 















ture | Pounds || ture Pounds || ture Pounds 
Deg. Fahr.| Absolute. || Deg. Fahr.| — Deg. Fahr.| Absolute 

—40 3.1 45 | S02. |] 180 
—39 | 32 46 | 30.7 | 131 
—38 3.3 a 6| ORS. TT Ue 
—37 3.4 48 i 821 |} 183 
—36 3.6 49 ; 328 || 134 3.4 
—85 3.7 50 35.5 135 
—34 3.8 51 34.2 136 y 
—33 4.0 52 34.9 137 50. 
—32 4.1 53 35.6 138 52 
—31 4.2 54 36.4 139 55.3 
—30 4.3 55 37.1 140 57 
—29 4.5 56 37.9 141 59.4 
— 28 4.7 57 38.7 142 32. 
—27 4.9 58 39.4 143 164.7 
—26 5.0 59 40,2 144 167.1 
—25 5.1 60 41.0 145 169.5 
—24 5.2 61 | 41.8 146 171.9 

23 4 62 | 42.6 147 174.4 

22 ) 63 | 43.4 148 176.9 
—21 64 | 44.3 149 179.5 
—20 5.9 65 45.2 150 182.1 
-19 6.0 66 46.1 151 184.8 
—18 6.1 67 47.0 152 187.4 
—17 6.3 68 47.9 153 
—16 6.5 69 | 488 154 
—15 6.7 70 | 49.7 155 
—14 6.9 71 50.6 156 
—13 7.1 72 51.6 157 
—12 7.3 73 52.6 158 
-ll 7.5 74 53.6 159 
—10 7.8 75 54.6 160 

9 8.0 76 55.6 161 
—8 8.3 77 56.6 162 
—7 8.5 78 | 57.7 163 
—6 8.7 79 58.8 164 

5 9.0 80 59.9 165 
—4 9.3 81 | 64.0 166 
—3 9.5 82 | «662.1 167 
—2 9.7 88 | «63.2 168 
—1 10.0 84 | 643 | 169 

0 10.3 8 | 65.5 170 

1 10.6 86 | 66.7 171 

2 10.9 87 | 67.9 172 

3 11,2 88 } 69.1 173 

4 11.5 89 | 70.38 174 

5 11.8 90 | 71.6 175 

6 12.1 91 72.8 176 

7 12.4 92 al i|- 37 

8 12.7 93 | 75.4 178 

9 13.1 OL... |g RT 179 

10 13.4 9% | 780 || 180 

11 13.7 9 | 79.38 181 

12 14.0 97 | 80.7 182 

aS. |. dae 98 | 821 183 

14 148 99 ~| 885 184 

15 15.2 100 84,9 185 

16 15.6 101 |' 86.8 186 

7. |. 160 102 87.7 187 

18 16.4 103 89.1 188 

19 16.8 104 90.6 189 

20 17.2 105 92.1 190 

21 17.6 106 93.6 191 

22 18.0 107 | 95.1 192 

23 18.4 108 96.7 193 

24 18.8 109 =| «(98.3 194 

25 19.3 110 | 99.9 195 

26 19.7 111 101.5 196 

27 20.1 112) | «(103.1 197 

28 20.6 113 104.7 198 

29 21.0 114 106.3 199 

30 21.5 115 | 108.0 200 

31 22.0 116 =| «(109.7 201 

32 22.5 117. «| «1114 ~=«(|| ~— 202 

33 23.1 118 | 1182 || 208 

34 23.6 119 =| 115.0 204 

35 24.2 120 116.8 205 

36 24.7 121 | 118.6 206 

37 25.8 122 120.5 207 

38 25.9 123 122.4 208 

39 26.5 124 124.3 209 

40 27.1 125 426.2 210 

41 27.7 126 128.1 211 

42 28.2 127 1300 212 

43 29.8 128 131.9 

44 29.4 129 133.9 








BgELc1an Ratts.—The exports of steel rails from Bel- 
gium last year were 267,193 tons, as compared with 
183,608 tons in 1902. The imports of steel rails into 
Belgium last year were 2363 tons, as compared with 1927 
tons in 1902. 





Tue Late Epwarp Rusu Turner, or Ipswich.—The 
death is announced of Mr. Edward Rush Turner, senior 
partner of the firm of E. R. and F. Turner, Limited, of 
St. Peters and Grey Friars Works, Ipswich, at his resi- 
dence, Clare Lodge, Henley-road, Ipswich, on Wednesday, 
the 10th inst. Deceased, who had entered his eightieth 
year in December last, had been oe the weak- 
ness of his long years for the past 18 months, and had 
me mag | retired from active business. He was born in 

pswich, but went to the firm of Henry Wren and Co., 
engineers and millwrights, at Manchester to serve his 
time. Returning to Ipswich, he entered into partnership, 
in 1846, with Mr. George W. Hurwood as engineers, but 
the co-partnery was shortly afterwards dissolved. After 
working for a while on his own account, he was joined by 
his brother Frederick, and since then the business has 
poe, and, for family reasons, was converted into a 
imited liability company in 1897, Mr. Turner introduced 
many improvements in agricultural machinery, a depart- 
ment of engineering with which his firm has long been 
identified. For years he served on the Ipswich Town 
Council and Harbour Board, the improvement of the 
sewage system being his special care. He was a church- 
warden, a magistrate, and a member of the Institution of 
Civil Engineers, 
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« ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


Comritep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902, 

umber of views given in the Specification Drawings is stated 

each eas where none are mentioned, the Specification is not 

illust . 

where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

be obtained at the Patent O, 


Copies of Specifications may i Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the advertisement of the of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 


Any person may, at wy ee within two months from the date of 


the advertisement of t nce of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the mentioned in the Acts. 
ELECTRICAL APPARATUS. 


28,006. G. Hookham, Birmingham. Electricity 
Meters. (8 Figs.] December 18, 1902.—This invention relates 
to various improvements in coin-freed electricity meters of the 
motor type. Within the meter casing a@ is mounted a beam b 
on a horizontal pivot c. This beam is provided at one end with 
contact-makers 12 adapted, when the beam is depressed by the 
insertion of coins, to dip into mercury cups 11, and close the 
main circuit of the meter, thus beginning the supply of electricity 




































































to the consumer. The contact-makers 12 are made of a metal 
which does not readily become amalgamated, such as iron, with a 
small piece of copper fixed to their points. They are carried by 
a plate 14, supported from the end of the beam. The copper tips 
pass well below the surface of the mercury, thus forming a good 
contact independent of any oxidation that may take place. 
Several other improvements are described and illustrated. (Ac- 
cepted December 23, 1903.) 


23,302. G. B. Bowell, K n, London, and the 
Pearson Fire- IM, netted. kx ted, London. Automatic 
Fire-Alarms. [i Fig.) October 27, 1903,—This invention 


relates to automatic fire-alarm systems which send a fire-call toa 
central station when loeal circuits are acted on by thermostats 
under the influence of heat and which also send a call, but different 
to a fire-call, when a break occurs in the wires connecting the 
thermostats. M M is the main line circuit, a portion of the 
current flowing through which, by reason of the resistance of a 
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relay R, is caused to flow through a second relay 7, which keeps 
a contact t in such a position as to short-circuit the magnet E. 
The relay r is connected to the main circuit through wires A B 
which are run throughout the building, and across which are the 
thermostat contacts. When a fire occurs, the relay 7 is short- 
circuited, and the contact t is released, so as to remove the short- 
circuit on magnet E, which comes into operation and withdraws a 


| out, and this action will permit the clockwork to be released as 

before ; but since the circuit from B to A is entirely broken in 

this ease, the current through the relay R will be greater than 
| is the case when the wires B A are short-circuited, and the relay 
R is then strong enough to move the contact s into a position 
that the clockwork is put out of action after one signal has been 
sent. (Accepted December 23, 1903.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


27,510. J. Davies, Wednesbury, Staffs. Threading 
Nuts and Bolts. [6 Figs.) December 13, 1902.—-This inven- 
tion relates to improvements in machinery for tapping nuts and 
threading bolts, and has for its object the automatic and alter- 
nate feeding of several blanks, the simultaneous operation of the 
tools, and the rapid release of the article when finished. The 
spindles 1, 14 are mounted in an ordinary double headstock 2 
in bearings parallel to one another, and a sufticient distance apart, 
to give room for the working of the hoppers 3. To each of the 
spindles a tap 4 is fixed. 5 are slides which carry the hoppers 3 
holding the blank nuts, and travel backwards and forwards. The 
spindles 1, 14 are connected by gearing 11, 12 in sucha manner 
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that they both rotate in the same direction. The automatic 
motion for reversing the machine is made by having a screw on 
the spindle 14. On this screw a nut 18 is fitted to travel 
along. Over the — 14 are slide- bars 19 carrying two 
springs 20 between them. The nut 18 travels on the spindle and 
between the bars 19, and compresses one of the springs 20, the 
bars being held by a catch until the nut comes in contact there- 
with, lifts it, and releases the spring, which then forces the slide- 
bars to travel until stopped by the catch at the other end. This 
motion of the slide-bars operates a lever 21 connected to a clutch 
7, and causes the latter to engage with a clutch on one of the 
pulleys 6, which are driven in opposite directions by crossed and 
open belts. (Accepted December 23, 1903.) 


28,885. A.J. Wardand C. Wragg, Sheffield. Punch- 
ing and Sh Machines, [12 Figs.) December 31, 
1902.—The object of this invention is to punch, cut, nick, or other- 
wise sever by power the ends and other parts of metallic bars of 
irregular sections, which are employed in structural ironwork, and 
to simplify and to reduce the expense in certain manipulations of 
such material. The body or framing a of the machine is formed 
with a gap b wide enough to allow of a bar c of irregular section 
being passed longitudinally through the machine from front to 
back. The machine is also provided with the ordinary transverse 
gap or gaps. When it is required to cut away a portion of the 
flange at the end of a metal bar of angle, T or similar section, 
a shear f of the width of such flange is employed in conjunction 


ea cabaret 
fig 7 





ig. 3. 





' 
' 
' 
' 
' 
' 
' 
! 
' 
' 
' 
J 
' 
' 
t 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 











with a bottom cutter-block d, which-is provided with a transverse 
recess g to receive the flange of such angle or T which is not to 
be operated upon ; and in the case of a Traoction, the correspond- 
ing flange would be in line with such recess (Fig. 3). The flange 
to be cut rests on the bottom block d at right angles to the 
recess. The portion of the block carrying the flange or web is 
provided with a longitudinal recess g! at right angles to the 
recess gy, and immediately under and in line with the shear f. To 
the sides of this recess g! are fixed two cutters h, 41, which can be 
adjusted or removed so that the recess can be closed or widened. 
In this way, as there are two, four, or six cutting edges, according 
to the section of the material being operated on, a slot or slit 
can be cleanly cut out of one side of an angle or girder, or out of 
the web of a T-piece. (Accepted December 23, 1903.) 


1100. W. L. Wells and J. Evans, Birmingham. 
Power-Presses. [7 Figs.) January 16, 1903.—This invention 
particularly relates toclutch mechanism for the driving mechanism 
of geared power-presses, The clutch mechanism is arranged upon 
a single rotatable shaft, which may be either the driving or driven 
element, with the clutch mechanism intermediate. a is ashaft upon 
which the whole of the clutch mechanism is arranged. Arranged 
to freely rotate on this shaft is a sleeve c, one of whose ends c* 
is formed with an approximately V-shaped axially-arranged pro- 





sleeve c, counterparts d4, d5, d6 of parts c4, c5, c8. The collar d 

made to rotate at all times with the shaft a@ by means of keys a4, 
Assuming sleeve c is the driving element, the collar d must be 
held in close engagement therewith in order to drive the shaft a. 
This is done by means which comprise a number of levers /, which 
form links between the sliding collar d and the part e carrying 
them. The action of these levers is such that at the time they 
force the collar d into engagement with the sleeve e, those parts 


i= 















































HS ae ce 

— 
Sil 
—y 
ae 
| c | 
a | d 

| Cc 
' 
| 
Lie) 











of them bearing the strain are in a line directly parallel to the 
axis of the shaft. The levers f are preferably of bell-crank form, 
with short pivoted blocks f2 on their one ends, these blocks work- 
ing against the collar d to move it into engagement with sleeve c. 
The levers are, when released, put into action by springs /4, the 
releasing being accomplished by removing the levers g out of 
engagement with the outer ends of the levers f. The levers g are 
held in engagement with the levers f by means of a shaped collar 
h. (Accepted December 23, 1903.) 


MOTOR ROAD VEHICLES. 

27,381. E. H. Bouhey and P. A. Le Grand, Paris, 
France. Speed-Changing Gear. [10 Figs.] December 11, 
1902.—This invention relates to motor-propelled vehicles. The 
motor A is mounted rigidly on the vehicle frame, and is connected 
to a train of gear-wheels for speed-changing and reversing con- 
tained in a gear-case B, rigidly connected with the vehicle frame, 
by means of a universal joint D, which permits of parallel dis- 
phamuenb of the shafts it connects in prolongation one of the 
other. The train of gear-wheels is connected to the driving axle 
C by a shaft E and two universal —— el, e2in such a manner 
as to drive the differential gear on this axle by means of a bevel 
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pinion. The speed-changing and reversing train comprises a 


shaft G, connected at one extremity to the motor, and at the other 
extremity journalled in a sleeve carrying clutch-jaws k and a 
gear-wheel K. This sleeve is connected by the universal coupling 
el to the shaft controlling the driving-axle. The shaft G carries 
a sliding train of gear-wheels, one of which wheels J is provided 
with jaws j adapted to come into contact with the jaws k of the 
sleeve. The intermediate shaft M, parallel with the shaft G, 
carries gear-wheels, one of which, R, is always in mesh with the gear- 
wheel K on the sleeve, whilst the others engage with the sliding 
train. Reverse motion is obtained by means of a pinion interposed 
between the gear-wheels of the shafts G and M. (Accepted Decem 
ber 23, 1908.) 


RAILWAYS AND TRAMWAYS. 

27,284. C. H. Spencer, Yorks. Preventing 
Back Running of Tramcars. [3 Figs.) December 11, 1902. 
—This invention has for object the automatic prevention of tram- 
cars attaining an excessive rate of backw: speed should the 
car be accidentally reversed in its motion when ascending a 
gradient, by electrically retarding the rotation of the car wheels 
in a manner so as to reduce the speed of the car, and to a great ex- 
tent, if not altogether, remove the liability of the wheels skidding, 
when the car is running back on agradient. As hitherto, the cylinder 
C of the controller is provided with a series of contact pieces B ex- 
tending round a portion of its circumference and on each, or on one 
side of, the cylinder C are a corresponding number of spring ter- 
minals or contact fingers D, D1, D2, D3, D4, D5, and D6, positively and 
negatively electrically connected, as shown in the figure. Certain 








detent j that controls the clockwork of the signalling mechanism. 
On a break occurring in the wires A or B, the relay 7 will be cut 


jection c4 and notch c, so as to provide a driving incline ec, d is 
an axially -sliding collar on shaft a, which has, adjacent to 


of the contact-pieces B on cylinder C, which shows the contact- 
pieces on one side only, are lengthened at A in such a manner 
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that when the ordinary starting and electric brake lever is in the 
“off” position, contact is tormed between the lengthened con- 
tact-pieces A and contact-fingers D, and should the car run back- 
wards, the motors are automatically converted into generators, by 

















reason of the connections made as shown in the drawings, by 
which operation the speed of the car wheels is reduced, thereby 
retarding the backward motion of the car without completely 
stopping the rotation of the wheels and making them liable to 
skid. (Accepted December 23, 1908.) 


1611. W. S. Laycock, Sheffield. Wagon Brakes. 
(6 Figs.) January 23, 1903.—This invention relates to hand- 
brakes to be operated from either side of railway wagons, the 
object of the invention being to make the arrangement more 
compact and simple, and to render it more efficient, also to 
enable the chief parts of the mechanism at present in use to be 
retained and utilised with a minimum of alteration. In carrying 
the invention into effect, the brake-shoes, push-rods, tumbler, 
transverse shaft, and two hand-levers, that are common to vehicles 
provided with the usual hand-brake, are retained. The tumbler 
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B is released from the shaft A in order that it may have a partial 
rotary movement thereon. C is an arm that is secured to the 
tumbler, and by which the tumbler is operated The free end of 
this arm is connected by a link D with the end of a straight or 
curved lever E, which has its fulcrum at its opposite end, and is 


pivoted toa hanger F. G is an actuating arm fixed on the shaft | 


A, as also are the hand-levers H. When the hand-lever on either 
side of the wagon is pressed down, the shaft A is turned, and the 
actuating arm G is raised, thus lifting the lever E, link D, and 
arm C, and operating the tumbler B, so as to put on the brake. 
Accepted December 23, 1903.) 

27,849. The Electric and Ordnance Accessories 
ae, Limited, Aston, ham; E. Ast- 
ington, repdee, Surrey; and R. F. Hall, 
Birmingham. ectrically Lighting Trains. [8 Figs.) 
December 17, 1902.—This invention has relation principally to 
electromagnetic switches for use in connection with electrical 
train-lighting systems, and has for object the provision of means 
whereby the whole, or a part, of the available current may be 
switched on to and cut off from the lamps cay ten emep 
instead of by hand-actuated mechanical means. a@ and bare the 
solenoids provided for closing, respectively, the half and full light 
circuits of the car-lighting system. Their windings are arranged 
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n parallel shunt-circuits of the mains leading from the source of 
supply. The movable core bars a}, b! of these solenoids are con- 
nected, by means of extension rods a*, /? with insulated blocks 
a’, b8, respectively carrying contact plates a4, b4, to which the 
positive wires of the lamp circuits are attached by means of suit- 
able fittings a6, b6, Opposed to the contact plates a4, b4 are a pair 
of similar contacts d4, e+ carried by rods d*, e? which slide verti- 
cally in guide-blocks d?, e2. The contacts 4, e4 are provided with 
terminals which are connected to the lamps. The lower ends of 
the cores of the solenoids extend below the brackets f1, g1. These 
brackets serve as supports for self-acting friction clutches h, i, 
which are provided for the purpose of gripping the lower ends of 











the cores and automatically retaining them in the position they 
assume when the solenoids are energised by the closing, by means 
of a hand switch, of the shunt circuits. When the magnetising 
current is cut off, these clutches remain in operation until a 
cutting-out solenoid is brought into action. This solenoid acts 
on the clutches and causes them to release the cores, which 


are then forced down by means of springs d7, ¢7? on the upper 
contacts d4, e4, These springs are compressed when the lighting 


circuits are closed, and act when the clutches are released to drive 
the parts back to their normal positions and open the lamp 
circuits by separating the contacts a4, d4 and b4, e+. (Accepted 
December 23, 1903.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


25,038. Bromell Patents Company, Limited, and 
W. Crockatt, Liverpool. Tube-Cleaners. [7 Figs.) 
November 17, 1903.—In a tube-cleaner, according to this in- 
vention, segmental plates on the ends of arms are used to scrape 
the tubes, the plates being carried by arms F, G, that are of 
comparative thinness radially to the tube, but stout in the 
opposite direction. This gives the required elasticity to the arms 
so as to prevent any accidental irregularity in the tube from 








stopping the action. The arms F,G are connected to a cross- 
head K, that is movable on the rod A. The extent to which the 
arms can move outwards is controlled by a plate E that is also 
mounted on the rod A so as to be movable thereon. The tool is 
inserted into the tube and drawn by means of the rod A to and 
fro, cleaning off all the dirt during the draw strokes, in which 
stroke the scrapers are moved outwards by the rod A pulling the 
plate E nearer the crosshead K. (Accepted December 23, 1903.) 


489. O. Imray, London. (The Stirling Company, 
okieen Il., U.S.A.) Superheaters. [5 Figs.) November 
11, 1903.—This invention relates to the use of superheaters within 
the boiler setting of water-tube boilers, and particularly to 
boilers of the type wherein water-tubes connect front and rear 
headers ; and the object of the invention is to so arrange the 
superheater with respect to the water-tubes that the full volume 
of the gases will first sweep over some of the water-tubes, then 















































over the superheater tubes after leaving the first water-tubes, and 
will then pass over other water-tubes on their way to the outlet. 
The front headers 2 and rear headers 3 are connected to a longi- 
tudinal upper steam and water-drum 4. The tubes connecting 
the headers 2, 3 are arranged in two banks 11, 12. Over 
the set 11 a baffle 13 extends, and beneath the tubes 12 is a 
similar baffle 14. 14! is a baffle which extends upwards from 
the front end of baffle 14. In the space between the two sets of 
tubes and between the baffles, is placed the superheater, which 





is shown as consisting of two horizontal headers 15, 15! and 
16, 161, connected by superheater tubes 17. Steam is led into the 
header 16 from the steam-drum 4 by means of a pipe 20, and the 
header 161 is connected to the steam main or valve by a pipe 21, 
By this arrangement a high efficiency is attained, and the degree 
of superheat may be regulated by varying the number of water. 
tubes in the set of tubes 11. (Accepted December 23, 1903.) 


6890. W. Drummond and G. D. Drummond, Govan. 
Lanark. Relief Valves. [1 Fig.) March 25, 1903.—This 
invention relates to relief valves for cylinders and steam chests, 
and it has for its object to improve the construction of such valves 
in order to adapt them to remain open for the discharge of water 
of condensation from a cylinder or steam chest on the admission 
of steam thereto, and to close automatically against the passage of 
dry steam. The valve casing A and valve B may be of usual for. 
mation, but the valve B, which is arranged to close upon its seat 
C by the steam pressure, is normally kept open by means of a spring 
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D fitted in the outlet end A! of the valve casing, the spring resting 
atone end in a cavity ) in the valve B, and at the other end ona 
screw-threaded plug E, which may be turned to adjust the pres- 
sure of the spring D, so that the valve will only close with a 
given load or steam pressure. In the operation of the valve, so 
long as water is in the casing A, or is being discharged through 
the outlet orifice F, the valve remains open, but when steam, 
above the pressure to which the spring is adjusted, passes into 
the casing, the valve is closed thereby and its escape prevented, 
(Accepted December 23, 1903.) 


3400. Schaffer and Budenberg, Limited, and F. 
Smith, Manchester. Pressure and Vacuum Gauges, 
{4 Figs.] February 13, 1903.—It is well known that when pres- 
sure and vacuum gauges are subjected to vibrations or oscillations 
in use, as, for example, upon traction engines, the oscillation of 
the index finger renders it impossible to make more than a rough 
guess at the actual pressure or vacuum which should be indi- 
cated. Further, the oscillations in the moving parts of sucha 
gauge cause rapid wear and deterioration of the gauge 
mechanism. To overcome these defects and disadvantages, and 
obtain steadiness in the gauge-finger, when the gauge is in use 

















under unsteady conditions, the gauge-tube, or the diaphragm, or 
other equivalent part, or some other part rigidly connected 
thereto, is poarch or surrounded by, or immersed in a fluid or 
liquid, such as glycerine or petroleum, which, while yielding to 
steadily applied pressure or movement, and thus permitting slow 
motion in either direction, will resist short and (sudden efforts, 
and thus keep the tube or diaphragm and index finger quite 
steady when the gauge is subjected to vibrations. The figures 
show in vertical cross-section gauges of the Bourdon and Schiiffer 
types, the cases of which are filled, or partly filled, with liquid 
for the purpose mentioned. (Accepted December 23, 1903.) 








Lockwoop’s Buripers’ Prick-Book ror 1904.—We 
have received from the publishers, Messrs. Crosby Lock- 
wood and Son, London, a copy of the new issue of their now 
well-known builders’ price-book, which has been compiled 
under the direction of Mr. F. T. W. Miller, A.R.I.B.A. 
acting as editor. Owing, perhaps, to the slackness> 
business, there are no great alterations of prices to be 
noted in the London market for materials, but such 
changes as have occurred have been duly noted. Special 
attention has been devoted to electrical work, the section 
dealing with this having been revised and added to by 
Mr. A. P. Haslam, A.I.E.E. The legal section contains 
a reprint in full of the London Buildings Acts, with 
annotations by Mr. A. J. David, LL.M., of the Inney 
Temple. The price of the volume is 4s, 
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LITERATURE. 


Submarine Navigation, Past and Present. By Awan H. 
BurcoyNnkg, F.R.G.S. Two volumes. London: Grant 
Richards; New York: E. P. Dutton and Co. 

Turse volumes, although not in any sense text- 

books, may be considered useful contributions to 
the meagre literature of this subject to be found in 
this country. The author has recounted in his first 
volume the efforts of man to circumvent the colossal 
difticulties met with in this branch of marine 
engineering. This forms interesting reading, and 
one is early impressed with the admirable heroism 
and perseverance which has remained an attribute 
of this class of inventor during three centuries. 

We find that the first genuine submarine was 
constructed by Van Drebel in 1620; and his ap- 
pears to be the first vessel of her kind possessing 
means of purifying the air from a self-contained 
source. 

Armand-Maiziére planned the first steam-driven 
submarine boat in 1795. He was followed by 
Robert Fulton, of steamship fame, who constructed 
the Nautilus in 1800. This vessel proved remark- 
ably successful, the inventor having succeeded in 
carrying out various manceuvres at Brest, and re- 
maining submerged five hours. He afterwards 
abandoned his plans owing to lack of encourage- 
ment. 

The first attempt to employ a submarine vessel in 
warfare seems to have been made during the War 
of Independence (1776), when David Bushnell 
made a futile effort to destroy the blockading 
frigate Kagle. 

Submarine navigation received unrelaxed atten- 
tion during the whole of the last century ; and this 
fact brings before the reader the slow but gradual 
realisation of early ideas and conceptions. 

The intrepid and energetic designer, Wilhelm 
Bauer, constructed his first vessel, Der Drandt- 
auscher, at Kiel in 1850. She was wrecked, and 
never recovered. After undergoing many dis- 
appointments abroad and in this country, Bauer 
built a boat for Russia (Le Diable Marin) in 1855, 
in which he narrowly escaped destruction. 

About 1860, a Dutchman (Tétar van Elven) was 
the first to employ an optical tube. Alstitt, in 
1863, built a boat fitted with alternative steam and 
electrical motive power—a forerunner of the inixed 
propulsion type. Bourgeois and Brun, in 1860-3, 
constructed their Plongeur ; and at the blockade of 
Charlestown, in 1863-4, the Housatonic was sunk 
by a torpedo fixed to her hull by means of a 
‘* David” submarine, which, however, drowned 
its crew in the process. 

In 1866, Raeber designed a vessel having a 
movable propeller, afterwards a prominent feature 
in some designs. Progress continued, and in the 
volumes under notice the singular combined sub- 
marine boat and railway of Dr. Lacomme is 
described and illustrated. 

In 1870, Constantin first conceived the idea of 
obtaining longitudinal stability by reduction and 
augmentation of volume. From this period on- 
wards to 1890 many brilliant, many worthless, and 
some ludicrous designs were perpetrated. 

In 1879, Mortensen proposed the use of a tor- 
pedo-tube in the bows of asubmarine, and Norden- 
felt turned his attention to the subject. With 
Garrett, he employed a system of thermal storage 
with water. The vessel was kept submerged by 
side-propellers, governed by a valve actuated by 
the pressure of the water surrounding the vessel. 
The trials were, on the whole, fairly successful. 

_In 1881, S. J. Woodhouse employed compressed 
air as a motive power, and Genoud proposed a gas- 
engine worked by hydrogen. Then we have many 
ingenious devices by Drzewiecki, a prolific de- 
signer, who, from 1877 onwards, planned several 
small vessels for Russia. In 1884, Campbell and 
Ash designed the electrically-propelled Nautilus 
(50 tons), in which Sir William White made a 
successful descent. Then ideas seem to have run 
riot for a period, until Waddington, in 1885, de- 
signed the Porpoise, with an ingenious pendulum 
system for maintaining stability. This interesting 
boat, the parent of the modern French submarine, 
was followed a year later by the Goubet boats and 
the Gymnote. 

: These vessels, described in a later portion of Mr. 
Burgoyne’s work, laid the foundation of some 
future successes. The account of Hovgaard’s 





scheme is extracted from the designer’s work on 
This vessel was to be 740 
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tons, and of mixed propulsion type; but she’was 
never constructed. 

Nordenfelt’s and Garrett’s Turkish vessels are 
sarefully described and illustrated. One of these 
had many trials, but was unstable. We pass 
quickly on to the 250-ton Russian vessel of these 
designers (1889). This was also unstable, and not 
asuccess. The history of the progress of inven- 
tion follows ; and from the year 1890 we are taken 
over the ground covered by M. Forest, whose de- 
signs included the application of the gyroscope. 

Sir G. Strickland, in 1893, designed his hydro- 
propulsion and hydro - steering system. The 
Audace of Abbati followed, while M. Goubet had 
already designed his submarine cross - Channel 
vessel. Then succeeded Baker’s boat, with omni- 
jointed propellers, followed by the remarkable 
design of Lacavalerie. Mr. Burgoyne humorously 
deseribes the many fantastic schemes conceived 
about this time. 

In 1896, Drzewiecki again presented plans for a 
submersible torpedo vessel, which gained the 
second prize of 3001. in the French competition of 
that year. During this period the increased use of 
oil and electric motors, either singly or combined, 
is notable. 

The two Brazilian navy boats of Goubet, launched 
in 1898, were entirely electric, the source of power 
being Schanschieff primary batteries. The year 
1900 saw the seventh boat of Drzewiecki, which is 
in the hands of the French navy. 

Part LV. of the first volume contains reprints in 
extenso of a pamphlet and other publications relat- 
ing to the celebrated Argonaut boats of Mr. Simon 
Lake. This inventor has achieved much, and, if all 
that is claimed for his submarine explorers can be 
accomplished, these vessels are entitled to high 
rank in the annals of marine engineering. <A 
drawing is reproduced, showing sections of his 
perfected submarine. 

Mr. Burgoyne next turns to the types of vessels 
receiving the attention of experts of the chief naval 
Powers. A few details are given of French sub- 
mersibles, commencing with the Narval of M. 
Laubeuf. Turning to our own country, the author 
records, presumably, all that is to be learnt con- 
cerning the boats of the Holland type, built by 
Messrs. Vickers, Sons, and Maxim for the Admiralty, 
and then briefly discusses the attention which has 
been given to the subject by other naval Powers 
not previously mentioned. This interesting volume 
concludes with a design for an armour-plated sub- 
mersible, embodying the author’s views regarding 
this type of vessel. 

Mr. Burgoyne commences his second volume with 
a description of the Holland boats in America ; and 
brief particulars of the earlier vessels of this suc- 
cessful designer are followed by a specification of 
the celebrated Holland No. 9. Several photographs 
of this boat, in dock, afloat, and diving, are included. 

Some 130 pages are next occupied with reprints 
of correspondence and other literature relating to 
the trials of the ‘‘ Holland,” and a report of evidence 
given in America by Mr. Holland, Admiral Dewey, 
and others, before the House Committee on Naval 
Affairs in 1900. 

That Mr. Burgoyne is no mere compiler is evi- 
denced by the next section of his book, in which he 
discusses in general terms the theory of the sub- 
marine. The various principles applied for obtain- 
ing submersion, buoyancy, and stability are de- 
scribed, and the relative forms adopted by the more 
successful designers are illustrated. These are 
followed by the important subject of orientation, and 
the methods of securing reliable surface observations 
when submerged. The periscope, cleptoscope, or 
panoramic periscope, and the application of gyro- 
statics for indicating the course of submerged 
vessels, are in turn reviewed. ? 

Mr. Burgoyne considers six methods of propul- 
sion: oil and electricity, which are in present 
favour ; steam, which may be considered as aban- 
doned ; carbonic acid gas, liquid air, and hydro- 
propulsion ; which, the author considers, are of the 
future. We are disappointed with the meagre 
space devoted to this important item in the equip- 
ment of the submarine ; and, having in mind that 
this work bears 1903 as the year of its publication, 
the list of makers of electric motors suitable for sub- 
marine boats has a somewhat obsolete appearance. 
In the remaining 41 pages of this section of the 
book the author enters into a comprehensive dis- 
cussion of the armament question. 

We think it unfortunate that Mr. Burgoyne 





to subjects such as the history of gunpowder and 
nitro-explosives, and the development of the tor- 
pedo, whereas the evolution and present-day per- 
fection of the hydro-carbon engine are disposed of 
in a page or so of matter. ; 

The final section of this work is mainly devoted 
to a consideration of the value of the submarine in 
naval warfare. The author wisely recognises how 
futile is prophecy in regard to these craft. Con- 
templating the subject entirely from the point of 
view of the British naval tactician, he concludes 
that, in any future wars in which this country.may 
be engaged, she will, owing to her peculiar geo- 
graphical and commercial situation, require to take 
the offensive. In this we agree, and Mr. Burgoyne 
is one of those who consider that the submarine, 
as distinct from the submersible torpedo-boat, will 
| prove a comparatively unimportant adjunct to our 
fleet, owing to its inability to accompany a squadron 
and its recognised impotence at long distances from 
a base. Mr. Burgoyne, of course, concedes the 
growing importance of the submarine proper as a 
unit to be reckoned with in the naval wars of the 
future, especially in defending a blockade. At the 
same time he advances many valid reasons why the 
larger type of vessels should receive greater atten- 
tion from our naval authorities. 

It should be borne in mind, nevertheless, that 
some seventy submarines can be built for the price 
of one battleship; and Mr. Burgoyne calculates 
that, if the money recently spent by France, Russia, 
and Germany on coast-defence ships had been spent 
upon submarines and submersibles, the harbours 
of these nations could be thereby rendered ‘‘ abso- 
lutely safe.” 

There is much food for thought in this chapter, 
as also in the one which follows it from the pen of 
an anonymous writer, who deals with the tactical 
value of submarine boats, and the means of getting 
the most out of these vessels under the various 
conditions of attack and defence. The work before 
us concludes with a series of articles by some 
well-known authorities, followed by reports of 
interviews, press notices, &c. 

The engineer will read these volumes with inte- 
rest, and the general reader will find them full of 
enlightening information ; but there is included 
in them a prodigious amount of collected literature, 
much of which, though readable, has but a super- 
ficial bearing upon the subject of submarine vessels. 
The work is freely illustrated, and many of the 
plates, which are reproductions of the author’s 
imaginative drawings, are cleverly conceived. 








Die Bahnmotoren fiir Gleichstrom. Ihre Wirkungsweise, 
Bauart und Behandlung. Ein Handbuch fiir Bahn- 
techniker. By W. Mutter and W. Martrersporrr. 
Berlin, 1903: J. Springer. Large 8vo, 418 pages, with 
231 figures, 11 plates, and many tables. 

Tuis manual of continuous-current motors for 
tramways, their action, construction, and treat- 
ment, is intended for tramway engineers, and has 
been compiled by experienced men. Mr. W. Miiller 
is chief engineer to the Westinghouse Elektrizitits- 
Aktien-Gesellschaft, and Mr. Mattersdorff is chief 
of one of the departments of the Allgemeine 
Elektrizitats-Gesellschaft. The authors are thus 
thoroughly acquainted with the practice of two of 
the pre-eminent companies, and they acknowledge 
their indebtedness to two well-known hand-books— 
‘“*The Modern Electric-Railway Motors,” by G. 
Hanchett, and ‘‘ Traction Electrique,” by Blondel- 
Dubois, and, further, to the researches and publica- 
tions of Arnold, Kapp, Hobart, Parshall, and 
other authorities. Quotations, particularly from 
the Llektrotechnische Zeitschrift, and also from 
American, English, and French journals, are not 
infrequent ; and as almost any question affecting 
the working of continuous-current tramway motors 
has by this time received adequate discussion in 
the technical societies and the Press, we may expect 
to be presented with a comprehensive treatise on 
the subject. 

After a brief historical introduction—which is 
not uncalled for, since the innovations of twenty-five 
years ago are now almost forgotten—the authors 
explain such matters as frictional resistance to 
motion, tractive force, and adhesion, and the 
general principles of the action of the electric 


motor. Section ITI. deals with the series motor; 
Section IV. less exhaustively with the shunt 
motor. Then follows a long section on the con- 


struction of the motors, winding up with eleven 
pages of dimensions, &c., of German, Swiss, 





has considered it desirable to devote so much space 





and other motors. These detailed measurements 
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are taken from articles which Mr. Parshall and 
Mr. Hobart published in our columns on motors of 
the General Electric Company, and from articles by 
Professor Arnold on German and Swiss motors, to 
which the authors add tables of particulars concern- 
ing other European and American types. The 
seventh section, which is also largely tabular and 
well illustrated by test figures and plates, is like- 
wise devoted to constructive features, dimensions 
and particulars being given of the favourite types 
of motors built by nineteen firms, comprising three 
English and four American companies. Switzer- 
land, Austria - Hungary, and Belgium are, of 
course, also represented in these data, which 
were compiled with the aid of the respective firms. 
The sixth section, which we have passed over, 
deals with the treatment and testing of motors, in 
the workshops and on runs; the duties of motor- 
men and engineers ; the regulations of the Berlin 
Tramway Company; examination, maintenance, 
and repairs ; and the outfit of workshops. This 
section might be longer. 

These are the outlines of the contents of the 
volume, which is provided with a table of con- 
tents and an alphabetical name and subject-matter 
index. It is very well printed—in Roman type, 
of course—and makes a handsome volume, like 
all the publications of Mr. Springer. The treat- 
ment is, on the whole, such that the non- 
specialist, accustomed to the use of mathematical 
symbols, should be able to follow. One subject 
which appears to have received more than the 
usual amount of attention is the electric braking 
of motors. We can short-circuit the motor when 
running down hill, or send the current generated 
by the motor under these conditions to special 
electro-magnetic braking devices, which the authors 
do not describe in detail. The authors show that 
the ordinary series motor cannot—though that 
seems frequently to be assumed—run as a gene- 
rator when the line current is cut off; for the 
electromotive force generated will be the counter- 
electromotive force of the motor, and the current 
will tend to neutralise the field. When, how- 
ever, the connections between armature and field 
are reversed, a real counter-current will flow, 
and a brake force will be produced which can- 
not, however, equal in intensity the tractive 
force. The authors calculate the braking force and 
demonstrate that it cannot alone suffice to bring 
the motor to rest, unless a mechanical brake helps. 
When, moreover, the resistance through which the 
motor is short-circuited at a certain moment is too 
high for the respective speed, the motors will not 
excite themselves, and the brake action will fail. 
Special electromagnetic braking devices are hence 
preferable. To stop the car by reversing the 
current is always dangerous for the motors. The 
energy generated cannot be recovered with series 
motors, for there will be an opposing pressure of 
500 volts on the line, to overcome which the car 
would have to race down some incline. The case 
is different, and better in this respect, with shunt 
motors, which find little application for tramway 
work, however. 

The volume appears to have been carefully re- 
vised. We miss the number of the volume, how- 
ever, in the reference to our columns, and while 
Toronto is spelt with two ‘‘r’s,” Liverpool is 
granted one ‘‘o” only. 


Electrical Engineering Measuring Instruments for Com- 
mercial and Laboratory Purposes. By G. D. AsPINALL 
Parr, M. Inst. E.E., A.M.I. Mech. E., Head of the 
Electrical Engineering Department, Yorkshire College, 
Victoria University. 1903. London: Blackie and Son, 
Limited. [Price 9s. net. ] 

We do not think Mr. Parr has achieved a great 

success with this book, as its shortcomings appear 

to us to be more prominent than its virtues. The 
subject is one on which there is room for a text- 
book, but that text-book should deal thoroughly 
with the principles of electromagnetic measure- 
ments, and should give the substance of the experi- 
mental and theoretical investigations on important 
points which at present are scattered in some 
profusion through the pages of the technical 

Press. In such a book, for purposes of illustra- 

tion, descriptions might be given of particular 

instruments used in commercial undertakings 

or in laboratories as the best examples of a 

class, or as showing most clearly the applications 

of the principles under discussion. But to our 


mind there is little to be gained by describing, one 
after another, instruments of the same class, but 





by different makers, especially when a great propor- 
tion of these descriptions is to be foundin the makers’ 
catalogues. Indeed, trade catalogues and pamph- 
lets appear to have played too large a part in the 
making of this book, and although the author states 
in his preface that ‘‘only those instruments in 
actual and extensive use at the present day are 
here considered,” we find some instruments de- 
scribed which are no longer made in the form 
shown, or even no longer made at all. 

The scheme of the book is to treat each type of 
instrument in a separate chapter, giving first a 
brief sketch of the outstanding features of that 
type, and then describing particular makes of 
instrument in more or less detail. In this way 
moving needle and moving coil electromagnetic 
instruments, hot wire and electrostatic instru- 
ments, wattmeters, recording instruments, and 
electricity-supply meters are considered. Some 
instruments are described which might well have 
been omitted, even under the author’s own scheme, 
as they are not of sufficient importance, either by 
originality in- their design or construction, or by 
the extent to which they are used in practice, to 
deserve mention. But the chief fault of the work 
is the one we have already indicated. If the author 
had curtailed the purely descriptive part, and had 
enlarged the general discussion of the different 
types of instrument so as to give a scientific 
analysis of his subject, he might have made this a 
very useful book. In its present form it resembles 
a catalogue too much to rank as scientific literature. 
The publishers have done their best for the work 
by giving it an attractive appearance, and by the 
excellence of printing and of illustrations. 
Purification of Sewage and Water. By W. J. Drepin, 

F.1.C., F.C.S., formerly Chemist and Superintending 

Gas Examiner to the London County Council and the 

late Metropolitan Board of Works. ‘Third Edition, 

revised and enlarged, 1903. London: The Sanitary 

Publishing Company, Limited. [Price 21s. net. | 
As this work has now entered upon a third edition, 
it is fairly clear that its merits have been recognised 
by the public, and that nothing in the nature of an 
introduction of the work or a detailed description of 
its contents is required from us. The principal 
change in the volume is that the author has now 
included various recent reports of experiments on 
sewage purification at different places—notably the 
work done at Manchester and at Leeds, and the 
continued researches on the bacterial treatment of 
London sewage by the County Council officers. 

Mr. Dibdin is an enthusiast for bacterial treat- 
ment of sewage—a field in which he was an early 
worker—and he takes pleasure in describing all the 
detailed operations in that treatment, and in exam- 
ining the particular arrangements which seem to 
give the best results at each stage. Abundant data 
are available for such an investigation, as for several 
years now the process has been in fairly extensive 
operation in various parts of the country ; it has 
been inquired into by a Royal Commission and by 
the Local Government Board ; and there are nume- 
rous reports of experts upon it. Mr. Dibdin has 
made extensive use of all this literature, and has 
given the results of the actual experiments, that 
they may speak for themselves ; and by so doing 
he has not only made the volume still more interest- 
ing, but has increased its practical value. 

The chapter on the purification of the Thames 
has a special interest, in view of the immense 
importance of this subject ; and on this work Mr. 
Dibdin speaks with special knowledge, as he was at 
one time closely associated with it as chemist to the 
County Council. But we need not select chapters 
for special mention where all are worth study. The 
subject is here treated not so much from the en- 
gineering point of view as from that of the chemist 
and biologist ; but the sanitation engineer must 
understand the processes involved, as well as the 
construction of the tanks, beds, and plant ; and in 
this volume he will find much information, even if 
he should think, as he probably will, that there is 
too much of the ‘‘ ego” in the author’s text. 
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German into English by L. Drescrorx. Berlin: Wil- 
helm Ernst und Sohn ; London: Asher and Co. [Price 
6s. net. | 

Les Moteurs a Essence pour Automobiles. Par L. 
Marcuis. Paris: Vve. Ch. Dunod. [Price 15 francs. | 

Break! How the Navy Prepares for War. By Trs-Pot- 
Pen. The Fleet Series, No. I. London: The West- 
minster Press. [Price 1s. ] 


By BrRNarp 








Tron in Betcium.—The production of finished iron in 
Belgium last year was 402,000 tons. The corresponding 
output in 1902 was 378,000 tons ; in 1901, 384,000 tons ; In 
1900, 358,000 tons ; in 1899, 475,000 tons ; in 1898, 485,000 
tons ; and in 1897, 479,000 tons. 
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Sa a ir 7 theatre proper—excepting its approach by way of 
THE CHICAGO THEATRE FIRE. the 60-ft. Randolph-street frontage and the 125-ft. 


By EpwiN 0. Sacus, Architect. | boundary abutting on the alley—was built in by 
Tur technical facts of the disaster at the| adjoining property, or was being built in—i.e., 


[roquois Theatre, at Chicago, being of the ubmost | 
importance to the various local authorities, to the 
theatre managers, and to the playgoing public, I 
have prepared the following notes giving par- 
ticulars as to the actual circumstances of this sad | 
fre. 1 would point out that these particulars are | 





part of the adjoining property to the back of the 
stage not yet having been covered iu, but being in 
the hands of contractors. 

(b) The building was badly planned, without due 
regard to the requirements of rapid or even con- 
venient egress, without regard to the sine qud non 


based on indisputable and independent information | of modern planning—i.e., symmetry in relation to 
from various parties of high technical knowledge, | the auditorium, without suitable separation of 
not only on the structural, but also on the insurance | staircases for the different sections of the audience, 
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and fire brigade aspect, and that the facts were | 
furnished in reply to inquiries on my part, my notes 
being further supplemented by a careful verbal 
description of what occurred by an English eye- | 
witness, who was on the stage at the time of the} 
outbreak. I have purposely avoided in any way | 
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mentioning the tenour of the local building regula- 
tions or their administration, as these are questions 
sub judice. 


THE THEATRE. 


The facts regarding the planning, construction, 
and equipment of the Iroquois Theatre are as 
follow :— 

(a) The building was very badly situated. 


the auditorium and the stage, the other serving as 


the sole approach, with foyers, vestibule, and main | pletion of these iron emergency staircases, and the 
staircase. The theatre proper—i.e., auditorium and | possibility of using all the doors at the time of the 


stage—was situated on backland, removed 90 ft. 


back from the main thoroughfare, known as/|their efficiency at the time of the catastrophe is 


Randolph-street, the centre line through stage and 
auditorium running parallel with that thorough- 
fare, and the stage and auditorium together 
having a length of about 125 ft. and a width of 
about 90 ft. The staircase and vestibule block, 


which had a depth of 90 ft., had a frontage to| superior character. 
very considerable extent, of a fire-resisting quality. 
The height from stalls to ceiling was about 54 ft. 
On all sides the|and the proscenium opening was about 48 ft. wide 





Randolph-street of 60 ft. To the rear of the site, 
parallel with the main thoroughfare, was an 18-ft. 


| 
alley, known as Couch-place. 





ALLEY :— COUCH PLACE ( 18Ft.wide) 









The | follow :—One exit andthree openings from the stalls 
theatre occupied an area of about 17,500 square | level to the alley direct ; three exits each on first 
feet, and comprised two blocks—the one containing | and second tier to two iron outside staircases, with 


and without adequate staircase width for the num- 
ber of the audience. Such staircases as existed 
were open staircases-—i.e., not self-contained—and 
were so planned that the various streams of people 
leaving the building met at various angles, and in 
some cases even face to face. The whole audience 
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RANDOLPH STREET 


entered, and practically left, by the Randolph- 
street approach, passing one series of doors. There 
was one common vestibule for all sections of the 
house, from which the audience reached the stalls 
level, and also by way of the open staircases on 
either side (overlooking the vestibule) to the two 
tiers. ; 

There were emergency exits towards the alley as 


movable bottom lengths. The exact stage of com- 


tire, has not yet been definitely ascertained ; but 


doubtful. 

(c) The construction of the auditorium, which 
was a two-tier (cantilevered tier) house, with the 
fronts of the tiers somewhat closer to the stage 
than usual, was, for a building of its size, of a 
The material used was, to a 


by 34 ft. high. The total seating accommodation 
was for 1602 persons. 

(d) The stage showed construction of the ordi- 
nary type, with the usual wood equipment. It was 
90 ft. high (see Fig. 2, page 284) from stage level, 
and had a gridiron and two fly gallery levels. The 
stage accessories, scenery, properties, &c., were of 
the ordinary highly inflammable character, and had 
been in use for some considerable time, which 
involved the usual fraying and high grade of in 
flammability. 

(e) The stage was intended to be separated from 
the auditorium in case of need by an asbestos 
curtain ; but this appliance was of the unsuitable 
loose cloth drop-curtain, or so-called reefed act-drop 
type, temporarily mounted on wooden sheathes, 
and worked by ordinary ropes. There is no record 
of its regular use or trial. 

(f) The electrical equipment was of an average 
character. Many of the fittings were, however, of 
an inferior type, notably the electric arc lamps used 
on the stage, which were not properly enclosed, or 
suitably protected. 

(g) The ventilation arrangements were incom- 
plete ; the ventilators over the back of the stage, if 
complete, would have been of insufficient area; but, 
as a matter of fact, they were unfinished, and not 
equipped with proper controllers. They were 
blocked—i.e., closed pending completion. The ven- 
tilators over the auditorium, which were situated 
over the highest seats of the gallery, were open. 

(h) Fire appliances in the ordinary sense were 
non-existent in the theatre proper. There were no 
hydrants, buckets, or hand-puimps on the stage or 
in the auditorium. The sprinkler installation, 
intended for the building, was only in course of 
construction. Six patent so-called powder extin- 
guishers were provided on the stage. There was a 
hydrant in the vestibule block on the first-floor level 
and an outside vertical stand-pipe on the alley side 
of the stage, but apparently not fitted with hose. 

There was no fire-alarm call-point in the theatre, 
or direct telephonic communication with the fire 
brigade. 

(1) The exits from the auditorium were not suit- 
ably indicated or illuminated—neither ordinary exits 
nor emergency exits. 

(j) There was no staff of properly trained firemen 
engaged in the theatre. One so-called private fire- 
man was engaged. His credentials as to fire-service 
experience are not to hand. 

(k) There were no instructions issued to the staff 
as to their duties in case of panic, nor were there 
apparently any trial drills or fixing of fire-quarters 
for either stage staff or the staff in the front of the 
house. 

(l) It was the custom of the stage staff (including 
the flymen) to leave the theatre for a considerable 
period while the performance of individual scenes 
was in progress, and thus to leave the stage 
mechanism practically unattended. 

(m) Anumber of the dressing-rooms were situated 

on the ‘‘ prompt” side of the stage, on five levels, 
and for the most part overlooked the stage. These 
dressing-rooms were reached by an open staircase, 
and a lift on the prompt side close to the proscenium 
wall. There was no direct exit from these rooms, 
the artistes having to pass along the stage to the 
back for egress. There were additional dressing- 
rooms under stage floor level and under the audi- 
torium. A supplementary exit was available for 
part of these by way of Randolph-street. 
(n) The stage entrance in use was at the back of 
the stage by way of a temporary wood bridge or foot- 
way over the adjoining property, which was in the 
hands of builders, opening on to part of the side 
thoroughfare known as Dearborn- street. The 
doors from stage to bridge opened outwards, those 
from bridge to street inwards. There was a scene- 
dock door opening to the alley. There was an out- 
side iron ladder on the alley side of the stage, with 
openings to the two flies and grid-iron levels. 


THe Free. 


The actual fire may be described as follows :— 

The fire broke out about 3.20P.m., on December 30, 
1903, during a matinée performance, and was caused 
by a spark from an electric are light situated on a 

rch on the prompt side, and used as a ‘‘flood”’ 
ight. The spark-set fire toa border during the sing- 
ing of the first verse of the ‘‘ Moonlight Song” in 
the ‘‘ Bluebeard” Pantomime, and at the moment 
when there wasa change in the lighting effects. 
The border caught light at a point out of reach of 








the electric operator. The accident was seen by an 
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The fire itself was rapidly extinguished, the 
structural damage done being slight. Regarding the 
contents, the stage equipment, properties, and 
scenery were entirely destroyed, and the uphol- 
stery and decorations of the auditorium damaged, 
the furnishings in the front part of the stalls and 
in the gallery, however, alone being burnt, as dis- 
tinct from scorched. 

As far as can be gathered, the fire had already 
spent itself fifteen minutes after the first outbreak. 

The total lives at stake would appear to have been 
1830 spectators (against 1602, for whom there was 
seating accommodation), and a personnel of 275. 
Of the audience, 571 had succumbed within a week 
of the outbreak of the fire, and also a number of 
the personnel. Of both audience and personnel 
there was a long list of injured ; in fact, a number 
both of the audience and the staff lay in a critical 
condition. 

Approximately 70 per cent. of the dead were in 
the gallery, and only 30 per cent. in the balcony ; 
comparatively few on the main floor—.e., stalls 
level—were killed. 

CoNCLUSIONS. 

The above particulars describe the circumstances 
and history of this terrible calamity. In every 
respect the circumstances and history of the fire 
showed an unaccountable combination of defects 
in the planning and equipment of the theatre, 
untoward occurrences, blundering, and misfortune, 
the like of which should have been an impossibility 
in any theatre designed, erected, and conducted in 
the present century. 

On whose shoulders the responsibility for this 
calamity rests is a matter sub judice; but it is 
obvious that fault must be found in more than 
one direction. 

One bright spot alone shines out strikingly in 
this sad tale, and that is the pluck of the lift-boy, 
who ran his elevator to the bitter end, bravely 
bringing down in rapid rotation the unfortunate 
artistes who had been penned up in the dressing- 
rooms overlooking the stage. This act of heroism 
in a lift, which on its last journey was actually 
alight, and had to be run up six storys to bring 
down the members of the aerial troupe, would have 
done honour to any member of our fire service. 
For a young lift-attendant the action was beyond 
all praise. 

As to the lessons of this fire, there are none 
that have not long been learnt by those versed in 
the subject of theatre safety in this country. 
But I think it my duty to point out that this 
fearful example again proves what I have so long 
advocated—namely, that the questions of exit and 
straightforward planning must be given precedence 
to those of construction, and that the properly- 
equipped ‘‘fire watch” and a sprinkler system 
should also take precedence of structural questions. 
But I further hold it to be an absolute essential— 
for old theatres and new alike—to go to the root of 
the initial cause of these terrible disasters by apply- 
ing the principles of fire-prevention to the stage, 
even before providing such safeguards as relate to 
fire-extinguishing arrangements—i.e., those safe- 
guards as are only intended to meet the eventuality 
of a fire having actually obtained a start. The 
stage is generally—though not always—the scene of 
the outbreak. Fire prevention on the stage can, as 
I have said before, only be obtained by its suit- 
able incombustible construction and equipment. 
The scenery, properties, and furnishings of the 
stage must be thoroughly impregnated, so that 
they do not catch or spread fire caused by any un- 
toward spark or flame ; and the construction of the 
stage must be of sound design and material—i.e., 
of metallic framing and hardwood flooring, with an 
absence of all wood pulleys, windlasses, or ordinary 
rope work. The highly inflammable lumbering 
wood stage of the last two centuries must be 
abolished in favour of the light and roomy metallic 
stage of a modern type. 








|and of a comparatively low cost, goes hand-in-hand 


| these natural sources of power would continue to 





Given such stages, and|a most satisfactory intake has been provided for. 


A 20,000-VOLT POWER TRANSMISSION | 
PLANT. 


By A. J. BLoEMENDAL. 


THE extensive mountainous districts of Austria, 
and their differences of level, have endowed the 
country with a large number of natural sources of 
power, which are fast being utilised in the production 
of electric energy for distribution ata distance. As 
a rule, however, and by reason of differences in the 
geological formation, the utilisation of these sources 
of power is surrounded by many difficulties that are 
not generally met with in similar work in Switzer- 
land, Italy, and on the French slopes of the Alps. 
The unfavourable condition of the banks and of the 
ground over which the water has to be conducted, 
and the preponderance of large bodies of water 
from intermediate ranges, with but.a comparatively 
very low head, lead to costly hydraulic engineering 
works, which, were they not designed with great 
care and on the most efficient lines, would seriously 
endanger the commercial success of many schemes. 
On the other hand, the hydrographical records show 
that regularity of water supplies available leaves 
much to be desired, from the point of view of their 
utilisation. A large number of the higher and 
more easily usable waterfalls in the Austrian Alps 
have, however, of late years been turned to account. 
Among the waterfalls with a comparatively low 
head, only those have been utilised in which the 
banks, the conditions of the ground, and the regu- 
larity of supply have proved specially favourable. 

The experience gained in the transmission of 
energy at a distance in the form of high-tension 
alternating current, through lines small in section 


with the utilisation of natural sources of hydraulic 
power; as a matter of fact, it is well known that 


run idle were it not for the progress made in elec- 
trical science. The ease with which energy is dis- 
tributed over wide areas is of special advantage in 
the case of Austria, where the centres of utilisation 
are widely scattered over the country. In the 
United States, power installations, supplying cur- 
rent at an abnormally high pressure, are now fast 
becoming a recognised feature, while in Europe 
we are very cautiously and tentatively following 
the lead of American engineers in this branch of 
industry. It should be added, however, that the 
first experiments on high-tension power transmis- 
sion were made, not in America, but in Europe. 

In this connection it may be interesting to de- 
scribe an installation which has been built for the 
Vereinigte Elektricitaits Actien-Gesellschaft (United 
Electrical Company, Limited), of Vienna, who de- 
signed and constructed the machinery, the rest of 
the plant being carried out to the designs of the 
writer. In this installation the prime motive 
power is supplied by one of the numerous rapids 
of the Mur—one of the largest rivers of Styria. 
The deviation and utilisation of the power avail- 
able in this particular case were surrounded with 
very great difficulties, owing to the régime of 
the river and the tendency it has of constantly 
deepening its bed and lowering its water level. For 
this reason the stretch lying between Margarethen 
and Lebring, where the river flows for a length of 
about one mile over a rocky bed, was chosen for the 
head of the supply channel, and the existence of 
high ground on the river bank in close proximity to 
Lebring made this town suitable for the location 
of the power-house. For the construction of the 
head-race, which is 1400 yards long and excavated in 
rock, the bottom of the river had to be divided over 
a length of 700 yards by a strong wall, built of 
quarry stone in Portland cement, and resting on a 
concrete block, 13 ft. in width, embedded in the rock 
foundation. A breaker 985 ft. long is built in the 
river, starting from the sluice-head, and ending 
at a point where a mass of rock in the river bed con- 
stitutes a strong natural dam-wall, by which means 


Fig. 1, page 286, illustrates the regulator sluice 
at the head of the intake, and Fig. 2 the founda- 
tions of the power-house. Both the regulator 
sluices and the penstocks are worked by hand. 

The power-house contains four turbines, calcu- 
lated each for a head of 18 ft. net, anda water dis- 
charge of 13.6 cubic metres (3000 gallons) per second, 
producing, therefore, in round numbers a total 
of 3000 horse-power effective. 

The method of driving the electric generators 
was given careful consideration. For the direct 
coupling of the generators with the turbines it was 
necessary to lay the floor of the engine-room below 
the high-water mark, and consequently it was at 
first planned to use spur-gear to drive the gene- 
rators. Later on, however, direct coupling was 
decided upon, owing to its great advantages and 
simplicity, and the concrete foundation and walls 
were built to suit. The generators are driven, by 
a Zodel-Voith coupling, and the turbines are 
governed by a servo-motor, worked by oil under 
pressure. The generators are calculated for an 
output of 500 kilowatts each, with cos ¢=0.85, and 
are rotating-pole machines. It was not possible in 
this particular case, for constructive reasons, to 
build the rotor of a sufficient weight to insure 
regularity in speed, and a flywheel has therefore 
been added to each set. The following are general 
characteristics of the machines :— 

1500 volts between two phases. 
97 revolutions per minute. 
97 periods per second. 

60 poles. 
590 kilovolt-amperes output. 

In order to be able to use bar-windings for the 
generator, it was decided to construct them for a 
working pressure of 1500 volts. There are two 
bars in each slot of the stator-core. Each gene- 
rator is fitted with a direct-coupled exciter, the 
latter working at 60 volts. As. it was contem- 
plated to supply current for lighting.as well as for 
power, a frequency approaching 100 periods was 
decided upon ; the choice was further governed by 
the fact that existing installations to be connected 
up had been designed for the same frequency. 
The generators have a commercial efficiency of 94.5 

er cent., that of the turbines being 76.5 per cent. 
Ihe potential drop from full load to no load is 
8 per cent. when cos @ = 1, and about 16 per 
cent. when cos @ = 0.8; andthe difference in speed 
from full to no load is approximately 3 per cent. 

The generators were designed so as to be easily 
erected and taken apart ; the carcase rests on sepa- 
rate foundations, and the exciter and outside bearing 
on separate base-plates. The frames are carefully 
earthed. The generators are connected -to the 
switchboard by armoured triple-strand cables laid 
ina duct. The switchboard and its connections are 
illustrated in Figs. 5 to 8, page 287, the references 
to which are as follow :— 


Sy. Synchroniser. Z D. Bipolar switch. 
HV. Hot-wire voltmeter. MR. Magnet-regulator. 
P V. Phase voltmeter. U. Make-and-break. 

W. Wattmeter. B. Electroliers. 

H A. Hot-wire ammeter. S U. Automatic switch. 
P L. Phase-lamp for 70 volts. 8S R. Pressure relays. 


. Isolating switch. 


H S. High-tension switch 
. Voltmeter switch. 


V'Us. Voltmeter switch. Vit 
E D. Unipolar switch. 

The front side contains low-tension apparatus 
only, besides the lever handles forthe high-tension 
switches, which are clearly shown in Fig. 8. The 
Horner type of switch has been. adopted ; it was 
not thought advisable to use oil switches either for 
the 1500-volt or the high-tension currents. Re- 
peated tests have been made with this portion of 
the plant, and the generators have frequently been 
switched on under their full load without the least 
difficulty or inconvenience ; and in the opinion of 
the designer, the switch gear he has adopted is far 
preferable to oil switches, for simplicity and ease of 
access, although the latter, in certain cases, have 
advantages. The matter is specially mentioned 
here, since of late many engineers have stated the 
oil switch to be the only suitable one for installa- 
The voltmeters and am- 
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given scenery that will not burn, the public will be |The intake is so constructed that drift-ice will| tions of such magnitude. 
able to regard a stage accident with equanimity, |be completely diverted from it, while the great| meters are all connected with step-down trans- 
and have the confidence which it is impossible to| depth of water in the canal will prevent all forma-| formers, a low-pressure only being thus recorded 
attain, even in the best-built playhouse, where the | tion of ground-ice. The power-house foundations |on the switchboard. Each generator is fitted with 
root of the evil—i.e., the risk of fire on the stage— | and the pressure conduit, the latter 820 ft. long|a separate magnet exciting rheostat, and when all 
remains unconsidered, as was the case at Chicago. | and 72 ft. wide, have been carried down to a depth| the machines are connected up in parallel, the four 
| of 19 ft. to 20ft., and rest on a bed of rock. | rheostats are coupled together mechanically by the 
Tax Domers Ooai Bawri<_’Pha vredacdiv .__,| Lhe difference in level between the head-race and | action of a horizontal shaft in front of the switch- 
theeval mines in as Metals baa i Re of | the tail-race is 18 ft. net. The hydraulic engineer- | board, and shown at MR, Fig. 5; and the regu- 
at 1,239,750,000 poods. The effective extraction for the | 8 has been carried out by Mr. D. S. Feuerléscher, | lation is then effected simultaneously and quite 
year is estimated at 841,870,000 poods, or 68 per cent. of | Of Graz, and the concrete work by Mr. F. Vargason, | automatically. by the use_ of relays and a motor. 
the whole quantity which could be raised. | engineer, of Vienna. The general arrangement in the rear of the switch- 

















‘NOILVLS-daAG NI SHAWEOASNVUY, > * “IVNVD KIddNS “€ “OIA 











“asnopx-waMOdg do SNOILVONOOT °Z ° “IANNVH(Y) ATddng YOX ANVINT 








U 
Z 
a 
t2) 
es 
Z 
O 
Zz 
ee 


es IL TOO 


tt Aa walk: >. 

















(‘egz abvg aas ‘uoudisosagy 107) 


‘VINLSAV ‘ONTHUAAT LV LINVId NOISSINSNVUL YAMOd OIMLOATH LTOA-000'0% 


















i a 


woleninle aR Ee 





’ 


ENGINEERING: 





287 








Frp. 26 1904. } 


So 


SWITCHBOARD AND CONNECTIONS FOR 20,000-VOLT POWER TRANSMISSION PLANT. 
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| board is seen in Figs. 7 and 8, which shows also that 
_ample space has been provided between the high- 
tension frame carrying the switches, fuzes, and 
sealing terminals, and the low-tension board. A 
convenient and quick paralleling of the generators 
is effected by means of a Lincoln synchroniser, the 
working of which is shown in the diagram of con- 


: nlrdies 
nections, Fig. 5. 


With this device it is possible to 


couple up the four generators in parallel ina few 


minutes. 
stand-by. 


Phase lamps of the usual type act as a 


The references to Fig. 5 are the following :—- 


ED. Exciting dynamos. 

M R. Shunt rheostats. 

H V. Hot-wire voltmeter. 

H A. Hot-wire ammeter. 

. Phase voltmeter. 

Wattmeter. 

Three-phase transformer. 

Synchronisers. 

Phase lamps 

Single-phase transformer. 

Single - phase recording 
transformer. 

Current transformer. 

S. Tripolar lever switch, 

U. Voltmeter switch. 

. Lightning arrester. 


ED. 
ZD. 


E 


Unipolar turn-switch, 

Bipolar turn-switch. 

. Disconnecter. 

Detachable high-tension 
safety fuse. 

>, Earthing testing device. 


Hj. Tripolar safety fuse. 


S 


SR. 
US. 


Vv 





= 


. Earth-plates. 

Y. Automatic commutator. 
Pressure relays. 

1. Make-and-break. 
Commutator for 
current circuits. 
Ho. Bipolar safety fuse. 
H3. Tripolar safety fuse. 
M. Single- pole voltmeter 
switch. 
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As will be seen by reference to the diagram, 
Fig. 5, ground detectors are inserted both in the 
primary and secondary circuits ; these have proved 
inost useful, The 1500-volt ground detectors are 
normal static voltmeters ; in the high-tension cir- 
cuit they are connected with condensers. It is 
proposed later on to work the sluice-gates electri- 
cally, and the necessary provision has been made 
for working the motors from the switchboard. 

The 1500-volt current is led through cables from 
the switchboard to the transformer-room; the 
latter is directly in the rear of the switchboard. 
The transformers at the generator station consist 
at the present time of three units of 650 kilowatts 
capacity each. Single-phase transformers have 
been used in order to secure the advantage of the 
A connection, so that should one transformer get out 
of order, the other two could keep up the supply, 
working in Y form under an overload, for which they 
are, however, designed. These transformers trans- 
form the current from 1500 to 21,000 volts. The 
high-tension current is taken by bare conductors 
to safety cut-outs, thence to the points of dis- 
tribution. It has not been possible to obtain a 
photograph of the central transformer-room, but the 
transformers shown in Fig. 4, page 286, and Figs. 
9 to 11, annexed, are at a sub-station ; the general 
arrangement in both is practically the same. 
The high-tension current bare wires, on leaving 
the transformers, are enclosed in glass tubes, and 
end on 21,000-volt Westinghouse safety cut-outs 
mounted on marble plates. The cut-outs consist 
of an aluminium wire held between fixed and mov- 
able levers. In the case of an over-load, the wire 
burns and the movable lever is released, and breaks 
the arc, The device works satisfactorily in every 
respect. The releasing device of the aluminium 
wire from the fixed lever consists of a silk cord 
and a porcelain hook. Asbestos boards are sus- 
pended between the safety cut-outs, to prevent a 
‘*flash over” from one switch to another. The trans- 
formers are amply protected by lightning-arresters, 
consisting of induction coils and a number of 
series - connected contacts, made of non - arcing 
metal, with air-gap between them. 

In order to be able to inspect the lightning- 
arresters without having to interrupt the supply, 
they are fitted with a throw-over switch which dis- 
connects them from the line, and they can then be 
handled with perfect safety. It is of advantage to 
be able-to cut out these lightning-arresters, as it is 
necessary to inspect them after every thunderstorm. 
The wires are carried out from the transformer-room 
through three glazed round apertures in a tower 
built on the roof over the switchboard. The trans- 
formers on the switchboard frames are earthed, and 
the low-pressure windings of the former are with 
spark-gaps. All transformers built for the 21,000- 
volt pressure are with oil insulation. Figs. 9 to 
11 illustrate a 200-kilowatt transformer, and show 
that the inside core can easily be removed from the 
housing, also that the coils are very easy of access. 

Most careful attention has been given to the 
arrangement of the overhead conductors. These 
consist of three copper wires, 38.7 square milli- 
metres (0.06 square inch), carried on porcelain 
insulators. The latter havea triple bell (see Figs. 12 
and 13); they are fixed on their wood supports with 
the interposition of porcelain studs screwed in hard- 
wood fully impregnated with paraffin. The testing 
of the insulators has been carried out with great 
care, using a 120,000-volt pressure, the tests having 
been made, as far as practicable, by placing the 
insulators in service conditions and under a water 
spray. The three wires are mounted ina 3-ft. 32-in. 
equilateral triangle. One insulator is at the top of 
the post, and the two others are on wood brackets. 
Every post is fitted with a lightning-rod suitably 
connected to earth, and at about every 1000 yards 
there are provided lightning-arresters with magnetic 
blow-out devices. 

It. will be found interesting to record here an 
incident which occurred when the line first started 
working. The first section of the line was first set 
alive as far as the nearest switch, and the tension 
was gradually raised up to 24,000 volts, the section 
remaining under these conditions for thirty minutes. 
This was effected in the case of four consecutive 
sections with satisfactory results. When, however, 
the fifth section was connected up, and the pres- 
sure had risen to over 18,000 volts, a short circuit 
was produced and the 21,000-volt fuse blew. Asa 


matter of fact, this section bore the 18,000-volt 
pressure for an indefinite time ; but on its being 
gradually raised by only 50 volts, the short-circuit 
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CONSTRUCTED BY THE VEREINIGTE ELECTRICITATS ACTIEN-GESELLSCHAFT. 


Fig.9. 






































































































































4 
TF 
Tam ay { 
RTT TER 
ee ; 
1 ; i | \ 
a I : 
Hi oy | H 
| Nody H 
lt | Ho TI 
tt etbolt--it--L mR ig 
ree | 5 
em a g 
eh eat “4 
A te | 1 
wou iH | : 
ih 1 | i 
jl |! ye i 
iit i ft i i 
ret i! | I 
Fe] ae i! i! ' 
ee aw yt t 
iat bata! ' 
Bie, Seler ' 
a hh yt 
tt 
' 
ie a 
ai v 
H H 
}4-----------=----§60 -----..---------=-4} 
--L-- 
' 
ed ! 
af - 
iS 2 
528 ek 
RR! Sen 
eesti 75 
+ 
(6144 6) —_ 
” , ]K-------~-------- W090 ---~--------~~-----3| 
eeemcnees = Piacesn ceca | \ 
. H iq----— ggg ------ >! | 
Fig.72. fig . 73. daicabtnaiedl a 
| I jnn- =~ =~ 4+-7f--- 900 ---> “<i acme | H 
“= ! ' 
' i H | 
on an ifs i 
2 ! 
\ 
\ 
~x--4 | 
§ 
: s 





















550 





occurred. The cause of this, after rather lengthy 
investigations, was found to be the cracking of an 
insulator, producing thereby the short - circuit, 
although the crack did not go through the whole 
thickness of the porcelain. The experiments were 
further carried on, and a series of critical limits of 
pressure were tabulated ; at these limits the very 
smallest defects in the porcelain insulators are of 
importance, and may lead to injurious results. 

The long-distance line has a length of 20 miles, 




















and is divided into eight sections, in order to more 
easily detect any defects and to cut out any section 
without stopping the whole plant. It crosses 
the Mur River twice, strong latticed columns being 
erected on both banks for this purpose, the line 
being suspended from steel ropes. All details have 
been designed with a coefficient of safety of six. For 
crossing railways and the national telephone wires, 
the line is laid in light latticed bridges. It was 
not possible to employ underground cables when 
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crossing railways or telephone wires, owing to the 
fact that no firm of cable-makers would undertake 
to guarantee cables to withstand for any length of 
time a working pressure of 20,000 volts. The 
authorities therefore insisted upon the overhead 
wires being encased in these light bridges to pre- 
vent them coming into contact with objects below 
them in case of a breakage. Over road-crossings 
protective nets, suitably earthed, have been put up. 

At the present time there are three sub-stations, 
in which the 20,000-volt current is transformed 
down to 500 volts in oil transformers, The sub- 
stations are built throughout of armoured concrete, 
and the wires are led out through the walls in 
practically the same way as 1s the case with the 
central station. The transformers-are triangularly 
connected, so that when one is cut-out the others 
can insure the service. Sufficient space has been 
left available for putting down a fourth transformer 
as a reserve. 

Telephone cabins have been put down along the 
line, to communicate with the central station and 
the sub-stations. The telephone wires are, of 
course, carried on separate poles. 

It is satisfactory to be able to state that since the 
first day of starting up the plant, the whole has 
been working without a hitch, and even the heavy 
falls of snow which occur in the district, and from 
which some difticulties were expected, have in no 
way interfered with the working and insulation of 
the plant. : : 

In a subsequent article particulars will be given 
of some interesting tests which have been made 
with regard to the capacity and reactance of the 
circuit and its insulation properties. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue fifty-seventh annual general meeting of the 
Institution of Mechanical Engineers was held on 
Friday last, the 19th instant, at the Institution 
House, Storey’s Gate, the President, Mr. J. 
Hartley Wicksteed, occupying the chair. After 
the minutes of the previous meeting had been 
read, Mr. Wicksteed called on Mr. Worthington to 
read the 

ANNUAL Report. 

From this it would appear that the number of all 
classes on the roll of the Institution at the end of 
the year 1903 was 4211, showing a net gain of 319 
over the previous year. The rate of progress is 
not quite so high as it was in 1902, but the Council 
rightly consider that the increase in membership of 
8} per cent. must be regarded as most satisfactory. 
The figures in regard to membership for the four 
previous years, since the Institution took posses- 
sion of its present home in Storey’s Gate, are 
given in the report as follows :—238 for 1899; 
243 for 1900; 325 for 1901; and 402 for 1902. 
During the past year 491 candidates were elected, 
of whom 47 were formerly graduates. One member 
was reinstated, but three elections became void. 
There were thus added to the register 442 new 
names. During the year 48 members had died, 
amongst them being Sir Frederick Bramwell, 
who was elected a member in 1854, and _ be- 
came a Member of Council in 1864; he was 
President in 1874-5. Mr. Francis C. Marshall, 
whose death was also announced during the past 
year, was elected a Member of Council in 1882. 
Another deceased member is Mr. George B. Lloyd, 
who had been a member from 1854. Turning to 
the accounts, the report states that the annual 
revenue for the year 1903 was 10,8481. 15s. 4d., the 
expenditure being 10,605I. 2s. 3d., leaving a balance 
of revenue over expenditure of 2431. 13s. 1d. ; this 
was exclusive of entrance-fees—523l., and a life 
composition —50/., these amounts having been car- 
ried to capital account. The total investments and 
other assets of the Institution amount’ to 
70,7821. 15s. 9d. ; from this should be deducted 
25,000/. worth of debentures, and remaining 
liabilities of 20341. 9s. 5d. The capital of the 
Institution amounts to 43,7481. 6s. 4d. The report 
next proceeds to refer to the work of the various 
research committees, commencing with that of the 
Alloys Research Committee, which has recently 
been so prominently before the Institution. The 
first report of the Steam-Engine Research Com- 
mittee, by Professor D. S. Capper, has been 
received, and will shortly be presented at a meeting 
of the Institution. Mr. W. H. Maw has been 


Bryan Donkin, whilst the names of Mr. Henry 
Davey and Captain H. Riall Sankey have been 
added to this Committee. The 100-brake-horse- 
power gas-engine which has been designed for 
the experimental work in connection with the 
Gas-Engine* Research’ Committee is now ready 
to be tested. The Reporter to the Committee 
on the Value of the Steam-Jacket, Professor 
T. Hudson Beare, has carried out during the 
late summer and autumn a number of experi- 
ments with the experimentally jacketed vessels. 
Theresults thus obtained are at present being worked 
out, and further experiments are in progress. More 
satisfactory arrangements for admitting the steam 
to and exhausting it from the experimental vessels 
are now being designed by Professor Beare and 
the Chairman of the Committee. Reference -is+ 
next made to the last summer meeting held: in 
Leeds, and a list: is. given of the papers read at 
the graduates’ meeting. A sub-committee of the 
Engineering Standards Committee, with Mr. W. H. 
Maw as chairman, has been carrying out investiga- 
tions on the standardisation. of pipe flanges. The 
concluding part of: the report refers to the forth- 
coming visit to the United States. A cordial invita- 
tion from the American Society of Mechanical 
Engineers has been received, it being proposed that 
a joint meeting of the Institution and the Ameri- 
can Society. shall be~ held in Chicago, as already 
stated in these columns ; a subsequent visit: is* to 
be paid to the St. Louis Exhibition. This meeting, 
it will be remembered, commences in Chicago on 
Tuesday, May 31. 

At the conclusion of the reading of the report, 
the President invited discussion from any members 
present; but no one rising, the motion for the 
adoption of the report was put from the chair, and 
carried unanimously, 


Prizes TO GRADUATES 


Mr. Wicksteed next presented the prizes to the 
two graduates to whom awards had been made by 
the Council. These are Mr. W. P. Gauvain, who 
had contributed a paper on ‘‘ Deep-Well Pumping 
Machinery,” and Mr. F. C. Hibberd, whose paper 
was on ‘* Automatic Couplers.” The President 
said he was both sorry and glad that Mr. Gauvain 
was not present : sorry because he would missthe plea- 
sure of giving him the prize in person, and glad be- 
cause he had gone to Leeds, where he (the President) 
would hope to meet him. Mr. Henry Davey had 
kindly undertaken to accept the prize on behalf of 
the winner. The prize consisted of a number of 
books on technical subjects. Mr. Davey, in response 
to the President’s invitation to take charge of the 
prize, stated that Mr. Gauvain was engaged in his 
oftice at the time the paper was read, and was now at 
the works of his firm at Leeds. In presenting a 
prize to Mr. Hibberd, the President said that the 
subject of automatic couplers, upon which he had 
treated, was one of great importance and somewhat 
difficult to deal with ; that the author had treated 
the matter historically ; that he had reviewed the 
early systems, and had sketched what the ideal 
automatic coupler should be; further, the author 
had discussed the adoption of these appliances in 
England. 


BaLLor FoR OFFicers oF INSTITUTION. 


The Secretary next read the result of the ballot 
for the annual election of the President, Vice- 
Presidents, and Members of Council to replace 
those who retire by rotation in accordance with 
the rules. They were as follows :—President—Mr. 
J. Hartley Wicksteed; Vice-Presidents—- Messrs. 
E. B. Ellington and T. Hurry Riches ; Members of 
Council — Sir Benjamin Baker, Sir John Wolfe 
Barry, Sir J. I. Thornycroft, Dr. Edward Hop- 
kinson, and Messrs. Henry Chapman, H. A. Ivatt, 
and H. D. Marshall. It will be seen that all the 
former holders of office were re-elected. 


ALLoys RESEARCH. 

Mr. Wicksteed said that it now remained to con- 
clude the discussion on the sixth report to the 
Alloys Research Committee. Professor Gowland 
was, unfortunately, laid up with influenza, but he 
had prepared a reply which would be read by the 
Secretary, after Mr. W. H. Merrett had spoken. 
It was open to any member to speak on the sub- 
ject. Noresponse being made to this invitation, 
Mr. Wicksteed called on Mr. Merrett. 

Mr. W. H. Merrett said that Professor Le 
Chatelier, in his very interesting speech, had 


martensite. If members would turn to Figs. 139, 
140, and 141 (see page 241 ante), they would see the 
structures referred to. They were composed of 
two constituents—one,’a shining one, which had 
been very slightly attacked by the etching material, 
while the other was deeply etched. They were 
uncertain at the time whether the structure was 
true martensite or not ; the specimen had there- 
fore been very carefully etched, with the result 
shown in Fig. 141, where the characteristic needles 
of martensite were to be observed. Professor Le 
Chatelier had made a mistake in not properly 
realising what was intended to be conveyed by the 
report. He (Professor Le Chatelier) had stated that 
the steel was quenched below the point of recales- 
cence, and: therefore would not contain martensite, 
(but would be made up of troostite or sorbite. 
Mr: Merrett then referred to the steel, containing 
4 per cent. of carbon, quenched at 720 deg. Cent., 
comprised in the equilibrium curve (Fig. 7, page 
140 ante). The fact was, the speaker said, the steel 
was raised to the required temperature, and was 
then quenched in mercury, and covered with water, 
ice, and salt. The effect of the heating would be 
‘to: dissolve the whole of the pearlite constituent, 
and the carbide would be in a state of solid solu- 
tion. On quenching, that carbide would be con- 
verted into some form either of martensite or 
troostite. In this particular case the quenching 
was done vigorously, and, as the microstructure 
showed, the final result was entirely martensite. 
That structure was difficult to produce in micro- 
sections, but it might be brought up by prolonged 
etching, as would be seen by Fig. 141. The 
speaker next proceeded, by the aid of lantern slides, 
to illustrate some other similar structures. The 
first slide showed a micro-section of a rail surface, 
which was arced by an electric circuit. The slide 
showed that at the top the rail was entirely com- 
posed of martensite ; the lower part was a mixture 
of ferrite and martensite. The surface had been 
made hot, and the cold metal at the back might 
be described as having been quenched, the hot 
metal in the central part giving a mixture of mar- 
tensite and ferrite. That effect was produced arti- 
ficially, but in the next slide the speaker illus- 
trated how the same result was arrived at 
in actual use. The rail in this case was of 
similar structure to the last, but had broken some 
years ago. Upon examination it was found to 
consist of martensite and ferrite. Several objec- 
tions had been made during the discussion to the 
conclusions drawn from the mechanical tests set 
forth, and it had been suggested that further 
mechanical tests should have been made, such as 
those with notched bars and torsion tests. But it 
was to be remembered that all specifications in use 
avoided these special tests. The notched-bar tests 
would, however, certainly have been made if Sir 
William Roberts-Austen had lived. Dr. Carpenter 
had objected to the statement in the report that 
the three high-carbon steels annealed at 1100 deg. 
Cent. showed that part of the iron carbide origin- 
ally present had been decomposed into iron and 
amorphous carbon. It had been found in many 
cases that high-carbon steels which were annealed 
at 1000 deg. Cent. had produced free carbon. This 
fact was borne out by an appendix to the report, in 
which the transformation of white iron into malle- 
able iron was dealt with, and a number of micro- 
photographs were given indicating every stage of 
decomposition of Fe,C. Dr. Carpenter had also 
asked why the hypothetical line in the fifth report 
—indicating the formation of white iron in high- 
carbon steels rapidly cooled—had been left out. 
This, the speaker said, was on account of the 
very uncertain nature of the records. In no case 
would white iron be obtained when the metal con- 
tained more than, say, 4 per cent. of carbon. Mr. 
Belcher, of Coventry, had objected to the methods 
of polishing indicated in the report, and had sug- 
gested that diamondtine should be used. That had 
been tried on many occasions, careful washing 
having been carried out ; but in no case had they 
obtained good results with high-carbon steels, 
although it might do for brass. Mr. Brayshaw had 
said that 1 deg. Cent. made an essential difference 
in the quenching of steel, and that 3 deg. spoilt it. 
The speaker could hardly think that he had been 
working with ordinary carbon steels, but must 
have had some special class of steel under observa- 
tion. 

Professor Gowland’s reply was next read by 
Mr. Worthington. The writer commenced by 
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favourable reception of the sixth report of the | 


Alloys Research Committee. ‘lhe points dealt with 
in the discussion had been, for the most part, of 
minor importance, or related not to the work 
which had been done, but to the ground which had 
not been covered. As regards the work itself, he 
would say that it was never intended by the late 
Sir William Roberts-Austen that it should be in 


any way exhaustive, but merely preparatory to an | 


extended investigation on the heat treatment of 
steel, to be carried out on bars of large commercial 
sections. It was for this reason that small bars 
were chosen, and the experiments made with them 
were conducted solely with a view to the deter- 
mination of the lines on which the investigation on | 
large bars could be best carried out and useless | 
work avoided. All who had undertaken researches | 
on bars of large sections knew well how important | 
it was that time and money should not be wasted on 
useless experiments, and they would, the writer | 
thought, admit that the course pursued was the right 
one. Unfortunately, death removed the chief worker | 
before this preliminary investigation was quite 
completed, and the main research was not even 
begun. In this preliminary work, however, much 
that was new and much that was suggestive had 
been embodied, so that it was deemed advisable | 
that it should be presented as the sixth report, to | 
the end that other workers might not repeat experi- | 
ments which had led to negative results, but would | 
follow up those which seemed to promise useful- 
ness. That the Alloys Research Committee were 
right in their decision would, Professor Gowland 
was sure, be admitted by all. The first speaker in 
the discussion, M. Le Chatelier—a name familiar 
to all, the writer said, as a distinguished investi- 
gator of the many problems which surround. the 
study of the physical properties of iron and steel— 
had pointed out the importance of supplementing 
tensile tests by impact tests on notched bars. The | 
writer believed that. this. method of testing was to 
have been adopted by Sir William when dealing with 
barsof larger sections, and that tensile tests only were | 




















made in the preiiminary iny estigation, as they were 
those in most common: use. in industrial works and 
specifications. Captain Sankey had kindly offered 
to make these notched tests of all the bars dealt 
with in the report, and a large number had been 
sent to him for the purpose, but, unfortunately, 
some of the bars referred to in the report had not 
been found. There were, however, no bars which 
had not been subjected to stress, su that the results 











would not be the same as those which would be 
obtained from bars which had not been strained. 
Professor Gowland thanked Mr. Harbord for the 
evidence he had adduced in support of the results 
of the experimental work. As regards the heating 
at 900 deg. Cent. and 1000 deg. Cent., and the differ- 
ences showed as compared with Mr, Campion’s work, 
he agreed with Mr. Harbord that they were probably 
due to the great differences in the sections operated 
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they might have been hardened and tempered. He | 


thanked Mr. Stead for the information he had given 
respecting the steel used in the experiments, and 
of which there were no records in the late Sir 
William Roberts-Austen’s papers. He was also much 
indebted to him for his valuable contribution to 
the discussion on the changes that occurred in 
heating steels possessing a very coarse structure, 
when the temperature ranged from a low to a high 
degree. He was sorry that the paragraph, in which 
Mr. Stead’s name was mentioned, was liable to mis- 
interpretation ; it should have read ‘‘reheating 
low-carbon steels,” instead of ‘‘annealing certain 
classes of steel.” The first part of Professor 
Arnold’s criticism might almost be termed a com- 
oe it had no relation whatever to the report 
vefore them, but concerned only the previous 
reports which had been issued by the Alloys 
Research Committee; these had already been 
fully discussed, and required no defence from the 
writer. As regards the allotropic theory, with 
which Professor Arnold was not in agreement, Pro- 
fessor Gowland would say that its truth had never 
been disproved, and that although there were several 
distinguished men who had not adopted it, there 
were also many others equally distinguished, some 
who formerly were opposed to it, who now gave it 
their entire support. He would not, therefore, 
weary the meeting with the arguments which could 
be adduced in its favour, as they had already been set 
forth at length by abler hands. Professor Arnold 
had afterwards dealt with the report itself, and 
had first pointed out that the steels received were 
abnormal ; but that had already been demonstrated 
in the remarks on Table I., and the bar which he, 
Professor Arnold, specially referred to was marked 
‘fabnormal” in the table. Professor Arnold, the 
writer continued, had said that specially prepared 
pure steels, and not ordinary commercial steels, 
should have been used for the purposes of the 
report; but he felt certain that had such steels been 
used, the Professor would have been the first to 
have raised objections to experiments made on a 
metal which was not a commercial product. As 
Mr. Stead had stated, the samples of steel were 
manufactured in the ordinary way by a firm of high 
standing in Sheffield, and the whole series must 
be regarded as excellent. It was clearly evident 
that Sir William was perfectly justified in using 
them for his experiments. Professor Gowland was 
gratified to find that the above were the only 
points in the report to which Professor Arnold had 
taken objection. His final sweeping statement— 
which, however, on reflection, he would doubtless 
have qualified—that if once steel became brittle 
mechanically, it was only fit for the scrap-heap, 
was most surprising, and was disproved daily in 
the rolling-mills of tinplate and other works. In 
answer to Mr. Hadfield, the steel bar tested at 
180 deg. Cent., and found to possess such extra- 
ordinary physical properties, might, he thought, 
be regarded as another allotropic form of iron, and 
tended to support the allotropism of iron rather 
than to contradict it. As regards the 0.18 per cent. 
carbon steel in Table II., the mechanical tests had 
been repeated by Professor Unwin, who had found 
the breaking stress to be 33.24 tons per square 
inch, and the yield-point to be 26.92 tons per square 
inch. This practically confirmed the results given 
in the report. As to the statement, ‘‘ It was well 
known that imperfect quenching sets up internal 
strains in steels, which are not entirely eliminated 
by subsequent annealing, owing to the variation in 
density of the metal throughout the mass,” Pro- 
fessor Gowland would add that in a mass of 
steel of comparatively small size—for example, a 
coinage die for dollars—no system of quenching, 
even in water, would make it of uniform hardness. 
This was proved by the fact that such dies, when 
tempered, always sunk in the middle after a certain 
amount of work. In larger masses, as axles or gun- 
tubes, this imperfect hardening would be much 
more pronounced. The quenching of the outer 
layers of the mass was more rapid than that of the 
interior, and in consequence of that there would be 
differences of density in different parts, and hence 
internal strain; and these strains were not alto- 
gether eliminated by subsequent tempering. Hence 
the importance, as far as had been pointed out in 
the report, of endeavouring to obtain in a steel, by 
annealing, the properties possessed by one which 
had been quenched in oil and tempered. Dr. 
Carpenter had asked, in reference to the fifth 
report, presented in 1899, whether cooling curves 
were taken of the steels in one of the experiments. 


Both ordinary and differential cooling curves were 
taken, but only the latter were published. The 
point Ar O was discovered, and that would probably 
indicate a structural change in the ferrite, doubtless 
resulting in a modification of the mechanical pro- 
perties of steel cooled from 600 deg. Cent. He 
entirely agreed with all that had been said by Sir 
William White, and desired especially to support 
the latter’s suggestive remarks in regard to work 
on larger sections. There could be no doubt about 
their great value, and that they could be best 
carried out by manufacturers in their own works 
under the direction of their scientific advisers. 

Mr. Wicksteed said that he was sure the meeting 
would consider the reply which Professor Gowland 
had made to the discussion was an exceedingly able 
and dignified composition, and would form a suit- 
able end to a notable subject. That was the third 
evening on which the report had been discussed. 
The Council had decided to follow up the research, 
for they agreed with Professor Gowland that only 
the fringe of the subject had been touched. The 
Committee had therefore been reappointed, and 
arrangements had been made with the National 
Physical Laboratory for their experts to carry on 
the investigation. Dr. Glazebrook would therefore 
continue the work under the direction of the 
Research Committee. The Council had that day 
made a vote which would provide for the expenses to 
be incurred in prosecuting the research. Members 
of the Institution who had, in their practical work, 
encountered difficulties with regard to the unforeseen 
behaviour of steel, might communicate particulars to 
the Secretary for consideration by those who were 
engaged in the work. Such communications would 
be most welcomely received, and would be passed 
on to the Committee, who would also be pleased 
to receive suggestions as to the way in which the 
investigations should be continued. A vote of 
thanks had already been passed to all who had 
been engaged in the work. He was sure that 
everyone would feel that a magnificent research 
had been carried out, and it was also a satisfaction 
to know that others had been stirred up to study 
the subject. Professor Arnold himself, the Presi- 
dent was glad to say, had offered his assistance for 
further work, and had expressed his desire to 
co-operate in the labours of the Committee ; these 
expressions of his readiness to aid the research 
were contained in a very cordial letter which 
Professor Arnold had addressed to Sir William 
White. 

Motion oF GASES IN PIPEs. 


Mr. Richard Threlfall, F.R.S., of Birmingham, 
next read a paper on ‘‘ The Motion of Gases in 
Pipes, and the Use of Gauges to Determine the 
Delivery.” This paper we commence to print in 
full in our present issue, and therefore may at 
once proceed to the discussion. 

Mr. Threlfall wished to add that his thanks were 
due to Mr. Bradbury for his valuable assistance in 
the work that had been done in preparing the 
paper. 

Dr. Glazebrook was glad to say a few words on 
the points raised by the author. The Pitot tube 
had been during the last year and a-half the subject 
of investigation at the National Physical Labora- 
tory, and the results they had obtained confirmed 
in a striking manner the conclusions reached by 
Mr. Threlfall himself. The problem they had 
attacked had been discussed in the paper on ‘‘ The 
Resistances of Plane Surfaces in a Uniform Current 
of Air,” which had been read, in December last, at 
a meeting of the Institution of Civil Engineers. 
Their problem differed somewhat from that of 
Mr. Threlfall, because the object had been to 
produce a uniform current of air, and then measure 
the velocity of the current; they had used a 
Pitot tube as a means of measuring this velocity. 
They had to establish the law connecting the 
velocity and pressure in relation to the tube used. 
The law came out to be what might have been 
anticipated by the theory, as in the case of the 
author’s investigations. The velocity was V 


K a/2p : 
‘ ,» where K was a constant; if the con- 


p 
ditions theoretically assumed held, K would be 
unity. Dr. Glazebrook thought he was right in 
stating that the value for K found by the author 


was 0.97 instead of unity; and the value that | 


Dr. Stanton—who had prepared the paper referred 
to for the Institution of Civil Engineers—found 
for K was greater—namely, 1.03. The speaker 








was of opinion, however, that there was sufticient 


agreement between the two figures, which had 
been obtained with entirely different forms of 
apparatus, to show that the method of measur- 
ing velocities by the Pitot tube, up to about 
3000 ft. per minute, was one that might safely 
be adopted. It should be noticed, moreover, 
that the Pitot tube used at the National Phy- 
sical Laboratory would not have been suitable 
for the investigation that Mr. Threlfall had fol- 
lowed. At the Laboratory they had none of the 
difficulties to contend with that accompanied the 
author’s researches ; while Mr. Threlfall used pro- 
ducer-gas, they had worked with dry clean air, and 
therefore it was possible for them to keep their 
Pitot tube extremely small, and to measure the 
static pressure in the close neighbourhood of the 
point at which the velocity was measured. He 
was of opinion that some of the difference referred 
to was due to the fact that, at the National Physical 
Laboratory, the static pressure was being measured 
close up to the point at which the velocity head was 
being measured, whilst Mr. Threlfall was taking 
his measurements at the side of the tube; that, he 
thought, would account for the difference indicated 
by the two numbers quoted. The two numbers 
would probably have agreed much more closely 
had the author been measuring the pressure 
under the same conditions as those which existed 
in the National Physical Laboratory experiments. 
The Pitot tube used in the Laboratory had a 
very fine point, while the straight portion was 
pierced with a number of fine holes; in that 
way the statical pressure was measured. The 
tube measuring the velocity head was attached in 
the way indicated by a sketch on the blackboard, 
which showed it to be of elbow shape. It was 
therefore possible, by the means shown, to measure 
the static pressure and velocity head in close 
proximity. So far as he could remember, the 
diameter of the tube, instead of being } in., was 
about ,'5 in., and the sides were very thin. He 
thought it might be taken.as proved that the 
formula he had given would be true with the value 
of K about unity. He did not agree with Mr. 
Threlfall in his statement that half the momentum 
was destroyed, and he considered that was not the 
best way of looking at the theoretical result. The 
author supposed that a series of molecules, or 
particles, impinging on the air in the tube had 
their velocity destroyed, and in that way he had 
obtained his equation. But in the case set forth 
it was not a set of independent molecules that 
had to be dealt with, but 4 
continuous fluid; and the 
solution followed from well- 
known hydrodynamical rea- 
soning. Thus, if we consider 


a» 


ody 














two adjacent sections A, B of — 

the stream, the pressure and 

velocity at A being p and v 
respectively, those at B being «se AB 


p+dpand v + dv, the quan- 
tity of fluid entering unit area of the section per 
unit time is pv, and its gain in velocity is dv, 
while the force producing this is — dp. 

Thus the equation of motion is pvdv + dp =0, 
and this, on integrating, gives } pv? + p = constant, 
whence, taking the integration from a section at 
which the pressure and velocity are py) and v, to one 
in which they are p, and v, respectively, we have 

Spry? + py = 4p %? + Po 

If, now, we suppose the second section to corre- 
spond with the mouth of the Pitot tube, and assume 
the velocity in that position to be zero, we have 
v, = 0, and hence 

Pi — Po = 4p Me 

which is the equation from which Mr. Threlfall 
| worked, and whichis borne out by his experiments. 
| Those, however, were theoretical points, and what 
| Dr. Glazebrook particularly wished to bring forward 
| was the agreement between the experiments at the 
| National Physicai Laboratory and those of Mr. 
| Threlfall with regard to the fundamental formula. 
| He would emphasise the fact that for many pur- 
|poses the Pitot tube could be used most satis- 
|factorily. He wished especially to congratulate 
|the author on the very clever experimental gauge 
| which he had produced, and the method described 
‘in his paper of integrating the Pitot tube results. 

Professor Unwin pointed out that Mr. Threlfall 
|had certainly accomplished a very original and 
striking investigation in measuring the frictional 
work of a dynamo by means of an air current, 
and that had led him to the work of which the 
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details were set forth in the paper. It was an 
interesting fact that in 1732 Pitot described, 
before the Academy of Sciences, the tube which 
bore his name, and he had used it in a 
very rational manner. He had taken a tri- 
angular piece of wood with the edge facing a 
stream, and behind it he had placed two tubes. 
One of these was a vertical tube, with the mouth 
parallel to the current, and the other was a tube 

arallel to the first-named for some distance, and 
then bent round, and brought to the face of the 
triangular block. He found that in one tube the 
level of the water was practically the same as that 
of the water itself, but in the bent tube there was 
arising level. Pitot gave roughly the theory of 
the invention, and said that the difference of level 
must be equal to the velocity head. What he said 
in effect was that the level of the current shown 
by the rise of water in the straight tube, and the 
rise of water in the bent tube, measured the force 
of the stream. The difference in the height of 
the water in the two tubes would therefore be the 
head due to velocity. Others had tried to improve 
the Pitot tube, but had spoiled it, and it had 
therefore got a bad name. It was not until Darcy 
took up the subject that the Pitot tube once more 
became a really valuable instrument of precision. 
What Darcy did withthe Pitot tube was to show 
that if it were to be accurate, the current must be 
disturbed as little as possible. He used a very fine 
tube, as Dr. Glazebrook had been doing at Bushey, 
and placed a second tube beside it—so as not to 
interfere with the water—each with very small 
mouths ; the only improvement in the Darcy tube 
was the reduction of size, with the object, as already 
stated, of disturbing the currents at the mouths as 
little as possible. The speaker did not think that 
Mr. Threlfall was very well acquainted with the 
vast amount of work that had been done with 
these tubes. Another tube, made by Bazin, was 
for gauging the velocity of streams, and he had 
calibrated this tube with extreme care, as he was 
going to use it for the whole of his experiments, 
and he got constants for that tube in three different 
ways. He made most accurate observations, 
and afterwards used in his researches the factor 


unity in the formula V=K /2gh. A few 


years ago Mr. Gilbert and Mr. Heenan were 
making experiments on fans, and they consulted 
the speaker as to a means of making measurements 
of velocity. He suggested the Pitot tube. At first 
they obtained very irregular results, which they 
did not understand. They were not using tubes 
of small surface, and the speaker had concluded 
that their difficulty arose from what had been so 
frequently referred to in the paper—namely, suc- 
tion effects. Professor Unwin remembered some 
experiments which had been recorded by Dupré 
forty years ago, relating to certain forms of Pitot 
tube. The experiments were very ingenious. A 
steady air-current was obtained, and a tube was 
provided which could be placed at any angle to the 
current ; with that tube placed at various angles to 
the current, the pressure was measured ; when 
placed at right angles to the current—it was not a 
very small tube—a suction effect was observed. 
That difiiculty was got over, and the right statical 
pressure obtained, by placing a disc on the face of 
the tube. Professor Unwin, however, did not 
think that that disc need be used except in the 
case of a large tube. Experiments had shown 
that the Pitot tube was as suitable for a cur- 
rent of air as of water. The speaker thought 
that Mr. Threlfall had encumbered himself, in 
the earlier part of his paper, with a number 
of irrelevant considerations, such as_ viscosity. 
Moreover, some of his statements were curiously 
doubtful; this did not influence his results, 
but it did affect the reasoning he founded 
upon them. For instance, there was the state- 
ment that the theory of the momentum of the 
stream against the mouth of the Pitot tube 
involved the annihilation of the gas. The author 
had further stated that in practice the gas could 
not be annihilated when it came to rest; it had 
to be pushed out sideways, and the force to do 
that must come from the gas itself. When a 
current struck a plane, it was bent sideways ; and 
in the case of a jet striking a plane, the whole 
pressure on the plane was exactly what Mr. Threl- 
fall had calculated. The whole pressure on the 
plane was the pressure due to-twice the velocity 
head, but the pressure at the centre of the jet 
would be only the velocity head itself. 





speaker next illustrated the experiments which 
roude had brought forward at a meeting of the 
British Association. There were two vessels, with 
conical openings near the bottom, placed opposite 
and close to each other, so that one orifice would 
discharge into the other. The discharge crossed 
the open space between the two orifices, and the 
level of the water would gradually rise in the 
opposite vessel until the surface levels in both 
vessels were almost the same. The head in the 
receiving vessel would be . . After that, oscil- 
gy 
lation would occur; the water would flow some- 
times one way and sometimes another, and there 
would be a disc of water in the gap. The pressure 
would be that due to the velocity-head ; if the pres- 
sure in one vessel were greater than in the other, the 
water would go back, but it would be impossible to 
get greater pressure than the velocity-head. Re- 
ferring to air-streams, the speaker thought it would 
be possible to use a meter of the Venturi type for 
measuring air, the curvature of the constricted part 
of the tube being gradual; it would certainly be the 
simplest form of air-meter possible. The only dif- 
ficulty he could foresee was the possibility of the 
difference of pressure in the larger part of the pas- 
sage, and the constricted part not being great 
enough to be conveniently measured ; he did not, 
however, think this difficulty would be insurmount- 
able. Perhaps, however, the objection would be 
raised that if the stream were contracted, some of 
the pressure-head would be wasted ; that would be 
so, but the amount lost would be practically negli- 
gible if the pipe were properly formed and the 
curvature sufficiently gradual. He thought that in 
Mr. Threlfall’s experiments the distribution of the 
velocity in the pipe was affected by something which 
happened to the air before it came into the pipe, 
and not by anything in the pipe itself. He would 
suggest that the Pitot tube should be placed 
with the orifice within the constricted part of 
the pipe, and this would do much to annul 
the extraneous influence which affected the dis- 
tribution of velocity. There was a_ difficulty 
in applyivg the method to the proper measurement 
of producer-gas : the Pitot tube could not be used 
unless the density of the gas were known, and pro- 
ducer-gas varied in its composition. Mr. Threlfall 
had said that the distribution of velocity in the 
water which Darcy had observed was nothing more 
than a theoretical deduction ; this was not the case. 
Darcy’s conclusions were founded purely on obser- 
vation; at first sight it might seem that there was 
some rather large discrepancy ; Darcy had found 
that the point where the velocity was equal to the 
mean velocity was 0.689, and Mr. Threlfall found 
that the mean was 0.775 of the diameter of the 
pipe. What Mr. Threlfall had measured was the 
difference of velocity at those points, and that was 
a very small quantity, and the discrepancy between 
Darcy’s conclusions and those of Mr. Threlfall was 
really within the limits of observational error. In 
conclusion, Professor Unwin pointed out that the 
distribution of velocity might be materially in- 
fluenced by the roughness of the surface of the 
pipe; even though the roughness might be small, 
it would materially affect the velocity. 

Mr. Henry Lea said he had not given much atten- 
tion to the subject of measuring the velocity of air 
in pipes. An important point in the paper was 
that Mr. Threlfall had made a recent and up-to-date 
confirmation of the accuracy of the Pitot tube, the 
simplicity of which left nothing to be desired. Its 
indications, however, were of so minute a character 
that unless accurate measurements were taken, the 
results were not likely to be of very much value— 
at any rate, in measuring the ‘flow of gases ; for 
that reason the author’s paper was particularly 
welcome, as it afforded a means of measuring the 
indications of the Pitot tube with extreme accuracy. 
When a comparison was made between the readings 
of water-levels in a glass tube and the records of 
micrometer gauges, two things were being compared 
which were miles apart ; the first would be of no 
use in dealing with the Pitot tube indications, 
whereas the second would give a reliability of some- 
thing like three-parts in a thousand. The speaker 
failed to quite understand the description of the 





The} quantity of gas passing through the tube. 
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suggested that it would be of use if the methods 
described by the author could be applied to the 
measurement of the flow of steam through a pipe. It 
was possible to find the amount of steam used in a 
condensing engine by means well known to engi- 
neers. There were, however, thousands of non- 
condensing engines, the efficiency of which could 
only be determined by measuring the feed-water ; 
and there were many cases in which the steam had 
to do other work than that of driving the engine, 
so that it was difficult to get correct measurement. 
If, therefore, a Pitot tube could be applied to the 
pipe conveying steam to the engine, it would afford 
an invaluable means of discovering the efficiency 
of the steam-engine. He would ask the author if 
he had made quite sure that there were no eddies 
in the pipe he had used. The fact that the smoke 
indications agreed within 14 per cent. with those of 
the Pitot tube might be taken to prove that if any 
eddies were present, they did not materially affect 
the results, probably owing to the straight character 
of the tube. He could conceive, however, that 
unless a perfectly straight tube of great length were 
used, there might be eddies, which would materially 
detract from the value of the observations. He 
would be glad to know if Mr. Threlfall had met 
with any instances of the kind, and in what manner 
he had avoided resulting errors. 

Mr. Threlfall, in replying to the discussion, 
said he wished Dr. Glazebrook and his staff had 
carried out the experiments referred to two or 
three years before ; they would then have saved 
him a great deal of work. Dr. Glazebrook had put 
up a formula showing that the constant in the 
speaker’s results was 0.97, and that in Dr. Stanton’s 
formula the constant was 1.03. A good deal of the 
difference was, as Dr. Glazebrook had _ pointed 
out, due to the fact that he (the author) had 
measured at the side of the tube, and not where he 
ought to have done—in close proximity to the 
velocity head ; but some of that difference was due 
to the fact that the flanged gauge gave suction, 
whereas Dr. Stanton’s small side gauge, with little 
holes in it, probably did not give suction. If the 
speaker had used such a gauge, it would have 
brought his constant to 0.984—not far from the 1.03 
of Dr. Stanton. It looked as if Dr. Stanton had 
worked without suction, but had failed to get the 
full pressure of the Pitot tube. He was not sur- 
prised at Dr. Glazebrook’s criticism of his hydro- 
dynamics ; but Dr. Glazebrook, like other people 
who understood hydrodynamics properly, always 
thought of the motion of a volume as an element of 
fluid. The speaker, however, had started his 
experiments by considering Lord Rayleigh’s work 
on the resistance of a lamina, in which the results 
in momentum lost corresponded to the dimensions 
of that lamina. So far as he could see, this came 
to much the same thing; the formule obtained 
might be quite different to begin with, and the dis- 
crepancies had alarmed him; but when he con- 
sidered the volume of fluid, the results tallied. 
He was very much interested in Professor Unwin’s 
remarks, and he was glad to hear what had been 
said about Pitot’s experiments with his tube ; the 
speaker had made considerable efforts to tind the 
data which Professor Unwin had given, but with- 
out success. He would not plead guilty to being 
unacquainted with the work of Darcy ; on the con- 
trary, he had studied it with extreme care, and had, 
on two separate occasions, abstracted all the work 
ke had done. Although he would not wish to set 
up his opinion against that of Professor Unwin, yet 
he had spoken advisedly when he said that Darcy’s 
results for the mean radius of curvature were to 
some extent theoretical, and he was prepared to 
adhere to his statement ; no doubt it was subse- 
quently veritied byexperiment. That there was a 
great deal of theory would be seen from the final 
equation from which that mean radius of curvature 
was deduced. The suggestion that the Venturi 
meter might be used for the measurement of gas 
was a good suggestion, and, no doubt, it might be 
made to answer the purpose. There was this difti- 
culty, however : that when a large gas main had 
been erected, manufacturers were not inclined to 
go to the expense that would be necessary for the 
application. He did not know how he had managed 
to give the idea to Professor Unwin that the 


meter, which appeared to him to be a combination ' gas would be annihilated ; but if he had done so, 
of a displacement and an electrical device ; he had | it was through misapprehension. 
not been able to gather how the difference in water- | been annihilated, then the momentum would also 
level varied the amount of the electrical current have been annihilated, as well as the pressure. He 
which was used as a medium for measuring the had to consider what other conditions there were, 
He and his way of looking at it was that the pressure 


If the gas had 
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set up in the Pitot tube could never possibly be|in which he had put in a stream of smoky air, in| Fig. 13 is a section through the high-pressure guides, 


greater than the pressure corresponding to the 
pressure head. 


clearly stated the matter. He had heard it said 
that the Romans were acquainted with the Venturi 
mouthpiece, and he would ask Professor Unwin if 
that were so. Professor Unwin had referred to the 
varying composition of producer-gas, but his expe- 


rience was that in point of density it did not vary | 


in practice. In regard to the difference between 
his observations and those of Darcy, as to the 
radius at which the mean velocity existed, he did 
not think, after making many experiments, that 
difference could be explained by observational 
errors. He had never expected to get the radius that 
Darcy did. He had never examined a pipe in which 
the condition of uniform flow at the inlet had been 
sufficiently satisfied. In replying to Mr. Lea’s 
questions, he was sorry he had not made the 
description of the meter clear, but he could adda 
note amending this defect. The meter worked in 
this way : the current went through the coils of a 
dynamometer, the balance of the dynamometer 
being pulled downwards by the Pitot tube pressure 
difference ; and then, if there were not quite 
enough current in the balance to compensate for 
that, it made a contact which had the effect of letting 
in sufficient additional current to compensate the 
Pitot tube difference.. He was not prepared to 
experiment in the direction of working with the 
Pitot tube for the measurement of steam ; he would 
point out that the density of steam varied, whilst 
that of producer-gas did not. In regard to eddies, 
he could only refer to the results of the experiment 


order to show what eddies there were. 


He thought, however, that was | 
merely a question of words, and perhaps he had not | 


THe Next MEETING. 
| With Mr. Threlfall’s remarks the business of the 


evening was concluded, and it was announced that | 


| the next meeting would be held on March 18, when 
a paper will be read by M. Sauvage on ‘‘ Com- 
| pound Locomotives in France.” 








PUMPING MACHINERY FOR THE NEW 
DOCK AT CHATHAM. 

Ow1nG to the great increase in recent years of the 
size of the new battleships and cruisers, the Admiralty 
are now extending and refitting the graving docks 
throughout the various dockyards of the empire. 


new pumping machinery, and the new dock at Chatham 
Dockyard is now nearly completed. The design of the 


this purpose in the United Kingdom. The general 
arrangement of the plant is well shown in the plans 
and sections, Figs. 1 to 11, which we reproduce this 
week on our two-page plate. It willbe seen that both 
centrifugal and suction-pumps are provided, the latter 


Gibraltar and Keyham have already been fitted with | 


pumping machinery for this last dock is somewhat | 
different to that which has been generally adopted for | 


jand Fig. 15 an end view of the low-pressure cy- 

linder. As will be seen, the crankshaft is placed 

vertically, and is coupled direct to the 45-ft. long 

impeller shaft, thus avoiding all gearing between 
|engines and impeller spindle, this gearing being 
hitherto a cause of much trouble in this type of well 
machinery. The cylinders are fitted with jackets, and 
have steel covers and steel pistons. The pistons are 
provided with heavy cast-iron blocks to take their 
| own weight, provision being made for easy lining up. 
| The crosshead guides are circular, and the slippers are 
| lined with white metal and made adjustable, special 
| arrangements being made to take the weight of the 
|connecting-rod and crosshead. The high-pressure 
| cylinder is fitted with a piston-valve, the low-pressure 
| with a flat double-ported valve, provided with a relief 
|frame at the back. All the piston and valve rods are 
packed with metallic packing and have adjusting gear. 
| The frames of the engines, as will be seen in the illus- 
tration, were specially designed to overcome the difti- 
culties arising from the necessity of bringing the 
crankshaft over the centre of the well, to enable it to 
| be coupled direct to the heavy pump spindle ; for this 
| purpose a heavy cast-iron box girder is thrown across 
| the top of the well, and grouted solid into the con- 
| crete ; the main bearing-block is bolted to this, while 
| the cylinders. are supported from the floor, the whole 





being used for keeping the dock dry after it has | arrangement being very stiff and rigid. The thrust 
been emptied by the centrifugals. The two sets of | from the impeller is taken up bya thrust-block sup- 
main. pumps are of the vertical spindle centrifugal | ported on heavy steel girders in the well (see Fig. 2); 
type, with 8 ft. horizontal impellers, each driven by a | this block is designed to allow the thrust-shaft to work 
set of horizontal compound surface condensing engines, | in oil, and is also provided with water-jackets ; it is 
having cylinders 16 in. and 32 in. in diameter by 24 in. | lined with white metal, and provided with ample 
stroke, built with the high-pressure and low-pressure | bearing surface, so as to ensure smooth running. The 
cylinders placed at right angles to each other, and | pump-spindle guide-brackets, bolted to steel girders, 
both working on the same crank. Sections through | are adjustable, and lined with lignum vite, while the 
these cylinders are given in Figs. 12 and 14 above, while | spindle itself, which has a diameter of 7? in., is cased 
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Each plant consists of a surface-condenser having a | 
tube surface of 3000 square feet, one set of twin Allen- | 
Edwards air-pumps, having barrels 16 in. in diameter | 
by 8 in. stroke, driven direct by a compound engine | 
with cylinders 9 in. and 14 in. in diameter by 8 in. 
stroke, and one 10 in. circulating pump of the centri- 
fugal type, driven by a steam-engine with a cylinder 
7 in. in diameter by 6 in. stroke. The air-pumps are 
able to maintain a vacuum in the condenser of 26 in., 
and discharge the water into the feed-tanks, from 
which it flows by gravity to the feed-pumps. 

The penstock doors in this plant are worked with 
bevel gearing by a 6-in. by 5-in. steam reversing engine. 
An arrangement for working doors either by hand or 
hydraulic power is also provided to avoid any possi- 
bility of a breakdown in docking a ship. A good idea | 
of the interior of the engine-room can be obtained 
from Fig. 19, page 298. 

The six boilers, working at a pressure of 150 lb., 
are of the cylindrical type, with two corrugated fur- | 
naces in each, and are supplied with water from four 
feed-pumps. Two feed-heaters are fitted. 

For electric-lighting purposes three sets of Allen’s 
combined engines and dynamos have been supplied. | 
The engines are of the two-crank double-acting vertical 
enclosed high-speed compound type, each having | 
cylinders 8} in. and 15 in. in diameter by 7 in. stroke, 
the dynamos being of the continuous-current four-pole 
type, with slotted barrel-wound armatures and com- 
pound wound magnets. Each of these sets is capable 
of giving an output of 600 amperes at 100 volts, when 
running at a speed or 450 revolutions per minute, the 
steam pressure being 120 lb. per square inch. The 
test of these engines gave the following results :— 
Total pounds of water consumed per hour was 2350, 
and the steam consumption per effective horse-power 
per hour at full load non-condensing was 27.81b. The 
temperature rise was as given below :— 

Air, 71 deg. ; F.M.C., 134 deg. ; rise, 63 deg. 

Air, 71 deg. ; commutator, 119 deg. ; rise, 48 deg. 

Air, 71 deg.; armature, 126 deg. ; rise, 55 deg. 

The whole of the machinery proper, pipes, and 
accessories, were designed, constructed, and erected by 
Messrs. W. H. Allen, Son, and Co., Limited, of Queen’s 
Engineering Works, Bedford, but the boilers were 
supplied by Messrs. Laird Brothers, Limited, of 
Birkenhead. 











HEAVY CAPSTAN LATHE. 

On page 290 we illustrate a fine capstan lathe which 
has just been brought out by Messrs. Alfred Herbert, 
Limited, of Coventry, and is a modification of their 
well-known brassworkers’ capstan lathes, and em- 
bodies some new features which experience has shown 
to be useful and desirable in practice. The head- 
stock is of their ordinary friction-geared type, and 
does not contain any modification of importance. 
The saddle, however, contains several novel features. 
The first of these is to be found in the chasing 
arrangement, by means of which threads can be 
very rapidly and accurately chased when they are 
of odd pitch. Users of ordinary lathes know the 
great difficulty experienced in cutting, say, eleven 
threads per inch with four per inch lead-screw, the 
process being very slow and tedious, and usually in- 
volving the marking of the spindle-gear and lead- 
screw, or else the stopping and reversing of the 
lathe. The saddle in question does away with this dis- 
advantage by the use of a removable lead-screw, which 
bears a certain definite ratio to the pitch to be cut. 
This leader can be given four speeds by means of gearing 
contained in the feed-box under the headstock at the 
left-hand end of the bed (see Fig. 1). The speeds are in 
the ratio of 1, 2, 3, and 4. Thus a leader cut four per 
inch could produce threads 4, 8, 12, and 16 per inch. The 
changes from one gear to another are made by the small 
lever at the bottom of the feed-box, and the small lever 
at the top of the feed-box changes the direction, so as 
to enable either right or left-hand threads to be cut. In 
order to engage the tool, a lever is provided at the 
front of the saddle, which, at the same time, moves the 
tool into the cut and engages the nut with the leader. 
At the end of the cut the opposite movement of the 
same lever withdraws the tool and disengages the 
nut, enabling the saddle to be moved back ready for 
starting the next cut. This does not interfere in any 
way with the cross adjustment of the tool by the hand- 
wheel which is used for setting the cut, and is pro- 
vided with an adjustable graduated disc. The leaders 
can, of course, be easily changed to cut pitches not 
provided by the gear changes. 

Another novel feature consists in the arrangement 
of stops for the saddle, both in the longitudinal and in 
the transverse directions. The longitudinal stop can 
be easily seen in Fig. 1, and consists of a bar 
passing through a bracket on the bed and carrying | 
adjustable collars. In the lathe in question two stops | 
are provided in each direction instead of one, as is | 
usual in such cases, enabling the same tool to be used | 
for roughing or finishing two separate diameters. | 
These stops are independently adjustable, one of them | 
being an ordinary split-stop collar, and the other | 








having a tongue carried in a slot in the bar and engag- 
ing with a plunger in a fixed bracket on the bed. When 
the ordinary stop-collar is in operation, the plunger is 
withdrawn so as to allow the tongue to pass clear 
through the bracket. Attention may also be called 
to the form of the bed and tray of this lathe, 
which has been arranged so as to give the maxi- 
mum amount of stiffness, and at the same time 
to provide ample capacity for oil and cuttings. 
Machine-tools have in many cases, in old days 
especially, been designed more on the lines of archi- 
tecture than would have been the case had the forms 
been derived from the properties of the material used. 
Thus we have seen cornices, plinths, and mouldings 
embodied in designs of machine-tools, giving the im- 
pression that they were carved out of solid masses of 
metal. In this lathe an attempt has been made to 


| secure that the form of the parts is in strict harmony 


with the method of manufacturing them. 

Our second illustration is interesting as showing 
some of the wide cuts which are sometimes taken on 
these lathes. The object being turned is a balanced 
handle of well-known design, and it is produced from 
the solid steel bar. The photograph is taken with the 


| actual cuttings produced by the tool. 








LOCOMOTIVE FOR THE WESTERN 
AUSTRALIAN GOVERNMENT. 

WE illustrate in Figs. 1, 2, and 3 on page 291 a 
perspective view and end and side elevations of a 
3-ft. 6-in. gauge locomotive, thirty of which have 
been recently constructed for the Western Australian 
Government by the Vulcan Foundry, Limited, Newton- 
le-Willows, Lancashire, under the direction of Messrs. 
Carruthers and Elliott, consulting engineers, 13, 
Victoria-street, Westminster. These locomotives are 
known as the ‘‘4-6-2 type,” and their leading par- 
ticulars are as follow :— 


Cylinder diameter 17 in. 

Stroke... oa an 23 ,, 

Heating surface of tubes 1300 sq. ft. 
5 firebox... ay iis .. 


1418 sq. ft. 
Fire-grate area ... 3 i) i 
Boiler pressure ... 175 1b. per sq. in. 

Taking 90 per cent. of the boiler pressure, the trac- 
tive power of the engine is 19,387 lb. 

The weight in working order is distributed as 
follows :—On the bogie, 11 tons 1 cwt. 1 qr.; on the 
front driving-axle, 11 tons 10 cwt.; on the middle 
driving-axle, 11 tons 19 cwt.; on the rear driving- 
axle, 1] tons 6 cwt.; and on the trailing-axle 5 tons 
Secwt. 3qr. The tender is of large water-carrying 
capacity. The valve motion is outside, and may be 
seen in Fig. 1. 


Total 








Personat.— Mr. Edwin O. Sachs, consulting architect, 
and Messrs. Edwin O. Sachs and Hoffman, architects 
and surveyors, have removed from 3 to7, Waterloo-place, 
Pall Mall, 8. W. 





ROUMANIAN ASSOCIATION FOR THE ADVANCEMENT OF 
Scrence.—In order to foster the advancement of science, 
and its application to the development of the different 
industries of the country, the several Roumanian learned 
societies combined together two years ago and formed the 
Roumanian Association. Two congresses were held—one 
in June, 1902, and another in September last—and judg- 
ing from the nature of the papers read during the last 
congress, exceeding 150in number, and from the recently- 
issued report of the first congress, which forms a very 
valuable publication of 660 quarto pages, much good may 
reasonably be expected from this Association in the 
future. Although Roumania is known as an agricultural 
country, the development of the oil-field has made great 
strides during the last few years, the production exceed- 
ing last year 320,000 tons; but much greater developments 
are expected in the near future. From the latest statis- 
tical data available, it appears that there were in operation 
at the end of 1902 more than 625 large industrial establish- 
ments, with an invested capital of over 11,000,000/., of 
which more than 3, 400,000/. represented machinery. There 
are 37,000 people employed in these larger industries, one 
factory employing as many as 1000 people. There are also 
about 53,000 smaller concerns, workshops, &c., employing 
about 80,000 people ; the capital invested in these smaller 
concerns aggregates another 12,000,000/. The raw material 
used in the different manufactures is mostly of home 
production ; the importation of foreign raw material does 
not exceed about 1,000,000. The mean yearly production 
averages 10,000,000/., of which the most important is the 
food and drug industry, amounting to over 5, 400,000/.; next 
in order come the chemical, metallurgical, and timber in- 
dustries, with about 800,000/. each, and then follow the 
tanning, clothing, and textile industries, &c. The Rouma- 
nians having come to the conclusion that only with good 
organisation and plenty of capital can success be ob- 
tained, and realising more and more the great advantages 
which could be derived by the abolition of some of the 
existing restrictive legislations, and by a judicious im- 
portation of foreign experience and capital, have tried 
to modify the mining and other laws in order to givea 
greater impetus to the investment of foreign capital for 
the development of the mines and the different existing 
industries, as well as to create new ones which could ad- 
vantageously be exploited in the future. 





RAISING WATER BY COMPRESSED AIR. 
To THE EDITOR OF ENGINEERING. 

Str,—Mr. Mason is evidently entangled in his own 
calculus, and unable to understand the real facts of the 
case. I have given him my fundamental equation, which 
he admits to be correct ; and as my solution of this equa- 
tion is a corollary of Boyle’s law, it should be as self- 
evident as the equation itself; but as it differs from his 
theory, he accuses me of disputing the principle of the 
conservation of energy. 

We seem, however, to agree about the value of 


Vn z=Q x wt f Let me therefore first show, by a 


1 
numerical example, what this really means. Take h, = 
the depth of immersion = 644 ft. ; h2 = the dead lift, 
322 ft.; f = frictional resistance = say, 100 ft.; Q = 
quantity of water = 10 cubic feet per second; and 
Vm =the quantity of air at the mean pressure pm re- 
quired for reducing the specific gravity of the water 
in the rising pipe. We have, then, from the above equa- 


tion Vn =10x 322 + 10 _ 6.5598 cubic feet per second, 


The weight of the mixture of air and water (neglecting 
the weight of the air, which only amounts to about 0.3 per 
cent.) per cubic foot contained in the rising main is then; 
10 x 62.4 624 “ , 
A . = 37.698 Ib. 

10 + 6.5528 16.5598 ius 
then the sectional area of the rising pipe as 1 square foot, 
we have an outside column of 644 ft. x 62.4 Ib. = 40,186 Ib. 
balancing an inside column of (644 ft. + 322 ft. + 100 ft.) 
x 37.698 = 40,186 lb. This means that the rising column 
is driven upwards with a head of 100 ft. The water is 
therefore driven upwards by the force of gravity exactly 
as it would be driven through a — sloping downwards 
under an angle equivalent to this head. 

As this, therefore, is indisputable, the question at 
issue between us is only as to how this air expands. I 
maintain that it expands isothermally, according to 
Boyle’s law, and that, therefore, the volume V», at atmo- 
spheric pressure becomes 


Vo = Vin (1 + log. eM), 


w= 


and I can confidently say that this is in perfect accord 
with all scientific research. Mr. Mason, however, denies 
this, and his mathematical demonstration is really an 
attempt to prove that air at constant temperature does 
not expand according to Boyle’s law, but that it expands, 
let us say, according to ‘‘Mason’s law,” and that 
therefore 
Vo = Vin x fae Pr. 
Po 


In the example given above, where 


Pi = 20, 
Po 
Vy is, according to my formula, = 3.995 V», while, 
according to Mr. Mason, it should be = 6.342 Vm, which 
is certainly a very considerable difference, for which there 
is no other evidence than the ipse dixit of Mr. Mason. 
The action of an air-lift isin some respects similar to 
that of a balloon. I feel sure Mr. Mason would not main- 
tain that the buoyancy or lifting power of a balloon is 
limited to the power used for forcing hydrogen gas into 
it. This power is comparatively small, and varies accord- 
ing to the stiffnesssof the cover; but it has absolutel 
nothing to do with the buoyancy of the balloon, whic 
depends upon the difference in specific gravity between 
hydrogen and atmospheric air. icuey unconnected with 
steam-engines and other prime movers is in both cases 
introduced, and the principle of the conservation of energy 
is, therefore, in no way violated by such apparent dis- 
crepancies. 
T remain, Sir, &c., 
C. T. ALFRED HANSSEN, 
Assoc. M. Inst. C.E 
319, Lordshia-lane, East Dulwich, S.E., 
February 16, 1904. 








THE SOUTHPORT RAILWAY ACCIDENT. 
To THE EpITOR OF ENGINEERING. 

Sir,—The. aceount of the Southport Railway accident 
which appeared in the Zimes of Saturday, in connection 
with an action for damages against the railway company, 
has somewhat peculiar features. It is stated that on the 
railway near the point where the accident occurred there 
are two mS sap curves—the first to the left, the second 
to the right—with a short stretch of straight line between 
them, and that the engine, while running at a s 
of 60 miles an hour on the second curve, jum to 
the right, and left the rails on the inside of the curve. 
It is further stated that the radius of this curve 18 
23 chains, and that the superelevation of the outer rail 
was 2? in., and that Sir Douglas Fox stated that this was 
sufficient for a speed of 60 or even 75 miles per hour. 
There is probably some mistake in this part of the report ; 
but as the accident apparently was not caused by an in- 
sufficient amount of superelevation, it is unnecessary to 
go further into this point. 

It may very well be, however, that the accident arose 
from the want of the use of a transition curve at the junc- 
tion of thestraight with thecircular curve. Although the 
ordinary method of leaving it to the platelayer to ease off 
the junction of a straight with a curve has been proved by 

ractice to be sufficient for ordinary cases, it can hardly 
e approved of in the case of a 23-chain curve combined 
with a speed of 60 miles an hour, requiring a supereleva- 
tion of some 9 in. In such a case it is a physical impossi- 
bility to avoid having too much superelevation at some 
points and too little at others. Itis only by means of a 
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transition curve that the superelevation can be made to 


——s tk per amount at every point 

cept at the pro ) . ‘ 
Fe canon ae can be introduced by the expendi- 
ture of a few minutes’ time in the original setting out, but 
the difficulty of introducing it afterwards increases with 
the number of fixed works, such as bridges, platforms, &c., 
until, in the extreme case of a tube railway, its introduc- 
tion is impossible. In a paper printed in vol. cxlvi. of 
the Minutes of Proceedings of the Institution of Civil 
Engineers, I drew attention to the extreme danger of 
running trains at a high speed over the junction of a 
straight line with a circular curve in a tube, and I pointed 
out that the train in such a case was most likely to run 
off on the inside of the curve near that point. Although 
the circumstances of the Southport accident are not 
exactly the same, the train, in that case, may well have 
received such a shock on entering the curve as to lead 
to its running off on either side, because if the super- 
elevation in any particular case is sufficient, centri- 
fugal force ought to have no power to press the train 
towards the outer rail. The fact that the axles of the 
carriage or the bogie are parallel tends to make the lead- 
ing wheel hug the outer rail, and the extra length of the 
outer rail has a similar effect ; but these two causes are 
quite independent of centrifugal force, which, as I have 
said, may be entirely eliminated. 

Considering the fact that we are looking forward in 
the immediate future to the running of trains electri- 
cally at_very high speeds, I think it is not out of place to 
again draw attention to the advantage of transition 
curves; and though it is by no means certain that their 
absence caused the Southport accident, such an explana- 
tion is, at least, as satisfactory as any other that has been 


suggested. 
February 23, 1904. 


Tam, &e., 
G. JAMES Morrison. 








WIND EFFECT ON ROOFS. 
To THE EDITOR OF ENGINEERING. 

Str,—In my article published in ENGINEERING of 
October 9, 1908, I strictly adhered to the consequences of 
Mr. Irminger’s experiments in order to show approxi- 
mately what we may arrive at when complete researches 
have been made. With the object of bringing to notice 
the thoughts and experience of other engineers, I ex- 

ressed myself in a rather revolutionary manner, the 
intent being to get away from the abuse of material in- 
volved in the old method, which I am glad to see others 
recognise as false. Since writing, I see that the British 
National Physical Laboratory is making a thorough re- 


search into wind effects which will give us a solid founda- | able to arrive at may be of interest to your readers, as 
tion for our calculations for roofs, bridges, and other | bearing on the points raised in Dr. Herzfeld’s article. 


rom nothing up to the full amount, and yet to | ing to the above method in a common French truss with 


| numerical values, I have worked out the stresses accord- 


10-ft. bays; the usual 4 cwt. per square foot was used, and 
I have treated only the case where the wind comes from 
the side with the fixed bearing. For the sliding bearing I 
have assumed the coefficient of friction as 0.2, both when 
the pressure drives it against the bed-plate and when the 
suction lifts it up against the nuts of the holding-down 
bolts; its reaction acts at the corresponding angle of 
friction with the vertical. In each case of wind effect I 
have found the reactions by means of the Pullen funicular 
polygon, which I can strongly recommend (see W. F. 
ullen, ‘‘Graphic Methods to the Design of Structures ”). 
The stresses were taken out by Maxwell (Cremona) dia- 
grams. The results obtained are tabulated in the diagram 
annexed. 
| It will be seen that the rafter, according to the old 
| method, would carry — 1.57 — 4.17 = — 5.74 tons, and 
| considering the Irminger pressure alone —-1.57 -0.85 = 
At ey tons, hence only 2.42 tons compression instead of 


74. 

‘*Tie” No. 8 carries by the old method 0.59 + 0.39 = 
0.98 tons tension, by pressure alone 0.59 + 0.08 = 0.67 
| tons, by two-thirds suction alone 0.59 — 1.33 = —0.74 tons ; 
hence this ‘‘tie” ought to be a strut able to carry 0.74 
tons compression. 








Yours truly, 

Buenos Ayres, January, 1904. THEODOR NIELSON. 

| 
ELECTRICAL WINDING-ENGINES. 

To THE Eprtor or ENGINEERING. 
|__Srr,—Having read with much interest the article by 
| Dr. Herzfeld under the above heading in your issue of 
| February 12, I can fully corroborate in principle the 
statements he has made. 
| Until quite recently we have paid but scant attention 
|in this country to the more advanced methods of engi- 
neering as applied to mining practice; and it is only by 
close investigation that one discovers the great possi- 
bilities which lie before the colliery owner and mining 
engineer, due to the recent developments and improve- 
ments in what we may term electrical mining practice. 

Upon my first visit to the Preussen and other mines in 
| Westphalia, a year ago, I was so struck with the possibilities 
and the réle which electricity should play in the imme- 
| diate future in mining operations, that since that date I 
| have devoted the whole of my time to the minute in- 
' vestigation of this subject, and have studied the actual 
conditions prevailing at some eighty collieries in this 
country and abroad. 
Perhaps, therefore, a few of the deductions I have been 
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Structures, 
suggest a temporary method which, though much on the 

safe side, will give fair results and save a lot of material, 

as compared “with the old method. 

Firstly, I might mention that Mr. Irminger’s total 
wind efforts (see his article) agree very satisfactorily with 
those of Mr. Langley, whose experiments were made in 
an entirely different way, as also with the results of 
Mr. Hutton’s formula. Thus we have a reasonable basis 
to work on, the moreso as each total is found as a sum of 
—* determined pressure and suction. 

propose to treat the effects of pressure and of suction 
separately ; this is an additional safeguard, as they usually 
counteract each other. It is clear that a gust of wind | 
must give pressure on the weather side before it causes 
suction on the leeward side. 

According to the said experiments, the weather side has 
for the ordinary shallow angles of roofs approximately a 
triangular load surface, and its base at the eaves is 
smaller than the direct mean pressure on the plan corre- 
sponding to the roof model. Now I propose to use a 
rectangular load surface by assuming the full pressure for | 
the corresponding plane evenly distributed on this side. It 
gives an excess of wind pressure a good extra load at-the 
ridge, and hence such heavy stresses that we ought to be | 
on the safe side for all contingencies, such as leakage ; | 
and the stresses are taken out according to the old custom. 

The leeward side of an ordinary roof is sheltered. I | 
therefore propose to take only two-thirds of the suction as | 
an evenly-distributed upward force. In my article I | 
deduced 0.68 for the roof model, and similar results in | 
other cases, | 
. If for arched roofs we, as usual, split the surface up 
into planes, we might proceed as above, but still more on 
the safe side, as the experiments show that there is suction 
and not pressure on the weather side. However, as the 
lee side is not well sheltered, we might allow the full 
Suction, and not two-thirds as for ordinary pitched roofs. 

The table given in my former article supplies all the 
hecessary data for finding pressure and suction. To show , 





Until this reseach is completed, I beg to! 


| half being expended in the driving of the haulages, 


| overcome their own inertia as well as that of the heavy 


neer in this direction. , 
rous collieries I have recently examined, I find that the 


+709 


>» 


Speaking in a general way, I have found that nearly 
one-half of the boiler-power at our own collieries is ab- 
sorbed in the steaming of the winding-engines, the other 


pumps, ventilating, «nd auxiliary surface-engines. 
Taking the case of the winding-engines first, I would 
oint out that, owing to the fact of the winding-engines 

naving to start from a position of rest, and having to 


winding-drums and- accessories, the sizes of the cylinders 
are abnormally large in relation to the normal working 
load of the engines ; this fact, combined with condensation 
losses, and the inability to make use of such a highly 
efficient engine as can be adopted in the generation of 
electric power, where the steam consumption of the 
engine should not exceed 11 lb. to 12lb. of steam per 
indicated horse-power-hour, accounts for the comparative 
figures given by Dr. Herzfeld of 26 Ib. of steam per horse- 
power-hour on mineral raised electrically, as against 
44 lb. of steam per horse-power-hour on mineral raised 
with good steam practice; whereas in the majority of 
cases steam practice works out at nearer 100 lb. of steam 
per horse-power-hour on mineral raised. 

There is one point in connection with electric winding 
which I think the writer of the article might have laid 
special stress upon, and that is the extreme simplicity of 
manipulation and control of the electric winders. 

The starting and stopping, _ regulation, and brak- 
ing of the electric winders, when compared with steam 
practice, is most noticeable. In the case of the electric 
system, the manual labour is very light, and the skill 
required practically nil; in the case of steam practice, 


coal consumption could, in almost every instance, be 
reduced to half of what it is at present ; whereas in some 
groups of five to nine collieries taken collectively, the 
coal consumption of the central generating station, were 
all the pits electrically equipped, would be one-fourth 
to one-fifth of what it stands at to-day. 

The coal consumption is, however, not the only con- 
sideration; there is the attendant saving in labour, 
increased efficiency of working, and great reduction in 
upkeep, which latter is usually a very heavy item at 
collieries worked by steam and compressed air. 

To give a more practical example of the value of electri- 
city, I would quote the case of a group of collieries I 
recently examined. 

In this instance the units of power consisted of 110 
steam and compressed air-engines with seventy-one 
boilers. 

By means of an electric centralising scheme, the number 
of engines running would be reduced to three, and the 
number of boilers to fourteen. 

With boiler coal of any material selling value, the 
large saving to be effected under such a scheme is at once 
apparent. 

r. Herzfeld concludes his interesting article by a 
description of the Koepe pulley, and of the centralisation 
scheme at the Grand Hornu collieries, near Mons, which 
I have visited on several occasions. 

Hitherto, electrical mining work in this country has 
been dealt with in an experimental, fragmentary, and 
half-hearted way ; but every evidence is forthcoming that 
colliery owners and mining engineers in this country are 
becoming fully alive to the great possibilities which the 
latest developments in electricity have placed in their 
hands. 

Tam, Sir, yours truly, 
D. Setsy BiceE. 








THE GAS SUPPLY OF SALFORD. 
To THE EDITOR OF ENGINEERING. 

Sir,—In the review of Major Darwin’s book on 
‘*Municipal Trade,” in your issue of the 12th instant, 
it is stated, with reference to an increase in the price of 
gas in Manchester some two years ago, ‘“‘that this affected 
not only Manchester, but also Salford, so that users of 
gas in the latter place were penalised to relieve the rates 
of Manchester.” I do not know on what authority the 
writer of the review makes this statement, as I am not 
aware that an alteration in the price of gas in Manchester 
affects the users of gas in Salford in any way. The 
Saiford Corporation not only manufactures all the gas 
used in the borough, but also supplies gas to the borough 
of Eccles, the urban districts of Swinton, Pendlebury, 
Worsley, Prestwich, Little Hulton, and Irlam, and the 
rural districts of Clifton, Davyhulme, and Barton. 

As the statement referred to is quite inaccurate and 
likely to mislead, I shall be glad if you will take an early 
opportunity to make the necessary correction. 

Yours truly, 

Ws. W. Woopwarb. 

County Borough of Salford Gas Engineer’s Office, 
Bloom-street, February 17, 1904. 

[We regret the mistake pointed out by Mr. Woodward. 
The City of Manchester supplies gas in the areas of 
various neighbouring local authorities, but Salford is not 
one of them. If we had said Stretford in place of Salford, 
the sentence would have been strictly correct.—Eb. E.] 








Green’s Equinisrium Stror-VALVvE: Erratum. — In 
our description of ‘‘ Green’s Equilibrium Stop-Valve,” 
on page 271 ante, the word ‘‘ upward ” was inadvertently 
introduced instead of ‘‘ downward,” in the fifth line of 
the fifth paragrapb, and in the third line of the sixth 
aragraph. In each case ‘‘ downward direction ” should 
be read instead of ‘‘ upward direction.” 

THE NorkTH-EAsteRN NEw ‘‘ ATLANTIC”-TYPE EXPRESS 
Locomotives : ErrRATUM.—We regret that on the two- 
page engraving of these locomotives, given in our last 
number, the grate area is wrongly stated to be 22 square 
feet, the error having arisen from the misreading of a 
defective figure in the blue print from which the engrav- 
ing was made. The correct area—27 square feet—is given 
in the description on page 261. 


CANADIAN Rattways.—Three Canadian railway com- 
panies are applying to the Dominion Parliament for ex- 
tensions of time in which to build new lines. These com- 
a are :—British Colombia Southern —Eastern and 
Western sections, also branch lines and a line from Fort; 
Canadian Pacific—branch from New Westminster to 
Vancouver and a line from Pile’s Junction to Shawinigan 
Falls and Grand Mere; and Atlantic and North West. 





THE GERMAN Navy.—In the course of last year Ger- 
many launched ten ships of war, with an aggregate 
displacement of 59,477 tons. In 1902 the corresponding 
number of vessels launched was five, with an aggregate 
displacement of 30,395 tons. In 1901 six vessels were 
launched, their aggregate eeinenant being 57,150 
tons. The ten German ships of war launched last year 
comprised three ironclads, with an aggregate displace- 
ment of 39,600 tons; an armoured cruiser, with a dis- 
lacement of 9500 tons; three small cruisers, with a 
isplacement of 9000 tons; and a gunboat, with a dis- 





the manual labour is heavy and the skill required very 
considerable. ei 
The writer of the article refers next to the centralisa- | 


tion of power in one generating station for groups of | tons. 
collieries. | 


placement of 977 tons. Since the Emperor William IT. 
ascended the German throne, Germany has built seventy 
ships of war, with an aggregate displacement of 384,538 
The German cruiser Berlin is being actively 


pushed on to completion in the Imperial yards at 


An enormous field lies before the electric-power engi- | Dantzic. The Berlin is now being fitted with her en- 


Taking the average of the nume- | 


gines and ten boilers. She is expected to attain a speed 
of 22 knots. 
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ONE NEW CHATHAM DOCK. 


LEN rt AND CO., LIMITED, ENGINEERS, BEDFORD. 


Deserta se Page 294.) 
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NAVAL TRAINING. 

Tue First Lord of the Admiralty, with a pre- 
science which has marked his actions since he 
has been at thevhead of the Navy, has taken the 
public into his confidence in regard to the admis- 
sion of candidates for nomination as naval cadets 
under the new scheme, upon which we have more 
than once commented. A Blue-Book has been 
issued, giving details of what occurred in the first 
selection made some little time ago ; and what the 
public now learns from this source will, we are 
sure, increase the confidence that is felt in an 
Administration that has shown much enlighten- 
ment and liberality in its procedure. When Lord 
Selborne’s scheme was first made public, perhaps 
the most common criticism passed upon it was 
that nomination would lead to favouritism ; on 
the other hand, it was said the admission of cadets 
at so youthful an age as 124 years would prevent 
any sure test being made of ability by means of 
examination. The First Lord and those who have 


acted with him appear to have made a most happy 
blend of the systems of selection by nomination 
or by examination. 

A Committee was appointed to see the candidates 
individually. 


It consisted of Admiral Sir John 





Fisher, Second Naval Lord, who presided over the 
transactions, the other members being Mr. E. E. 
Ashford, Head Master of the Royal Naval College, 
Osborne ; Commander E. Hyde Parker, R.N., of 
the Britannia; and Mr. V. W. Baddeley, one of 
the First Lord’s private secretaries. That - was 
the membership of the first Committee, . which 
met in June last, and sat for eleven days, examin- 
ing 279 candidates. Another Committee was formed, 
and met in November last, sitting for eight days, 
during which time it saw 151 candidates. This Com- 
mittee consisted of Rear-Admiral Durnford, Junior 
Naval Lord, who presided; Dr. James Gow, 
Head Master of Westminster School; Captain 
Trevylyan Napier, R.N.; and Mr. Baddeley. The 
object of the Committees was to form an opinion 
as to the natural aptitude, intellectual capacity; and 
brightness of the boys. The lads were put through 
a very informal examination, more with a view to 
gauge their quickness of perception and intelli- 
gence than to discover what they knew. 

Perhaps some of our readers may remember that 
a short time ago a good deal of ridicule was cast 
upon the proceedings of the selection Committee 
by what came out when these examinations—if 
they may so be called—took place. One candi- 
date, who recounted his experience, said that he 
had only been asked questions as to the games in 
which he had taken part at school, and how he 
could best get by omnibus from certain parts of 
London to other parts. This all seemed extremely 
absurd to a good many people, especially those 
who had been accustomed to the stereotyped 
scholastic, or academical, type of examination. 
It will be perceived, however, that the questions 
were very well fitted to elicit just the informa- 
tion that the Committee desired. One of the first 
needs of a naval officer is that he should be 
robust and manly, and an acute observer would find 
this out in nothing sooner than in asking a lad 
questions as to his games and sports. The manner 
in which the replies were made would at once indi- 
cate how far the boy’s heart was in these recrea- 
tions. It may be that the Duke of Wellington 
never did remark, as people aver he did not, that 
the Battle of Waterloo was won in the playing 
fields of Eton; but if he did not, he missed 
saying something very much to the point. In 
regard to the examination in omnibus routes—we 
assume that the boy was a Londoner—it certainly 
appears to us very much more a test of efficiency 
that a lad should have observed and remembered 
how he travelled from one place to another, rather 
than that he should have been crammed from books 
with information as to the height of mountains in 
Africa, or the date of the death of Queen Anne. 
At any rate, an examination of this nature cannot 
be made the subject of cramming, and that, we are 
delighted to see, is what the naval authorities 
wish chiefly to guard against. 

The Committee checked their own observations 
by information supplied by the parents when 
applying for nomination, and by the school- 
master’s reports, the latter comprising confiden- 
tial answers to questions relating to the boy’s 
ability, predilections and conduct at school ; also 
a medical history of the lad was submitted by 
the parent and signed by the family doctor. A 
short written statement—for which about ten 
minutes were allowed—on some popular subject 
had also to be made. This, as the report states, 
tested the handwriting, spelling, and general know- 
ledge of the candidate, and his power of expressing 
himself tersely. This constituted the first ordeal 
through which the lads passed. They were then 
sorted out in different classes :—(a) fit ; (8) doubt- 
ful, though promising ; and (y) unsuitable. Each 
class was sub-divided in three sections :—a +, a, 
a-—;B+,8,8—; and y+, y,and y—. There 
were 278 candidates in all, of which 12 fortunate 
individuals came into the a + class, 36 into the 
a class, and 33 into the a — class. The # class 
was the more numerous, the numbers being 50, 72, 
and 33 respectively ; whilst the y class returned 6, 
31, and 5 respectively. 

The candidates for nomination were afterwards 
subjected to a qualifying examination. Some 
changes are to be made in this in future, and 
papers will be set in English, history and geography, 
geometry, arithmetic and algebra, Latin, and French 
or German. Each boy will have to take six 
papers ; but it will not be required that he should 
reach any specific standard in each. That, we 
think, is a fortunate provision, as it is a little stiff 
for a boy of twelve-and-a-half years to be able to 
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read Czsar, and to translate into Latin short com- 
pound sentences of every type; whilst in French, 
some easy story and short compound sentences 
involving the commoner irregular verbs are ex- 
pected ; in algebra problems must be solved 
leading to simple equations ; and in geometry the 
first book of Euclid, or some modern equivalent 
for Euclid, is specitied. This is the standard laid 
down by Dr. Gow, and, to us, it seems that the 
average healthy youth, who has given as much 
time to outdoor exercise as will lead to the proper 
development of his body, will need to be crammed 
to attain to this standard of excellence. 

We regret to see that the schoolmaster appears 
to be asserting his ascendancy in this matter of 
naval education, and that an effort is being 
made to secure that not only shall Latin be 
compulsory, but that Greek shall be allowed as 
an option in the qualifying examination. In the 
present day, the competent naval otticer must be a 
man of science. There is no need to labour this 
point ; it has been fully acknowledged by the most 
competent authorities. The sciences involved in 
the proper equipment of the naval officer are 
sufficiently numerous and complex to need all the 
time that can be devoted to their study in the 
era of pupilage, and expenditure of energy in 
the learning of dead languages is largely lost work. 
Dr. Gow states that those boys who drop Latin 
and substitute other subjects do not show any 
superiority, and he believed that they left out 
Latin because they were lads of inferior ability. 
We can easily understand the Head Master at 
Westminster failing to see that any lad who was 
not proficient in Latin, at least, could be of ordi- 
nary intelligence ; but even if we allow that some 
boys may have avoided Latin because they were not 
of the needed mental calibre to take up its study, 
it does not follow that the superior intellects among 
the candidates could not have turned their energies 
to better account than to the mastering of a dead 
language. 

Classical studies have so long dominated educa- 
tional methods in this country that it is difficult 
for those who think in grooves to avoid constituting 
them the supreme test of intellectual ability. No 
doubt a man needs a highly-polished intellect to 
become a fully accomplished classical scholar. 
That, however, is not the practical point. A 
smattering of Greek and Latin, learnt only to 
be forgotten, usurps in its acquirement the time 
and energy needed for preparing naval ofticers 
for the actual duties of their profession. We take 
interest in this matter because the candidates for 
cadetships are to be engineers; as every naval 
ofticer needs be who would attain to the highest 
eminence in his profession in this present age of 
scientific warfare. 








MUNICIPAL PATRONAGE. 
Tue election of members of the London County 


County Council employ directly over 12,000workers. 
It is impossible to believe that this great army 
of workers does not influence the issue at the 
triennial elections. It is true that 12,000 bears 
a small proportion to the four or five millions of 
inhabitants resident in London—that is an 
argument which will be at once raised by 
the communist; but its ratio to the number 
of electors who vote must be considered. All 
the million odd voters on the roll should exer- 
cise their franchise; but difficulties supervene, 
and the choice of Saturday as the polling-day—a 
busy day for the shopkeeper, and a holiday for 
everyone who can get away from business—mate- 
rially increases the difficulty and the disinclination 
of many to take the trouble of voting. Moreover, 
in a great Metropolis where one is concerned in 
commercial questions or topics of Imperial politics, 
it is not always easy to grasp the intricacies of 
municipal questions; and it thus comes that of 
nearly five million inhabitants, only some 260,000 
vote. Three years ago there were 520,948 votes 
recorded ; but as each elector was called upon to 
vote for two candidates, the number of voters was, 
as we have said, about 260,000. Probably only a 
thousand of the 12,000 London County Council 
employés are non-electors; the others, being 
specially interested, are certain not only to vote, 
but to vigorously canvass for candidates favour- 
able to their case. Conversing with a tram- 
car conductor the other day, the writer was 
told that he, and many other workers of the 
London County Council, hoped that some of 
the new blood to be introduced at the coming elec- 
tion would yet be got to influence the Council to 
vote in favour of pensions. The suggestion of per- 
suasion is obvious. Five per cent. of the voters 
in London County Council elections may therefore 
be employés ; and that these can influence the 
candidates was obviously the view of the Lord 
Provost of Glasgow, who has long experience of 
municipal life and elections, when he said that the 
time was coming when the employés of the corpora- 
tion would require to be disfranchised. When one 
remembers that many members of the Council are 
elected with a less majority than 5 per cent., it 
would almost seem as if the time had actually 
come, in the case of London at all events. 

The dispensing of patronage can be made a most 
powerful element, indirectly as well as directly, in 
the influencing of votes; and there is no doubt 
that the London County Council have utilised it in 
this way. We are not concerned here with parties ; 
we take the Council as a whole. In their con- 
tracts they insist on conditions which no private 
authority considers it necessary to exact, setting up 
trade unions as the arbiters in questions affecting 
the relation between workers and employers, even 
in districts where branches of the trade union 
do not exist. This distinction is a medium in 
bartering for the votes of trade unionists. Again, 
in the matter of the hours of labour and rates of 





Council takes place next week, and the issue last 
week of a return which records the increase in wages 
paid to, and the reduction of the hours worked by, 
employés of the Council is significant. It suggests 
to workers who have votes how liberal are present 
members. But it also directs attention anew to a 
serious phase of municipal trading—to the very 
large amount of patronage which it brings. In the 
carrying out of their corporate duties, all muni- 
cipal bodies allot a large number of contracts, and 
although in the great majority of cases, especially 
with open tendering as adopted now by most public 
bodies, there is not much ground for suspicion, 
we could wish for fewer instances where it is found 
impossible to accept the lowest tender. It is true 
that this arises, in most cases, from non-compli- 
ance with the specification ; the details of such non- 
compliance should, however, be publicly recorded in 
the minutes, especially when, as sometimes occurs, 
the tender accepted is as much as 10 per cent. 
higher than the lowest. We suggest this, not be- 
cause there is any reason to suppose that there is 
unfair dealing; but as a further surety that the 
specification does not stipulate conditions which are 
exceptional and unnecessary. Millions are spent | 
every year in contracts by the local authorities, | 








wages of workers of the Council we have the same 
process ; the Council’s employés belong to unions ; 
and, moreover, where the workers of a class are 
numerous. they even band themselves to gether, 
the object being to secure high rates of wages. 
Where they have the power to choose their coun- 
cillor or employer, the latter is tempted to pur- 
chase their good will with fair promises, especially 
when the cost comes out of the public purse. 

The return of wages paid, now issued, must have 
its influence. It shows thatin many cases increases 
of from 10 to 15 per cent. have been made by the 
London County Council on wages paid by the old 
Metropolitan Board of Works in 1888, although 
in many cases the hours of labour have been 
greatly reduced. Constables, for instance, who in 
1888 got 24s. to 25s. for a 585 hours’ week, now 
receive 27s. for a 48 to 54 hours’ week, and 
other similar cases might be quoted. In another 
table a comparison is made between the wages 
formerly paid by companies now absorbed by the 


25 per cent., have been made since 1899, although, 
according to the Board of Trade returns, the general 
rate in the engineering and building trades has not 
increased 1 per cent., and it is to these two sections 
that the most of the workers indicated above 
belong. It is true that the Council have reduced 
in many cases the time during which a man may 
work in cach week, so that he does not in all cases 
earn a greuter total wage per week, even although 
the rates per hour have been increased ; but it is 
doubtful if the workers would, in a plebiscite, 
favour a 54 hours’ week as the maximum. The 
old employers may have demanded too long hours ; 
but that is no reason for the London County Council 
going to the other extreme. 

When one studies the figures, one realises the 
reason of the remark made in areport by the High- 
ways Committee, that with the new rate of wages 
it would not be possible for the horse tramway line 
between Vauxhall, Clapham, and Camberwell to 
cover its working expenses.* For this reason the 
Council has not taken it over, and as a conse- 
quence the public using it are to be deprived of the 
advantages of electric traction, because the Council, 
while refusing to exercise their legal right to pur- 
chase the line, do not encourage the company to 
adopt a system for electrically operating the route. 
The gravity of the situation is further intensified by 
the statement of the Chairman of the Highways 
Committee at Tuesday’s meeting of the Council, 
to the effect that although the general receipts of 
the tramways for the year are 12.21d. per car 
mile, this will be insufficient to cover all expenses. 
What the public are entitled to ask is, whether 
the method of utilising municipal patronage has 
in any way, either by clauses in contracts or by 
undue concessions to men, involved an increase 
in expenses which is not justified by the cir- 
cumstances; and whether the continuance of the 
franchise to employés of public authorities is 
inimical to the public weal. 











DIFFUSION AND COMPRESSION OF 
METALS. 

Proressor Hor, of Witten, in the Westphalian 
coal district, has recently taken up a line of re- 
search in connection with which the present gene- 
ration best remembers the name of Walthere Spring, 
of Liege. About 25 yearsago, Spring demonstrated 
that chemical combination will result when certain 
powdered constituents are brought into contact 
with one another under high pressure. Mixtures 
of powdered zinc and copper gave blocks of brass, 
for instance ; and Spring further produced alloys 
by placing polished plates of the respective metals 
upon one another, and applying high pressure. 
The longer two surfaces of copper and tin remain 
in contact, the thicker will be the layer of the 
resulting bronze. Diffusion plays an important 
part in these phenomena. Sir W. Roberts-Austen 
proved that gold will diffuse into silver, very slowly, 
of course, even under ordinary conditions of tempera- 
ture, and without the application of pressure. Silver 
and sulphur readily unite to a sulphide ; and such dif- 
fusions may explain many transformations of stones 
and minerals, to account for which high pressures 
and temperatures were formerly considered indis- 
pensable. Heat facilitates the union, but high 
temperatures are not required ; and, in fact, the high 
pressures do not, as Spring showed in 1899, 
necessarily give rise to any appreciable develop- 
ment of heat. In some of his experiments the 
compressed metals were not heated by more than a 
fraction of a degree. 

Dr. Hof has so far confined his studies to the 
compression of powdered or finely-divided par- 
ticles of one and the same elementary or compound 
substance, and his results are of interest to the 
engineer as well as to the scientist. He took turn- 
ings of steel, copper, bronzes, and chiefly of a 
white bearing metal which has the composition— 
83 parts of tin, 11 parts of antimony, and 6 parts 





County Council and those now paid by the Council. 
In the case of bricklayers we have in four years an 
increase from 9d. to 104d. per hour: in carmen, 
from 26s. to 33s. per week, although the hours have | 
been reduced from 68 to 60; in coppersmiths, from | 


of copper. His experiments have, as a rule, been 
made with about $ lb. of material, which he com- 
presses in a steel cylinder of 5 centimetres (2 in.) 
bore, gradually increasing the pressure to 50 tons. 
With a piston pressure of 10 tons, acting on the 


who should themselves be anxious to thus establish | 6d. and 73d. to 9d. per hour; in engine-fitters, ‘circular base of 2 in. diameter, the structure of 
perfect contidence on the part of the public in their | from 6d. and 9d. to 9$d. per hour ; in hammermen, | 


judgment and integrity. 

But public anxiety is not concerned so site) 
with the letting of contracts as with the very con- 
siderable extension of patronage due to trading. 
It will surprise many to learn that the London 








These advances, ranging up to quite] 





the turnings still remained distinguishable. But 


from 63d. to 7d. per hour ; in plumbers, from 9d. | the final pressure of 50 tons produced a per- 
to 11d. per hour ; in sawyers, from 7d. to 10d. per | fectly homogeneous block, demonstrating, as the 
| hour; in turners, from 63d. to 8fd. and 9}d. per | author expresses it, that cohesion is nothing but 
hour; and in wheelwrights, 73d. and 9d. to 94d, | __»_>SE>EESS te arma 

per hour. 


* See page 163 ante, 
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strongly - increased adhes‘on. Another shallow 
block, made in a cylinder which had a wider 
bore below than above, assumed the exact form 
of the chamber so perfectly that the block could 
be nickelled without further finishing. This is an 
important point, and Dr. Hof considers that it may 
prove profitable to press bushes instead of casting 
and afterwards finishing them. The compressed 
material is, moreover, denser than the casting. The 
presence of pores in ordinary white metal indicates 
that compression must be possible; Dr. Hof investi- 
gated this point further. In the specimens pre- 
viously alluded to, the density rose from 5.67 to 
6.85 and 7.15, the height decreasing from 2.3 to 1.87 
and 1.75 centimetres under the pressures of 10, 30, 
and 50 tons respectively. In further experiments, 
the pressure was slowly increased by ten steps of 
5 tons, beginning with a pressure of 5 tons. The 
specimens had in this case a diameter of 4.04 centi- 
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metres, and the pressures reduced to kilogrammes 
per square centimetre, and the resulting densities 
can be seen in the annexed diagram. It will be 
noticed that the limit of compressibility had nearly 
been reached when the pressure became 4000 kilo- 
grammes per square centimetre, equivalent to 
25 tons per square inch. It is also interesting to 
state that the thermal conductivity was proved 
to increase proportionately as the cross-section 
and the density of the block, and inversely as its 
height. The electric conductivity was not accu- 
rately determined, but it seemed to change 
analogously to the thermal conductivity, as might 
be expected. 

When turnings of white metal such as can be 
bought are melted down, there is always a consider- 
able waste owing to oxidation, and the waste is, of 
course, much smaller when blocks are fused. Dr. 
Hof has observed that this difference in the loss by 
oxidation of the finely-divided niass and of solid 
blocks almost disappears when the material has 
been subjected to strong compression. It would 
therefore be advisable for works and railway shops 
which produce considerable quantities of white-metal 
turnings in the course of a year to melt down their 
turnings themselves, instead of selling them and 
buying back the re-melted material. This is, we 
think, the practice of large establishments. 

Professor Hof finally made some experiments 
on the effects of high pressure combined with heat. 
The experiments are hardly novel; but sufficient 
attention has not been paid to these points, and it 
is. to be hoped that this promising investigation 
will be continued. Steel turnings united under a 
pressure.of 50 tons, calculated on an area of 2 in. in 
diameter, as before, to a block which still showed the 
particles distinctly. Butwhen the mass was heated to 
a white glow, a small pressure sufficed subsequently 
to produce a block which, in section and fracture, 
appears homogeneous; welding had therefore re- 
sulted. An experiment with copper turnings was 
equally successful. The compressed block was cnly 
heated to a red glow, and then again compressed ; 
welding apparently took place in this case too. 
Turnings of brass castings also united under these 
circumstances, In preparing briquettes of pyrites 
and purple ore, a cement was needed, and this 
cement could not be an organic substance. The 
mixture of the two substances was soaked with 
magnesium sulphate solution—not the pure Epsom 
salt, but the kieserit, mined in large quantities at 
Stassfurt—and then soda lye poured over the mass; 
magnesium carbonate is precipitated in the mixture 
while the sodium sulphate runs off. Very good 
briquettes were obtained in this way. It is clear 


that there are possibilities in the application of 
high pressures which engineers should not neglect 
to study, and we trust that Professor Hof will 
persevere in his researches, 





GOLD AND COAL IN NEW ZEALAND. | 

THE value of the gold and coal mined in New| 
Zealand constitutes 83} per cent. of the total worth | 
of the annual mineral producion of that colony ; and | 
if Kauri gum be added, the high proportion of 973 | 
per cent. is accounted for. Silver is the only other | 
mineral produced in anything like notable quantity. 
Thus, of the total production of 3,221,622l. during | 
the latest year for which we have a Government | 
return—1902—gold is responsible for 1,951,4331.— | 
equal to 604 per cent ; coal for 742,0001., or 23 per 
cent.; Kauri gum for 450,2231.; and silver for 
71,9751. The total shows an increase of 265,6391., | 
as compared with the previous year, the increase | 
under the respective headings being in fairly equal 
proportions. 

The interesting point in reference to the coal 
production is its relation to the necessities of the 
colony for house and manufacturing purposes. 
There has been a steady increase in the quantity of 
coal raised, the total having been doubled in ten 
years ; itis now 1,365,040 tons. At the same time, 
the exports have also doubled; but they bear a 
proportion in weight of only about 14 per cent. to 
the output. The quantity imported—127 ,853 tons 
—is less than that shipped in the past two years, 
so that the necessities of the colony might 
now be entirely supplied by the Colonial coal- 
mines. The imports have in the past twenty years 
fluctuated between 140,000 and 111,000 tons, the 
tendency being towards a reduction; while the 
exports have advanced steadily from 3200 tons to 
188,677 tons The consumption has not increased 
pro rata with production. As is, perhaps, generally 
known, the Government have purchased State coal- 
mines, which have involved the issue of 34 per cent. 
debentures to the extent of 150,0001., of which 
52,0001. were spent in the year ending March, 1903 ; 
but it is yet too soon to indicate the financial results 
of this undertaking. It will be watched with con- 
siderable interest, as it has been dictated more by 
Socialistic tendencies than for economic considera- 
tions or for the purposes of national defence, as is 
the case with the suggestion to acquire on behalf of 
the Imperial Government mines in South Wales 
for the supply of naval needs. 

Turning now to the gold-winning, which is dis- 
tinctly the most interesting part of the Govern- 
ment return, we note that there has been in recent 
years a steady advance, although the output has not 
yet returned to the high level of the period of great 
activity culminating with 1871. In some of the 
years of that gold-fever period the output was about 
40 per cent. greater than during the past year; 
but from the lowest level in the interval—the 
773,4381. of 1890—the output has increased to 
1,951,4331. We find no summary in the report as 
to how much of the gold is got from quartz, 
hydraulic, or alluvial, mining, or from dredging. 
The working of quartz areas continues to provide em- 
ployment fora large number of men on both islands, 
principally in the Upper Thames portion of the 








52 wers standing idle, 14 were under repairs, and 
two were wrecked. 

The mechanical features of the dredgers used are 
of considerable interest, and it is satisfactory to 
know that a large part of the machinery is still 
supplied from this country. Two or three years 
ago we reviewed at considerable length the evolu- 
tion of this type of dredger.* Several improve- 
ments have been made in the details since we 
last described the dredger. As to size, some 
of these dredgers now have pontoons 117 ft. 
long, with bucket-ladders to dredge to a depth 
of 50 ft. when set at an angle of 45 deg., 
the capacity of the buckets ranging up to 6 and 7 
cubic feet. Some of these latter dredgers cost as 
much as 9000/., having engines of 20 nominal 
horse-power and a crew of ten men. As was fully 
described in our previous article, gold is recovered 
from the material dredged by several means— 
sluices, riffles, gold-saving tables, and amalgamated 
plates, and the work of conveying the tailings by 
elevators to the bank has been very considerably 
extended. Year by year considerable compensa- 
tion is paid for the discharge of these tailings, the 
amount in 1902-3 having been 3215/.; but the 
water will facilitate irrigation work in the future. 
There are several instances of electrically-driven 
dredgers, but the system has not been so generally 
applied as might have been expected. Some of 
these electrically-worked dredgers have given very 
satisfactory results, especially where independent 
motors are fitted for the various motions, instead 
of one large machine with belt or shaft transmis- 
sion. Thus six motors are sometimes applied—one 
for driving the chain of buckets; a second for the 
screen and elevator ; a third for the winch working 
the bucket ladder ; a fourth for the winch for the 
movement of the dredger ; a fifth for the centri- 
fugal pump for water supply ; and a sixth for a 
sand-pump for fine tailings. But no precise details 
are yet available to enable any deduction to be 
made as to the relative economy of electric and 
steam drive. It is obvious, however, that if water- 
power is available for generating electricity in the 
vicinity in which the dredgers are at work, satis- 
factory results must be achieved with electric power. 
Pelton wheels as prime movers have been tried 
with success. This system attains its highest 
economy where water-power is available in the 
vicinity. It confers a further advantage, as com- 
pared with steam or electric drive, by the fact that 
the water for washing the material in connection 
with gold recovery is taken from the exhaust-pipe 
of the Pelton wheel, so that there is no need to fit 
separate pumps for supplying water to the sluice- 
boxes, 

In mechanical details several interesting changes 
have recently been introduced, which give promise 
of satisfactory results. A new form of grapnel has 
been fitted to the bucket-ladder : it is so made that 
it can loosen an area wider than the lip of the 


| bucket, and at the same time collapse for turning 
|over the tumblers to obviate any possibility of 


North Island, and at Reefton in the Middle Island. | jamming. This grapnel works to about 4in. beyond 
While some districts experience depression, there | the line of the bucket-lips ; this reduces the wear 
are indications that in others a considerable degree | and tear of the lip of the bucket at the edges, as 
of permanence is assured, while prospecting in| compared with the condition where the grapnel 
other districts proves sufticiently encouraging to | does not loosen material for a sufficient width. An 
per semec pens on a wr re a - improved form of screen has been applied in con- 
siderable part of this increase in the value of gol /nection with the washing of the material for gold 
— yee —_ me — oe | recovery. Hitherto these — were yan 
and also to dredging. e work of winning free | but the form now suggested is polygonal (usually 
gold from alluvial deposits, however, is practically ‘hexagonal). In the circular pty material 
confined to the Middle Island, although a little | travelling may rise and fall with the motion of the 
desultory digging is done at Stewart Island.’ screen, but it seldom turns over ; in the polygonal 
The shallow and easily - worked patches are screen the material is turned over and shaken 
iii ol Ws te SK Mega ox week thse means mane meine tame eg eatin 

( 1 0 Work ms | sequently more ellectively washed by the action o 
with success ; consequently hydraulic sluicing and | the water from the sparge-pipe. This same result 





dredging have increased in importance, and it is a 

satisfaction to note that speculative work, resulting | 
from the boom excitement of four or five years ago, | 
has given place to operations of a more permanent | 
and industrial nature. It is therefore by hydraulic | 
methods and dredging that the output of alluvial | 
gold will be maintained in the future. Dredging, 
it is considered, will continue for several years, and 
although there have been many cases of disappoint- 
ment, in other instances work has been very protit- 
able. On the west coast it has been found that 
stronger machinery is required to work the tight 
wash frequently met with, although in the free 
gravels of Otago no difficulty has been experienced. 
The total number of dredgers at the end of 1902 was 
292, of which 201 were at work, 23 were building, 





is attained, notably in coal-screens, by the inter- 
position of angle-irons attached to the internal 
circular screen so as to interrupt the centrifugal 
motion of the material. The polygonal screens are 
constructed of plates, with flanges at one side for 
lap-jointing ; being flat, they can be rolled of 
greater thickness in the centre, where the greater 
part of the knocking is experienced, so that they 
wear longer. 

Where the tailings are fine, a centrifugal elevator 
has, in some cases, been substituted for the bucket 
conveyor, and has been found to work satisfac- 


* See ENGINEERING, vol. Ixvii., pages 503, 535, 642, 
and 840; vol. lxviii., pages 34 and 192; and vol. Ixix., 
page 491. 
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torily ; but the amount of water moved is very 
considerable, and involves an excess of power. 
Modification has also been made in the form of the 
bucket or conveyors. Instead of being rectangular, 
the newer buckets are made with the bottom 
shorter than the top, and the front is set at a more 
acute angle than the rear, while the height of the 
former is less than the latter, so that when the 
buckets pass under the shoot, the rear end of one 
bucket overlaps the front lip of the bucket imme- 
diately to the rear ; as a consequence, none of the 
material falling from the shoot escapes between 
the buckets, there to jam the chain. These buckets 
passing over the upper tumbler are more widely 
separated from each other than is the case with 
the rectangular bucket, so that there is no chance 
of material injuring the other buckets in falling 
away, and at the same time there is less likelihood 
of material being left in the bucket until it is on 
the down travel. 








LOCAL AUTHORITIES AND ACTIONS 
FOR NEGLIGENCE. 

Some of the daily papers published this week 
contained the startling announcement that the 
London County Council could not be sued for 
negligence, and that if an unfortunate passenger 
were injured in a tramway accident through the 
negligence of a servant of the Council, he had no 
redress. This extraordinary misstatement of the 
law apparently arose in consequence of a case 
decided by Mr. Justice Channell in the King’s 
Bench Division on February 20. We refer to the 
action of Parker v. the London County Council, 
which was fully reported in the Times of Feb- 
ruary 22. 

In that case a passenger on one of the County 
Council tramcars brought an action on January 12, 
1903, to recover damages for injuries sustained by 
him in an accident on June 16, 1902. The defen- 
dant council had acquired the tramway in question 
from the London Tramways Company and were 
carrying on the tramway with funds provided out 
of the rates. In these circumstances they pleaded, 
amongst other defences to the action, the Public 
Authorities’ Protection Act, 1893. In this plea 
they were successful, and were excused from 
liability. It may be that the misleading title which 
the Legislature thought fit to give to the measure 
gave rise to the belief that the County Council 
were absolutely immune ; that this is not so appears 
from a consideration of the material portions of 
the Act. 

The Act provides by Section 1 that ‘*‘ Where, 
after the commencement of this Act, any action, 
prosecution, or other proceeding is commenced in 
the United Kingdom against any person for any act 
done in pursuance or execution, or intended execu- 
tion, of any Act of Parliament, or of any public 
duty or authority, or in respect of any alleged neglect 
or default in the execution of any such Act, duty, 
or authority, the following provisions shall have 
effect :— 

““(a) The action, prosecution, or proceeding 
shall not lie or be instituted unless it is com- 
menced within six months next after the act, 
neglect, or default complained of, or, in case of a 
continuance of injury or damage, within six months 
next after the ceasing thereof. 

‘**(b) Wherever in any such action a judgment is 
obtained by the defendant, it shall carry costs to be 
taxed as between solicitor and client. 

‘*(c) Wherethe proceeding is an action fordamages, 
tender of amends before the action was commenced 
may, in lieu of or in addition to any other plea, 
be pleaded. If the action was commenced after the 
tender, or is proceeded with after payment into 
Court of any money in satisfaction of the plaintiff's 
claim, and the plaintiff does not recover any costs 
incurred after the tender or payment, the de- 
fendant shall be entitled to costs, to be taxed as 
between solicitor and client, as from the time of the 
tender or payment ; but this provision shall not 
affect costs on any injunction in the action. 

**(d) If, in the opinion of the Court, the plaintiff 
has not given the defendant a sufficient oppor- 
tunity of tendering amends before the commence- 
ment of the proceedings, the Court may award to 
the defendant costs to be taxed as between solicitor 
and client.” 

The paragraph (a) above is that on which Mr. 
Justice Channell based his decision. The plaintiff 


was about a month too late in issuing his writ, and 


the County Council were clearly entitled to rely | 
on their legal defence. 

The interest of this case does not end here. | 
Mr. Justice Channell, in giving his decision, came | 
to the conclusion that the County Council were | 
entitled to protection, but he decided the matter | 
in this way because he was fettered by previous 
decisions. In giving judgment, he said that, if the | 
matter had been open to him, he would have been | 
inclined to say that on the true construction of the 
section the defendants would have been protected | 
from the consequences of negligence in the course 
of the construction of the tramways, but that they 
would not be protected from the consequences of | 


their servants’ negligence in carrying on the work | 
in relation to the working of the trams after the | 
construction was completed. He thought there | 
might be a good deal in such an argument, if the | 
point was open for him to decide apart from 
authorities. The case, however, was covered by | 
the authorities. 

It is but too true that a long line of decisions has | 
declared this statute to favour the local authorities, 
no matter what industry or enterprise they may be | 
engaged upon. Other judges have commented upon 
the fact that an undue preference is thus given | 
to municipal, as distinguished from private, under- 
takings ; but it is for them to administer the law, 
not to strain it in any direction which may seem to 
accord with the true principles of justice. 

The theory of protecting public authorities from | 
vexatious actions has long been a feature of the 
legislation which affects these bodies. The Public | 











The President dismissed the action, with costs to 
be taken as between solicitor and client. It had 
been contended that the local authority were here 
performing no public duty. 

Sir Francis Jeune’s opinion on this part of the 
case, which has become almost historic, is well 
worth recording. He said: ‘‘It has been, and 
may be, questioned whether, and to what extent, 
municipal authorities should be authorised by 
Parliament to engage, possibly in competition with 
private traders, in what would otherwise be the 
subject of private commercial enterprise. But if 
Parliament decides that a public authority should 
be so authorised, if it confers on a municipality the 
right and duty to assume the functions of a trader, 
it clothes those functions with a public character, 
and makes them just as much public duties of a 
public authority as those for the performance of 
which that authority was created. If a municipality 
is authorised to supply water or gas, I can see no dis- 
tinction in character between its acts, its contracts, 
and its defaults in supplying those articles, and its 


| acts, contracts, and its defaults, in repairing roads 


or maintaining street lamps.” This important 
principle was recognised by the Court of Appeal, 
and was relied upon by Mr. Justice Channell when 
he decided the case now under review. Nothing 


| short of an Act to amend the Public Authorities’ 


Protection Act, 1893, can eliminate this element 
of unfair competition in the race for supremacy 
between public and private enterprise. It may be 
that to compel the plaintiff in an action to bring 
suit within six months of the injury is of little real 








Authorities’ Protection Act merely repeals and advantage to the defendants; but when we re- 
codifies a number of enactments which effected member that the unsuccessful plaintiff may have to 
the same purpose in slightly different terms. Let} pay the costs of the local authority as between 
us glance at some of the decisions in order to | solicitor and client, it is obvious that the position 
appreciate to the full the advantage which is there | of the municipal tramway undertakers is superior to 
conferred upon the local authorities. | that of a statutory tramway company. 

It was decided in the case of Markey v. Tolworth| We have said enough to indicate that so far 
Isolation Hospital ( (1900) 1 Q.B. 454) that the|from being a declaration that the County Council 
limitation of six months overrides any longer |as a local authority are immune from actions, this 
limitation which may be found in an earlier Act. | case merely re-aftirms an old principle in a some- 
Thus Section 3 of the Fatal Accidents Act, 1846, | what forcible manner. It is but fair to the London 
provides that an action for the benefit of the wife, County Council to mention that at the conclusion 
&c., of a person whose death has been caused by | of the case their legal adviser announced that his 
the wrongful act, neglect, or default of another clients were prepared to deal generously with the 





must be commenced within twelve calendar months 
of the death of the deceased. If such an action is 
brought against a local authority who comes within 
the Act of 1893, the period of six months is substi- | 
tuted for one year. 

Perhaps the most extraordinary feature of the 
interpretation which has been put upon the Act by | 
the Court is that it is confined to local authorities. 
The section to which we have referred refers to ‘‘ any | 
person” and the performance of a ‘‘ public duty.” | 
Why should not a railway company or a tramway | 
company be said to perform a public duty? This | 
point was decided in the case of the Attorney-General | 
v. Company of Proprietors of Margate Pier and 
Harbour ((1900) 1 Ch. 749). There, in an action, | 
the cause of which is not material, a company | 
sought to plead the benefit of the Act of 1893. | 
Mr. Justice Kekewich, in giving judgment, 
said it was necessary to give effect to the title 
of the Act, which was ‘‘An Act to Generalise 
and Amend Certain Statutory Provisions for the | 
Protection of Persons Acting in the Execution | 
of Statutory and other Public Duties.”  ‘‘ If,” | 
said he, ‘“‘that were to be taken in its most | 
liberal construction, any- company exercising any | 
power by virtue of an “Act of Parliament would 
come within that meaning. I cannot think that 
was intended. It is right and necessary to construe 
the title reasonably, and I read these words as | 
meaning, ‘public duties whether statutory or other- | 
wise’.” In the event it was decided that a pier 
company was in the same category with a tramway | 
or railway company and was not entitled to the | 
benefit of the Act. 

The case of the Ydun ( (1899) P. 237), which was 
heard in the first instance by the President of the 
Probate Division, appears to establish the proposi- 
tion that a local authority may plead the statute | 
although the duty which they are executing is only | 
of a quasi public nature. There the plaintiffs, 
owners of a barque, issued a writ on November 14, 
1898, in an Admiralty action, against the defen- 
dants for damages sustained by the grounding of | 
their vessel on September 13, 1893, in the River | 
Ribble, within the port and harbour of Preston, | 
through the alleged negligence of the defendants 
in inviting the vessel to come up when there was not 
sufficient water in the channel leading to the docks. ( 








plaintiff. We have no reason to think that they 
ever do otherwise to persons who are injured by the 
negligence of their employés. The burden of this 
article has been to emphasise the fact that an unfair 
impulse is given to municipal trading through the 
medium of the Public Authorities’ Protection Act. 








NOTES. 
A Prosiem IN IRRIGATION. 

A PROBLEM of first importance in the design of 
irrigation works has reference to the quantity of 
water required for the cultivation of crops, and 
some useful data have been collated in a report for 
the Government of Siam, where occasional failure 
of the rice crop, owing to insufficient rainfall, has 
awakened a desire to emulate the enterprise in the 
direction of irrigation works so successfully applied 
in the neighbouring island of Java. Rice is the 
mainstay of Siam, alike as a food and as a source 
of wealth in the form of the exports which pay for 
imports. Five-sixths of the arable land is under 
rice, a similar proportion of the land tax’ being 
derived from this source, while three-fourths of the 
value of the exports is rice. Drought consequently 
involves serious loss; thus, in 1900, the rice 
exports were only 414,400 tons, of a value of 
223 million dollars, as compared with 682,300 tons 
and over 36 million dollars in 1901. Investiga- 
tion has therefore been made by Mr. J. Homan 
Van der Heide, irrigation engineer of Dutch 
India, who was temporarily placed at the dis- 
posal of the Siamese Government; and in_ his 


‘report to the Ministry of Agriculture he deals 


with the problem to which we have referred, 
and also suggests a scheme of irrigation works. 
On the very slightly sloping plain of Demak, 
a little above sea-level, and with a soil of stiff 
and little permeable clay, giving only an ordi- 


| nary crop, long experience has shown that 1.3 cubic 


foot per acre per minute is a sufficient water supply 
during the period of vigorous growth. For the flat 
clay soil of the Po Plain, near Lodi, in Italy, the 
lowest figure is even less—about 1.1 cubic foot per 
acre per minute. In Madras the requirement 1s 
about 0.7 cubic foot, in addition to the local rain 
fall of 30 in. to 40 in. per annum; in one case, 
during a severe drought, the supply was 1.4 cubic 
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foot per acre per minute. In the Punjab, where 
the rainfall is very scanty (less than 10 in. per 
annum), the supply from artificial canals and river 
irrigation is 1.2 cubie foot for wheat crops, which, 
however, require less moisture than rice. In 
Egypt the rate is about 1.5 cubie foot per minute 
per acre, and in Japan it is 1.26. It is therefore 
assumed that about 1.3 cubic foot is sufficient for 
Siam ; probably 1.4 to 1.5 cubic foot would meet 
all emergencies, even in dry countries. The pro- 
posal in Siam is to construct a supply system con- 
sisting of a weir on the Menam, the main Siamese 
river flowing north and south, at Chainat, about 
160 miles from where it enters the Gulf of Siam, 
near Bangkok. From above this weir three canals 
would be constructed to the sea coast—one a few 
miles to the right, and a second a few miles to the 
left of the Menam river; the third following a 
course 30 to 35 miles eastwards of the Menam river. 
These canals would distribute their supply through 
klongs or existing channels, and thus a very large 
area would be artificially watered. 


Tae New County Counci, TrRaAMway SuBway. 


By the courtesy of Mr. Maurice Fitzmaurice, 
M. Inst. C.E., the members of the Civil and 
Mechanical Engineers’ Society were on Friday last 
enabled to inspect the subway which the County 
Council is now constructing under its new streets 


—Aldwych and Kingsway. The general character | 
of the substructure of these new streets is repre- | 


sented in the accompanying diagram. Kingsway 
is to be 100 ft. wide, the roadway being 60 ft. wide, 
and the two paths each 20 ft. wide. The roadway 
will be laid with wood paving 6 in. thick, and the 
pathways will be covered with 3 in. of York flag- 
ging. Underneath the paths are arranged a series 
of vaults, each measuring 12 ft. long by 8 ft. high. 
These will serve presumably for coal cellars ; but 
they will moreover be connected by 12-in. earthen- 
ware pipes with the 12 ft. by 8 ft. gas, water, and 
electric conduit subways constructed under the 
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haunches of the roadway. Hence all house con- 
nections can, on the erection of buildings, be 
made without ripping up the pathway. Under- 
neath the pipe subway on each side is a 4-ft. 6-in. 
by 2-ft. 8-in. egg-shaped sewer. From this sewer 
branches are laid at every 30 ft., extending under 
the pathway vaulting, so that connection to the 
sewer can be gained by sinking down through the 
floor of the vault to meet the branch aforesaid. It 
will be seen, therefore, that inhabitants of Kings- 
way should be pretty secure from the ‘‘ streets-up ” 
nuisance, which so frequently afflicts the older 
Metropolitan thoroughfares. This advantage has, 
however, to be paid for, and the cost of the sub- 
structure of Kingsway, inclusjve of the tramway 
subway, is said to be close on 1O00l. per lineal foot, 
or over half a million sterling per mile. This 
tramway subway is 20 ft. wide by 16 ft. 3 in. 
maximum height. The arching consists of five 
rings of brickwork, the inner ring of which is 
glazed. The side walls are of concrete, and the 
whole tunnel is surrounded by a layer of asphalte 
fin. thick, placed as indicated by the full line. 
Room is provided in the tunnel for two lines of 
tramway. It is intended to fit up the tunnel 
for traction on the conduit system, the idea 
being that it shall form a connecting link between 
the tramways now terminating in Theobald’s-road, 
north of Holborn, and the South London Tramways, 
which the County Council hopes, sooner or later, 
to bring over the Thames, and extend along the 
Victoria-embankment. The tunnel is practically 
finished for 400 ft. north of the Strand along the 
north-western side of the new Gaiety Theatre, All 
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| this portion has been constructed on the cut,and- 
| cover system. In crossing the Strand and Holborn, 
however, it is intended to substitute a couple of 
| tubes, each 15 ft. 10 in. in diameter outside, for 
|the single tunnel used elsewhere. These will be 
; driven by means of the Greathead shield, but as 
| the greatest depth of the tunnel beneath the surface 
|is only 18 ft., the excavators will not have the 
| benefit of working exclusively in the London clay. 
The upper portion of the shield will have to be 
driven through gravel, in which some water is, we 
understand, likely to be encountered.’ The tunnel 
will come to the surface at Vernon-place, Theobald’s- 
road, the terminating gradient being as much as 
lin 10. It will similarly come to the surface at 
the embankment. It is hoped that it will be 
opened for traffic in about 18 months’ time. Its 
financial success is naturally dependent on Parlia- 
ment allowing the subway lines to make a physical 
connection with the lines north and south of the 
Thames. There are to be stations at the termini, 
in Great Queen-street, and near the Strand. The 
| depth of the subway below the street surface varies, 
| but is generally but little, though at the Strand 
and Holborn crossings it is increased to about 18 ft. 
The visitors on Friday were shown over the works 
| by Mr. W. R. Morris, A.M. Inst. C.E., to whom 
| we are indebted for most of the above particulars. 








Navy Estimates. 


The Navy Estimates, which were issued late on 
Wednesday evening, show that the total expendi- 
ture for the fighting fleet during the financial year, 
| beginning with April, will amount to a total of 
36,889,0001., which is 2,432,0001. more than in the 
year terminating with next month. Part of this 
increase is due to the fact that the larger half of 
| the cost of the two recently-purchased battleships 
|—the Triumph and Swiftsure—is debited to next 
year’s account ; but, even so, the figure is very con- 
siderable. We hope next week to deal fully with 
ithe programme of the Admiralty, so that we need 
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here only point out one or two of the salient 
features. The amount for new construction is 
11,654,0001., of which about one million is due 
to the purchase of the two battleships referred 
to. Ten millions will be devoted to the ad- 
vancement of the ships now under construc- 
tion, which include eight battleships, thirteen 
armoured cruisers, one second-class cruiser, four 
third-class cruisers, eight scouts, twenty-three de- 
stroyers, eleven submarine boats, a river gunboat, 
and the new Admiralty yacht. During the ensuing 
year it is intended to lay down two battleships, 
four armoured cruisers, fourteen destroyers, and 
ten submarine boats. Little progress, however, is 
anticipated with these thirty vessels of various 
types, the amount ear-marked for them being 
| only 642,0831. The battleships are to be of a new 
type, with very heavy armament, and will be 
known as the ‘‘ Lord Nelson” class. The armoured 
|cruisers will probably be of the Duke of Edin- 
| burgh type, of which five are in progress, while it 
‘is understood that in the case of the destroyers 
|there will be an increase in speed; the later 
vessels, with heavier scantlings, steam 254 knots ; 
but it is hoped in these vessels to get 27 knots. 
The submarines will be of the improved Vickers 
type. There are several very commendable fea- 
|tures in the statement of the First Lord expla- 
|natory of the Naval Estimates: 300,000/. is to 
‘be spent on the improvement of machinery in 
the dockyards; increased importance is given 
to the Royal Naval Reserve. The Naval Intel- 
ligence Department has been very considerably 
extended ; and an additional naval attaché has 














been appointed, making the number six, while 
there is also the important addition of an engi- 
neering commander as well as a commander 
and three lieutenants. The total number of 
the personnel is to be increased by 4000, bring- 
ing the total up to 107,000. Of this addition, 
400 will be officers, 2437 seamen, 40 artisans, 25 
electricians, and 1300 stokers. Lord Selborne refers 
with satisfaction to the progress made in connection 
with the new educational system, to the rearrange- 
ment of the relative rank of officers, and to the 
improved rate of promotion brought about by the 
new regulations. But to all such subjects we shall 
refer in detail in our next week’s issue. 








PETROL MOTORS FOR MARINE 
PURPOSES. 

Tue petrol motor for the motor-car is very much 
in evidence, both to the senses of sight and smell; 
but the ordinary landsman has but little knowledge 
of how much is being done in the way of substituting 
the petrol engine for the steam engine in the marine 
launch. There are two purposes for which the 
petrol motor is being used in boats: one is for 
racing-boats, fairly full accounts of which can be found 
in the motor journals, and which probably do not in- 
terest our readers, except as a matter of sport; the 
other is for the boats which act as tenders for steam- 
ships and yachts, for the purposes of taking the 
officers and passengers ashore when the vessels are lying 
in harbour. Most steam vessels carry steam launches 
for this purpose, but it is evident that a boat which can 
be started at any moment without the trouble of get- 
ting up steam, and almost without the aid of skilled 
supervision, will have many uses. There are several 
manufacturers in this country, and many in America, 
who devote themselves to this form of engine. 

The two leading forms of petrol engines are those 
known as the four-cycle and the two-cycle. The four- 
cycle is, of course, perfectly well understood. The 
two-cycle is not so frequently in use, although quite a 
considerable number have been constructed. On the 
face of it, this engine appears to be exceedingly 
simple, and to have many advantages over the 
other form. It has practically no valves, the 
only one being an inlet-valve, which is subject 
to very light pressure, and therefore should give 
no trouble whatever. This valve closes the crank- 
chamber, and through it the mixture of air and 
petrol is drawn at each up-stroke of the piston, to be 
discharged from the crank-chamber into the cylinder 
at the next down-stroke. Exhaustion takes place 
through a port in the side of the cylinder, which is 
uncovered when the piston has made three-quarters 
of its down - stroke, while the inlet of explosive 
mixture is through a port on the opposite side 
of the cylinder. The exhaust commences first, but 
before it is completed the admission of explosive 
mixture under a pressure of about 6 lb. on the square 
inch begins. There is a baffle-plate on the piston, 
which prevents this mixture flowing directly into the 
exhaust-port, diverting it towards the head of the 
cylinder, where it has the effect of scavenging out 
the burnt gases from the previous charge, and so 
making room for itself. On the face of it, such an 
engine should give nearly twice the power of a four- 
cycle engine of the same size, and should give far less 
trouble in the way of maintenance and repair. It has, 
however, special difficulties of its own, and so far it 
has not been attended with great success. The two- 
cycle engine is more difficult to design than the four- 
cycle one, owing to the fact that its two strokes 
must provide the various functions for which, in 
the four - cycle engine, four strokes are available. 
For instance, three-quarters of the downward stroke 
will be impulse, one - quarter of it will be ex- 
haust, and one-eighth admission. On the up-stroke 
one-eighth of it will be open to admission, and at the 
same time one-quarter of it will be open to exhaust ; 
the remaining three-quarters will be compression. In 
addition to these functions, throughout the whole of 
the up-stroke the piston displacement must draw in a 
full charge of gas into the crank-case. It will be evi- 
dent that the removal of the burnt gases is not nearly 
so complete in the two-cycle engine as in the four- 
cycle ; and, therefore, the charge which is introduced 
cannot be so large. Whence it comes that, with 
engines of similar dimensions it is not possible to get 
more than 60 per cent. more power with the two-cycle 
than with the four-cycle. Further improvements in 
the petrol-engine may, of course, be made, so as to 
render it possible to work satisfactorily on the two- 
cycle plan, just as it has been found possible by gas- 
engine makers to manufacture large engines for land 
purposes on the two-cycle system. 

It is scarcely possible that the petrol engine should 
be as reliable and certain in its action as the gas- 
engine. Although it works with a gas, it has to 
manufacture its gas at each stroke, and it is difficult, 
under these conditions, to get a uniform charge. The 
gas of the gas-engine is supplied under pressure, while 
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the vapour of the petrol is created by the action of a 
draught, which sucks up the liquid, atomising it, and so 
rendering it easily vaporable ; this action, however, de- 
pends upon the temperature and dryness of the air. Ona 
cold, damp day, upon which the air is already nearly 
saturated with water vapour, it will not take up as 
much petrol as on a dry, warm day ; and under these 
circumstances the ale of petrol has to be increased 
by regulation of the valves, in order that it may be 
carried mechanically, in the form of spray, into the 
cylinder. Of course, when these points are under- 
stood, they are easily controlled ; but the sea-going 
engineer is not conversant with the petrol-motor, and 
naturally finds some difficulty in its management. In 
order to help him in this matter, Mr. Orlando Sumner, 
R.N.R., read a paper before the Institute of Marine 
Engineers on January 11, dealing with motor-launches, 
and last week there was a long discussion upon the 
points raised in the paper. Mr. Sumner explained 
that the launch engine is a very much easier machine 
to manage than the motor-car engine, because it is 
much heavier and has larger factors of safety. It 
is useless to cut down the weight of the launch- 
motor beyond a reasonable limit, seeing that the 
boat requires ballast, which can be supplied by 
the weight of the engine, and if not so supplied, 
must be found in the form of pig iron. The petrol 
motor, as now made, can be relied upon to do its 
work thoroughly in almost every respect, except 
in relation to the ignition of the charge. The 
old method of igniting by a red-hot tube is practi- 
cally extinct, both for motor-cars and _ launches, 
the igniting spark being always obtained electrically. 
There are two systems by which this can be done— 
the low-tension and the high-tension, the latter being 
probably the morecommon. In this the accumulator, 
or a battery, supplies the current to a Ruhmkorff coil, 
the high-tension current of which leaps across the 
space between two contact points in the cylinder. 
Unfortunately, the pressure of the current is such 
that it will leak away at other places if the slightest 
opportunity is afforded, and a boat which is liable to 
incursions of salt-spray often affords opportunities in 
this way; and instead of the sparks taking place 
inside the cylinder, they rush over the outside of the 
engine. Further, the contact-points themselves are 
apt to become coated with soot or oil, and to have the 
resistance between them raised to so high a figure 
that the spark will not leap the gap. With the low- 
tension system a magneto-dynamo is driven off some 
part of the engine, and produces a continuous current, 
part of the circuit of which is inside the cylinder. 
This circuit can be broken inside the cylinder by 
drawing one contact away from another, and when 
this break is made, there is an extra current which arcs 
across the gap, and makes a strong spark. The 
breaking is effected by a spindle which passes through 
the cylinder wall and carries a wiper at its end, 
operated by a cam on a cam-shaft. The speed at 
which this device will act is limited to about 800 
revolutions per minute, and beyond that speed it 
cannot be used satisfactorily. On the whole, how- 
ever, this low-tension system is the more reliable of 
the two, and requires, according to Mr. Sumner’s ex- 
perience, less knowledge of electric matters than the 
high-tension system. 

The petroleum motor, of course, will not go dead 
slow ; there is a certain minimum speed below which 
it refuses to revolve. Further, it is scarcely possible 
to reverse it. The two-cycle engine should be capable 
of being reversed by altering the period of the spark- 
ing ; but in practice this is not often very feasible. 
Moreover, it isnot generally desirable to stop a petrol- 
engine, on account of the trouble of starting it again, 
and it is preferable to disconnect it from the screw and 
leave it revolving during the temporary stoppage. 
With a four-cycle engine, reversing is generally 
effected by one of two means: either the screw is of 
the feathering type, in which the pitch can be altered 
from its positive value through zero to a negative 
value, when the boat will move backwards, or else 
clutches and wheels, somewhat similar to those in the 
motor-car, are provided. There is also a third method, 
the invention of Mr. Griffin, of Bath, by which two 
screws, one right-handed and the other left-handed, 
are provided. Not one of these arrangements is 
altogether satisfactory ; but these boats, of course, do 
not go astern very often or very far. 

In concluding his paper, Mr. Sumner stated that 
petrol moters could be made practically reliable for 
marine purposes. He said that on the great lakes in 
America, the United States life-boats were engined 
with them, and that these engines would stand strip- 
ping and examination, while every possible provision 
was made for adjustment occasioned by the inevitable 
wear and tear. Much harm has been done to the indus- 
try in this country by the endeavour to turn out 
cheaply-built boats with engines modelled on the car 
motor, the truth being that the engine for a boat should 
be built on entirely different lines ; and he added that 
if it were so done, and good work were put into it, 
there was no reason why it should not run without 
trouble, and have a fairly long life. 





TURBINES FOR LOW FALLS. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 16, Sir William 
White, K.C.B., president, in the chair, the paper read 
was “The Forms of Turbines Most Suitable for Low 
Falls,” by Alphonse Steiger, M. Inst. C.E. The following 
is an abstract of the paper :— 

The author draws attention in the first instance to the 
character of water-powers with low falls. hese are 
seldom constant, and in most cases both the fall and the 
water-supply vary. The variations present a difficulty to 
the proper utilisation of such power, which, however, can 
be surmounted. 

The prejudice against the utilisation of water-power 
with low falls, which constitute the majority of water- 
powers of the British Isles, arises principally out of the 
disregard of their peculiarities and the want of knowledge 
of the results which may be obtained from a specially 
adapted turbine under varying conditions, and is traceable 
to many unsatisfactory installations of absolutely unsuit- 
able turbines. 

The paper then considers the difference between im- 
pulse turbines and pressure turbines, showing by a diagram 
that varying the portion of the fall used for producing 
pressure—that is, varying the degree of reaction—affords a 
means of adapting turbines to special requirements. 

Pure impulse turbines are not altogether condemned for 
low falls, but places in which they are preferable to 
pressure turbines are extremely few in this country, and 
even the Haenel turbine, which is an intermediate type 
between the two, is not often suitable. An instance is 
given in order tu show that such turbines, though ex- 
cellent in themselves and efficient, do not necessaril 
make a satisfactory installation. The manner in whic 
the disadvantage of all axial-flow turbines—namely, the 
influence of the angles of vanes varying with the radial 
width, which is particularly serious in impulse turbines— 
is partially overcome, is then explained. 

he parallel-flow pressure okies, generally known as 
the Jonval turbine, is mentioned as particularly adapted 
to greatly fluctuating falls, under which a constant speed 
may be obtained without sacrifice of efficiency. Such a 
turbine is described, which the author has installed for a 
fall of 2 ft., and particulars of tests, made with similar 
turbines at the Zurich waterworks, are given, to show 
that the part-gate efficiency of parallel-flow pressure 
turbines of this kind is extremely good. 

It is characteristic of the large majority of reaction or 
pressure turbines that their part-gate efficiency is low, 
particularly so at less than half-gate, which renders them 
valueless for varying conditions; but as in Europe the 
pening “tn to be dealt with are chiefly of this kind, 
some European turbine-builders have succeeded in de- 
signing pressure turbines which are giving a very satis- 
factory efficiency even at quarter-gate. 

The demands of the generation of electricity by water- 
power, such as high speed, rapid regulation, and con- 
centration of large power in one unit, have influenced 
very considerably the art of building turbines. In the 
first place, the desire for high speeds has led to a more 
general adoption of radial-flow turbines, of which the 
inward-flow type is preferable, being the more efficient. 

An example of radial-outward-flow turbines is cited, 
giving the special reasons which have led to their adoption 
in one case of a relatively low fall, and the manner in 
which a quite satisfactory efficiency was obtained from 
this otherwise less efficient type. One new type—the cone 
turbine— is referred to as taking the place of the so-called 
‘‘mixed-flow turbines,” with a view to obtain a high 
speed under low falls, even for large units. t 

One important factor in turbines is the construction of 
the gate, and it is shown in the paper that a distinction 
must be drawn between gates intended for adjustment of 
the turbine to a varying load, where a high part-gate 
efficiency is of less importance than rapid regulation, and 
gates for adapting a turbine to varying conditions, where 
a good part-gate efficiency is an essential condition. 

Next, with special regard to electrical requirements, 
reference is che og to the arrangement of several wheels on 
one common turbine-shaft, vertical or horizontal, giving a 
few instances of the vertical arrangement which, under 
certain circumstances, is particularly advantageous, as the 
weight revolving on the footstep can be entirely balanced, 
and so the loss of power by friction is reduced almost 
to nil. 

The necessity of placing the footstep of a turbine in an 
accessible position is alluded to, and the two kinds of 
overhead footsteps most commonly used are illustrated. 

The paper concludes by drawing attention to the 
necessity of studying more closely the conditions of water- 
powers with low falls, and of paying greater attention to 
more careful adaptation of turbines to such falls, which 
would probably lead to a better appreciation of the 
water-powers of this country. 





Macnetic DerecToR FOR ELECTRIC WAVES: ERRATUM. 
—We regret that, by a slip of the pen, Professor Fleming’s 
name was substituted for Professor Ewing’s in our 
‘Miscellanea ” paragraph, published last week, referring 
to a new magnetic detector for electric waves. 








Contracts.—The Bradford Corporation has placed an 
order with the British Westinghouse Electric and Manu- 
facturing Company for a 1000-kilowatt direct-current 
E.T. generator and accessories.—Messrs. Lobnitz and 
Co., Limited, Renfrew, are to build for the Suez Canal | 
Company a hopper dredger larger than any afloat.— 
Messrs. Matthews and Yates, Limited, of Swinton, 
Manchester, have received an order for the supply of new 
ventilating plant for the House of Commons. 


NOTES FROM THE NORTH. 
Giascow, Wednesday, 

Glasgow Pig-Iron Market.—The closing prices in the 
forenoon on Thursday were 51s. for Scotch, sellers, and 
Cleveland 42s. 10d., at which some business was done 
and in the afternoon the closing sellers were asking 53s, 3d. 
for Cumberland hematite iron. The settlement prices 
were :—Scotch, 50s. 104d. ; Cleveland, 42s. 104d.; hema- 
tite iron, 53s. 3d. The conditions of the pig-iron market 
on Friday morning, when compared with those of the 
previous day, were practically unchanged. Cleveland 
warrants were the turn easier at 42s, Od. and 42s. 8hd. 
for cash, but only a small business, amounting to 
some 35,000 tons, was transacted at those figures, 
The market was lifeless in the afternoon, but the 
tone was steady. Cleveland warrants were dealt 
in at 42s. 104d. nineteen days, with cash sellers at 
42s, 9)d., and the settlement prices were :—50s. 104d., 
42s. 9d., and 53s. 3d. per ton. Cleveland warrants were 
flat at jd. per ton decline on Monday, compared with 
Friday’s closing quotations. Business was limited to 2000 
tons, which were dealt in down to 423. 9d. one month. In 
the afternoon the tone was steady, but the market was 
very idle, only one lot of Cleveland iron being done at 
42s. one month, with sellers at the close at 
42s. 10d. Cash quotations were nominal and un. 
changed from the morning. The settlement prices 
were: — 50s. 104d., 42s. 74d., and 53s. 3d. per ton. 
A fair amount of business was done in the market on 
Tuesday, and prices were easier, there being an absence 
of buying support, and rather a disposition to sell. 
Cleveland gave way 24d. per ton. There was very little 
change in the tone during the afternoon session. Cleve- 
land was $d. lower at 42s. 6d. cash and 42s. 74d. one 
month, and the turnover, which aggregated 3000 tons, 
included a couple of lots at 42s. 6d. three months, and the 
settlement prices were :—50s. 104d., 42s. 6d., and 53s. 3d, 

rton. The market was quietly steady this forenoon. 

here were no cash transactions in Cleveland warrants, 
but a couple of lots were done at 42s. 9d. one month, and 
at 51s. 14d., five days, Scotch. In sympathy with the 
depression on the Stock Exchange, Cleveland warrants 
declined, and the settlement prices were done at 51s. 14d., 
42s, 6d., and 58s. 3d. perton. The following are the market 
—— of makers’ No. 1 iron:—Clyde, 58s.; Gartsherrie, 

alder, and Summerlee, 58s. 6d.; Langloan, 70s. 6d.; Colt- 
ness, 71s.—all the foregoing shipped at Glasgow ; Glen- 
garnock (shipped at Ardrossan), 58s. 6d. ; Shotts (shipped 
at Leith), 6ls.; Carron (shipped at Grangemouth), 
60s. 6d. per ton. The week’s pig-iron markets have been 
characterised by great steadiness—in fact, for a day or 
two with rising values—a fair amount of activity was 
visible and a slight inclination shown on the part of the 
ublic to deal in warrants. This change of feeling was 
argely due tothe placing of furthershipbuilding orders, and 
to the advance announced in the price of steel ship-plates, 
and 5s. in the price of the price of boiler-plates, making the 
latter 5/. 12s. 6d. and 6/. 5s. respectively, less 5 per cent. 
These advances in the manufactured article, due to heavy 
sales, have naturally led to large purchases of hematite 
pig iron being made both in England and in Scotland, 
with the consequence that the price of hematite pig iron 
has risen from 1s. to 1s. 6d. per ton. American and 
Continental reports remain unchanged. 


Sulphate of Ammonia.—This commodity shows an 
easier tendency. The market tendency is to fix the price 
at 5/. 12s. 6d., but not much new business is doing at 
that price. The absence of Spain as a buyer is being 
remarked upon just now. The shipments at Leith were 
101 tons last week. 


Institution of Engineers and Shipbuilders in Scotland.— 
The fifth general meeting of the forty-seventh session of 
the Institution of Engineers and Shipbuilders in Scot- 
land was held last night. Mr. Hall Brewer, Vice- 
President, in the absence of Mr. Archibald Denny, Presi- 
dent, through illness, occupied the chair. The first busi- 
ness was the discussion on Mr. F. J. Rowan’s paper on 
‘‘Superheated Steam.” Professor Jamieson resumed the 
discussion with the aid of elaborate diagrams, and his 
remarks were received with applause. No other speaker 
offering to take part in the discussion, except the 
electrical engineer (Mr. Chamen), who showed a piece of 
a small pipe which had been exposed to superheated 
steam, Mr. Rowan closed up the discussion and thanked 
the members who had taken part in it. According 
to Professor Jamieson, he had ransacked the pro- 
fessional literature of several Continental States, in 
search of references to superheated steam, as had never 
been done before. He referred specially to Professors 
Watkinson’s and Thugston’s remarks, and said that he 
would communicate in writing with the secretary, in 
reply to the members; Mr. Rankin Kennedy’s paper on 
‘*Marine Propellers with Non-Reversible Engines and 
Internal-Combustion Engines ” was offered for discussion, 
but nobody responded. r. J. M. Adam’s paper on “‘ An 
Inquiry Regarding the Marine Propeller” only called for 
some remarks from the chairman, and the discussion was 
adjourned till the next meeting. Mr. Charles Day read 
a carefully-prepared paper on ‘* Experiments with Rapid- 
Cutting Steel Tools.’ Ttdetailed an investigation carried 
out in Manchester. An interesting discussion is expected. 


London Tramway Cort ‘acts.—Messrs. John Cochrane 
and Co., Glasgow, have secured the order for the boiler feed- 
pumpsforthe London County Councilelectricity generating 
station at Greenwich, although their price is above that of 
four other tenderers. Messrs. Cochrane ask 3618/. ; the 
lowest quotation is 3030/.; and that of the highest of the 
thirty-three firms submitting tenders, 84837. 10s., the varia- 
tion being due in some part to each firm tendering on its 
standard design. Messrs. Bruce, Peebles, and Co., Limited, 


are to supply to Messrs. Cochrane the electric motor for 
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driving the pumps. The tender for Green’s economiser 
has also been accepted, the amount being 3071/., and here 
the Thomson-Houston Company will supply the motor. 
The seven large turntables are to be ordered from Messrs. 
Ransomes and Rapier, Limited. In neither of these 
cases was the lowest tender accepted. 


New Steamer Contracts.—Quite a lot of new steamers 
have been contracted for by Clyde shipbuilding firms; a 
yacht is to be supplied by Messrs. Scott and Co., 
Greenock. She is to be a first-class steel yacht of about 
500 tons, for an English gentleman.—Messrs. John Brown 
and Co., Clydebank, who are constructing a steamer of 
12,000 tons for the Cunard Company, have received an 
order for a steamer of similar capacity with turbine 
machinery. 








Water Suppiy oF Lkeps.—The proposed Colsterdale 
reservoir, Which forms part of the Leeds Corporation new 
water scheme in the Burn and Laver valleys, was de- 
scribed in an interesting lecture on Monday evening by 
Mr. T. Hewson, Jun., before the members of the 
Yorkshire College Engineering Society. Mr. Hewson 
recalled the fact that as far back as 1866, when it 
was decided to appropriate the waters of the Wash- 
burn, the Leeds City Council had in view the Nidd, 
the Burn, and the Laver as future sources of supply ; 
but that in 1887 Bradford gave parliamentary notice 
to take the waters of the Burn. It was pointed out 
that Leeds could more conveniently utilise the Burn 
and the Laver, and that the valley of the Nidd was 
available for Bradford. Ultimately Bradford obtained 
powers to go into that valley, and was now carrying them 
out. In 1900 the Leeds Council applied for powers for 
taking the waters in the Burn and Laver valleys, and 
reliminary work had been commenced, comprising the 
building of central offices overlooking the Colsterdale 
reservoir, and 17 huts with a total accommodation for 
456 men. Under its Act, the Leeds Council has seven 
years in which to complete the whole of the works. The 
present water supply from the Washburn valley is 
18,000,000 gallons per day, and the additional supply from 
the Burn and Laver valleys will be 15,500,000 gallons per 
day, giving a total daily supply of 33,500,000 gallons. 


Warship REPAIRS IN PRIVATE YARDS.—In a report 
by the Comptroller and Auditor-General on the Navy 
Appropriation Account, 1902-3, reference is made to the 
new practice of sending out warships to be repaired in 
private yards. It is pointed out thatowing to the difficulty, 
and in most cases the impossibility, of specifying definite 
particulars of the work which will be found necessary, 
since it is only after a ship has been opened up in the 
contractor’s yard that the full nature of the defects is dis- 
closed, competitive tenders for carrying out refits or 
repairs have not, as a rule, been invited, but selected 
firms have been asked to submit their terms for under- 
taking work on the basis of actual reimbursement of 
direct charges for labour, materials, and out-of-pocket 
expenses, together with percentage additions to cover 
establishment and incidental expenses and profit. The 
Admiralty have adopted many special precautions against 

ssible overcharge, but the Comptroller and Auditor- 
Gensel states that in the examination of the contractors’ 
claims in his department difficulties have occurred. For 
instance, the practice of different firms in the classification 
of wages and other labour charges varies, and there is no 
clear definition of ‘‘direct charges.” Differences of 
practice in this matter must render it difficult to appraise 
the relative cost of work carried out by different firms ; 
but, perhaps, as experience is gained, uniformity of method 
will be reached. Although the rates of percentage addi- 
tions for establishment expenses and profit vary in the 
case of different firms, the rate in each case is, as a rule, 
fixed before work is allotted. In one case, however, a 
provisional arrangement was entered into that a per- 
centage of 334 should be added to the labour charges, 
to be adjusted when the firm’s books were made up, 
to the actual proportionate cost of the establishment, 
together with a further percentage of 25 for profit 
calculated on the total amount of direct charges for 
labour, materials, and establishment expenses together. 
The financial result was that when the books were 
made up, the final claims for establishment expenses 
amounted to nearly 50 per cent. on the labour charges, 
and the percentage for profit was, of course, calculated 
on the accumulated total so arrived at. In such an 
arrangement it is evident that the establishment expenses 
are liable to be largely affected by the amount of work 
other than for the Navy which may be in the contractor’s 
hands at the time, and that if there is no work other than 
for the Navy in hand, the Admiralty are liable for the 
whole establishment expenses of the firm for the period. 
Instances of wide variations in charges for establishment 
expenses and profit are given, and the Comptroller adds:— 
“Tn the examination of these accounts for repairs under a 
novel system, not only have difficulties been met with in 
regard to the more or less technical matters already 
referred to, but the audit itself is necessarily imperfect. 
It will be understood . . . that, inasmuch as most of the 
primary records supporting the direct charges for labour, 
materials, &c., are not pn eh to the officers of my 
department, the audit which they are able to apply 
cannot have the same value as the audit of the accounts of 
shipbuilding and repairs carried on in His Majesty’s dock- 
yards, where the examination is entirely b: on the 


actual primary records. Further, so far as I have been 
able to ascertain, no local examination of contractors’ 
books and primary records appears to have been yet 
carried out by Admiralty officers specially conversant 
with accounts, such as officers of the Accountant-General’s 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Limited Companies.—The directors of Messrs. Brown 
Bayley’s steel works recommend, as the result of last 
year’s working, a dividend equal to 10 per cent. forthe year, 
to add 60002. to the reserve, and carry forward 10,243/. 
Last year the dividend was 124 percent. The directors of 
Messrs. William Jessop and Sons recommend a further 
dividend of 4s. se share, which, with the interim, is equal 
to 74 per cent. for the year. 


Electric Lighting at Rotherham.—A Local Government 
Board inquiry has been held relative to an application by 
the Rotherham Town Council for sanction to borrow 
nearly 15,000/. for the extension of their electric-lighting 
works. The demand upon the works is now almost equal 
to the supply, and there is practically no reserve of power 
to fall back upon in case of accident. There is little 
doubt the application will be granted. 


The Armour-Plate Trade.—The decision of the Govern- 
ment to curtail their Navy programme and to defer the 
carrying out of the remainder has caused much regret and 
disappointment in Sheffield. The work placed more than 
a year ago is practically finished, and the local firms have 
been anxiously awaiting the issuing of tenders for the 
three battleships it was intended to build. Now it is 
made known that having purchased the two Chilian war- 
ships the Government will only need two more, and they 
will not be contracted for until the autumn. This means 
that extensive plant will have to remain idle, and hundreds 
of men will lack employment. 


The Iron and Steel Trade.—The iron market remains 
without any special feature of interest. Buying is still 
confined to current needs, and prices are about the same. 
With regard to the steel branches, it is stated that America 
is still buying high-class qualities, but not as freely 
as some months ago. Business with both Russia and 
Germany is very quiet; but with Japan it keeps up 
remarkably well. The steel bought is chiefly for the 
manufacture of goods in ordinary use in the country and 
not for war purposes. There is no improvement in trade 
with South Africa, although there has been some depletion 
of the stocks accumulated some time ago. There is no 
decided increase in the demand for railway material, 
although there are more inquiries in the market. 


The South Yorkshire Coal Trrade.—The local coal trade, 
taking it all round, is stated to be in a more depressed 
state than has been known for years. Although the pits 
in North Derbyshire have not worked more than four 
days per week, and those in South Yorkshire not more 
than five days, stocks have accumulated, and the railway 
sidings in all directions are blocked with laden wagons, 
and prices are therefore weak. The trade is being affected 
by the uncertainty whether coal is or is not contraband 
of war. Buyers for supplies to the Baltic next season 
are hesitating to place their contracts until there is a 
clearer outlook. The house coal trade is quiet, and prices 
are unchanged. Common coal is still scarce. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.— Yesterday there was only 
a thin attendance on Change, the market was quiet in 
tone, and but a small amount of business was done, buyers 
once more holding off, as was to be expected after their 
fairly heavy transactions. Quotations for Cleveland iron 
showed an undoubted downward tendency, notwith- 
standing that producers were very unwilling to recognise 
reduced rates. Makers, all of whom are so situated as 
not to be particularly necessitated to seek new orders 
just at present, took a fairly cheerful view of the future, 
and emphasised this fact by declining to enter into for- 
ward contracts at current rates, as they hold to the 
belief that quotations are more likely to advance than 
otherwise in the near future. The small shipments for 
February did not detrimentally influence the market, as 
it was known that fairly good clearances have to be 
made as soon as possible. Second hands were ready 
enough to dispose of No. 3 g.m.b. Cleveland pig iron at 
42s, 74d. for early f.o.b. delivery, and sales were recorded 
at that figure, which was regarded as the general market 
quotation, though makers, as a rule, would not quote 
below 42s. 9d. No. 1 was 43s. 9d.; No. 4 foundry, 
42s, 6d.; grey forge, 42s. 3d.; mottled, 41s. 9d. ; 
and white, 41s. 6d. East Coast hematite pig iron 
was in fairly good request, and makers were reported 
to be busier than for some time past. Mixed num- 
bers realised 51s.; No. 1 was 51s. 6d.; and No. 4 
forge, 503s. Quotations for Spanish ore varied. Rubio 
was about 15s. ex-ship Tees. Some dealers asked rather 
more, and, on the other hand, buyers endeavoured to pur- 
chase at a little less. To-day the market was very dull, 
and by the close there were sellers of No. 3 at 42s. 6d. 
No. 1 was reduced to 43s, 6d., and No. 4 foundry to 
42s, 3d. Forge qualities could also be bought at from 
14d. to 3d. below yesterday’s quotations. 


Manufactured Iron and Steel.—Little new can be re- 
ported of these two important branches of the staple 
industry. New orders are not particularly plentiful, but 
firms generally are kept pretty well employed, and the 
outlook for the future is certainly a good deal brighter 
than it was a little while ago. Quotations stand :— 
Common iron bars, 6/. 2s. 6d. ; best bars, 6/. 12s. 6d. ; 
iron ship-plates, 6/. 7s. 6d. ; iron ship-angles, 61. 2s. 6d. ; 
steel ship-plates, 5/. 128. 6d. ; steel ship-angles, 5/. 2s. 6d.; 


steel rails, 4/. 10/.—all less the customary 24 per cent. 
discount, except rails, which are net at works. 


Works to be Re-o .—It is announced that the Moor 
Works of the South Durham Steel and Iron Company at 
Stockton, which were closed through trade depression in 
October, 1902, are being got ready with a view to their 
re-starting as steel-plate-making works. When a com- 
mencement will actually be made is not at present known, 
but it is believed that it will be shortly—a few weeks 
at most. It is well known that at the other works of 
the South Durham Company — namely, the malleable 
works at Stockon and the steel works at West Hartlepool-— 
trade has been for some months very brisk, and that, as 
a matter of fact, record outputs have been established 
within the past few weeks. This, it is stated, together 
with the present improving tendency of the steel-plate 
trade, has induced the go to make the preparations 
for re-starting the Moor Works. When in full operation 
they employ about 1000 hands. 


Coal and Coke.—Coal prices are easier generally. Coke, 
though plentiful, is firm, and demand is better than it 
has nm. Medium blast-furnace qualities are 13s. 3d. 
delivered here. 








Tur Corron Suppity Qurestion.—The present extrava- 
gant prices for raw cotton have discouraged the manu- 
facturing industry of Lancashire to such a serious extent 
that the matter was specially referred to in the King’s 
speech on the opening of Parliament. The present 
dependence of the country upon the United States for 
supplies of raw cotton is extremely unsatisfactory, and 
the Crown Agents for the Colonies are endeavouring to 
turn Nigeria to account as a cotton-producing region. 
With this object they have ordered a stern-wheel steamer 
for service in Southern Nigeria. They have also ordered 
three stern-wheel steamers for service on the Upper Niger, 
and a screw tunnel yacht for the use of the High Com- 
missioner for Nigeria. All these vessels are in hand in 
the yard of Messrs. Forrestt and Son, Limited, Wivenhoe. 
Of course, they would not by themselves be of much use in 
carrying on a large export trade in raw cotton, but they 
will enable the High Commissioner and the representa- 
tives of the Crown Agents to obtain a better grasp of 
Nigerian affairs and Nigerian resources. Excellent cotton 
has been already produced in Nigeria from American 
cotton seed, and the growth of Nigeria cotton is now being 
taken in hand in earnest. 





Tue Junior INSTITUTION OF ENGINEERS.—A_ large 
number of the members attended the visits on February 
20, when the Colonial Consignment and Distributing 
Company’s frozen Australasian meat store, Nelson’s 
Wharf, and Hay’s Wharf and Dock, Tooley-street, were 
open to their inspection. At the former they were shown 
over by the chief engineer, Mr. C. S. T. Molecey, and 
Mr. J. H. Holton; and at the latter by Mr. Arthur E. 
Williams, representing the makers of the refrigerating 
a H. Pontifex and Sons. At Nelson’s 

harf cargoes of frozen beef and sheep are received in 
barges loaded from ships in the docks and in the river, 
and have to be raised to the sixth or “ receiving and dis- 
tributing floor” by hydraulic cranes, and elevators termed 
‘*Sheep Syphons.” The latter are endless chains, having 
arms upon them, across which the sheep are laid ; they are 
driven by a three-cylinder Brotherhood hydraulic engine, 
and deliver the sheep on to a receiving table on the dis- 
tributing floor. The apparatus is adjustable to the posi- 
tion of the barge at any state of the tide and whilst at 
work. From the table the sheep are sorted on to trucks, 
and conveyed by hydraulic jiggers with wire-rope sus- 
pended cages on to the various floor-levels of the cold 
rooms, from which they are again raised by similar means 
when required for distribution, the trucks being lowered 
to the courtyard-level van-loading platform by h draulic 
direct-acting lifts. There are nineteen hydraulic elevating 
machines, made by Messrs. Waygood and Co., eight of 
which, Sogether with asteam-driven sheep-elevator on the 
jetty, are capable of dealing with barge cargoes. It is 
therefore a comparatively easy matter to receive 10,000 
or 12,000 sheep per day as an ordinary day’s work; 
whilst as many as from 17,000 to 20,000 sheep in and 
out of stock have been handled in one day. Two systems 
of refrigeration are installed :—One, the De La Vergne 
direct-expansion of ammonia process, for which there are 
two machines, each of 80 horse-power with 12-in. by 
24-in. double-acting compressors, and compound-condens- 
ing steam cylinders, with about 12 miles of 2-in. expan- 
sion pipes in the cold rooms, made by Messrs. L. Stern 
and Co., of Glasgow; the other system is a cold-air 
compression and expansion machine of about 300 horse- 
power, made by Messrs. Haslam and Co., of Derby, with 
air-distributing ducts formed in the concrete foundation 
of the building, but which is seldom used. The ‘‘ defrost- 
ing” plant is the invention of Sir Montague Nelson, and 
consists of a series of rooms fitted with ammonia expan- 
sion pipes, and steam-heating pipes, &c., the purpose of 
which 1s to thaw out, or ‘‘defrost ” beef and mutton to 
the extent of 4000 sheep and 2000 quarters of beef per 
week, giving a daily output for market deliveries. Phe 
following figures afford striking evidence of the magnitude 
to which this trade has developed during the 24 years it 
has been in existence. During the year 1903 no fewer 
than 5,063,013 carcases of frozen sheep and lambs and 
127,679 quarters and pieces of beef arrived here from New 
Zealand and Australia alone, in addition to 3,118,488 
sheep aud lambs, and 565,869 quarters of beef from the 
River Plate, a total of 8,181,501 frozen sheep and lambs, 
and 703,548 quarters of beef in the year. Mr. Percy 
Young, Member of Council, at the conclusion of the re- 
spective visits, expressed the thanks of the members for 
all the arrangements which had been made for their re- 








Department, or of the staff of the Inspector of Dockyard 
Accounts,” 





steel joists, 5/. 5s. ; steel sheets (singles), 71. 178. 6d. ; 
steel sheets (doubles), 8/. 7s. 6d.; and heavy sections of 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—Quotations for both large and small steam coal 
have shown scarcely any change, but there has been com- 
paratively little business passing. The best large steam 
coal has made 14s. 6d. to 14s. 9d. per ton, while secondary 
qualities have brought 13s. 6d. to 13s. 9d. per ton. The 
house coal trade has remained steady ; the best ordinary 
descriptions have made 14s. to 15s. per ton, while secondary 
qualities have realised 10s, 6d. to 13s. per ton ; No. 3 
Rhondda large has been quoted at 14s. 6d. to 14s. 9d. per 
ton. Coke has shown little change; foundry qualities 
have been quoted at 18s. to 18s. 6d. per ton, and furnace 
ditto, 17s. to 17s. 6d. per ton. As regards iron ore, Rubio 
has brought 13s. 9d. to 14s. per ton ; Tafna, 15s. per ton, 
and Almeria, 14s. to 14s. 3d. per ton, freight charges 
included to Cardiff or Newport. 


Coal for the Extreme East.—There has been no addi- 
tional demand on the Cardiff Exchange for coal for the 
Extreme East. There has, however, been some inquiry 
for Saigon (French Cochin China) and Chi-fu. 


The Ebbw Vale Company.—Mr. Justice Byrne has sanc- 
tioned a scheme for a reduction of the capital of the Ebbw 
Vale Steel, Coal, and Iron Company, Limited, by writing 
off unrepresented capital tothe amount of 744,750. 


The Export Coal Duty.—Replying to representations 
made to him by Sir E. J. Reed, M.P., the Chancellor 
of the Exchequer writes :—‘* You are, no doubt, aware 
that a Royal Commission on coal supplies has been, and 
is, taking evidence from all the districts and interests 
concerned as to the effects of the Coal Tax ; and until I 
have had an opportunity of considering their report, and 
the evidence upon which it is founded, it will not be 
possible for me to add anything material to the statements 
made on behalf of the Government by my predecessors. 
I shall, however, be glad to consider any representations 
which the Chamber of Commerce of Cardiff, or any 
such representative body, may wish to submit to me in 
writing.” 

Newport (Alexandra) Docks.—The report of the directors 
of the Alexandra (Newport and South Wales) Docks and 
Railway Company for the half-year ending December 31 
shows gross receipts 106,9497.—an increase of 11,872/. ; 
and expenditure, 58,838/.—an increase of 5864/.; leaving 
a balance of 48,111/.—an increase of 60082. The balance 
from last half-year was 8990/.—a decrease of 1167/. ; mak- 
ing the total net revenue of 57,101/.—an increase of 
48417. Interest on debentures and_ fixed charges 
absorb 13.742/.—an increase of 498/.; leaving the net 
revenue 43,359/.—an increase of 4343/. The working 
expenses amounted to 55.01 per cent. of the gross 
revenue, against 55.72 per cent. in the corresponding 
period of 1902. The accounts accompanying the report 
show that the capital outlay at the Alexandra Dock was 
12,774/. ; at the South Dock, 5579/. ; on the Pontypridd 
section of the-railway, 1087/.; and for additional loco- 
motives, 1750. Of the above expenditure 10,6792. is 
placed to suspense, pending allocation to capital or 
revenue. 








New York Harsour.—A new ship channel, known as 
the Ambrose, which is the main entrance to New York 
Harbour, will necessitate an excavation of 42,000,000 
eubic yards of material. The channel will be 40 ft. deep, 
2000 ft. wide, and 7 miles long. At the lower erfd a cut 
is being made 35 ft. deep, 1000 ft. wide, and 14 miles long. 
Contracts have been let for two new dredgers to be used in 
completing the main channel, and when these are in com- 
mission next spring, the dredging output will be twice 
what it is now. It is estimated that the work will cost 
4,800, 000. 





MANCHESTER Suip Canat.—The traffic on the Man- 
chester Ship Canal continues to grow. Ten years ago (in 
1894) the tonnage of sea-borne traffic was 686,158 tons ; by 
1898 it had become 2,218,005 tons ; and by regular advances 
it reached 3,554,636 tons last year. It will be noted that 
the average increase—286,800 tons per annum—is fully 
maintained in later years, a fact promising well for the 
future. Out of the profits, the sum of 49,9857. has been 
paid to the Corporation of Manchester, making a total 
payment of 80,045/. for the year 1903 on account of interest 
due on the debentures they hold. Two bills are pending 
in Parliament—one in connection with the new financial 
arrangement with the Manchester Corporation, which will 
enable more money to be borrowed, the power to raise 
154 millions being practically exhausted. The effect will 
be that the present arrears would be reduced to 983,828/., 
and the arrears for this year (1904) if they amount to 
115,000/., as estimated, will be reduced to 50,000/. The 
corporation will accept non-cumulative preference shares 
(with the dividend contingent on each year’s profits) at par, 
ranking for dividend at 34 per cent. after the company’s 
debenture charges, in satisfaction of all past and future 
arrears of interest. The Bill will permit the company to 
raise by borrowing an additional sum of 2,000,000/., which 
will have priority over the 5,000,000/. debentures of the 
corporation in order to increase the profit-earning capa- 
city of the undertaking. The other Bill is for power 
to raise the level of the water in the tidal section 
and to deepen the upper reaches of the Ship Canal, and 
to construct a diversion of the River Mersey at Warrington, 
with a lock and sluices. A Bill has been deposited by the 
Trafford Park Estates, Limited, and their directors, acting 
as promoters, the object of which is to obtain powers to 
construct a dock and wharves in Trafford Park, and to 
work them as a public dock estate. The directors of the 
Ship Canal consider that such powers would be injurious 
to the interests of the company, and they are taking steps 
vigorously to oppose the Bill. 








MISCELLANEA. 


A ‘Parts Farr” for the display of ‘‘ Articles de Paris ” 
of all kinds is to be opened at the Old Temple Market, 
Paris, on March 17 next, and will remain open till the 
25th of the same month. 


An exhibition of a novel character is to be opened at 
Gand, Belgium, on July 1 next. Its official title will be 
the ‘‘ Exposition Internationale du Petit Outillage,” and 
the secretary is Professor Pyffersen, boulevard de |’ Heir- 
niase, 75, Gand. As. the name implies, the articles to be 
exhibited will be of a character suitable for small indus- 
tries, such as motors of all kinds and the smaller classes 
of machine-tools. 


Mr. Albert Sauver, whose Metallographist has proved 
so exceedingly useful to the metallurgist, is now issuing, 
in conjunction with Mr. Whiting, The Iron and Steel 
Metallurgist and Metallographist, which is an outgrowth 
of the earlier publication, and promises to be of especial 
value to those more particularly engaged in the manufac- 
ture and study of iron and steel. The publication is to be 
issued monthly. The first issue has, as frontispiece, a 
capital portrait of Dr. H. M. Howe, and included in the 
literary matter is a highly-interesting article on iron 
and steel alloys, contributed by Mr. R. A. Hadfield. 


An interesting report has recently been prepared at 
the instance of the municipal authorities of Toronto in 
regard to the electric power at Niagara. The capacity 
of the existing power-plants and those under construction 
on the American and Canadian side of the Falls is 675,000 
horse-power, or 124 per cent. of the total power available. 
Of the above, Canadian companies are now developing 
375,000 horse-power, which will more than meet the de- 
mand in Ontario for some time to come. Toronto con- 
sumes 30,000 horse-power. It appears that the present 
average cost of a horse-power per annum to Ontario con- 
sumers is 7/. per horse-power per annum. It could be 
delivered from Niagara at a maximum cost of 3/. This 
would mean an annual saving to Ontario consumers of 
600,000/., or a capital at 4 per cent. representing 
15,000,0002. 

The universal technical dictionary for translation pur- 
poses, in English, German, and French, the compilation 
of which was begun in 1901, under the auspices of the 
Society of German Engineers, has received help up to 
the present time from 363 technical societies at home 
and abroad ; 51 of these are English, American, South 
African, &c.; 274 German, Austrian, and German-Swiss ; 
and 38 French, Belgian, and French-Swiss societies. Of 
firms and individual collaborators, 2573 have promised 
contributions. All the outstanding contributions will be 
called in by Easter of this year. All collaborators 
are therefore requested to close their note-books or other 
contributions—unless a later term has been especially 
arranged with the editor-in-chief—by the end of March, 
and to forward them to Dr. Hubert Jansen, Berlin 
(N.W. 7), Dorotheenstrasse 49. 


To reduce the fire risks in the business parts of Phila- 
delphia, where there are many sky-scrapers, the city autho- 
rities have now inaugurated a special high-pressure fire 
service, with mains and pumping station quite indepen- 
dent of the ordinary water supply. The area over which 
these mains are laid measures 425 acres in extent, and in 
this area 42,000 lineal feet of fire main have been laid, the 
largest of which are 16 in. in diameter, and the smallest 8in. 
The mains are connected through non-return valves with 
the city water supply, which at this point has a head equi- 
valent to 60 lb. persquare inch. In addition, the mains are 
coupled up eect ay a special pumping station, which draws 
its supply direct from the Delaware River, and can raise 
the pressure in the fire mains to 300 lb. per square inch. 
These pumps are driven by gas-engines, the aggregate 
power of which is 2210 horse-power. Gas-engines were 
adopted in view of the smallness of the stand-by losses as 
compared with steam. 

In a paper read before the Rugby Engineering Society, 
Mr. G. D. Seaton gives the following figures as to coal 
consumption he has observed in practice with superheated 
steam :— 
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All the above are condensing engines. 
* In this case the engine is 120 ft. away from the boiler. 


He states that there is now no difficulty in getting oils 
that will act satisfactorily as cylinder lubricants at the 
highest temperatures it is advisable to work at, and that 
a lavish use of such oil is not required. The feeding of 
the oil should, however, be made ‘“‘ positive” by the use 
of a mechanically-actuated lubricator. The steam-pipes 
should be very carefully lagged, and corrugated rings 
with ‘** Mastic” cement works well as a jointing material. 


In the new regulations for bridges on the Prussian State 
railways, issued last year, it is provided that metal bridges 


are™to be used only where a masonry bridge is impracti- 
cable or less advantageous. For steel bridges of less than 
20 metres span plate girders or rolled I beams or channels 
must be used, the latter to be preferred where possible, 
In truss bridges D channels or I beams are to be used rather 
than built-up members where possible, and great care is to 
be taken toavoid details which will leave areas inaccessible 
for painting. The typical load for which bridges are to be 
designed will consist of two 85-ton locomotives, with ten- 
ders weighing 39 tons, followed by a series of axles spaced 
at 3 metre centres, and loaded with 13 tons each. The 
locomotives are taken as being supported on five axles at 
1.5 metre centres, each carrying one-fifth the total load, 
and the distance between the leading axle and the leading 
buffer is fixed at 3 metres. The distance between the 
last axle of the engine and the leading axle of the tender 
is taken as 4.5 metres, and the tender is carried on three 
axles at 14 metre centres, each axle being loaded with 13 
tons. For the calculation of iron girders and longitudinals 
a series of alternative typical loads are provided for, the 
one to be adopted in any particular case being that which 
requires the strongest girder. The alternatives are:— 
(1) A single axle loaded with 20 tons ; (2) two 20-ton axles 
14 metres apart ; (3) three 19-ton axles 1.5 metre apart ; 
(4) four 18-ton axles 14 metre apart ; (5) one of the loco- 
motives and tenders already described. The wind pres- 
sure admitted is to be 30.72 lb. per square foot in the 
case of a loaded bridge, and 51.2 lb. per square foot 
for an unloaded bridge. The temperature range to be 
provided for is from -—25 deg. Cent. up to + 45 deg, 
Cent. The following working stresses are admitted in 
the case of soft steel :— 


For Vertical For Wind 
Span. Loads. Pressure. 
Metres. Tons per Tons per 
Sq. In. Sq. In. 

20 5.40 6.35 
40 5.71 6.67 
80 6.03 6.98 
120 6.35 7.30 
160 6.67 7.62 
200 6.98 7.94 


No flat bars are to be used of less section than 80 x 10 
millimetres, and no angles of less than 70 x 70 x 10. The 
shear on rivets may be 90 per cent. of the values admitted 
above for direct stresses. 








CanapiaN Coat.—The Canadian Coal-Mining Com- 
pany, which includes Mr. J. P. Geddes, of New York, and 
several American capitalists, is seeking a charter from 
the New Brunswick Legislature in order to build a rail- 
way from Coal Branch, Kent County, to the company’s 
mines, eight miles distant, with power to extend the line 
to Richibucto Harbour, 16 miles, and to build westerly to 
connect with the New Brunswick Coal and Railway 
Company’s line at Chipman. 





WARSHIPS AT JARROW.—There are now no fewer than 
fourteen war vessels in hand in Palmers Iron and Ship- 
building Company’s yard at Jarrow-on-Tyne, ten of this 
number being in the water. The list mcludes the first- 
class line-of-battle ship Goliath, which is undergoing a 
refit ; and the two old line-of-battle ships‘Temeraire and 
Bellerophon, which are to be converted, the former into’ 
a floating workshop, and the latter into a training-ship 
for boy artificers for the Navy. The other vessels in the 
Tyne include the Flirt, one of the 30-knot destroyers, 
which is undergoing a refit; and six new 25}-knot tor- 
pedo destroyers, several of which have already had 
successful trials, and are now being completed for the 
reserve. In addition to the vessels enumerated there is 
on the stocks at Jarrow the third-class cruiser Sapphire, 
which is to be launched in a few weeks ; while three 
destroyers of the latest type have also been recently 
laid down. 





Our Coat AsBroaD.—The exports of coal from the 
United Kingdom in January showed rather less activity, 
having amounted for the month to 3,262,364 tons, as com- 
pared with 3,568,892 tons in January, 1903, and 3,027,160 
tons in January, 1902. For the first time for many months 
there was an increase in January in the exports of British 
coal to France, and Italy appears to be taking more British 
coal than ever. On the other hand, the German demand 
experienced some contraction in January. The principal 
shipments of the month compared as follows with those of 
January, 1903, and January, 1902, respectively :— 


Jan., 1904. | Jan., 1908. | Jan., 1902. 





Country. 
tons tons tons 
Germany 284,040 326,195 | 282,506 
France 618,619 546,133 | 612,930 
Spain .. 207,171 178,994 237,816 
Italy .. 481,136 399,349 | 445,617 
Egypt 216,859 152,681 | 153,334 


The exports of coke from the United Kingdom in January 
were 54,740 tons, as compared with-62,096 tons in January, 
1903, and 57,723 tons in January, 1902. The exports of 
patent fuel were 108,729 tons, as compared with 52,476 
tons and 88,891 tons. The aggregate éxports of coal, coke, 
and patent fuel last month were accordingly 3,425,833 
tons, as compared with 3,683,464 tons, and 3,173,774 tons. 
To these totals we should add 1,321,789 tons, 1,345,638 
tons, and 1,202,269 tons representing coal shipped for the 
use of steamers engaged in foreign trade. The value of 
the coal, coke, and patent fuel exported in January was 
1,995,249/., as compared with 2,258,592/. in January, 
1903, and 2,091,3312. in January, 1902. In the direct 
exports of coal made in January, steam coal figured for 





2,514,743 tons, 
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ELECTRIC 





TRAVELLING 
CONSTRUCTED BY THE NILES-BEMENT-POND COMPANY, 





We illustrate on this page an electric travelling | 


hoist of anew type, recently built by the Niles-Bement- 
Pond Company, of 136-138, Liberty-street, New York, 
at their crane works in Philadelphia. As represented, 
the hoist is provided with a cage, but it is also possible 
to arrange so that it can be worked from the floor 
level by means of pendant controllers. The. hoisting 


mechanism is placed between. the channel framing of | 


the trolley, and is direct-geared to the drum, a standard 
load and motor brake being provided. Power for 
hoisting is furnished by an electric motor ; the tra- 
velling motion in the example illustrated is also 
operated by an electric motor; but hand traverse can 
be fitted instead if desired. This type of hoist is 
built by the makers in three sizes, of 3, 4, and 10 tons 
capacity respectively. Swivel trucks are furnished 
when the trolley is required to run on curved tracks. 








INDUSTRIAL NOTES. 


Tux general state of the labour market, as shown by 


the returns to the Labour Department of the Board of 
Ks re ; | 
Trade, indicates some decline, but there has been a | 


slight improvement in certain trades. The most serious 


| 


decline in employment has been in the cotton trades, | 


owing to the shortage of supply of raw cotton, and its 


price, which has continued above the average, as a| 


result of the gambling in the American market. This 
general report is now based on 4000 returns—namely, 
2634 from employers, 1279 from trade unions, and 87 
from other sources, 

In the 229 trade unions specially reported on, there 
was an aggregate of 561,226 members. Of these, 
36,767, or 6.6 per cent., were reported to be unem- 
ployed, as compared with 6.7 per cent. in the previous 
month, and 5.1 per cent. a year ago. The mean pro- 
portion for the last ten years in the same month was 
only 4.7 per cent., so that the proportion is 2 per 
cent. above the average calculated for the same month 
during a decade. 





Employment in the coal industry showed a slight | 


decline, both as compared with a month ago and a 
year ago; but the number of persons employed was 
1.8 per cent. greater than a year ago. At collieries 


employing 510,676 persons, the pits worked on an | 


De 


average 5.10 days per week, as compared with 5.22 
days a year ago. 
small. 

In the ironstone-mining districts employment gene- 
rally continues good, but in Cumberland and Lancashire 
it is not quite so good.. At 134 mines and open works, 


employing about 15,500 workmen, the average time 
worked was 5.37 days, as compared with 5.55 days a 
year ago. 


The difference, therefore, is but | 
| per cent.; a year ago, 4.2 per cent. 
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in the pig-iron industry employment has been slack, 
especially in Cumberland and Lancashire. At the 112 
works of ironmasters reporting, 292 furnaces were in 
blast, employing 20,400 men-—three furnaces less than 
a month ago, and 36 less than a year ago. 

There was a decline in the manufacture of iron and 
steel as compared with a month ago and a year ago. 
At the 199 works covered by the returns an aggregate 
of 70,589 men were employed ; the total volume of 
employment, taking into account the number employed 
and number of shifts worked, showed a decline of 4.4 
per cent. compared with a month ago, and of 5.7 per 
cent. compared with a year ago. 

“mployment in the tinplate trade has improved 
somewhat, but it is not so good asa year ago. There 
were 360 mills in operation, compared with 353 a 
month ago, and 391 a year ago. The total number 
employed was about 18,000 workpeople. 

Employment in the engineering group of industries 
was slightly better than a month ago, but, in some 
districts especially, was worse than a year ago. The 
proportion of trade-union members unemployed was 
6.7 per cent., as compared with 7.7 per cent. in the 
previous month, and 5.6 per cent. a year ago. The 
percentage out of work is rather large. 

In the shipbuilding trades employment continues to 
be bad—worse than a year ago. The proportion of 


' trade-union members out of work was 14.4 per cent., 


compared with 16.7 per cent. in the previous month, 
and 12.9 per cent. a year ago, 

Employment in the building trades is dull gener- 
ally—worse than a year ago—and shows, as yet, no 
signs of improvement. The proportion ef carpenters 
and joiners and of plumbers out of work is large, even 
for this season of the year. The furnishing and wood- 
working trades are no better off ; trade is bad—worse 
than a year ago. The proportion of union members 
out of work is high—8.5 per cent. 





In the glass trades the bottle-making branch is bad, 
but the flint-glass sections are fairly good on the 
whole. The pottery trades and the brick and tile 
trades are quiet. 

Employment in the printing and bookbinding trades 
varies ; it was moderate with the printers, fairly good 
with the binders. The proportions of unemployed 
union members were 4.2 per cent.; previous month, 3.5 
The paper-making 
trades report trade as fairly. good ; the proportion of 
unemployed union members was 3.3 per cent.; previous 
month, 3.1-per cent.; a year ago, 2.4 per cent. 


Employment in the cotton trades varies. In mills 


_using American cotton the operatives were on short 





‘| time—40 hours per week instead of 544. Mills using 


Egyptian cotton, and spinning fine counts, generally 
worked full time. In the spinning branch generally 
trade was bad ; in the weaving branch it was bad, and 
showed a further decline. In cotton-mills and factories 
employing 104,000 females, only 52 per cent. in spinning 
mills and only 40 per cent. in weaving-factories were 
on full time. 

In the woollen and worsted trades there was a slight 
improvement compared with a month ago; but em- 
a 00 is still slack, especially in the worsted 
wranches. In firms employing 84,974 persons there 
was an increase of 0.7 per cent. compared with a 
month ago, but a decrease of 2.6 on cent. compared 
with a year ago. The hosiery trades are bad—worse 
than a year ago. The jute and flax trades are fair. 

Employment in the boot: and shoe trades is still 
slack, but has been slightly better. Of the total 
employed, about 60:-per cent. were on full time, as com- 
pared with 57 per cent. a month.ago. At Leeds and 
Kingswood there isa decline. The other leather 
trades are slack, short time being common. 





The demand for agricultural labour was small, the 
weather being bad for all such outdoor work. But 
employment for dock and riverside labour was fairly 
good in the month, though not quite so good as in the 
month previous; it was better, however, than a year 
ago. The average number employed at the London 
docks and wharves was 14,274—a decrease of nearly 
25 per cent. ; but as compared with the same period 
a year ago, it was 9.1 per cent. increase. The mean 
average for seven years past was 15,849. 

The changes in the rates of wages in the month only 
affected some 75,500 workpeople; of these, 6900 
received advances, and 68,600 suffered reductions. The 
net effect was a decrease of 2300/. per week. The 
changes in the previous month affected 368,400 persons, 
the net result being a decrease of 18,5001. per week. 
Coal-miners (35,000) in Northumberland, 6800 iron- 
stone miners in Cleveland, and 5500 blast-furnace- 
men in Cleveland were the chief sufferers. In Scot- 
land the steel and iron workers also suffered reduc- 
tions. Nearly all the changes were effected by 
, conciliation boards, sliding-scales, or negotiation; only 
in one instance, affecting 164 persons, was there a 
stoppage of work ; the disputes otherwise were ended 
without a strike. 

The aggregate number involved in disputes in the 
month, old and new, was 10,175; previous month, 
7304 ; same month a year ago, 14,921. The duration 
of the disputes was equal to 98,900 working days, 
compared with 125,000 days in the previous month, 
and 268,000 days the same month a year ago. Only 
17 disputes, involving 6850 workpeople, began in the 
month ; but 25 disputes, old and new, were settled, 
affecting 10,143 workpeople. Five were settled in 
favour of the workers, eleven in favour of the em- 
ployers, and nine were compromised. One dispute 
ended ; but there were certain points under con- 
sideration. 





The American Federationist for February, 1904, has 
three special articles of value—viz., one a ‘‘ Review of 
Organised Labour ;” another, the ‘‘ Growth of Labour 
Unions,” and the third, ‘‘ Factory Inspection in Austria.” 
But still more important to the Labour Party all over 
the world is the editorial, entitled a ‘‘ Brutal Lie 
Nailed.” This refers to, and is a refutation of, the 
report, circulated far and wide, in America, Canada, 
Europe, and Australia, to the effect that the under- 
takers and livery drivers at Chicago on strike at the 
time of the awful fire at the Iroquois Theatre, refused 
to bury the dead unless the terms demanded by those 
on strike were conceded. It is gratifying to know 
that there was not a word of truth in that report ; 
indeed, the absolutely reverse took place. Those in 
official command at the time issued a ‘‘ proclamation ” 
declaring a truce for ten days. The proclamation 
adds :—‘‘ We do further request that every man now 
on strike report at once to their respective places of 
employment, and do everything in their power to 
assist employers in caring for the wants of the public. 
Wages are to have no consideration.” This fact, and 
the good conduct of those on strike during that 
calamity, are supported by the unimpeachable 
authority of public men in Chicago, quite outside the 
ranks of labour. This exposure will do good, for em- 
ployers, as well as workmen, recognise an act of 
forbearance. A vigorous protest is being made against 
the constantly increasing limitation of workmen’s 
rights by judge-made law, and it appears probable 
that the protest will lead to such action as will even- 
tuate in defining individual rights and collective rights 
respectively, as between union and non-union work- 
men. America is likely to become the battle ground. 


The Amalgamated Engineers’ Monthly Journal for 
the current month contains a review, among other 
matters, of the ‘‘ Co-operative Annual for 1904,” deal- 
ing more especially with the exhaustive article on the 








Taff Vale case and its lessons, by Mr. George Howell, 
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ex-M.P. for Bethnal Green, The journal agrees mostly 
with the article, but thinks that it has not solved the 
dithculty of finding a remedy. Yet that is indi- 
cated. Technical articles are contributed by practical 
and able writers. The progress of the society is again 
attested ; its membership reaches 95,298. Of these, 
5219 were on donation benefit ; 2386 on sick benefit, 
and 4616 on superannuation allowance. The voting 
in respect of the investment of 200/. in the new 
Penrhyn Quarries was 8274 in favour, and only 194 
against. For a levy to the Ruskin College—in favour, 
7408—against, 240. The next levy is for the benevolent 
fund, of 6d. per member, as the fund is now exhausted. 
Intimations are given to members not yet free on the 
books as to claiming discharge benefit, so that they 
may not find themselves deprived of the benefits due. 
The district reports are not so disappointing as might 
have been expected. From Glasgow there is a tone of 
hopefulness as to the probable revival of trade— 
‘things are beginning to improve,” the report says. 
The Johnstone dispute is settled, but the men at Dundee 
are still out. The men are also out at Paisley, from 
a motor-car shop. From the Liverpool district, also, 
the report is encouraging in some respects. From 
Newcastle it is said that trade is improving on the 


The iron trade also continues quiet ; but the market 


tone last week was a shade stronger, Some of the 
leading machine-tool-makers are well off for work ; but 
this is said to be .exceptional. Boiler-makers have 
had an accession of orders; but this branch is still 
slack. Locomotive-builders are getting quiet, for 
they have not booked many orders of late ; but rail- 
way carriage and wagon-builders are fairly well off for 
work. The general condition in the engineering group 
of trades, as given in districts, shows that the propor- 
tion of unemployed has increased in the Oldham, 
Bolton, and Blackburn districts from 8.9 to 11 per cent. 
—an increase of 3 per cent. as compared with a year 
ago. Inthe Liverpool, Birkenhead, and Manchester 
and Salford districts there was a decrease from 7.2 to 


pared with a year ago. The condition of the cotton 
industry has largely increased the proportions out of 
work, for the textile-machine-making sections have 
been very depressed. Pattern-makers in the Man- 
chester district report trade as fair—an indication, 
perhaps, of prospective revival. The variations in 
degree of activity in various centres scarcely enables 
one to judge as to the probable course of events in the 
near future. Ironfounders are busier in some districts 





Tyne, the Tees, and the Wear. In the Lancashire 
districts trade is said to be only moderate. In South 
Wales it is very slack, with no sign of improvement. 
At Bristol and the Channel ports there are indications 
that trade is looking up, or will do so as the weather 
improves. 

The position of the iron and steel trades in the 
Wolverhampton district has not materially improved. 
There was a limited improvement in the demand for 
best rolled iron, but there was no expansion in trade 
generally. Makers of best bars, hoops, and sheets 
maintain their quotations, but the prices of unmarked 
qualities have been irregular. (Galvanised corrugated 
sheets have been more in inquiry for export purposes, 
but the actual business done has not been great. The 
position of the engineering and allied trades is better 
than it was at the close of the year 1903. The pro- 
portion of union members of the various sections 
giving returns as to the number of unemployed, work 
out generally at 6.7 per cent. throughout the country ; 
but the proportions vary from 11.3 per cent. in East 
Scotland, and 11 per cent. in Oldham, Bolton, and 
Blackburn, to 2.3 per cent. on the South Coast. In 
the Birmingham, Wolverhampton, and Coventry dis- 
tricts the mean is 3.9 per cent. At Wolverhampton 
motor-makers are busy, and with cycle-makers trade 
has improved. In the electrical sections there is a 
decline in this district. Makers of chains, anchors, 
anvils and vices are slack in those parts of the district 
where manufactured, but makers of nuts, bolts, and 
nails are moderately employed. Trade is good also 
with hoe-makers, but moderate with hurdle and iron- 
fence makers, and builders’ ironmongers. Edge-tool 
makers are fairly busy. The tube trade is quiet gene- 
rally. The reports are not, on the whole, favourable, 
but they are by no means depressing, considering the 
general state of trade and the outcry about our 
‘* ruined ” industries. 





The position in the Birmingham district is about 
the same. The iron and steel trades are quiet. Best 
bar makers are fairly busy with orders on hand at the 
quoted prices ; but makers of unmarked iron are not 
so favourably placed, and the prices are irregular and 
weak. The engineering and allied trades may be said 
to be walaeedate employed, with, perhaps, some signs 
of further improvement. The decrease of unemployed 
by 1 per cent. as compared with a month ago, and of 
1.6 per cent. as compared with a year ago, indicates 
improvement. Ironfounders report trade as good ; 
pattern-makers as quiet; boiler- makers and _tool- 
makers as bad. The electrical sections are fairly good. 
Singularly enough, pattern-makers are fairly busy at 
Coventry and Rugby, and ironfounders report trade 
as good. Improvement is reported in the military gun 
department, and with sporting-gunmakers it is fair. 
Brassworkers report trade as fair, but the bedstead 
and fender branches are dull. Nut, bolt, and nail- 
makers are quiet both at Birmingham and Smethwick ; 
but trade is better than a month ago. Machine rivet- 
makers are fairly employed. In this part of the Mid- 
lands there has been a slight improvement in the tube 
trade. Makers of axles, springs, and coach ironwork 
are also moderately employed, as are makers of 
edge tools, tiles, &c. ‘The wrought-iron and steel hinge 
makers are well employed, tinplate workers are fair, 
but ironworkers are quiet. All sections of workers in 
gold, silver, and other delicate metals, jewellers, &c., 
report trade as quiet. Considering the complaints as 
to the state of trade generally, all the multifarious 
workers in iron, steel, and other metals may be said 
to be fairly employed, with brighter prospects. 








| 

The engineering and allied trades in the Lancashire | 
districts still complain of paucity of orders, even the 
increased inquiries recently have not yet resulted in 
any large increase in the weight of work given out. 








than in others ; but pattern-makers are quiet in most 
places, other than Manchester. It is difficult to fore- 
cast the trend of events and of the results in trade ; 
but some revival in the engineering trades in Lanca- 
shire, at an early date, is not improbable. 

The House of Commons has practically sanctioned 
the importation of Chinese labour into the Rand by a 
majority of 51 votes. It is rumoured that the ordi- 
nance has been promulgated in South Africa; but this 
can scarcely be, as the King will have to sanction such 
ordinance before its promulgation. - Now that the 
matter is settled, the so-called Labour Party in 
England are on the alert and busy. Meetings to pro- 
test are being held after the event. 





The National Miners’ Federation have formulated 
the terms for the renewal for five years of the Concilia- 
tion Board ; there does not appear to be any serious 
disagreement between the representatives of both 
parties. 

It is reported that the boiler-makers and iron-ship- 
builders on the North-East Coast have agreed to 
accept the proposed reduction in wages of 5 per cent. 
Whether this decision will carry the engineers, ship- 
carpenters and joiners, and others, remains to be seen. 

Some 900 men employed at Messrs. Armstrong, 
Whitworth, and Co.’s shipbuilding yards on the Tyne 
came outon strike against short time. The firm posted 
notices of a lock-out for a week in consequence. 





The diamond-cutters at Amsterdam have been locked 
out to the number of about 1000 men. Some of these 
were on strike, and the employers retaliated, so that 
those employed should not be able to support the men 
who were out. The strike funds were at a low ebb. 








CURRENT RAILWAY CONSTRUCTION. 

ALTHOUGH the existing tendency of railway affairs 
is undoubtedly to abridge new construction, it is not 
altogether arrested. The Barry Company is making 
good progress with its Brecon and Merthyr extension, 
notwithstanding that unfavourable weather has pre- 
vailed. The Great Central Railway Company is pro- 
ceeding with the widening of the line which has been 
authorised to relieve the congestion of trattic between 
Ardwick and Hyde junction ; a portion of this widen- 
ing has been already brought into use. The pneumatic 
system of block-signalling has been authorised on the 
section of the Great Central between Ardwick and 
Newton. The progress of the works on the new Great 
Western and Great Central joint line, which has been 
for some time in hand, between Neasden and Grendon 
Underwood, has been interrupted by unusually bad 
weather ; upon the whole, however, a satisfactory 
advance has been made. Little now remains to be 
done to complete the embankments and bridges on the 
Shireoaks and Laughton extension, whichis being 
carried out by the Great Central and Midland Com- 
panies jointly; the excavations on certain portions 
of the extension have, however, been interfered with 
by continuous rains. 

In order to diminish the tendency to overcrowd- 
ing on certain of the Great Eastern suburban lines the 
directors have ordered some of the station platforms 
to be lengthened, so that seventeen, instead of fifteen, 
carriages may be run on each train. In the course 
of the past half-year the Great Eastern Company 
expended 13,081/. upon a light line in course of con- 
struction between Kelvedon, Tiptree, and Tollesbury. 


| 7 per cent., but still an increase of 1.9 per cent. com: 


and Finsbury Park were commenced in September 
1902 ; and at the close of last year 6215 lineal yardg 
of double tunnel had been driven and lined with cast. 
iron plates; the total length of double tunnel to be 
driven and lined is 9089 lineal yards, so that 2874 
lineal yards have still to be dealt with. The expendi- 
ture of the Great Northern Company upon new lines in 
the second half of 1903 was altogether 113,345/.—viz, , 
Enfield and Stevenage loop, 1381/.; Great Northern 
and City, 81,418/.; and Great Northern, Piccadilly, and 
Brompton, 30,346/. The Great Northern has inde- 
finitely postponed new works involving an estimated 
outlay of 3,650,575/,; these works are regardéd as 
‘in abeyance.” The following are the most important 
of them :—Widening at Finsbury Park, 478,420/.; 
loop line from LEntield to Stevenage, 973,402/.; 
widening at> various. points of the main line and 
branches, 736, .3 widening and improvements 
at Peterborough, 386,725/. ; sal -~widinine from Little 
Bytham to Grantham, 452,805/. 

During the past half-year the Great Northern Com- 
pany of Ireland has let a contract for an extension of 
its system from Ballyroney to Castlewellan, and the 
works are making satisfactory progress. The Castle- 
blayney, Keady, and Armagh Company has also com- 
menced the construction of a line from Armagh to 
Castleblayney. The Great Southern and Western is 
about to proceed with an extension of its Waterford 
station, which has been rendered necessary by the 
construction of the Waterford and Rosslare line and 
the New Ross and Waterford extension of the Dablin, 
Wicklow, and Wexford. .The works of the Goold’s 
Cross and Cashel line have made satisfactory progress 
during the past half-year. 

The Great Western Company. has advanced the con- 
struction of several new lines, including the Chelten- 
ham and Honeybourne, the Castlebary and Langport, 
the Truro and Newquay, the Acton and Northolt, and 
certain harbour lines at Bristol. The construction has 
been commenced of a short line to connect the Mon- 
mouthshire section of the Gireat Western at Nantyglo 
with the London and North-Western at Brynmawr. In 
view of the progress which is being made by the Fish- 
guard and Rosslare Company with the harbour works 
at Fishguard on the English side, and at Rosslare on 
the Irish side, as well as of new lines in the south of 
Ireland, the Great Western Company proposes to 

roceed with the construction of its authorised line 
yetween Clarbeston-road and Letterston, and of a new 
up-line between Letterston and Fishguard, which will 
form part of the new route proposed to be developed 
to the south of Ireland. Arrangements are being 
made by the Great Western for proceeding with works 
in connection with a new harbour at Weymouth. Con- 
tracts have been let for an authorised deviation of the 
(treat Western line between Saltash and St. (rermans, 
for completing the doubling of the Bristol Port and 
Pier joint line, for the construction of a new passenger 
station at Devonport, and a new engine-shed at Old 
Oak Common, near Acton, as well as for the supply 
of machinery and boilers for an electrical generat- 
ing station at Park Royal. During last autumn 
the Great Western Company established a passenger 
service by motor-cars between Chalford and_ Stone- 
house, in the Stroud Valley; the result has been 
entirely satisfactory, a large increase of local trafic 
along the valley having been developed ; it is proposed 
accordingly to extend the running of similar cars on 
other parts of the system. The Great Western also 
established, towards the close of last summer, a road 
motor-car service between Helston and the Lizard. 
This was found to meet a public requirement, and 
arrangements have accordingly been made for similar 
services in other localities. 

The Lancashire and Yorkshire Company has been 
proceeding with widening works at Manchester, Bolton, 
Brighouse, Entwistle, Middleton Junction, and Kirk- 
dale and Walton Junction ; the last named widening 
includes the opening out of portions of the Kirkdale 
Tunnel. The electrification of the Liverpool, Crosby, 
and Southport line of the Lancashire and Yorkshire 
is being rapidly completed. ; 

The principal works which the London, Brighton, 
and South Coast Company has had in hand of late have 
been the widenings between Croydon and Balham, 
South Croydon and Earlswood, Earlswood and Pres- 
ton, West Croydon and Waddon Marsh, Sutton, &e., 
a work which has recently been fully described in our 
pages. The enlargement of Victoria Station and the 
widening of the line between Victoria and Battersea, 
has also involved a rather considerable expenditure, 
while improvements and extensions have been carried 
out at various stations. The expenditure on widening 
works during the past half-year was 57,764/., and on 
station improvements 125,356/. 

The capital expenditure of the London, Tilbury, and 








Works in connection with the Great Northern and | 
City line from Drayton Park to Finsbury Park, | 


together with an underground station at Finsbury 
Park, are now practically completed. 

The works in connection with the Great Northern, 
Piccadilly, aud Brompton line between King’s Cross 


Southend Company has been almost entirely confined of 
late to widening works and station improvements and 
extensions at Plaistow, Upton Park, East Ham, &c. 
Upon widening works undertaken by the London 
and North-Western Company between Euston and 
Camden, only about 100,000 cubic yards of excava- 





tion remain to be removed; three of four bridges, 
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and a short tunnel under Park-street and Glou- 
cester - road, have been completed. The London 
and North-Western has also widening works in 
hand on its Chester and Holyhead section; two 
additional lines are now in use for a length of 
28 miles between Chester and Abergele, and works 
upon the section between Colwyn Bay and Llan- 
dudno Junction—about 34 miles—are in an_ad- 
vanced state. At Clifton and Lowther, on the Lan- 
caster and Carlisle section of the London and North- 
Western, the greater part of the excavation for an 
up loop has been removed, and four of five bridges 
have been completed. On the central section of a 
new line between Wilmslow and Levenshulme more 
than three fourths of the excavation has been re- 
moved ; a viaduct over the Mersey has been completed, 
and only three of fifteen bridges remain to be finished ; 
a viaduct at Wilmslow has also been commenced, and 
contracts for the remaining sections of the line will be 
shortly let. 

During the past half-year the London and South- 
Western Company has made steady progress with 
works at Waterloo and other stations, as well as 
with widenings of the main line between Waterloo 
and Clapham, and other points. The widening works 
undertaken during the past half year involved an out- 
lav of 186,322/.; the expenditure made upon the 
enlargement of Waterloo Station was 33,7831. 

During the past half-year the Midland Company re- 
laid 80 miles of line with steel rails, at the cost of re- 
venue. Widening works, which have been undertaken 
bythe Midland between Newlayand Calverley, between 
Finchley-road and Welsh Harp, aud at Nottingham, 
have been making good progress. Upon certain new 
Midland lines in the West Riding nearly two-thirds of 
the earthworks and bridges have been completed ; 12 
out of 2] arches in the Crigglestone Viaduct have been 
turned, and a viaduct at Horbury has been completed, 
with the exception of the parapets ; good progress has 
also been made with a tunnel at Crigglestone. The 
Heysham Harbour works, with which the Midland 
has been proceeding for some years, are now com- 
pleted, and good progress has been made with the 
dredging of the entrances to the Channel and the 
removal of a temporary dam. 

The principal works which the North - Eastern 
Railway Company has had in hand during the past 
half-year have been an extension of Middlesbrough 
Dock, a new bridge over the Tyne at Newcastle, 
and the electrification of certain Newcastle sub- 
urban lines. The expenditure made upon these 
works during the half-year was 51,832/., 62,574/., and 
83,922/. respectively ; a further outlay of 80,0000. is 
to be made for the electrification of the Newcastle 
suburban lines during the current half-year ; and the 
Middlesbrough Dock extension and the new Tyne 
bridge will also involve additional outlays of 59,0000. 
and 80,000/. during the same period. 

The North Staffordshire Company has applied to the 
Light Railway Commissioners for an extension of time 
for the completion of the Leek light lines, the works of 
which have been delayed by prolonged wet weather. 
The outlay made by the North Staffordshire upon 
lines in course of construction in the past half-year 
was 38,616/. 

The new capital expenditure of the South-Hastern 
Railway has continued to be principally represented 
by widening works upon the Charing Cross line, the 
London Viaduct, and between St. John’s and Orping- 
ton, kc. Upon the widening of the London Via- 
duct 37,740/. was expended during the past half-year, 
while the corresponding outlay between St. John’s 
and Orpington was 53,955/. The South-Eastern and 
Chatham Joint Committee expended 45,284/, during 
the past half-year upon the reconstruction of Queen- 
borough Pier, and 33,661/. in extending and strengthen- 
ing Folkestone Pier. A loop-line recently opened for 
the relief of Bricklayers’ Arms Junction has been 
found of great advantage in working the trattic. The 
widening between St. John’s and Orpington has been 
making good progress, and four lines will be completed 
at the end of the present half-year from Grove Park 
to Orpington, including new junction loop-lines at 
Chislehurst. The greater portion of the new pier at 
Folkestone has been brought into use. The North 
London and the Taff Vale Companies have no new 
works of any importance on hand. 








Directory AND Statistics or Execrric Lichtine 
AND Traction Works.— Under this title Messrs. Hazell, 
Watson, and Viney, Limited, 52, Long Acre, London, 
Issue, at 10s. 6d. net, the fourth annual edition of a 
very complete record of the electrical companies in opera- 
tion or projected in Great Britain and Ireland. These 
are divided into four classes—lighting, traction, electric, 
and steam light railways, and standard-gauge and tube 
railways. In the case of each company there are included 
lists of officials, succinct descriptions of works, the charges 
made, the financial result for the latest year, and a four- 
Sage’ record of progress. Appended to each section is a 
list of Provisional Orders applied for. ‘The information 
Is very clearly stated, and the editor—Mr. C. S. Vesey 
Brc wn—seems to have done his work ina most careful way. 








THE PHYSICAL SOCIETY OF LONDON. 


At the annual general meeting of the Physical Society 
of London, held February 12, Dr. R. T. Glazebrook, 
F.R.S., President, in the chair, the report of the 
Council and the report of the Treasurer were read by the 
Secretary. The following officers and Council were 
elected for the ensuing year :— 

President : R. T. Glazebrook, D.Sc., F.R.S. 

Vice-Presidents : Those who have filled the office of 
president, together with T. H. Blakesley, M.A.; C. 
Chree, D.Sc., F.R.S. ; Professor J. D. Everett, D.C.L., 
F.R.S.; and J. Swinburne. 

Secretaries : W. Watson, D.Sc., F.R.S., and W. R. 
Cooper, M.A. 

—— Secretary : Professor 8S. P. Thompson, D.Sc., 
‘.R.S. 


Treasurer : Professor H. L. Callendar, M.A., F.R.S. 

Librarian : W. Watson, D.Sc., F.R.S. 

Other Members of Council: C. V. Boys, F.R.S.; W. 
Cassie, M.A.; W. B. Croft. M.A.; H.M. Elder, M.A. ; 
Professor J. Perry, D.Sc., F.R.S.; A. W. Porter, B.Se. ; 
W. A. Price, M.A.; Professor F. T. Trouton, Sce.D., 
F.R.S.; W. C. D. Whetham, M.A., F.R.S.; 8. A; F. 
White, M.A. 

The President then delivered an address. He said that 
during the last session the attention of the Society 
had been drawn by more than one paper to the study of 
geometrical optics. He wished now to deal with one or 
two matters connected with the theory of the microscope. 
Geometrical optics in its relation to instruments has 
been studied to great advantage abroad, but, of recent 
years, has been somewhat neglected in this country. The 
result is that only a small share in the recent advance in 
lens construction has been ours. In 1878 Abbe first called 
attention to the’ fact that the future perfection of the 
microscope as an optical instrument depended on the 
advance of the art of glass-making. With the glasses 
then at their disposal it was impossible for opticians to 
get rid of the secondary spectrum of their object-glasses, 
which prevented the attainment of the highest per- 
fection of the image. It was to this fact that the 
establishment of the firm of Messrs. Schott and Com- 
pany was due. Contrasting what is now possible, so far 
as achromatic correction 1s concerned, with what was 
possible, say, twenty years ago, the President drew 
attention to the Lick refractor of 56 ft. focus, and pointed 
out that there is a difference of over 3 in. in the positions 
of the focus for D and H. It would now be possible to 
construct a lens of 60 ft. focus, so that this difference 
would be reduced to about } in. Turning to the micro- 
scope, and taking Abbe and his pupils as his guide, Dr. 
Glazebrook analysed the action of the parts of the in- 
strument in order to see if further improvement was pos- 
sible. It was shown that by the use of two lenses of 
appreciable focal length, say, 10 millimetres each, we 
can, by placing them at a distance, say, 100 millimetres 
apart, get an equivalent lens of shorter focus, 1 millimetre 
in the case in point, and of correspondingly higher power. 
The ——— of this is obvious ; if for no other reason, 
because of the greater ease of working large lenses. If 
we imagine a plane perpendicular to the axis of a micro- 
scope dividing the object-glass into two parts, so that the 
divergent pencil which falls upon the lens is a parallel 
pencil when it crosses the plane, we see that a microscope 
may be considered as a telescope with a short focus lens 
put in front and used to view an image in the principal 
focus of that lens. We owe to Abbe the introduction of 
the term ‘‘ numerical aperture,” by which is meant the 
value of the quantity m sin a, where is the refractive 
index of the medium in which the object is placed, and 
2 a the vertical angle of the cone subtended at the obje:t- 
glass by the point in which the axis of the instrument meets 
the object. Let ussuppose that an object is on the stage 
and viewed by transmitted light, and to simplify matters 
let us suppose the source of light at some distance. ‘Then, 
according to Abbe and his followers, in considering the 
image formed in the focal plane of the eye-piece, we are 
not to start from the object as a self-luminous source, and 
consider where the image of such a source would be if 
formed by the laws of geometrical optics ; we are told to 
start from the source itself, to consider its image formed 
in the focal plane- of the object-glass, and to treat this 
image as the source of light in the microscope-tube, from 
which arises the image we see. If the object be small, 
the focal image will be modified by diffraction by the object; 
and, according to Abbe, it is on the nature of the diffraction 
images and the number of them which are formed that 
the definition depends. Suppose the microscope has been 
focussed on some object on the stage, and that this object 
has been removed ; the parallel rays from the source are 
brought to a focus in the focal plane of the object-glass, 
forming there a circular patch of light ; from each point of 
this rays diverge, and, reaching the eye, produce the 
sensation of a uniform luminous field. Now let the tield 
in the focal plane be limited by a diaphragm pierced with 
a series of small apertures. The distribution of light 
in the focal plane of the eye-lens will be no longer 
uniform, and we shall see there the diffraction-pattern 
formed by the apertures. Instead, however, of producing 
a variable distribution in the focal plane of the object- 
glass by means of diaphragms, we can do it by means of 
the diffraction effects of small objects on the stage. 
Thus, if we put on the stage a grating consisting of a 
series of equidistant lines, then taking homogeneous light, 
a series of narrow bands of light, the diffraction images 
of the source, will be produced in the focal plane with 
darkness between them. On the assumption that the 
microscope satisfies the sine condition, the image in the 
view-plane is the ordinary geometrical image of the 
00g a series of uniformly spaced bright and dark 
yands. On the distribution of light in the interspaces 
between the maxima of brightness, the question of resolv- 








ing power depends. If we modify the number of spectra 
in the focal plane, we modify the image, and this has been 
done in an ingenious way in some of the ex periments 
arranged by Professor Abbe’s pupils to illustrate his 
theory. If wecut out all but the central image, the view- 
field is uniform, no structure is visible; if we allow the 
first image on either side of the central one to become 
effective, the bands appear in the field in their proper 
positions, and so on. It is said to be the fundamental 
result of Abbe’s theory that the object (the grating) can 
be fully resolved if one diffraction image is formed on 
either side of the central one. It follows from this that 
a grating is resolvable if the space between the lines is 
not less than the result found by dividing the wave-length 
of light by the numerical aperture. Dr. Glazebrook 
inted out that although, by the reasoning he had out- 
ined, the truth of this result could be established, it 
did not seem to him to prove it. In order to decide 
whether a grating can be resolved, we must establish the 
law of variation of intensity in the view-plane, and then 
consider whether these variations are such that they can be 
detected by the eye. This has been done by Lord Rayleigh. 
The images formed in a microscope are, like all other 
images, produced by interference ; in considering resolv- 
ing power, we have to consider diffraction effects, it is 
true, but the diffraction which concerns us mainly is that 
due to the aperture of the object-glass, and only in- 
directly to that due to the object viewed. The size of 
the object on the stage only affects in a secondary manner 
the method in which the image is formed. It is not 
necessary, if we know completely the distribution of light 
over the stage, to go back to the source in a consideration 
of the problem. Given the distribution over the stage, 
both in amplitude and phase, we are potentially able to 
determine that in the view-plane without reference to the 
source. In the case of a grating illuminated by plane 
waves, their plane being parallel to that of the grating, we 
have to consider the effect due to a series of equidistant 
lines of light. These differ, however, from a series of 
independent equidistant linear sources, in that the phases 
of the various sources are the same, and we have, therefore, 
to remember that interference will take place between the 
light from the different lines, while in the latter case there 
is no relation between the phases, and we can calculate 
the intensity due to each source separately, and superpose 
the whole. The method adopted by Lord Rayleigh for 
the solution of the problem which is presented when a 
narrow double line in a spectrum is viewed through a 
telescope, has been applied by him to the microscope (Phil. 
Mag., August 1896). Dealing with two bright lines and a 
rectangular aperture, he has shown that if a variation in 
intensity of 10 pet cent. can be detected in the view- 
plane, then, if the sources are independent, they can be 
resolved if the distance between them is half that given 
by Abbe’s theory. Lord Rayleigh next considers the 
effect of a large number of equispaced independent 
sources, and shows that the view-field has a periodic 
structure, but that the amount of discontinuity gets less 
as the sources get nearer together. In the case of a 
grating with plane-waves incident normally, it is shown 
that the intensity can be expressed as the sum of a series 
of periodic terms, each of which corresponds to the effect 
of two of Abbe’s lateral spectra, and that no resolution is 
possible unless at least the first spectrum on each side 
1s effective. The field in the view-piane corresponds to 
a series of bright bands at the points corresponding to 
the geometrical images of the prating ; midway between 
these are a series of less bright bands, while between each 
pair of these bright bands is an absolutely dark space. 

It appears that, while Abbe’s theory of microscopic 
vision is undoubtedly correct, in that a small object or 
objects on the stage produce diffraction patterns in the 
focal plane of the object-glass, and the illumination in the 
view-plane can be inferred from these diffraction images, 
still his method of regarding the question is not the 
only possible one, neither is it necessary to go back 
to the original source in order to calculate the illumina- 
tion. Moreover, we are certain to arrive at erroneous 
consequences if we apply results obtained from the case 
of a grating toa case such as that of a small aperture or 
a small obstacle; the diffraction patterns would be dif- 
ferent, and the conditions of resolution different also. 

Mr. Beck exhibited a series of microscopes in which 
diffraction-gratings on the stages were viewed with 
different arrangements of slits placed in the focal planes 
of the object-glasses, which illustrated the various points 
of Abbe’s theory. 








Go.p.—The imports of gold into the United Kingdom 
in January were valued at 2,972,461/., as compared with 
1,469,5042. in January 1903, and 1,418,926/. in January, 
1902. British South Africa, British India, and Austral- 
asia made the largest contributions to these totals, as will 
be seen from the following table :— 





Colonial Group. Jan., 1904. Jan., 1903.  Jan., 1902. 
ne f £ y £ 
British South Afric $10,154 757,050 323,540 
British India - 1,719,415 227,955 215,025 
Australasia .. 246,706 246,655 613,868 


The great feature in the returns continues to be the 
important rally in the deliveries of South African gold. 
The receipts from British India last month were largely 
swollen by deliveries to adjust trade balances. The value 
of the exports of gold from the United Kingdom in 
January was 3,141,431/., as compared with 1,206,787/. in 
January, 1903, and 1,116,880/. in January, 1902. Gold 
was forwarded to Mexico and South America in January 
to the value of 1,360,1502. There was also a considerable 
movement of gold in January from the United Kingdom 
to Egypt and the United States. 
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) 
THE MOTION OF GASES IN PIPES. 
The Motion of Gases in Pipes, and the Use of Gauges to| 
Determine the Delivery.* | 

By Ricuarp THRELFALL, F.R.8., of Birmingham. | 

Ir is necessary to give a preliminary statement of the 
hydrodynamic principles involved in order that what | 
follows may be free from ambiguity. This may be done 
as follows :— | 

On the Measurement of the Velocity of Gases in Pipes.— | 
Let A B, Fig. 1, bea portion of a pipe carrying a current | 
of a gas in the direction of A B. Let C D be a small | 
tube bent at right angles so that its open end C faces the 
stream of gas. 

It is required to find a relation between the velocity-| 
and density of the gas stream on the one hand, and the | 
pressure set up by this stream in C D on the other. The} 
excess pressure in C D is supposed to be so small in com- } 


Fig. 1. 
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parison with the pressure in the stream itself that the gas 
may be treated like an incompressible fluid. Unless one 
knows just how the velocity of the stream is affected by 
the tube C D, it does not appear possible to find a solution 
of the problem, but some approximation to a solution may 
be reached by making various assumptions. ; 

For instance, assume that the motion of the gas is 
steady (non-turbulent), and that the stream lines impinge 
normally on the open end of the tube at C, and there 
terminate, the gas being annihilated after being brought 
to rest. In this case (no rotational motion) the question 
is one of forces and accelerations only. 

Let the density of the gas be p and its velocity V (both 
in C.G.S. units), and let P be the resulting pressure just 
inside the boundary at C in dynes per square centi- 
metre. Then in each second, momentum to the extent of 

p V2 x area 
is destroyed, and this requires a pressure (that is, force per 
unit area) of P x area; equating these :— 


pV2=P 
or 
ogre Sa 
Pp 

In practice, however, the gas cannot be annihilated when 
it comes to rest ; it has to be pushed out sideways, and 
the force to do this must come from the gas itself. 

Consequently, the power required must depend to some 
extent on the viscosity of the gas in question. Another 
way of stating the same result would be to say that, as 
the viscosity increases, the greater must be the momentum 
destroyed in producing sideway motion. A sort of cone 
of nearly motionless gas would form in front of the open- 
ing at C, and the sides of this cone might be regarded as 
being occupied in causing the stream lines to diverge so 
that the fluid could pass the obstacle, as is, in fact, appa- 
rent from Professor Hele-Shaw’s photographs.| The 
above relation weuld therefore appear to be an ideal one 
referring to a non-viscous gas, and the pressure P calcu- 
lated from it would be merely an upper limit. The 
formula generally employed in connection with the Pitot 
tube differs from that given in equation (1) in making 
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The argument in favour of this view is that if one holds 
a tube bent at right angles in a stream of water, so that 
one branch is horizontal and facing the stream, and the 
other vertical, the water will rise to such a height as 
would give a velocity of efflux equal to the stream velo- 
city ; this is given by Torricelli’s theorem—namely, 


V= a/ 29, ety. 


where g is the acceleration due to gravity, and h is the 
height of the free surface above the point of efflux. If it 
be assumed that no energy is dissipated, but that the sum 
of the kinetic and potential energies is constant, the 
formula follows from D. Bernouilli’s theory.t 

If p the density of the fluid is introduced, equation (3) 
may by written 

V= J2yh os 2 Pp! (4) 
: p NV p ‘ 

Comparing (4) and (1), and applying both indifferently 
to all fluids, one notes that the pressure to be expected 
corresponding to a given velocity and density is 


P = V2 p by the assumptions leading to (1) ; 
and 

pi= V"P as be as (4). 
But the pressure calculated by (1) is the pressure required 
to destroy the momentum of the impinging stream ; and 
this, of course, does not occur in practice. 

The pressure required by (4) is clearly the pressure 

required to destroy half the momentum. If this is 
correct, a very ready way is obtained of estimating the 


* Paper read before the Institution of Mechanical 
Engineers, February 19, 1904. 

+ Nature, vol. Ix., page 449. 

+ Lamb’s ‘‘ Hydrodynamics,” page 26. 





effect of small obstacles of this kind on the energy of a 
stream of fluid. 

Professors Poynting and Lamb have independently 

n good eats to draw the author’s attention to the 
work of Kirchhoff* and Lord Rayleigh,+ from which it 
appears that the loss of momentum experienced by that 
part of a stream impinging on a lamina is 0.440 of the 
total momentum corresponding to the breadth of the 
lamina, the length being left out of consideration, so as to 
get a two-dimensional problem.} 

Kquation (4) may be adopted as a working formula, by 
introducing a function of the velocity as a correcting term 
to represent in a rude way the result of the viscosity. 
Also in general the motion is turbulent instead of being 
steady, as assumed above; and the turbulence, other 
things being equal, is less the greater the viscosity. The 
equation will therefore stand, grouping these causes of 
imperfection under one symbol. 

V= ?(V) /? P ; ? . 
Pp 

Now it appears that in practice ¢ (V) is very nearly a 
constant whose value is nearly unity, when applied to 
velocities of air such as one usually deals with in pipes— 
say, from 100 ft. to 2000 ft. per minute in a pipe of 1 ft. 
or 2ft. in diameter—though the question has never been 
sharply examined. So far as the author bas been able to 
find, it. has never been suggested that the constant, as 
generally used, is a function of the velocity at all; but it 
seems reasonable to regard. it as such. 

For practical purposes, however, the author will begin 
by putting ¢ (V) = K—where K is a dimensionless quan- 
tity approximating to unity, and the working formula 


becomes ‘ 
hie SE 2P7P ve 
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or if the manometric fluid is the same as the fluid whose 
velocity is the subject of measurement, 
VeKW29k, 2 OS 

It will be shown later that when dealing with such 
streams of gas as have been examined, the turbulence, 
though marked, is not such as to produce any great effect 
on the direction and magnitude of the instantaneous 
velocity of a particle forming part of the stream. In 
other words, the velocity of a particle of such turbulently 
moving streams is very nearly that of the stream itself. 
If the progress of a particle down the pipe were watched, 
it would not move in a straight line, but at every instant 
its velocity parallel to the axis would be far greater than 
its velocity in any other direction. 

In the practical application of the Pitot tube to the 
measurement of the velocity of fluids flowing in pipes, 
one is met by the difficulty that the mean pressure of the 
fluid is generally above or below the atmospheric pres- 
sure. In order to ascertain the pressure set up in the 
Pitot tube, it is therefore necessary to make use of a 
differential manometer, one limb of which is connected 
to the Pitot tube, and the other to a so-called ‘‘side-gauge.” 
It has been shown by Heenan and Gilbert that if the 
side-gauge be provided with a wide flange at the mouth, 
Fig. 7,* the condition is approximately satisfied. In 
many cases, practically where extreme velocities are not 
involved, it is just as good in practice to use a small 
hole bored through the side of the pipe carrying the 
stream under investigation, taking care to make the con- 
nection in such a manner that nothing projects beyond 
the inner surface of the pipe. This is practically equi- 
valent to connecting one limb of the manometer to a layer 
of fluid at rest, and is the method which was generally 
employed by Darcy. It must be remembered that if the 
Pitot tube occupies the centre of the stream, the mean 
pressure at that point (and it is really this which is 
required) is different from the mean pressure at the edge 
of the stream, though both openings lie in the same cross- 
section of the pipe. Except in extreme cases, however, 
this pressure difference is negligible. Ifa piece of thin 
walled tubing is inserted in the stream so as to lie with 
its long axis perpendicular to the stream lines, the moving 
fluid mixes at its mouth with the fluid at rest in the tube, 
and imparts some motion to it, tending to make it leave 
the tube. In consequence of this a negative pressure or 
“suction” makes its appearance. If the walls of the 
tube are very thin and the tube perpendicular to the un- 
disturbed stream lines, this suction amounts to nearly as 
much negative pressure as a Pitot tube placed at the 
same point would give of positive pressure. Most experi- 
menters have tried to make use of this effect in order to 
increase the manometer reading ; but experience shows 
that this is to court disaster. In the first place, there is 
no proper hydrodynamic theory of the mode in which the 
suction is set up to act as a guide in practice ; and in the 
second, the slightest alteration of the shape of the mouth- 
piece, or of its inclination to the stream lines, leads to a 
variation in the amount of suction. The law connecting 
the velocity with the suction is also unknown, except in 
so far as the author has determined it. 

The present investigation embraces the following points 
which will be dealt with briefly in the text, full details 
being given in each case in the approximate appendix. 

1, The construction of a suitable manometer for observ- 
ing the small differences of pressure to be dealt with. 

2, The investigation of the influence of the shape of the 
Pitot gauge tip on the pressure set up. 

3. The investigation of the reliability of side gauges. 

* Zur Theorie freir Flussigkeitsstrahlen, Crelle T. 70, 
1869. 

+ Philosophical Magazine, May, 1876. 

+ Lamb’s ‘‘ Hydrodynamics,” page 109. 

§ Proceedings of the Institution of Civil Engineers, 
vol cxxiii., page 272, 





4. Relation between the velocity of air currents and the 
pressure develo in Pitot and other gauges. 

5. Investigation of the distribution of velocity of gas 
streams in pipes. 

6. Investigation of the distribution of velocity con- 
sidered as a function of the velocity itself, and comparison 
of the results obtained when measuring streams for de- 
livery by the Pitot tube, with the actual volume of gas 
delivered as measured by a gas- holder. 

7. Some applications of the results obtained to actual 
engineering problems, including an account of a new 
system of inferential gas-meters. 

In Appendix I.* and Fig. 5* an apparatus is described 
by means of which a difference of level of two liquids 

-supposing the same to be small—can be measured 
wish certainty to within 0.01 millimetre. This result 
is obtained by using large enough areas to be free of 
capillary uncertainties, and by ascertaining the position 
of free liquid surfaces by adjusting them to contact 
with fine needle points. The apparatus is so built that 
the actual measurement is made by vernier callipers or 
micrometer screws, and all attempts at observing scales 
through the walls of glass tubes is avoided. An im- 
~ form of instrument on these lines is manufactured 
vy the Cambridge Scientific Instrument Company, under 
licence from the author. 

An apparatus, Appendix IV.,* consisting of a pipe 
about 109 ft. long by 21 in. internal d‘ameter, of thin iron 
tubing, was set up. <A fan driven by an engine was em- 
ployed to produce air-streams of various velocities in 
this pipe. ‘Thespeed of the engine was kept constant by 
hand, and observations were repeated as often as was 
necessary to eliminate irregularities in driving. Two 
types of Pitot mouth-piece were investigated, one con- 
sisting of a parallel hole 1 millimetre in diameter, bored 
through a bit of ebonite rod, and the other of a funnel 
shaped nozzle with an opening of 2.3 centimetres at the 
mouth tapering to about 0.5 centimetre at the base, 3.3 
centimetres away. Table III. in Appendix [I.* shows 
that the differences in this extreme case are so small that 
it may be taken that, as between different cylindrical 
thin-walled tube mouth-pieces, they are negligible. 

A large number of experiments intended to test the 
reliability of the flanged side gauge were made by 
measuring the pressure difference from various points 
near the free end of the pipe against the atmosphere ; 
both with a Pitot tube, a side gauge with flange, and a 
side gauge with flange having its aperture more or less 
closed by cotton wool. The result was that no suction 
could be detected with certainty in a case where a thin 
walled tube would have given 3 or 4 millimetres, Owing 
to unsteadiness in engine-driving it was impossible to do 
more than show that suction, if it existed, it did so only to 
an extent of 1 or 2 per cent. of the amount produced by a 
similarly situated thin-walled tube. As the currents of 
air with which the author has to deal are such as will 
only give a few millimetres suction in any case, it was 
not considered worth while investigating the point for 
much larger velocities—more particularly in the light of 
Heenan and Gilbert’s results. 

On the other hand, during two years’ constant experi- 
menting on the distribution of gas and air velocity over 
the cross-section of pipes, flanged side-gauges of various 
forms have been employed, as well as small holes bored 
through the walls of the pipes without internal projec- 
tion, and the results obtained with these different forms 
of apparatus have been constantly compared. In no case 
has any material difference been noticed between the in- 
dications when using a flanged gauge and when using a 
small aperture. It is not likely that, if any appreci- 
able suction exists, it would always occur to the same 
extent with all the gauges and apertures employed ; 
therefore, practically, the suction is zero, with a small 
aperture or with a flanged gauge made according to 
Heenan and Gilbert’s description. 

A combination of a Pitot tube with a side-gauge of thin- 
walled pipe giving the maximum suction has long been 
employed by those engaged in administering the Alkali 
Acts, Fig. 6.* For several reasons it was decided to 
begin by investigating this arrangement by means 
of currents of air of known velocity. The investiga- 
tion required considerable experimental preparations ; it 
is only necessary to state here that the method adopted 
consisted in blowing a current of air down a long pipe, 
and impressing the peculiarity of a smoke-puff upon it at 
the entry end by the explosion of a minute charge of a 
special powder. The time-signals were given electric- 
ally, ond were recorded on a smoked glass-plate chrono- 
graph of the usual kind. There was no difficulty, except 
in regard to keeping the engine at a sufficiently constant 
speed. The question arises as to how nearly the time 
taken by a puff of smoke in travelling down a pipe can 
be taken to represent the actual motion of air in the pipe. 
The explosion was sufficient to distribute the smoke over 
the whole pipe section, but not large enough to project 
the smoke down the pipe with any velocity which could 
affect the results. The observer noting the arrival of the 
smoke noted the instant of its first appearance in the 
centre of the pipe; and also the instant when it might be 
considered to have cleared off—a much more indeter- 
minate epoch. The average of the periods covered be- 
tween the first and last appearance of smoke is taken to 
represent roughly the mean time of transit—or to give a 
velocity which, when multiplied by the area of the pipe, 
will yield the ‘‘delivery.” It will be shown later that the 
proper way to do this is from the velocity distribution 
curves. There is reason to believe, as will be shown, that 
the first appearance of the smoke is very approximately 
a measure of the velocity of the stream near the axis of 
the pipe, and it is therefore the maximum velocity with 
which one is here concerned, and which operated on the 


* To be published in a later issue, 
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re 
gauges situated at the centre of the pipe. A glance at the 
curves A A, BB, Fig. 2, giving the results with the 
Fletcher gauge, will make it clear that with this par- 
ticular set of gauges at all events—the relation between 
gauge-readin P and velocity V—in any units is not 
Pp =k V®, where K is a constant, but P K V”, where 
n is greater than 2. 
Subject to , 

suction is, a8 assumed by other writers, nearly equal to 
the Pitot member pressure, or the gauge-reading is about 
double of that due to the Pitot tube alone. It soon 
became obvious that the failure of the Pitot and suction 


combination to give results expressible by the simple | 


formula quoted above, as well as the dependence of the 
results on the particular suction member chosen, rendered 
it hopeless to pursue this investigation. Accordingly, a 
second series of experiments was instituted ; this time 
using a Pitot tube and ftanged side-gauge, curves CC, 
DD, Fig. 2, The results are so consistent with the ex- 
pression P= K V2, that it was not possible to draw a 
curve according to this formula and cutting the experi- 
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mental curve which did not coincide with the latter. In 
other words, within the limit of the experimental errors, 
the above expression exactly covers the behaviour of the 
Pitot tube. If one refers to equation 4, page 310, and puts 
in the values for the density of air actually employed in 
the experiment—namely, barometer 760 deg. mm., and 
air half saturated at 16 deg. Cent., it is found that the 
curve drawn to fit the observations is expressed by 


V =771 ‘Pressure difference in mm. of water. 


V being in feet per minute. The final result is velocity in 
feet per second 


V = 12.45 ,/Pitot tube pressure in mm. of water 


for air under standard conditions. If the air be taken as 
half saturated at 760 deg. mm. pressure and at 16 deg. 
Cent., the constant becomes 12.53. This is the same as 
equation 4, if it is written 


7 =0.9739 , /2P 
\V ‘ r/ p 


where V is the velocity in centimetres per second ; P is 
the Pitot tube pressure in dynes per cm.”; and p is the 
density of the gas in grammes per cm.” 

The constant 0.9739 indicates possibly that the flange 
gauge does give a slight suction in spite of all efforts to 
the contrary; it is hardly likely that the Pitot tube 
pressure should exceed the maximum laid down in 
equation 4, 

5. The Mode of Motion of the Gas Stream.—It is gene- 
rally assumed in practice that currents of gas in pipes 
are in turbulent motion—at all events, for velocities of 
engineering importance. It seemed to the author desira- 
ble to obtain some definite information on this point 
before endeavouring to interpret the results of the 
measurements made by observing the smoke of small 
explosions, 

For this purpose a gentle stream of smoky air was intro- 
duced in the main stream of the experimental pipe above 
described. The smoke employed was phosphorus pentoxide, 
which gives a very persistent fume, and is easily produced 
by placing a little burning phosphorus on the bottom of 
# small tin canister, through which the air is driven on its 
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the above limitation, it appears that the | 


Mascamum Velocity 
Deduced from Formulw KV* = P. 
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way to the main stream. The smoky air was cooleddown 
on its way to the experimental pipe, and was led into the 
main stream by means of a sort of facing gauge, but in this 
case facing down stream. The inlet was about 12 ft. from 
the delivery end of the experimental pipe. The progress of 
the mixing of the smoky air with the rest of the stream 
could be observed through some holes in the side of the 
pipe, and by looking in at the open end. The large 
diameter of the pipe (22 in.) was of service in this 
connection. 

It was found that the smoke emerged from the pipe as 
|a stream about 15 in. in diameter when the fan made 
140 revolutions per minute. The air current was varied 
from this point to a velocity corresponding to the lowest 
velocity observed, but in all cases the smoke came through 
in a thick column. Since this only required a length of 
12 ft., it is clear that in interpreting the velocity experi- 
ments made on over 100ft. of pipe length, it is safe to 
regard the smoke produced by the explosion and the air 
as being thoroughly mixed up. 

Interpretation of Velocity Experiments.—At the moment 
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of explosion the smoke is distributed in a more or less 
symmetrical manner across the pipe section, so as to form 
a plug of smoky air filling a certain length of pipe. In the 
case of viscous flow, as this plug passes along it gets drawn 
out at the central part, becoming cigar-shaped in front, so 
that by the time it reaches the open end of the pipe it 
forms a hollow shell. The turbulence of the stream 
examined, however, intervenes to equalise the motions of 
the various smoke particles, so that what is seen at the 
open end of the pipe is a thin leading stream in the centre 
quickly broadening to an apparently solid cloud, and 
— in some whisps of smoke clinging to the sides of 
the pipe. 

It 148 been assumed that the leading stream consists of 
those particles which have not deviated appreciably from 
a central path, and therefore fairly represent the average 
velocity of the central filaments. Similarly, the final 
trace of smoke represents the motion of the air close to 
the walls of the pipe. It is estimated that about one- 
thousandth part of the smoke actually employed could not 
escape detection, and if the distribution of the velocities 
of the smoke particles be regarded as subject to the law 
of distribution of errors, it appears that there is every 
reason to suppose that the above assumptions are approx1- 
mately correct. 

The ‘‘mean velocity” as tabulated in the experiments 
described is obtained by adding together the time re- 
quired for the first and last appearance of smoke and 
dividing by two. This is quite arbitrary, because no 
doubt some smoke will continue to be given off by the 
sides of the pipe for an infinite time, but this again is 
seen to be unimportant in view of the rapid way in which 
the number of particles having velocities differing from 
the mean falls off as the degree of deviation increases. 
The mean velocity is thus roughly (in spite of the arbi- 
trary way of ascertaining it) the velocity with which the 
main plug of smoke travels down the pipe, and is also 
roughly the velocity which must be multiplied by the area 
of cross-section to get the pipe delivery. From a refer- 
ence to the tables and curves, Fig. 2, it will be seen that 
the mean velocity thus estimated bears a fairly constant 
ratio to the maximum velocity. 

On the Distribution of Velocity Across a Pipe Section.— 
It was shown by Darcy that in the case of water flowing 
through a long smooth pipe there exists a circle whose 





radius is 0.689 of the radius of the pipe, which circle is the 
locus of points through which the stream has the mean 
velocity. The mean velocity is defined as that velocity 
which, when multiplied by the area of section of the pipe, 
will give the delivery. It has hitherto been usual to apply 
this result of Darcy’s to the flow of gases pote | ; 
without investigating whether the condition stipulated 
as to length of pipe is sufficiently satisfied. 

It may be stated at once that in dealing with ordinary 
currents of air or gas, as occurring in every-day practice, 
the condition as to length, or some other condition, is not 
satisfied, and it becomes necessary to investigate the 
distribution of velocity for each particular case as it 
arises. Assuming that this has been done in any 
particular case, the further question arises as to whether 
the distribution of velocity remains similar to itself as the 
velocity varies; for, unless this is the case, the whole 
system of gauging by the Pitot tube would be for meter- 
—- without any practical significance. 

e author’s experiments on this subject have now ex- 
tended over more than two years, and the result is un- 
mistakable—namely, that within the range of velocities 
that have been examined, extending from 600 ft. to 3500 ft. 
per minute, the distribution of velocity is nota function 
of the velocity itself, not even in those cases in which it is 
very irregular and widely different from the ideal distri- 
bution as formulated by Darcy. Some of the experi- 
ments were made with currents of air supplied by a fan 
driven electrically, others by timing the fall of a gas- 
holder of about 22,000 cubic feet capacity, the latter, of 
course, having the advantage of supplying airor gas ata 
known rate, and thus giving a complete control of the 
whole gauging. 

In regard to the investigations made by means of a fan, 
the great difficulty lies in securing uniformity of driving. 
A great deal can be done by the observer having electric 
measuring instruments under his eye, and regulating re- 
sistances under his hand; but the most satisfactory 
method of all is toemploy asubsidiary Pitot tube and side- 
gauge in connection vith a delicate manometer (Fig. 4).* 
Practically the same experimental conditions as those 
used by Darcy were employed throughout the investiga- 
tion. A steel tube about } in. in diameter was provided 
at the centre of its length with a small mouthpiece at 
right angles to its axis, so that, when it was placed across 
an air stream, the mouthpiece faced the stream, and 
could be moved to any point in a diameter of the pipe 
under investigation. Suitable scales were placed in 
position outside the pipe, so that the position of the 
mouthpiece could be accurately ascertained at any time. 
The side gauge was sometimes used in the form of a 
flanged gauge, and sometimes as a simple opening into the 
pipe, as already described. 

In regard to the reduction of the observations, the 
usual course was to gauge right across one or two dia- 
meters of the pipe, taking observations most frequently 
as the Pitot sake approached the walls of the pipe. From 
these observations the velocity distribution-curve was 
plotted, Figs. 8 and 9.* The delivery of the pipe was 
ascertained by breaking up the section into a sufficient 
number of shells, finding the mean velocity for each shell 
from the curve and then computing its delivery. As 
the distributions were often irregular, this was practi- 
cally the only way, and it was found that in general it 
was amply sufficient to sum about fifteen shells in order 
to obtain a result within less than 1 per cent. of the true 
value. Thenumber of shells necessary of course depended 
on the form of the distribution curve. 

In Appendix III.* will be found a complete set of the 
results of gauging a particular stream, together with 
examples of the distribution curves. The whole investi- 
gation is summarised in Table I. (page 312). 

An inspection of the tables will, it is believed, justify 
the following propositions :— 

1. The radius of the circle of mean velocity is about 
0.775 of the radius of the pipe through which gas is flow- 
ing, in the case of pipes which are not infinitely long, 
but comparable in length with those employed in connec- 
tion with gas-producer plants. 

2. One case of a gas main 15.75 in. in diameter was 
examined at a distance of about 10 yards from the nearest 
bend ; in this pipe the radius of mean velocity was cer- 
tainly about 0.9 of the radius of the pipe. 

3. In no case was a radius of mean velocity so low as 
0.689, actually found. 

4. Whatever the distribution of velocity observed at 
any one velocity may be, this persists unaltered through 
a wide range of velocity, covering the cases which occur 
in ordinary practice. The highest velocity examined was 
3600 ft. per minute, and the lowest for which accurate 
results were obtained was about 600 ft. per minute. 

5. The ratio of mean to maximum velocity is unex- 
pectedly constant over a wide range of velocity and very 
varied mode of distribution. The average value is about 
0.873 

6. Since in any practical case, where accuracy is neces- 
sary, a calibration of the pipe for distribution of velocity 
must be made, it is immaterial where the Pitot tube is 
placed. Since the velocity is in general greatest at the 
centre, it is convenient to place the tube mouth-piece at 
this point. If it be considered sufficient to dispense with 
a calibration, then the results indicate that it is better 
to place the Pitot mouth-piece on the circle of radius 
0.775 (radius of pipe) than to place it at the centre and to 
assume a ratio of mean to maximum velocity of 0.873. 

The whole investigation was directed to elucidate the 
problem of how best to measure the delivery of producer- 
gas by large mains. It was therefore considered that a 
series of comparisons of delivery, as deduced from Pitot 
tube-readings, with the same quantity as measured by a 
gas-holder, would be desirable. A 6-in. iron pipe was 


* This will be given in a later issue, 
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in. ft. per | cub. ft. | 
min. per min. | 


Dec., 1901 ..} 8.706 8 |1218 1130 0.8432 | 0.9278 403.9 


Jan. 14, 1902/35.70 8 {1135.2 1034.6) 0.8429 | 0.9114 | 7188.16 


Aug., 1902../21.0 7 |2005.8 1875, 4 s 0.935 4511.4 


Mar. 11-142 |5,0 | 0 2 eee = 
“1902 y [21.3 13 | 119.6 112.5) 0.8520 | 0.941 


a 21.3 13 | 650.2 617.9! 0.8474 | 0.95 


15.75 5 |1912 1850 0.893 0.967 

Nov. 10, 1902 6 16 | 1667-1487 0.766 0.862 

» 14, 1902 6 16 666.7| 589 7) 0.768 0.8845 
»» 18, 1902 6 16 (2675 2341 0.773 





20, 1902 6 16/3642 3187 0.765 


Dec. 3, 1902 12 16 |2771.5 2455.5| 0.773 0.8861 


8, 1902) 12 16 |1714.2 1526 0.773 0.8872 
12 


»» 12, 1902 16 |259% 2332 0.801 0.899 
Jan. 8, 1903 6 16/1319. 4 1064.6) 0.737 0.807 | 1899 
»» 1, 1903 6 16 | 2472. 6 1953 0.721 0 790 1835.5 
»» 1, 1903 6 16 | 2406.3 1961 0.725 0.815 1866 
Feb. 20, 1903 6 16 993 6 0.845 0.978 
»» 24, 1963 6 16 1692 545 0.798 0.913 
May 15, 1903 6 16 325.1 298.1) 0.863 0.917 


14, 1903) 6 16 {2429 2205 0.796 0.908 
21, 1903 6 16 |2664 2411 0.793 0.905 


taken and calibrated, and six experiments were made by 
allowing a gas-holder to empty itself through the pipe. | 
Table IT. [to be given in a later issue] is intended to show | 
the sort of accuracy attainable in ordinary every - day | 
ractice ; as well as the degree of consistency that may 
9e looked for in a series of measurements of this kind. 


(To be continued.) | 








BOILER EXPLOSION AT MOTHERWELL. 
A FORMAL investigation has been conducted by the | 
Board of Trade with regard to the circumstances and | 
cause of a boiler explosion which took place at the Dalzell | 
Steel Works, near Motherwell, on December 10, whereby | 
one man was killed and two other men injured. The 
Commissioners were Mr. E. T. Salveson, K.C., and Mr. 
David Crichton, C.E. Mr. Alexander M‘Grigor ap- 
peared for the Board of Trade, and Mr. A. D. Wyllie, 
Glasgow, for Messrs. Colville, the owners of the works. 
After an introductory statement, Mr. Henry Cockerel, 
engineer-surveyor to the Board of Trade, presented a re- 
port on an examination he had made of the boiler after 
the explosion. The boiler was of the patent water-tube, 
class, and witness was of opinion that the explosion had 
been caused by overheating of the tubes through shortness 
of water. The plates showed signs of general discolora- 
tion at certain parts. A plumber had been at work on 
the day of the explosion fitting protection-glasses to the 
water-gauges, and witness understood that the water- 
gauge cock was shut off during the time the work was 
ing done, and he was of opinion that the bottom cock 
of the gauge had not been open. The gauges and fittings 
appeared to be in good order. The quality of the water 
was fairly satisfactory. 
By Mr. Salveson: There was practically no corrosion 





( Air.—The pipe was of sheet iron, 6 ft. long, and 
forming the junction between two other pipes, 
each 12 in. in diameter ; the connection being 





491.4) 2.5 
(too 
large) 


centre of the 6-ft. length. The gas-holder only 
took 44 minutes to fall, necessitating about 
eight fillings. Barometer, 736.4 millimetres. 
Temperature, 8.5 deg. Cent. Observations on 
+ one diameter. 
Mond Gas.—A series of observations continued 
over a fortnight were made on a large gas-main 
taking the whole produce of the producers. 
During this time systematic weighings and 
7302 L6 samplings of the fuel, gas, ashes, dust, and tar 
ie: sl were made. All these samples were analysed. 
(Go The actual delivery of gas is based on the 
small) carbon known to have been gasified; and the 
analysis of the gas giving the carbon per cubic 
foot. Observations on one diameter. 
,Air.—The mean of twosets of measurements 
made during the testing of a large alternator 
(Journal Elect. Eng. 1903). The measurement 
was made in a sheet-iron pipe about 15 ft. long ; 
4510 | 0.37 the air being blown in by a fan, The calcu- 
‘ ted lated delivery is based on observation of the rise 
«too of temperature of the air stream; the heat 
large) supply being electrical and accurately measured 
by a Kelvin balance. Observations on one 
diameter. 
Air.—The pipe was supplied with a muslin 
diaphragm, so as to test a regular but forced 
mode of distribution. The muslin was at a 
distance of 16 ft. 3 in. from the gauges, and the 
| air current was produced by a fan. Observations 
on one diameter. 


Air.—Same as last, but a higher velocity. 


‘Mond Gas.—Test made to see whether the dif- 
| ferent viscosity of Mond gas would have any 
appreciable effect on the resulting distribution 
ot velocity. The observations were repeated 
\ three times along one diameter of the pipe. 
Air.—Distribution in a smooth cast-iron pipe fed 
| by a fan blowing first into a box to which the 
pipe was connected. Gauges 16 ft. from the 
box. Observations taken at 50 points on the 
| \ horizontal diameter. 
Air.—As above. Lower velocity. 
Air.—Ditto. Higher velocity. 
Air.— Ditto, ¢ 
‘Air.—A smooth cast-iron pipe, arranged as in 
the last series of experiments. Gauges 22.5 ft. 
from box. Forty-four observations across a 
diameter. 








Air,—Ditto. Same series of experiments as last. 
Air.—Ditto. y 
{ Air.—Six-inch cast-iron pipe supplied by gas- 
18813} 0.94 |. holder. Fourteen observations across a hori- 
(too zontal diameter. 
high) | 
1880 2.9 Air.—Ditto. 
\(toolow)} 
1880 | 1.28 | Air.—Ditto. 
too low)| 


by flanged coupling. The gauges were at the | 


| ( Air.—Six-inch pipe with baffle. Distance from | 





got thoroughly drenched. He could not account for the 
shortness of water, as he left the feed on. Possibly sodi- 
ment had choked the feed-pipe. He did not think the 
fact of the water-gauge cocks 1 wrong had anything 
to do with the explosion. It was possible that scale was 
present, and that the glass showed falsely when he blew 
it through, or the feed inlet had become choked. This 
was the first explosion that had occurred from any boiler 
peter which he had been connected during his twenty 
| years’ experience. ‘ 
James Naismith, plumber, deposed to fitting the pro- 
| tection glasses, and stated that he left the gauge-cocks as 
ihe found them. He did not interfere with them in any 
| way. 
After other evidence, Mr. Howatt, boiler inspector in 
| the employ of the Scottish Boiler-Insurance C »mpuany, 
| produced his reports on the boiler. Every attention was 
|given to the boilers at the steel works, and Messrs, 
| Colville were always willing to carry out any suggestions 
that were made in order to secure greater safety. 
| Mr. M‘Grigor, speaking for the Board of Trade, said 
| he thought it was clear that the explosion w.s caused by 
shortness of water. He thought that the boiler-feeder 
| Clark had, in certain respects, given mistaken evidence. 
The Commissioners then retired to consider the case, 
and on the Court resuming, Mr. Salveson gave judgment. 
| The main questions, to his mind, were, What was the cause 
| of the explosion, and how could it have been prevented ? 
|The Commissioners were clearly of opinion that the 
explosion was caused by shortness of water, which, of 
|course, should not have occurred. Means should have 
| been taken from time to time to ascertain that the feed 
| was on, and this ought to have been indicated by the 
gauge-glasses. It was possible that Clark, the boiler- 
feeder, had been misled in some way or other by water 
showing in the glass; and Mr. Cockerel, the Board of 
Trade engineer-surveyor, had stated that there might be 
| false water, but which, of course, could not have been 
|moving. As tothe question whether the explosion was 
| due to the fault of any person, the Court were of opinion 
that neither the makers of the boiler nor the owners were 
|to blame, and the same could be said with regard to 
| those who from time to time had inspected it. The 
case was, Mr. Salveson said, so far as his experience 
| went, unique in that respect, for everything seemed 
|to have been done to prevent the possibility of such 
jan accident. There was no indication whatever that 
|the tubes of the boiler were worn or corroded, or that 
|the fittings were out of order. Clark was the man 
| who had charge of this boiler, and appeared to have no 
|other duty to perform than to see that the boilers were 
| full of water; but it went without saying that on this 
occasion he failed to perform that duty. The Court did 
not wish to attribute serious blame to a man like Clark, 
who had been in the employment of the steel company 
for a period of twenty years, and had enjoyed the con- 
fidence of his employers, but Mr. Salveson said he could 
not accept Clark’s suggestion that the feed-pipe or giass 
tube might have been obstructed by an accumulation of 
mud or scale. One thing was clear, and that was that 
water had not been admitted into the boiler for a space 
of about half an hour before the explosion, or the acci- 
dent would not have occurred. he Court therefore 
found that no one except the boiler-feeder was to blame, 
and under the circumstances Mr. Salveson said they did 
not propose to make any order as to costs. 














box to gauges 35 ft.; and from baffle to gauges | 


| 3 ft. 6 in. 

j Air.—Ditto. Box to baffle 20 ft.; baffle to 

\ gauges 6 ft. 

Air.—Ditto. The velocity is too small for 
accuracy. The figures obtained must be re- 
garded as approximate only. 

Air.—Ditto. 

Air.—Ditto. 


of the plates. The question as to whether cast-iron 
headers corroded more rapidly than steel headers did 
not enter into the case, there being practically no corro- 
sion at all. ‘ 

Mr. James Gillespie, works engineer at Dalzell Steel 
Works, said he had been engaged in the works for 31 
years, and manager since 1900, so that he had had con- 
siderable experience. The boilers were inspected by the 
Scottish Boiler Insurance Company, and were last ex- 
amined thoroughly on December 12, 1902. The hydraulic 
test was applied in 1895, when new tubes and headers 
were put in. From their experience at the Dalzell Works 
they could not say that cast-iron was not a suitable mate- 
rial for headers. Supposing they were laying new boilers 
down, however, witness did not think that Messrs. Col 
ville would allow cast-iron headers to be used if anything 
better could be got, but he could not say that the cast- 
iron had been condemned. The protection glasses were 
fitted at the request of the factory inspector, whom they 
had instructions to obey. From the report of his engineer 
there was no doubt the explosion was due to shortness of 
water. From a personal examination he had made of the 
boiler, he quite agreed with this opinion. 

Thomas Clark, boiler-feeder at the works, said his duty 
was to attend to the gauges and see that the boilers were 
well supplied with water. At about 1.30 on the after- 
noon of the explosion he looked at the gauge-glass, the 
water would then be about half-glass, and he was certain 
the feed was on. After the protection glasses were fitted, 
he blew through the glass, and water came back; but 
subsequently he noticed that one of the cocks was not 
right, and he was just about to turn it when the boiler 
gave way. 

By the Commissioner: He had made a mistake evi- 
dently in thinking the cocks were all right ; he had just 
been agitated by the breaking of a gauge glass and had 


|_Non-Srickinc SLipE-RULEs.—In a previous issue (see 
| ENGINEERING, December 11, 1903, page 801) we described 
| the new system on which Messrs. John Davis and Son, 
|of Derby, were constructing their slide-rules, so as to 
render them less liable to give trouble from sticking 
when the moisture in the air varies. This plan, which is 
applied to all their standard rules, is very successful ; but 
for use in exceptionally trying situations they are now 
introducing special rules which will work freely even after 
48 hours’ submersion in water. These rules have a stiff 
metal back, and the slide is kept in contact with the 
guides on the body of the rule by a series of steel springs, 
the pressure of which is, of course, quite independent 
of the hygroscopic state of the atmosphere, and, indeed, 
of the rule itself. The springs hold the slide in easy 
contact with its guides in all positions, even when at 
the limit of its useful travel. The graduations are on 
celluloid. 








Tue Tyne.—At a meeting of the Tyne Improvement 
Commission at Neweastle, Sir W. H. Stephenson in 
the chair, Mr. Alderman Ritson made the annual finan- 
cial statement. He said the gross receipts for the past 
year had been the largest in the history of the Commission 
—viz., 409,1387., or 15,9102. more than in 1902. The prin- 
cipal cause of the increase was the continued growth of the 
coal and coke shipments of the port, which amounted in 
1903 to 15,757,615 tons, or 653,101 tons more than in 1902. 
The working expenditure for 1903 had been 305,077/., or 
| 14,195/. less than in 1902, ‘The amount spent on dredging 
| was reduced last year by 68662. Mr. Ritson added that 
| the coal shipments in January this year only amounted to 
1,220,670 tons, as compared with 1,282,186 tons in January, 
1903, showing a decrease of 61,496 tons, or 4.79 per 
cent. If this ratio of decrease continued for a year, 
the increase established in 1903 over 1902 would be 
entirely wiped out. It was satisfactory, however, that 
certain labour difficulties had been adjusted, and that 
some new ships had been ordered to be built upon the 
banks of the river; it might be hoped that for the next 
six months, at any rate, peace and harmony would 
| prevail on the shores of the Tyne. The outlook for coal 
lat present was not very bright; but the northern coal 
| trade, although it had occasionally been sick, had never 
| died, 
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NOTE ON THE PACKING OF MACHINERY 
FOR EXPORT.* 
By Pav Rovx. 


Tuts paper will give little new information to those 
familiar with the importation of machinery, nor to 
American manufacturers. who, through their own ex- 
perience and that of their agents, are conversant with 
what a machine-tool goes through from its completion 
and test in the home factory, until finally running in 
some French establishment. i may, perhaps, be of value 
to those who are seeking a foreign market, and who have 
-et to learn the requirements of the export trade, and for 
this reason is submitted to the American Chamber of 
Commerce of Paris, whose principal object is to facilitate 
commercial transactions between the United States and 
France. 

An American machine has much to pass through be- 
tween the producing factory and its final arrival at the 
works of the purchaser: cartage, transportation by rail 
and by sea, transhipment, loading and unloading, Custom 
House examination, and, perhaps, storage for consider- 
able periods in French warehouses. : 

Packing comprises the series of operations which have 
for object the preservation of the machine in g' condi- 
tion up to the time of final delivery. The care with 
which these operations are carried out, and combined, 
may not only largely affect their own cost, but also the 
expenses of transportation, custom dues, and storage, and 
these expenses, in the case of machinery exported from 
the United States to France, may amount to a consider- 
able percentage of the selling price. 

Preparation of Machines. — All machine-tools after 
having been completely assembled, inspected, and tested 
in practical running, should be more or less completely 
dismounted, before packing. It is impossible to lay 
down fixed rules in this regard, as the extent to which a 
tool should be dismounted varies with each machine; or, 
rather, with each class of machinery. The manufacturer 
must take into consideration the resistance of the tool, 
and its various parts to rough handling in transportation, 
and decide upon to what extent it should be dismounted 
to insure safety. It must be remembered that whilst 
the packing-case will protect a machine against blows 
which it may receive when in a normal position, it offers 
little protection against side or abnormal thrusts re- 
sulting from an overhanging position. Great care 
must therefore be taken to see that no part of a 
machine is in contact with the sides of the case, that is 
not fully able to withstand the rough handling to which 
the case can be subjected. The feet of a lathe-bed, the 
base of a shaper, or of a milling-machine, may be readily 
broken by the packing-case falling, even lightly, on one 
of its corners, and without the latter showing any external 
evidence of the fall. 

A most important consideration to be taken into 
account when dismounting a machine is its volume or 
cubage when packed for shipment. Marine freights are 
generally reckoned at so much per ton weight, or per 
40 cubie feet, at the option of the ship. The exporter 
has, therefore, every interest to see that the weight, 
which cannot, of course, be varied, does not occupy a 
space greater than 40 cubic feet per ton. Nearly all 
machines, when not dismounted, make up into packages 
greatly exceeding 40 cubic feet per ton, and even under 
the best conditions can rarely be packed in cases equiva- 
lent in weight and volume. It may therefore be laid 
down, as a general rule, that every effort should be made 
to reduce the volume as much as possible by dismounting 
all projecting parts which increase the over-all dimen- 
sions of the packages. On the other hand, the difficulty 
of assembling parts requiring accurate adjustment must 
be taken into account, and the exporter must use his best 
judgment. in deciding at what point the difficulties of 
setting up the machine will outweigh the economy 
realised by reducing the volume of the package. 

This question of reducing the cubage is worthy of the 
closest attention of American manufacturers, as the 
freight from the United States to French ports is ex- 
tremely high by the direct lines, whilst the extra duties 
charged upon goods arriving indirectly more than 
counterbalance any savings in transportation charges. 
The cost of transportation is, therefore, an important 
factor in the cost of a machine when delivered in France, 
and the economy realised by paying close attention to the 
volume of packages may form an appreciable portion of 
the profits. 

The maximum weight of each package must also be 
carefully considered : freight charges, computed, as has 
already been shown, according to weight or volume, as 
may be more profitable to the carriers, are increased very 
considerably when the weight of individual packages 
exceeds a certain limit. For instance, the rate for 
packages exceeding 4} tons in weight, is double that for 
packages weighing less than 2 tons. This increase varies 
according to the steamship line, but is imposed by all, 
and must therefore always be taken into account. 

In addition to its effect on the actual freight charges, 
the total weight per package when exceeding a 
maximum of about 2 tons, involves extra charges for 
loading and unloading. These charges vary according to 
the equipment of the ports of departure and arrival, and 
are often very considerable—as it may be necessary to 
move the vessel under a dock crane, when one is avail- 
able, or to get up steam on a floating crane to handle the 
heavy weights. 

To sum up, it will generally be advantageous to dis- 
mount a machine weighing over 2 tons in order to pack 
it in several packages, each weighing less than this maxi- 
mum, Care must be taken, luaaees: that the total 


* Paper contributed to the American Chamber of Com- 
merce, Paris, 





tonnage or cubage of the several packages does not exceed 
that of a single case, and that the difficulties of assembling 
the machine at destination do not more than counter- 
balance the economy realised on transportation charges. 
It is also profitable to dismount a machine weighing either 
more or less than 2 tons when this secures a consider- 
able reduction in volume, and when, as is generally the 
case with machine-tools, the cubage exceeds the limit of 
40 cubic feet per ton. 

Dismounting Fragile Parts.—It is generally necessary 
to dismount fragile projecting parts, even when this will 
have no influence on the volume or weight of the pack- 
ages, Whilst it is true that these parts will be properl 
protected by the packing-case during transportation, still 
they run the risk of being bent or broken during the 
operations of unpacking and setting up the machine. It 
is therefore preferable to remove them, and to pack them 
in one or more separate boxes secured in the principal case. 
All delicate or Tngils parts which cannot be removed 
should be carefully protected against rough handling 
during unpacking. All screw threads should be carefully 
covered with wood or rags; all tapped holes, oil-holes, 
and, in general, all openings through which dirt can 
reach the interior of the machine, should be carefully 
closed with wooden plugs. 

Manufacturers are especially urged to tag all pieces 
which may have been removed, with labels fully explain- 
ing their position on the machine. This precaution may 
appear exaggerated and useless, if it is considered that 
the machines will only be assembled by mechanics under- 
standing their construction, but certain American ma- 
chines are novelties to many factories, and besides, before 
arriving at the works of the purchaser, the machine has 
to pass through the Custom House, and sometimes to be 
exhibited in a sale-room. Under these conditions, it is 
necessary that people, unfamiliar with the type of 
machine, should know exactly the position, and function, 
of each of the detached parts. 

Preservation.—When a machine-tool has been properly 
dismounted and divided for packing, the very important 
operation of protecting the finished parts against rust 
must be carried out. Lack of care pant attention in this 
operation may have very serious consequences. It is not 
necessary to point out what serious effects rust may pro- 
duce on the finished parts of a machine; it should be 
remembered that after having passed three or four weeks 
en route, often badly protected from the rain, and always 
subjected to the effects of dampness, a machine may 
remain during long months in warehouses before being 
unpacked, and it is easily seen in what condition a 
machine may be found if the finished surfaces have not 
been protected against rust by a thoroughly efficient 
coating. 

There are two things to be considered in this question 
of protection—the nature of the protective coating, and 
the method of applying it. Without stating what the 
composition of the coating should be, it is urged that this 
should be sufficiently fluid at the time of application to 
permit it to reach all parts of the surfaces to be covered ; 
that it should be entirely free from all trace of acid, in 
order that it may not attack the metal. It should dry 
very rapidly, in order that no surface should be exposed 
accidently through chafing en route or careless handling 
in the Custom House. ft should be readily dissolved 
with oil, petroleum, or turpentine when the machine is 
ready to be set up at its final destination. 

The coating aoelk of course, be applied carefully to 
all polished surfaces which can be reached by the atmo- 
sphere, and care should be taken that the coating is intact 
after the machine has been packed—that is to say, 
when the packing-case has been constructed around the 
machine. It very often happens that the packers care- 
fully coat all polished parts of a machine, but that more 
or less of the coating is removed during the handling 
necessary for placing the machine in its packing-case, or 
by contact with the interior braces. The effects of this 
negligence are generally very serious, because the parts 
thus exposed are promptly attacked by rust, and the 
machine cannot be put in perfect condition, even if this 
be possible, except by long and costly work. 

Polished surfaces which are in contact with each other 
should not be coated ; they will be sufficiently protected 
by the lubricating oil applied for running the machine. 
Likewise oil-holes should be free from the coating com- 

sition, as it is most difficult to completely remove it 
ater on. 

Finally, it is recommended that this coating be not 
applied to any finished parts, which, by their position in 
the machine, are completely protected from all exterior 
contact, and which are so situated that the removal of 
the protecting coat would be difficult. For these parts 
the employment of vaseline or solidified oil is suggested, 
as this can be readily removed, and, even if not removed, 
cannot affect the working of the machine. The only 
recaution to be taken is that the vaseline and oil should 

entirely free from acid. As an example, enclosed 
gearing, such as in the headstock of a lathe, can be_pro- 
tected in this manner against rust. Vaseline or solidified 
oil may also be employed for protecting such small 
detached pieces as may be pee in a separate box. 
Packing-Cases.—The packing-case must fulfil two re- 
quirements: it must effectually protect the machine 
against all shocks and injury during transportation, and 
must facilitate the handling of the machine—that is to 
say, that the packing case is at t'1e same time a covering 
and a vehicle. 

In order to fulfil this double requirement, the case 
should be specially constructed, and, without fixing 
general rules, as the details of construction will vary 
considerably with the forms of different types of ma- 
chines, the essential requirements will be given for 





| too great for moving by hand 


packing-cases containing a machine which is of a weight 


The bottom is the most important part of the case, con- 
sidered as a vehicle. If this is well designed, it will not 
only facilitate handling during transportation from the 
United States to France, and contribute greatly to remov- 
ing risk of injury, but it is the only part of the case which 
can be utilised in France if, after remaining in show rooms, 
it is to be shipped by rail to its final destination. The 
bottom should therefore be sufficiently strong to carry 
the total weight of the machine, without the assistance of 
any other part of the case, when balanced ona roller. It 
should be constructed with two longitudinal battens, in 
order that the case may be moved on rollers when cranes 
are not available, and these battens should be bevelled at 
the ends to facilitate their employment. Transverse 
planking, spiked to the battens, forms the bottom of the 
case. On the bottom, constructed as indicated, two 
frames should be built around the machine, dividing the 
length of the case in three parts, in such manner as to 
=e the pressure of ropes or chains when handling 
with cranes or other hoisting apparatus. These frames 
will, at the same time, act as supports for the interior 
braces, and as lateral supports in case the package is laid 
on its side, which often happens in spite of instructions. 
Around these principal elements are built the sides, ends, 
and top of the case, which are designed simply for pro- 
tecting the machine generally. In constructing the 
packing-case, the remarks already made regarding its 
volume, must be borne in mind. This volume is com- 
atop from the over-all dimensions, and often a bolt- 

ead, or a batten, badly placed, will largely increase the 
cubage. 

In designing the packing-case, it is very necessary to 
make provision for the examination of the machine in the 
Custom House, and even for removing it completely. It 
is absolutely necessary in all events to arrange an opening 
in one of the sides or in the cover, through which the 
nature of the machine may readily be seen. This opening 
should be large enough to permit the examination of all 
parts of the interior of the case, and to permit the pas- 
sage of a lantern, if required. It should be closed by a 
cover secured with screws. 

To allow for removing the machine completely from 
the packing-case, in order to determine the net weight of 
the machine for the Custom House, it should be arranged 
so that the packing and the unpacking may be readily 
and rapidly accomplished, without it being necessary to 
injure the panels. For this it is necessary that the top, 
and one of the sides, be secured with screws, instead of 
nails, and that the position of the interior battens and 
bracers be indicated externally, in order that the screws 
and nails fixing them may be readily found. 

It is especially recommended that the interior of packing- 
cases be not lined with paper. Such a lining prevents the 
circulation of air, and if the machine be packed in a damp 
atmosphere, the humidity, which under other circum- 
stances would have evaporated, will attack the metallic 
parts wherever exposed ever so slightly. Special atten- 
tion is called to this point, as practical experience has 
demonstrated that effects have resulted from lining cases 
quite unforeseen by the exporter. 

Lists and Drawings.—It is very necessary that the 
machine should be accompanied by a detailed. list of the 
detached pieces contained in the packing-case, which, on 
unpacking, will show whether any part has been lost 
during transportation, or during the Custom House 
examination. It is most indispensable that this list 
should be accompanied by a drawing or cut showing 
clearly the machine when assembled and ready for work. 
This cut should also show all accessories which are in- 
dispensable to the machine: for example, countershafts, 
keys and wrenches, change-gears, and so forth. This 
cut, in lieu of which a drawing should be supplied, will 
permit the Custom House inspectors to convince them- 
selves that the detached pieces actually form part of the 
machine ; otherwise, these pieces may have to pay duties 
at a higher rate than the machine itself. If the machine 
has been taken apart and made up into several packages, 
a cut or drawing should be placed in each case, as in 
general all of the packages are not opened in the Custom 
Houses. 

These papers, lists, cuts, and drawings should be care- 
fully enveloped in waterproof paper, and tacked inside 
the case near the small opening already mentioned, in 
order that they may be readily accessible. When the 
dimensions are such that the papers can be attached to 
the cover of the opening, this should be done. 

Exterior Marks.—Once the packing is finished, it only 
remains to properly mark the cases for identifieation. All 
manufacturers know that a case should be marked legibly 
with identifying marks and numbers, the and net 
weight, the volume, and the name of the port of discharge, 
the latter in legible lettering at least 21n. in height. It 
is only necessary to call their attention to the necessity of 
marking the absolutely exact net weight, as even a very 
small difference between the weight stated and the true 
weight may cause difficulties in the custom-house ; and, 
perhaps, the imposition of fines. The volume is deter- 
mined by taking the three dimensions over all. In addi- 
tion to nee marks, indispensable for the transportation 
of the package, and which should, when possible, be 
placed on the sides of the case, it is recommended that on 
each end of the package, a short designation of the con- 
tents be added. These last-named inscriptions are abso- 
lutely necessary when the package is to be stored in a 
racken Dose as they permit of the immediate identifica- 
tion of a case containing a given machine. These inscrip- 
tions should not only indicate the type of machine, but 
should also give its size or number. 


Finally, exporters are urged to paint a black circle 
around the heads of all nails and screws which should be 
removed in order to unpack the machine with the least 
work, and without injuring the panels and bracings. 





If the bottom of the case has been given the special 





314 


ENGINEERING. 





[FEB. 26, 1904. 











form indicated above, there is little chance that it will 
be placed otherwise than upright ; it is, however, better 
to add the usual indications—‘‘ top,” ‘‘ bottom,” and so 
forth. 

Conclusion.—If the above suggestions are carefully 
followed, manufacturers will greatly diminish the risk of 
injury or deterioration during transport, and will spare 
the consignee of the machine, and the purchaser, in 
France, the trouble, delay, and expense which the loss, 
damage, or breakage of an essential part of the machine 
will cause him. The importance of properly bracing and 
securing a machine in its packing-case has not been 
insisted upon, as the methods must vary greatly with 
each type of machine. The manufacturer should know 
how to so arrange the bracing that the stresses to which 
the case may be subjected will be properly distributed, 
and only brought to bear on such parts of the machine as 
may be capable of resisting them. 








COAL IN BELGIUM. 

THE number of coal-mines in working in Belgium in 
1903 was 119; there were 211 pits in activity, while 13 
were in course of development, and 50 were in reserve. 
The total output of coal in Belgium in 1902 was 22,817,470 
tons—that is, 664,060 tons, or 3 per cent. more than in 
1901. The output of 1902 was, however, 545,347 tons less 
than that of 1900, which was the record year in the history 
of Belgian coal-mining. The value of the coal production 
of 1902 was 12,081,114/., giving an average of 10s. 7d. per 
ton, or 1s. 7d. per ton less than the corresponding average 
for 1901. As compared with 1900, the adverse difference 
was 3s. 4d. per ton, or 24 per cent. The average profit 
realised npon each ton of coal raised in Belgium in 
1902 was as nearly as possible 1s. 2d. per ton. 

The consumption of the collieries in 1902 amounted 

2,272,832 tons, or nearly 10 per cent. of the whole pro- 
duction. The value of the coal thus consumed by the 
collieries was 618,007/. The quantity of coal sold or 
converted into coke in 1902 was 20,604,640 tons, valued 
at 11,462,9477. 

The number of workpeople employed in Belgian col- 
lieries in 1902 was 134,889, or 797 more than in 1901 ; 215 
fewer workpeople were employed below ground than in 
1901; but the number employed on the surface showed an 
increase of 1012. Of the 134,889 persons employed below 
ground in 1902, 91,651 were men and lads above 16 years 
of age, 6865 boys of from 12 to 16 years of age, and 84 
women above 21 years of age. Of the number em- 
ployed on the surface 25,659 were men and boys above 
16 years of age, 2878 boys of from 12 to 16 years of 
age, 1474 women above 21 years of age, 3669 girls 
of from 16 to 21 years of age, and 2609 girls of from 12 to 
16 years of age. It will be observed that scarcely any 
women are now engaged below ground in Belgian coal- 
mines, and hopes are entertained that in a short time 
none will be so employed. 

The amount of the wages paid in 1902 was 6,456,1361., 
or 340,521/. less than in 1901. The average paid per 
working day showed a reduction of 24d. in 1902. The 
aggregate profit realised last year on Belgian coal work- 
ing was 1,292,938/., or an average of 1s. 2d. per ton mined. 
The corresponding average return in 1901 was 1s. 10d. 
per ton; in 1900 the corresponding profit was 3s. 6d. per 
ton, or three times as much as the profit of 1902. 

Of the 119 coal-mines in working in Belgium in 1902, 
87 realised a profit of 1,452,368/. for the year, while the 
accounts of the other 32 mines balanced off with an 
aggregate loss of 159,030/. 

The quantity of coke made in Belgium last year was 
2,048,070 tons, 2,740,000 tons of coal having been used 
in its production. The average value of the coke made 
in Belgium in 1902 was 15s. 2d. per ton, or 2s. 4d. per 
ton below the correspon ting value for 1901. The output 
of coke in 1901 was 1,847,780 tons. 

The production of agglomerates in Belgium in 1902 was 
1,616,520 tons, of the value of 1,052,570. ; the production 
showed an increase of 28,720 tons, as compared with 1901. 
The imports of coal, coke, and briquettes into Belgium in 
1902 were 3,570,378 tons ; the exports for the year were 
6,789,693 tons. 

At the close of 1901 the stocks of coal in Belgium 
were estimated at 420,120 tons; at the close of 1902, 
they stood at 273,760 tons, showing a reduction of 
146,360 tons forthe year. The home consumption of coal 
in Belgium for 1902 was estimated at 17,532,205 tons, or 
945,991 tons in excess of the corresponding consumption 
for 1901. More than half the coal consumed in Belgium 
continues to be absorbed by Belgian metallurgical in- 
dustry. 


to 








_ RouMANIAN PerroLeum.—The production of petroleum 
in Roumania last year was400,000 tons in round figures. In 
1894, the corresponding production was only 64,530 tons. 





Diary.—The Consolidated Pneumatic Tool Company, 
Limited, of Palace Chambers, Westminster, are present- 
ing to their friends a handsome pocket note-book con- 
taining an insurance coupon for 1000/., and distinguished 
by an entire absence of trade notices and advertisements. 





Tue Unitrep Starrs Navy.—Mr. Moody, Secretary of 
the United States Navy, has submitted to a Committee 
of the House of Representatives on Naval Affairs, the 
plans prepared by the American General Navy Board for 
its building programme for 1905. The building expendi- 
ture contemplated for the year is 34,000,000 dols., and 
provision is made for one new line-of-battle ship, one 
new armoured cruiser, three new protected cruisers, four 
new scout cruisers, two new squadron colliers, and two 
new submarine boats. There is, however, some idea of 


striking out two of the scout cruisers from the programme 
of the year, and so reducing the outlay to 30,000,000 dols. 








LAUNCHES AND TRIAL TRIPS. 


On Thursday, the 11th inst., the Yat Shing (whose 
name means ‘‘ Daily Promotion”) completed a very suc- 
cessful trial trip, and sailed for Cardiff, where she will 
load before proceeding to her station. This vessel has 
been built - Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited, for the Chinese service of the 
Indo-China Steam Navigation yar sar The vessel is 
provided with accommodation for both European and 
Chinese passengers. The engines, which are of the 
triple-expansion type, together with the boilers, have 
been constructed by the builders, and worked on the trial 
without a hitch, giving entire satisfaction to all concerned. 





On Saturday, the 18th inst., the steel twin-screw 
steamer Matatua, built and engined by Messrs. Work- 
man, Clark, and Co., Limited, of Belfast, for the Shaw, 
Savill, and Albion Company, Limited, London, was taken 
down the Belfast Lough to undergo her speed trial and 
for adjustment of compasses. The Matatua, which is 
448 ft. long, and has a dead-weight carrying capacity of 
9500 tons, fulfils the necessary requirements of the Board 
of Trade as a passenger steamer, and will be the pioneer 
steamer in the new regular service of steamships which 
the Shaw, Savill, and Albion Company has just established 
between Glasgow, Liverpool, and New Zealand. The 
machinery consists of two sets of triple-expansion engines, 
and at the trial trip everything worked well and to the 
entire satisfaction of the owners. 


On Tuesday, the 16th inst., the s.s. Kelvin, recently 
launched by Messrs. Short Brothers, Limited, Sunder- 
land, for the Glasgow Steam-Shipping Company, Limited, 
went out on trial with very satisfactory results, a mean 
speed of 124 knots being easily maintained. The dimen- 
sions Of the vessel are as follows:—Length, 374.5 ft.; 
breadth, 46.8: ft.; and depth, 24.35 ft. The engines and 
boilers have been supplied by Messrs. John Dickinson 
and Sons, Limited, Sunderland, the cylinders being 25 in., 
41 in., and 68 in. in diameter, with a stroke of 48 in. 
Two large steel boilers supply steam at 180 lb. pressure, 
and are fitted with Howden’s system of forced draught. 





The Cadmus, sloop, returned to Sheerness Dockyard 
on Thursday, the 18th inst., upon the successful com- 
pletion of her official steam trials, particulars of which 
are appended:—Thirty hours’ trial at three-fourteenths 
her maximum power.—Pressure of steam in boilers, 
1661b.; ditto at engines, 1601b.; vacuum—starboard, 
26.5in. ; port, 28 in. ; revolutions—starboard, 114; port, 
114 ; aggregate indicated horse-power, 327 ; coal con- 
sumption per indicated horse-power per hour, 2.16 Ib. ; 
speed, six knots. Thirty hours’ trial at five-sevenths 
maximum power.—Pressure of steam in boilers, 195 Ib. ; 
ditto at engines, 186]b. ; vacuum—starboard, 27 in. 
port, 27.5in. ; revolutions—starboard, 175; port, 176; 
aggregate indicated horse-power, 1061 ; coal consumption 
per indicated horse-bower per hour, 1.831b. ; speed; 
11 knots. Eight hours’ full power trial.—Pressure of 
steam in boilers, 217]b. ; ditto at engines, 204]b. ; 
vacuum—starboard, 26.1in.; port, 27.1in. ; revolutions 
—starboard, 194; port, 194; aggregate indicated horse- 
power, 1424 ; coal consumption per indicated horse-power 

er hour, 1.981b. ; speed, 13.4 knots. The contract with 
Messrs. J.S. White and Co., of Cowes, was for 1400 
indicated horse-power. The boilers of the Cadmus are 
of the Niclausse type. The sloop has carried out success- 
fully her gun-mounting, circle-turning, and anchor trials, 
and will be prepared for transfer to the A Division of 
the Medway Fleet Reserve. 


The Laxevaags Engineering and Shipbuilding Com- 
pany, Bergen, Norway, launched on Thursday, the 
18th inst., the s.s. Gimle, built to the order of Wil- 
helm Torkildsen, of Bergen. The principal dimen- 
sions are :—Length, extreme, 239 ft.; breadth, 36 ft.; 
depth, moulded, 16 ft. 9 in. The machinery, which has 
also been constructed by the Laxevaags Company, has 
cylinders 18 in., 29 in., and 48 in. in diameter by 33 in. 
stroke. The working pressure is 175 lb. per square inch. 





There was launched on Saturday, the 20th inst., from 
the yard of Messrs. Murdoch and Murray, Port Glasgow, 
a steel screw coasting steamer named the Rossbank, which 
is of the following dimensions :—Length, 180 ft.; breadth, 
27 ft.; depth, moulded, 13 ft. 4 in. Compound engines 
will be supplied by Messrs. Muir and Houston, Limited, 
Glasgow. 


The sand-pump hopper dredger Madras, constructed 
by Messrs. Wm. Simons and Co., Limited, of Renfrew, 
for the Indian Government, has returned to the Clyde 
after very satisfactory pumping and steaming trials in 
England this week, to fit out for the voyage to India, 








Mexico ann Asta.—A steamship service is to be estab- 
lished between Mexican Pacific ports, the Hawaii Islands, 
and Asia, under a contract made by the Mexican Govern- 
ment with Messrs. J. EK. Bennett, and M. F. Tarpey and 
dated December 19, 1903. The first steamer is to be put 
into service within a year from that date. 





Tue Irattan Navy.—The Italian Minister of Marine 
has determined to complete four submarines of a new 
type, and of much larger dimensions than those of some 
submarines now in course of construction in the Italian 
Admiralty yardsat LaSpezzia. The four new submarines 
are to be built—one at La Spezzia, one at Naples, one at 
Tarentum, and one at Venice, 








CATALOGUES. 

Tur Pickquick coal-cutting machines, driven by elec. 
tricity or compressed air, are descri in some detail 
in a pamphlet just issued by Messrs. Mavor and Coulson 
Limited, of 47, King-street, Glasgow. : 

A form of sheet piling built - of steel troughing is de- 
scribed ina booklet just issued by the Acme Sheet Piling 
Company, of 140, Dearbourn-street, Chicago. 

Messrs, Workman, Clark, and Co., Limited, of Belfast, 
have sent us a volume giving views of their works and of 
some of the more notable vessels constructed there. 

Messrs. W. F. Dennis and Co., of 49, Queen Victoria. 
street, E.C., have sent us a copy of their new price-list of 
wire, weldless steel chains, bright-drawn steel rods, tele. 
phones, batteries, and accessories. 

Messrs. Lancaster and Tonge, Limited, of Pendleton, 
Manchester, have issued new catalogues of their metallic 
packings, pistons, and steam-traps. 

The , oF swnre eed Steam Motor Company, of Leyland, 
have sent us a catalogue describing their well-known 
steam-lorries. A number of different patterns and sizes 
are made, the smallest having a carrying capacity of 
3 tons, whilst the largest can carry 8 tons. ; 

A new price-list of oil-cans suitable for all purposes has 
been issued by Messrs. Joseph Kaye and Sons, Limited, 
of 93, High Holborn, W.C. 

The Allgemeine Elektricitiits-Gesellschaft, of Berlin, 
have just published a new list of electric locomotives 
suitable for use in mining, factories, or similar situations, 

A new catalogue of shutter-gates, sash-bars, and other 
architectural metalwork has been published by Messrs, 
S. W. Francis and Co., Limited, of Gray’s Inn-road, 
London. 

We have received from the Baldwin Locomotive Works, 
Philadelphia, a copy of their usual monthly ‘‘ Record of 
Recent Construction,” in which on this occasion special 
attention is paid to compound-tandem locomotives. 

The ‘Brush Bulletin,” No. 5, just issued by the Brush 
Electrical Engineering Company, Limited, of Lough- 
borough, gives particulars of the firm’s patterns of steam 
and electric locomotives. 

A circular describing the Mason pump-governor—a 
device intended to prevent the racing of steam-pumps, 
even in the case of a burst main—has been sent to us.by 
the Mason Regulator Company, of 156, Summer-street, 
Boston. 

Messrs. Meldrum Brothers, Limited, of 66, Victoria- 
street, Westminster, have sent us a pamphlet describing 
the new refuse - destructor and power-plant they com- 
pleted last year for the Corporation of Burnley, and which 
a just been officially opened. 

Catalogues describing their two-stage and their single- 
stage air-compressors have been sent to us by Messrs, 
Reavell and Co., Limited, of the Ranelagh Works, 
Ipswich. These compressors are specially suitable for 
driving by electro-motors or belting. 

A catalogue and price-list of their four-pole protected 
motors and dynamos has been sent to us by the British 
Electric Plant Company, Limited, of Alloa, N.B. 

Messrs. Marshall and Woods, of 2, Gray’s Inn-road, 
Holborn, W.C., have issued an illustrated price-list of 
induction-coils, transformers, accumulators, microscopic 
lamps, and similar electrical sundries. 

A circular illustrating a new model of the Nernst lamp 
has been sent us by the Allgemeine Elektricitiits-Gesell- 
schaft, of Berlin. 

The Forgrove Machinery Company, Limited, of Greek- 
street Chambers, Leeds, have published a new catalogue 
of ‘“‘ wrapping ” machinery, intended for putting the paper 
round packets of chocolate or similar commodities. 

The Yorkshire Electric Power Company, of Central 
Bank Chambers, Leeds, which has as its area of supply a 
large portion of the West Riding, hopes to be in a posi- 
tion to furnish current to customers in December next. 
The company is accordingly taking time by the forelock, 
and has issued an illustrated pamphlet, setting forth the 
advantages of electric motors. 

Messrs. Pethick Brothers, of 22, Walbrook, London, 
have published a pamphlet giving views of important 
bridges and other engineering works executed in granite 
supplied from their Devonshire quarries. This firm, it 
= be remembered, are now engaged in widening London 

3ridge. 

The Straker Steam Vehicle Company, Limited, of 
9, Bush-lane, London, E.C., have issued a new catalogue 
of their well-known steam-lorries and ommnibuses, of 
which they build a number of different types and sizes. 

A catalogue describing a new type of duplex steam- 
pump, which, it is claimed, is much simpler in construc- 
tion and more durable than previous patterns, has been 
sent us by the British Oddesse Pump Company, of 
85, Worple-road, Wimbledon. The pumps are made in 
all sizes—from feed-pumps up to large mine-pumps. The 
latter are made either compound or triple-expansion, 
being provided with a compact compensator. We hope 
to illustrate one of these large mining-pumps in a future 
issue. 

A handsome volume containing photographs of centri- 
fugal pumps and fans, Roots blowers, and of Clayton’s 
apparatus for fumigating ships’ holds, has been sent us 
by Messrs. Thwaite Brothers, Limited, of Bradford. 

Messrs. Marion and Co., Limited, of 22 and 23, 
Soho-square, London, have issued a new list of photo- 
graphic-plan copying papers and linens, which they 
make in all sizes and types. 








THE GAUGE QuESTION IN MEx1co.—The National Rail- 
road Company of Mexico has completed the work of 
changing its gauge from Laredo to the capital of the 
Republic. The work of changing the gauge of the line and 
the rolling-stock upon it involved an outlay of 2,600,000/, 
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“ NEERING ” ILLUSTRATED PATENT 
_ RECORD. 


Comprep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 


umber of views given in the Specification Drawings is stated 
a cau — sonore none are mentioned, the Specification is not 


illustrated. 

Where inventions are communicated from abroad, the Names, 
ée., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Sale 

ranch, 25, a Buildings, Chancery-lane, W.C., at 
uniform price 0, 

FF rag the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
‘Patent on any of the grounds mentioned in the Acts, 


ELECTRICAL APPARATUS. 


143. Chamberlain and Hookham, Limited, Bir- 
ham. and J. F. Watts, London. Maximum- 
Demand Indicators. [2 Figs.) January 3, 1903.—This in- 
vention relates to instruments for recording the maximum de- 
mand made by a customer upon an electricity supply system, 
and consists in employing a compensated thermal bar system, 
onemember of which is heated directly or indirectly by or from 
the current, and produces the deflection which serves to indicate 
orrecord the maximum demand. Asapplied to a mercury motor 
meter, an ordinary thermal strip c, consisting of strips of dis- 
similar metals riveted together, is employed. The strip c is 
mounted on a block of insulating material cl carried by a spring 
ce. The strip cis surrounded by a winding d carrying the cur- 
rent to be indicated, or a part of it. The strip bends to a vary- 
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ing degree when heated, and the bending is caused to actuate 
an in licating-needle over a graduated scale by means of gearing, 
such as the arm h, which is fastened to a pulley k on the needle 


spindle by means of a flexible connector passing around the 
pulley. A ratchet wheel / fixed to the needle spindle co-operates 























| being called upon to directly move or lift the valve itself. 


The valve to be opened is shown at A. The lever B is given 
a reciprocating motion by the cam ©, which is rotated by 
the shaft D. A pusher-block E is pivoted at F. On this block 
are fixed the weight G, the governing blade H, and the pusher J. 
When the speed of the engine is at or under normal, the knife- 
edge of the blade H in moving forward engages with the notch of 
the die K. The die K then slides forward on the pin L until the 
pusher J comes in contact with the valve-spindle block M and 








opens the valve. When the speed of the engine rises above the 
normal, the weight G, owing to its inertia, overcomes the resist- 
ance of spring N and tends to hang back when the lever B moves 
forward, with the result that the knife-edge of the blade H rises 
above the knife-edged notch of the sliding-die K, and, owing to the 
slope of the upper part of the die, the blade is further raised 
together with the pusher J, so that, on its further motion forward, 
the pusher clears the valve spindle block and the valve is not 
operated. (Accepted December 31, 1903.) 


28,075. E. Butler and Clarke Chapman and Co., 
Limited. Gateshead-on-Tyne. Explosion Engines. 
{11 Figs.| December 19, 1902.—This invention has reference to 
engines intended to be worked with an explosive mixture of 
hydrocarbon and air. In such an engine, wherein the explosive 
mixture is admitted to, and the products of combustion are 
exhausted from, the cylinder by means of a rotary valve made 
slightly conical to allow of adjustment, provision is made for 
counteracting the tendency to endwise movement of the valve, 
due to the difference in cross-sectional area in the planes of the 
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two ends of the ports, by causing motive fluid to act ona small 
piston connected to the valve. The valves c are each provided at 
their larger ends with an extension e, that passes into a small 
cylinderg. This cylinder g is in communication through a pipe j 





with a pawl 1 to prevent the needle returning to zero until released 
by movement of a hand-lever s. As the indications of an instrument 
woul vary with external temperature, a second thermal strip 2, 
similarly mounted and with its component metals oppositely 
disposed to those of strip c, is employed. The two strips are con- 
nected by awire z. An apparatus constructed as described will 
only arrive slowly at the correct indication for any current, and 
anysudden and short demand will not be recorded. (Accepted 
December 31, 1903.) 


23,588. Baron Kelvin, Largs, Ayrshire, and Kelvin 
and James White, ed, Glasgow. Magnetic 
Damper. (3 Figs.| December 27, 1902.—The magnetic damper, 
in which the poles of a horseshoe electric magnet offer resistance 
to the motion between them of a thin metal plate of high electric 
conductivity, is well known. The present invention relates to 
Improvements in such apparatus, and has for object to condense 
the lines of force of one or more magnets, and so increase the 
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etliciency of the apparatus. A and B are two horseshoe magnets 
with like poles together. The metal vane C moves between these 
magnets and forms part of a pointer of an electrostatic apparatus 
for measuring potentials. Each of the pole-pieces D D!, which 


with the combustion space of the corresponding cylinder. The 
extension e forms a piston, and the tendency to endwise movement 
of the valve is counteracted thereby. The valves are made with 
hollow walls, through the interior c! of which cooling water is 
caused to circulate so as to prevent excessive heating of the valves. 
(Accepted December 31, 1903.) 


GUNS AND EXPLOSIVES. 


3881. A. T. Dawson, Westminster, and J. L. S. 
Benthall, Sheffield, Yorks. Armour Plates. (6 Figs.) 
February 18, 1903.—Thisinvention relates to the protection of forti- 
fications or other structures, and consists in the use of armour of 
a peculiar kind. Two thicknesses of armour, each hard-faced on 
the outside, is employed in combination with cellulose or other 
water-excluding and-buoyant material or without such material. 








are conical, is held in position by a screw e in such wise that the 
tips thereof are close to the two sides cf the moving metal vane O, 
but not touching it. This arrangement gives a highly concen- 
trated and intense magnetic field and very powerful brake effi- | 
ciency. (Accepted December 31, 1908.) | 


A, Al are the two thicknesses of armour-plate, each plate bein 


GAS ENGINES, PRODUCERS, HOLDERS, &c. | hardened on its surface a. B is the cellulose packing interpo 


4510. W. J. Crossley, Openshaw, Manchester, + 


and W. L. Webb, Marple, Cheshire Hit-and-Miss plate then serves to prevent complete penetration of the armour. 

The two thicknesses of armour are separated by distance-sleeves 
| a2 or distance-pieces a9, The armour is provided with a backing | 1903.) 
' a4 of wood and a skin plating a5, (Accepted December 31, 1903.) 


Governors. [2 Figs.| February 26, 1903.—This invention 
Consists in an improved system of regulating the speed of 
internal-combustion engines by means of hit-and-miss governors 
Which operate in such a manner that the knife-edges, or 


inci equivalent, of the governor are only called upon to lift or 
iv 


vht parts into such positions that they either make a| Krupp, Essen, Germany.) Hydraulic Brakes. [8 Figs | 
ing or fill a gap in the train of gear which is used to operate | May 12, 1903.—This invention relates to hydraulic brakes for ord- 
€ valve or other part to be governed, the knife-edges not | nance, in which the brake piston, on its recoil and returning move. ! 





ment, forces the liquid in the brake cylinder from one side of the 
piston to the other ; and especially to that class of hydraulic brake 
for ordnance in which the recoil is regulated by a rotary valve 
mounted on the piston. The present invention relates to im- 
proved means for regulating the return in such hydraulic brakes, 
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and consists in connecting a flap-valve d to the piston-rod, or to 
the portion of the piston attached thereto, said valve being, how- 
ever, incapable of rotating. The seat for the flap-valve is of 
hollow conical shape, so that the flap-valve shall open the area of 
escape for the liquid as rapidly as possible when the recoil takes 
place. (Accepted December 31, 1903.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


23,960. L. H. Ransome, Farndon, Notts. Weod- 
Boring Machine. [4 Figs.) November 3, 1902.—This inven- 
tion relates to improvements in the construction of wood-boring 
machines, more particularly with regard to those of the vertical 
type, in which the boring spindle is traversed across the width of 
the timber as it lies upon the table. In carrying this invention 
into effect, the revolving spindle A, which carries the auger, is 
mounted in a bracket B sliding on the top of the main standard ©, 
gi 
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In order that the bracket B may be moved across the timber with 
the least possible exertion on the part of the operator, the bracket 
is mounted on balls D, which are kept in position by sliding plates 
E, interposed between the main standard and the spindle bracket. 
The balls are contained in holes in the plate E,of such size that 
the balls, though free to revolve, are carried along by the plates 
E in the course of their travel. V-shaped grooves F are formed 
in the main standard and in the spindle bracket, so as to form a 
track for the balls. (Accepted December 31, 1903.) 


28,145. H. S. Hele-Shaw, Liverpool. Friction- 
Clutches. (20 Figs.] December 20, 1902.—In a clutch accord- 
ing to this invention, the frictionally-engaging surfaces are formed 
of thin annular plates having their central zones identically corru- 
gated, and the inner and outer portions plane to form flanges 
adapted to stiffen the plates and to serve as heat-radiating fins, 
the plates being so arranged in the clutch that the engaging 
corrugations may be lubricated. In the form of clutch illustrated, 
which is suitable fur connecting, at will, a pulley K to acon- 
stantly-running shaft F, the plates A and B, which are shown 
to a larger scale in Fig. 1, run in a bath of lubricant. A sleeve E 
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is keyed to the shaft and has a series of external feather-ways 
formed by teeth e, which feather-ways loosely fit the teeth aon 
the internal flanges of the plates A. An outer casing G is fixed 
to the pulley and is provided with internal feather-ways formed 


by the teeth g, which feather-ways loosely fit the teeth b formed 


on the outer flanges of the plates B. The plates are alternately 
disposed, as shown. and are adapted to be pressed together by a 


vetween the said armour-plates. The front or outer plate A, if pene- | sliding-sleeve M, which passes fluid-tight through the end plate H 
rated, damages the point or cap of the projectile, and the inner | of the casing G, and is pressed towards the plates by a series of 


10,781. A. Reichwald, London, (The Firm of Fried 


springs N. The sleeve M is operated by the usual form of forked 
lever and a ring fitting the groove m. (Accepted December 31, 


MOTOR ROAD VEHICLES. 
5981. M.S. Napier and A. J. Rowledge, Lambeth. 








Carburettors. (4 Figs.| March 14, 1903.—This invention 
relates to improvements in carburettors for use in connection 
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with petrol motors, and is especially applicable to automobiles. 
With the usual arrangements in these motors where air is drawn 
into the cylinder through a carburettor, if the air-valve and 
passages are so arranged as to admit air in the best proportion 
for the explosive mixture when the motor is running at any 
particular speed, it is found that when the speed is increased 
the proportion of air in the explosive mixture is usually too 
small. The object of the present invention is to enable the auto- 
matic adjustment of the air supply to be readily effected in an 
advantageous manner. In theapparatus shown in the figure, the 
main air supply is drawn into the carburettor through a pipe a 
passing over a nozzle b screwed into the pipe with a pocket c, to 
which the petrol is supplied. The petrol from the nozzle b is 
taken up by the air in the usual way. A pipe d for an additional 
air supply is connected as shown, this air supply being controlled 
by a piston valve e, the spindle f of which is pressed by a spring / 
against a stud i secured to the centre of the diaphragm k, This 
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diaphragm & is secured between the two parts J and 1 of a casing. 
A water inlet 2 is provided on the part m to which a pipe may be 
connected leading to the delivery pipe of a centrifugal pump 
driven from the motor shaft. The pressure of delivery of this 
pump, which supplies cooling water to the jacket of the motor 
cylinder, consequently varies with the speed of the motor, and 
these pressure variations are transmitted to the underside of the 
diaphragm k. The upper portion / of the casing is extended 
upwards as a cylinder r divided into two portions by a partition s. 
Openings ¢ below this partition place the upper side of the 
diaphragm in communication with the atmosphere. The piston 
valve e is adapted to work in the upper portion of the cylinder r 
and to admit air to the pipe d through ports o when the valve e 
is raised by an increase of pressure below the diaphragm, the 
amount of opening of the ports o being proportional to the increase 
of pressure. The proper proportion of air in the explosive 
mixture is thus maintained. (Accepted December 31, 1903.) 


RAILWAYS AND TRAMWAYS. 


11,837. H. A. Hoy, Bolton-le-Moors, Lancs. Bogie 
Trucke. (4 Migs.) May 23, 1903.—This invention has reference 


to improvements in the construction of bogies for rolling-stock, 
whereby the load to be carried can be transmitted to the axles 
of the bogie in a more advantageous manner than heretofore, and 
the transmission of vibration from the axles of the vehicle re- 
duced, the construction, moreover, being specially adapted for 
with 


use electric motors. The load directly applied to the 














bolster / is transmitted through springs uv toa lower transverse 
beam v that is suspended from the bogie frame. This frame is 
supported through springs 10 by longitudinal beams 8 that are 
connected to vertically movable carriers 11, between which and 
the axle-boxes 7 other springs 15 are interposed. The beams 8 
extend below the axle-boxes. The whole arrangement is such 
that the load is transmitted through three sets of vertically-acting 
springs. (Accepted December 31, 1903.) 


SHIPS AND NAUTICAL APPLIANCES. 


3979. W. J. Pirrie and W. Mullan, Belfast. 
Davits. [10 Figs.] February 19, 1903.--This invention has for 
its object an arrangement of davit apparatus whereby the ship’s 
boats can be swung in and out by pulling on a rope or a lever, or 
Ftq. 1. 
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by other mechanism. The davits B, B! are placed at a greater 


distance apart than the length of the boat, in order that the boat 
can pass between the same without the stem or stern touching. 
A lever A, Al is secured to each davit immediately above the 


pulley-blocks D, D1, and rope or chain E. The action is as 
follows:—The boat is raised clear of the chocks in the usual 
manner ; tension is then brought to bear on the rope or chain E, 
causing the pulley-blocks D to approach each other, and slide 
along a bar I’, to which they are movably secured. This causes 
the davits, which are arranged at a little more than a right angle 
with the levers A, Al, to swing out, carrying the boat with them, 
The davits are prevented from swinging out too far by the blocks 
D coming in contact with a centrally-arranged stop K. (Ae- 
cepted December 31, 1903.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


28,433. A. Shaw, Bradford, Yorks. Metallic 
Pac! . {8 Figs.] December 24, 1902.—This invention has 
reference to metallic packing for Corliss valve spindles and like 
rotating spindles. In packing of this description a cast-iron cup, 
enclosing metal rings, has been fastened by a pin to a tubular 
extension of the brass collar which keeps the packing in position. 
According to this invention, however, the cast-iron cup 0 is 
provided with a short tubular or annular extension, the extremity 
of which is cut away so as to leave lugs or projections c. The 
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adjacent extremity of the brass collar extension ( is also cut 
away, leaving recesses and projections e practically forming 
clutch surfaces capable of engaging with the corresponding parts 
of the cast-iron cup. By this means the respective parts can be 
held in engagement with each other without the necessity of 
pinning, thus economising space and labour and ensuring a firmer 
joint. The packing rotates with the spindle a, to which it is 
secured by means of a countersunk screw / passing through the 
collar d. (Accepted December 31, 1903.) 


24,021. T. J. Carr, Newcastle-on-Tyne. Liquid- 
Fuel Burners. [7 Figs.) November 3, 1902.—In liquid-fuel 
injecting apparatus, according to this invention, the fuel-injecting 
nozzle extends into a ring or tube that increases in diameter from 
the nozzle outlet in both directions, and between which and the 
nozzle is an air passage, the admission to the rear end of which is 
controlled by a shutter or damper. 1 is the ring or tube made as 
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described. 3 isan external annular plate carried by the ring or 
tube 1, and having a rearwardly extending flange 4 that is formed 
with a series of ports 5. Mounted on the nozzle is a plate 6 formed 
with a forwardly extending flange 7 that closely fits the flange 4 
and has corresponding ports 8. By rotation of the plate 6 the area 
of the ports can be varied. Several other improvements in liquid- 
fuel injecting and burning apparatus are described. (Sealed 
January 5, 1904.) 


TEXTILE MACHINERY. 


25,021. A. G. Brookes, London. (fF. Spence, Sanford, 
Maine, U.S.A.) Fliers. [2 Vigs.] November 17, 1903.—The 


object of this invention is to provide a construction of flier for 


vibration than the fliers as now commonly made. This object i 
attained by providing the flier with a steadying weight hich is 
rigidly secured thereto and situated axially thereof: and in the 
preferred embodiment of the invention, the steadying weight ig 
placed at the upper end of the flier. 3 designates one of the 
spindles of a spinning machine on which is mounted a flier 4 
having the usual arms 5. The improvement, as before stated 
consists in applying to the flier 4 a steadying weight 11, which is 
applied to the head of the flier at the point where the {lier is 
attached to the spindle. The conical construction of weight 
shown is preferred, as this does not interfere with the yarn passing 
between the guide-eye 9 and the arm 10. (Accepted December 23, 


27,939. W. Williamson and J. Collinson, Man. 
chester. Looms, [15 Figs.) December 18, 1902.—This in. 
vention is designed to provide means for bringing the shuttles 
into contact, mechanical or electrical, with mechanism for stop. 
ping the loom when the weft cop becomes nearly exhausted. On 
the shuttle-peg is placed a sliding-sleeve E, which is pressed 
forward by a spring }’, and as the cop D becomes reduced in size 
gradually forces the cop towards the point of the shuttle-peg. 
The sleeve has a travel of about half the length of the shuttle. 
peg, and is fitted with a hooked finger E that engages with a 
spring arm G carrying a stud g projecting through a hole in the 
shuttle side. When a fresh cop is placed on the peg, the finger E 
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is placed over the spring so as to hold back the stud. As the 
cop reduces in size it slides along the peg, and thefinger E comes 
opposite a notch g! cut inthe spring, and the spring is released. 
The stud then projects through the side of the shuttle to engage 
contact mechanism placed in the shuttle-box. On the shuttle-box 
K on the weft fork side of the loom is pivoted a lever M, one end 
m of which projects through the front of the shuttle-box to engage 
the stud g of the shuttle when it projects. To the breast beam L 
is pivoted a lever N, one end of which extends over the weft 
fork P. When the first lever M is tilted by the stud g, one end 
thereof engages the end of the second lever N and tilts it, thereby 
depressing the weft fork, which then operates to engage the weft 
hammer Kk and stop the loom. (Accepted December 23, 1903.) 


MISCELLANEOUS. 
4382. W. May and the Pulsometer Magjeoees 
Company, Limited, Reading, Berks. umping 
Thick Liquids. [5 Figs.| February 24, 1903.—This in- 


vention has reference to improvements in double-acting pumps 
of the kind designed for pumping thick liquids, such, for ex- 
ample, as the heavy oils used in liquid-fuel-burning apparatus. 
In pumps according to this invention the suction valves con- 
trolling the supply of liquid to the respective ends of the 
pump-barrel are plete together in such a way that, when 
either of them is moved into the closed position by the pressure 
of liquid thereon, during the corresponding compression stroke 





of the pump-plunger, it will positively move the other valve 
into the open position, and thus insure the supply of liquid to 
the opposite end of the pump-barrel at the suction side of the 
plunger. 1 is the pump-case, the ends 2 and 3 of which com- 
municate at one side with the liquid supply passage 4 through 
suction ports 5 and 6, controlled by suction valves 7and 8, The 
valves 7 and § are suspended by links 17 and 18 from the opposite 
ends of a two-armed lever 19 fulcrummed at 20 to the valve- 
plate 22. The arrangement is such that when either valve 7 or 8 
is closed by the pressure of liquid thereon, the other valve W ill be 
positively moyed jnto the open position, (Accepted December 31, 








deck, and the two levers are connected together by links C, C!, 





spinning-machines which will run more evenly and with less 





1908.) 
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OPENING-BRIDGE OVER BARKING 
CREEK. 


Tux opening-bridge over Barking Creek and its | 


approaches are portions of the works connected 
with the Barking and Beckton Light Railways, 
constructed under a Light Railways Order obtained 
by the Urban District Council of Barking Town. 
In the preparation of the scheme for submission to 
the Light Railway Commissioners, the engineer— 
Mr. Gerald Barker, of 1, Victoria-street, West- 
minster—provided for a single-line bridge on the 
bascule principle, to be worked by electrical power. 
He was subsequently instructed to design a bridge 
for road and footway traffic, with a double-line 
tramway laid in the roadway. The bridge he pro- 
posed for these purposes was of the horizontal 
rolling type. The proposed roadway over the 
Creek was, however, abandoned on the ground of 
cost, and the original proposal for a single-line 
light railway bascule bridge, on screw-piles, with 
the addition of a footway, was reverted to. 


: ; j : 
and needle piles tied across. The embankment | page 320); the curves of which are so arranged 


| slopes have been pitched with Kentish rag and 
surmounted by oak approach fencing. 

On condition that they grouped and braced the 
| foundation piles of the bridge in the manner the 
|; engineer required, and undertook responsibility 
|for any increased depth of foundations, the con- 
| tractors were allowed to substitute driven for screw 
|piles. The engravings, Figs. 2 to 4, on page 318, 
show the depths to which the cast-iron and timber 
| piles were driven. Cast-iron retaining-plates are 
|fixed between the piles of the abutments and 
| wings. Each group of piles is surmounted by a 
| box girder with diaphragms. 
| ‘The flooring, cross-girders, and main girders are 
of ordinary construction, except in the connections 
| of cross-girders to main girders, where special 
| details will be observed—viz., an additional pair 
'of angles are riveted along the undersides of the 
|lower flanges of the main girders below the angles 


| which connect the webs and lower flanges (see Figs. 9 | 


jand 10, page 321). The additional angles form parts 


| that the bascule and counterweight are practically 
| balanced in all positions. Two steel rope loops 
connect the counterweight to the bascule. There 

are four adjustable rope terminals at the counter- 

weight. A single rope is led upwards from each 

end of the counterweight over a pulley in one of 

|the dormers on the shore side of the cabin, 
|then downward and round one of the winding 
| drums—to which it is fixed at one point—-then along 
below the cabin to the heel framework of the bas- 

cule span, round which it passes to a pulley set on 

the skew and connected by adjustable attachments 

| to the web of one of the main girders of the bascule 
‘span. This pulley occupies the loop of the rope. 
which passes back, by a similar route, to the same 

end of the counterweight—both parts of the rope 
bearing an equal stress (see Figs. 5 and 6, page 320). 

The heels of the bascule-span roll in tracks formed 

| of angles riveted to the floor of the Barking shore 
span. Between the cross-girders of this span and the 
heels of the bascule are recessed ten adjustable 
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The object in view has been to provide direct | of the lower flanges, and have gusset-plates at in- | steel ropes, eight of which are attached to the box- 


tramway and footway communication between two | tervals riveted between them, and the end angles | 


otherwise detached portions of this urban district, | 
and, more particularly, between Barking Town and | 
the Beckton gas works of the Gas, Light, and | 
Coke Company, of whose employés a large number | 
reside in Barking. The conditions are unusual, in 
so far as the land on both sides of the Creek is | 
several feet below high-water mark, the Creek 
being kept within bounds by embankment ‘“‘ walls.” 
To get approach gradients of 1 in 25 it was neces- 
sary to divert a portion of one of these ‘‘ walls,” | 
which work had to be carried out to the satisfaction 
of the Essex Sewers Commissioners (the Marsh | 
authority), and the whole of the works between the 
river ‘‘ walls” had to be approved by the River 
Thames Conservators. 

The rise in the light railway from Marsh level to 
the bridge is advantageous from the point of safety in 
working. There are marsh lands or saltings between | 
the bed of the Creek and the river walls, across 
which the approach embankments have been formed | 
for the most part upon brushwood faggots and 


of the cross-girders are riveted to these gussets— 
a sound method of suspending cross-girders. 

The engineer eventually adopted a modification of 
the Scherzer type of rolling bascule as best meeting 
the conditions. There are examples of this type 


of bascule in the United States, but this is the first | 
in this country. The close proximity of spring- | 


tides to rail level necessitated the keeping of every- 
thing in the way of counterweight and motive 


appliances above rail level when the bascule was | 





| 


girder of the Barking pier, and pass thence round 
the heels of the bascule to points near the top 
of the heel framework. The two other ropes are 
attached to the floor at the ends of the tracks 
near the middle of the Barking shore span and, 
passing between the tracks, are attached to the 
undersides of the lower flanges of the main girders 
of the bascule span. These ten recessed ropes act 
as restraining ties in both directions. 

The framework that carries the machinery cabin, 
and also those forming the rope drums over the 


raised. They had also to be outside the structure | heels of the rolling bascule, are constructed of 
gauge of the light railway when the bascule was | rolled steel sections, the box struts being composed 
down. |of inwardly turned hannel bars with double- 


The bascule (Fig. 7, page 321) is raised and | 


| lowered by electrical power ; and instead of work- 


ing on a pivot, rolls backward or forward on 
circular heels of some 20 ft. diameter. The whole 
of the electrical winding machinery is within the | 
overhead cabin (Fig. 2, page 318). The counter- | 
weight—a rectangular steel box filled with iron | 
ballast—is provided with rollers at each end, which | 


between creosoted sheet piling, supported by walings| travel up and down in curved tracks (Fig. 6, | bridge and constructed the approaches, &c., Mr. 


riveted lacing, and the connections mostly of simple 
gusset-plates and angle-cleats. 

The bridge is opened or closed in less than two 
minutes, at a cost of about one penny for electrical 
power. It may be more slowly opened or closed 
by hand-power. 

The contractors were Messrs. Anthony Fasey ayd 
Son, of Leytonstone, who themselves erected th 
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OPENING-BRIDGE OVER BARKING CREEK. 
MR. GERALD BARKER, WESTMINSTER, ENGINEER. 
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William Chalkley being their representative. 
Messrs. Joseph Westwood and Co., Limited, of 
Millwall, supplied the contractors with the steel- 
work. The contractors placed the machinery with 
Messrs. Mather and Platt, Limited, of Manchester, 
who adapted their own patterns and designs to the 
engineer's requirements. The contractors for the 
permanent way of the light railway are Messrs. 
William Griftiths and Co., Limited, of London. 
Girder tram-rails are used throughout. A paved 
track on concrete foundation is employed through 
the streets, but a sleeper track on the bridge, ap- 
proaches, and across the marshes. The contract price 
for the bridge, approaches, &c., was 13,3151. 16s. 7d. 
The contract price for the permanent-way, Cc., 
was 10,6091. 11s. 6d. 
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THE INTRODUCTION OF HIGH-SPEED 
STEELS IN ENGINEERING WORK- 
SHOPS. 


By Frank FIeLpeEn. 


THE interest and enthusiasm displayed by engi- 
neers generally since the publication of the results 
of the recent tests of high-speed cutting-steels is 
bound to have a far-reaching effect on our manufac- 
tures. The writer was one of those who were 
fortunate in receiving an invitation to the historic 
discussion meeting at which the striking results of 
the prolonged tests were made known. As speaker 
after speaker rose, and spoke in such glowing tones 
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of surprising speeds that could or had been accom- | 
plished, even the most pessimistic (and there are 
such on the high-speed steel subject) could not 
help but be more or less impressed with its merits. 

But with this, as with many other improved tools 
or processes, the success or non-success depends a 
great deal on the methods adopted in its applica- | 
It is not enough to read that mild steel 














(soft) can be tooled at 160 ft. per minute, or soft 


cast iron at 90 ft., and then by ordering a few bars 
of high-speed steel to be delivered to stores, to fold 
one’s arms and expect an increased output of 50 per 
cent. to 100 per cent. per lathe. There are in- 
numerable practical obstacles to the realisation of 
such a ridiculous dream as this. 

First of all, the forging, and especially the 
hardening process, is quite different from the old 
treatment of ordinary cast steels. If the treatment 
of the steel does not coincide with the maker’s sug- 
gestion, but rather with the fixed law of the tool 
smith, then its successful use is doomed. The 
incredulous look from the tool-smith when told 
he must let the edge of the tool be on the point 
of running before putting in the blast is a sight to 
be remembered. Only a positive proof as to its 
ultimate success will convince him that the steel 
will not be burnt, or have had its nature extracted. 

In the grinding of the tool there is room for bad 
treatment. Generally speaking, there should be a 
very liberal supply of water, or none at all. If 
water be used, there should be a pump provided, 
of ample capacity, as an intermittent supply allows 
the tool to develop heat, and the water, in quench- 
ing, produces cracks. It takes longer to grind than 
an ordinary tool, on account of its hardness. 

At this point we are ready for its introduction 
to the machinist. Different hands and shops, and 
even different districts, have their own peculiarities, 
and it behoves us to carefully study these before 
committing ourselves, 
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First of all, we have the conservatism of the 
machinist, and the ill-favour which in many (not 
all) cases 1S shown towards anything introduced 
for the sake of increased output. This is, of course, 
felt less in the non-society shops than in the strong- 
holds of trades-unionism ; but exist it does, not 
only in the minds of the men, but even some fore- 
men are not above reproach, and not a small amount 
of personal application is needed to see that fair 
treatment is received by the high-speed steel at the 
hands of the operator. In those shops where the 
rinding of the tools is left to each individual 
workman, there is always a chance of incorrect 
angles and cutting-edges being formed. 

Where a really fair trial is required, there should 
be two tools ground—one the ordinary steel, and 
the other the high-speed steel—with exactly the 
same angles and cutting-edges, and, everything else 
being equal, the most sceptical could hardly help 
being convinced. 


One objection urged against the new steel has| 
been that our old lathes have not been built so as| 
to get all the advantages out of its use. Granted | 
that this is true, assuming that we have an old| 
lathe, and that it has been built for a speed of, | 


say, 60 ft. for cutting mild steel, and 30 ft. for 
cast iron, and that we admit that these are the 
most economical speeds for the old steels, with 
reference to the waste of time in taking a tool out 
of the lathe to grind and reset, we must not forget 
that, by simply keeping at the old cutting speeds, 
we save at least one-half the time lost in regrinding 
and resetting by the longevity of the cutting-edge 
of the new steel. 

An almost universal complaint is that a good 
finish cannot be got without reducing the speed of 
the machine down to about the same speed as with 
the ordinary cast-steel tool. This, however, need 
not be a necessary evil, as we shall have a very 
pressing anxiety to interest ourselves much more 
than formerly in the grinding machine. All jobs 
are not suitable for a grinding machine, but a good 
grinder has more capabilities than a great many of 
us believe, and in a large number of cases would be 
a profitable speculation on the part of those who 
are so far sceptical respecting it. 

Every assistance must be given the operator 
respecting reliable data. Not all our mechanics, 
nor, alas, our foremen, can give the cutting speed 
of the different diameters they may be engaged on ; 
and our older hands, who instinctively know the 
proper speed for the old tools, are at sea in judging 
from sight the proper speeds with the new steels. 
Where feed-and-speed experts are employed patrol- 
ling the shops, there is, of course, a palliative ; but 
when a machinist has a radical change in his dia- 
meter, he is often befogged, and, in some cases, 
nervously afraid, pending the arrival of the feed-and- 
speed man, lest he should be on a wrong speed. To 
meet this, the writer has had in the works under 
his control a chart prepared for each lathe, which 
enables the machinist to find at once the proper 
speed to run at for all the diameters he may have to 
work on. In preparing these charts a maximum 
speed of 90 ft. per minute for cast iron, and 130 ft. 
for mild steel has been decided on. Each lathe is 
treated separately, and the number of revolutions 
for each step on cone is calculated by a junior 
draughtsman, both with and without back gear, 
and treble gear where existing. A sketch is then 
made of the cone with the number of revolutions 
printed on in figures for each step, and below it is 
shown another sketch with the back gear in, and 
the number of revolutions put on each step in this 
case. Along the side of the chart there is a 
tabulated list of all the diameters likely to be 
machined by the particular tool under observation. 
These diameters rise by } in. up to 8 in., after- 
wards by 1 in. to 18 in. if the lathe is, say, a 9-in. 
centre lathe. Opposite each diameter there are 
the figures corresponding with the particular. cone 
step most nearly approximating the desired speed 
for that particular diameter. There are two columns | 
of these cone-step speeds—one for cast iron and the 
other for mild steel or wrought iron. A facsimile 
of one of the charts is shown in the next column, 
Suppose we want to turn a 4-in. diameter in cast 
Iron, we find on the same line and in the column 
the figure 96. The cone step on the sketch corres- 
ponding with this figure is the largest ungeared ; 


off the skin (only) of cast iron or steel, the next 


lower cone speed should be used. In larger lathes 
the data could be calculated on increases of 1 in., 


|2in., 3in., 4in., or 6 in., as the case may be. 
| This has been done by the writer in preparing the 


charts for larger lathes. 


LATHE 21. 

List of Speeds for each Diameter Turned in this Lathe. 
Basis :—90 ft. per Minute Cast Iron ; 130 ft. per Minute 
Mild Steel. In taking off the Skin (only) use the Next 
Slower Speed. 




















Cone. 
no Diameter. 
| For Cast For Mild 

Iron. Steel. 

in, 
} 677 677 
1 345 345 
1} 188 | 345 
2 188 188 
24 96 188 
3 96 188 
3h 96 96 
- 4 96 96 
4} 75 96 
5 75 96 
5} 38 96 
6 38 96 
64 38 75 
7 38 75 
73 38 75 
8 38 38 
9 38 38 
10 38 38 
11 21 38 
12 21 38 
13 21 38 
14 21 38 
oss 15 21 38 
WITH BACK GEAR. 16 21 21 
17 21 3L 
18 21 21 


| 





This chart system, which, as far as the writer is 
aware, has not been before instituted, has the 
merit of extreme simplicity, of unerring accuracy 


this is bad practice, although almost universal ‘in 
machine-tool countershafts ; but with a high speed 
it is simply courting troubles, delays, and disaster. 
A cast bush not only gives by the mere fact of a 
cast to cast wearing surface a tenfold increase of 
life, but gives an increased wearing surface, owing 
to its increase of diameter compared with the shaft 
diameter, and, incidentally, more economy in the 
lubricant. 

The floor on which we have our lathes laid down 
should be so arranged as to transmit a minimum of 
vibration. Our hold-downs for the machines should 
be as secure as possible, and our countershafts, 
hangers, and fixings stiffened. 

All these are points which present themselves 
in the use of the new steels for our old lathes, and 
in the designing of new machine-tools, the essential 
alterations, among others, must be increased dia- 
meters and widths of pulleys and cones and 
spindles, and more gradual changes of spindle 
speeds. This has already been ably dealt with in 
a paper by Mr. Osborn, read recently before the 
Manchester Association of Engineers. By glancing 
at the chart again, the failing in our old cones will 
be apparent. Note the great increment in velocity 
in changing from one step to the next—an increase 
averaging almost 100 per cent, so that where we 
cut a 10-in. diameter cast iron at 38 revolutions, we 
have to keep to the same speed for all intermediate 
diameters down to 5$ in., giving a corresponding 
proportional loss in time. 

And when the lathe countershafts are speeded up, 
this is greatly exaggerated, for when in the past we 
may have wanted to run at 60ft., and had to decide 
on either 40 ft. or 80 ft.—a difference of 40 ft.— we 
have now by increasing our speed 100 per cent. to 
choose between 80 ft. and 160 ft.—a difference of 
80 ft.—due, of course, to the great ratio of the 
adjacent cone diameters. 

But because we are not eminently cut out to reap 
'the advantages of the high-speed steels, it is very 





when compared with the old method of setting the | foolish to close our eyes and be content to blunder 


machine on, and judging by the apparent speed of | on in the old way. 
Not nearly the same amount of super- | text-books of 15 ft. per minute for cast, and 25 ft. 


the cone. 
vision is required as compared with the speed-and- 


The old speeds, as given in our 
» aS 8 


for mild steel, will not keep us in the position we 


feed patrol, as the operator has not the same excuse | ought to occupy in the engineering world; and 
for thinking he was at the right speed, and the | where we have a legitimate means of forging ahead 
foreman or works superintendent can see at a/of our rivals, we must take full advantage, and to 


glance whether the chart is being adhered to or 


that end must welcome the introduction of high- 


not. | speed cutting steels. 


There is a certain amount of satisfaction in | 
knowing that although the old tools will suffer a | 
more or less early decease through the universal 
wear and tear, we shall feel satisfied that we have 
got our value out of them, and not feel so loth to | 
eventually scrap them, as we otherwise almost 
regretfully do. | 

A great deal of pessimism and optimism has 
been, and is being, exhibited ; but if we desire to 
keep pace with the times, we are bound to give 
either this or any other improvement a fair trial 
before either condemning or extolling its adoption. 
In favour of a trial we have the fact that no great 
initial outlay is necessary as compared to the pur- 
chase of a high-class specialised modern machine- 
tool whose adaptability may be questionable in 
some works. There is also a fact that, although 
our lathes may not be built for the high increase 
of speeds, we gain in the increased life of the 
cutting edge on the same speeds—a very desirable 
and important result on a large number of jobs. 

On the other hand, it is a great mistake to sup- 
pose that by increasing the speed of the machine 
50 per cent. we are thereby going to increase the 
output in the same ratio. There will be still the 
setting of the work in the lathe, which of itself, in 
a large number of cases, demands a greater expen- 
diture of time than the actual tooling of the piece. 

More time will be lost in belt repairs, and here 
will be found a great demand for a really ideal 
belt-fastener—viz., one giving the normal strength 
of the belt itself, without sacrifice of flexibility and 
tendency to catch, but at the same time enabling us 
to make a joint quicker than the lap-stitched joints. 
Countershafts having the loose pulley running on the 
bare shaft should be looked to, and the loose pulley 








WEST RIDING RIVERS. 
I.—1866 tro 1904. 


Tue West Riding Rivers Act was passed in 1894. 
It is the charter of those long-suffering streams 
amongst which the Aire and Calder are facile 


| princeps in their extremity of pollution ; and now 


that almost a decade has been spent in pursuing 
the objects of the charter, we deem it timely to 
issue a series of papers dealing with the various 
phases of the herculean task with which the West 
Riding Rivers Board have grappled. 

It need not be said that the difficulties have been 
great—almost endless. The very greatest of these 
has been the creation of a public opinion, or con- 
science, favourable to the great end in view; that 
feeling of reverence for pure air, cleanliness, and 
nature, without which, in the common human 
mind, a beautiful stream is a thing to be used, 
abused, fouled, and corrupted as selfish greed may 
dictate. In the matter of town sewage the difti- 
culty has not been so great as in that of trade 
efuents. Hence it is that the new law, in operating 
to effect the common good, has roused in almost 
every trade and interest concerned the bitterest 
and most determined opposition. In due course 
and sequence we propose to deal severally with 
this branch of river pollution in many aspects ; 
with the county boroughs which have shown more 
zeal for extending their boundaries than in curtail- 
ing their pollutions ; with the sluicing of dams ; 
with problems in water compensation, and other 
kindred matters. 

Two circumstances further justify our treatment 
of this question at the present juncture ; to wit, 








fitted with a cast-iron bush fixed on the shaft, so as 
to give a rubbing surface of cast iron to cast iron. 
One is astounded to find in the case of a leading 
machine-tool maker—if not the leading maker in 


the publication of Mr. Milnes Gaskell’s striking 
statement to the West Riding Boards on his resig- 
nation last year of the chairmanship of that autho- 
rity, held by him with distinction since its forma- 


consequently, without any calculations of circumfer- |Great Britain—an oversight in this respect ; a|tion; and the acceptance of a scheme of sewage 
ence from diameter or counting number of revolu- | new semi-automatic lathe, which should have been | disposal by the Bradford Corporation after 36 years 
tions, the machinist consults the sketch, runs the | adaptable for high-speed steel, being delivered very | of deliberation—a remarkable history, to which in 
belt on and forges ahead. recently with the loose pulleys simply bored out to | due season we may be able to do justice. 

At the top of the chart we read that when taking | the size of the bare shaft. Even at the old speeds} Before entering into the special branches of our 
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of the manufacturers in an earnest and intelligent are six in number—Leeds, Bradford, Sheffield, 
spirit.” | Halifax, Huddersfield, and Rotherham—it is the 

Mr. Gaskell truly calls the report of the 1867 | fact, though Mr. Gaskell does not mention it, 
Commission a magnum opus; and we may enlarge | that only the last of these possesses sewage works 
this judgment so as to embrace the other reports | at all designed as commensurate with its needs. 
issued under the able authority of Sir Robert Here the finger touches one of the plague-spots of 
Rawlinson. He knew his subject and his own! swollen urban districts. No doubt the difficul- 
mind—went straight to the core without fear or| ties increase with the volume of sewage, but the 
favour ; and all his reports were stamped by a/ chief difficulty is that of applying coercion to a 
decisive force and clearness not to be expected in| great county borough. Referring to the district 
these days of hedged and sheltered authority. The| we are at present dealing with, he says, ‘‘ When- 
standards of effluent purity laid down by the Com- | ever Bradford and Leeds have really efticient works 
mission in 1867 still ‘‘ lie on the table ” after the | for the treatment of their sewage, the Aire will 


|from being an engine of oppression to the burdened 
| industries of our country, as has been represented 
| by certain associations, is likely to protect them 
|from the inevitable consequences of waste, not the 
least of which is the resumption of the riparian 
manufacturer’s right to pure water at his own door 
instead of having to pay dearly for its conveyance 
from remote moorlands. In Germany, our rivals 
in the woollen trade carry it on under a different 
/véyime. They are not allowed to build a factory 
| without showing proper means of dealing with any 
| waste liquids which may accrue. Possibly their 
recovery of products here wasted may help them in 
| their competition in our markets. 


lapse of thirty-six years, though urgently de- 
manded by those who have to grapple with the 
evil. 

With an unsparing hand the Commissioners, in 
their Mersey and Ribble report, brought all the 
delinquents before the bar of public opinion. Land- 
owner and manufacturer, great corporation and 
humble local board, farmer and villager, all abused 
the rivers and streams for their own convenience, 
to the extent of their opportunity. Each com- 
plained of the encroachment on their own rights 
and comfort; and each was philosophically in- 
different to the rights and comfort of others. 

Mr. Gaskell reminds us that about 1870 the 
Commissioners in their innocence (we may be sure 
they did not then include Sir Robert Rawlinson) 
addressed a series of queries to the Local Boards of 
Health on the Aire and Calder rivers, and also to 
the riparian manufacturers, for suggestions as to 
the best means of avoiding pollution, which was a 
proceeding very much like that of asking the father 
of evil the way to avoid sin. Out of seventy-seven 
Boards sixty-eight were silent, and out of 4990 
manufacturers addressed, only 611 replied, after 
repeated applications. 

As we all know, practically all that the Commis- 
sioners accomplished by their exhaustive labours 
was to enlighten public ignorance as to the extent 
of the mischief. The public, as a body, had no 
real desire to take action. Mr. Gaskell recalls a 
remark made by Mr. Gladstone. ‘‘ Parliament,” 
he said to him, ‘“‘has been very lenient to the 
manufacturers.” ‘‘Say far too cowardly,” replied 
Mr. Gladstone. 

Out of the dark ages of local government, Mr. 
Gaskell brings us into the arena of practical work, 
showing that the first effective step towards coping 
with the forces of pollution was the formation of 
the Mersey and Irwell Joint Board in 1891 under 
an order of the Local Government Board; the 
powers of which, being insufficient, were welded into 
a powerful instrument by an Act of Parliament in 
1892, which broke through the shackles of the Rivers 
Pollution Act of 1876, and made thecommittee aliving 
force. The West Riding County Council speedily 
followed suit, and in 1893 the West Riding rivers 
were also placed under the protection of a joint 
committee—a body transformed by the Act of 1894 
into the West Riding Rivers Board, with further 
and enlarged powers, which, as Mr. Gaskell says, 
enabled the Board to begin their work with some 
hope of success. 

From the passing of this Act, modelled on the 
lines of the Improved Mersey and Irwell Joint 
Committee Act, dates all the effective work of the 
West Riding authorities in the direction of the 
suppressing of the liquid trade pollution of their 
streams. The statement then briefly describes the 
powers of the Act in respect of pollution by solid 
matter, by sewage, and by trade effluents—ad- 
mitting that, with all its improvements, the Act 
was (and still remains) deficient in many respects. 
Then follows an epitome of the work done, from 
which we gather that the river tipping of solid 
refuse is an offence rapidly dying out; but not, 
we regret to note, the practice of sluicing out mud 
deposited in mill dams, with yespect to which there 
exists—though he does not say so—a strong sym- 
pathy on the part of the magistrates at quarter 
sessions, many of whom themselves are habitual 
offenders. What is important is that local autho- 
rities are now assisting the Board to keep out solids 
from extraneous sources. 

Since 1893 the 13 non-county boroughs have 
doubled their works of sewage disposal, while the 
urban districts have rather more than doubled 
theirs ; 117 districts have now 117 works, which, 
however, must not be held to mean that each dis- 
trict has its works, some having two or more, and 
therefore some having none. Against 29 rural 
districts with 48 works, there are now 29 with 105 
works. Coming to the county boroughs, which 


flow comparatively clean, and fish once more be 
seen below the entry of the Bradford Beck.” Brad- 
ford's record is set forth in dark colours, for, as 


he says, ‘*in 1893 out of 12 millions of gallons less | 


than one million were treated, and I have little 
doubt myself that the sludge which was taken out 
of the sewage by day was often run into the Beck 
by night,” which riparian misdemeanour, not alto- 
gether unique, it may be, in its enormity, only 
reminds one of the innumerable back doors of 
pollution which open silently by night in places 
where the sanitary conscience has no footing. 

What applies to the Aire and Calder applies to 
all the industrial rivers of the Riding. The county 
boroughs discharge an aggregate volume of 60 mil- 
lion gallons of sewage, and until these boroughs 
are made—that is the word—to do their duty, 
no real purification of the river is possible, and the 
enormous sums expended by the smaller communi- 
ties, spread thickly over a vast industrial area of 
manufacturing and colliery districts around the 
great boroughs, will have been spent largely in 
vain. As Mr. Gaskell says, the longer the delay 
in dealing with the evil, the greater the cost will 
be. A scheme for Leeds will probably cost twice 
as much now as it would have cost thirty years ago. 
Not only are wages and materials 25 or 30 per cent. 
higher, but land, easements, amenities, and all 
other things acquired or damaged under compulsory 
powers are valued on a higher scale, to say nothing 
of increased interest on loans and increased cost of 
Parliamentary contests and arbitrations. Facility 
of transit has converted rural districts into pos- 
sible suburban lands, which must be paid for as 
such. These developments of time affect all the 
county boroughs, but in respect of the greatest of 
them—Leeds—probably the most costly fruit of 
delay is the cost likely to be entailed by the 
development eastward—down the valley of the 
Aire—of the West Yorkshire coalfield. This difti- 
culty, practically non-existent in 1870, now lies 
across their path the whole way from their 
present works to the estate hastily purchased for 
their sewage scheme three or four years ago, and it 
proved an impassable Parliamentary barrier in 1901 
to the passing of the Corporation Bill for the con- 
struction of their great outfall sewer down the 
Aire Valley from Knostrop to Gateforth. Time, 
therefore, does not justify those advocates for 
delay who think to profit by putting off their public 
duties until forced into them by compulsion, and 
meanwhile to mortgage the rates for vast trading 
speculations, which form no essential part of 
public duties. 

After taking us one by one into all the principal 
dales and valleys of the Riding, and describing their 
condition with reference to sewage disposal, our 
author turns to the treatment of trade effluents. 
This is a subject which above all others bristles 
with difficulties, and offers an inexhaustible field for 
the millowner and his lawyer and the army of expert 
witnesses on whom they rely to defeat, obstruct, 
or put off the law. First, however, Mr. Gaskell, 
wisely cites cases showing how, out of the nettle 
duty, the manufacturer may pluck the flower of profit. 
Driven to economy by coercion, a paper-maker saves 
5001. a year by recovery of pulp ; bythe same compul- 


| The irony of facts pervades the industries of the 
| West Riding, as it does everything human. The 
| Sanitary conscience, and with it the instinct for 
natural beauty in streams, thrust aside in the pur- 
|suit of wealth, much of which is bestowed in 
|pauperising charity and art galleries of doubtful 
| value ; and we see around us an eagerness almost 
| amounting to fever for technical education, with 
| waste products poisoning every stream. Professor 
Farmer has recently given us a fine illustration of 
what the zeal, almost amounting to fanaticism, for 
technical education has come to. In an address to 
| students at South Kensington, he instanced a large 
| woollen mill in the north—doubtless in the West 
| Riding—recently visited by him, in which the 
| various trade processes, and especially the dyeing 
department, offered an ample field for the economic 
resources of chemical science. Here he found 
neither chemist nor laboratory, nor a single work- 
|man who possessed even the rudiments of science. 
The manufacturer being asked what became of the 
waste products, replied that everything found its 
| way to the sewers. To us who inhabit these indus- 
| trial valleys, nothing would be less surprising than 
|to find that this man is an earnest and zealous 
| governor of some technical institution, and regards 
‘the West Riding Rivers Board as the enemy of his 
‘trade; and Professor Farmer’s example of one 
factory thus devoid of scientific aid, and equipped 
with every facility for waste, to the enormous 
injury of the riparians, is but one more illustration 
of the public ignorance of this fact: that what is 
needed is not the scientific means of reform, but the 
sense and energy to use such means. In a word, to 
the vast bulk of the woollen factories of our county, 
scientific help is still a myth. If the seed of science 
fall on stony ground, let not its sower be blamed, 
unless, indeed, for not taking it toa more generous 
soil—a land, for instance, in which a great firm 
will not grudge a few thousands spent in research 
from time to time. 

Mr. Gaskell’s statement is full of caustic 
humour. ‘‘ Theoretically, all the world wish us 
well. Secure, they say, the purity of the rivers, 
restore the salmon, succeed in your noble endea- 
vours, but do not harass any man. One man 
pleads that he is too busy to construct purification 
works ; another, that trade is too slack ; a third 
will do something when the stream is clean above 
him ; another, when it is clean below him. One 
manufacturer claims that he should not be called 
upon to purify his refuse, because the stream into 
which he discharges is a very old one.” 

‘* We have a great grievance in Saddleworth,” 
said the chairman-of. the bench in that district, 
himself a manufacturer and an offender, sitting on 
a fellow culprit’s case, ‘‘ You have harassed us. The 
whole system is rotten from beginning to end. This 
is simply persecution. It is not trying to purify the 
river. You are persecuting people in the district, 
which, I say, the Rivers Board have aimed at from 
the first.” 

The Rivers Board action has called into existence 
a powerful organisation—to wit, the West Riding 
of Yorkshire Millowners and Occupiers’ Associa- 
tion. ‘*What the object of the association is,” 











sory education, a colliery saved 3U0 tons of fine coal | says Mr. Gaskell, ‘‘ will best be gathered by the 
per fortnight ; a blanket-maker gained a return of | answer given by one of its members to the Royal 
20 per cent. profit on his outlay ; while a woollen | Commission on Sewage Disposal on May 6, 1902. 
manufacturer's by-products give him a profit of |The witness was asked, ‘So the object of your 
10001. a year ; all of which trade economies accrued | association, so far as your experience goes, is to 
from waste matter formerly discharged so as to| further the purification of the river?’ To which 
convert the living stream into a sewer. If Mr. | question he replied, ‘I have never seen anything to 
Gaskell had done no more than bring forth these | make me think that it is; as far as I know, it is to 
facts, his statement would have been amply justified. | fight the Rivers Board, so far as any business I 
They should be scattered as widely as possible for | have heard of them doing.’ ” 

the encouragement of law-breakers to comply with} One special object of this powerful body is to 
the law, and of river authorities to steadfastly) prove that certain natural streams are now, by 
enforce it upon great and small] without distinction. | reason of their excessive pollution, transformed into 
As the history of trade has so often proved | common sewers, by which trade effluents may be 
before, it seems likely that the Rivers Act, so far 


| discharged without offending the law. Buta few 
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months ago a case was tried in which the mill-owners 
tained this theory, in face of the fact that not 
only had the borough adjacent diverted its sewage 
from the beck in question within twelve months 
under compulsion of the Rivers Board, but the very 
district in which the offenders’ mills stood had done 
the same thing many years before, with the express 
object, as set forth by a special resolution of the 
old Local Board, of purifying this very stream ! 
Those members of the Sanitary Institute who 
left Bradford in July last, after the Congress, ex- 
pressing their loathing of the filthy streams which 
surrounded the temple of sanitation temporarily 
erected there, and wondering at the toleration of 
the inhabitants, may now understand a little of 
the question, and realise how mighty and prolonged 
a struggle is needed to restore to man that self- 
respect which use and greed have been gradually 
destroying for three or four generations. Herein 
lies the essence of the strenuous work of the Rivers 
Board. This work is not costly. In ten years the 
Board has spent 53,0001., the price, as Mr. Gaskell 
happily puts it, of a picture or three or four china 
vases. Let us heartily give it God-speed, and 
render due thanks to the author for his work. A 
statement so clear, succinct, and humorous should 
be found in the hands of all interested in the truly 
national work of river purification. 

We propose in our next article to enter upon the 
status quo at present reached by county boroughs 
of the West Riding. 


main 








THE CRYOGENIC LABORATORY AT 
LEIDEN. 
By H. H. Francis Hynpman, B.Sc., A.M.I.E.E. 


One of the most marked features of modern ex- 
perimental work in physics is its increasing ten- 
dency to be specialised locally. This is largely due 
to the ever-growing complexity of modern require- 
ments, and the consequent expenditure of time and 
money, necessary for the preparation of the appa- 
ratus suitable for certain kinds of research. 

This tendency to specialisation has been, for 
many years, a marked feature of the physico- 
chemical works of the Netherlands. Certain 
branches of thermodynamics have been taken and 
advanced by continual and concerted effort, while 
two University laboratories are practically devoted 
to the work. The beginning of this period was the 
publication by J. D. van der Waals of his now 
famous dissertation for the doctor’s degree at 
Leiden, on ‘‘The Continuity of Liquids and 
Gases.” Shortly afterwards (1877) van der 
Waals was called to the newly-formed chair for 
experimental physics in the reorganised Univer- 
sity of Amsterdam. About the same time H. 
A. Lorentz was appointed for theoretical physics 
at Leiden, and he, though his work has mostly 
developed in other directions, has contributed to 
the subject. The appointment of van’t Hoff to the 
chair of inorganic chemistry at Amsterdam, made 
this University for some time the centre of impor- 
tant thermodynamical advances, and in 1884, H. 
Kamerlingh Onnes, who had already written on 
the subject, was appointed to the chair of experi- 
mental physics at Leiden. 

At this time Amagat had already made, in Paris, 
some of his long series of measurements to very 
high pressures on the isothermals of the so-called 
permanent gases, as well as on carbon dioxide, 
ether, and water. However, for the most important 
questions, it is necessary to have determinations 
near the critical points of the substances. These 
Andrews and Amagat had made for carbon dioxide, 
as it lies at an easily available temperature ; but of 
the then known non-reactive gases, which were at the 
same time elementary, all had critical points below 
zero. These considerations induced Kamerlingh 
Onnes to commence the installation of a cryogenic 
laboratory. The original programme was a bold one, 
and has been consistently followed. It was to make 
baths of liquid gases at any constant temperature, 
between zero C. and the boiling-point of hydrogen, 
an instrument of physical research. This pro- 
gramme is still not complete, as the lower tem- 
Soar depending on liquid hydrogen have not 

en obtained, but they will be added before long. 

At the present time, when the most recent appa- 
ratus of Olszewski can produce liquid air in ten 
minutes and liquid hydrogen in twenty minutes, and 
in any required quantity ; when, also, liquid air is a 
cheap article of commerce, used for the most mani- 
fold industrial purposes in isolated places, it may 
Seem to be superfluous to describe a laboratory with 





much complicated and costly apparatus, which takes 
a longer time to produce less material, and hence, 
at first sight, has been superseded. The whole 
question lies in the words in italics above. Even 
at the present time it would be impossible to main- 
tain a constant temperature without many of the 
auxiliaries used at Leiden, so that, for the purpose for 
which it was designed, the laboratory holds a special 
position. Moreover, even were it possible to per- 
form the same work with a smaller expenditure of 
energy and with simpler apparatus, an installation 
such as that at Leiden has many points of interest. 
To understand the principle it is necessary for a 
moment to consider the position of cryogenic tech- 
nology in the ’eighties. At this time there were 
few workers in the field. Cailletet and Pictet, 
Wroblewski, and Olszewski had produced liquid 
gases of low boiling point, and Wroblewski had 
actually made measurements on the isothermals of 
hydrogen in a bath of boiling oxygen as early as 
1884. The only method then known was the cas- 
cade, due to Pictet, so that this was of necessity 
adopted at Leiden, as it had been somewhat earlier 
by Dewar at the Royal Institution. 

The cascade is a system by which the lower tem- 
peratures are reached by a series of definite steps 
in the general fall. A suitable gas is chosen, which 
has a critical point above the ordinary temperature, 
and which can hence be condensed by pressure 
alone. 

The liquid produced by this condensation is 
evaporated under reduced pressure, thus reaching 
a temperature below the critical temperature of a 
second suitable gas. By suitable transfer of heat 
and compression, this second gas is liquefied and 
can be used for a third cycle, &c. Were there no 
limitations to the pressures which can be practi- 
cally employed, this process would be much simpli- 
fied; but, unfortunately, the natures of the avail- 
able gases put working maxima to the advisable 
pressures. Ethylene was shown by Cailletet to be 
highly advantageous for the purpose of obtaining 
low temperatures. However, it has a pressure of 
30 kilogrammes even at —10, which is the lowest 
temperature that can be conveniently reached by 
an ordinary freezing mixture in bulk. This pres- 
sure would be quite suitable if the gas could be 
kept quite pure; but as this is practically impos- 
sible, and the addition of air produces an explo- 
sive mixture, it is not advisable to risk a possible 
rise of temperature and explosion in the pumps. 
Hence the choice falls upon methyl chloride or 
sulphur dioxide for the first cycle, or a preliminary 
cooling of the ethylene by carbon dioxide snow, 
the two liquids having comparatively low vapour 
tensions at ordinary temperatures. Methyl chlo- 
ride also forms an explosive mixture with air, but 
as the pressure can be kept low and every precau- 
tion against explosion has to be taken for the 
ethylene, it introduces no additional complications, 
and is a more agreeable substance in small doses 
than sulphur dioxide. Since ethylene can easily 
give a temperature below the critical value for 
oxygen, this latter gas forms the most suitable 
substance for a third cycle in exact investigations. 
As mentioned above, the fourth, or hydrogen, 
cycle has not been completed, and may even be 
unattainable, without the employment of the Linde 
principle, or an intermediate cycle. There are no 
investigations as yet to hand which can decide the 
question, so that the establishment by Kamerlingh 
Onnes of the fourth cycle in the complete cascade 
is still a problem for the future. 

In addition to these three cycles of methyl 
chloride, ethylene, and oxygen, several other 
auxiliary circulations are employed. These consist 
of intermediate gases, so that: certain temperatures 
can be more easily obtained, or circulating liquids 
cooled to the requisite temperature. 

A very diagrammatic representation of the entire 
cryogenic installation at the present time is given 
in Fig. 1, page 324. In the laboratory the main 
cycles have different colours ; in the figure they are 
distinguished by different types of line, while the 
auxiliary cycles have each a distinguishing type 
of line, which will be mentioned later with their 
description. In each case the arrows indicate the 
direction of circulation. We will first consider 
each of the complete cycles, and then, in more 
detail, some of the special apparatus employed. 


THe MetuyL CHLORIDE CYCLE (- - - - ). 
The working stock of this substance is preserved 
in the reservoir B, under a pressure of some 5 kilo- 
grammes in the liquid state. Running water keeps 





the reservoir cool during work, and the quantity of 
liquid can be seen in a glass tube, whisk is cooled 
by ice. From this vessel the liquid methyl] chloride 
can flow along tubes to 

1. The ethylene refrigerator C, ; 

2. The nitrous oxide refrigerator C, ; 

3. The calcium chloride solution refrigerator R, ; 

4. Some experimental vessel G, ; 
the inflow being regulated by the cocks, of the form 
described later (Fig. 2, page 325). 

In each case the gas produced by the evaporating 
liquid is drawn away to the pumps P,, Q,, where 
it is again compressed and returned to B,. To 
attain the required reduction of temperature, the 
liquid in the circulations 1, 2, 3, above, is always 
evaporated under reduced pressure by the pump 
P, in conjunction with the vacuum reservoir V;. 
For the experimental vessel, the pressure used 
depends upon the exact temperature sought, 
as described later on, and either the vacuum 
vessel V., for reduced, or the caoutchouc sack A* 
for normal pressures is included in the circulation. 
Should much extra gas be required, it is drawn 
from the pressure reservoir B,, and returned to it 
when the operations are concluded. 

The three pumps act in series, Q, for very low 
pressures to low, P,’ from low to normal and P, 
from normal to the pressure required ; so that, if 
only a moderate vacuum is needed, and the quan- 
tity of gas is not large, the pump Q, may be cut out 
of the circulation. At the pressure side of the 
pump P,, safety-valves v and oil-catcher O, are 
drawn; these will be described in more detail 
later. Several cross and additional connections are 
shown which are found to be useful. Attention 
may be drawn to the tubes connecting the top of 
the safety-valves to the normal-pressure system, 
which prevent the gas from escaping into the 
laboratory. 

In order to render the process as economical and 
eflicient as possible, each refrigerator is provided 
with a regenerator, through which the cold vapour 
ascends and meets a descending current of gas or 
liquid. This principle is now in common use in 
many industrial applications, and is here very care- 
fully worked out, so that the temperature exchange 
is nearly complete (see page 325). 

The normal boiling point of methyl chloride is 
about — 23° Cent., and it can give temperatures 
down to — 90° or so with exhaustion. However, 
it is much more satisfactory and less complicated 
to employ a liquid boiling at about this tem- 
perature in a normal manner. Nitrous oxide is 
a very convenient gas for this purpose, as it is 
easily liquefied in the methyl chloride refrigerator, 
and is not chemically reactive. It has the disad- 
vantage that the freezing lies so little below the 
boiling point that boiling under reduced pressure 
can only be carried out over a very limited range. 
When mixed with a little air, it also solidifies easily, 
owing to the partial pressure falling below the 
limiting value. Nitrous oxide for the circulation 
is contained under pressure in the cylinder B,. 
On entering the circulation it passes through drying- 
tubes d to the regenerator R, and refrigerator C, 
where it liquefies and is drawn off directly into the 
experimental circulation G,. From here the vapour 
enters the sack A,, whence it is drawn by the pump 
used, either 3 or 4 depending upon the quantity 
and required purity of the gas. 

For purely qualitative work, it is quite pos- 
sible to use a mixture of carbon dioxide and 
ether evaporating under a regulated pressure ; 
but the impossibility of adequate stirring, and of 
replenishing the mixture satisfactorily, render this 
mixture less advantageous for quantitative work 
than nitrous oxide. 

For many measurements a bath giving a con- 
stant and uniform temperature from about zero 
to — 20 deg. Cent. is a great convenience. In cer- 
tain cases, the required temperature can be ob- 
tained sufficiently satisfactorily by one of the many 
freezing mixtures. It is, however, extremely diffi- 
cult to regulate the temperature to any degree of 
exactness, and it rarely remains constant. For 
certain measurements, which will be described later, 
very accurately adjusted and constant tempera- 
tures, in this range, were required in a vertical 
tube, which should remain transparent. To attain 
this, a circulation of a solution of calcium chloride 
of density 1.28 was prepared, and all the essential 
apparatus is shown in Fig. 1. P, is a small force- 
pump, which drives the clear filtered solution 
from the reservoir A, into the refrigerator, whence 
it flows to the thermostat Th, constructed in the 
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same manner as those used for ordinary tempera- | though it has been employed for liquefying methane, 
tures. It is here heated bythe flame under the second | and would be suitable for this gas if a permanent 
vessel to the constant temperature required in the | circulation, of the same kind as the nitrous oxide 
vertical vacuum tube E,, through which the liquid | above, were required. At the present time the 
rises. It will be noticed that the cold methyl | methane circulation is otherwise arranged. 
chloride vapour cools the inflowing liquid methyl| Ethylene vapour rising from the regenerator B, 
chloride in the regenerator R,. or other apparatus is conveyed to the reservoir V, 
The vacuum glass G,, or other experimental | if the pumps are working at low pressure, or to A, 
apparatus which may be connected to the methyl | if atabout atmospheric. In the first case the pump 
chloride circulation, is the same for this as for the | Q, must be used as with methyl chloride, otherwise 
other gases, and will be considered later on. In| P’, is sufficient. Should more liquid ethylene be re- 
certain cases, also, the ordinary methy] chloride, or | quired, it can be drawn from B, or other cylinders 
other liquid, is not sufticiently pure for the required | under pressure. The extra size of V, is due to 
experiment. Under these circumstances the im-| the necessity of taking all reasonable precautions 
pure liquid is distilled and the purer distillate con- 
densed at about the normal pressure in one of the 
refrigerators, like C,, for the reverse operation. 


about 12 kilogrammes. 
grammes was a common working pressure, and, as 15 



























































|the cylinder or the circulation. 


| 3. The air refrigerator C,. 
4. The experimental vessel G,. 

When the pressure is atmospheric, the evaporated 

oxygen from any of these is conveyed to a Brother- 
| hood pump P,, and this is the usual case for the 
| three auxiliary cycles. Should a low pressure be 
/required, it is necessary to employ the pumps Pp, 

and Q,, which transfer a much smaller volume, but 
|keep the gas pure during evacuation, which the 

Brotherhood pump does not do. In either case the 
compressed gas passes through an oil-trap back into 
As before, the 
| vessel V; and gas-bag A, are used in connection 


| with a reduced and normal pressure circulation 
for safety, and the valve v, is now usually set at | respectively. 

Formerly 10 to 12 kilo- | 
| temperatures which lie 20 deg. below the boiling. 


Liquid nitrogen and methane are useful for 































































































(e124) 


Both the vapour from the impure and pure liquid | kilogrammes had been taken as the allowable maxi- 
pass into the general circulation for the particular) mum, it sometimes happened, owing to a leak and 
gas. | consequent admixture of air, that the condensation 
Returning to the methyl chloride which flows | pressure rose to the limit, and the work had to be 
through the refrigerator C, into the regenerator R,| stopped. However, as mentioned above, the work- | 
for ethylene, which is described in detail below, | ing pressure is now about 6 kilogrammes, so that | 
and illustrated in Figs. 3 to 8, page 325, we may | this difficulty never occurs, and constantly liquid 
pass to the consideration of the second cycle. ethylene has been drawn off in experimental appa- 
| ratus to the extent of some litres, while at the same 
Tue Eruyiens Cycre (— -— - — ). | time the condensation of oxygen for the third cycle 
In general principles this cycle resembles the | has been progressing. 
methyl chloride, but the gas is either preserved in | | 
P, under a pressure of 6 to 10 kilogrammes, or at | THe OxyGen Cycie (— --- — ---). | 
about atmospheric pressure, in the large safety; This, again, follows the same general course, | 
reservoir V, of 600 litres capacity. |though the apparatus has certain differences to | 
On commencing work the gas is drawn into the | adapt it to the special conditions. Oxygen gas, at | 
pump cylinder P', and delivered under a pressure | about 70 kilogrammes pressure, is preserved in the | 
of about 6 kilogrammes by the cylinder P,. From | cylinder B; and passes through strong steel drying | 
here it passes through an oil-filter O, to the top of | tubes d; to the top of the regenerator R, and | 
the regenerator B,, where it is cooled partially, | refrigerator C, where it is cooled and liquefied in 
and then on into the refrigerator C,. At the pre-|the boiling ethylene. The liquid oxygen thus 
sent time liquid ethylene is employed regularly in | obtained has four distinct uses at the present time. | 
two ways, passing to | It may go to— 
(1) the refrigerator for oxygen C,, 1. The nitrogen refrigerator C,. 
(2) the experimental apparatus G,, or E,, - | 2. The methane refrigerator C;. 





5 


point of exygen, or 20 deg. above. The former 
temperature can be obtained in a vacuum with an 
oxygen bath, but the boiling is rapid and less 
easily regulated than the normal nitrogen. In the 
diagram the cycles are almost exactly the same ; 
hut they have been both given- because they can 
be, and even have been, worked together, though 
at present they would have to be pumped alter- 
nately by Q, and P, from their respective vacuum 
or normal reservoirs V,, V; and Ag, Az. 

Liquid air is only made at Leiden for the purpose 
of cooling some apparatus to an approximate tem- 
perature. It is drawn through potash and drying 
tubes into a second Brotherhood P,, and delivered 
through the usual high-pressure oil-trap (Fig. 11d) 
to the air refrigerator C,, from which it is drawn off 
as liquid into a convenient vessel G;. As a con- 
clusion to the general description, some of the 
more important working data are summarised in 
Table I., page 326. No attempt is made to give 
exact numbers, as the small differences do not affect 
the technical operations. 

A has been calculated, by the principle of corre- 
sponding states, from experimental vapour densi- 
ties found with CO,. It is intended, in conjune- 
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tion with the list of freezing and normal boiling | 
ints, to give the limits of temperature between 

which any given gas can be used. The lower limit 


is, however, never employed in exact work, owing 
’ 







Fr y: 2: 


RSS 





Sy 


SS 











ON 


SS 
WA, 
Z 
UES 
Z 





SN 











— oe 


to the great alterations of temperature with minute 
changes of pressure. 

All the gases used in the cycles are now articles 
of commerce at the prices and with the percentage 
impurity given. Even with the best machinery 
the gases become contaminated, after some time, 
with air, which seriously interferes with their 
liquefaction. When the percentage which requires 
the maximum pressure has been reached, the gas 
must be purified. Those with comparatively high 
boiling points can be largely freed from air by 
repeated condensation, distillation, and rejection 
of the first distillate. In this way also the methane 
can be freed from hydrogen, which forms its chief 
impurity. The low purity of the ethylene is due 
to ether and water vapour and carbon dioxide, 
which are all absorbed in the laboratory before 
use, 

It should be remembered that the apparatus de- 
scribed above must be adapted to laboratory use ; 
this means that it must be easily controlled. It 
must be able to stand idle for weeks, and yet be in 
working order when required, and it must be able 
to work continuously for many hours in succession. 
To attain this end it is clear that every part must 
be very carefully made, and that every detail 
must be fully considered. It would be impossible 
in the space of this article to describe even shortly 
the numberless devices which are used. Those 
interested in any special question can find many 
details in the Communications from the Physical 
Laboratory, which are corrected reprints, issued by 
Professor Onnes, of the Proceedings of the Royal 
Society of Amsterdam. Many of these are, how- 
over, treated in great detail, so that some of the 
more important of the machines may be considered 
shortly here, 





Tue Recenerators, &c. 


In point of time the three principal refrigerators 
fall in the order R,, R;, Ry, and also, as would be 
expected, in point of efficiency. 

Formerly R,, C, was used for the ethylene cycle. 
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and surfaces were properly calculated. Good cocks | cock a until the floater ) shows that the spiral is 
and a safety-valve were also introduced. The most sufficiently covered. Here it is evaporated, the 
recent and best is R,, now used for the condensa- | vapour completely surrounaing the spiral tubing 
tion of ethylene. This in turn will form the starting- |/, its progress being further delayed by perforated 
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It was made at Geneva, and has the usual com- 
mercial and simple form. When the oxygen cycle | 
was started, the regenerator and refrigerator were | 


‘point for a new and further improved condenser plates. Connection with the Burckhardt pump is 
| for oxygen. Figs. 3 to 8 show a vertical section and | made by d, with the Pictet by e. Ordinary safety 


certain transverse sections on a much reducedscale. is insured by the valve f connected to the gas 


combined into one apparatus R,, and the volumes Liquid methyl chloride is admitted by the special | system, while a sudden rapid evolution of vapour 
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TABLE I. 


Data of Cycles. CHzs Cl. 


Working pressure... oie 
At condensation tem erature 
Working quantity ; 
Maximum pressure 

Time required - 

Cost per kilogramme 
Containing impurity. . + 
Absolute critical temperature 
Critical pressure % 
Normal boiling point 
Freezing point. . : ‘ : : Pe . 
Temperature at 3mm. vacuum A (very approximate) 


kilogranmmes 4—6 
oe a x {- 15°C. 
kilogrammes 
- - 
minutes 
shillings 
per cent. 


. atmospheres 


Temperatures (approximate) in degrees Centigrade, assuming absolute zero= - 273 


Working pressures in bilogrammes per cm”. 


No O. Co Hy 


4—6 


8—12 

70 135 
2 

SO 

20 

6.5 

z 

155° 

51 
183 
-170 oe 
—170 240 


Cent. 


Experimental pressures in atmospheres = megadyne per cm”. 


due to an accident, for example, would be relieved 
by the additional valve y. 

On the other hand, gaseous ethylene under pres- 
sure passes through the cock h and downwards 
through the spiral |, formed of 58 metres of 1 milli- 
metre walled copper tubing, 7.5 millimetres in dia- 
meter. The gas is here quite cold and even partially 
liquid, but, it passes into a further 53 metres of 0.8 
millimetre walled tubing, 6.4 millimetres in diameter 
l', where it is completely liquefied. This spiral has 
a volume of about 1 litre as against 6 litres for the 
surrounding methyl chloride, the liquid ethylene 
flowing out through the specially packed cock m into 
the circulation described above. 


The only essential difference between this and | 
the oxygen condenser 7, is that the inflow tap of | 


the latter must be of the special low temperature 
form, which is not so necessary for a cock delivering 


methyl chloride, though it is used for convenience. | 


Two of the many kinds of cocks employed call 
for a short description. 
the laboratory for all connections, where a bore of 
a few millimetres is suflicient, and where perfect 
tightness is required up to 200 kilogrammes, whether 
shut or open. 
depending on the requirements, and is shown in 
section in Fig. 9, where a isa very carefully worked 
hard steel pin in either case. Clearly, the cock 
shuts better against pressure along } than in the 
other direction ; but if a suitable packing material 
is chosen, it shuts quite sufticiently in the latter 
direction also. This cock is used for all the standard 
apparatus, and is most satisfactory when carefully 
made. For low temperatures the modification is 
used which is shown in Fig. 2. Here the packing 


is removed out of the way of the cold liquid, and | 


the wooden stem c of the pin prevents conduction 
of heat. This cock cannot be used for such high 
pressures, but it works perfectly well in the oxygen 
circulation. 

Again, the oil filters are most essential assistants, 
as without them the cocks would immediately be 
stopped by frozen oil ; their construction is shown 
at d, Fig. 10, page 328. 

Finally, we must consider the various kinds of 
pumps in use, and their several characteristics. 


THE Pumps. 


Without suitable pumps an installation like the | 


above would be of little value, while many opera- 
tions would be impossible. They have hitherto 
been merely: mentioned by a letter, but we may 
now describe shortly their chief points. The pumps 
in use now are :— 
1. Two conjugated Pictet P, and P,. 

2. Two Burckhardt Weiss for vacuum Q, and Q, 

3. Two Brotherhoods P., P,. 

. Vertical pump P, for use with 

5. Modified Cailletet compressor (),. 

The pumps (1) are formed by putting two double- 
action Calladon cylinders on the same. piston-rod— 
one for vacuum the other for pressure. They are 
provided with water circulations in the piston-rod 
and round the cylinders, and run at 110 revolutions 


per minute, moving 1 and 0.5cubic metre. For the | 
pressure limits in use—12 kilogrammes to 0.03 kilo- | 


gramme—-their special double packings, of caout- 
chouc impregnated with zinc oxide and lubricated 
with bone oil, are quite satisfactory. When a 
vacuum down to 0.004 kilogramme is required, and 
for higher pressures when more gas must be moved, 


the pumps (2) are used to compress into the first | 


cylinder of the Pictet, the safety valve being set 
at 0.25 kilogramme. These pumps run at 160 re- 
volutions per minute and move 60 cubic metres in 
this time. Should it be necessary to exhaust one 


of the other gases (besides methyl chloride and 
‘ 


One is used throughout | 


It is made either of brass or steel, | 


'ethylene) to the same extent, the Burckhardt can 
be introduced into the special circulation for this 
gas, and would then deliver to pump (4). The pack- 
ings are of the same form and material as in the 
Pictet, and are lubricated with bone oil or glycerine. 
Where rapid displacement and compression up to 
| 100 kilogrammes is required without the purity of 
the gas being of the first importance, one of the 
Brotherhoods (3) is used. They are usually em- 
ployed in the air or oxygen cycles when no evacua- 
tion is required, for which they are unsuitable, and 
when run at 500 revolutions per minute, they dis- 
place 0.2 cubic metre. The pump 4 (see Fig. 10, 
page 328) is used as a vacuum pump working from 
0.06 to 10 kilogrammes, and delivering to pump 5. 
By making the plunger @ fit almost hermetically into 
the cylinder, very little of the glycerine lubricant in 
¢ comes into contact with the gas, while the minimum 
clearance enables the pump to work very well, in 
spite of its comparatively small size. The gas 
enters through the filter ), and after compression 
| traverses a second filter d (Fig. 11) on its way to 
pump (5), or, if required, to the circulations. 

After passing the tower, the gas traverses the 
tube e (Fig. 11), in which electric contacts are placed 
to give notice if mercury is forced backwards 
through the valve f. In Cailletet’s pump, the plunger 
entered the cylinder from below, and was covered 
with mercury. However, this became mixed with 
glycerine during work, with the consequence that, 
after a short time, the gas leaked out along the 
plunger. To overcome this the cylinder was given 
the U shape shown, with the glycerine / always 
above the mercury. To further preserve the packing 
an extra link n (Fig. 1) was put into the connecting- 
rod, so that the motion is nearly purely linear, and 
the pwmp remains in perfect order. At the top of 
the cylinder the gas escapes with a spray of mercury, 
which is caught and collected as much as is possible 
| mechanically by the catcher y, the mercury return- 
|ing by the steel capillary). To remove the last 

traces of mercury from the gas, the compressed 
| gas is taken through a tube j and a filter /, con- 
| taining metal foil. In these pumps the packing is 
| made by forcing leather into a wooden collar which 
|surrounds the plunger; and to further produce 
| constant conditions, water circulates through both 
| the pump (5) and the piston of the auxiliary com- 
pressor (4). 

| For normal working the latter makes 150 com- 
pressions per minute, moving 25 litres of gas, 
while the Cailletet makes between 20 and 30 only, 
and displaces 165 litres when taking in at 10 from 
pump (4) and giving out at about 100 kilogrammes. 
| In spite of the number of pumps required, if four 


. | circulations are in use at the same time (i.e., 2 + 2 


+1+2=7), only from 6 to 8 horse - power is 
used on full load, so that the installation is efticient, 
and compares in this respect very favourably with 
| any other. 

| (To be continued.) 


| 
| 








| GAS-DRIVEN BLOWING ENGINE WITH 
SLIDING AIR-VALVES. 
In our issue of May 22, 1903, we illustrated and 
| described a 750 horse-power blowing engine driven 
| by blast-furnace gas on the Cockerill system, and 
| manufactured by Messrs. Richardsons, Westgarth, and 
|Co., Limited, of Middlesbrough.* In our present 
| issue we publish on our two-page plate engravings of a 
| somewhat similar engine, also constructed by Messrs. 
Richardsons, Westgarth, and Co., but which has an 
important modification in the design of the valves of 
the air-cylinder. It is not necessary for us to repeat 
| the particulars of the general arrangement of the 


* See ENGINEERING, vol. Ixxv., page 687. 





engine, as they were described in our former notice: 
and also they are well shown in Figs. 1, 2, and 3 on oun 
two-page plate. ‘These are respectively, Fig, 1, g 
longitudinal elevation ; Fig. 2, a plan; and Fig. 3, g 
perspective view. 

The new departure here consists of the application 
of the ‘ Southwark” valve-gear to the air-cylinder, 
The inlet valves are placed at the bottom of each end 
of the cylinder, and are positive in action, being 
worked by links and eccentrics on the side shaft. The 
air-outlet valves are placed above the inlet valves, and 
are connected to a piston working in a small cylinder 
one side of the piston being in connection with the 
air-cylinder. When the pressure in the air-cylinder 
equals the pressure in the main, the piston is forced 
out, and the valve is opened. As in the case of the 
inlet valve, the closing of the outlet valve is positive, 
and is effected by means of a second smaller piston, 
placed in front of the before-mentioned piston, and 
worked by a rocking lever coupled to an eccentric on 
the countershaft. 

A special feature of this arrangement is that higher 
pressures can be blown when required. This js 
effected by the inlet valves being kept open for 
a part of the return stroke, the reduced volume 
of air being then compressed to the amount re- 
quired. There is a second shaft, which carries at 
each end a short lever, and the end of each of 
these levers forms a pivot, on which the inlet eccentric 
is suspended. The relative position of the levers 
controls the angle at which the eccentric swings, and 
in this way an earlier or later closing of the inlet 
valve is obtained. The second shaft referred to is in 
turn controlled by a smaller piston working in an oil- 
cylinder, the valve of the latter being operated by the 
action of the blast which presses against a spring 
loaded piston. The pressure can be increased or 
decreased by hand, as required to suit the pressure 
of air desired. 








14-IN. HYDRAULIC BORING LATHE. 

Wer illustrate on page 332 a heavy boring lathe 
intended for boring gun forgings, marine shafting, 
and ingots, which has recently been built for the 
Midvale Steel Company by the Niles-Bement-Pond 
Company, at their works at Hamilton, Ohio. The 
lathe will take in a shaft 60 ft. long, 30 in. in dia- 
meter, and bore a hole out of the solid 12 in. in 
diameter the full length, or 14 in. in diameter if a 
shorter length. Two boring-bars are used, one at 
each end, while the work is held in a hollow spindle 
or revolving chuck. Two revolving ring steady rests 
on each side of the centre chuck support the work. 
The feed pressure required to do such extremely heavy 
work is so great that it becomes impractical to feed by 
rack and pinion or screw. For this reason the boring- 
bars are fed in by hydraulic pressure. The boring-bar 
is itself clamped in a head by means of hydraulic pres- 
sure, in addition to a lever and toggle joint gear. The 
hydraulic pressure is 720 lb. per square inch, giving 
a total pressure of 200,000 lb. against the piston. 
It is obvious that an arrangement like this would 
allow the tool to gouge into the work should the metal 
be soft, and, generally speaking, would not offer any 
means of control of the feed. In order to provide for 
this control, the rear end of the piston—-that is, the 
end projecting backward from the cylinder—is cut as a 
very steep screw. A nut revolving on this screw has 
a worm-wheel with a very steep pitch cut on its outer 
circumference. The angles of the screw and the 
worm are so chosen that the pressure against the 
piston will be able to revolve the nut, and the move- 
ment of the nut will be able to revolve the worm, but 
a relatively small amount of resistance on the worm 
will entirely check this movement. ‘This amount 
of resistance is provided by an ordinary feed mechanism 
taken from friction discs, which have the necessary 
change gears, &c., to enable the operator to get any 
feed desired. It will be seen, therefore, that the 
hydraulic cylinder furnishes the pressure, and the feed 
mechanism controls the amount of feed, but that the 
feed mechanism is never subjected to the heavy strains 
due to the exceedingly heavy work to be done on the 
machine. on 

The illustration (Fig. 1) clearly shows the driving 
gear of this machine. It is driven by a 100 horse- 
power Westinghouse motor taking current at 220 volts. 
A motor of this make and size always allows of some 
speed variation by means of the field control, and this 
range of speed is further increased by means of change 
gears, which are also clearly visible in the figure. 
The main driving wheel, which is bolted on to the 
hollow spindle or chuck, has 75 teeth of 4-in. pitch 
and 10 in. width. It is a steel casting, as is also the 
spindle. The piece to be bored is chucked by means of 
set screws shown in both Figs. 1 and 2.. There are 
eight of these, 34 in. in diameter, on each side of the 
machine. The feed is taken from the last driving 
shaft, and is transmitted to the two hydraulic cy- 
linders by means of the long shaft running alongside 
and in front of the bed. This shaft is supported 
by drop bearings—see Fig. 2-—-and is made in three 
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jled together, Change gears and friction 


pieces COUT ; . : 
} a wide range of feeds. A hand feed is 


dises give 
aoe for by 


power feed is | 
gives a fast ) , ; \ : 
the feed mechanism gives a slow motion to this train. 
\ clutch lever throws in either one or the other, and 
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thus gives either a slow feed or a quick traverse of 
10 ft. per minute to the piston, and, if the cylinder is 
clamped to the bed, also to the clamping-head, or, if 
the clamping-head is clamped to the bed, it gives this 
quick traverse to the cylinder. This quick traverse is 
really obtained by means of the hydraulic pressure in 
the cylinder, and the small motor only regulates the 
speed. A hand-wheel is used to adjust the piston and 
clamping-head, or the cylinder, should this latter be 
clamped, to the bed. The parts to be moved being very 
heavy, it is natural that a great amount of movement 
of the hand-wheel is required in order to produce a small 
amount of motion of either the clamping-head or 
cylinder, and, consequently, if the cylinder should be 
travelling at a rate of 10 ft. a minute, by power, 
this hand-wheel would race at a terrific speed, which 
might be dangerous to the operator. For this reason 
the hand-wheel is fitted in’ such a way that it is loose 
on its shaft or stud if either the quick traverse or 
feed is thrown in, and is only connected to the 
mechanism which moves the cylinder when both the 
feed and the quick traverse are out of action, all 
danger being thus avoided. 

The train of gearing moved by the motor can be 
connected to the cylinder mechanism, or it can be con- 
nected to a shaft, which, by means of suitable gearing, 
drives a grooved roll, which is not visible in our illus- 
trations, but which is held in a floating frame inside 
the rear part of the cylinder casting. This floating 
frame carries the hydraulic cylinder, the piston ot 
which is connected to this grooved roll, while the 
cylinder casting is connected to two other rollers under 
the bar. By admitting water into this cylinder the 
inner boring-bar is clamped between the rollers, and 
by moving the grooved roll a quick traverse motion is 
imparted to this inner bar. 


means of the hand - wheel shown, | 
wut before using this hand-wheel the friction discs | 
and feed driving-shaft are disconnected. A further | 
provided by a 5 horse-power motor, which | 
motion to a train of gearing, whereas | 








The mode of operating this machine is to force 4 ft. 
of the boring-bar into the work. By that time the | 
clamping-head is up to the work, and 4 ft. distant | 
from the cylinder. The quick traverse is then brought | 
into play, and the clamping-head is pulled back until | 
it comes up to the cylinder. The inner boring-bar is | 
then pushed 4 ft. further forward, and the boring-bar 
is once more forced into the work another 4 ft. This | 
alternate action of forcing the bar into the work, and | 
drawing the clamping-head back so as to take a new 
grip, is repeated until the centre of the work is 
reached. In setting up new work, whereby, of course, 
the position of the clamping-head and cylinder may have 
to be relocated, the following procedure is adopted :— 

Assuming the cylinder and clamping-head are near 
the centre of machine and are wanted at the extreme 
end of the machine ; then the clamping-head is first 
clamped to the bed, and by means of the quick 
traverse the cylinder is pushed back 4 ft.; the cylinder 
in its turn is then clamped to the bed, and the clamping- 
head being loosened, is run back 4 ft. This cycle of 
operations is repeated as many times as necessary. 
The inner boring-bar can, of course, be withdrawn in 
one operation. . 

The piping for the different cylinders is at the rear 
of the machine, and is supported in brackets or on 
rollers where it is required to slide. There are handles 
for Operating the various valves both on the front and 
rear sides of the machine. 








MANcHESTER AND Hampura.—Messrs. R. P. Houston 
and Co. report that a service which they recently estab- 
lished between Liverpool and Hamburg has fully justi- 
fied their conviction as to the possibilities of that trade. 
It is now announced that the firm will extend the Liver- 
pool line, and establish a service between Manchester 
and Hamburg, with weekly sailings, commencing on 
March 17 ‘ 





' of brake-power in the complete Westinghouse-fitted train 
was 64,61 on the outward journey, and reduced on the 
return journey to 54.92. The percentage of brake- 
power in the complete vacuum train was 73.5 through- 
out, calculated from the cylinder pressure indicated 
by the recording apparatus. The experiments were 
made with varying lengths of trains, ranging from 15 
to 25 wagons. 

WE have been favoured by Mr. Wilson Worsdell, * Ayyended are tables showing the results obtained by 
the chief mechanical engineer of the North - Eastern both brakes at each of the stopping places, and diagrams 


TRIALS OF QUICK-ACTING RAILWAY 
BRAKES. 

North-Eastern Railway, Westinghvuse Quick-Acting and 
Vacuum Rapid-Acting Brake Trials, with Two Trains 
of Empty 40-Ton Coal Wagons, between York and 
Scarborough, on October 29 and 30, 1903. 


———— WESTINGHOUSE BRAKE —— 





Dragranv Showing Composutiary of Goods Troan with 26 40-Tor Waggons and 2 Vane. 
Note - Postion of Giinders and Triple Valves Shown Guise”. 
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VACUUM BRAKE. —— 


Diagranv Showurg Composetvory of Goods Troan with 25 40-Tor Waggons and 2 Vane. 
Note.— Posurzory of Cyanders and Valves Shown thue “” 
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Norru-Eastern RaAriway. 


Trains betwcen York and Scarborough with the Westinghouse Quick-Acting and Vacuum Rapid-Acting 


Brakes on Two Trains of Empty 40-Ton Wagons. 
October 29 and 30, 1903. 


Time Occupied Time Occupied 
between Appli- between Appli- 
cation on Engine cation on Engine 


Time Oc- 
cupied 
between 


Number of 


Actual Actual Vehicles on 


Speed in Stop Dis- Gradient. 























Stop. Drake in Use. : : and First and Brake going obs ’—Falling. | Train Exclu- 
Miles pe se - going’ Applic: Anat IF “years 
i poe Indication of — Fully on at the ee R—Rising. |sive of Engine 
E ae Brake going Required Pres- cae | and Tender. 
on, sure. and Stop. 
OvuTWARD JOURNEY. 
- | secs secs secs 
Strensall f{ Westinghouse sh} 412 44 &4 374 1 Rin 748 15 wagons and 
- a “ i rere ry 750 24 41 41 ; ; vans 
astle Howarc estinghouse 282 24 4 19 | weve ditto 
(emergency) \ Vacuum 42 300 1} 4} 26 
Malton { Westinghouse 334 487 7h 314 35 | 1 Rin 1848 19 wagons and 
(service) | Vacuum | 41 1025 1} 763 76} 2 vans 
Rillington { Westinghouse 324 157 3 44 154 | 1 Rin 517 Ditto 
(emergency) \ Vacuum 41 265 i} } 22° 
Knapton { Westinghouse 31 393 6} 234 864 la F in 384 22 wagons and 
(service) \ Vacuum 354 692 | 3h 474 474 | 2 vans 
Weaverthorpe { Westinghouse} 334 171 3 4} 154 1 R in 1320 Ditto 
(emergency) | Vacuum | 40 260 1} 54 224 
Ganton J Westinghouse 253 252 7k 549 54} 1 Rin 462 25 wagons and 
(service) \ Vacuum 314 885 324 Ss 2 vans 
Scarborough f Westinghouse 344 172 3} 4} 14} 1 R in 227 Ditto 
(emergency) | Vacuum | 35 195 2 5 18 i 


RETURN JOURNEY. 


Ganton (service) .. Westinghouse } 32 | 405 | 7 | 263 | 35} Level 25 wagons and 
Ganton (emergency) Vacuum No reliable record ; emergency took place instead of graduation. 2 vans 
Knapton { Westinghouse 313 165 34 4} 153 1 R in 384 Ditto 
(emergency) \ Vacuum 32 170 1} | ft 164 
Malton { Westinghouse | 37 | me 8} | 14} 48} | 1 F in 3960 Ditto 
(slow down) Vacuum 34 | e = | 754 754 | 
Kirkham Abbey / | Westinghouse 314 382 84 ' 26 37 | 1 Rin 1200 Ditto 
(service) | Vacuum 27 342 a | 354 354 | 
Barton Hill { ” 32 359 cs 304 304 | 1 Rin 264 Ditto 
(service with quick 4 ‘a 22 64 14 5 9 
action) (extra stop) \ 
Strensall { Westinghouse 38 240 3} 5 194 1 F in 566 Ditto 
(emergency) | Vacuum No reliable record obtained owing to derangement of recording 
{ apparatus. | 
Strensall f ” No reliable record obtained owing to derangement of recording 1 Fin 745 Ditto 
(extra stop) | apparatus. ; 
York f Westinghouse 344 | ~ | 8} 244 | 394 | 1 Fin 579 Ditto 
(slow down) | Vacuum No reliable record obtained owing to derangement of recording 
apparatus, 





Norr.—In the vacuum graduated apptications the pressure was rising before the movement of the handle was indicated 
on the diagram. 


Railway, with a copy of the following report giving | showing the position of the vacuum and Westinghouse 
the results of some interesting trials of quick - acting | valves and cylinders on the two trains. 
brakes on the goods trains, made on his line last October. | **'W. WoRSDELL.” 








‘* Each complete train, consisting of engine and tender, | 
25 empty 40-ton coal wagons, and two vans, in one of | 
which was the recording apparatus, was about 380 yards! _ Conrracts. — Messrs.: Manlove, Alliott, and Co., 
in length. The total weight of the train fitted with the | Limited, engineers, Nottingham, have just delivered two 
Westinghouse brake was 536 tons, and that fitted with | examples of Alliott and Paton’s patent high-pressure 
the vacuum brake 543 tons. | steam disinfectors for the use of the latest Cunard 

“The Westinghouse apparatus consisted of quick-acting | steamers Pannonia and Slavonia. 
fittings, with a 10-in. single piston cylinder placed at one | 
end of each vehicle. The whole of this apparatus was | 
supplied by the Westinghouse Brake Company, and the| THE Frencnu Navy.—The French Minister of Marine 
train was fitted to their requirements. The engine fitted | has ordered six submarines of a larger type than have 
with this brake had two 13-in. cylinders, and on the | ever been before attempted. The Minister considers that 
tender one 13-in. cylinder. | one of the new submarines will be equivalent to four or 

‘“’he vacuum fittings were supplied by and fitted on the | five existing vessels of the same class... In giving out. his 
vehicles to the requirements of the Vacuum Brake Com- | recent orders, the Minister believes that he has complied 
pany, and consisted of two 18-in. cylinders and two rapid- | with the wishes of the majority of French naval officers 
acting valves on each wagon, one cylinder and one valve | who desire to have at their disposal submarines capable 
being placed at each end of the vehicle. The engine had | of offensive operations. The French submarine Naiad 
two 18-in. cylinders, whilst the tender was fitted with one | has been launched at Cherbourg. The French me 490d 
21 in. cylinder. boat destroyer Bélier has attained a speed of 294 knots 

‘* Both engineshad eight wheels coupled. The percentage off Lorient. 
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HYDRO-ELECTRIC INSTALLATION AT 
NEWRY. 

Ir we seek to reclaim to our use the water powers | 
on the smaller rivers of the United Kingdom, we are | 
confronted with problems of special interest not un- 
attended with difficulty. We have to deal in most 
cases with a low head of water, and a variable and | 
erratic rate of discharge consequent upon sudden | 
changes of weather. Though electricity has been the | 
instrument by which many rivers have been made to | 
do a good turn in distant mills and factories, the appli- | 
cation of such ungoverned sources of power to dynamo- | 
driving is, as every engineer knows, possessed with 
troubles of its own making. Any attempt, therefore, 
however small, towards a solution of the problem may 
not be without interest ; as it is by an accumulation of 
experience that we are able to accurately predict the 
result attending any line of action, and thus bring the 
subject out of the region of experiment. 

The plant illustrated on the opposite page has been 
built by Messrs. W. and G. Moorhead, of Newry, for 
utilising a fall in the Newry River at a point just above | 
the town. The output of current is carried by an over- 
head transmission line one quarter of a mile long to 
their works, where it is used for supplying are and 
incandescent lamps, also motors geared to various | 
machines used in the works. 

It will be seen from the plan, Fig. 1, that the| 
watercourse at this point makes an angle, from the 
apex of which a dam is thrown across the river. This 
dam is old, and was originally there as a part of a 
system for supplying water to a wheel in a mill a| 
quarter of a mile distant, through a mill-race still in| 
existence. This mill-race is covered for a considerable | 
portion of the length where it passes through the town, | 
but it has long since been laid aside from the duties | 
intended for it when constructed. To use this mill- | 
race for the supply of water toa turbine located at | 
the mill would have diminished an already small head | 
by a considerable amount, as the channel was narrow | 
and obstructed ; and though a gain would have been | 
effected by the fall of the river from point to point, it 
would not have offset the loss due to the friction in| 
the mill-race. It was therefore decided to incur the| 
extra expense of erecting the generating station at 
the weir, but to offset this the cost of keeping the race | 
in repair would be avoided ; moreover, the ultimate 
capacity of the plant would, by this plan, not be 
limited by the discharge through a narrow canal. 

The old weir was 167 ft. across and of uniform cross- 
section, over which, for the entire length, the water 
flowed. As shown in the section, Fig. 2, the vertical 




















up-stream face was made of rough masonry, laid and 
pointed with lime mortar, and the long sloping back 
by boulders embedded in stiff clay. It leaked badly 
in places, which, however, were afterwards made tight 
when the river was diverted during construction work. 
The river discharge varies considerably with the 
season, and the effect of a sudden downpour is quickly 
recognised as a flood, there being no storage capacity 
to moderate the results of sudden changes. For this 
reason it was important to fix the capacity of the 
plant at such a figure that the maximum output, all 
of which would be needed, would be as large as could 
be maintained without incurring a wasteful efficiency | 
by operating for part of the time at greatly-reduced 
oads. To ascertain what could be done, it was 
necessary to make an estimate of the discharge. This 
was accomplished by measuring the flow over the weir 
at different heads, by making use of a formula with a 
reliable coefficient for such cases. As the sill of the 
weir was accurately level and in good repair, it seemed 
justifiable to use a weir formula such as has given 
accurate results in experiments on simall weirs under 
the same low heads. For this purpose the coeflicient 
of discharge, as determined by the late Mr. Francis, 
was used, so that the quantity Q in cubic feet per 
minute for a head / and a length / in feet would be :— 


Q = 2007 JK. 


in which h was a measurement taken about § ft. up- 
stream from the weir sill. 

This relation gives the discharge over a weir with a 
vertical down-stream face, and does not take account 
of end contractions. As this weir has a sloping back, 
a small correction ought to be made for the extra | 
frictional resistance at very low heads, but the end 
contraction correction would be negligible in view of 
the great breadth of the weir compared with the head. 
As the channel above the weir is broad, the velocity | 
of approach was inconsiderable. 

The discharge has been calculated for heads of 1 in. 
up to 30 in., and the plotted results are shown on 
curve A, in which the abscisse are the heights of the 
water level above the sill in inches, and the ordinates 
the discharge in cubic feet per minute for 1 ft. of weir | 
length. The horse-power is not proportional to the | 
discharge, as the tail-water rises rapidly with increas- 
ing weir depth, owing to a sharp turn in the river, 
together with a constricted lower channel. It was 
observed that when the depth on the weir was 3 in. 
the actual fall was 6ft.; and during an exceptionally 
heavy flood, when there was 18 in. of water coming 
over the weir, the head had dropped to 3 ft. Though | 
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the actual working head H and the weir-depth h are 
not connected by a linear law, the error in assuming 
such to be the case is small between narrow limits, so 


that we have 
H=) =f ) h, 


where a and b are the intercepts on the axes of / and 
H respectively. The observations supply us with a 
means of obtaining values to insert for a and b, for 
we have 


b 


a 


= 2.4, 
also 
b= 6 + (2.4 x 0.25) = 6.6; 
H = 6.6 - 2.4h. 


The horse-power per foot of weir length in terms of 
h will therefore be 
>, 15 
aia 33,000 
(1) H.-P. = 0.379 ,/ns (6.6 — 2.4 h). 
To find the value of h, which will make the horse- 


x 200 ./h3 (6.6 — 2.4h). 


| power a maximum, we have 


d (H.-P.) 
dh 
Putting this 


a ; j 
= 0.379 [-8 h? + 9.9h } 


0, we have 
a 4 
- 6h274+ 9.9 h?=0. 
.. h = 1.65 ft. = 19.8 in. 

We thus find that when the height over the weir is 
19.8 in. the maximum horse-power is attained. Any 
further increase in 4 would not augment the horse- 
power, owing to the rapid rise of the tail-water and 
consequent diminution of effective head. The maxi- 
mum horse-power for the full weir length under any 
conditions would therefore be 


Horse-power =167 x 0.379 x 2.12 (6.6 - 3.96) =354. 


Curve B, Fig. 3, is plotted from equation (1). The 


| ordinates give the horse-power for inches of weir depth 


measured as abscisse. ‘The actual available power 15 
obtained by multiplying the value shown by the curve 
by the length of weir in feet. 

As the flow corresponding to a maximum power 
would only be attained by occasional heavy floods of 
short duration, the capacity of the plant had to be far 
short of this ; and from records and observations of the 
flow at different seasons, it seemed feasible to operate 
a 50 horse-power wheel for the greater part of the 
year, at or near full load. It was therefore decided 
to put in a turbine of 50 brake horse-power with a 
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hydraulic efficiency of 76 per cent., thus utilising at full 
load a supply of 6200 cubic feet of water per minute 
under an effective head of 5 ft. 6in. (It was further- 
more stipulated that the efficiency should be well 
maintained throughout a wide variation in the effec- 
tive head.) Allowing 10 per cent. for losses in gear- 
ing between the turbine and generator, the actual 
horse-power delivered at the armature-shaft would 
exceed 44, so that a generator of 30 kilowatts capacity, 
with an efficiency of 90 per cent., could be driven at 
full load. 

As it was desired by the owners that the plant 


not be required to stand by, it was necessary that the 
governing should be accomplished by a mechanical 
arrangement, and that storage batteries should not be 
employed for leveling off the effects of changes in the 
river flow and load on the generator. The difficulty 
of governing is greatly increased under low falls such 
as this. With high falls, the hydrostatic pressure 
can be utilised directly in pressure apparatus for 
overcoming the inertia of heavy gate mechanism 
and unbalanced water pressure, according to change 
in speed through a centrifugal governor. With low 
falls where, as in this case, the hydrostatic pressure 
would not exceed 2.6 lb. per square inch, an auxiliary 
apparatus for applying part of the power of the tur- 
bine to the adjustment of the gates was necessary. 
Messrs. Escher, Wyss, and Co., who supplied and 
erected both turbine and governor through their 
London representative, Mr. Alph. Steiger, M. Inst. 
C.E., accomplish the governing by means of a pressure 
apparatus which consists essentially of a case enclosing 
two rotary oil pumps driven from the countershaft 
bya belt. The circulation of the oil within the closed 
chamber is regulated through a valve by the position 
of the weights of a pendulum governor through a 
system of levers, by which one or other of the pumps 
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go above or below normal speed. The action is com- 


sector to the guide-vanes of the turbine. 








vanes are balanced, 


The turbine is a central flow wheel, designed 
to operate at 55 revolutions per minute; and under a 
head of 5 ft. 6 in., with a water supply of 6200 cubic 
feet per minute, will develop 49 brake-horse-power 
with an efficiency of 76 per cent. The wheel is sus- 
pended from a ring-step bearing, which is fastened to 
a cast-iron bridge carried upon two steel I joists 
placed across the wheel chamber at the floor level, and 
is thus in an easily accessible position. The rubbing 
surfaces of the bearing are immersed in oil which con- 
stantly circulates between the fixed and movable step- 

lates ; and as these plates are of hard metal, the 
yearing will last a long time without any adjustment 
whatever. 

The horizontal shaft, to which the vertical turbine 
shaft is geared by a bevel-wheel and pinion, revolves 
at three times the speed. From this shaft an over- 
head countershaft is driven at 300 revolutions per 
minute, and the dynamo is driven off this shaft at a 
speed of 650 revolutions per minute. At this speed 
the pressure is 230 volts, and at full load it gives 
130 amperes. It is a compound-wound four-pole 
machine, with an overload capacity of 25 per cent. for 
one hour. During a test of the plant an output of 
145 amperes for one hour was recorded, which is above 
the maximum load that it is ever likely to be called 





is made operative according as the turbine tends to 





upon to produce for any length of time. The guaranteed 





municated through the medium of a worm and 
These 


and the governor quickly 
should be entirely automatic between the times of | adjusts them to a new position under changes of 
starting and stopping, so that the attendant might | load. 


efficiency at full load is 90.2 per cent., and 89 per cent. 
at half load. 

The arrangement of the turbine pit and machinery 
will be seen from the illustrations above. The 
foundations were carried down to solid rock at 
the tail-race end of the house, and all the con- 
crete used was made up of one part of Portland 
cement to two parts of sand and four of granite chips, 
the largest of which would pass through a 6-in. ring. 
The sand was obtained from the river, and was ready 
| for use after washing. Though nut of the best quality, 

it was sharp enough to aa a very good concrete. 
| To decrease the cost of the work, without materially 
|diminishing the strength of the foundations, large 
| boulders were embedded in the concrete, and the 
' mixture was well rammed round them. The floor 
of the pit was covered with a rich mixture of 
concrete 8 in. thick from front to back, up to the 
|point of discharge into the tail-race. The wheel 
| is supported upon a floor composed of a grillage 
|}of rails filled in and overlaid with concrete, and 
| the water back is made of 4-in. planks tongued and 
| grooved, the joints being caulked with hemp and 
i served with tar. The hydrostatic thrust is taken up 
iby rails let into the concrete walls at each side. 
During construction, the river was diverted through 
an opening cut for the purpose in the weir at. the 
other end. A mud dam thrown across from the 
weir face to the wall kept the water off that end, and 
enabled. work to. proceed,.- though a small pulso- 
meter had to be employed to discharge the leakage. 
The gate closing the front. ofthe. turbine -pit. has the 
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full width of 12 ft., so that there is no obstruction to 
interfere with the stream tothe wheel. Though some- 
what large, it is raised through a worm and wheel by 
one man. 


In order to compensate for the reduced width of | 


the weir and to provide facilities for handling heavy 
floods, two 6-ft. gates, opening into a by-wash, were 
inserted in the weir. ‘The capacity of discharge of 
these gates is sufficient to control the flow over the 
weir at will, and to protect the rights of owners up 
the river against the effects of back-water when the 
plant is not running. The entire works occupy 56 ft. 
of the weir, which leaves 11] ft. as it was before. 

The current is conveyed to the premises of the 
owners through a 37/14 cable, and the loss in trans- 
mission at full load is 7.2 per cent. 

Of the actual theoretical energy of the falling 
water utilised in the wheel, allowing 10 per cent. 
for loss in gearing between turbine and generator, 57 
per cent. is delivered at the distributing board in the 
premises of the owners at full-load running. The entire 
installation was designed by and erected under the 
supervision of Mr. Robert S. Ball, Jun., A.M.I.C.E., 
of London, consulting engineer for Messrs. Moorhead. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

*lasgow Pig-Iron Market.—The smart decline in prices 
this day week, or in the afternoon thereof, was followed 
by a partial recovery in the morning of Thursday. Open- 
ing a shade easier at 42s. 4d. one month, the price of 
Cleveland warrants advanced to 42s. 64d., while business 
was also done at 14d. above that figure. The turnover 
amounted to 3000 tons. In the afternoon the prices of 
Cleveland iron further improved 4d. to 42s. 4d. cash and 
42s, 6d. one month, with sellers at the close at 42s. 5d. 
cash and 42s. 7d. one month. Dealings, which were 
rather more active than of late, aggregated 5000 tons, and 
included a few lots at 42s. 5d, thirteen and five days. 
Sellers of Scotch iron in the market were 51s. 6d. cash, 
and hematite iron was quoted nominally at 533s. 6d. cash 
sellers. The settlement prices were :—Scotch, 51s, 14d. ; 
Cleveland, 423. 44d.; hematite iron, 53s. 3d. per ton. 
In sympathy with the weakness in other markets, the 
pig-iron market was dull on Friday morning. The tone 
was firmer, and prices of Cleveland warrants rose 
l}d. to 42s. 6d. cash, and 42s. 7d. a month. Scotch 
warrants were offered at 5ls. 6d. cash. The tone 
was steady and unchanged in the afternoon, when 3000 
tons of Cleveland iron were dealt in at 42s. 6d. cash 
and 42s. 74d. one month. Business to the extent of 
500 tons was also done at 423. 8d. three months. While 
the pig-iron market was very idle on Monday, the tone 
was steady, with prices of Cleveland warrants unchanged 
from Friday’s closing quotations. The business consisted 
of 500 tons, which were dealt in at 42s. 6d. cash. Scotch 
warrants were quoted nominally at 51s. 6d. per ton cash 
sellers. There were no transactions of any kind in the after- 
noon, but the tone of the market was fairly steady, with 
buyers of Cleveland iron $d. down at 42s. 6d. and 423. 8d. 
onemonth. Hematite iron was offered at 53s. $d. cash per 
ton. The market was dull on Tuesday forenoon. There 
were no cash transactions, and only 1800 tons were done. 
Scotch iron was sold at 51s. 6d. per ton, and Cleveland 
was sold at 42s. 64d. The tendency was easier, and the 
turnover was 2500 tons. Cleveland was done at 42s. 5d. 
and 42s. 5$d. cash. The settlement prices were :— 
51s. 3d., 42s. 45d., and 53s. 3d. perton. The following are 
the prices of makers’ iron No. 1:—Clyde, 58s.; Gart- 
sherrie and Calder, 58s. 6d.; Summerlee, 59s.; Langloan, 
69s. 6d.; Coltness, 70s. 6d.—all the foregoing shipped at 
Glasgow ; Glengarnock (shipped at Ardrossan), 59s. ; 
Shotts (shipped at Leith), 60s.; Carron (shipped at 
Grangemouth), 60s. 6d. per ton. Only a small busi- 
ness was done this forenoon, say, 3000 tons. Seotch 
was quoted at 51s. 3d., and Cleveland was sold at 
423. 6d. cash. Prices. were steady in the afternoon; 
settlement prices:—5ls. 3d., 42s. 44d., 53s. 3d. The 
pig-iron markets have not varied much during the week, 
but cannot be spoken of as having been active. Un- 
doubtedly the smallness of the stock restricts opera- 
tions, and confines fluctuations within very narrow limits. 
The improvement in manufactured steel is maintained, 
and has had the effect of inducing a temporary harder tone 
among makers both here and in the Northof Eng!and. Good 
reports from, and large shipments to, Italy have assuredly 
contributed materially to this firmer feeling. Germany 
continues to increase her production, in spite of her duller 
trade reports, and stocks there must be accumulating 
somewhat heavily. Strangely, however, her competition 
here has not increased of late, but this may be accounted 
for by the negotiations still going on between her various 
syndicates—a final meeting having been called for March 3 
at Berlin. From America trade reports are the flattest 
known for many a day, and shipments of pig iron are 
already under way for this country, and are likely to 
increase in volume in the near future. Dominion iron is 
again advised as arriving in Glasgow, with every pro- 
bability of further supplies coming regularly to hand. 
Local consumers have been covering their requirements 
more freely of late, and in some instances makers of pig 
iron have advanced their prices. 

Scotch Steel Trade.—Since the advance in the prices of 
steel there has not been anything like the same rush for 
new business in the steel trade in Scotland. At the same 
time there is a quiet undercurrent of inquiry going on, 
which promises to keep the works fairly well employed. 

Sulphate of Ammonia.—The market for sulphate of 
ammonia is reported a little stronger, but it is only a very 


little ; 127. 13s. 9d. is being quoted in some cases, but 


12/. 12s, 6d. is the figure at which business can be done for 


prompt delivery. For April to June delivery 12/. 15s, 
is being quoted by makers, but it is doubtful if a firm 
offer of 12/. 12s, 6d. would be refused. Last week’s ship- 
| ments at Leith amounted to 886 tons of sulphate. 


Clyde Shipbuilding: Launches in February.—As had 
been anticipated, the employers on the Clyde met with 
no opposition from the black squad regarding the reduc- 
tion of the latter’s wages by 5 per cent. The position of 
the local engineers appears to have been determined by 
the action of the North-East Coast masters, who even- 
tually withdrew the notices intimating a lowering’ in the 
rates of pay, and, so far, Clyde shipbuilders have not made 
any movement to place the engineers on the same footing 
as the members of the Boilermakers’ Society. With the 
adjustment for the time being of wages difficulties, there 
has been a gratifying spurt in the industry, and the orders 
announced during the month of February figure out a 
respectably large total, and point to a recovery from the 
depression which has continued since the beginning of the 
fourth quarter of last year. Many of the Clyde shipbuild- 
ing firms have booked orders during the month, most of the 
new contracts being for large steamers. There have been 
launched during February 16 vessels, aggregating 48,695 
tons, and in the two months 43 vessels, 66,688 tons. The 
following are a few of the larger steamers :—The Dover 
Castle, a twin-screw steamer of 8500 tons, built by Messrs. 
Barclay, Curle, and Co., for the Union Castle Line; the 
Scottish Monarch, a screw steamer of 4400 tons, built by 
Messrs. Napier and Miller, for the Monarch Steamship 
Company; the Highland Watch, a screw steamer of 
4000 tons, built for Messrs. H. and W. Nelson, Liverpool, 
by Messrs. Rodger and Co., Port Glasgow ; the Miami, 
a screw steamer of 3900 tons, built by Messrs. Barclay, 
Curle, and Co., for Messrs. Elders and Fyffes, London. 
Amongst the rest there were various classes of vessels 
represented, including a steam hopper dredger, built by 
Messrs. Simons and Co, for the Indian Government. 


Institution of Civil Engineers ; Glasgow Association of 
Students.—The sixth general meeting in session 1903-4 of 
the Glasgow Association of Students was held on Tuesday 
in the Institution Rooms, 207, Bath-street. Mr. J. E. 
Harrison, M. Inst. C.E., the president, was in the chair, 
and Mr. R. W. Gairns, of the engineering department, 
Caledonian Railway, read a paper on ‘‘Wemyss Bay 
Railway Widening.” The paper was copiously illustrated 
by lantern slides. A discussion followed, in which the 
speakers were Messrs. M‘Laren, J. B. Brodie, and 
M‘Pherson, and the chairman; and, on the motion of 
the chairman, a very hearty vote of thanks was awarded 
to Mr. Gairns for his interesting paper. 

West of Scotland Coal Trade.—The condition of the 
coal trade of the West of Scotland is practically un- 
changed. All classes of coal are plentiful, with prices 
easy. House coal has, if anything, been in better demand. 
Dross is less plentiful than it was, and the prices may 
be quoted at 8s. 3d. to 9s. per ton for ell coal; at 9s. to 
9s. 3d. for splint coal; at 8s. 9d. to 9s. for steam coal ; 
and at 7s. 6d. to 7s. 9d. for main coal. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Bessemer Gold Medal.--The Council of the Iron 
and Steel Institute, on the motion of Sir Lowthian Bell, 
Bart., has resolved unanimously to award Mr. Robert 
A. Hadfield, chairman of Hadfield’s Steel Foundry, the 
Bessemer Gold Medal for 1904, in recognition of the 
great services he has rendered to the metallurgy of iron 
and steel. The medal will be presented in May next. 

Limited Companies.—Over the meeting of shareholders 
in Brown Bayley’s steel works Mr. Robert Armitage pre- 
sided, stating that the net profit last year was 21,130/., 
which, with 10,1132. brought forward, gave a total of 31,243/. 
The depressed state of trade had caused a steady decline 
in the prices of the company’s manufactures, while the 
fall in the price of the raw materials used was not pro- 
portional. ‘The competition the company had to meet 
also was greater than formerly. A dividend of 10 per 
cent. was agreed to, 6000/. added to reserve, and 10,2434. 
carried forward. The directors of the Hadfield Steel 
Company intend to recommend a dividend equal to 25 per 
cent. They will also ask the shareholders to sanction the 
raising of a further 50,000/. of capital in 1/. shares, for 
extensions, and soon. They will be issued at 30s. premium. 
Their shares are quoted at 72s. Vickers, Sons and Maxim 
are declaring a dividend of 10 per cent. 

War Vessels of the Future.— Before the members of the 
Sheffield Literary and Philosophical Society, on Tuesday 
evening, Mr. W. H. Ellis gave a lecture on ‘‘ The British 
Navy.” Mr. Ellis is managing director of Messrs. John 
Brown and Co., of the Atlas Works, and on the subject 
of armour, forgings, and :o on, can speak with know- 
edge. He pointed out that the great improvements in 
modern guns, armour, and machinery were causing our 
battleships to become rapidly obsolete. The Govern- 
ment were. therefore having to introduce naval pro- 
grammes of increasing magnitude to keep pace with these 
developments. They had been more successful than any 
other Government in having their ships built rapidly, 
and thereby our Navy had been kept much more up to 
date with modern equipment than the navies of other 
countries, and was also built at 25 per cent. less 
cost. There was little doubt that- we were on the 
eve of a great revolution in respect to means of pro- 
pulsion, as there was every indication that steam- 
driven turbines were likely to take the place of reci- 
procating engines. Some smaller vessels in the British 
Navy were already being fitted with turbines, and ‘as 
experience proved the way, they would be introduced for 





larger classes of vessels. The change, he said, would be 





welcomed on engineering grounds, owing to the greater 
simplicity of the turbine system. He welcomed the 
adoption of the new regulations admitting the engineer 
to executive rank, pointing out that on a first-class battle- 
ship the chief engineer might have over a hundred 
engines in his charge, in addition to, perhaps, 50 to (6y 
boilers and one-third of the entire ship’s company— 
verhaps from 250 to 300 men are under his orders. Mr, 
illis was cordially thanked for his paper. 


Sheffield and the Fiscal Question.—The Chamber of 
Commerce have had under their consideration for some 
weeks the vexed tariff question. With a view of securing 
a well-informed opinion on the subject they have not only 
supplied members with literature, but some weeks since 
members were asked to express themselves on a series of 
questions submitted to them. A number of answers were 
sent in, which the council think may be taken to be 
adequately representative of the large and small manu- 
facturing firms of the city. Members are of opinion that 
if preference were given by the Colonies to our manu- 
facturers, a very much larger quantity of goods, both raw 
and finished, could be sent out. There is great diversity 
of opinion as to what the extent of the preference should 
be, varying from 20 to33} per cent. Some members think 
a colonial preferential tariff would injure our export 
trade with foreign countries. The proposition that 
foreign tariffs have affected British trade generally, is 
unanimously affirmed. There are some very decided 
opinions against any form of retaliation, as being per- 
nicious in itself. Overwhelming testimony is borne that 
many markets have been closed to our goods by reason of 
hostile tariffs. A slight majority are of opinion that 
colonial tariffs have not had injurious effect upon their 
trade ; but some say there is risk lest the colonial markets 
should become protected markets, and thus be closed to 
the British manufacturer. Members are to be called 
together to debate the question. 


The Iron and Steel Trades.—The report of both iron- 
makers and merchants is that business is still dragging 
along at a low ebb, and without change in prices. The 
increasing demand for high-speed steels has caused con- 
siderable additions to the cost of the material used, and 
owing to the competition for orders, prices are being so 
cut as to leave little margin of profit. Makers admit that 
they are altogether at sea as to which of the ingredients 
they use imparts the special hardness to the steel, and 
when that knowledge is obtained, most important further 
developments in steel production may take place. At 
present the general steel trade is only quiet. Many of 
the leading light industries of the city are in a more de- 
pressed state than has been known for years. 


The South Yorkshire Coal Trade.—The cold weather 
that has set in has given a stimulous to the house-coal 
trade and prices are much steadier. In steam coal there 
is rather more doing, with every expectation of the 
demand increasing when the Government orders recently 
placed are being carried out. The shipping trade is now 
at its worst. For common coal there is a fair inquiry. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on ’Change here, and business was 
quiet, buyers of Cleveland pig having satisfied their 
requirements for the present. Producers of pig were 
in no hurry to secure further contracts, as they 
have fairly good order books, and they anticipate 
advanced rates ruling in the early future. They 
pointed to the fact that, as there had been hardly 
any accumulation of stocks during the winter, it might 
not be altogether easy to fully meet requirements 
when the spring demand sets in; and, as a result, prices 
would probably rise. No. 3 g.m.b. Cleveland pig iron 
changed hands at 42s. 7$d. f.o.b., and both merchants 
and makers disposed of the ruling quality at that 
price; but several of the latter would not entertain 
offers at such a figure, and, in fact, up to 43s. was realised 
for special brands. No. 1 was 43s. 104d. ; No. 4 foundry, 
42s. 6d.; grey forge, 42s. 3d.; mottled, 41s. 9d.; and 
white, 41s. 6d. East Coast hematite pig was steady and 
firm, and makers reported a good deal of work on hand. 
For early delivery of Nos. 1, 2, and 8, the price was fully 
5ls.; whilst No. 1 was 5ls. 6d.; and No. 4 forge, 50s. 
Spanish ore was stronger. Rubio (50 per cent.) was 15s. 3d. 
ex-ship Tees. To-day there was no alteration whatever 
in the market. 


Manufactured Tron and Steel. — Very little new can 
be reported of the manufactured iron and _ steel in- 
dustries. A good deal of work is being turned out, 
but new contracts are not easily secured. Several 
firms, however, are pretty well situated, and can 
keep going for some little time. The predicted further 
advance in shipbuilding material has not occurred. 
Market rates now stand :—Common iron bars, 6/. 2s. 6d.; 
best bars, 6/. 123. 6d.; iron ship-plates, 6/. 7s. 6d.; 
iron ship-angles, 6/. 2s. 6d.; steel ship - plates, 
Bl. 12s. 6d.; steel ship-angles, 5/. 2s. 6d.; steel joists, 
5l. 5s. ; steel sheets (singles), 7/. 17s. 6d. ; steel sheets 
(doubles), 8/. 7s. 6d.; and heavy sections of steel rails, 
4/. 10s.—all less the customary 24 per cent. discount 
for cash, except rails, which are net at works. 


Tron and Steel Shipments.—The shipments of iron and 
steel from this port during the second month of the year 
reached the satisfactory total of 103,961 tons. This was 
composed of 72,854 tons of pig iron, 12,480 tons of manu- 
factured iron, and 18,627 tons of steel. Of the pig iron 
despatched, 34,992 tons went to foreign customers, an¢ 
37,862 tons to coastwise firms. Scotland took 31,111 tons, 
Italy the record quantity of 12,930 tons, and German. 
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The quantity of manufactured iron sent abroad was 2616 
tons, whilst the coastwise deliveries reached 9864 tons. 
Of the steel shipped, 15,145 tons went to foreign ports, 
and only 3482 tons to oastwise buyers. The best cus- 
tomer was Cape Colony, with 6869 tons, and India was a 
good second with 6734 tons. 

Coal and Coke.—Fuel is generally quiet and rather dull, 
but gas coal continues in fairly good request. Durham 
bunkers are very plentiful, and unscreened kinds range 
from 7s. 6d. to 88. f.0.b, Coke coal is in slack demand. 
Though coke is abundant, quotations are well maintained, 
and a still better demand is reported for supplies for the 
North-West Coast. Average last-furnace coke keeps at 
13s, 3d. delivered here. Export coke is unchanged in 


price. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal trade has not shown much 
change. The best Admiralty coal has been scarce for 
prompt shipment, and 15s. per ton has been quoted for 
early deliveries. The inquiry for second quality large 
has been less active. Small steam coal has shown no im- 
provement, and stocks are accumulating. The best large 
steam coal has made 14s, 3d. to 15s. per ton, while 
secondary qualities have brought 13s. 3d. to 13s. 9d. per 
ton. The demand for house coal has shown no great 
activity, but there has been about an average inquiry for 
No. 3 Rhondda large. The best ordinary household coal 
has been making 14s. to 15s. per ton, while secondary 
ualities have ty re 12s. 6d. to 13s. per ton; No. 3 
Rhondda large has been quoted at 14s. 6d. to 14s. 9d. per 
ton. Coke has ruled steady ; and foundry qualities have 
made 18s. to 18s. 6d. per ton, and furnace ditto, 17s. to 
17s. 6d. per ton. As regards iron ore, Rubio has been 
quoted at 13s. 9d. to 14s. per ton; Tafna at 15s. per’ton, 
and Almeria at 14s. to 14s. 3d. per ton, charges including 
freight to Cardiff or Newport. 


The Public Health Congress.—Mr. Harpur, borough 
engineer of Cardiff, has been invited to preside over the 
engineering section of the Public Health Congress, 1904. 

Brecon and Merthyr Railway.—At the half-yearly 
meeting of this company, the chairman (Mr. H. F. 
Slattery) said the past six months’ receipts had been the 
best on record. This was principally due to the growth 
of mineral traffic; the passenger traffic. had remained 
stationary ; but in view of extensive building operations 
in the Rhymney Valley, they might confidently look for 
a large development in that direction. The larger work- 
ing expenditure almost neutralised the traffic increase. 
A great deal had been spent upon maintenance and 
renewal of the line and other works (9331/. altogether), a 
considerable portion of which (over 1100/.) would, under 
ordinary circumstances, have been charged to capital had 
the company had such an account available. The com- 
pany had also relaid over 2 miles of line at a cost of 
about 2500/., and it was gradually substituting heavy 
rails for old 72-lb. steel rails. The new Bargoed pits of 
the Powell Duffryn Company were formally opened on 
November 18, and the company was already obtaining 
a substantial traffic from that source, the tonnage during 
the past six months having been over 82,000 tons. A new 
house-coal shaft at this place had been completed, and 
the workings below were now being opened out. The 
condition of the Rhymney Iron Company’s new sinking 
was as follows:—At Darran they had gone down 150 
yards, the depth of the pit to be 650 yards; at Pengam 
the depth would be 350 yards, of which 50 had been com- 
pleted. At this place the Brecon Company had consider- 
ably increased accommodation, in anticipation of what 
might be expected when the coal was reached. The works 
in connnection with the Barry Railway Junction were 
proceeding satisfactorily, and their completion might be 
expected within twelve months. 


Milford Docks.—During the past half-year the tonnage 
of vessels entering Milford Docks amounted to 259,991 
tons, as compared with 259,211 tons in the corresponding 
period of 1902, 


Water Supply of Cardiff.—The Cardiff borough analyst 
has reported that, with regard to samples from the collect- 
ing reservoirs, Cantreff and Beacons, the free ammonia 
figures cannot be regarded as satisfactory. Considered 
along with a microscopical examination of the suspended 
matter, the analyses of both samples show evidence of 
some contamination. A Cantreff sample is less satisfac- 
tory than one from Beacons. ‘The results obtained from 
the storage reservoirs indicate those samples to be of a 
higher degree of purity than those from the collecting 
reservoirs. 








Brazintan Goip-Mintnc.—The Brazilian province of 
Minas Geraes contains great mineral wealth, but’it has not 
been practicable to work it at present, in consequence of 
the inadequacy of local railway communication. Several 
new lines are being built, while old lines are being ex- 
tended ; and it is expected that in a few years a period 
of great gold-mining activity will set in. 


PrRsONAL.—Messrs. Bertrams, Limited, of the St. 
Katherine’s Works, Sciennes, Edinburgh, have appointed 
as their representatives in London Messrs. Edwin A. 
Mansfield and Co., of Moorgate Station Chambers, E.C.— 
Mr. Victor H. Coates, M.I.M.E., has retired from the 
firm of Messrs. Victor Coates and Co., Limited, of Bel- 
fast, and intends to practice as a consulting engineer at 
82, Ocean-buildings, Belfast.—Mr. Epiphane Brasseure, 
of 11, Rue Seutin, Brussels, selling agent for the Denain 
and Anzin Steel Works, has now opened an office at 57, 
Gracechurch-street, London, E.C. 





gas shall be increased. 
non-conducting cylinder fitted with a non - conducting 
piston and filled with a perfect gas. 
cylinder is a ‘‘rod” engine he has devised, which will 
do mechanical work either in being cooled below or 
heated above its initial temperature. 
a heavy r 
arranged to move up a vertical ratchet rack. Thus, if 
the rod is heated, it expands, and its weight being 
carried on the lower ratchet, its centre of gravity 
rises, and positive work is done. i 
cooled, it contracts, and being prevented from coming 
down by the upper ratchet, its centre of gravity is agrin 





Tur Bradford Corporation intend to hold an industrial 
exhibition this summer in connection with the opening of 
the Cartwright Memorial Hall. Particulars and forms of 
application for space can be obtained from the manager, 
19, Market-street, Bradford. 


The ninth meeting of the Students’ Engineering and 
Metallurgical Society of the University College of Sheffield 
was held on Friday evening, February 19, when Mr. J. 
H. G. Monypenny read a paper on ‘‘The Elimination 
of Impurities in Bessemer and Open-Hearth Furnaces.” 


A series of four Jectures on ‘‘ Trusts” is to be delivered 
by Dr. Ernst von Halle, Professor of Economics, of Berlin 
University, at the London School of Economics and 
Political Science. The first lecture will be given on 
the 8th inst., and further particulars can be obtained on 
— to the director of the school, Clare Market, 


We learn from the Street Railway Review that some 
time ago the company operating the electric lines in 
Denver determined to increase the speed of its cars, in 
order to provide its patrons with a better service. It was 
thought that though there might be an increase in the 
accident list at the outset, and ultimately there would be 
a reduction, as people would become more careful. The 
actual results of working show, however, that the number 
and the seriousness of the accidents both diminished im- 
mediately on the increase of speed. It appears, moreover, 
that, in San Francisco, a number of the most serious 
accidents on the lines there have arisen from children 
running suddenly in front of cars travelling at not more 
than 3 or 4 miles per hour, a pastime they will not indulge 
in when the cars are moving quickly. 


Mr. P. T. J. Estler, of 25, Laurence Pountney-lane, 
Cannon-street, E.C., the Hon. Secretary of Past Engi- 
neering Students, University College, London, informs 
us that the annual dinner of past students will be held 
jointly with that of the present students at the Criterion 
Restaurant, on Friday, March 11, at 7.30 p.m.* Dr. 
A. B. W. Kennedy, F.R.S., has consented to preside, 
and will be supported by a number of distinguished engi- 
neers and scientists. ‘hese annual dinners have always 
been a great success, and have been the means of bring- 
ing together many old friends who have lost sight of each 
other. It is hoped that any old students who have not 
had notice of the dinner, owing to their addresses not 
being available, will communicate with the hon. secretary 
at once. This will be the first occasion on which the past 
and present students have met together, and it is antici- 
pated will be an important step in bringing the older and 
younger engineers of the college together. 


A Parliamentary paper has been published relating to 
the proposed adoption of a metric system of weights and 
measures for use within the Empire. In a circular sent 
from the Colonial Office, dated December 9, 1902, the 
Colonial Governors were asked to say what action was 
likely to be taken in their respective colonies with 
regard to the resolution passed at the conference of 
Colonial Premiers in London in favour of the adoption 
of a metric system. The replies received are thus sum- 
marised. The metric system is already used in Mauritius 
and Seychelles. The following are favourable to its 
adoption :—Australia, New Zealand, Cape of Good Hope, 
Transvaal, Orange River Colony, Southern Rhodesia, 
Gambia, Northern Nigeria, Gibraltar, British Guiana, 
Trinidad, Leeward Islands, Windward Islands. Also, 
with a reservation that it must also be adopted in the 
United Kingdom or in the Empire generally, Sierra 
Leone, Southern Nigeria, Ceylon, and Falklands. Hong 
Kong would take common action with other colonies. 
The States of New South Wales, Victoria, and Western 
Australia are also favourable, but, together with South 
Australia and Tasmania, consider that the matter is one 
for the Commonwealth Government. Fiji is doubtful, 


but must follow Australia and New Zealand. British 
New Guinea would go with Australia. Jamaica and 
British Honduras would follow the system in the 


United States of America. The practice of India is 
important to the Straits Settlements, which would be 
followed by Labuan ; and the Bechuanaland Protectorate 
would follow the rest of South Africa. St. Helena, 
Cyprus, Lagos, Wei-hai-wei, Barbados, and Bahamas are, 
on the whole, unfavourable. The Gold Coast Colony and 
the State of Queensland are prepared to adopt, but con- 
sider that inconvenience would occur. Natal cannot 
consider the matter until some general lines of legislation 
have been agreed upon by His Majesty’s Government. 
No definite answer has been: given by Newfoundland, 
Malta, or Bermuda. Canada has not yet replied. 

An interesting, but ineffectual, attempt to dodge the 
second law of thermodynamics is to be found in a note 
recently published by Mr. J. T. Wainwright as an 


addendum to a paper read by him before the Physical 
Section of the American Association for the Advance- 


ment of Science. He endeavours in this paper to devise 


a mechanism by which, without interchanges of heat, or 


any net expenditure of energy, the available energy in a 
His ideal engine consists of a 


Inside this 


This is simply 
fitted with ratchets at each end, and 


Similarly, if it is 





stroke of the piston, it will be found that when the initial 
temperature of the gas is reached on the return stroke, its 
pressure is higher than at the commencement, and conse- 
quently its available energy is greater. Mr. Wainwright 
contends that this decrease in the entropy of the gas has 
been obtained with no net expenditure of work, and with- 
out heat entering or leaving it during its cycle. That 
is to say, the second law of thermodynamics has been 
violated by his mechanism. The second claim is ob- 
viously an error, since heat has left the gas to warm up 
his rod engine in the compression stroke, and in the ex- 
pansion stroke heat has left the engine to warm up the 
gas, and this heat is less than that which left the gas for 
the rod. Hence, during the compression stroke the 
entropy of the gas has been diminished by an amount 
which maybe represented by Q X, where X is some 
function of the temperature, whilst in the return stroke 
the flow of heat from the rod into the gas increases its 
entropy by an amount q X, and since q is less than Q the 
entropy of the gas as a whole has been diminished, and 
its available energy increased. 








ARGENTINE CANALS.—The construction of navigable 
canals is receiving attention in the Argentine province of 
Buenos Ayres. A first section of canal in the south has 
been inaugurated, and tenders have been invited for the 
construction of another canal from Junin to the Baradero, 





Licutinc in Leeps.—The Lighting Committee of the 
Leeds City Council proposes to substitute electricity for 
gas in the illuminating of all tramway routes, within a 
radius of one mile from the junction of Boar-lane and 
Briggate, opalescent and clear globes to be used for such 
lighting at the discretion of the superintendent. The 
Tramways Committee has given permission for the using 
of tramway poles in connection with this extension of 
electric lighting. 





THE INstTiTUTION OF CiviL ENGINEERS: MEETING OF 
SrupEents.—A meeting of students of the Institution of 
Civil Engineers was held on Friday evening, the 26th ult., 
Mr. Henry Davey, M. Inst. C.E., in the chair, when a 
paper on “‘ Boiler-House Design,” was read by Mr. L. G. 
Crawford, Stud. Inst. C.E. In the paper the author 
dealt with the various practical considerations affecting 
the design of a boiler-house, and of the plant to be in- 
stalled therein; and described the arrangements best 
adapted to different conditions of working, in respect of 
quality of fuel to be employed, amount of power re- 
pom § nature of load, space available, &c. The various 
types of boilers were described, and the relative advan- 
tages of natural and mechanical draught were discussed. 
The advantages to be derived from the introduction of 
some form of mechanical stoker were alluded to, and a 
description was given of an installation in which the coal 
is conveyed from the railway trucks to the furnaces 
entirely by mechanical means. The steam and feed-pipe 
arrangements were next dealt with, and the paper con- 
cluded with a description of an apparatus for testing pipe- 
covering compositions. The reading of the paper was 
followed by a discussion, in which licen E. M. Cory, 
T. S. Nash, J. M. Kennedy, J. W. M. Topley, H. O. 
Etheridge, E. H. Dean, H. W. FitzSimons, B.Sc., and 
G. H. Thisleton-Dyer, B.A., Studs. Inst. C.E., took 
part. 





STREATHAM TRAMWAYS.—At a meeting of the London 
County Council, on Tuesday, the 1st inst., a report was sub- 
mitted by the Highways Committee with further reference 
to the tenders received for the reconstruction, for electrical 
traction, of the cable tramways between Kennington 
and Streatham, and also for the construction of a short 
length of electric tramway at Tooting, the total length of 
line involved being about eight miles of single track. It 
had been decided at a previous meeting that the tender 
of William Griffiths and Co., Limited, London, amount- 
ing to 86,623/. 193. 11d., should be accepted. The other 
tenders, ranging up to 128,587/., are set out in a paragraph 
which appeared on page 269 ante. At the meeting on 
Tuesday last, a second report of the Highways Com- 
mittee stated that, ‘‘in ordinary circumstances we 
should have recommended the acceptance of the lowest 
—namely, that of Messrs. Griffiths and Co., Limited. 
We are not, however, satisfied with some of the work 
that has been carried out by this firm under their 
present contract for tramway works in the district of 
the Borough, and we have come to the conclusion that the 
Council’s interests would be best served by the acceptance 
of the second tender-—-namely, that of Messrs. J. G. White 
and Co., Limited. The difference between this tender 
and the lowest is 8381/. 7s. 5d.” The Council have 
agreed to the recommendation of the Committee, and 
Messrs. J. G. White and Co. will therefore carry out 
the work. From the discussion at the Council meeting 
it 2 4a according to the Times, that the defective 
work complained of was executed under a foreman who 
had been dismissed the service and afterwards mentioned 
the fact that the bad work had been done. Messrs. 
Griffiths and Co., to whom it was originally proposed that 
the contract should be given, asked that an independent 


inquiry might be held, and offered to pay all the expenses. 


An amendment to refer the report back to the Committee, 


for the ee oe of this inquiry being made, having been 
rejected, the 
adopted. 


recommendation of the Committee was 
The Committee exonerated Messrs. Griffiths 





from a'l knowledge of, or complicity in, the bad work, 
which was done without their knowledge and against 
their instructions, 
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NOTICES OF MEETINGS. 

Tue JuNtoR INSTITUTION OF EN@INEERS.—Friday, March 4, at 
8p.m., at the Westminster Palace Hotel, Victoria-street, when the 
following paper will be read and discussed :— ‘‘ Notes on Electric 
Accumulators,” by Mr. G. C. Allingham, A.M.I.E.E. (Member). 
Friday afternoon, March 11, at 3 p.m., a visit will take place to 
the works of the Electrical Power Storage Company, Millwall. 

Society or ENG@INEERS.— Monday, March 7, at the Royal United 
Service Institution, Whitehall. A paper will. be read entitled 
**Some Recent Works of Water Supply at Penzance,” by Mr. 
Frank Latham, M. Inst. C E.I , of Penzance. 

Society oF CHEMICAL INDUSTRY. — Session 1993-4. — Monday, 
March 7, at 8 p.m., at the Chemical Society’s Rooms, Burlington 
House, Piccadiily. A testimonial will be presented to the late 
honorary local secretary, Mr. A. R. Ling. The following papers 
will be read and discussed :—1. ‘‘ Observations on Cotton and 
Nitrated Cotton” by Mr. H. de Mosenthal. 2. ‘‘The Products 
and Relative Temperature of Combustion of Some Smokeless 
Powders,” by Messrs. W. Macnab and A. E Leighton. 

THE Surveyors’ INSTITUTION. — Monday, March 7, at 8 p.m. A 
paper will be read by Mr. Thomas Binnie (Fellow), entitled ‘‘ The 
Land Purchases for the New Naval Base at Rosyth, on the Firth 
of Forth.” 

Society oF ARTSs.—Monday, March 7, at 8 p.m., at John-street, 
Adelphi, W.C. Cantor lectures. ‘* Recent Advances in Electro- 
Chemistry,” by Mr. Bertram Blount, F.1.C. (Three lectures.) 
Lecture I.—Wednesday, March 9, at 8 p.m., ordinary meeting, 
‘*Mechanical Piano Players,” by Mr. J. W. Coward. Thursday, 
March 10, at 4.30 p.m., Indian section, ‘*China Grass: its Past, 
Present, and Future,” by Mr. Frank Birdwood, B.A. Sir William 
Ramsay, K.C.B., LL.D., D.Se., F.R.S., will preside. 

THE INsTITUTION oF CivIL ENGINEERS.—Tuesday, March 8, at 
8 p.m. Paper to be submitted for discussion :—‘‘The Erection 
of Iron Bridges,” by Mr. Russell Scott Scholefield, Assoc. M. Inst. 
C.E. Students’ meeting, Friday, March 11, at 8 p.m. Paper to be 
read :—‘‘ The Premium System of Payment for Labour,” by Mr. 
W. G. Banister, Stud. Inst.C.E. Mr. A. F. Yarrow, M. Inst. C.E., 
will preside. 

NortH-East Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS. 
—Wednesday, March 9, at 7.30 p.m., in the Lecture Theatre of 
the Literary and Philosophical Society, Westgate-road, Newcastle- 
upon-Tyne. The discussion on Mr. B. Laws’s paper on ‘* Technical 
Education” will be resumed. Paper on ‘‘ Longitudinal Engine- 
Room Bulkheads in Merchant Vessels,”’ by Mr. F. H. Alexander. 

LIVERPOOL ENGINEERING SocieTy.—Wednesday, March 9, at 
8 p.m., at the Royal Institution, Colquitt-street, when a paper 
will be read by Mr. J. Reney Smith, M.I. Mech. E., entitled 
‘*Steam Boiler Failures.” 

THE INSTITUTION OF ELECTRICAL ENGINEERS (GLASGOW SECTION). 
—Tuesday, March 8, at the Institution of Engineers and Ship- 
builders in Scotland, at 8 p.m.  ‘‘ Electrieal Coal - Cutting 
Machinery,” by Mr. Sam Mavor(Member). Adjourned discussion 
on ‘* New Methods of Electrical Winding Gear for Collieries and 
Allied Purposes,” by Mr. Maurice Georgi. 

THE INSTITUTION OF ELECTRICAL ENGIN“ERS.—Thursday, March 10, 
at 8 p.m., at the Institution of Civil Engineers. Papers to be 
read :—‘*The Railway Electrification Problem and its Probable 
Cost for England and Wales,” by Mr. F. F. Bennett (Member) ; 
‘*The Rated Speed of Electric Motors as Affecting the Type to be 
Employed,” by Mr. H. M. Hobart (Member). 

RoyAt INSTITUTION OF GREAT Britain.—Friday, March 11, at9p.m., 
Professor Frederick T. Trouton, M.A., D.Sc., F.R.S., M.R.I., on 
‘*The Motion of Viscous Substances.” (Illustrated by experiment. ) 
Afternoon lectures next week :—Tuesday, March 8, at 5 o'clock, 
Mr. Ernest Foxwell, M.A., on ‘‘ Japanese Life and Character.” 
(Lecture III.).—Thursday, March 10, at 5 o’clock, Professor H. L. 
Callendar, M.A., LL.D., F.R.S., on ‘‘ Electrical Methods of 
Measuring Temperature.” (Lecture I1[.)—Saturday, March 12, at 
3 o'clock. The Right Hon. Lord Rayleigh, O.M., M.A., LL.D., 
F.R.S., M.R.L, Professor of Natural Philosophy, R.I., on ‘‘The 
Life and Work of Stokes.” (Lecture IV.) 

PHysicaL Society or Lonpon.—Friday, March 11, at 8 p.m., at 
the Royal College of Science, Exhibition-road, South Kensington. 
1. ‘*The Whirling and Transverse Vibrations of Shafts,” by Dr. 
C. Chree, F.R.S. 2. ** Notes on Non-Homocentric Pencils, and 
the Shadows produced by them.—Part IUI.: Shadows produced 
by Axially-symmetrical Pencils possessing Spherical Aberration,” 
by Mr. W. Bennett. Exhibition of apparatus by Messrs. Pye and 
Co., Cambridge. 
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NAVY ESTIMATES. 

Tue Navy Estimates were published last week, 
and were discussed in the House of Commons on 
Monday, Tuesday, and Wednesday last. In our 
last issue we stated briefly the principal items. We 
now give on the next page our usual annual table, 
showing the net amount of votes for the six years 
ending with the coming financial year. The net 





estimates, it will be seen, amount to 36,889,5001. 





If we add to this 1,438,338/. for appropriations in 
aid, we have the gross sum estimated for the 
forthcoming financial year, which commences 
on the first of next month, of 38,327,838I. 
This, it must be confessed, is an enormous 
expenditure. It amounts on the net estimates 
to a sum of 17s. 8d. per head of the popu- 
lation. Under the cir¢umstances it is not un- 
natural, neither, we consider, is it an unhealthy 
sign, that the main part of the debate on the 
motion that the House should go into Committee 
of Supply was taken up with suggestions that some- 
thing should be done to lessen the burden on the 
British taxpayer. The consideration of such 4 
proposal is well worth the time and attention of 
the House of Commons, although there may not 
be much hope that any practical means to the end 
in view can be devised. Mr. Herbert Roberts, the 
member for Denbighshire, made what was, on the 
whole, a temperate and well-reasoned speech in 
supporting his motion that something should be 
done to reduce expenditure, which is growing 
yearly in such an unpleasant fashion ; but neither 
he nor the seconder of the motion, Mr. Buchanan, 
was able to set forth a practical means to this 
end ; although they proposed that the Government 
should enter into communication with the great 
naval Powers in order to ascertain whether they 
would be prepared to diminish their programmes 
of shipbuilding and to adjust, upon some per- 
manent basis, their relative naval strength. 

Putting aside whether the initiative should come 
from this country, or from some other Power 
whose navy is not of such vital importance, we may 
well consider the enormous difficulty there would be 
in making any adjustment of the nature suggested. 
Even if the general principle were accepted, when 
the negotiations arrived at the point of settling 
details, difficulties would arise on every side. Sup- 
posing the battleships that wére’to’ be allotted for 
the different Powers weré under‘considération, and 
allowing that these numbers were settled to the 
satisfaction of all concerned, it would then be 
necessary to consider the numbers of armoured 
cruisers. The suggestion at once opens up the 
enormous difticulty of the situation, Where would 
the line be drawn between the battleship and 
the armoured cruiser? Could any body of naval 
officers and ship-constructors agree on an exact 
definition? Virtually, armoured cruisers would 
all become battleships in everything but name ; 
a state to which they seem to be approaching 
even under present conditions. Next, we may 
imagine the adjudicating authorities passing to 
protected cruisers. Here, perhaps, the distinction 
would be easier, and might rest on the absence 
of vertical armour, but even in this case diffi- 
culties would arise. Protective decks would be 
abnormally arched and made of great thickness, 
whilst armoured coamings, ammunition tubes, and 
other devices would abound. Again, What would 
be the limitation in size and speed between torpedo- 
boats, destroyers, scouts, and third-class cruisers ? 
Would the limitations in regard to armament be 
based on the ballistic properties of the guns, on their 
weight, or on numbers? In short, before the rela- 
tive strength of fleets could be definitely settled, 
ships would have to be built for all Powers to exact 
specifications ; otherwise, the naval constructor, like 
the yacht designer, would find his art to consist 
mainly in the elaboration of methods similar to 
those known as ‘‘ tonnage cheating.” It would 
appear that foreign naval Powers have recognised 
the impossibility of such a scheme as Mr. Herbert 
Roberts suggests. As was stated in the House 
of Commons on Monday last, Lord Goschen, when 
First Lord of the Admiralty, intimated in the House 
that Great Britain would gladly consider any pro- 
proposals that might be brought forward to this 
effect ; whilst Mr. Arnold-Forster, on Monday last, 
reiterated the statement in the most formal manner. 

It is, without question, sad that so much labour 
and ingenuity, and so much hard-earned money of 
the taxpayer, should be expended on the produc- 
tion of ships and other engines of warfare that will 
probably never serve any useful purpose; and it 
seems almost to add to the annoyance of the position 
that if they were put to their ultimate use, it 
would be one of the greatest calamities that could 
befall the country. So long as the world remains 
as it is, however, and there are wars and rumours 
of wars, we must pay this price for our security. 
It is, as has been so often and so aptly said, 
simply an insurance premium. 





The war now being waged in the Far East is an 








3 34 


ENGINEERING. 





[Marcu 4, 1904. 








TasLe SHowrna Net Amount or Vores ror Navy Es 


Vote. 
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an 
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Naval and marine pensions, &c. 
15 Civil pensions and gratuities 

Total non-effective services 

Extr 4 SESTIMATE. 

Additional force in Australasian waters 


annuity pay- 
able under : a » 


Grand total .. 


»bject-lesson that should not be lost upon those 
who urge reduction of naval expenditure. It is 
Japan that is bearing the brunt of the operations 
undertaken to check the advance of an ambitious 
Power ; if we had been weaker it might have been 
England meeting a more formidable combination. 
We would suggest to those who would reduce the 
protective forces of the. Kingdom the consideration 
of Australia, Ceylon, or any other of our depen- 
dencies, substituted for Korea, and ourselves in 
place of Japan. There is no reason to believe that 
continental soldiery would be more considerate 
towards a colonial population than the Russians 
have been towards the Japanese who fell within 
their power. Such suggestions may appear fanci- 
ful, but in reality they are not so. If our naval 
strength were reduced below the standard to in- 
sure command of the sea, such a contingency might 
well arise. In the light of recent events, there can 
be no doubt that had our naval strength been less 
formidable than it was not very many months ago, 
we should have been involved in a naval war, with 
all its certain horrors, and still more terrible possi- 
bilities. Such considerations should make us view 
with equanimity the increase during the coming 
year over the present of approximately 2} millions 
sterling. 

But although we deprecate any reduction in the 
strength of the Fleet, we are in accordance with the 
remarks made in the House of Commons on Monday 
last that every effort should be made to get full 
value for the money spent ; and here we are glad to 
be able to refer to some advance. The present 
Board has shown such an appreciation of the need 
for more efficient naval administration as gives 
bright hopes for the future. In many cases hamper- 
ing traditions have been broken down, and red tape 
has been sacrificed in a manner that must have 
caused consternation to some officials of the old 
school. The policy of selecting the best man, giving 
him a free hand, and putting responsibility on his 
shoulders, has been followed, in some instances, 
with most successful results. 

The Board have also decided to reduce expendi- 
ture and increase efliciency by better equipment of 
the dockyards ; and in the First Lord’s statement 
reference is made to these improvements. Money 
is to be raised by loan, for the purpose of electric 
installations in all the dockyards, and they will thus 
be completely furnished with both light and power. 
There is also included in the Estimates money for 
the purposes of making special provision for new 
dockyard machinery. The First Lord truly says : 
‘*There is at present a good deal of obsolete 
machinery in the yards ; the votes asked for in the 
two years (1904-5 and 1905-6) will enable the Board 
to get rid of machinery that is out of date, and to 
complete the equipment of the yards with machi- 
nery of the newest and most economical type.” 
This is, indeed, good to hear, and at last gives 
promise of a course of action that should have been 
taken many years ago. 

The chief and great liberal step in the training of 
naval ofticers, and the raising of the position of the 
naval engineer, are matters to which we have so! 
recently made reference in these columns, that we | 
need not dwell on the subject here. It is a matter 





TIMATES FOR THE COMING AND Five Previous YEARS. 






































1899-1900 1900-1901 1901-1902 1902-1903 1903-1904 1904-1905 
£ £ £ x x £ 
5,242,700 5,576,000 5,962,000 6,312,800 | 6,691,000 
1,606,700 1,892,300 | 2,023,500 2,292,500 | 2,428,000 
176,600 219,000 246,500 259,000 293,000 

12,200 16,200 17,700 15,500 500 
90,600 100,600 101,700 116, 100 154,000 
69,500 66,900 65,800 65,000 69,400 72,600 
271,000 271,100 292,100 286,900 297,500 404,500 
2,417,000 | 2,523,000 | 2,684,000 2,661,500 2,991,800 3,044,200 
3,799,000 | 4,139,100 | 5,306,500 4,812,700 4,786,700 | 5,062,800 
6,601,000 6,739,000 | 6,685,500 7,665,800 9,571,600 |10,314,000 
2,710,800 | 3,757,909 3,919,700 3,356,400 3,206,100 | 3,646,000 
795,100 | 885,800 | 1,023,100 1,100,000 1,502,000 | 1,634,200 
248,200 271,200 359,500 368,000 409,500 444,000 
261,600 267,100 279,600 294,300 306,400 327,400 
24,302,000 |26,477,800 28,603,900 28,962,600 32,136,800 34,531,200 
774,700 786,700 790,900 782,100 784,300 796,200 
1,116,000 | 1,123,600 1,140,100 1,160,700 1,186,300 1,208,800 
341,500 | 343,500) 340,600 350,100 350,100 | 353,300 
2,232,200 | 2,253,800 | 2,271,600 2,292,900 2,320,700 | 2,358,300 
60,300 60,300 
- 26,594,500 27,522,600 30,875,500 31,255,500 34,457,500 36,889,500 


that will mark the present administration as one 
which the country must always regard with 
gratitude. 

On page 339 of our present issue we publish the 
regulations issued by the Admiralty for the payment 
of men employed in the dockyards on the premium 
system. If this scheme is carried out in au energetic 
and sound manner, it is difficult to imagine the 
change that it will work in the organisation of the 
Royal dockyards. It must be remembered, however, 
that the success of the premium system depends 
entirely on the way it is worked. We have, un- 
fortunately, in this country examples of the plan 
being taken up by private firms, and proving a 
lamentable failure. There is no magic in the premium 
system in itself ; it is in effect simply modified piece- 
work, and in order to make it effective there must be 
created a most efficient and elaborate organisation 
for settling the time allowed for the various opera- 
tions. Too much leniency will lead to waste of 
public money ; on the other hand, if the men are 
not treated equitably and allowed a fair time for 
the operations they have to perform, so as to give 
good hope of reward for additional exertion, matters 
will revert to the old condition of day wages. It 
requires no small engineering skill and knowledge 
of work to define the proper time for executing 
any given operation, and those who have to settle 
these matters must be well experienced in shop 
practice. Considering the responsibilities thrown 
upon them, they should be highly paid. 

It is the latter point that has wrecked the pre- 
mium system in some of the private engineering 
works in which an attempt has been made to esta- 
blish it. The classification has been entrusted to 
clerks and others not having sufficient practical 
experience. There, no doubt, is the chief difti- 
culty in carrying out the organised plan ; if work- 
men are selected they are apt to be too lenient to 
their fellows, whilst the ‘‘ oftice ” does not possess 
the necessary practical knowledge. Those who 
have the apportioning of the time for a given job 
must have the confidence of the workmen; and 
they must feel sure that they will not be handi- 
capped in the future if they make ‘‘ good money ” 
by extraexertion. The rate of remuneration—that 
is, the time allowed for the job—should be settled 
by a competent authority, and once settled should 
not be revised. Whether such undoubtedly delicate 
operations as the settlement of the time required 
for a particular piece of work can be carried out in 
the Navy Department remains to be seen. In any 
case the step taken by the Admiralty is liberal and 
well-intentioned, and it is sincerely to be hoped it 
will succeed. It will be seen from the detailed 
particulars we give on another page that the Ad- 
miralty scheme is based on the usual lines of 
payment on the premium system. It is stated 
that ‘‘as far as practicable, time allowance for defi- 
nite operations will not be reduced after having 
been once satisfactorily established and regarded as 
standard,. unless a new method of manufacture, 
necessitating a revision of the time allowance, be 
introduced.” It is to be hoped that the regulations 
will be carried out in a liberal spirit and without 
reserve. 

The purchase of the two Chilian battleships, for 





which money was taken in a supplementary vote 
of 1,308,0001., brought before Parliament on the 
23rd ult., naturally has not passed without 
criticism on the part of the Opposition. Such 
criticism, however, was of a somewhat perfunctory 


nature. Mr. Robertson — who was the chief 
critic — could only find fault with the pro- 
cedure. As was pretty generally known, the 


Admiralty refused the purchase of these ships 
several months ago, when the political horizon 
was not so disturbed as it became towards the end 
of last year. In February, 1903, a question was 
asked in Parliament, and it was then stated that 
the Admiralty did not propose to purchase these 
battleships (the cost of which was 2,200,000I.), as 
the vessels were not suitable for the British Navy, 
That, no doubt, was true at the time, but it by no 
means followed that it was inadvisable to secure 
them at a later date, especially as the price was 
reduced to 1,875,0001. The House of Commons 
has, by its vote, confirmed the view of the Admi- 
ralty that the circumstances that had arisen 
justified the purchase of the two powerful battle- 
ships now known as the Swiftsure and the Triumph. 

The vote for: personnel was taken in Committee 
of the House on Tuesday. The discussion was 
opened by Sir Charles Dilke, who referred to ‘the 
extraordinary proportion of breakdowns of cruisers 
during the last manoeuvres” ; a circumstance to 
wiich we made reference in an article published 
on November 27 last. What we have always held 
to be the true cause of most failures of this nature 
was given by Mr. Pretyman on Monday in his 
speech on the general motion. | ‘‘ The troubles that 
arise,” he said, ‘‘ the breakdowns of machinery and 
mechanism, occurred almost invariably in ships 
specially commissioned with active service ratings 
to take part in the manceuvres.” It is satisfactory 
to get this official recognition of a serious blot in 
our naval administration ; but we would go much 
further than Mr. Pretyman. The way in which 
engine-room complements are shifted about, and 
taken from their legitimate duties in arbitrary 
fashion, is aleading cause of accident and inetticiency. 
Perhaps twenty years or so later, when executive 
officers have become engineers, there may be more 
appreciation, not only of the importance, but 
of the intricacy of the mechanical work on 
shipboard. As it is, engineer officers are con- 
stantly reduced to despair by losing their men in 
the midst of important operations. This applies 
more especially to work carried out on ships refitting 
in the dockyards and of the reserve. It is, perhaps, 
not unnatural for an executive officer who knows 
nothing of engineering matters to conclude that 
a stoker is a stoker, or an artificer an artiticer, 
without distinction—one as good as another, and 
all fit for the job; but engineers know there is a 
difference. No two ships, even sister-ships, are 
alike, just as no two men are alike. Cutlass and 
rifle drill may be ground by practice to absolute 
uniformity ; but engines need humouring, even the 
best. The senior engineer gradually finds by ex- 
perience the right man for the right place—the 
men he can depend upon fora critical position ; and 
the critical position differs in all ships’ machinery, 
as it would always do, even if all machinery were 
made in the same shops off the same drawings. 
That is a thing the drill officer on deck never 
remembers when he curses the stupidity of the 
‘*awkward lot” in the engine-room. These things 
are not of vital importance in manceuvres; but 
with the real thing they would mean catastrophe. 

Sir Charles Dilke also referred to the abandon- 
ment of the fresh designs for the new battleships. 
This is a somewhat delicate subject, and is at present 
like a sensational murder, ‘‘ shrouded in mystery” ; 
where we prefer to leave it. We agree with Sir 
Charles Dilke to this extent, however; that ‘‘a 
scientific department should have some idea as to 
the size to which ships would work out” ; and that 
the scientific department did have some idea we do 
not doubt. Certainly the ofticial explanation does 
nothing to lift the shroud ; but if it did it would 
fail in the first duty of an official explanation. 

The debate, both on going into Committee and 
on the first vote, was not conducted without 
evidence of party feeling ; and this was curiously 
manifest in the speeches of some of the ex-members 
and nominal supporters of the Government. Sir 
Michael Hicks-Beach, for instance, could not 
allow that his. honourable friend the Secretary 
of the Admiralty had satisfactorily explained 
the need for the excess of expenditure, which 
was beyond that required by the _ present 
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state of affairs; although, as Chancellor of the 
Exchequer, he himself had been responsible for a 
rise of 12 millions in seven years. However, to 
use Sir Michael’s own words : ‘* That is always the 
way.” Mr. Gibson Bowles is, we believe, another 
nominal supporter of the Government, who, how- 
ever, is not quite satisfied with all its procedure. 
He contributed a jewel of wisdom to the debate by 
stating that one destroyer could not starve the 
country. The Secretary of the Admiralty had been 
urging that more cruisers are now necessary, it 
being practically impossible to seal an enemy’s port 
as in the old days. A destroyer could come out 
and commit damage at any time ; a statement very 
much to the point, which called forth Mr. Bowles’ 
remark. 

Mr. Edmund Robertson also was not very logical 
in his opposition to additional cruisers for com- 
merce protection ; his argument being that if an 
enemy were engaged in smashing our Fleet they 
would have no force to spare to attack our com- 
merce. Fleets are smashed by battleships whilst 
commerce is attacked by cruisers, or indeed by any 
war ship that can come up with a mercantile vessel. 
With two forces at all equally matched it is to be 
supposed war would drag on for some time, and it 
is idle to imagine that vessels would not be de- 
tached to attack commerce so long as the command 
of the sea were disputed. Mr. Robertson, how- 
ever, as a former representative of the Admiralty 
on the other side, stands on a different platform to 
the critics within the fold, and in his speech he 
brought forward a point of some importance which 
has generally been overlooked. The Secretary 
of the Admiralty had estimated the seaborne 
trade of the Empire at 1200 millions sterling ; but 
one-fourth of that amount is Colonial trade, in 
which the taxpayers of this country have no 
interest as buyers and sellers. It may be that 
it was a sudden recognition of this fact which 
prompted the tender regard for the pocket of the 
British taxpayer displayed by the Irish members 
when they urged—until they were closured—that 
the Colonies should bear a share of the burden of 
the Navy. 

These are, however, but parliamentary excre- 
scences on what should be a question free from 
political bias. The main fact, unaffected by such 
glosses, is that in a time of disturbance, which 
may spread, those entrusted with the adminis- 
tration of our affairs have thought it wise to 
add to, rather than reduce, expenditure on 
the main source of the country’s strength. The 
additional sum asked is but a trifle when com- 
pared to that we should at once have to spend 
if our possessions were attacked. That a pre- 
pondering British Navy gives assurance of peace 
has been proved absolutely ; and we should be a 
foolish people indeed if we refused a small sum to 
make the assurance complete. It may be, how- 
ever, that the war now commencing in the Far 
East will ultimately change the aspect of foreign 
politics, so that the balance of power between 
Great Britain and possible rivals will become less 
onerous to maintain: a relief from which we shall 
be prepared to give much thanks, 








PROGRESS IN THE USE OF 
ELECTRICITY. 


We have time and again referred to the fact that 
the principal obstacle to the general use of elec- 
tricity has been that created by the municipal 
authorities; who, while themselves frequently 
unwilling to embark on the somewhat speculative 
procedure of constructing central stations for the 
public supply of electric energy, have imposed 
such difficult terms upon private enterprise that it 
became hazardous, even for capable promoters, to 
undertake the supply. Parliament assisted in the 
entrenchment of local authorities; and it is certainly 
a tribute to the commercial instinct and progressive 
energy of capitalists in this country that electricity 
has now such a firm hold. Unfortunately, how- 
ever, these splendid commercial traits of character 
have not altogether had their reward, because, 
although private companies demonstrated the supe- 
riority—alike as regard illumination and economy 
—of electricity, they have not, taking them in the 
aggregate, had the recompense that was their due. 
The areas which were reserved, as the result of 
Parliamentary and corporate action, were naturally 
the most lucrative; and thus, if -we except the 
metropolis, most of the large electrical under- 
takings in the country are municipal enterprises. 





The result is that, in later years, the progress, as 
measured by the number of the Board of Trade 
units sold, is very much greater in the case of 
municipalities than in that of companies. Thus, 
of the thirty million units sold in 1896, two-thirds 
were produced by companies; in 1899, the muni- 
cipalities and the companies each generated one- 
half of the 85 million units used ; and for the past 
year the municipalities have produced two-thirds of 
the total of 344 million units. It will thus be seen 
that the output from municipalities has increased 
at a very much quicker ratio than that from com- 
pany power-stations. Last year marked an increase 
of practically 100 million units on the total quantity 
sold in the United Kingdom, and of these 78 mil- 
lion units were credited to the undertakings of 
public authorities. It should, however, be made clear 
that there are 226 municipal stations, as compared 
with 130 company schemes; so that the average 
annual output per corporation station is considerably 
greater than the mean output from the companies’ 
stations—1,030,000 units as compared with 856,000. 
But an indication of the superiority of the town 
stations is afforded by the fact that the total 
units sold in 1903 per 8 candle-power lamp in 
the case of municipal stations was 23, as compared 
with 16 for company stations; the mean annual 
amount of electrical energy consumed in the 
United Kingdom per 8 candle-power lamp, being 
practically 20 Board of Trade units. 

The cost of generation is decreasing ; the details 
given in Garcke’s ‘‘ Manual of Electrical Under- 
takings ’’* show that, in the case of sixty undertak- 
ings in 1896, the total cost per Board of Trade unit, 
exclusive of depreciation, interest, sinking fund, 
and capital charges, was 4.07d., it was reduced 
in 1900 to 2.67d., in the case of 118 stations ; 
last year it was only 2.30d., although 216 were 
included in the analysis. Under the head of 
generation alone the reduction has been 1d., 
from 2.45d.; while under the head of distri- 
bution it has been equally satisfactory, from 
0.36d. to 0.21d. Although the companies have 
not the same lucrative business as the local 
authorities, they have, by economy and by liberal 
action towards the consumer, maintained a fairly 
good dividend, although the rate has been decreasing 
in recent years. Apart from the 27.79 millions ster- 
ling borrowed by municipalities, the total capital 
invested in electric light and power companies is 
now about 24% million sterling, of which 28 per cent. 
ison loan and debenture capital, the average return 
on which is 4.43 per cent., which marks a decrease 
from 4.69 per cent. in 1897 ; 21 per cent. is prefer- 
ence capital, and here the decrease in the rate is 
more marked: from 6.05 per cent. in 1897 to 5.36 per 
cent. in the past year ; but this latter figure shows 


a slight recovery on the totals of the two preceding |p 


years. The ordinary capital, which represents 
about half the total invested in electric light under- 
takings, earned last year an average of 5.29 per 
cent. This is necessarily a fluctuating return, 
owing largely to the beginning of new stations, 
involving, as they do, a capital expenditure without 
any immediate return on ordinary stock. Naturally, 
the demand has to be cultivated ; it is in the develop. 
ment of this demand that the private company 
excels the corporation; and the practice, which is 
adopted now in many cases, of the company putting 
in a wiring and charging a rent, has certainly 
increased materially the use of electricity. It 
would assist matters still further if some such 
arrangement could be made whereby, after the 
lapse of a certain ‘period of time, this rent should 
cease ; and an even more extensive development 
would follow if the companies could induce the 
owners of houses to put in the’ wiring in all exist- 
ing property (under an agreement with the tenant), 
whereby the cost might be spread over a period of 
ten years, instead of the tenant, whose occupancy is 
determinable upon athree years’ lease, being called 
upon to bear the expense. 

In electric traction we find a corresponding 
development has taken place. Mr. Garcke, in his 
admirably-arranged details, shows that the total 
capital of 156 electric traction undertakings is now 
61,606,5091., which is 17 million more than in the 
previous year, and ten times the total of eight years 
ago. Municipal undertakings, however, are still 
in a minority ; for here, more than in lighting, the 


* “Manual of Electrical Undertakings and Directory 
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5 Norfolk-street, Strand, W.C., 1904. 
net. 


[Price 15s. 





municipalities have hindered development by re- 
fusing to grant a renewal of the leases to old com- 
panies, so that they might with some degree of 
security of tenure apply the new method of haulage 
to their existing lines. This refusal has delayed 
the development of electric tramways long after 
untrammelled private enterprise had carried out 
schemes in less populous places. There are now 92 
municipal undertakings, with a loan capital of 21} 
million sterling, which is a little more than one-third 
of the amount involved in company schemes. The 
total mileage of electric tramways and light rail- 
ways in 1903 was 5348 miles of single track, and 
3584 route miles ; the former showing an increase 
of 635 miles, and the latter of 368 miles as com- 
pared with the previous year. The number of 
cars in use has increased in one year from 5528 to 
7343. As to the return of capital for the electric 
traction schemes, it may be noted that of the 61.6 
million sterling, 24 per cent. is loan and deben- 
ture capital, and on this the return for the past 
year has averaged 4.53 per cent., which is about 
the mean for the past five years ; 22 per cent. of the 
total is preference capital, the return on which has 
been 4.81 per cent., showing a slight decrease 
during the past five years; the remaining 54 per 
cent. is ordinary capital, on which the return has 
been 4.13 per cent. But, as a matter of fact, 5 mil- 
lion sterling of the ordinary capital for traction has 
not yet reached the dividend-paying stage, whereas 
in the case of lighting only 1} millions sterling re- 
ceives no dividend ; so that it may be assumed that 
traction is ina more experimental stage from the 
commercial point of view than lighting. 

In addition to the mileage given there is 18} miles 
of deep-tunnel railways in London now in operation : 
264 miles under construction, 91 miles in process of 
conversion to electric traction, and 19 miles autho- 
rised. The total for the metropolis alone is 
154? miles, as compared with 58} miles a year 
ago. It is further interesting to note that the 
electrification of standard-gauge surface railways, to 
the extent of 1274 miles, is either in course of con- 
struction or has been authorised; the mileage 
authorised, but not yet commenced, making up a 
total of 47 miles. 

In addition to supply and traction undertakings, 
a very large amount of money is invested in electric 
schemes. Thus, there are 35? million sterling 
devoted to manufactures, showing an increase of 
6 million sterling as compared with the preceding 
year, and of 10 million sterling compared with two 
years ago. On telegraphs there are 334 million 
sterling invested, and on telephones, 104 million 
sterling, of which only 318,000l. sterling is due 
to municipal undertakings, three in number. Mis- 
cellaneous schemes involving 12 million sterling 
ring the total subscribed capital of all electric 
undertakings, numbering 1121, to the enormous 
amount of close upon 227 million sterling. This 
is exactly double what it was four years ago. It 
would appear from an examination of the average 
rate of dividend on capital invested that manufac- 
ing is the most profitable : as the average rate in 
this case is 5.85 per cent, whereas in supply 
schemes it is 5.03 per cent., for telephones 
4.80 per cent. ; for telegraphs, 4.76 per cent. ; and 
for traction, 4.41 per cent. In view, however, of 
the speculative nature of the undertakings, and 
of the large amount of propagandist work that 
must be done before final success is realised 
—apart altogether from the great uncertainty con- 
sequent upon municipal aggrandisement — this 
return can scarcely be regarded as high, although 
under the circumstances it is satisfactory. 








THE TRAINING OF JAPANESE NAVAL 
OFFICERS. 


In our last issue we explained the methods of 
selection of naval cadets which had been introduced 
into the British Navy, and which took into account 
not only the intellectual acquirements of the candi- 
dates, as these could be tested by examination 
papers, but also their physical and moral qualities, 
in so far as these could be estimated by experienced 
men from such evidence as seemed to bear on their 
fitness for a naval career. We believe that the 
men who formed the committee would be able, 
after a short interview, to weed out those who 
were unfitted for such a career, and the qualifying 
examination which those selected had afterwards to 
pass would remove any suspicion of partiality. 
Of course, it is impossible to devise any form of 
examination which is above criticism, but that 
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which has been introduced into our Navy seems 
well adapted to meet the object in view. 

Some years ago, when Lord Reay was introduc- 
ing a deputation to the Department of Education 
in London, he remarked that it would be a good 
thing if those who were responsible for secondary 
education would make themselves acquainted with 
the arrangements which existed in Japan. We 
should not be surprised if the First Lord of the 
Admiralty had carefully studied the arrangements 
for the training of Japanese naval ofticers before 
he introduced his new regulations. The Japanese 
Navy owes a great deal to British officers, both in 
the organisation of its educational institutions, and 
in the practical training of those who are now in 
charge of the Navy, but the Japanese are never 
content with merely copying arrangements which 
exist in other countries ; they always modify them 
to suit the conditions in their own country, and 
endeavour to improve upon them, when that is 
possible. Their Army and Navy are examples both 
of adaptation and improvement, and their high 
efliciency and fighting power prove that the 


methods which have been adopted contain all the | 


latest improvements. While they have taken full 
advantage of science, their efficiency is due, in 
great part, to the careful selection of the men 
who are in command, and who bring to any task 
which may be given to them, not only a scientific 
completeness of preparation, but also a living 
patriotism which are not easy to overcome. One 
almost requires to have lived in Japan to be able to 
understand the force which this spirit of patriotism 
gives to a Japanese soldier or sailor, but recent 
events in the Far East have revealed to the world 
very distinct proofs of its existence. 

Those who wish to have a good idea of the 
methods adopted in the training of Japanese naval 
ofticers are saved the trouble of a detailed examina- 
tion of regulations by an excellent lecture on the 
subject which was given last week, at the Royal 
United Service Institution, Whitehall, by Lieut.- 
Commander K.. Sato, of the Imperial Japanese 
Navy, in which he dealt not only with the entrance 
and training of cadets, but als» with the complete 
training of naval officers, not only as regards their 
theoretical training, but also their duties atloat 
and ashore. We can, of course, only note some of 
the most important points. 

The Naval College at Yetajima is open to every 
male subject between 16 and 20, with the excep- 
tion of those who are married, those who have 
undergone any serious punishment, and those who 
are bankrupts. The whole expense of training, 


food, and clothing is provided by Govern- 
ment. The entrance examination to the col- 
lege is divided into two stages, physical and 


educational, and anyone who fails to pass the 


physical examination successfully is not entitled | 


to be examined educationally. So far as can be 
judged from the description which is given of the 
physical examination, it is conducted on lines very 
similar to those which have been introduced into 
the British Navy, the object being to see that the 


candidates are not only in sound physical condi- | 


tion, but also that they are of the build and turn 
of mind and body which are likely to make them 
good naval otticers. These may seem rather indefi- 
nite qualities, difficult to estimate exactly, but 
men of experience will have no difficulty in 
excluding those who are evidently unfitted for 
a naval career. Those who pass the physical 
examination are then subjected to an educational 
exanination in the following subjects :—Mathe- 
matics, consisting of arithmetic, algebra, plane 
geometry and plane trigonometry ; Japanese litera- 
ture and composition ; English grammar, transla- 
tion of Japanese into English and English into 
Japanese ; physics, chemistry, history, geography, 
physical geography ; hand-sketching and mechanical 
drawing. The French, German, and Russian lan- 
guages are optional subjects which may be taken 
up by students, and the marks awarded count 
towards the order in which they pass into the 
college at the final examination, it being under- 
stood that a necessary standard must be reached 
in every subject of the obligatory course. The 
number of candidates last year was 1995, and 
out of these 1400 passed the physical examination, 
400 passed the qualifying examination in all. re- 
spects, and the actual number of candidates 


selected to enter the college was 180, from which 
it is evident that the competition for entrance to 
the Japanese Navy is even keener than that for 
entrance to the British Navy, only a little over 


lone in twelve of the candidates being admitted. 


The service thus gets the pick of the Japanese 
youth. 

The course of training in the college extends over 
three years, and an attempt is made to combine 
theory and practice in as complete a manner as 
possible. During the vacations it is invariably 
the custom to devote a certain period to the prac- 
tical study of sea duties on board the tenders 
attached to the college. During the course all the 
subjects of naval study are taken up in due 
order. In the first year four hours a week are 
given to gunnery, four to seamanship, one hour to 
engineering, seven hours to English, five-and-a- 
half to physics and chemistry, and six-and-a-half 
to mathematics, making a total of 28 hours’ study 
a week. The second year’s course consists of four 
hours a week of gunnery, three of seamanship, 
one hour of torpedo instruction, three hours of 
navigation, three of engineering, six of English, 
three of physics, and five of mathematics. In the 
third year, gunnery is given three hours a week ; 
seamanship, four ; torpedo instruction, four ; navi- 
gation, seven; engineering, one hour; English, 
six hours ; and mechanics and statics, three. The 
study of the international rule of the road at sea, 
signalling, shipbuilding, the preservation of ships 
and their gear, provisioning, and many kindred 
matters are included in the course of seamanship, 
and a study of meteorological observation, survey- 
ing, and the like, in the course of navigation. In 
addition, elementary courses of international and 
civil law and naval history are provided. When 
the cadets have passed the final examination they 
are promoted to midshipmen. 

In this position their training is continued in 
the special training ships and in the ships of the 
standing fleet, and it is of a very thorough nature 
in every department of the work. When in service 
with the fleet they perform junior officers’ duty 
under the supervision of the superior ofticers ; but 
it is, as a rule, the custom for the captain of the 
| Ship to choose a very competent officer to take 
charge of them, besides giving orders to the gunnery, 
torpedo, and navigating ofticers to instruct them 
in their own special branches.. When they 
reach the ranks of sub - lieutenants and_ lieu- 
tenants, their captains have to superintend their 
instruction, and to encourage them to make 
every effort to perfect themselves in the de- 
tails of their profession. Special attention is 
paid to their practical duties; but the theoretical 
side of their work is by no means neglected. 
They are required to prepare a yearly essay on 
either theoretical or practical questions of military 
|interest. The subject set varies according to the 
| officer’s rank, special duty, and capacity. The essays 
/are returned to the officer concerned after they 
have been examined and criticised by the captain, 
;who may forward to the commander - in - chief 
those which he considers show great ability. 
| These essays are printed and collected in a book 
, Which is distributed throughout the fleet and naval 
barracks. 

The course which has been sketched, it will be 
admitted, is very complete ; but there are still 
higher and special courses in the Higher Naval 
College at Tokio, for lieutenants, commanders, and 
| captains who have shown special ability and who 
| wish to specialise in certain departments. Then 
| there are arrangements for special training in 
| gunnery and in torpedo construction and use. In 
, addition to all this, when some new weapons have 
| been introduced, or some new scientific discovery 
has been made, or drills have undergone changes, a 
number of ofticers are summoned from various 
| parts to bring themselves up to date in such matters, 
_and to teach their comrades, or those under their 
command, what they have themselves just acquired. 
In his concluding remarks, Lieutenant-Commander 
Sato said that it would be admitted that his country 
| had followed fairly closely in the footsteps of the 
| ** Mistress of the Seas.” Whether in one or two 
} small particulars they might, perhaps, have gone 
'**one better” it would be for his audience to 
decide. Admiral Ingles, who was present, said 
| that ‘‘the Japanese nation, as far as he knew, was 
| unique ; they combined every qualification of the 
East with every qualification of the West.” When 
we take into account the careful manner in which 
Japanese naval officers are selected, the thorough 
training to which they are subjected, and the 
patriotic spirit with which they are animated, we 


;can easily understand how they are capable of 
| brilliant exploits. 


ELECTRICAL METHODS OF MEASUR. 
ING TEMPERATURE. 


Own Thursday, February 25, the first of a series 
of three lectures dealing with electrical methods of 
measuring temperature was delivered in the Royal 
Institution by Professor H. L. Callendar, F.R.S. 
whose platinum resistance thermometers are now 
coming into pretty extensive use in a number of 
different industries. The lecturer stated that there 
were two methods of measuring temperature by 
electric means—viz., the change in the resistance 
of a wire with a variation in its temperature, and 
the electromotive force which is observed when 
heat is applied to the junction between two dis- 
similar metals. The first method had the adyan- 
tage that the change to be measured was a large 
one, since the resistance of a coil of platinum 
wire at a high temperature was about five times as 
great as it was at the temperature of the room, 
and was thus a greater change than the change 
in volume of a perfect gas as compared at 
the same temperatures. Secondly, the resist- 
ance coil could be used to get the average tem- 
perature of a relatively large space, which was 
often convenient, as, for example, in taking the 
temperature of a gas. For this particular purpose 
a mercury thermometer had the drawback that: its 
reading depended partly on radiation losses, which 
were 50) to 100 times as great as with the platinum 
thermometer. Coming to thermo-junctions, these 
were very convenient when it was required to know 
the temperature at a particular point, since the 
couple was affected by heat applied at the junction 
only, and not at all by heatapplied elsewhere. The 
etfect to be measured was, however, much smaller 
than the change of resistance in the other type, but 
for determining high temperatures, or great differ- 
ences of temperature, the thermopile was excellent ; 
though for measuring low temperatures or small tem- 
perature differences the electric-resistance thermo- 
meters were about 100 times as sensitive. In both 
types of thermometer platinum or platinum alloys 
were adopted as the material to which heat was to be 
applied, since there was then no trouble from zero 
errors due to repeated heatings and coolings, or to 
chemical action ; whilst their infusibility was such 
that there was a very large range of tempera- 
ture over which they could be used. 

Both methods were sensitive and accurate, and 
could, moreover, be arranged so as to give their 
indications at any desired distance from the source 
of heat. Both were also well adapted for taking 
continuous temperature records either by photo- 
graphy, or by pen and ink, whilst mercury record- 
ing thermometers, on the other hand, were clumsy 
and slow. The calibration of electric thermo- 
meters was effected by comparing them with a 
gas thermometer. The change of electrical resist- 
ance was not exactly proportional to the tempera- 
ture, but the law connecting the two had been 
established by a number of different experimenters. 
Between 0 deg. and 100 deg. Cent. the error made 
in assuming the resistance to be proportional to the 
temperature was about $ deg. Cent., but at 400 deg. 
Cent. it was 25 deg. Cent. It was found, however, 
that the resistance was a parabolic function of the 
temperature, and this was now found to be the case 
not only with platinum, but with other pure metals. 
A number of different empirical formulas had been 
proposed for the resistance of iron at different tempe- 
ratures, and were represented in Fig. 1 (page 337). 
Between 0 deg. and 100 deg. Cent. they were all 
fairly correct, but as would be seen differed greatly 
at higher temperatures; and the experimental points 
plotted showed that, as with platinum, a simple 
parabolic formula fitted best into the results, 
holding right up to the temperature at which iron 
lost its magnetism. The recognition of this law 
simplified the calibration of a resistance thermo- 
meter, the constants of which were determined by 
heating the coil up to some known high tempera- 
ture, such as the boiling point of sulphur. 

The reduction of the indications given by a 
thermo-couple was a more complicated matter, as 
would be seen by comparing the curves of tem- 
perature electromotive force, given in Fig. 2. 
(Here the scale given is correct for the copper-iron 
couple, but the numbers must be multiplied by ten 
for the other couples.) Here it would be noticed 
that the Ni. Fe. couple had a fairly uniform curve, 
and it could, moreover, withstand exposure to a 
high temperature. The iron-copper couple, on the 
other hand, had a maximum electromotive force 





at 250 deg., which became zero at 530 deg. 
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In making platinum resistance thermometers 
the wire was wound on thin mica plates which 
would withstand a high temperature, and had no 
chemical action on the metal. The resistance of 
the wire could be measured by a Wheatstone 
bridge or ordinary post-office box, but, in using the 
latter, care must be taken to invert the usual con- 
nections of the battery and the galvanometer, 
which, whilst right for telegraph testing, were 
quite wrong for thermometric work, as too large a 
current then flowed through the galvanometer, 
heating up its coils and altering their resistance. 
Hence the galvanometer should be coupled up to 
the terminals usually marked B, and the battery to 
those marked G. In order to avoid errors due to 
the change in the resistance of the leads between 
the thermometer coil and the Wheatstone bridge, 
two idle or compensating leads were taken from 
the other arm of the bridge up to the thermo- 
meter coil. These idle leads formed a portion of 
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one arm of the bridge, whilst the thermometer coil 
and the working leads made up the other. The 
compensating and working leads being exposed 
to the same changes of temperature automatic- 
ally balanced each other. With platinum resist- 
ance thermometers there was, therefore, nothing 
equivalent to the ‘‘ stem” errors which caused such 
trouble in making accurate measurements with 
mercury thermometers. Indeed the principal reason 
why the latter class of instrument was not used 
for high-temperature measurements arose from 
the magnitude of these stem errors, which might 
amount at furnace temperatures to as much as 
50 deg. Cent. 

The design of a satisfactory platinum recording 
thermometer had been difficult, since the currents 
which worked the relay mechanism actuating’ the 
inking pen were so extremely small, being roughly 

1 oie 
1,000,000 @™pere, which is only about ,q5q of the 
strength of current used in ordinary land-line 
telegraph relays. He had found, however, that by 
letting the relay-arm make contact with a wheel 
continuously moved by clockwork instead of with a 
fixed contact, trouble from sticking was avoided, in 
spite of the extremely small force available for 
working the relay-arm. Recording thermometers 
embodying this feature were now made for a 
variety of purposes, and were excellent as sunshine 
recorders. In these two thermometers were used, 
one of which was covered with black soas to absorb 





the light rays. The record obtained was much 
more instructive than that of the ordinary burning- 
glass recorder, since the intensity of the sunshine 
was not merely indicated but actually measured, 
and the instrument was, moreover, much more sen- 
sitive. 








THE RENEWAL OF THE BRITISH 
MERCANTILE FLEET. 

A STRIKING proof of the continuous process of re- 
newalof the British mercantile fleet is afforded by the 
statistical tables which have this week been issued by 
Lloyd’s Register, as they show that the new ton- 
nage constructed during the past ten years equals 
about 62 per cent. of the aggregated tonnage of the 
fleet to-day, and although part of this new tonnage 
must have been lost through misadventure, there 
is still the probability that quite half of our mer- 
chant ships of to-day have been constructed within 
the last ten years. Since we build from 3 to 4 tons 
for every ton of shipping waste, it might be assumed 
that our fleet would have increased at a very much 
greater rate than the 27 per cent. indicated by com- 
parison of the figures of to-day with those of ten 
years ago ; but there is at the same time a steady 
transfer of shipping from the British to foreign 
registers, and here again it is to be noted that a 
large proportion of the vessels thus sold out of the 
fleet are of considerable age. The Registrar- 
General, in his report for the past year, indicates 
that of the 300,000 tons of shipping removed 
from the register in 1903 because of foreign 
transfer, 34 per cent. was built before 1880; 
59 per cent. before 1885 ; and 71 per cent. before 
1890. This substitution of new for old vessels 
is eminently satisfactory from the financial point 
of view, because the modern steamer is more 
economical than a ship built prior to 1890. 
Then the size was comparatively small; the 
engines, as a rule, were of the compound type, 
using low steam-pressures, and, as was pointed out 
by Mr. James McKechnie in his decennial review 
of marine engineering progress at the Institution 
of Mechanical Engineers in 1901,* the result has 
been a decrease in the average coal consumption of 
from 0.2 lb. to 0.26 lb. per horse-power hour, 
which, on a steamer of 4000 horse-power, means a 
saving in cost of fuel of between 101. and 151. per 
day, according to the market price of the fuel. At 
the same time, there has been a steady advance in 
the size of ships, which, of itself, means a consider- 
able decrease in the cost of cargo transport. Taking 
every ship, there has been in ten years an increase 
in average size of 30 per cent., and to-day there are 
thirty vessels of over 12,000 tons, whereas ten years 
ago such a vessel was exceptional. 

The question, however, arises as to how the 
foreign shipowner can afford to purchase our old 
ships and to secure a satisfactory return on the 
investment : such ships are certainly not bought 
for the purpose of facilitating the moderni- 
sation of the British fleet. Im ten years we 
have sold to foreigners over four million tons of 
British shipping, of which 20 per cent. were sailing 
craft; and if we deduct from this aggregate the 
tonnage which has been bought from foreigners 
(428,000 tons), we find that the net result is a 
transfer to the register of foreign countries in ten 
years of 3,633,000 tons. The ships thus added to 
the foreign fleets must enter into competition with 
vessels flying the Union Jack, because British 
ships participate in the trade of practically every 
country: there are few cases where legislative 
prohibition exists. Some part of this transfer was, 
it is true, due to the Hispano-American War ; 
but there is the general fact that annually 300,000 
tons pass over to foreign fleets, irrespective of the 
new vessels built for foreign countries. How can 
these vessels maintain competition with modern 
ships, and give satisfactory return on the capital 
involved? The answer is undoubtedly concerned 
with the greater severity of the conditions apply- 
ing to British vessels in our ports than those 
obtaining in the case of foreign ships trading to 
and from British possessions. In respect of load- 
line, regulations as to crew, and in other details, 
the British ship is undoubtedly handicapped by 
legislation. These may be for the ultimate’ safe- 
guarding of ship and seamen—they have tended 
to reduce the loss of shipping to a much lower 
| proportion than is the case in any foreign mer- 
chant fleet; but if this legislation gives an undue 











* See ENGINEERING, vol. Ixxii., pages 267 and 298. 





advantage to foreign ships, some amendment of 
the existing law may be justifiable. We are glad 
to note, in this connection, that the President of 
the Board of Trade has promised careful considera- 
tion of this question, and has hinted that the 
Government may carry through Parliament an 
amendment Bill, so as to enforce upon the foreign 
ships trading in British ports the same conditions 
as to load-line as are now exacted in the case of 
British ships. We hope that this proposal will be 
speedily carried into effect. If a law is advan- 
tageous from the point of view of the Briton, it 
should be equally beneficial and acceptable to the 
foreigner ‘‘ within the gates.” 

The net result of the additions to and removals 
from the register is a very substantial increase in 
ten years. Thus, the British fleet is now made up 
as follows :— 

Steam, 10,122 vessels, of 13,763,973 tons gross. 
Sailing, 10,342 oe 2,010,008 A 





Total 20,464 a 15,773, 981 ie 
As compared with ten years ago, there is a net in- 


crease of 3,257,848 tons, equal, as we have already | 


lod 


indicated, to about 27 per cent. When closely 
analysed, it is seen that the carrying capacity is deve- 
loped in a greater ratio. We have already referred 
to the continuous process of renewal as well as to 
the improved economy of the modern ship, due 
alike to higher steam pressures, to greater me- 
chanical efficiency in the engine, and to the 
reduction of working costs; while the steady in- 
crease in the size of the cargo - carriers has 
augmented the ratio of deadweight capacity to 
gross tonnage. Apart, however, from these ele- 
ments in the improved carrying capacity, there is 
the fact that whereas ten years ago the ratio of 
steam to sail tonnage was about 3 to 1, it is now 
almost 7 to 1. In other words, the steam tonnage 
has increased by 4.45 million tons, or by about 50 
per cent., whereas the sail tonnage has actually de- 
creased by about 1.2 million tons, or by about 33 per 
cent. Taking the usual accepted ratio of cargo carry- 
ing capacity due to increased speed, &c.—i.e., that 
three sailing tons are only equal to one steam ton— 
we find that the carrying power of the British fleet 
to-day is 33.3 per cent. greater than it was ten 
years ago, although the actual increase in tonnage 
is equal to only 27 per cent. Butif other elements 
of efficiency to which we have referred are taken 
into account, it would appear to be safe to assume 
that the efficiency of the British fleet to-day is in 
the aggregate quite 50 per cent. greater than it 
was ten years ago. 








NOTES. 
THe Law or Trape Marks. 

Ir the benefits of registration are to be secured 
to a trader, who believes in the efficacy and value 
of a name or brand which he has invented to sell 
his goods under, the rules which regulate the 
matter should be made and kept as plain as possible. 
It is well known that, under the Act, a trade mark 
must consist of, or contain at least one of, the follow- 
ing particulars: (d) an invented word or words, or 
(e) a word or words having no reference to the 
character or quality of the goods. In the ‘‘ Solio” 
case, it was decided that a word might bea good 
invented word although it might have some refer- 
ence to the character or quality of the goods. Ina 
case which has recently been decided, the question 
really resolved itself into a discussion whether the 
word ‘‘absorbine” was, or was not, an invented 
word. This word was applied to a preparation for 
absorbing and removing windpuff, capped hock, 
and other swellings. Mr. Justice Joyce decided 
that this word was not an invented word, as none 
of the syllables, or parts of which the word was 
composed, were invented, and his Lordship saw no 
invention in combining them to form the whole. 
Since the ‘‘Solio” case the Comptroller has accepted 
and registered as invented words many words which 
have comprised words in common use, with a 
diminutive, or a short and meaningless, syllable 
added to them. This decision will come as a shock 
to those who have registered such words under 
the impression that they were justified in so doing 
by reason of the decision in the ‘‘ Solio” case. 


THE ELECTROLYTIC STRIPPING PROcEss. 

In an interesting article published in Electro- 
chemical Industry, Professor C. F. Burgess de- 
scribes the electrolytic stripping process in use in 
some American cycle and motor factories for 
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cleaning off the superfluous brass around the brazed 
joints of the frames. When accomplished by hand 
labour, this operation cost 1s. per frame, and there 
was always a risk of the thin tubing being injured | 
by a careless workman losing control of his file. 
In the earlier attempts to displace hand-labour 
here, the plan of dissolving off the brass with 
potassium cyanide, or alkaline bichromates, was 
adopted, but only partial success was realised, since 
the time required was great and the cost of chemicals 
high. The electrolytic process was then developed, 
and has now been in use for some years. At the 
outset there was great difficulty in finding a suit- 
able electrolyte, since in a brazed joint the three 
metals—zine, copper, and iron—arein good electri- 
cal connection. The zinc tends to dissolve off first, 
leaving copper, which is electro-negative to iron, 
so that the latter metal tends to pass into solu- 
tion rather than the copper. The trouble was 
finally surmounted by choosing a solution in which 
iron assumes the passive state, and is then electro- 
negative to copper. The solution used is one made 
up of 1 lb. of sodium nitrate (98 to 99 per cent. 
pure) dissolved in 8 lb. of water. Stronger concen- 
trations can be used ; but though the resistance is 
less, there is then trouble from the zinc and copper 
hydroxides remaining in suspension instead of fall- 
ing to the bottom of the bath ; and it is therefore 
best to work with an electrolyte having a density 
of about 5 deg. Beaumé. When the above solution 
is freshly made, iron immersed in it assumes the 
passive state in a few minutes; but if a little 
sodium nitrite is added, the metal will become 
passive instantly. With an older bath no nitrite 
is required; but after some hours’ use, the elec- 
trolyte tends to become alkaline, and the iron will 
then no longer remain passive, and this tendency 
must be counteracted by adding a little nitric 
acid. The best results are obtained with a neutral 
bath, but a slight acidity does no particular harm, 
save that a little copper may be deposited on the 
cathodes, which are steel plates of No. 14 gauge. 
The current density used ranges from 5 to 15 
amperes, and between these limits the whole of the 
current enters the electrolyte from the brass, and 
none from the iron. The potential difference 
between the electrodes is from 3 to 5 volts. The 
time needed to clean the joints depends on the 
thickness of the brass deposit, and ranges between 
5 to 45 minutes. 





Testinc-CaR ON THE BERLIN EvectRIC TRAMWAYS. 

After having forsome time used an accumulator 
tramway-car, running on four axles, for the pur- 
pose of taking measurements on their lines, the 
Berlin Tramway Company have had a special test- 
ing-car constructed, which should amply repay the 
money spent upon it. According to the description 
given by E. Bjorkegren in the Elektrotechiische Zeits- 
crift, the car closely resembles the ordinary cars in 
its outer appearance. It has the same length—11 
metres (36 ft.)—and general outfit ; but it can take 
up its current either by trolley or contact shoes, and 
it is well equipped for measuring and experimental 
purposes. The general arrangement is due to the 
Union Elektricitats-Gesellschaft, but the various in- 
struments have been obtained from differentsources. 
Two of the four axles are fitted with motors, each of 
23 horse-power nominally ; and any other type of 
motor used on the system can be fitted. There 
are three brakes—a hand-brake, 3 magnetic-brake 
of the Sprague type, and an air-brake of the 
H. H. Boker system. The ordinary instruments 
and meters have been supplied by the Union and 
the Allgemeine Elektricitiits - Gesellschaft, the 
recording instruments by Messrs. Siemens and 
Halske, and the ampere and voltmeters, provided 
with double scales for accurate measurements, by 
the European Weston Company. The speed is in- 
dicated, in kilometres per hour, by an instrument 
by F. Schuchardt, of Berlin, which is actuated by 
a small dynamo, placed on one of the axles. The 
distance travelled through is marked in metres by 
a Gradenwitz instrument, the pointer of which is 
moved by compressed air. The gradient can at 
every moment be read offa scale, of which the pointer 
is connected with a pendulum by toothed gearing. 
These instruments are mounted on a switchboard 
and ona table from which loud-speaking telephones 
extend to both ends of the car, so that the observer 
can communicate with the motor-man and the 
conductor. There are two car-controllers, and the 
car is divided into a testing-room and a sitting- 


room. Among other apparatus we may mention a 





traction dynamometer, to be inserted between the 


motor-car and trailer-car, supplied by Schiffer and 
Budenberg, and an insulation tester by Siemens 
and Halske. Special apparatus for the exact 
determination of the distance between the rails, the 
electric resistance of the rail-joints, and the radius 
of curvature are to beadded. Maps and diagrams of 
the tramway lines are kept on board. 
car is rendering valuable assistance to the inspectors 
and officers who train the motor-men. The men can 
themselves observe the difference between hasty 
and proper switching, the current consumption 
during braking and on inclines, &., and this 
demonstration is certainly more useful than oral 
and printed instructions can be. Certain boards 
in the floor of the car can be removed, so that the 
motors and their gearing, the brake-rods, and the 
air-compressors can be watched while the car is in 
motion. 
THE TELEGRAPHONE. 


Professor Strecker, electrical engineer to the 
German postal and telegraph department, exhi- 
bited at a recent meeting of the Electrotechnische 
Verein some new forms of the Poulsen and Peder- 
sen’s telegraphone, which, it will be remembered, 
was one of the great, novelties of the Paris Exhibi- 
tion of 1900. It may briefly be described as a 
magnetic phonograph. The currents of the tele- 
phone transmitter circulate through the coil of a 
little electro-magnet and magnetise its soft iron 
core. Under this pole moves—pulled by an electric 
motor—a ribbon or wire of steel, or a steel disc, 
just as the paper tape passes under the recording 
wheel of a Morse printer. The momentary state 
of the magnetic field, through which it passes, 
becomes impressed upon the steel tape, and when 
the tape is afterwards made to pass under a similar 
apparatus connected to a telephone receiver, the 
sound is reproduced. That this can be done very 
distinctly and accurately was demonstrated in 
London a few years ago, and it is obvious that such 
instruments might form a valuable adjunct to the 
telephone. In the new instruments steel wire 
and steel discs are employed by preference. The 
wires give a louder sound than the discs, because 
they can, as a rule, be moved at a faster rate, 
and the strength of the induction current, by 
virtue of which the telegraphone operates, depends 
upon the speed of the motion. The speed is, of 
course, limited. The wire instrument which Pro- 
fessor Strecker showed was provided with 6 kilo- 
metres (nearly 4 miles) of wire, and would suffice 
for a conversation of 40 minutes. Conversations 
exchanged between Berlin and Frankfort-on-the 
Main—a distance of 270 miles as the crow flies— 
were quite distinctly reproduced by the instrument. 
A talk with Strassburg, in Alsace, about 125 miles 
further away, could also be listened to ; the repro- 
duction is also described as good, though not quite 
so clear and loud as with Frankfort. Another type 
of instrument is intended for magnetically taking 
down any important conversation through the 
telephone, the telegraphone circuit being joined 
up with the ordinary telephone circuit. When 
used in place of a shorthand clerk for the recording 
of dictated letters and the like, the disc form of 
instrument is considered preferable, and the mag- 
netic record forms a spiral line on this disc, just as 
the incised record does on the plate of a grama- 
phone. A special stop is fitted to instruments of 
this class, by pressing which the record is arrested, 
and on restarting does not recommence at the point 
at which it left off, but repeats a few of the last 
words already spoken. This arrangement is, it 
will be seen, a highly convenient one for the type- 
writer. The sound reproduced is said to be less 
harsh than it is in the case of the ordinary mecha- 
nical phonograph. The ‘‘records” can be readily 
obliterated by passing the wire or disc under the 
pole of a strong electro-magnet, traversed by alter- 
nating currents, and a fresh record can then be 
impressed. 








Sree. AND IRON IN THE Unirep Statrs.—The enor- 
mous increase in the consumption of steel and iron in the 
United States during the decade ending with 1903 inclu- 
sive, is forcibly illustrated by the annexed figures, showing 
the quantity taken into use year by year in the period in 
question :—1894, 6,901,746 tons; 1895, 9,884,047 tons ; 
1896, 8,334,877 tons ; 1897, 9,206,723 tons ; 1898, 11,589,029 
tons; 1899, 13,144,332 tons; 1900, 12,480,787 tons; 1901, 
15,764,614 tons ; 1902, 18,917,845 tons ; and 1903, 18,237,968 
tons. The astonishing increase observable can only be 
accounted for by a greatly extended application of steel 
and iron to new purposes. In American building, for in- 
stance, iron and steel are now used much more freely than 
they formerly were. 


The testing- | 





NOTES FROM THE UNITED STATES. 
’ PHILADELPHIA, February 17, 1904, 


Tue indications are that 1904 will bring a large 
amount of business to the engineering plants and 
machine shops and foundries, in the building of equip. 
ment of all kinds for railroad purposes, mining require. 
ments, and for mill and foundry uses. A high engi- 
neering authority, who has made a canvass among 
prospective buyers, reports that the quantities of 
machinery that will in all probability be required 
exceed anything ever before known. The matter jis 
readily explainable. It is estimated that between five 
and ten million dollars’ worth of machinery will be 
required on the Isthmus, and as much as possible will 
be required within a few months. The purchases will 
include locomotives, steam-dredges, conveying appa- 
ratus, railway material, dump cars, machine tools, and 
contractors’ supplies. There is a vast amount of 
machinery now on the Isthmus, where it has been 
more or less exposed for from twenty to twenty-five 
years; and experts are now making a preliminary 
investigation of much of it, though no contracts have 
yet been placed. It is believed by those familiar with 
the situation on the Isthmus that the scrap yards will 
be pretty well filled up before work begins there. 
Much of the machinery is antiquated as measured 
by present American standards; and, even though it 
can be operated, it will be tigured out to be more 
economical to purchase later machinery. Equipment 
manufacturers are taking much interest in the possi- 
bilities of trade in that direction, and when the time 
comes to bid, there will be some sharp competition. 

An interesting feature of the present inquiry for 
equipment is the large number of inquiries for gas- 
engines. Makers of gas-engines have in sight a large 
amount of business in engines, ranging from 10 to 50 
horse-power. 

The Government has awarded contracts for supplies 
at League Island, Philadelphia, at the Washington and 
Annapolis Navy yards, also for material for the yards 
at Portsmouth, Boston, and New York. Among the 
requirements are electrical trains, blowers, foundry 
cupolas, and a great many machine-tools, some of 
which are wanted at Norfolk, Charleston, and Port 
Royal yards. 

A new turbo-generator of wonderful possibilities is 
about being brought out, which, it is expected, will 
compete with the turbines and other electrical drives 
which have been made for some time past by the great 
electrical companies. There appears to be a broaden- 
ing demand for all manner of mechanical appliances, 
and this demand extends down into the requirements 
of agricultural communities. This activity is partly 
explainable by the fact that the cultivators of the soil 
are preparing to subject to cultivation much larger 
cotton and wheat areas. <A great deal of good terri- 
tory has recently been brought within reach of culti- 
vators through the construction of railroads into terri- 
tory heretofore not well supplied with transportation 
facilities. 

The structural steel market has improved during 
the week by the placing of large orders for structural 
material. Upwards of 100,000 tons of rails have been 
contracted for within the past ten days. The orders 
for railroad bridges amount to about 20,000 tons, the 
largest single order being for 6000 tons, awarded by 
the Western Maryland Railway to the Pennsylvania 
Steel Company. That company has also placed within 
a few days an order for 4000 tons of structural 
material, to be worked up into small bridges to be 
constructed on lines east of Pittsburgh. 

An additional order is about to be placed which will 
call for 16,000 tons of structural material to be used 
up in the erection of immense warehouses in Pitts- 
burgh. In addition to this, there are quite a number of 
new enterprises in the building line calling for very 
large quantities of construction material, orders for 
which are now anticipated any day. 

The shipyards are also completing specifications 
this week for a great deal of plate-iron to cover con- 
tracts recently secured for shipbuilding ; and as prices 
are exceptionally low the shipyard managers have 
come to the conclusion that this is a favourable time 
to place their orders. From all points of view there is 
reason for believing that a great deal of heavy material 
will be contracted for during the next thirty days. 
The belief is also expressed that these requirements 
will have a favourable influence upon the crude iron 
market, which has been dragging for months, and which 
has resulted in a restriction of productive capacity to 
practically one-half. It was this condition of things 
which led a great many users of iron and steel to 
think that there would be a general falling-off in prices, 
as has always occurred in former periods of like 
inactivity. This depression did not occur, because of 
the centralisation of iron and steel manufacturing, 
which conferred power upon the centralised ownership 
to ignore the ordinary laws of supply and demand, 
and maintain prices at such figures as was decreed. 
There is now no further anticipation that there will be 
any general break in prices, and orders for all kinds of 
material are coming forward. 
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THE PREMIUM SYSTEM IN GOVERNMENT 
DOCKYARDS. 


We have received from the Secretary of the Admiralty 
the following ‘‘ Notice to Workmen” which is being 
placed in certain of the shops in H.M. Home Dockyards, 
respecting the premium system of payment for labour, to 
be introduced for trial. 

On March 14, 1904, the Premium System of Payment 
for labour will be introduced in this shop. At first it 
will be applied to certain classes of machine work, and if 
satisfactory results are obtained, the system may be ex- 

mded. 
ithe system will enable workmen to earn, in addition to 
their ordinary weekly wages, ctra remuneration for doing 
work in less time than the fixed time allowed for it. 

The system may be briefly described as follows :— 

When a piece of work is given out, a certain time, based 
on known times taken for similar work done on ordinary 
time in this shop, will be allowed for it. 

This time allowance will include all the necessary time 
for obtaining tools and materials, preparing the machine 
and lifting and setting the work in or on the machine, any 
removal and resetting, change of tools, and removing work 
after completion. 

If the work is satisfactorily completed in less time than 
the fixed time allowed for it, the workman becomes en- 
titled to a premium varying in amount with the time 
saved. 

If, on the other hand, he takes longer than the time 
allowed, he will still be paid his ordinary wages. 

From this it will be seen that while the workman may 
inercase his wages by his own individual effort, he cannot 
lose money by the introduction of the system. 

Premium will be calculated as follows :— 

The value of a ‘‘ premium hour” will be considered to 
be ;!,th of the workman’s weekly wages, and the amount 
of premium carned on a job will bear approximately the 
same relation to the ordinary wages due for the time taken 
to complete it, as the time savcd bears to the time allowed. 

To give an example :— 

Suppose a man is given 48 hours to do a job, and does 
it in 36 hours, he saves one-fourth, or 25 per cent., 
of the time allowed, and accordingly will be credited 
with 25 per cent. of the time taken to do the job, which 
is nine premium hours, so that 

A mechanic in receipt of 36s. per week, 
“premium hour rate” would therefore be 
receive 9 x 9d. = 6s. 9d. premium for his job, 
to his ordinary wages for the period worked. 

Similarly :— 

A skilled labourer in receipt of 24s. per week, and 
whose ‘‘premium hour rate” would therefore be 6d., 
would in the example quoted above receive 9 x 6d. = 
4s. Gd. premium. 

A convenient way for the workman to calculate his 
premium is to multiply the time taken by the time saved, 
and divide the product by the time allowed, all times being 
taken in hours. This will give the premium in hours 
which, multiplied by the ‘‘ premium hour rate,” will give 
the amount of premium earned. 

Or it may be stated thus :— 


Time taken x time saved 
Time allowed 
Taking the case already given :— 
36 x 12 
48 


The time taken will be recorded to the nearest quarter 
of an hour. 

In calculating the premium the time taken will in- 
clude all the working hours, from the time of commence- 
ment of a job up to the time of commencing the next job. 

Overtime, and night and day shifts, will be paid for at 
overtime rates as at present, but will only count as ordi- 
nary hours in the calculation of the ‘‘ premium.” 

Lost time, or absence without leave, will count in the 
time taken. Absence with leave will not be included in 
the time taken. 

The working of the system will be as follows :— 

Each workman on commencing a ‘‘ premium” job will 
receive a ‘‘ job ticket,” on which he will find a descrip- 
tion of the work to be taken in hand, the date and time 
of commencement of the job, the time allowed for it, and 
other particulars as to ship or service, head of charge, &c. 

_On this ticket the shop measurer will fill in the daily 
time worked and particulars of overtime, leave, and lost 
time ; and when the job is finished the time of conipletion 
will be inserted on it to the nearest quarter of an hour. 
__ The ticket is then to be returned to the inspector, and 
if the man’s next job is also to be executed on ‘‘ premium,” 
the time of commencing the new job will be the same as 
that of finishing the previous job. 

As soon as possible after a job has been inspected and 
passed as satisfactory, the amount of premium earned on 
it will be communicated to the workman. 

Premiums will be paid weekly on the Friday following 
the week in which they have been earned. 

It is to be clearly understood that a “‘ premium” is not 
earned until the finished work has been inspected and 
passed as satisfactory. 

If a man’s work when finished does not pass inspection, 
he will receive no premium for that job unless he can 
make good the work in the time allowed, in which case 
he will receive the premium on any saving of time still 
remaining. 

No premium will be paid on articles that turn out 
defective, on account of faulty material or other causes, 
during machining or other operations ; but if one or more 
of several similar articles, for which a covering time 


and whose 
9d., would 
in addition 


= premium time. 


= 9 premium hours. 


tive, the workman will still receive any premium earned 
on the rest of the articles, the premium being calculated 
on the saving of time made on the reduced time allowance 
corresponding in proportion to the number of articles 
satisfactorily finished. 

No allowance will be made in the time taken for 
stoppages occasioned by breaking of straps, stopping of 
driving machinery, or any other cause. 

In cases where a job is stopped in order to undertake 
more pressing work, or for any other purpose, the work- 
man will return his ‘‘ job ticket ” to his inspector, and 
the date and time of return will be noted on it (this | 
being the commencing time of his next job if a “ pre- 
mium” job), The time spent on the job up to the time 
of interruption will be counted as part of the time taken, 
and on reissuing the ticket the time allowance will, if 
necessary, be so revised as to give the workman as fair an 
opportunity of earning ‘‘ premium” on the whole job as 
would have been possible had the work not been inter- 
rupted. 

As far as practicable, time allowances for definite 
operations will not be reduced after they have been once 
satisfactorily established and regarded as standards, 
unless a new method of manufacture, necessitating a 
revision of the time allowance, be introduced. But if an 
established or standard time is seen to be operating 
unfairly to the workman, it may be increased with the 
sanction of the principal officer of the department. 

As some of the work of the department may not be 
deemed suitable to be done on ‘‘premium,” it is to be 
understood that a man may be required to work on 
‘‘premium” or on ordinary weekly time rate as occasion 
and the work may require. 

Apprentices will not for the present be employed on 
‘* premium” work. 

It is hoped that the introduction of the premium 
system will lead to the workmen taking an increased in- 
terest in their work, machines, tools, and equipment 
generally, and to keenness on their part in pointing out 
to their officers where improvements may be made and 
time saved, resulting in better methods of work. 

It is pointed out that increased energy and industry on 
the part of the workmen added to such improvements as 
may be adopted from their suggestions and resulting in 


work being done in less time than hitherto, will im- 
mediately benefit them by increasing their ‘‘ premium ” 
earnings. 
By command of their Lordships, 
Evan TacGuncon. 








HEAT TREATMENT OF STEEL. 
To THE Eprror oF ENGINEERING. 

Srr,—I have read with much interest the Sixth Report 
to the Alloys Research Committee on ‘‘ The Heat Treat- 
ment of Steel,” published in your issues of January 22 
and 29, and February 5 and 12. I am fully aware of the 
importance of such investigations for the users of material. 
They not only add to our knowledge of theory, but also 
afford explanation of facts hitherto inexplicable. The 
discussion on the report also elicited some interesting 
remarks from very different points of view. do not 
feel competent to criticise either the report or the 
opinions given during the discussion; I wish only to 
add some remarks to those of Professors Arnold and 
Unwin about the conclusions derived from the data 
afforded by tensile tests, the comparisons of the results 
of different bars, and the proper recording of the pheno- 
mena accompanying the testing. 

Of what use are instruments of the greatest delicacy, 
referred to in the speech of Professor Unwin, if the 
observation of the physical changes is incorrect, and 
incongruent data are grouped together ? 

It may be necessary, perhaps, in commercial tests to 
accept such crude comparisons, for the sake of despatch at 
the cost of exactitude. I think other conditions should 
prevail in scientific researches of — standard, and that 
in them everything possible should done to eliminate 
sources of errors. Special attention should be given in 
such cases when samples of materials of widely different 
mechanical and chemical properties are being compared. 
There is one point which, in my eyes, is positively 
incorrect—that is, putting the maximum load into direct 
relation with the original area of section. The most 
superficial observation of the operation of testing indicates 
clearly that the load acts from the first moment of its 
activity upon a gradually decreasing area of section. 
Carrying out such an investigation with a full realisation 
of this principle, an experimenter will change the opinion 
hitherto held about the mechanical properties of steel. 
made some investigations in this direction with the help of 
ordinary instruments, differing from the usual testing 


only in the grade of observation of the subsequent — 
as I had not the time and means for more delicate 
measurements. 


If calculated on the commercial method, the tensile 
| strength of the bar was 19,000 + 498.7 = 38.3 kilogrammes 
per mm?, 

I also made similar investigations with steel bars of 
harder quality, and they gave quite similar results to those 
| registered in the table above. It is evident, however, 
| that steel with a lower percentage of C. will import 

ter mistakes into the comparison with harder steels, 
vecause the former has a greater reduction of area of sec- 
tion than the latter ; and in consequence of this fact the 
corresponding data suffer greater deviations from correct- 
ness. 

My second remark refers to the standardisation of the 
distance of gauge-points. 

If we take a sample bar of standard dimensions—‘.e., 
25 millimetres in diameter and 250 millimetres between 
heads—and gauge it at every 10 millimetres, and then 
test it to rupture, and after the rupture we investigate the 
gauged 10-millimetre distances, we find that beyond some 
distance from the spot of fracture all these particular 
divisions display elongation nearly in equal ratios. The 
small differences I should attribute to the slight varia- 
tions of dimensions of bar, and the variable distri- 
bution of chemical ingredients to non - homogenity. 
Theoretically, however, I suppose they should be strictly 
equal and constant. It is in principle positively in- 
correct to deal with those above-mentioned equal elon- 
gations, added to the variable elongations which are 

resenting on the spot and in the neighbourhood of 
racture, and to put them in comparison in the way 
adopted in the report, when it is evident that with the 
increasing tensile strength or hardness of the material, 
the percentage measurement of the constant elongations 
and that of the variable elongation are changing decreas- 
ingly, and therefore the errors involved do not cancel out. 

One of my experiments on this line is as follows :—The 
bar had twenty divisions of 10 millimetres; it was, 
between heads, 250 millimetres; and its diameter was 
25 millimetres before testing. After the fracture the divi- 
sions had changed, and the respective measurements were: 


PRACTURE 





| 
; om ee 


To my thinking, the constant elongations should be 
compared only with such data of different bars, and the 
variable elongations again between themselves. 

T add to these that my instruments were far from being 
delicate, and hence [ do not claim great accuracy for the 
measurements. Nevertheless, they afford evidence in 
support of the statement that measuring the elongation 
upon one and the same fixed gauge distance with test 
bars of widely different tensile strength, and of various 
dimensions, does not furnish clear insight into the mole- 
cular changes; even if other disturbing circumstances— 
é.g., such as fracture beyond the middle of the bar—do 
not induce serious mistakes. 

Hoping that my remarks will not be deemed inappro- 
priate or unnecessary, 

T remain, Sir, yours truly, 
Louis Katona, 
Manager to the Steel Works. 
Resicza, February 20, 1904. 
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WATERLOO RAILWAY ACCIDENT. 
To THE Epitor or ENGINEERING. 

Sir,—Had your correspondent, Mr. G. J. Morrison, 
whose letter under the heading ‘‘ The Southport Rail- 
way Accident” appeared in your issue of February 26, 
seen a full report of the onulediis iven at the trial re- 
—_— in the Times of Saturday, February 20, he would 

ave known that the 23-chain curve was led up to by a 
transition curve. 

Sir Douglas Fox’s evidence with regard to the speed 
was not quite correctly given in the 7%imes report, but is 
corrected in the Zimes of February 25. 

ours, &c., 
: W. B. WorrtuHincton. 
Engineer's Office, Lancashire and Yorkshire Railway, 
nchester. 








THE HARDENING OF STEEL. 

To THE EpiToR oF ENGINEERING. 
Sin, —At the meeting of the Institution of Mechanical 
Engineers, of January 29, a very interesting remark was 
made by Mr. S. N. Brayshaw. (See ENGINEERING, Feb- 
ruary 5, page 189.) ‘ 2 
He pointed out, as a matter of practical experience, 
that ‘at the hardening point, 1 deg. Cent. made a very 
perceptible difference in the process, whilst a difference 
of 3 deg. Cent. was too great to be admitted.” 





One of these samples had given the following results :— 





Some time ago I had arrived independently, and by a 


Dis- | Stress per 

















allowance for the whole is given, should turn out defec- 


. ‘ .« Stress per Diameter Area of 
Mate- | Area of — _ MM? of Hunanus After the Section tance of! MM? of R p 
rial. (Section. *° a Load Original — Experi- Afterthe Gauge | Contracted are 
— oad. “Area. ment. Experiment. Points. | Section. 
mmz2 mm. kg. kg. mm, | mm2 mm. kg. 
Mild 498.7 200 16,850 33.7 At this load, the pump 23.6 | 438 228 38.5 After this experi- 
steel being kept going, | ment the bar was 
equilibrium ensued ; | left 24 hours to cool 
the bar disengaged) down to air tem- 
and the dimensions | perature ; the test- 
were recorded. ing continued on 
next day. 
—y 438 22, 17,800 40.6 As above. 22.5 396 241 45.0 As above. 
ar 
Ditto 396 241 19, 100 48.1 as ies 17.6 235 250 81.3 Ditto. 
Ditto, 2385 250 16,000 68.0 Fracture ensued. 12.2 116.9 255 76.5 
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reasoning based on purely theoretical considerations, at 
a similar conclusion: that the limits between which 
hardening operations were performed with a view of 
obtaining definite final properties of the steel were much 
narrower than seemed to realised by many manufac- 
turers, 

The temperature at which well-defined hydrated salts 
crystallise is so constant that their temperature of crystal- 
lisation has been taken as fixed point of calibration in 
thermometry. (See ‘‘ Proceedings of the American 
Academy of Arts and Sciences,” vol. xxxiv., page 277, 
1899, T. W. Richards and J. B. Churchill; and Zeit- 
schrift fiir Physikalische Chemie, vol. xxvi., page 690, 
1890.) 

For instance, chromate of sodium, Nay Cr 0,+10 H, O, 
crystallises at 19.85 deg. Cent. 

Sulphate of sodium, Na, SO, + IO H, O, ecrystallises at 
32.379 deg. Cent. 

It is probable that every substance has a well-defined 
and constant crystallisation point. ‘The properties of 
steel being known to depend chiefly on the proportion of 
allotropic modifications of carbon and iron it contains, 
such as pearlite, martensite, austenite, &c., and these 
having «a definite temperature of formation, it is easy to 
arrive at the conclusion that to obtain metals having the 
same properties, care must be taken that their ‘* heat 
history ” is as similar as possible. 

That such is the case, we see by Mr. Brayshaw’s remark, 
is found in actual industrial practice. And, moreover, 
we hear the value for the range within which the opera- 
tion must be done; this no theoretical considerations 
could give, and it is a very narrow range indeed. 

That pyrometry is in such an advanced stage as to put 
at our disposal methods allowing of determinations of 
this kind to be obtained in the course of industrial work, 
instead of their being confined to laboratories, is a fact 
that may be considered with much satisfaction ; and we 
can look with confidence to much important informa- 
tion of this nature being the outcome of the usual manu- 
facturing processes carefully carried on in the various 
branches of industrial undertakings and brought to our 
knowledge in the near future. 

Tam, Sir, yours 
M. E. J. GHEURY. 
84, London-road, Chelmsford, February 26, 1904. 


sincerely, 








RAISING WATER BY COMPRESSED AIR. 
To THE Eprror or ENGINEERING. 

Srr,—Either Mr. Hanssen is sufficiently acquainted 
with elementary mathematics to understand the analysis 
in my last letter, or he is not ? 

In the former case, it would be better if he were to 
point out exactly where I am wrong, instead of making 
general statements, such as that Tam “ entangled in my 
own calculus, and am unable to understand the facts of 
the case” ; or that ‘‘ my work is an attempt to disprove 
Boyle’s law.” If he cannot do this, he must accept my 
result. 

In the latter case, which certainly appears the true 
interpretation of his last letter, it is useless to continue 
the discussion, as Mr. Hanssen’s opinion on the point in 
question is then of no value. 

Of course, Mr. Hanssen’s equation is not a corollary of 
Boyle’s law, and is equivalent to assuming the identity of 
the two integrals, 


| V dp ana | V dx. 


Yours truly, 


Preston, February 28, 1904. C. C. Mason. 








COMBINED REFUSE DESTRUCTORS AND 
ELECTRICITY STATIONS. 
To tHE Epriror oF ENGINEERING. 

Sir,—In your impression of the 5th inst., I notice a 
letter from Messrs. Manlove, Alliott, and Co., Limited, 
in which their secretary lays great stress on the results 
obtained at Partick. 

Whilst ‘not wishing to discount the excellent work 
accomplished by refuse destructors at many electricity 
stations, I consider the first essential duty of a destructor 
is to consume and totally cremate the fumes distilled 
from the green refuse. Apparently the writer of that 
letter had overlooked this fact, or is unaware that refuse 
furnaces discharging their gases immediately under the 
heating surface of a boiler do not cremate them; and 
although this arrangement may possibly insure a higher 
evaporation per pound of refuse, it is impossible to pre- 
vent the noxious gases passing away uncremated, which 
was the prevailing fault of the old type of destructor 
furnace. 

At the opening of the Burnley destructor, on the 1st 
inst., the following figures were given, and great stress 
was laid on the fact that the destructor chimney was the 
cleanest in Burnley, it being difficult, from its appear- 
ance, to say whether the destructor was working or not. 
With a destructor, a smokeless chimney is a sure sign of 
perfect combustion, and unless this exists nuisance must 
follow. 

‘For the four weeks ending December 26 the refuse 
weighed in was 844 tons 7 cwt. The water evaporated, as 
measured by the meter, was 285,200 gallons, and the 
wages paid for labour 37/. 6s. 5d. As you will note, this 
gives 1.50 lb. of water for each pound of refuse, and at 
a cost of 104d. per ton. -This cost is rather higher than 
usual, owing to having had an excess of garbage, offal, 
&c., to deal with during the last two weeks. There are | 
three men on each shift, and the men work in two shifts 
of eight hours each. During the remaining eight hours 





the fires are banked. The wages paid are: four men at 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents-a market day, and each horizontal 
line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and 1. in all 


other cases. 
70 lb. to 801b. The metal prices are per ton. 
Tin plates are per box of I.C. cokes. 


The price of quicksilver is per bottle, the contents of which vary in weight from 
Heavy steel rails are to Middlesbrough quotations. 





26s. each—each for forty-eight hours—and two men at 
22s.—for forty-eight hours.” 

It may be interesting to add that, when burning reftise 
on an ordinary Lancashire boiler grate, results as high as 
2.6 lb. of water evaporated per pound of refuse have 
been obtained--satisfactory evaporative figures ; but the 
chimney gases are not thoroughly cremated after each 
clinkering, ana when fresh refuse is charged into the 
furnace. 

IT am, yours truly, 
Burnley, February 18, 1904. JOSEPH B. Massky. 








“Frrro-BLEAcH” FOR BLUE Prints. — One great 
drawback to making alterations, or writing on blue 
prints, seems to have been that all the bleaching inks 
used for the purpose failed to give a perfectly white line. 
All the fiuids we have been in the habit of using in the 
past left marks of a decidedly yellow colour, which were 
generally a great disfigurement to the print. In addition 


| to this, the inks sometimes appeared to rot the paper. In 


order to overcome these disadvantages, Mr. William 
Tyler, of 41, High-street, Aston, Birmingham, has pre- 
pared an ink for which he claims that it produces per- 
fectly white lines, and has no injurious effect on the 
paper. When used it takes from half a minute to a 


| end of that time it makes a clean white line, which can: 
| not, so far as its colour is concerned, be distinguished from 
| other lines on the paper. Having tried it, we feel sure 
| that its good qualities will recommend it to draughtsmen. 





CanapiaN Metatturcica, Inpustry.—It is rather 
disappointing to find that the production of pig in 
| Casale showed a considerable falling-off last year. It 
had been thought that the Dominion was at last em- 
| barking in earnest in metallurgical industry, but the 
| output of pig for 1903 only amounted to 265,418 tons, as 
| compared with 319,557 tons in 1902 and 244,976 tons in 
| 1901. If we go back, however, a few years, we find that 
| great progress has, after all, been made, the production 
of 1900 having been 86,090 tons ; that of 1899, 94,077 tons ; 
| that of 1898, 68,755 tons ; that of 1897, 53,796 tons ; that 
‘of 1896, 60,030 tons ; that of 1895, 57,829 tons; and that 
| of 1894, 44,791 tons. It should be noted that the unsold 
| stocks of pig in Canada at the close of last year only 
| amounted to 19,168 tons. The difficulty which probably 
| stands in the way of a more vigorous metallurgical pro- 
| duction in Canada is the scantiness of the population. 
As a general rule, small populations are devoted to agri- 
cultural rather than to manufacturing pursuits. Canada 
is, however, now beginning to fill up; and, in spite of 
‘every obstacle, Canadian metallurgical industry may be 


} 


| minute before it has fully acted on the paper, but at the | expected to grow in importance. 
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MOTOR-DRIVEN 


MESSRS. G. WILKINSON AND 


WE illustrate on this page a heavy vertical drilling | 
machine constructed by Messrs. G. Wilkinson and | 
Sons, of Keighley, which, it will be seen, is arranged 
for electric driving. The framing of the machine is 
of box section, rendering it very rigid against strains 
of every kind. A swivel table, measuring 1 ft. 8 in. long 
by 1 ft. 64 in. wide and 1 ft. 44 in. deep, is fitted to the 
standard as shown, and can be adjusted in height 
through a distance of 1 ft. 10 in. This table is pro- | 
vided with T slots for securing work on its top, and | 
also on its side; and it can, moreover, be traversed 
along its arm by screw and handle, as indicated. As | 
will be seen, it can be swung entirely clear of the 
front of the machine, so as to be out of the way 
of any work secured to the T slots in the base- 
plate. It will further be seen that this base-plate 
is forked at the front of the standard, thus enabling 
long articles to be drilled by the use of a drill pit 
below the foundation. The spindle is of steel, 24 in. 
in diameter, and has a traverse of 16 in. It is 
fitted with variable hand- and power-feeds, and is 
fitted with check-nuts for the taking up of wear. 
The sleeve in which it: turns works in an adjustable 
bearing, as indicated. The end of the spindle is 
bored to No. 4 Morse taper. The overhang provided 
is sufficient to admit of work 3 ft. 6 in. in diameter 
being drilled at the centre, whilst the maximum height 
admissible between the table and the spindle is 
2 ft. 7 in., and between the spindle and the base-plate 
3 ft. 10in. The motor, which gives 3 horse-power 
when running at 1200 revolutions per minute, is fixed 
at the top of the drill standard, and its armature 
spindle carries a raw hide pinion of sixteen teeth, 
which gears into a wheel of thirty-six teeth on the 
second motion shaft. The pinion on this drives an 


eight-speed change-gear controlled by the lever shown | 


at the back of the machine. All the readily-accessible 
gears are, it will be seen, thoroughly cased in, so that 
the workman is secure from injury by them. 





DOUBLE-GEARED DRILLING-MACHINE. 


SONS, ENGINEERS, KEIGHLEY. 
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INDUSTRIAL NOTES. 


Tue valuable report of the Labour Department of 
the Board of Trade on employment in 1903, enables us 
to compare the facts and figures with preceding years : 
a matter of. some importance when the fiscal question 
is causing such a stir in political circles. The mean 
proportion of unemployed trade-union members in 1903 
was 5.1 per cent., compared with 4.4 in 1902, 3.8 in 
1901, and 2.9 in 1900, the latter being a year of excep- 
tionally active employment. The average proportion 
during the last ten years, 1894-1903, was 4.1 per cent., 
the excess in 1903 being just 1 per cent. It is notable 
that the most marked falling-off was in the latter part 
of the year. It would not be difficult to assign toler- 
ably accurate reasons for this. The failure of the 
expected boom in South Africa after the conclusion of 
the war, and the unrest caused by the fiscal campaign, 
would account for some; but there was also a special 
and local cause in the high price of cotton, which. led 
to short time in the cotton trades. Then, again, agri- 
cultural labour was seriously affected by the weather, 
as were, indeed, all outdoor trades, especially those 
connected with building operations. Then, again, the 
shipping trades were depressed by one of those almost 
unaccountable depressions which affect the shipping 
trades periodically. The depression in these trades 
affected a number of industries connected therewith, 
directly and indirectly, such as the steel trade, the coal 
trade, and certain sections of the engineering trades. 
Those facts explain much as to the situation. 

As regards some other industries, it may be men- 
tioned that iron-mining, the manufacture of tin-plates, 
the flax trade, and some of the woollen trades were 
fairly busy ; but the boot and shoe trades, the tailor- 
ing trades, and the bottle-making trades were very 
slack. Some of these were affected by the weather, 
as were also all branches connected with women’s 


‘wearing apparel, for there were no ‘‘ seasons,” in the 


ordinary sense of the term, for the great drapery and 
millinery establishments, which employ a very large 
number of persons in numerous branches of the textile 
and other trades. In the coal-mining industry the 
average time worked in 1903 was 5.09 days per week, 
the lowest proportion since 1896. On the other hand, 
the proportion employed was nearly 2 per cent. more 
than in 1902. In the ironstone-mining industry the 
average time worked was 5.72 days per week, but 
the number employed was less in 1892 and 1903 than in 
1898-90 by nearly 1200 men. Inthe manufacture of pig 
iron there was a decline as compared with each of the 
five years 1896-1900, but employment was about the 
same in the last three years. The average number of 
furnaces in blast in 1896-1900 was 360, but in 1901 the 
number fell to310; in 1902 to 322; andin 1903 to 321. 
There was also a falling-off in the manufacture of 
iron and steel ; the number employed fell to 71,609 in 
1903; in 1900 the number was 77,560. The volume 
of employment was less in 1903 than in 1902 by 2.4 per 
cent., and 4.9 per cent. less than in 1901. There was 
a lessened demand for material in the shipbuilding and 
engineering trades, and also in some of the allied 
trades. 

No more important event can be chronicled in the 
labour world during the past week than the re-estab- 
lishment, on what we may venture to say is a broader 
basis, of the Conciliation Board in the mining districts 
connected with the National Miners’ Federation. Its 
final meeting was not without its pathetie side. The 
death of Mr. Benjamin Pickard, M.P., the President 
of the Miners’ Federation, and Vice-chairman of the 
Board, was fitly commemorated by a resolution pro- 
posed by the Chairman of the Board, and seconded by 
the Vice-chairman,who is Mr. Pickard’s successor. Then 
there was also the loss by death of Mr. Cowey, Mr. 
Pickard’s life-long friend and supporter, and also the 
loss of the Financial Secretary of the Yorkshire Miners’ 
Association. Then, also, there was the recent trial 
of the Denaby Main case, in which the Yorkshire 
Miners’ Association was the principal defendant. 
And in the wake of all the above came the resigna- 
of Lord James of Hereford, the referee, or umpire of 
the Board. The Board passed a vote of regret that 
Lord James had felt it to be incumbent upon him to 
retire. But his retirement will cause no real em- 
barrassment to the Board, for provision is made for 
the selection of his successor. He had helped to 
steer the Board through its early days of peril, where 
the difficulties were greatest. Now it had emerged 
from a state of chaos, and the foundations are already 
laid for a more mature and lasting form of agreement. 

The new conditions may not mean much to the 
general public, but they mean a good deal to the 
parties concerned. In the first place, the Board had 
to be re-established for five years. Consequently, 
events and conditions had to be anticipated. It in- 
cludes nine important English counties, and North 
Wales, with a provision to include any other district 
which may desire to come within the sphere of the 
National Miners’ Federation. If the Board cannot 
fix upon a chairman, the speaker of the House of 
Commons is to nominate one. The rules of procedure 
have been modified in some respects. The chairman 
may refer back any question for reconsideration, with- 
out any expression of opinion as to the subject matter. 
No alteration is to be made involving more than 5 per 
cent. in wages. But, more important than all, the 
selling price of coal is not to be regarded as the sole 
factor in the question before the Board. Either side 
is to have full liberty to bring before the Board colla- 
teral questions bearing upon the subject. The maxi- 
mum of 60 per cent. and a minimum of 35 per cent. 
is to continue as the basis of rates for the ensuing five 


years. The result means peace, and peace means pro- 
sperity. The men’s representatives had their diffi- 
culties. There were some malcontents. Some-desired 


more than their elected representatives could possibly 
secure. There was a need of firmness. The leaders 
were not afraid to assert their own individuality, and 
to insist upon their right as representatives to decide 
upon the matter once for all. The parties are to be 
congratulated upon the result. 





The question of importing Chinese labour into South 
Africa is evoking more and more opposition, not only 
in the ranks of labour but generally in political circles. 
The subject is at present peculiar, complicated, and 
uncertain. It cannot be legally said that Parliament 
has sanctioned the proposal. The majority of 51 on 
the motion moved on the Address was purely nega- 
tive; it was a rejection of an amendment to the 
Address, nothing more. It gave no official or Parlia- 
mentary sanction to the ordinance carried in the 
Transvaal Legislature. In order to have the force of 
law, the ordinance must have the official sanction of 
the Home Government, and must be signed by the 
King. This, so far as is known, has not been done. 
Its “‘ promulgation,” therefore, if it be true that it 
has been promulgated, is at least premature. The 
action of the mine-owners, or their representatives, 





in’ China, with respect to the transportation of 
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Chinese to Africa, is only in anticipation of the 
possible sanction of the British Government. The 
growing agitation against the introduction of Chinese 
labour into the South African mines affords a curious 
instance of the sluggish apathy of the British work- 
ing man. Whilst the matter was being discussed 
in South Africa, and even in Australia, the ‘‘ Labour 
Party,” so-called, in this country was nearly dumb. 
The gage was taken up by a portion of the Press and 
by some middle-class politicians, but with only a weak 
protest by labour “at and officials of trade unions ; 
except, indeed, by the officials of the Engineers and 
Carpenters and Joiners there was no official protest. 





The Miners’ Eight Hours’ Day Bill had a very brief 
innings last week in the House of Commons. The 
Bill that preceded it was the Musical Copyright Bill, 
a measure of no great practical public importance, but 
it was wonderful what a few members had to say, or 
did say, respecting it. That debate curtailed the 
discussion on the Miners’ Eight Hours’ Bill. Mr. 
John Wilson, the miners’ member for Durham, boldly 
came to the front as an opponent of the measure. It 
cannot be said that the proposal makes progress. It 
is not so fervently advocated now as it was years ago. 
The proposal to limit all trades to an eight hours’ day, 
on land and sea, has been dropped. We hear nothing 
of it. It served its purpose, perhaps—to give to a few 
men a temporary popularity ; but that being achieved, 
the thing is relegated to obscure history. Even the 
debate on the Miners’ Bill in the House of Commons 
was not initiated by a Labour member, but by one 
who happened to win a place in the ballot. The debate 
on the unemployed question brought up some of the 
Labour members, but what remedy did they propose ? 
Is there a remedy’? There are remedies, various in 
degree, but a single remedy for the unemployed question 
is as out of court as a quack medicine which professes 
to cure all diseases from toothache to typhus fever. 
The unemployed are of various classes, from those 
who won’t work to those who can’t. For willing 
skilled men there is a chance ; for the ne’er do well 
there is only one remedy—compulsion. But how is 
that to be enforced ? 





There was certainly a somewhat better tone in the 
Wolverhampton iron trades last week; quotations 
were unchanged, and orders were freely coming in 
from consumers at a steady rate. There were also 
numerous inquiries for bars, sheets, hoops, rods, and 
angles, but the business actually done was limited, as 
the terms offered were not such as manufacturers 
cared to accept for forward deliveries. The steel trade 
continues quiet. In the engineering and allied trades 
there is little new to report. Quietude is the order of 
the day, but actual slackness is not seriously com- 
plained of. Indeed, the signs indicate a possible re- 
vival of activity in branches which for some time have 
been quiet, trending to depression. In the multifarious 
hardware and general branches of the iron and steel 
trades there is little change of importance, but it 
would seem as if the tide was turning in favour of 
greater activity, at least in some branches. 





In the Birmingham district the market was well 
attended, but the weight of business done in iron and 
steel was only moderate. The leading marked bar 
firms are reported to be doing fairly well, but common 
bars have but little sale and prices have been weak. 
Galvanisers complain that orders are short; in other 
branches there has been little change. In the engi- 
neering and allied trades there is little of import- 
ance to report ; employment is said to be from mode- 
rate to quiet generally, but the tendency to slackness 
is not increased, rather it has decreased. In the other 
iron, steel, and metal-using industries there is little 
change. If there is an absence of activity, there is no 
very decided tendency to increased slackness ; in some 
branches it is the contrary. 

In the Lancashire districts the position of the engi- 
neering trades is somewhat better, though complaints 
are still heard of an absence of orders of any real 
weight. Machine-tool makers have become busier, 
and are now fairly employed; in some exceptional cases 
night shifts have been resorted to. Generally, how- 
ever, it is said that the lack of orders indicates a 
general quietening down in some important branches, 
and prices are cut down to a low margin of profit. In 
the iron and steel trades there has been a steady 
market, both in raw and finished material, and the 
steel trade has had a hardening tendency in prices. 
That is an indication of greater activity in the branches 
using both iron and steel. 





The new departure by the Lords of the Admiralty 
as regards payment by results will cause a flutter in 
breasts of many workers in His Majesty’s dockyards. 
The proposal is to give a premium upon piece-work 
prices to the men who can produce the work more 
rapidly than heretofore. That there is a good deal of 
dawdling in Government workshops and yards goes 
without saying. It is obvious to the merest tyro who 











passes through the works. But the new system has 
its dangers, the chief being what is called chasing— 
‘‘nigger-driving,” the men call it. If the overlookers 
and men in charge were thoroughly competent, they 
would know at once if the job was lingered over. 
The foremen in our chief establishments know to a 
nicety what time a job should take, and if the man 
malingers he is soon discharged, and his place is 
taken by another. 


The Scottish Miners’ Federation have, it appears, 
decided to oppose the renewal of the Conciliation 
Board for five years. The South Yorkshire Federation 
have also, it seems, decided to remain outside the 
Board. But the delegates of the Federation have 
sanctioned the renewal, and the malcontents will not 
find it easy to upset the decision. The Scottish 
Federation have nominated their chairman to succeed 
Mr. Benjamin Pickard as chairman of the National 
Miners’ Federation. 





It is reported that some 15,000 employés of the 
Buenos Ayres and Rosario Railway Company have 
gone out on strike, and troops were called out to 
guard the stations. The report is meagre, for we are 
not told the cause of the strike, or the demands of the 
strikers. 





If resolutions could increase the wages of Govern- 
ment workers in the various departments, especially in 
the clothing factories, the Arsenal, and the Post Office, 
the men would soon rejoice in their victory; but little 
seems done as a result of all the speeches, protests, 
and resolutions. If the case of the workers is as bad 
as represented, the workers of the United Kingdom 
have it in their power to send to Parliament men who 
would effect any rightful change that was needed. 








Coat IN France.—The imports of coal into France 
last year was 11,208,460 tons, as compared with 11,856,794 
tons in 1902, and 12,469,058 in 1901. It will be seen that 
there has been a rather appreciable decline in the imports 
during the last two years. This is explained—at any rate, 
to some extent—by an increase in French home coal pro- 
duction. Of the coal imported into France last year, 
5,964,640 tons, or rather more than one-half, came from 
Great Britain; the corresponding imports in 1902 were 
6,445,875 tons; and in 1901, 7,063,437 tons. Belgium 
delivered 3,840,360 tons of coal to France last year, as 
compared with 4,260,713 tons in 1902, and 4,591,664 tons 
in 1901; while Germany sent France 1,070,930 tons of 
coal last year, as compared with 1,029,237 tons and 781,965 
tons. American coal was imported into France last year 
to the extent of 1000 tons, as compared with 32,418 
tons in 1902, and 51,923 tons in 1901. Jonathan accord- 
ingly still finds his coal something of an exotic among 
the French. The imports of coke into France last 
year were 1,521,550 tons, as compared with 1,280,754 
tons in 1902, and 1,429,564 tons in 1901. The im- 
ports of briquettes into France last year were 286,190 
tons, ascompared with 503,746 tons in 1902; there are no 
records available with regard to 1901. France makes a 
show of exporting a certain quantity of coal annually, but 


her coal exports last year amounted to only 938,470 tons, 
as compared with 831,821 tons in 1902, and 843,876 tons 
in 1901. Coke was exported from France in 1903 to the 


extent of 106,330 tons, as compared with 81,906 tons and 
64,708 tons respectively ; while last year’s exports of 
briquettes were 70,790 tons, as compared with 102,901 
tonsin 1901. 





Our Raits ABproap.—The exports of rails from the 
United Kingdom in January amounted to 52,009 tons, as 
compared with 46,143 tons in January, 1903, and 39,993 
tons in January, 1902. The New Year has accordingly 
begun well—a result which is explained by the active 
demand prevailing at present for rails in British South 
Africa and British India. The Australasian demand has, 
however, experienced a severe contraction. The great 
drought, from which the Australian States are now 
happily recovering, told severely upon the earnings of 
Australian railways; and it has been necessary in con- 
sequence for the Australian Commonwealth to enforce 
the strictest economy in construction and maintenance. 
The exports of rails made in January to the four prin- 
cipal colonial groups compared as follows with the 
corresponding exports in January, 1903, and January, 
1902 : 





Colonial Group. Jan., 1904. Jan., 1903. Jan., 1902. 
tons tons tons 
British South Africa 9,613 3,589 3,548 
British India Sl 19,131 12,244 11,623 
Australasia .. 15 10,062 9,931 
Canada 30 552 3,908 





Argentina took 5610 tons of British rails in January, as 
compared with 5758 tons and 9715 tons. The demand 
from other foreign countries showed some improvement 
in January, having amounted to 17,610 tons, as compared 
with 13,938 tons in January, 1903, and 9331 tons in 
January, 1902. The value of the rails exported in January 
was 268,076/., as compared with 254,891/. in January, 
1903, and 226,164/. in January, 1902. It should be ob- 
served that the returns for January, 1902, included 2251 
tons of metallic chairs and sleepers, which were forwarded 
principally to British colonies. 








THE MOTION OF GASES IN PIPES. 


The Motion of Gases in Pipes, and the Use of Gauges to 
Determine the Deliveru.* ; 
By RicHarD THRELFALL, F.R.S., of Birmingham. 
(Concluded from page 312.) 

Some Applications of the Measurement of Air and Gases 
in Practical Engineering Work.—The tirst application is 
of course, to the measurement of producer-gas, and. 
indeed, the whole investigation was directed to that end. 
One illustration has been given in the summary in the text 
(page 312 ante) of the measurement of the delivery of a 
certain gas-main, and it is not necessary to say anything 
more on this head. As soon, however, as it was firmly 
established that a Pitot tube in an invariable position 
could give an accurate measurement of the delivery, a 
hope arose that an apparatus might be constructed whith 
would give a time integration of the square root of the 
Pitot tube-pressure, and hence of the delivery over any 
period of time. This amounts to making a gas-meter 
working by Pitot tube-pressure. The problem has been 
solved in many ways, some of the resulting mechanisms 
being descri in British Patent No. 21,312, of 1902. The 
instrument which has had the longest trial (18 months) in 
actual work is selected here for description, because it has 
shown itself reliable over the whole of the period, and 
~~ be considered to have reached a stable form. 

he principle employed is the following :—The Pitot 
tube and side gauges being placed in a calibrated gas- 
main, a small pressure difference is set up. This pres. 
sure difference is brought to bear on a bell, which is hung 
and tied down by springs, and partially immersed in oil 
like an ordinary gas-holder. The tubes are so connected 
that the pressure difference tends to depress the bell. 
The force acting on the bell is continuously balanced 
electrodynamically by an arrangement of six coils of 
wire—four fixed and two movable— carrying a current, and 
so attracting and repelling each other. By the construc- 
tion of the meter, the current is self-adjusting, so that the 
pressure difference is always exactly balanced by the 
electrodynamic force. 

Let C be the current, P the pressure difference in any 
units, A the area of the section of the bell, K a constant. 
Then, when the balance is exact, 


PA=K(C?; 


P = C?x constant . ; « (2) 
It has already been seen, however, that with a properly 


calibrated gas-pipe the rate of delivery of gas (D) at any 
instant is 


or 


D =,./P x constant, 
_ D? 


or 
(4) 
Comparing (2) and (4)— 

D =C x constant (5) 
The delivery over a period of time T in any units is— 


a os 7 
Daii=~x C dt, where x is a constant. 
0 0 


Now, if the current flows through an ampere-hour 


meter, this instrument gives us the value of | C dt, and 
0 

hence, when x is known, the number of cubic feet or 

cubic metres of gas delivered can be found from the 

reading of the ampere-hour meter. 

To calibrate the meter, it is only necessary to know the 
area of the cross-section of the bell and the current 
required to balance any particular pressure difference. 
Of course, the distribution curve of the pipe where the 
Pitot tune is placed must also be known, and the mean 
density of the gas where it passes the Pitot tube. All 
these quantities are obtained once and for all. 

The engraving, Fig. 3 (page 343), is to scale, and is prac- 
tically self-explanatory ; the electrical connections, being 
well understood, are omitted for the sake of distinctness. 
The gas, both from the Pitot tube and side gauge, passes 
through appropriate filters, to separate tar and water with- 
out interposing a back pressure, and is led to the inside 
and outside of the bell placed in its casing. The bell is 
attached to the arm of the electrodynamic balance, and the 
counterpoise is adjusted till some of the weight of the 
bell is taken by the balance-arm. The end of the arm is 
provided with contact-studs playing between two other 
fixed contacts, so that a very small want of balance of the 
arm brings one or other set of contacts into play. The 
contacts work separate circuits, so that water is led into 
or out of a vertical cylinder. Floating on the water in the 
cylinder is a float which, by means of a cord, varies a 
resistance in the balance-circuit. 

The balance-circuit contains some form of ampere-hour 
meter—most economically of the electrolytic type—from 
which readings can be taken. In practice it is found that 
a copper voltameter is as good as anything, the plates 
being changed and weighed . one of the boys who do the 
testing at the producer plant ; it takes about ten minutes. 
The trouble of this operation is really not felt, and greater 
accuracy is thus secured than could be got otherwise, 
except by using a more elaborate ampere-hour meter, for 
which larger currents would be required than are actually 
needed in the balance. The apparatus does not seem to 
get out of order, and is in fact very reliable in practice, 
the only drawback being that it needs a supply of a few 
buckets of clean water every day and a source of electric 
current not liable to interruption. If the latter be at 100 


* Paper read before the Institution of Mechanical 
Engineers, February 19, 1904. 
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MEASUREMENT OF THE Maximum VELOCITY OF FLOW AT THE CENTRE OF THE PIPE. 
TAINED VALUE OF THE Ratio oF MEAN TO MAXIMUM VELOCITY—VIZ., 


[I.—OBSERVATIONS OF MeAsuRED De.ivery FrRoM GAs-HotpeR TurovucH 6-IN. Pipz sy Pitot Tupe 


THE AVERAGE ASCER- 
0.8038—is Usep THRouGHOUT. THE 


Maximum VELOCITY IS OBTAINED FROM THE FoRMULA :— 


Velocity in centimetres per second = 1.377 r/ 








98.12 x pressure in millimetres of water 
density of air 








} 
A e of all Obser- . | 
ae ss | Ti vasiene os Centre MEE see eee yr A i TotalGas | Error of 
my t Fall Total Air of 6-In. Pipe for Pressure Dif- Grams per Velocity Delivered by | Gauge Esti- 
| of Fa st Delivered Pressure in Milli- ference in "Ouble by Pitot Holder—by | mate as per 
} = | H id by Holder. metres of Water Millimetres of Centi- Tube Gauge Obser- |Cent. of True 
Holder. ee made During one | Water. Reps . vations, | Delivery. 
| Fall of Holder. , 
| “a minutes | cubic feet ft. p. min. 
1 6.0 9.033 I881.3 2.86 1.691 0.001251 1284.0 1830 273 
| (Low) 
2 6.687 5.25 2696.0 | 11.91 3.451 0.001275 2594.4 2149 2.53 
(High) 
3 60 4.166 1881.0 14.22 3.771 0.001275 2835.0 1864 0.9 
(Low) 
4 6.0 | 4.75 1881.0 10.65 3.268 0.001264 2468.4 1850 1.65 
(Low) 
5 | 60 | 4.995 1881.0 9.83 3.137 0.001261 2370.6 1834 2.5 
| | (Low) 
6 6.0 | 4,960 1881.0 9.872 3.142 0.001261 2374.8 1859 1.17 
(Low) 





Nore.—In series 6, a wider Pitot tube was employed. Average error, 1.88 per cent. low. This may be regarded as a 


systematic error. 


Fig .3. PRESSURE MEASURING APPARATUS 
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This set was taken before any practice had been ob- 
tained ; with a little practice one can be quite certain of 
being within + 0.01 millimetre. By using immersed 
spheres, attending to the illumination, &c., no doubt the 
accuracy could be considerably increased; but the accuracy 
obtained being ample for the purpose, no such refinements 
were attempted. : 

The advantage of the instruments that the difference of 
level is ascertained by the most direct mechanical measure- 
ment, and is free from errors due to imperfect graduation 
of glass scales—irregular refraction through the walls of 
glass tubes, capillary uncertainties, &c. Some years ago 
the author examined one of the Darling, Brown, and 
Sharp vernier callipers, and found its errors quite negli- 
gible for the present purpose. Consequently no examina- 
tions of the callipers was made on this occasion. In 
making a fresh instrument it would be more convenient 
to set the needle-points by micrometer screws. This 
course has been adopted in the instruments now made b 
the Cambridge Scientific Instrument Company, whic 
can be set to within + 0.003 millimetre. 


APPENDIX II. Waa 
Influence of Shape of Gauge-Tubes.—In the beginning 
the author’s ambition was limited to connecting the velo- 
city of a stream of air in the experimental pipe with the 
indications of the anemometer. It was not expected to 





| 
| 


find anything more than a purely empirical relation, and 
for this purpose the choice of a gauge was limited only by 


| the condition that the pressure differences obtainable 
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Fig . 4. sREAm GauGe (THRELFALL) 
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mouthed bottles, Fig. 5 (page 
345), were half filled with col- 
oured water and connected by 
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3 ; asyphon. The facing and side- 












































gauge tubes were put in com- 
munication respectively with a 
free space in the two bottles. 
The level of the liquid was 
ascertained in each ttle by 
adjusting 2 movable needle 


- point so as just to touch the 
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volts, about ;;th ampere is found to be a convenient cur- 
rent toemploy. Experience obtained with various forms 
of mechanically integrating meters has not as yet extended 
over a sufficient period to justify the author in bringing 
them before the Institution. 

There is, however, a subsidiary piece of apparatus 
which in many instances is more useful than an integrat- 
ing meter. Thisis called a ‘‘stream-gauge ” by the author, 
and is analogous to the anemometer of Mr. W. H. Dines 
In operation, though the construction is very different. 
The stream-gauge, Fig. 4, above, is provided with a 
scale so divided that the angular distance from the “zero | 
18 proportional to the square root of the numbers from | 
0to 100. In general a circular dial divided in this manner | 





is employed, and by a simple construction the motion of | ts 


a spring bell of suitable dimensions is brought to bear on 
the needle. Both this instrument and the integrating 
meters are manufactured under license by Messrs. 
Chamberlain and Hookham, of Birmingham. 
The paper is accompanied by five Appendices, and is 
illustrated by nine figures in the letterpress. 


APPENDIX I. 

Apparatus.—As in the case of everyone else who has 
approached the subject, an initial attempt was made to 
get a pressure-gauge suitable for measuring the few milli- 
metres difference of water-level generally available. 








The principle adopted was the following :—The wide- 


surface. The needle points 

formed the terminations of two 
cylindrical rods working in V grooves, and prevented from 
turning about their long axes by means of arms carrying 
studs which were kept in contact with a flat surface, 
whose plane was parallel to the axes of the V grooves. 
These arms formed two jaws whose distance apart could 
be measured by a Vernier callipers. The rods carrying 
the needle-points could be depressed by means of milled- 
headed screws working on their upper ends, the return 
motion being effected by spiral springs. The needle- 
points were paraffined so as to prevent their carrying a 
drop of water after every adjustment, and this precau- 
tion succeeded — well. The needle-points were after- 
wards bent through 180 deg. so as to meet the surface 
from the under side, but the results were not more con- 
sistent, and as the apparatus was decidedly less accurate 
in a bad light, the method was given up. It might be 
better to use small balls instead of points, if the contact 
is made below the surface. 
A large number of settings of this gauge were observed, 
th water surfaces being open to the air. The following 
is the first set of observations of the distance between the 
external surfaces of the jaws, the gauge being reset for 
each observation :— 

19.40 mm, 

0.38 ,, 














should be as large as possible, and that the gauge 
should be of such a pattern that it could be easily and 
exactly reproduced if it met with an accident. The 
Fletcher form of gauge appeared likely to give the 
largest pressure differences, and experiments were made 
with glass tubes in order to find whether slight differences 
in construction would affect the resulting indications, 
and, if so, to what degree. The result of these trials, 
which need not be further considered in view of Heenan 
and Gilbert’s results, was to show that the best results 
appeared to be given by pressure and side gauges, both 
made of thin tubes and terminated by edges lying in a 
plane perpendicular to the axis of the figure—that 1s, cut 
clean across. Considerable differences were found in the 
pressure differences registered, and it was obvious that 
glass was, from its fragility, by no means an ideal ma- 
terial. Consequently, two standard sets of Fletcher 
gauges were made out of brass tube as nearly alike as 
possible, and were so rigidly built that nothing but a 
serious accident could harm them (Fig. 6). These gauges 
will be referred to as Fletcher ‘‘A ” and Fletcher ‘ B.” 
The Swan apparatus was too light and fragile for the 
purpose of the experiment, or it would have been em- 
ployed. It was, of course, at once noticed that the 
differences in the gauges were much more dependent on 
the suction than on the pressure member. After consider- 
able experience had been obtained, the matter was re- 
examined carefully, the examination being directed now 
to the pressure tube alone, on the ground that for it some 
sort of a theory existed, while there was none in the case 
of the suction tube. The difficulty of the comparison lay 
in the fact that the simple form of engine employed to 
drive the fan worked irregularly, and it was necessary to 
regulate it by hand according to the indications of the 
tachometer ; even then speed variations of small period 
made it necessary to multiply the observations.” 

A side-gauge with a sharp flanged edge, Fig. 7, was 
used throughout these trials, and was situated close to the 
side of the experimental tube, and simply served to give a 








344 


ENGINEERING. 


[Marcu 4, 1904. 














standard of pressure. The question as to the behaviour 
of the flanged gauge itself may be reserved for a moment, 
as it was common to all the experiments. 

Three gauges were compared with the facing gauge of 

Fletcher A :— 

1. A. The facing gauge of Fletcher ‘‘B.” ; 

2. D. Ditto. The mouth provided with a cone opening 
outwards. This cone was 3.3 centimetres long 
and had an opening of 2.30 centimetres. 

3. E. Ditto. The end plugged with ebonite through 
which a cylindrical hole 1 millimetre in dia- 
meter was carefully bored. 

The following is a specimen table of comparisons :— 

Comparison of facing gauges. 

Engine speed, 100 revolutions per minute. 

Air temperature, 16 deg. Cent. throughout, and baro- 

meter sufficiently constant to be regarded as exactly so. 

Observations taken alternately on A combined with 

flange-gauge, and on D combined with flange-gauge. 
“A” Gauge. “D” Gauge. 





Reading of Reading of 
Micrometer. Micrometer. 
Gauge. Gauge. 
21.36 21.41 
21.40 21.41 
21.34 21.40 
21.34 21.40 
21.33 21.40 
21.33 21.40 
Mean ... 21.33 Mean ... 21.403 
Zero reading 19.37 Zero reading ... 19.38 
Difference - aoe Difference ... 2.02 
Pressure difference, Pressure ditference, 
1.96 mm. 2.02 mm. 


Table III., below, gives a summary of results similar 
to the foregoing, but there is no object in reproducing 
the individual observations, since an idea of the consist- 
ency of the results can be obtained from the above, which 
is neither better nor worse than the others. 
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E 94 966 1.55 3 (ft 0.18 


The conclusion to be drawn is that a conical gauge 
reads a little higher, and a gauge with very thick walls 
and a small hole lower, than the standard cylindrical 
thin-walled pattern. If one considers the vast difference 
in the form of the openings, one may agree with other 
writers that the form of the pressure tube has not much 
influence how much can be judged from the table. The 
probability is, however, that for an exact physical investi- 
gation the proper course would be to use gauges of such 
shape as to give the maximum pressure difference and 
avoidance of Darcy’s ‘‘lost motion.” This idea, however, 
did not occur to the writer till the investigation was too 
far advanced to permit of a recommencement, particularly 
as ordinary thin-walled tubes were found to work wit 
all needful accuracy. 


APPENDIX III. 

The accompanying tables and curves, Figs. 8 and 9 
(page 345), illustrate a typical investigation of the dis- 
tribution of velocity in a 6-in. cast-iron pipe fed from a 
gas-holder. The velocity ranged from 1320 ft. to 2470 ft. 
per minute. 

TABLE IV.—Distribution of Velocity in 6-In. Pipe At- 
tached to Gas-holder. Anemometer 15 Ft. from Junction 
to Large Pipe. Maximum Velocity, 1319.4 Ft. per 





Minute. 
Fig. 9 (page 345). 
BS «/ 
Ee? Left of Centre. Right of Centre. 
Be 
Ses) 
ga2| , — 
2ee| © Manometer Pressure Difference in Millimetres of Water. 
RAR 
3 1.738 1.738 
2 1.658 1,658 
1 1.470 1.466 
0.75 | 1,414 1,382 
0.5 1.281 1.304 
0.3 1.183 1,221 
0.1 1.068 1.072 


|Time required for gas-holder Time required for gas-holder 
to fall 6 ft., 9 min. 12.8 sec. to fall 6 ft., 8 min. 58.3 sec. 














TaBLE V.—Delivery of 6-In. Pipe Attached to Gas-holder 
According to Observations (Table IV.). Values of 
/ Pressure taken from Curve. 

Fig. 9 (page 345). 


Mean of | 




















a | 
M 
ares ot shen | © dgnometer | Area of Shell x 
Number ins A 2 ; 
of Shell. | in Square Differences a/ Pressure 
, | Inches. in Milli- Difference. 
metres of 
| Water. | 
' 
1 0.126 1.731 | 0.2175 
2 0.377 1.723 | 0.6495 
3 0.628 1.711 1.075 
4 0.880 1.694 | 1.492 
5 1.131 1.674 | 1.893 
6 1.382 1.649 | 2.279 
7 1.634 1.617 | 2.641 
-_ 1.885 1.582 | 2.981 
9 | 2.136 1.540 | 3.290 
i | 2.388 1.493 3.564 
11 2.639 1.439 8.797 
12 2.890 1.374 3.971 
13 3.142 1.290 4.053 
14 3.393 1.190 4.037 
15 1.791 1.100 1.969 
16 1.853 1.033 1.915 
28.274 39.625 


Barometer, 744 millimetres. Temperature, 2.50 deg. Cent. 
Humidity, 100 per cent. Density of air, 0.001251. 

Total area x— \/ maximum pressure difference = 49.132. 

Mean velocity 0.8066. Position of point of mean velo- 

Maximum velocity 
city, 0.737 radius from centre. 

Area of section of gas-holder, 312.7 square feet. 

Total delivery of air for 6 ft. fall of holder—by holder, 1881.3 
cubic feet. 

Total delivery of air for 6 ft. fall of holder—by gauges, 1899 
cubic feet. 

Error of measurement as percentage of actual volume delivered, 
0.941 per cent., and the gauges give the higher result. 


TaBLE VI.—Distribution of Velocity in 6-In. Pipe 
Attached to Gas-Holder. Anemometer, 15 Ft. from 
Junction with Large Pipe. Maximum Velocity, 2472.6 
Feet per Minute. 


Curve By, Fig. 8 (page 345). 
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gS, 
a @ 
“32 Left of Centre. Right of Centre. 
nae 
ge — wea 
Sse : >» * * a 
Dy = on 
aam vy Manometer Pressure Ditference in Millimetres of Water. 
3 3.260 3.260 
2 3.081 3.180 
1 2.663 2.722 
0.75 2.454 2.583 
0.5 2.234 2.352 
0.3 2.173 2.283 
0.1 1.847 1.916 


Time required for gas-holder Time required for gas-holder 

| to fall 6 ft., 4 min. 46 sec. to fall 6 ft., 4 min. 48.4 sec. 

TasLE VII.—Delivery of 6-in. Pipe Attached to Gas- 
Holder according to Observations (Table VI., above). 


Values of \/ Pressure taken from Curve. 
Curve B,, Fig. 8 (page 345). 











Mean of 
V Manometer 
Number | Area of Shell Pressure Area of Shell x 
of Shell. in Square Difference “V Pressure 
Inches. in. Milli- Difference. 
metres of 
Water. 

0.126 3.2 0.410 

2 0.377 3.24 1,225 

3 0.628 3.22 2.027 

4 0.880 3.194 2.809 

5 1.131 3.154 3.567 

6 1.382 3.099 4.284 

7 1.634 3.073 5.020 

8 | 1.885 2.957 5.562 

9 2.136 2.856 6.101 

10 2.388 2.746 | 6.556 
ll 2.639 2.620 } 6.914 
12 2.890 2.462 7.116 
13 3.142 2.306 7.244 
14 3.393 2.112 7.165 
15 1.791 1.940 3.474 
16 1.853 1.810 3.355 

28,274 
| 
Barometer, 742 millimetres. Temperature, 1.4 deg. Cent. 


Humidity, 100 per cent. Density of air, 0.001253 grammes per 
cubic centimetre. 

Total area x maximum pressure difference = 92.18. 

Mean velocity _ =0.79. Position of point of mean velocity, 

Maximum velocity 
0.721 radius from centre. 

Area of section of gas-holder, 312.7 square feet. 

Total delivery of air for 6 ft. fall of holder—by holder, 1880.0 
cubic feet. | 

Total delivery of air for 6 ft. fall of holder—by gauges, 1835.5 | 
cubic feet. | 
_ Error of measurement as percentage of actual volume delivered 
is 2.9 per cent., and the gauges give the lower value. 





TaBLE VIII.—Distribution of Velocity in 6-In. Pipe 








attached to Gas-holder. Anemometer, 15 Ft. from Junction 

with Large Pipe. Maximum Velocity, 2496.3 Ft. per 

Minute. : 

Curve B,, Fig. 8 (page 345). 

“ aes : ae. 
ES | ‘ 
og Left of Centre. | Right of Centre. 

Sa 

a's 
Ses i 
Fes - 5 
$ $2. \V Manometer Pressure Difference in Millimetres of Water. 
al 

3 3.169 8.177 

2 3,050 3.016 

i 2.566 2.670 

0.75 2.526 2.538 

0.5 2.298 2.356 

0.3 | 2.241 2.149 

0.1 1.879 1,825 


= es <j 
Time required for gas-holder| Time required for gas-holder 
to fall 6 ft., 4 min. 53.2 sec. |to fall 6 ft., 4 min. 48.5 sec. 


TABLE 1X.—Delivery of 6-In. Pipe Attached to Gas- 
holder According to Observations (Table VIII., above), 
Talues of J Pressure Taken from Curve. 
Curve B, Fig. 8 (page 345). 





| Mean of 
| <Manometer 
Number | Areaof Shell | Pressure x Area of Shell 
of Shell. in Square | Difference V Pressure 
Inches. | in Milli- Difference, 
| metres of 
Water. 

0.126 3.164 0.398 
2 0.377 3.153 1.819 
3 0.628 3.136 1.970 
4 0.880 3.105 2.731 
5 1.131 3.074 3.476 
6 1.382 3.029 4.187 
7 1.634 2.977 4.863 
8 1.885 2.914 5.492 
9 2.136 2.835 6.056 
10 2.388 | 2.743 6.549 
ll 2.639 | 2.631 6.942 
12 2.890 2.505 7.240 
13 3.142 2.345 7.366 
14 3.393 2.141 7.262 
15 1.791 1.940 3.474 
16 1.853 1.757 3.256 
28.274 73.082 








Total area X \/ maximum pressure difference = 89.71. 

Mean velocity _ = 0.8148. 
Maximum velocity 
0.725 radius from centre. 

Area of section of gas-holder 312.7 square feet. 

Total delivery of air for 6 ft. fall of holder—by holder 1880 cubic 


Position of point of mean velocity, 


feet. 

Total delivery of air for 6 ft. fall of holder—by gauges 1866 cubic 
feet. 
Error of measurement as percentage of actual volume delivered 
is 1.28 per cent. and the gauges give too low a value. 

Barometer, 742 millimetres. Temperature, 1.4 deg. Cent. 
Humidity, 100 per cent. Density of air, 0.001253 grammes per 
cubic centimetre. 


APPENDIX IV. 


Investigation of the Law Connecting Velocity of Air and 
Gauge Indications (Fig. 2, page 311 ante).—It happened for- 
tunately that a considerable length of wrought-iron pipe 
0.2 in. thick in the walls was available for the experi- 
ments. Each length of pipe was very slightly conical, so 
that the sections fitted into each other. The direction 
of the air current was from the larger to the smaller end 
of each section. ; 

Distance from firing point where puff of smoke is pro- 
duced to the open end of the pipe where it is observed, 
108 ft. 10 in. = 3317.1 centimetres. ‘ : 

Internal diameter of main pipe, 20.8 in. = 52.75 centi- 
metres. , 

Internal diameter of wooden connectors, 20.8:.in, = 
52.75 centimetres. , 

Length of experimental section, 14 ft. 6 in. = 442 centi- 
metres. : 

Internal diameter of experimental pipe, 21.4 in. = 
54.21 centimetres. 

Area of section of main pipe, 2.352 square feet = 
2185 square centimetres. 

Area of section experimental section, 2.484 square feet 
= 2308 square centimetres. ; 

Time Measurements.—A puff of smoke was introduced 
into the pipe by exploding electrically a minute charge 
of gun-cotton fluff, picrate of potash, and meal powder. 
The charges were not weighed, but less than 1 gramme of 
explosive was used in each case. The exploders were 
simply thin platinum or copper-wire fuses, the wire was 








covered with the explosive, and the latter kept in position 
by a drop of collodion. The fuses were well dried so as 
to give prompt ignition. It was found that an observer 
placed at the delivery end of the pipe, and looking up it, 
easily saw the flash of the explosion. 

The time measurement was made by means of a chrono- 
graph, consisting of a smoked glass sheet mounted on a 
mono-rail carriage. Time was marked on the smoked 
glass by ascriber supplied with intermittent current from a 
torsion pendulum, which itself was timed by a stop-watch 
compared for twenty-four hours with standard time, and 
found to have a negligible rate. The comparison with 
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TABLE X.—Suowine A Set oF OBSERVATIONS WITH FLETCHER GAUGE ‘‘ A.” 
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Barometer, 764.4 millimetres at 0 deg. and at sea-level. Temperature of air in pipe, 21 deg. to 23 deg. Cent. Date, October 4, 1901. 
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Fig. 6. FLETCHER GAUGES. 
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the standard time was made when the centre second and 
stop-minute hand were in gear. The epoch of the ex- 
plosion was registered by the observer at the pipe, who 
depressed a key working an electro-magnetic scriber 
touching the glass plate of the chronograph. When the 
smoke began to emerge from the pipe, the key was again 
depressed, and again when the smoke just cleared off. 

At first the firing of the charge was registered auto- 
matically, and the time-constants of the fuses and of the 
observer ascertained and allowed for. After it was found 
that the flash could be seen through the whole length of 
pipe, the method above described was adopted as both a 
simplification and an improvement, as it undoubtedly 
was. The time constants were practically eliminated by 
this procedure. 

The plates with the records were measured by two 
observers, and in the case of any discrepancy appearing 
they were remeasured. This is a very essential precau- 
tion in chronograph work, for it is much easier to make 
a mistake in counting the time signals than is generally 
supposed. The torsion pendulum gave contact signals at 
intervals of 0.365 seconds. The plate was about 2 ft. 
long, and was run at such a raie as to bring the signals 
sent by the observer at the tube just within this distance. 
There are many advantages in using a torsion rather 
than yg ordinary pendulum for giving signals of short 
period. 

Reduction of Observations.—The anemometer ‘tubes 
(being placed in the observing part of the pipe system, 
which is of larger diameter tke the rest of the pipe) are 
exposed to the action of a current of air moving with 
rather less velocity than that of the current calculated 
from the time signals and the overall — of the pipe. 
A correction, however, is easily found for this on the 
assumption that thestream has had time to accommodate 
itself to the larger pipe. Since the latter is 14 ft. 6 in. 
long with a diameter of about 21.4 in., and the instru- 
ments are placed at the middle of its length, this condi- 
tion may be considered to be satisfied. 

In this case let v be the observed velocity—that is, total 
length between firing and observation point divided by 
the time of passage. If the velocity in the wider pipe be 
u, we have the relation 


u=v x 0.9539, 








e— ’ 


DISTRIBUTION OF VELOCITY CURVES 





manufacturing process. The details of each measurement 
were similar in all respects to the details of the measure- 
ments given in Table x 

The results tabulated in Table XI. appear as a curve 
A, A on Fig. 2 (page 311 ante}, and we shall here confine 
our attention to the experimental curve of maximum 
velocities and to a calculated curve passing through a 
convenient point. 

Plotted for K V2 = P. 

The author has not pursued this matter 1n order to find 
what formula, if any, will better represent the observa- 
tions, because, as stated above, any slight change in the 
side gauge affects the results. 

The figures contained in Table XI., however, are suffi- 
cient to enable an approximate idea as to the delivery of 
air to be obtained ; but before we pass on to consider this 
complex matter it will be more convenient to give an 
— of the experiments made with the facing gauge 
only. 

Relation between Velocity and Pitot Tube Pressure.— 
In the observations for velocity the same apparatus was 
used as in the former series, but the measurements are, 
on the whole, better, because more experience in manipu- 
lation had been obtained. 

The facing gauge employed was the facing member of 


Fig. é. 
CURVES FOR 6-INCH PIPE ATTAGHED TO GASOMETER. 
AT JAN, 1903, 





No.1. Mean Posttion-0725 r. from centre, Ratio of Mean to Maximuun-0-8148. 
Masimum Velocity -2406'3 ft. per mim. . 

No.2,Mean Position-0-721r: from centre, Ratio of Mear toMaxtmunv+0-79, 
Maximum Velocity = 2472:6 ft. per min. 
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Fig.9. - ih 
FOR 6-INCH PIPE ATTACHED TO GASHOLDER ATA iOW VELOCITY. 
GTINJAN. 1903. 


Mean Postiion -0:737 r: from centre. Ratio of Mear toMaximunm-06066. 
Maxunum Velocity -1319-4 ft. per min. 

































































a correction to be applied to all velocities examined by 
this apparatus. = 

Measurement of Velocity of Air in Pipes by means of 
Smoke Signals.—In order that an idea may be obtained 
as to the constancy of the observations, a typical set of 
readings and reductions is given in Table X., above 
(without, however, including the final corrections for in- 
creased diameter of experimental tube, correct period of 
time-marker, &c.). The observations were made with 
the standard pressure and suction combination A—that 
is, a standard Fletcher gauge. This gauge was placed at 
the centre of the pipe as nearly as the finite dimensions 
of the tube permitted. The diameter of the experimental 
pipe was 21,4 in, 

n Table XI. (page 346) are collected together all the 
experimental results obtained with the apparatus de- 
scribed (t.¢e., the standard Fletcher gauge ‘‘ A”) which 
results involved a direct determination of the velocity by 
means of the smoke puffs and chronograph. All the 
results in Table XI. have been corrected for instrumental 
peculiarities, but are not reduced to a standard tempera- 
ture and pressure. The air current was, asa rule, a little 
warmer at the entry than at the exit end, being drawn by 
the fan from a chamber slightly warmed to facilitate a 
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the standard Fletcher gauge ‘‘ A,” which was examined as 
to the condition of the operative end of the pipe, and this 
was found to be perfectly smooth and square. A flanged 
gauge of usual construction was employed in connection 
with this. It was thrust to the centre of the pipe carry- 
ing the air so as to be exposed to the maximum velocity 
of the current. The series of observations finally reduced 
extended over three days ; on the first two days the baro- 
meter stood at 759.2 and 756.5 millimetres—these are for 
the present purpose taken as being 760.0; on the third 
day the barometer was 776.3. The temperatures were 
on the first two days 17.2 deg. and 16.52 deg. Cent. re- 
spectively, and on the third day the temperature was 
11.6 deg. Cent. 

The results recorded in Table XII. were treated geo- 
metrically, curves C, D, Fig. 2 (page 311 ante), and found 
to be practically in complete accordance with the formula 


v =0.9739 4/*?, 
p 


as may be seen from the curve of maximum velocities. 
The pressure was 760 millimetres of mercury, and the 
air was taken as half-saturated at 16 deg. Cent., with a 
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Tape XI.—Showing Anemometer Readings and Velocities 
measured directly. Fletcher Gauge A” used throughout. 
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readings by the Fletcher ‘‘A” gauge, and the pressure 
member of Fletcher ‘“B” a by, 
placed against the inner wall of the pipe. Four sets of 
observations taken alternately with each combination 
gave with the engine making 43 revolutions per minute :— 
Fletcher gauge “ A” 0.565 mm. of water 
100 units 
0.365 mm. of water 
64.6 units 
The facing parts of ‘‘A” and ‘‘ B” gave the same read- 
ings exactly. : 
A trial was then made with the tubes supplied by 
Messrs. Mawson and Swan, which were evidently care- 


ll 


ll 


Facing gauge ‘““B” 


most chemical works thirty years ago. 
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TABLE XII.-—Showing Relation between Measured Velocity 
of an Air Stream and Pressure Difference due to facing 
Gauge only—i.e., a Pitot Tube. 
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1901. “SS gs s | = ai. ge ss a 8 Pressure difference, standard Fletcher ‘‘ A” .. \6.862 = 100 
vos = 80 |/+t/ 2 55 Rg} § 2 * * facing gauge Fletcher “A” 9'p9¢ 45.1 
8] $53 #65/%9/89o ve e™ PBR} and flange gauge J ‘ : 
eisa | $3128 /338)| 838 35 eae ; Pee aye 
A sn| Salon Se SA = The velocity of air in the centre of the pipe is, in all the 
ee : : above experiments, by formula, 1358 ft. per minute. 
7.845] 6.344 9816 8778 0.894 
7.627| 6.514 9558 8808 0.9215 APPENDIX V.—Bibliography. 
7.48 | 6.33 9840 9018 0.9165 * ; > : ey) 6 
7.061) 6.170 1009.2 9414 | 0.933 Darcy. Les Fontaines Publiques de la Ville de Dijon. 
6.277) 6.141 1014.0 1003 0.989 | Recherches Expérimentales Relatives au Mouvement de 
7.189} 6.083 1023.6 938.4 0.917 |?Eau dans les Tuyaux. Chapter V., forming part of 
6.124) 5.164 1206 1103 0.9146 | Vol. XV. of Mémoires Présentés par Divers Savants a 
6.295) 5.2 “ a. —" pone tl l Académie des Sciences. Math.-Phys., Vol. XV. (1858). 
aa 9 es ~ 996 Fletcher. Circular published by Negretti and Zambra, 
95 | 4.26 1461 1353 0.926 . : 
4.736| 4.131 1508 1405 0.9816 | 1876. Alkali Reports, 1866 et seq. = 
44| 3.955 1574 1431 0.971 Lunge. Sulphuric Acid and Alkali, Vol. I. Second 
8.735) .. 846.3 774 0.915 | edition, 1891, pages 434 et seq. 
8.931) 7.313 851.6 766.8 0.9002 | Swan. Trans. Newcastle Chem. Soc., January 26, 
10.154! 8.635 721.1 663 0.9195 1871 
5.331) 4.584 135.9 1256 0.924 s 





* Engine very unsteady. 

The observations of pressure difference for November 23, when 
corrected for change of temperature and pressure—i.e., reduced 
to 16 deg. Cent. and 758 millimetres, so as to compare with other 
observations—are as follows. The air is taken throughout as half 
saturated :— 

1.19 mm. becomes 1.145 mm. 

0.91 ,, eo 

3.21 ,, . £22. 
density of 0.001213 grammes per cubic centimetre. The 
working formula as referring to air half-saturated with 
water vapour at 16 deg. Cent., giving the linear velocity 
in feet per minute, is— 


V = 771 J pressure in millimetres of water. 

or 

V = 752 ./ pressure in millimetres of water (feet per 

minute) referring to air dry under standard conditions. 

We can now compare the curve for the combined effect 
of the pressure and suction tubes with the effect due to 
the former alone. It will be seen that the two effects are 
nearly equal ; how nearly is shown in the following 
Table XIII. :— 

TABLE XIII. 


Pressure as given by Fletcher 
Combination Minus Facing 
Gauge Pressure. 


Pressure Due to Facing 
Gauge only. 


mm, water mm. water 
1.14 


1,07 

1.35 1.37 
1.68 1.69 
2.03 2.29 
2.42 2.64 
2.83 3.27 
3.29 3.96 
3.77 4.76 
4.32 5.53 


The fact that the combined action of the pressure and 
suction is nearly double that of the pressure alone 
tempted the author to examine this matter more closely. 
The observations hitherto niade had been obtained 
slowly, and it seemed unlikely that very good compara- 
tive results could come from observations spread over 
such a long period (two months) of time. Some trials 


cher “A” and standard }7 observations— Ditto .. - 3.004 
flange gauge 

Averaging the above observations, which have Leen set 

out in the order in which they were made so as to get 


over engine unsteadiness, we have :— 
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Pia 1n Betcrum.—The production of pig iron in Belgium 
last year was 1,215,000 tons. The corresponding output 
in 1902 was 1,069,000 tons ; in 1901, 764,000 tons ; in 1900, 
1,018,000 tons; in 1899, 1,025,000 tons; in 1898, 980,000 
tons ; and in 1897, 1,034,000 tons, In last year’s produc- 
tion, casting pig figured for 92,000 tons ; puddling pig, for 
255,000 tons ; and steel pig, for 868,000 tons. The corre- 
sponding proportions in 1902 were :—Casting pig, 104,000 
tons; puddling pig, 255,000 tons; and steel pig, 710,000 
tons. 





SeaHaM Harsour Dock Company.—The directors’ re- 
port states that the balance of profit for the period covered 
amounts to 2933/., an increase of 664/. The shipment of 
coal amounted to 241,000 tons. The engineer (Mr. Walter 
Meik) states, in an appended report, that to the north pier 
128 ft. have been added, making a total of 272 ft. for the 
year. This is a considerable improvement upon the pre- 
vious year, when only 210 ft. were constructed. To the 
south pier a length of 192 ft. has aiso been added during 
the year. Work at the entrance is now proceeding satis- 
factorily, and the engineer anticipates that it will be ready 


the flange-gauge | 


fully made, and no doubt similar to the sets supplied to | 
Results are as | 


| 
LAUNCHES AND TRIAL TRIPS. 

On Saturday, the 20th ult., there was launched from 
the yard of the Northumberland Shipbuilding Company, 
Limited, Howdon-on-Tyne, a steamer named the Cran. 
ford, and built to the order of Mr. R. B. Stoker, Man. 
chester. This vessel is of the single-deck type, her 
| dimensions being 335 ft. overall by 48 ft. breadth extreme 
| by 24 ft. 6 in. depth moulded. The engines will be sup- 
| plied by Messrs. Richardson, Westgarth, and Co., 
Limited, Sunderland. The cylinders will be 24 in., 40in., 
| and 64 in. in diameter by 42 in. stroke, and there will be 

two boilers 15 ft. 3 in. by 10 ft. 6 in., of 160 Ib. pressure, 
| The vessel is expected to attain a speed of 94 knots. 


On Tuesday, the 23rd _ult., the new steamer Louise, 
| built by the Sunderland Shipbuilding Company, Limited, 
| proceeded on her official trial. The principal dimensions 
| are 152 ft. long, 26 ft. broad, and 12 ft. deep. The vessel 
| carries 520 tons deadweight. The main engines are by 
Messrs. MacColl and Pollock, Sunderland, and have 
cylinders 134 in., 22 in., and 37 in. in diameter by 24 in, 
stroke, steam being supplied bya large boiler working at 
a pressure of 1801b. per squareinch. After proceeding to 
sea, a run of pots ws continuous steaming was made, 
when a mean speed of 11 knots was obtained, everything 
working without a hitch, and to the entire satisfaction 
of all on board. 


The s.s. City of New York, built for the Ellerman City 
Line fleet, left the shipbuilding and engineering works 
of Messrs. Workman, Clark, and Co., Limited, Belfast, 
on February 26, for her speed trials and adjustment of 
compasses in the Belfast Lough ; and, after a most satis- 
factory cruise, proceeded to Glasgow to load for her 
initial voyage to Calcutta. The new steamer measures 
500 ft. in length, and her gross tonnage is 8000, while the 
capacity for deadweight is about 11,000 tons. The 
machinery and boilers have been constructed by Messrs. 
Workman, Clark, and Co., Limited, at their (Qlueen’s-road 
works. They consist of a set of triple-expansion engines 
capable of developing 5000 horse-power, and driving the 
vessel 14 knots, steam being supplied by four steel 
multitubular boilers working at a pressure of 200 lb. per 
square inch under Howden’s system of forced draught. 


Messrs. Swan, Hunter, and Wigham Richardson 
launched, on Saturday, the 27th ult., from their shipbuild- 
ing yard at Wallsend on the Tyne, a large floating coal 
dépét for the British Navy. The dépdt is intended to 
provide a method of storing large quantities of coal afloat 
under the most favourable conditions for rapidly filling 
it into bags without shovelling, and for discharging it into 
war vessels by means of transporters driven by electric 
motive power. The dépdét is of 12,000 tons storage 
capacity—11,000 tons in hoppers and 1000 tons in bags— 
and is equipped with 12 Temperley transporters entirely 
operated by electric machinery, and the hoppers are 
fitted with 80 coal chutes for filling the bags without 
shovelling. 








STEAM-ENGINES.—The weight of the steam - engines 
(other than agricultural engines and locomotives) exported 
from the United Kingdom in January was 4424 tons. 
The value of the engines exported was 171,849/., as com- 
pared with 147,118/. in January, 1903, and 173,471J. in 
January, 1902. In these totals the principal groups of 
colonies figured for the following amounts :— 





Colonial Group. Jan., 1904. Jan., 1903. Jan., 1902. 
£ £ £ 
British South Africa 15,304 31,957 9,338 
British India 37,558 18,810 21,431 
Australasia .. 14,033 11,928 25,085 


The exports of British steam-engines to South America 
are not without importance, being represented hy a value 
of 37,5362. in January, 1904, as compared with 10,928/. in 
January, 1903, and 15,360/. in January, 1902. 





Locomotives ON Rattways.—The number of _loco- 
motives on the 23 principal railways of England, Wales, 
and Ireland at the close of 1903 compared as follows with 
the corresponding number of engines at the close of June, 
1903 :— 


Company. Dec. 31, 1903. June 30, 1903. 
Barry ~ oe si ae 126 126 
Central London .. “ - 30 30 
City and South London 52 52 
Great Central .. oe 954 954 
Great Eastern .. ve oe 1085 1085 
Great Northern .. - "3 1279 1279 
Great Northern (Ireland) = 153 151 
Great Southern and Western 
(Ireland) ne os A 273 278 
Great Western .. a oe 2198 2158 
Lancashire and Yorkshire... 1378 1377 
London, Brighton, and South 
0as i - ois a 535 535 
London, Tilbury, and Southend 74 62 
London and North-Western .. 2555 2545 
London and South-Western .. 736 736 
Metropolitan... oe ae 89 89 
Metropolitan District .. 54 54 
Midland .. ae - = 278 2787 
Midland Great Western (Ire- 
land) .. oe as cs 132 131 
North-Eastern .. ms ms 2142 2142 
North Staffordshire .. 8 165 163 
North London .. Se = 95 95 
South-Eastern and Chatham. . 744 738 
Taff Vale .. bs a 198 198 





for the erection of the gates by about August or Sept- 


were therefore arranged in which one observer kept the | ember. A start has been made with the erection of coal | 





engine as steady as possible, and the other took alternate | staithes on the west quay of the new docks. | 





The total number of engines upon the 23 systems at the 
close of last year was, accordingly, 17,837, as compared 
with 17,760 six months previously. 
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‘‘ ENGINEERING” ILLUSTRATED PATENT | electrode © throug’ 
RECORD. 


Compre By W. LLOYD WISE. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPECIFICATIONS | This armature 26 is employed for cutting out the resistance 22, 


UNDER THE ACTS OF 1883—1902, 


umber of views given in the Specification Drawings is stated 
The number of “phere none are mentioned, the Specifieation 1s not 
illust 


inventions are communicated from abroad, the Names, 


: pra oll 
eof cifcations may be obtained at the Patent Oftee Sale 
by oy 25, ——- Buildings, Chancery-lane, W.C., at 


the advertisement of the ommpones af @ Complete 
ipeteation tn cack case eine abstract, unless the 


sealed, when the date of sealing is given 


Any person may, at anytime within two months from the date of 
‘isement 


the adverti. of the noe of a Complete Specification, 
give notice at the Patent Ofce of opposition to the grant of a 
‘Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


4388. R. W. Paul, London. Resistances. [3 Figs.) 
February 25, 1908.—According to this invention the bobbins 
on which the coils are wound are constructed of metal, and the 
metal flanges thereof are provided with flanges for connecting the 
ends of the wires, and for securing the bobbins to an insulating sup- 
port. One or more of these flanges are formed into a contact-plate, 
to which connection is made by a movable switch arm. A isa bearing 
for the spindle of the switch ; it is provided with a flange near 
its upper end for attachment to a support. A flange on its lower 
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IF 


end carries the insulating platform B, on the periphery of which 
the bobbins are secured. Each of the latter consists of a tubular 
core C, the lower end of which is fixed in the flange D, which is 
turned over and secured to the underside of the insulating plat- 
form B. Connection is made by the switch-brush F, one end of 
which rubs on the flange A, the other end making contact 
successively with the parts D as the switch is turned. The upper 
end of each core is provided with a flange E, to which the ends of 
the wires are soldered. (Accepted January 13, 1904.) 


380. J. Y. Johnson, London. (Elekiricitiits-Aktien- 
Gesellschaft, vormals W. Lahmeyer and Co., Frankfurt-a/M., 
Germany.) (2 Figs.] December 2, 1903.—-This inven- 
tion relates to safety fuses for electric circuits, and is especially 
adapted for use on high potential circuits. The object of the in- 
vention is to provide a fuse-holder which resists the most’ power- 
ful force exerted on disruption of the fuse proper, the resulting 
gases, which might cause the formation of an arc, passing into oil 
or other insulating liquid. The wire constituting the fuse proper 
is protected against contact with the insulating liquid, and the 
parts of different polarity are, after the disruption of the fuse, 
separated by such insulating liquid. The fuse-chamber consists 
of a hollow cylinder m of any suitable thickness. The inner 
walls of this container m are lined with a tube i of insulating sub- 
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stance, and within this insulating tube i is the wire s constituting 
the fuse proper, which is soldered at its lower end to a contact- 
piece c, its upper part being passed through a fine hole in the 
container m, which is formed with a piece constituting the other 
contact-piece, to which the upper end of the wire is secured. The 
device constituted by the fuse and its container thus constructed 
are introduced into a vessel containing insulating liquid, so that 
the fuse wire s does not dip into the insulating liquid. If the 
container be made air-tight at the part where the wire s passes 
through it, the device can be dipped any distance into the insu- 
lating liquid, without the insulating liquid coming into contact 
with the wire s, as the contained air will exclude the insulating 
liquid. When the wire s melts, the pressure created forcibly 
Propels the contact-piece ¢ into the insulating liquid. (Accepted 
January 13, 1904.) 


3444, F. W. Le Tall, Westminster. (Cooper-Hewitt 
Electric Company, New York, U.S.A.) Luminous Vapour 
Electric lampe. (5 Figs.) February 13, 1903.—This inven- 
tion relates to that class of electric lamps in which the light- 
giving medium is a vapour or gas, and, in particular, to improved 
means for starting an —— lamps in which the phenomena 
at the negative electrode constitute an important part of the 
total resistance to starting, The operation of the lamp is as 
follows :—When the parts are at rest and the circuit is closed 





ductor 21, including thes id 16, the conductor 20, the leading- 
in wire 7, and the positive electrode 2. This latter being at this 
time in actual contact with the negative electrode 5, the current 
Will traverse the latter, and passing through the leading-in wire 8, 
Will return to the main wire 15 by way of the conductor 23. The 
ov traversing the coil 16 will draw the core 12 within itself, 
ves raising the electrode 2 out of contact with the electrode 5, 
bg n the current will pass from one electrode to the 
other through the intervening gas or vapour, but instead of con- 


The turbine wheel a has buckets and the casing d vanes. The 


f. When the wheel rotates the blades f force air along the 
interior of the wheel into a compressor H, in. which the pressure 
of the air is raised. The air passes into an air reservoir K, from 


whence it escapes past a throttle-valve Z into a generator m. 
Combustion takes place in the base of the generator m, and a 
portion of the heat evolved is utilised in superheating the steam, 
} hen which is a component of the mixture. On issuing from the gene- 
with the main line by the switches 24 and 25, the current will pass | rator, the products of combustion are directed on to the first set 
from the main conductor 14, through the resistance 22 and con. | of rotating buckets, being guided thereonto by the vanes on the 

1 casing. The products of combustion pass through all the sets of 
buckets and vanes and escape into an annular exhaust chamber 
45, and from thence into a condenser P through the tubes in 
which water flows. 


bau "Aktien-Gesellachaft, late Bechem and Keetman, Duisburg, 


it will immediately proceed to the remote end of the negative 
the intervening vapour, with the attendant 
luminosity, For the purpose of cutting the resistance 22 out of 
circuit when the lamp has been thus started, a supplemental 
armature 26 may be provided for the coil 16, which may be con- 
structed to have a time element by weighting the armature. 


and, in this case, closing a short circuit around it. For this pur- 
pose a conductor 27 leads from the conductor 21 to a contact 




















23 25 








point 28 of a circuit-closing arm or bar 29, the remaining contact- 
point 30 of which is connected by a conductor 31 with the con- 
ductor 21. The bar 29 is carried by the supporting-arm of the 
armature 26, which is pivoted at 32, and when the armature is 
actuated by the current flowing through the coil 16, the circuit 
between the points 28 and 80 will be closed. In the drawing the 
armature 26 is shown as being overbalanced by a counter-weight 
33, but a spring or other means for balancing the armature may 
be employed. (Accepted January 13, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


25,588. Societe Ano’ e d’Electricite et d’Auto- 
mobiles Mors, Paris, France. Explosion Engines. 
[6 Figs.] November 23, 1903.—This invention relates to a mecha- 
nism for controlling the inlet or exhaust valves of an explosion 
engine, and enables the engine to be governed through varying 
the lift of the valve by means of the governing device. The inven- 
tion consists in rendering displaceable the axis of oscillation of a 
lever, which transmits the motion of a push-rod, operated in the 
usual way by a cam of constant lift, to the stem of the valve, in 
such a way that according to the position of this axis of oscilla- 
tion or the lever, the latter, whilst receiving the motion of the 
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push-rod with constant lift, imparts to the valve stem a move- 
ment that varies from the maximum to nil. F is the rocking 
lever which is integral with or secured to the strap G of an 
eccentric H, the axis A of which is journalled in a fixed part I. 
The axis / is provided with a lever J, to which is connected, by 
suitable means, the ordinary governor, by which the lift of the 
valve is to be determined. The extent of the lift of the valve is 
varied according to the angle through which the eccentric is 
moved through by the governor. The stroke of the lever remains 
constant, but the axis of oscillation of the lever being variable, 
the lever hits and operates the valve spindle earlier or later in a 
corresponding degree. (Accepted January 13, 1904.) 


25,179. W. M. Huskisson, North Kensirgton, Lon- 
don. Internal-Combustion Turbines. [4 Figs.) No- 
vember 17, 1902.—This invention relates to a turbine impelled 
by the rapid combustion or explosion of a combustible and air. 


wheel is mounted on the lips of a number of air propeller-blades 





(Sealed December 29, 1903.) 


LIFTING AND HAULING APPLIANCES. 
21,166. A. Reichwald, London. (Duisburger Maschinen- 


Chains. [9 Figs.) 
driving belts and chains such as are employed on motor vehicles, 
the object being to so construct the same as to provide great 
strength, combined with flexibility and facility, for effectively 
gripping or engaging the pulleys. In a belt suitable for a motor 


tion refers to revoluble cranes with a centre column carrying 
the jib, and capable of turning through 360 deg., such cranes 
being suitable for erection, for example, upon the quay of a 
harbour or in other places. It has been common in such revolv- 
ing cranes which turn through 860 deg., to locate the centre 
column carrying the jib in the centre of gravity of the case of 
the supporting frame, and the jib consequently extended uni- 
formly on all sides of this case. Now in order to curtail the 
length of the jib 2, while, at the same time, preserving an equal 
available outreach over one side of the supporting frame and 








consequently to secure a reduction in the tilting moment of the 
crane, thecentre column 1, according to this invention, is located 
away from the centre of gravity of the case of the supporting 
frame, and is placed nearer one side thereof. This arrangement 
is applicable both to three, as well as to multiple-sided, support- 
ing frames. By this invention the vertical rotating column of 
the crane is, as aforesaid, shifted out of the centre of gravity of 
the case, so as to obtain a reduced outreach of the jib towards 
the centre of the revolving column while preserving all the 
available outreach towards one side of the supporting frame. 
(Accepted January 13, 1904.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


4981. R. A. Hadfield, Sheffield, Yorks. Man- 
anese Steel. March 3, 1993.—In the specification of 
Yatent No. 5604, of 1902, the applicant describes an improved 
treatment of manganese steel for the pu of toughening it, 
according to which the steel, after bein slovie heated to a tem- 
perature of about 750 deg. Cent. to 800 deg. Cent., in the manner 
described in the specification of his patent, No. 11,833, of 1896, 
is heated as quickly as possible to a temperature of from 940 deg. 
Cent. to 1125 deg. Cent. before being plunged or quenched in cold 
water. According to the present invention, in order to improve 
the final toughening treatment, the manganese steel, after being 
heated up to the desired temperature of from 940 deg. Cent. to 
1125 deg. Cent., is, before being plunged or q hed in cold 
water, allowed to cool down to, say, about 800 deg. Cent., and 
again heated to the proper toughening point, after which the steel 
is plunged or quenched in cold water. The supplementary cooling 
and reheating operations may, in some cases, be carried out more 
than once before the final quenching in cold water is effected. 
The supplementary cooling and reheating ogy may con- 
veniently be effected in the furnace in which the first heating 
takes place, and by suitably controlling the rate of combustion of 
wea used for heating the furnace. (Accepted January 13, 





MOTOR ROAD VEHICLES. 


6200. B. Crawford, Auckland, New Zealand. 
Silencers. (2 Figs.}. March 17, 1903.—According to this inven- 
tion, the silencer comprises a cylindrical chamber provided with 
a spirally-arranged plate extending across its width and forming 
a spiral passage to the centre of the chamber. An exhaust-pipe 
leads to the outer end of such spiral passage. Apertures are 
formed in the sides of the cylindrical chamber throughout the 
length of the spiral passage, and the gas escapes through these 
apertures in a number of small puffs as it travels through the 
spiral course. The inner end of the spiral is made without any 






d 





16200) 


apertures in its sides, so that an elastic cushion is formed in the 
centre of the spiral, against which the main body of the exploded 
gases will strike and rebound so as to pass out through the 
apertures in the sides of the spiral. 
drical form, and + is the spirally-shaped plate extending across 
its width and extending in length from near the periphery of the 
chamber to its centre. 
haust valve of the engine. 
chamber a through which the exhaust gases esca 
rounding casing f in communication with the atmosphere through 
apipeg. (Accepted January 13, 1904.) 


a is the chamber of cylin- 


dis the pipe in connection with the ex- 
e are the apertures in the sides of the 
to a sur- 


5140. C. G. Garrard, Birmingham. Belts and 


March 5, 1903.—This invention relates to 








tinuing to flow to the adjacent portion of the negative electrode, 


Germany.) Cranes, [9 Figs.) October 2, 1908,—This inven- 





cycle, a flat steel strip A is employed, and there is secured en one 





348 





ENGINEERING. 


[Marcu 4, 1904. 








side of it, as by rivets B, a number of leather or other blocks C face adapted to engage with the correspondingly formed face of attached to strap A is raised, itightening the said 
The sleeve is further provided with a groove D? to | the brake pulley E, and eventually raising same 


having conical or tapered sides for running in the grooves of the | the ring C. 
pulleys. Ina chain for use with sprocket-wheels, the steel strip | admit the ends of an operating fork, and though free to slide upon | beam shaft K is clear of its bearing at this part. 


A is pierced at the required intervals throughout its length, to sleeve A, is compelled to rotate with it by means of pins A° on 












(5190, 


provide the necessary apertures a for the teeth of the sprocket- 
Over the web-like parts a! between the apertures a, 
rollers F are mounted. These rollers F rotate upon fixed sleeves 


wheels. 


G, (Accepted January 13, 1904.) 


435. M.H. Smith, Westminster. Steering Mecha- 
January 7, 1903.—The object of this invention 
is so to construct a wheel-steering device for motor-cars that it 
can be adjusted to and rigidly held in any desired position without 
E is the steering- 
wheel keyed to a shaft that passes through the column G, and 
has at its lower end a quick-threaded screw H engaging with a | 
The nut I is provided with a trunnion J connected by the 
The nut I is held in a case L which is, 
at a position corresponding to the centre of traverse of the nut, 


nism. [8 Figs.) 
disturbing the set of the front steering-wheels. 


nut I. 
link K with the lever D. 








pivoted to the bracket A by the trunnion M turning in the bear- 
ing B. The lever D is keyed to the shaft N, from which depends 
the lever O, which, by means of a ball-and-socket joint, operates 
the rods and levers connected to the steering-arms of the front 
wheels. It will be seen by reference to Fig. 1 that the steering- 
column can turn on the trunnion M, as indicated in dotted lines, 
without disturbing the position of the lever D, which is only 
moved by the link K connecting it to the trunnion J of the nut I 
when the said nut is screwed up and down by the hand-wheel. 
(Accepted January 13, 1904.) 


4220. Humber, Limited, F. Easom, and J. Sansom, 
Beeston, Notts. Clutches. (3 Figs.) February 23, 1903.— 
The object of this invention is to provide a clutch that will auto- 
matically disconnect the motor from the driving gear when the 
motor back-fires, and will tend to force the two parts of the clutch 
into engagement when the motor is running forward, and thus 
relieve the pressure on the lever used for engaging and disengaging 
the clutch and reduce the friction at this point. Upon a sleeve A 
keyed to the motor shaft is a flange A!, to which is secured a 
bearing A2. Free upon the parts A!, A? is a sprocket wheel B 





0 Bt 
At 


having an extension Bl. That portion of the sprocket wheel 
B which rests upon the flange A! is shaped to the conical exterior 
of the flange, and the wheel is thus prevented from displacement 


in one direction, whilst a lip A+ on the ring A? prevents displace- | 
, 2 To the interior wall | 
of the extension B! is secured a split-ring C that is free to expand | 


ment of the wheel in the opposite direction. 


— contract within the extension, but is compelled to rotate | is secured therein by means of a hand-wheel J. 
with it. 





| another stud n between these webs, and is made forked or hollowed 


| the sleeve A engaging slots D® in the sleeve D. These slots are 
also compelled to rotate. When the sleeve D is drawn back out 
of engagement with the ring C, the sprocket B can rotate in 
either direction upon the ring A®, The sleeve A, when rotated, 
carries with it the sleeve D, and when the latter is moved into 
the position shown in the figure, the sprocket wheel B is gripped 
frictionally to the sleeve A, The spiral slots D3 are so directed 
that the effort of driving the sleeve D tends to screw the sleeve D 
further into engagement. (Accepted January 13, 1904.) 





STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
312. J. Horsfall, Keighley, Yorks. Corliss 
verotienr 4 


. (2 Figs.l1 December 2, 1903.—This invention 
has reference to that kind of Corliss valve in which the spindle 
is rotated by means of a pawl controlled by a cam turning freely 
on the spindle, the cam being linked by a rod to the engine 
governor, the pawl being actuated by a rocking lever connected to 
a reciprocating part of the engine, and a plunger being employed 
to rotate the spindle in the opposite direction to close the steam 
valve on the pawl being disengaged. The object of the invention 
is to enable the above parts to work in such manner as to bring 
all the stresses into one plane at right angles to the axis of the 
spindle, thereby obviating the twisting or bending of the pins or 
studs to which they are connected, and also avoiding the uneven 
wear which is the usual cause of the gear becoming unservice- 
able. Instead of the ordinary single web or quadrant for carry- 
ing the die or piece of steel on which the pawl operates, a circular 
double web @ a! keyed on the spindle } is provided, the die ¢ 








crossing at the top between the two discs or halves a a! of the | 
web, and being thereby supported at both ends. Outside the | 
double web is arranged a rocking lever, consisting of two webs or 
halves d, d! turning freely on the hubs of the aforesaid circular | 
webs a, a}, and tied with cross-pins or studs e, f at each end, | 
the lower stud e receiving the end of the reciprocating-rod g, 

whilst on the upper stud / is pivoted the pawl /, which lies 

between the two halves d, d! of the rocking lever, and works on 

the centre of the die c. The cam 7, on which rides the other end | 
of the said pawl h, is interposed between the two webs a, a! carry- | 
ing the die, between which webs enters the link k from the 
governor. The plunger m for reversing the rotation of the 
spindle to close the valve, which plunger is drawn down by the | 
tension of a spring or other device at its lower end, is attached to 


for the greater part of its length, in order to permit of the recip- 
rocating rod g and the governor-rod k, which work in the same | 
plane, passing through the said plunger i. (Accepted January 13, 
1904). 


TEXTILE MACHINERY. 
3637. C. L. Cadet, Charmes, Vosges, France. Sliver 


Cans. [2 Figs.) February 16, 1903.—According to this inven- 
tion the sliver can is formed of a board or sheet of vulcanised 





| edges being united by rivets or eyelets. The can proper is formed 


upon the warp throughout. 





attached to its other end a plate or fastener terminating in a 
screw G, which passes up through a slot H in the bracket OC, and 


wood-fibre, bent into a cylindrical body, the two longitudinal 


of a cylindrical body a produced by bending a board or sheet of 
the material mentioned, and uniting its longitudinal edges }, b by 
one or more vertical rows of eyelets c, the central orifices of which 
allow the air to \penetrate into the interior of the can, and thus 
aerate the contents thereof. The upper edge of the can is 




















strengthened by a metal rim d, stamped or drawn and secured in 
any suitable way. This rim is provided with a lip or shoulder e 
projecting outwardly around the can. The bottom of the can is 
formed of a disc fof wood, having its underface recessed, and 
which may be fixed to the body a by screws i, the lower edge of 
the body a being disposed a little higher than the lower edge of 
the bottom 7. g is a strengthening band of metal secured around 
the lower portion of the body a. / is a wire disposed in the bend 
of rim d and adapted to lie against the top edge of the body a 
for the purpose of strengthening the lip e. (Accepted December 23, 
1903 


6384. H. Walker, Elland, Yorks. Warp Beam Brake. 
(2 Figs.] March 19, 1903.—The object of this invention is to pro- 
vide an efficient brake for the warp beams of looms for weaving, 
which may be easily, quickly, and gradually adjusted to any degree 
required, and by being self-regulating retain one uniform tension 
A strap or the like A is attached at 
one end bya bolt B to a bracket C bolted to the loom frame D 
immediately above the grooved brake pulley E at one end of the 
warp beam F. A strap A partially encircles the pulley E, and has 





The action is as 


On the sleeve A is a movable sleeve D having a coned | follows :—By turning the hand-wheel J more or less the screw G | being blown out. (Accepted December 31, 1903.) 


spirally shaped, so that when the sleeve is moved endways it is | 


| 


—_——— 


strap round 
— the wa 
ne beam 
pulley E are thus suspended within and supported by the strap as 
By tightening or slackening the said strap round the pulley E the 





| 


{ 
















| brake upon the warp beam is increased or diminished as desired + 
in this manner, as the weight of the warp upon the beam becomes 
less, the friction of the strap A upon the pulley E correspondingly 
diminishes, resulting in an automatic self-regulating and uniform 
brake being put upon the beam throughout. (Accepted Decem. 

| ber 31, 1003.) 


| 1350. R. Hall, J. H. and O. S. Hall, Bury, 
| Lancs. Automatic Shuttle-Changing Motion. (4 Fis.) 
| January 20, 1903.—This invention relates to improvements in 
Patent No. 23,925, of 1895, and has for object to improve the 
motion employed for traversing the feeder or pusher, which carries 
| the full pusher, to the position required under the shuttle-box and 
| to rapidly throw out the spent shuttle after it has been ejected 
| from the shuttle-box. In carrying out the first improvement, 
| the horizontal arm of the lever d is extended in the form of a 
curved arm dl, which, when the loom is in ordinary work, lies 
below the path of the bowl c; but as soon as the lever is actuated 
by the shuttle-changing motion, its horizontal arm is raised for a 
| moment into the path of the bowl, so that the latter comes under 








and supports it, and then as the bowl descends, the arm d! and 
lever d@ move down with the bowl, and thus the arm comes 
smoothly and gradually to rest with the lever d and feeder or 
carrier in their normal positions. In carrying out the second im- 
provement, an elbow lever 1 is pivoted on a stud 7 on the loom- 
frame, and one end of this leveris turned up and catches under 
one of a pair of parallel levers g. The other end of the lever m is 
connected to a plate p, which lies behind one end of the shuttle, 
box J, sothat the end of a spent shuttle k, when thrown out of the 
box by the insertion of a fresh shuttle, comes against the plate p, 
when in its rearmost position. The plate p, by reason of the blow 
given thereto by the parallel levers g, strikes the end of the 
shuttle a sharp blow and throws it at once into the receptacle 
placed to receive spent shuttles. (Accepted January 13, 1904.) 


MISCELLANEOUS. 


5112. L. Denny and A. Porterfield, Dumbarton. 
Naphtha Lamps. [3 Figs.) March 5, 1903.—This invention 
relates to what are known as naphtha lamps—that is, lamps in 
which the fuel generally used is naphtha, this fuel being fed to 
the burner by gravity only, and has for its object to improve the 
construction of the burner so as to insure the thorough vaporisa- 
tion of the fuel and perfect combustion of same, and also prevent 


| the possibility of damage being done by unvolatilised fuel dropping 


from the burner. According to the invention, the needle-valve is 
dispensed with, an ordinary stop-cock (not shown) only being 
used, and what may be termed the end of the supply or burner 
pipe A is arranged in the form of a ring part Al. A short pipe 
B depends from the outer side of the ring part Al, and has 
formed on its lower end a horizontal branch B!, on the upper side 
of which, and immediately below the centre of the ring, is formed 
a small orifice or fuel outlet B2% An annular piece C, formed 
with air openings C!, is arranged on the top of the ring part A}, 
































sua 





being fixed in position by means of connecting-plates C? attached 
to the lower branch parts B, Bl, A crown and deflecting-plate D 
is fixed to the top of the annular piece ©, and has in some cases 
depending from it a kind of gland-shaped part D! which fits 
within the ring Al, and is formed with a central opening D? and 
a perforated flange D®. When the lamp is in use, the flame pass- 
ing through the centre of the ring part Al, and being deflected 
horizontally around same by the deflecting-plate D, and also 
partly by the flange D°, thoroughly vaporises the fuel before it 
can reach the orifice B2, and there is thus little possibility of any 
unvolatilised fuel dripping from or even reaching the orifice. 
The central part D! depending from the crown and deflecting: 
plate D, is only found to be desirable with a comparatively large 
burner such as is shown, its function then being to act as a baffle 
piece, so as to control the draught or air currents, thereby pro- 
ducing a steady light and preventing any possibility of the lamp 





































Pe 








Marcu 11, 1904. ] 


ENGINEERING. 








349 














THE CRYOGENIC LABORATORY AT 
LEIDEN. 


(Concluded from page 326.) 
THe Puysicat Work. 


|others) for measurements on oxygen thermo- 
meters and the calibration of the thermometers by 
A thermo- 
|element (see below) is shown in position in the 


By H. H. Francis Hywpman, B.Sc., A.M.LE.E. | figure, and also at b in Fig. 13. For the determina- 


the aid of the hydrogen thermometer. 


| tions at higher pres- 
sures and low tem- 


Tue cause of the formation of a cryogenic labora- | peratures, a speci- 


tory of the kind described has already been men- 
tioned. In consequence, one of the principal ex- 


rimental researches is, and will continue to be, | used, 
the determination of accurate isothermals, at the | with a compressor 


most reproductive temperatures, of both simple 


gases and their mixtures. To obtain results in| 
this field to anything like the order of accuracy! =-*>- 


required, very constant, uniform, and accurately- 
measured temperatures are required. The difficulty 
of obtaining such a condition at low temperatures 
will be best appreciated by those who have them- 
selves worked at the subject. There is, of course, 
no possible difficulty now in obtaining any tempera- 
ture down to — 250 deg. Cent. for a short time ; it 
is merely necessary to cool down the apparatus in a 
suitable liquid gas, and let the temperature rise by 
radiation or slow conduction. Results obtained in 
this manner, usually as the mean of rising and 
falling temperatures, cannot be other than approxi- 


Fig ye eo 


lally modified Cail- 
|letet piezometer is 
combined 


| and volumenometer 
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mate, owing to the want of knowledge of the 
conditions under which the gas exists at the time 
of measurement. 

At Leiden the constant temperature baths are 
uniformly composed of a suitable liquid, kept at 
the required constant temperature and vigorously 
stirred to ensure uniformity. To keep an evapo- 
rating liquid at constant temperature it is not 
sufficient to keep the evaporation pressure constant, 
unless, which never occurs practically, the liquid is 
quite pure. It is hence necessary to have a highly 
sensitive indicator of small differences of tempera- 
ture, and a means of correcting these by equivalent 
small changes in the pressure. 

When an unstirred liquid is boiling the hydro- 
static pressure causes the boiling-point to be higher 
at the bottom than at the top ; while unless the boil- 
ing is very rapid, the free surface is always below 
the normal temperature. Also, with most low- 
temperature baths there is a continual flow of heat 
from below upwards, which acts in the same 
direction. 


with stirrer, &c., as now used, both in section and 
fitted up with the oil-regulator. A similar but larger 
bath was recently employed for a differential 
nitrogen - hydrogen thermometer, shown with its 
reading cathetometer in Fig. 15, page 364. The 
Standard scale is always used to avoid the 
collimation correction between the three tele- 
Scopes, and the oil manometer is seen to the left. 
Similar baths have been used (by Onnes and 





: |so that the quan- 
Figs. 12, 13, and 14 show a vacuum glass provided | 
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For de- 












or alone. 
terminations near 
the critical point, 
the latter is espe- 
cially convenient, 
as the purity of 
the gas can be more 
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readily insured, 
and the absolute 
constancy of the 
mass of gas makes 
subsequent theore- 
tical deductions 
much more satis- 
factory. For seek- 
ing the critical 
temperature and 
for vapour pres- 
sures it is usually 
combined with a 
small gas reservoir, 
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tity can be readily 
altered, as shown 
in Fig. 16, page 
364. When com- 
bined with the 
volumenometer, as in Fig. 17, it has many of the 
advantages of the original method of Regnault, 
united with those belonging to the Cailletet method. 
In its unmodified form the former has been used by 
v. Wroblewski and Olszewski, and the latter by 





Andrews and Amagat. To permit of exact high- 
pressure work, the three-way cock has been con- 
structed of steel throughout, so that it can be 
calibrated by means of mercury. Two sections of 
this cock are shown in Figs. 18 and 19, page 364, 
while Fig. 20 explains the manner in which it is 
fastened to a glass tube. It will be found very 
convenient for this kind of work. 

With this apparatus in one or other of its forms 
measurements have recently been made on the com- 
pressibility of hydrogen, oxygen, and nitrogen at 
very low temperatures (Onnes and Hyndman). The 
apparatus shown in Fig. 17, page 364, is also adapted 
for making accurate mixtures of two or more gases. 
It has been recently used for this purpose in the 
investigation of the condensation phenomena of 
mixtures of carbon dioxide and oxygen, for which 
investigation the calcium chloride circulation de- 
scribed above was employed (Onnes and Keesom). 

During recent years, many investigations have 
been carried out on binary mixtures, such as 
ethane and nitrous oxide, by Kuenen; carbon 
dioxide and hydrogen, by Verschaffett, &c.; but 
these, as a rule, only require temperatures above 
zero. However, in order to make proper use of 
the critical constants of mixtures, it is quite neces- 
sary to have those of the pure substances them- 
selves to a higher degree of accuracy. That of 
oxygen, together with measurements of the critical 
isothermal, have been recently very carefully in- 
vestigated. Oxygen has a particular interest, 
because it is the only element, outside the argon 
group, which lies in a convenient region, and 
is at the same time sufficiently unreactive 
for exact measurement. Every care was taken to 
insure purity and constancy of temperature and 
pressure, and the results strongly confirmed the 
conception of the transition put forward by van 
der Waals thirty years ago. The measurements 
were made with the apparatus shown in Fig. 16, 
page 364, with many elaborate precautions for con- 
stancy of pressure and temperature. Although the 
tube was illuminated in the most diverse ways, no 
trace was seen of the blue mist just above the critical 
point, which is so characteristic a phenomenon on 
the condensation of carbon dioxide. 

Although the hydrogen thermometer is the 
ultimate standard of measurements, it is rarely 
used as such in experiments of this nature, owing to 
the danger of fracture. An indicator, consisting of 
either a platinum resistance (Fig. 13) c or a thermo- 
junction ) is carefully calibrated by the hydrogen 
thermometer at points in the neighbourhood of 
the experimental points. The former has been the 
subject of much careful study elsewhere, and need 
not be further considered here. Thermo-elements 
have rather fallen into disfavour for accurate work, 
owing to their supposed untrustworthiness. This 
exhibits itself in a change of zero, unless many 
precautions are taken. They have been used and 
continually improved at Leiden, and the present 
methods of construction and use employed there are 
probably the most satisfactory known. In spite 
of the great importance of this method of measure- 
ment, space will not allow of more than a reference 
to Fig. 13, where one branch of the element is shown 
in section. The combination now used is con- 
stantin-iron, and spurious effects are eliminated by 
immersing the intermediate contacts in ice, by a 
complete cycle of key positions combined with 
a zero method, and an auxiliary source of E.M.F., 
so that the standard cells never carry a current. 

In this kind of work not only is great constancy 
of temperature required, but, what is less general, 
a constant and very accurately known pressure. 
To insure the latter and to make all results com- 
parable, all the pressure measurements in the 
laboratory at Leiden are referred directly to the 
standard open mercury manometer shown in Fig. 21, 
page 364, against the wall. 

Although this can be manipulated without much 
difficulty when in order, its use is distinctly 
laborious at the higher pressures for which it is 
constructed (up to 64 atmospheres). To save 
trouble, and for many measurements, closed hydro- 
gen manometers of various degrees of accuracy are 
employed. In the figure, those on the left read to 
0.02 per cent., that on the right to 0.05 per cent., 
as against 0.01 per cent. for the standard. This 
accuracy is, however, only obtained by very careful 
construction followed by careful calibration, and 
the use of water baths of constant temperature. 
Many measurements have been made on the 
dielectric constant and on the magnetic rotation 








of liquefied gases, and the apparatus for the latter 
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(Siertsema) is shown in Fig. 22. The tube is in 
the coil, and is continually replenished from the 
vacuum glass seen between the lantern and coil. 
In this way good and frequent observations can. be 
made, the gas being brought by a connecting tube 
into its proper circulation, where it can be recom- 
pressed and liquetied if required. 

Many other important investigations have been 
carried out at Leiden, by Zeeman, v. Everdingen, 
&c. ; but as they do not require the use of liquid 
gases, or, at most, only a simple bath without 
constancy of temperature, we must pass them over 
as rather foreign to the subject. 








THE CONTRACTION OF JETS. 


A Rational Coefficient of Contraction for a Jet Issuing 
from a Plain Circular Orifice. 


By Professor Joun GoopMan M. Inst. C.E. 


In all questions concerning the flow of fluids 
through orifices the contraction of the jet plays an 
all-important part; it is usually allowed for by 
using a coefficient of contraction (K. ) which is ob- 
tained by direct experiment on various forms of 
orifices. The contraction of the jet can be quite 
easily calculated rationally in certain cases. Such 
are :—Borda’s mouthpiece, which consists of a very 
thin pipe, projecting inwards from the wall of the 
containing vessel well into the body of the water ; 
the theoretical value for a clear stream through 
such an orifice—viz., 0.5—agrees well with ex- 
periment ; when the same mouthpiece is allowed 
to run full—i.e., not a clear stream—the theo- 
retical value of the coefficient of discharge is 


4 =().71, which again agrees well 

Va 

with experiment. If the mouthpiece be reversed 

so that the pipe projects outwards from the vessel, 

the coefficient (on a certain assumption which we 
shall speak of later) can be shown to be about 

0.87, whereas experiments give 0.82, the differ- 

ence being probably due to the friction of the 

water on the sides of the pipe. The assumption 
made is that the coefficient of contraction of 

a clear jet issuing from the same nozzle is 

0.62—i.e., that found for a plain circular orifice ; 

but for this value we have hitherto been obliged to 
resort to experiment. Lord Rayleigh and Mr. 

Michele have both obtained such a coefticient ration- 

ally for the very special case of a thin, narrow slit 

orifice ; but as far as the writer of this article is 

aware, no one has hitherto succeeded in getting a 

rational coefficient for the usual form of plain orifice 

—viz., that of a sharp-edged circular hole. The 

results obtained by the following investigation 

agree so closely with experimental results, and with 

Rankine’s empirical formula for orifices in the end 

of small approach channels, that the writer feels 

confident that his assumption as to the approach 
sonditions must closely accord with the actual state 
of affairs. 

When an orifice in the bottom of a tank is un- 
covered, the weight of the tank and its contents 
is reduced by (i) the weight of the column of water 
over the orifice ; (ii) the total pressure on the 
bottom of the tank equivalent to the kinetic 
energy of the approaching water as it flows over 
the orifice- plate. The value of (7) is readily 
obtained, but the evaluation of (7) is more com- 
plex, and in order to accomplish it we must make 
some assumption as to the exact manner in which 
the water approaches the orifice in three dimen- 
sions. If the approach flow be quite steady, the 
stream lines may be regarded as flowing in pyra- 
midal passages, whose apices meet at the centre 
of the orifice. Assuming this to be the case, and 
that the depth of water over the orifice is great, a 
surface of equal flow will be a hemispherical shell, 
having its centre at the centre of the orifice. 

The exact manner in which the water does 
approach the orifice can be seen from Professor 
Hele-Shaw’s diagrams (see ENGINEERING, January 6, 
1899, page 29, Fig. 7). 

Let R, = the radius of the orifice in feet. 

Ry = fe m walls of the tank in feet, or, 
in the case of a tank other than circular in 
plan, the least distance of the walls from 
the centre of the orifice. 

r = an intermediate radius. 

V,, Vo, v = the respective velocities of flow in feet per 
second towards the orifice across the hemi- 
spherical shells. 

V = the velocity of flow through the orifice. 

V. = velocity of approach. 

V. = velocity of flow through the orifice due to 


shown to be 


P,, P., p = the respective pressures corresponding to Vj, 
V2, and v in lbs. per square inch. 
w = the weight of a unit column of water—i.c., 
1 ft. high and 1 square inch in section. 


A = area of the orifice in square feet. 
oa ” jet 9 ” 

Aa = area of the approach channel. 

K. = coefficient of contraction of the jet. 

Ra = “a velocity. 

Ke'= ie discharge. 

Ka = coefficient of approach 


The area of the innermost shell is 27 R,? and 
that of the orifice 7 R,°, therefore the velocity of 
flow across the shell of radius R, is one-half the 
velocity of flow through the orifice. 

Further, since the areas of the shells vary as the 
squares of the respective radii, the velocity of flow 
across the shells will vary inversely as the square of 
the radii, or 


Ve = 2 
vv —~R® 
and by Bernoulli’s theorem we have 
P + V.2 rs Pp, ve 
w 29 w 2g 
P2.-p = od (v2— V2) = 2 ( R,! -1), 
29 29 r4 


The reduction in weight, or the loss of total pres- 
sure on the whole plate—i.e., the bottom of the 





| Va 











tank—is the sum of the loss at each radius mul- 
tiplied by the area of its respective elemental 
ring. 


r= Re 
2rw V2 ‘ = 
Cao 
r= R, 
rafr=R, 
mw Vo? (Rs! a r)dr 
g r=R, 
7 w ve(Be R. _RtRi-? _ R? + *) 
g -2 2 2 2 


Reducing and placing 

Ry, = nR, 
we get the reduction in weight on the orifice-plate 
due to the flow over the bottom of the tank— 
_ mw V;? Ri? (“ — 2n? + *) 


gn 2 


a 


(i?) 


The weight of the column of water over the orifice 


is 
wrR2h =” = wi (i) 
2g 
and 
ee 
Mess 
hence 


The reduction in weight due to i. and ii.— 
wV2r Ri? + Prk ( nt—2n2 +1 ) 
29 4gnt 2 } 
The loss of weight, or reduction of total pressure 
on the orifice-plate, or bottom of the tank, is equal 
to the total pressure that would be exerted on a 
flat plate placed in the issuing stream and whose 
plane is at right angles to the direction of flow. 


Then the change of momentum per second, or the 
total pressure acting on the plate, 


en OO 
g et 


Since we may write W =w «a V, and r Re =A 
we have 
w V2 “( 1 


nt —2n?2+1\_ w Via 
29 wn 


4nt g 

and 
ie en eee (1 + nt — 2n? <1) 
A 2 4 nt 

This expression, however, takes no account of the 
velocity with which the water approaches the orifice 
—i.e., the mean velocity of flow in the approach 
channel. 

We have 
v,=KeAV, 


Aa 
But 
V = V_+ Va= Vot+ Ke AN Ae 
ay. 
and _ 
Vo=V (1 -*% “), 
Aa 
Whence 
- = 1 — = Ka 
Vo 1 K.A 
Aa 
and 
Ky = K, Ka K, = __Be Ke 
12 Ke A 4 
Aa 
Substituting the value of K, from above, we have 
* K : 
eS il nt — 2n24+1) 
r < ] | TEE bu 
= 2 ( ’ 4n4 ) 


This expression contains K, in the term for the 
velocity of approach; it can be eliminated, but 
the expression becomes very cumbersome. But 
since the whole term for the velocity of approach 
is small, no appreciable error results from taking it 
as 0.64 for this purpose. : 

The coefficient of velocity K, to allow for fric- 
tional resistances is usually taken as 0.97. 

Rankine gives an empirical formula for the co- 
efficient of contraction of a jet which includes the 
velocity of approach, but not the coefficient of 
velocity. His expression is—- 


1 aes 2 

= > . A? 

K a/ 2.618 - 1.618 au ° 

The table below shows how the quantities obtained 
by the rational formula given above agree with 
those obtained from Rankine’s formula, which was, 
of course, based on experiments. 


- Rational Formula. Rankine’s Formula. 














n, K. 0.97 K = Ka. K. 0.97 K = Ka. 
2 0.665 0.645 0.672 0.652 
3 0.641 0.622 0.640 0.621 
4 0.634 Q.615 0.631 0.612 
’ 0.631 0.612 0.626 0.607 
6 0.629 0.610 0.624 0.605 
8 0.628 0.609 0.622 0.603 
10 0 627 0.608 0.620 0.601 
100 0.625 0.606 0.618 0.600 


To some readers the value 0.606 may appear to 
be low ; but if they will refer to Mr. Mair’s classical 
experiments on orifices, they will find values even 
lower than this, and, as pointed out by Mr. Mair, 
the higher values are due to imperfections in the 
finish of the orifices. 

In the table of comparison given above it will 
be seen that the values obtained by the author's 
theory do not differ by more than about 1 per 
cent. from the values given by Rankine’s em- 
pirical formula, and the average results given by 
the theory only differ by less than 4 per cent. 
from Rankine’s. 

In the expression for the reduction of total 
pressure on the bottom of the tank due to the 
kinetic energy of the approaching water, the in- 
tegration has been carried between the limits of R, 
and R,; but the higher limit R, is probably too 
high, as there is likely to be some dead—i.e., not 
flowing—water clinging to the bottom corner of the 
tank ; the upper limit should therefore be taken 
at the radius where the water actually begins to 
flow ; but, unfortunately, this radius appears to be 
undefined ; if it could be allowed for, it would 








the head. 





Let W lb. of water strike the plate per second. 


slightly reduce the rational values, and bring them 
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a. i ) i ine’s | return valve opening outwards. The operation of 
yore " per eee ee ee eee this tank is sufficiently obvious. The flow of wpe 
=" icti i is adj ‘o the desired rate, an 

5 ‘t to calculate the frictional losses in | through the tap is adjusted to the desired rate, a 
An Se orifice has, up to the present, the tank gradually fills, the air displaced escaping 
the cas satisfactory results. through the non-return valve at the top. When 
yielded no sath |the water level reaches above the bend of the 
- |syphon, the latter discharges the contents of the 
THE SCOTT-MONCRIEFF SEWAGE- | tank, and air being unable to pass in through the 
TESTER. non-return valve already mentioned, has to enter 
An important step towards the solution of the | through the filter, which is thus thoroughly aerated, 
sewage problem has been taken by Mr. W. D. Scott- | and to a measured degree. ae 
Moncrieff in introducing his sewage-tester. Broadly| In testing a sample of sewage, this air supply and 
speaking, this is an enclosed sewage filter, in which | the rate of filtration are adjusted at the start by 
provision is made for drawing off samples of the | guess; and after the filter has been at work for 
effluent at various levels, and for measuring the |24 hours, say, to establish normal conditions, 
amount of air supplied, whilst the rate of flow of| samples are drawn off at the different taps. At 
the sewage, and the periodicity of its distribution |one of the lower taps the sample will probably 
over the upper surface of the filter, are also under| come up to the desired standard of purity in the 
full control. The arrangement of the apparatus effluent, and the depth of the filtering material 
will be easily understood on reference to our illus- | above this tap then denotes the necessary depth of 
trations, Figs. 1 and 2, which show different views | filter for treating the sewage at the given rate of 
of it, Fig. 1 being a front elevation, partly in| supply of sewage and air. The effect of different 
section, whilst Fig. 2 represents a transverse section. | intervals between discharges can also be tested, 
The depth of filtering material is 6 ft., and in plan | and it appears that the best results are obtained 
it measures 1 ft. by 3 ft. At every foot of depth | when the sewage is supplied in small quantities at 
there is a trough inserted reaching from wall to wall | a time, and at frequent intervals. A periodicity of 
of the containing vessel, and a tap is provided! one discharge in 74 to 10 minutes, with a sewage 
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through which samples of the filtrate which collects | fully hydrolised by anaerobic bacteria, seems to 
in each trough can be drawn off. Above the upper | give the best results. In the contact bed methods 
surface of the filtering material is a perforated tray, | of treatment it is usual to work on different lines, 
into which a tipping-trough discharges its contents | and to allow the sewage to remain in the bed for a 
at intervals. This trough is, in principle, exactly | couple of hours or so, after which the bed is aerated 
the same as is used in certain types of recording |for some hours before being used again. The 
rain-gauge. It consists of two compartments, | evidence afforded by the Scott-Moncrieff sewage- 
separated by a central partition. It is suspended | tester seems to show that this practice is wrong, 
on knife edges, and each compartment is filled | and that better results would be obtained by working 
alternately by the flow from a tap. When a com-| with a short periodicity, as already explained, and 
partment is filled to a certain height, dependent on | this conclusion, it is only fair to add, has been borne 
adjustable weights, the trough tips, emptying the | out in practice on a large scale. 

contents of one compartment into the perforated| Under good conditions, ordinary sewage has been 
tray below, and bringing the other compartment | purified in the sewage-tester at a rate corresponding 
under the tap, so that it can be filled in its turn. | to one million gallons per acre per day. 


The rate at which the trough tips, and the period be- 
LITERATURE. 


tween successive discharges, can be altered through 
a considerable range by adjusting the weights above 
Jahrbuch der Schiffbautechnischen Gesellschaft. Vol IV. 
Berlin, 1903: Julius Springer. Small quarto, 708 pages, 


mentioned, and by regulating the flow from the tap 
with many figures and plates. [Price 40 marks. ] 











through which the sewage enters the apparatus. 
The perforated distributing-tray, into which the 
trough discharges, is situated some little distance 


Sigsfeld, the aeronaut, who was killed near Antwerp 
while attempting .to alight from his balloon ; Carl 
Hornberg, director of the Reiherstiegs shipbuilding 
yards at Hamburg; Ludolph Meyer, director of 
the Hamburg - American line; Franz Franzen, 
director of the Hamburg-South-American line ; 
Robert Fuss, chief engineer at Krupp’s Germania- 
werft in Kiel; and Peter Rickmers, of Bremer- 
haven. 

The June meeting brought many guests from the 
American Society of Naval Engineers, the Associa- 
tion Technique Maritime, the Institution of Naval 
Architects, and the Society of Naval Architects and 
Marine Engineers, to Diisseldorf, where the Earl 
of Glasgow and Lord Brassey had occasion to 
express their warm appreciation of the kind hospi- 
tality and of all they had seen—‘‘far exceeding 
their highest expectation,” as Lord Brassey put it 
in his remarkably felicitous speech. Excursions 
had been arranged and were made from Diisseldorf 
to Krupp’s works at Essen, to the Gutehoffnungs- 
hiitte, to Dortmund, and, further, to Bremen, Ham- 
burg, Kiel, Stettin, and even Elbing and Danzig ; 
but the visits to the latter places were more of a 
private nature. 

The number of communications presented to the 
meetings is too great to allow of our discussing 
them at length. The discourse by Mr. E. Schréd- 
ter, of Diisseldorf, on ‘‘ German Iron Industry and 
Shipbuilding,” which embodies a good deal of 
interesting statistical material, dealt particularly 
with the relative suitabilities of soft and hard iron 
and steel as constructive materials, and with the 
methods of testing them, and led—after an animated 
discussion by Messrs. Rudloff, Wiesinger, Eichhoff, 
Middendorf, Daymard, Kintzlé, and C. Lueg, to 
which Courtier Dutton and J. F. Milton subse- 
quently sent contributions—to the appointment of 
a committee of naval and metallurgical experts. 

The second communication, by Gotthard Sach- 
senberg, on ‘‘ Materials and Tools for Shipbuilding 
at the Diisseldorf Exhibition,” was a very welcome 
guide to the exhibition, but hardly likely to call 
forth a discussion. We notice the detailed report 
on tests conducted at the Neu-Babelsberg Central- 
stelle fiir Wissenschaftlich-technische Untersuch- 
ungen, of the Durana manganese bronze of A. 
Hupertz, which is described as combining: high 
elongation with great hardness and durability in 
sea water. 

Baron W. von Rolf’s paper on ‘‘The Rhine and 
the Development of its Shipping,” is illustrated 
by dozens of plates. It enabled Mr. G. C. Mackrow 
to remark that the first all-iron boat put on the 
Rhine in 1839—the Victoria—was built at the 
works of Messrs. Ditchburn and Mare—now the 
Thames Iron Works—with which he was for many 
years connected ; and that the Mannheim No. 1, 
which is likewise still doing duty, was built at the 
same yard in 1843; the Elberfeld, however, which 
also came from the same yard, was sent back to 
England because she consumed too much coal, and 
she broke in two and sank while crossing. 

Mr. Fr. Schleifenbaum’s paper on ‘* Wire Ropes 
in Navigation” was discussed by Mr. Hiillmann, 
who prefers ropes to chains, because they give 
way slowly, while chains break suddenly, - and 
their swirling ends carry destruction. Mr. F. L. 
Middendorf hoped some day to see anchor ropes 
replace anchor chains, though the great weight 
of the latter was, in that particular case, an 
advantage. Admiral von Eickstedt and, finally, 
Dr. Francis Elgar, contributed also to the dis- 
cussion. 

The technical programme of the Berlin meeting 
was opened by Mr. Joh. Schiitte with a paper on 
the ‘‘ Influence of Bilge Keels on the Resistance 
and Rolling of Ships in Still Water.” The com- 
| munication is an account of experiments conducted 
|in the Bremerhaven experimental station of the 


| Norddeutsche Lloyd, with a ;4, model of the German 


‘cruiser Seeadler, 342 ft. long, 42.5 ft. beam, and 





above the filtering material, so that the sewage is |THE fourth volume of the ‘‘ Jahrbuch der Schiff- | 16.5 ft. draught, and of similar experiments with 


“rained” down on the latter through free air. 
With an ample supply of oxygen there is no trouble 
from the filter losing capacity by the formation of a 
ope growth on the surfaces of its constituents. 

he air supply is regulated by a siphon tank, to be 
seen to the left in Fig. 2. The upper portion of 
this siphon tank is connected with the free space at 
the bottom of the filter by the pipe shown, whilst 
from its bottom plate a discharge-pipe for the 
water leads to the drains. The tap, to be seen 


near the left top corner, is connected with a water 
supply, and at the top of the syphon tank is a non- 








bautechnischen Gesellschaft” is, as regards its | other models, and the conclusions based upon them. 
character and appearance, equal to the first three | Three types of bilge keels are used, and were tried ; 
volumes, which we reviewed as they appeared. It} those for fast steamers represent an isosceles 
deals with the year 1902, and contains the transac- triangle in section, those for the cruisers a right- 
tions of the two meetings held during that year | angled triangle, those for cargo-boats merely a 
—in June at Diisseldorf, and in November at| plate of bulb section. The bilge keels, Mr. 
Berlin. By the end of 1902 the society had 961 | Schiitte said, increased the resistance by as much 
members on its lists; but it had also to lament the|as 5 per cent. in the case of fast steamers, for 
death of fifteen members, among whom we notice | which he would not recommend them as far too 
the names of Wilhelm Hintze, whose portrait | expensive an improvement, and by nearly 2 per 
faces the title-page, for many years chief engineer | cent. in the case of cargo-boats. Yet they would 
and director at Wilhelmshaven : Hans Bartsch von | Steady the ship, and that was worth considering, 
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certainly in the case of warships. After studying 
the subject with the aid of two apparatus, he 
believed that proper distribution and stowing of 
the cargo might be of more importance than bilge 
keels. 

During the discussion Captain Emsmann men- 
tioned that he had commanded both the cruiser 
Cormoran, which had no bilge keels and rolled 
badly in the Pacific, and the Seeadler, which, after 
Schiitte’s investigation, had been fitted with bilge 
keels, and which rolled still worse. Mr. H. Bauer 
criticised the paper at length ; he questioned the 
reliability of Froude’s resistance theory, which 





Schiitte had characterised as the best of fourteen | 


theories, and of the conclusions based upon tank 
experiments ; but he agreed that bilge keels were 
useful in boisterous seas. Mr. Ed. Woermann was 
glad that theirchief engineer, Mr. R. Pohl, hadalways 
opposed bilge keels, which modern improvements in 
ships rendered unnecessary. Mr. Hiillmann referred 
to whirls and stream lines : the Seeadler, he said, 
might have rolled unbearably without bilge keels ; 
it was a question of the distribution of weights. 
Mr. A. Isakson mentioned that Swedish shipowners, 
when buying old boats in England for ore trans- 
port, had them, as a rule, fitted with bilge keels, 
and had thereby reduced the losses in men and 
property. Mr. Meldahl confirmed Schiitte’s results, 
which agree with Froude’s experiments of 1871. 

In the next paper, Mr. E. Schiirmann describes | 
the new experimental station for hydraulic con- | 
struction and navigation, the first German Govern- | 
ment institution of its kind, which has finally been 
built on an island situated in the Thiergarten, near 
the spot which Schlichting had proposed in 1884. 
Before operations were commenced there, negotia- 
tions had been carried on with the Elbe Navigation 
Company ‘‘ Kette,”’ which, in 1891, built an experi- 
mental tank at Uebigau, near Dresden, and, for a 
time, Bredow, near Stettin, was favoured as a site. 
But the opinion prevailed that the new experi- 
mental station should be near the seats of the tech- 
nical authorities and the technical and scientific | 
institutions, and the so-called ‘‘Schleuseninsel ” 
(Lock Island), formed by two canals, was finally 
selected. The large experimental tank—there is 
also a small one—has a length of 170 metres, a 
width of 10.5 metres, and a depth of 3.5 metres 
(557 ft., 344 ft., and 114 ft.), and will allow of | 


speeds of 7 metres per second, corresponding to} quires long shafts. 
A gallery, whose floor is 5 ft. below | ducted at the Vulcan Works. 


40 knots. 


(For Description, see Page 355.) 


window, 13 ft. in length, is inserted in the central 
portion of this gallery. Iron forks are fixed in 
the bottom of the tank; wooden sleepers can 
be attached to these forks, and the canal section 
thus be reduced at will. The carriage track has a 
gauge of 6 metres (nearly 20 ft.), and the rail 
girders are supported at distances of 2 metres 
(6.5 ft.) ; the track should not deflect more than 
0.1 millimetre. The tank will be fed from a 
special well with the aid of an electrically-driven 
centrifugal pump. Experiments made at Bremer- 
haven, Mr. Dix remarked, after the reading of the 
paper, seem to prove that the track supports, which 
stand in the shallow portion of the water, would 


‘not influence the ship’s speed ; if they should do 


so, however, that influence could not be eliminated 
in the way Mr. Schiirmann had indicated. 

Mr. K. G. Meldahl’s experimental and theo- 
retical researches on ‘‘The Influence of the Web 
Thickness on the Strength of [ Beams,” another 
splendidly-illustrated communication, points out 
the important fact that many E beams now in use 
are deticient in web thickness, thus confirming a 
warning uttered by the Germanic Lloyd several 
years ago. Excessive loads bent the back of 
Meldahl’s E beams, making the cross-section like 
a©. The experiments were made with beams of 
normal German profile, and the question is of im- 


| portance, because the British Lloyd’s whose classi- 


fication German ships trading with foreign ports 
have reason to value, has not overlooked this 
point. The paper was discussed by Mr. Midden- 
dorf, who proposed to strengthen such webs by 
angles, and by Mr. Degn, whom the theory of these 
problems has involved in a controversy with C. 
von Bach. 

The next paper, by Mr. H. Fottinger, of Stettin, 
on ‘‘ Effective Engine Power and Effective Torsional 
Moments, and their Experimental Determination,” 
is likewise of high interest. The author reviewed 
the several methods actually in use for such de- 
terminations, brake and dynamometer and other 
tests, dwelling particularly on the torsion tests of 
Frahm and others, and describing a new torsion 
indicator of his own, which he has tested on the 
lathe and with shafts 80 ft. in length. This in- 


|strument would be applicable for engines of war- 


ships with very short shafts, while Frahm, from 
whom Mr. Féttinger differs on several points, re- 
The experiments were con- 
The subject was too 


the water-level, runs along the tank ; and a glass| difficult for immediate discussion. 
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On the second day of the meeting Mr. H. 
Dahlstr6m discoursed on ‘‘ Ships’ Salvage,” dealing 
chiefly with the successful operations of the Swedish 
and Danish companies of this kind, and that of his 
own company, the Norddeutsche Bergungs-Verein, 
Hamburg, which has done good work on English 
ships in the Red Sea, the Channel Islands, and 
elsewhere. It was shown from the interesting com- 
munication, which is illustrated by excellent photo- 
graphs, and from the discussion, that a body like the 
Thames Conservancy, which keeps the river clear 
of obstructions and derelicts, does not yet exist in 
Germany, much to the regret of the meeting. The 
well-known salvage vessels of the company men- 
tioned—Nordsee and Ostsee—have a length of 
36 metres (118 ft.), a width of 9 metres (30 ft.), and 
a depth of 4.5 metres (15 ft.), and are divided into 
eight watertight compartments. The new ships will 
be 60 metres (about 200 ft.) long, and will also be 
tank vessels, provided with centrifugal pumps and 
suction and pressure pipes of 10 in. and 12 in.; the 
latter are for cleaning away the sand under the 
wreck, so that the wire ropes may be passed under 
the hull. The new vessels will be able to lift a modern 
torpedo-boat weighing about 500 tons. The com- 
pany has also applied compressed air where that was 
possible ; but Mr. Dahlstrém has little belief in 
compressed gases and in calcium carbide ; to attach 
the buoys to the wreck is always the chief difficulty. 
Professor Flamm, however, advocated Nielsen’s 
system of iron buoys; these buoys are pointed 
below, and contain in the upper portion pails filled 
with calcium carbide, which, when wetted, generates 
acetylene, and thus displaces the water in the 
buoys. Mr. Haedicke put in a good word for 
compressed air, and Mr. Hansen further supported 
the Nielsen scheme. 7 

The paper by Mr. C. Schulthes, ‘“‘ Electricity 
and Safety on Board Ship,” deals with lighting, 
signalling, ventilation, cables, switches, search- 
lights, &c., and refers also to the new lighthouse 
on Heligoland, on which three searchlights in one 
plane—a fourth being above—are revolved by an 
electric motor. Mr. E. Henbach added some inte- 
resting information on the trouble arising from the 
condensation of water in the pipes containing the 
wires and their paper insulation, and the means of 
obviating this trouble. 

A few shorter contributions bring the volume to 
aconclusion. Mr. A. Stenzel writes on ‘Sailors 
German.” In the olden days the German sailors 





hailing from the North Sea and Baltic coasts spoke 
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low German, which often resembles the modern 
English more, of course, than high German does. 
Many of these words have been misunderstood and 
absurdly mutilated, since the marine officer talks 
high German, like his passengers ; and it has been 
resolved to compile a German dictionary of naval 
terms. The idea is praiseworthy ; something might 
_.be done in this country as well to put a stop to the 
barbarous sailors’ slang now met with both in word 
and print. Mr. C. Stockhusen pens a short article 
on the new dock of the G. Seebeck Company at 
Geestemiinde, on the Weser, and its electrically- 
driven crane, built by the Liebe-Harkort Com- 
pany, of Diisseldorf ; and Maximilian Mintz com- 
ments on ‘‘ Patenting in Shipbuilding.” The last 
forty pages of the volume are taken up by a 
description of the splendid works of the Berliner 
Maschinenbau A.-G., formerly L. Schwartzkopff, in 
Wildau, near Konigs-Wusterhausen. An excursion 
was made to these works, in which are built engines 
of various types, locomotives, linotype machines, 
dynamos and motors, and, further, torpedoes, 
torpedo-tubes, and compressors, and other machi- 
nery for the same. The description is profusely 
illustrated. 
The splendid illustrations form, indeed, a very 
attractive feature of the volume, which, it will be 
acknowledged, is full of highly interesting matter, 
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The cover and title-page bear the date 1903, but 
the volume concerns the year 1902, as we pointed 
out. 





Canada in the Twentieth Century. By A. G. BRADLEY. 
Westminster: Archibald Constable and Co., Limited. 
[Price 16s. net. ] 

As several of our engineering societies are holding 
their summer meetings this year in the United 
States, it is only fair to assume that a proportion 
of their members, who cross the Atlantic, will 
seize the opportunity and extend their trip, so as 
to make or renew acquaintance with the greatest, 
oldest, and by far the most progressive of our 
dominions beyond the seas. In one sense, there- 
fore, the publication of the work under notice may 
be said to take place at an opportune moment. 

Among the readers of this book there will doubt- 
less be not a few who propose to make Canada 
their home in the future ; there will also be those 
who are prospective tourists, and there will be the 
stay-at-home reader. The author has thus three 
classes of readers for which to cater, and each of 
these desires information on certain lines. What 
is, therefore, to be said and what is to be left 
unsaid ? Omissions which one person will criticise 
another will commend, and vice versd; for what is 
one man’s meat is another man’s poison. The field 
for enterprise in British North America is geo- 
graphically so enormous that a work dealing with 
it in the manner of a guide to emigrants would be 
reduced to a mere array of facts and figures. The 
information thus given would commend itself to 
the intending settler, but for the general reader it 
would not do. The author has, therefore, endea- 
voured to steer a course that will be pleasing to 
all, and to deal—from the point of view of an 
independent outsider—with matters that are likely 
to interest intending emigrants, without, however, 
being lavish of details that can be found in an 
emigration pamphlet; and also to discourse of 
matters that should interest both stay-at-home 
readers, as well as the prospective tourist and 
emigrant, but which are outside the province of 
emiyration literature. 

The opening chapter is devoted to a discussion 
of the merits and demerits of the various routes 
that are open to those who cross the Atlantic in 
order to reach the heart of Canada. The author 
next proceeds to give a short historical sketch of 
the city and province of Quebec ; and the physical 
features of the town and surrounding country, the 
leading industries, present social conditions, and 
other matters are then dealt with. This is an 
excellent way of imparting the information to the 
reader, and is adhered to throughout the book. 

The reader is next carried onward, in fancy, 
through Montreal, Ottawa and Toronto, each of 
which is described, as are also the farming and 
manufacturing industries of the several provinces 
in which they are situated. The author devotes 
considerable space to.a consideration of the chances 
that the various classes of emigrants have of 
obtaining employment. Work of some kind, the 
author says, can always be had, and the man who 
cannot find any in his own particular line must be 
prepared to turn his hand to something else. Mr. 
Bradley has also something to say about the special 
class of emigrants who are known as ‘‘the young 
gentlemen emigrants.” To those parents who think 
that they would like to send their sons to Canada, 
as ‘‘it would be such a capital start,” we would 
venture to suggest that they carefully. study what 
the author has to say. 

Manitoba and the Canadian North-West are 
dealt with at some length. A few years ago, if a 
book of the character of the present volume had 
been written, the last page would have been found 
in this section, and before this there would have 
been described at length the difficulties that faced 
the immigrant and pioneer. That was in the days 
when the Red River was a land of remote and 
doubtful promise, and the Canadian Pacific Railway 
was regarded by half the country as a scheme 
unpracticable and unprofitable. But all this is now 
ancient history ; in all probability before very long 
these parts will become one of the principal 
granaries of the Empire. 

The next part of the dominion dealt with is that 
bordering the Trans-Continental Railway, including 
the stock-raising districts through which it passes, 
and across the Rocky Mountains. Mr. Bradley 
made side trips to gather the latest information as 
to the different districts through which he passed, 
and gives an account of the journey to Vancouver 





City, and the farms he visited en route. The 
volume ends with an account of the author’s trip 
to Victoria, Vancouver Island, of which he gives a 
brief but interesting account. 

When the traveller has reached this Ultima Thule 
of British North American civilisation, and the end 
of his journey, and is actually facing the Pacific, 
that bears its growing trade to Asian and Austral- 
asian seas, then the vastness of the Canadian 
Dominion is most insistently borne in upon him. 
Memories of French Canadian haytields will seem 
dim and distant as those of another continent ; the 
homesteads of Ontario utterly detached and remote. 
The senses are bewildered by space, and its almost 
unthinkable possibilities. 

It will be noticed that we have not mentioned 
the maritime provinces of Nova Scotia, New Bruns- 
wick, and Prince Edward Island. The fault is not 
ours; the author must bear the blame. And as 
he anticipates that he will be blamed, he says that 
they are countries that send out rather than attract 
emigrants. This is perfectly true ; but the picture 
would have been more complete had they been 
included. At any rate, we have no hesitation in 
commending the book to the attention of those who 
are interested in Canada, and the author will not 
have penned his pages in vain if he succeeds in 
inducing some of his readers to test the matter for 
themselves, and in giving to others, who are never 
likely to, some sort of mental picture of this 
splendid heritage of our race across the sea. 





By E.uis H. Crapper, 


Electric and Magnetic Circuits. 
London : 


M.I.E.E., University College, Sheffield. 

Edwin Arnold. [Price 10s. 6d. ] 

So comprehensive a title as the above might, perhaps, 
lead one rather to expect a treatise on some ether- 
strain theory than what the author claims as his 
object—a book to enable the student to attain 
facility in performing any calculations necessary 
in the practical application of continuous-current 
electricity. 

The book is intended to form the introductory 
volume of a treatise on electrical engineering, and 
is, in fact, an elementary text-book of electricity 
and magnetism, differentiated from its class princi- 
pally by the arrangement of subject-matter and the 
praiseworthy prominence given to numerical calcu- 
lations. Examples of nearly every typical problem 
are worked out, the use of any but the most 
elementary mathematics being avoided. This is 
in accordance with the design of the author, as 
expressed in the preface, to render the book 
serviceable to those whose mathematical attain- 
ments are limited; though, strangely enough, a 
needless use of the symbols of the calculus appears 
on the third page, and once or twice subsequently. 
The arrangement of the various portions of the 
subject, though novel, is not commendable. It is 
said to be made with a view to present them to the 
student in the same order that the engineer meets 
with them in practical work ; but surely the engi- 
neer rarely has to deal with the design of mains 
before he understands the principles of the dynamo, 
or to calculate the windings of field magnets before 
knowing Fleming’s rule for the direction of electro- 
motive force. 

The first two chapters, which together comprise 
a third of the book, deal with the commercial 
electrical units and the properties of electric circuits. 
The ampere, volt, and ohm are treated fully, and 
their relationship enlarged on. The heating and 
electrolytic effects of a current are then described ; 
the section on the latter, though brief, being clear 
and full. The calculation of the current in parallel 
circuits, so often a source of difficulty to the 
beginner, is well exemplified, and the subject of 
capacity receives adequate consideration. 

The definitions and explanations of the various 
terms used are for the most part distinct and in- 
telligible, though in places there is room for con- 
siderable improvement. For example, we find the 
word ‘‘ resistivity’ occurring before a definition is 
given, and after it has been defined as synonymous 
with ‘‘ specitic resistance,” the terms are used in- 
discriminately and sometimes qualified by the words 
‘per cubic centimetre” or *‘ per cubic inch.” 
There is no need for the term “resistivity ” at 
all, as ‘‘specific resistance” harmonises with the 
other ‘‘ specific ” quantities, and an excess of tech- 
nical terms is only confusing. Furthermore, in the 
explanation of the difference between electromotive 
force and potential difference the author is more 
elaborate than lucid, and furnishes another example 


el 
of the loose handling of terms already appropriated 
to definite ideas. He refers to electromotive force 
|and potential difference as ‘‘ phases of energy,” 
|and later as ‘‘ phases of pressure,” the use of the 
| word ‘* phase ” in this connection being regrettable 
jas it has so distinct a significance in electrical 
parlance. 

The third chapter deals with the question of the 
distribution of electrical energy, and the arrange. 
ment and proportions of mains. The two follow- 
ing chapters treat of magnetism and the magnetic 
circuit, and call for no special remark. 

Chapter VI., on Winding Calculations, gives 
the principal formule relating to the winding of 
coils, and there are also numerous typical examples 
worked out. A very common problem in practice 
—namely, to design a shunt coil as used in instru. 
ments, to have a certain number of ampere-turns 
at agiven voltage, the over-all dimensions, and the 
C?R losses being limited—-might well have been in- 
cluded. 

Chapters VII. to X. inclusive deal with dy. 
namos and motors. The various methods of wind- 
ing armatures and field magnets are described, and, 
as in other chapters, the principal problems in 
electrical design are worked out. A section bearing 
the title ‘‘ Electric Traction Problems ” seems out 
of place in a book on ‘‘ Electric and Magnetic Cir- 
cuits,” and particularly so, as it is neither more nor 
less than an application of the laws of motion to a 
tramcar. The book concludes with an appendix 
containing a useful set of logarithmic, trigono- 
metrical, and other tables, also tabulated par- 
ticulars of standard conductors. 

Nearly 700 exercises, mostly of a distinctly prac- 
tical character, are given after the various chapters, 
and the book will undoubtedly be found useful to 
the student who wishes to acquire a real working 
knowledge of the calculations belonging to con- 
tinuous-current practice. 





Elementary Telegraphy and Telephony. By Anktutr 
CrorcH, sometime lecturer in Tulegraphy and Tele- 
phony at the Municipal Technical Schools, Norwich. 
1903. ‘‘ Finsbury Technical Manuals.” London: E. 
and F. N. Spon. [Price 4s. 6d. net. ] 

Tue author of this little book tells us in his preface 
that its scope is that of the syllabus of the ordinary 
grade examination of the City and Guilds Institute. 
He has endeavoured to discuss as much of the 
theory of magnetism and electricity as is necessary 
to enable the reader to understand the applications 
of theory in practical telegraphy and telephony, 
and for the most part his descriptions are simple 
and clear. There is little that is original in the 
author’s treatment ; he seems rather to have feared 
to venture upon an exposition of the most modern 
views of electricity, preferring to hold fast to 
the old well-beaten track. Thus, for example, 
we nowhere find mention of the ether, nor 
is the reader taught to look to the medium, 
rather than to the electrical conductors them- 
selves, as the seat of electrical energy. Yet 
this modern view is most important, and is of 
great value in the study of such a subject as tele- 
graphy. But if we make allowance for this, we 
find much in the volume which should interest the 
beginner and give him instruction. The chapter 
on ‘*Combined Resistatices” is very clear and 
practical, and the same holds true of the chapter on 
‘*¢ Joining-up of Cells.” In the former chapter, 
however, there are careless mistakes in Figs. 80and 
81. The numbers denoting the resistances of 
galvanometer and, shunt should be transposed in 
both figures, and in‘: Fig: 81 the right-hand connec- 
tion from the galvanometer should be made with 
the bar to the right of the plug, not with that to the 
left. In the chapters on practical telegraphy, 
descriptions are given of the principal instruments 
in use both in single and duplex working, and 
numerous schematic diagrams are given of the con- 
nections for different methods. Submarine tele- 
graphy is very briefly treated. Telephony has really 
only one chapter devoted to it, but it introduces 
the reader to the principal pieces of apparatus In 
use in this science. 

The work is distinctly elementary ; it has no very 
original features, but it provides a simple and read- 
able introduction to the study of telegraphy and 
telephony. The book is well printed, but in one 
respect the volume might have been improved. 
The publishers have used a highly-glazed paper, 
| which makes it extremely unpleasant to have to 
read the book by artificial light. This is always 
objectionable. 
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Betc1an Raw Exvorts.—The exports of steel rails from 
Belgium in January, 1904, were 10,055 tons, as compared 
with 10,038 tons in January, 1903. The exports of iron 
rails from Belgium appear to be at an end, at any rate, 
for the present. 

Burnos AYRES AND Rosario Raitway.—Sir G. White- 
house, lately chief engineer of the Uganda Railway, has 

n appointed chief resident engineer of the Buenos 
Ayres and Rosario Railway Company, Limited, at Buenos 
Ayres. Sir G. Whitehouse has acquired railway con- 
struction experience in Canada, Mexico, &c. 


_ Lerrer-Fitine System.—One of the difficult problems 
in all counting-houses and drawing-offices has reference 
to the filing of correspondence or specifications in such a 
way as to involve the minimum of bulk and the maximum 
of orderliness, so that the whole of a correspondence with 
a firm or on a given subject may be produced at once. 
The Stolzenberg Patent File Company, 50 and 52, 
Bishopsgate-street Without, London, E.C., have intro- 
duced a system which is being adopted by many en- 
gineering firms. It consists of a case of strong manilla, 
which is very thin ; firmly secured inside is a thin steel 
binder, with bendable metal prongs, which pass through 
the letters, drawings, reports, music, or other documents 
to be bound, and on the top of them there is placed a 
thin steel bar, with sliding clips, which fold the prongs 
downwards and lock all in position. The outer boards 
are of various colours, to distinguish the contents, and 
we have thought the system so ingenious and practical as 
to merit this notice. 





ad | current-collecting device patented by the Maschinen- 





THE WELAMSSON DRAWING-TABLE. 


We: illustrate on page 352 a Swedish drawing-table 
which possesses some novel features. On drawing- 
tables as generally used, the board rests either hori- 
zontally or at an angle, and the draughtsman has to 
move or bend his body over it, a position which, when 
continuous, produces pains in the back and shoulders 
—as known by every draughtsman. When working 
with the Welamsson table, however, the draughtsman 
may sit comfortably on a chair, and the board is 
moved to him. The work can also be done in a stand- 
ing position if desired. 

The board is eccentrically hinged on taps on the 
stand, in such a manner that by adjusting the angle of 
the board every point of the drawing-surface can be 
moved into any position required by the draughtsman. 
The moving or regulating of the board is quickly and 
noiselessly done by a slight pressure by foot on a foot- 
bar, which is connected with the board by a chain. 
The board is counterbalanced by a weight, which 
pulls it into a vertical position as soon as the pressure 
on the foot-bar is removed. By these arrangements 
the draughtsman is enabled to have both hands free 
for working, and no time is lost in adjustments. By 
a slight turn on a conveniently-placed lock-bar, or 
hook, the board can be fixed at any desired angle, 
from nearly vertical to horizontal, and be used in the 
same way as an ordinary drawing-board. The table 
is provided with a parallel rule, perfectly operated by 
an endless steel cord at the back, and which is counter- 
balanced by weights arranged so that the rule is freely 
moved over the drawing-surface, and at the same time 
remains rigid at any point desired, or at any angle 
of the board. A small shelf is provided on the rule 
for holding the drawing instruments in use. Fig. 1 
shows the table when used in a nearly vertical posi- 
tion, while Fig. 2 shows it in a horizontal position. 

The designer and sole maker of these tables is 
Mr. W. A. E Welamsson, Hornsgatan 75a, Stockholm, 
Sweden. 








Exectric Traction ON Orpinary Rai_ways.— On 
February 13, delegates of the Swiss Government Commis- 
sion for Electric Plant, and of the Swiss State Railways, 
inspected the electric-traction test plant made by the 
Maschinenfabrik Oerlikon, near Zarich, with reference to 
the experiments which are to take place on the Seebach- 
Wettingen line of the Swiss State Railways, roughly 12 
miles. An electric locomotive of 400 horse-power normal, 
fed by single-phase current at a pressure of up to 15,000 
volts, was run on the provisional track. This locomo- 
tive marks a step in the development of electric 
traction on railways; and the first test has, we are 
informed, shown the possibility of conveying current 
to railway trains on even very long tracks in an 
economical and simple way. The economy is effected 
by the possibility of using very high tension direct for 
the collection of the current, and the simplicity is 
due to the use of single-phase current, combined with 
a special device for collecting the current designed 
by the Maschinenfabrik Oerlikon. The experimental 
locomotive is able to haul on a level track a 500-ton 
goods train—di.e., about 30 loaded average trucks— 
for any length of time, at a speed of 25 miles an hour. 
The necessary current is only 30 amperes on the con- 
tact line, which pendimeticean 3 approximately to that 
taken off a trolley line by a fully-loaded ordinary tramcar 
at a pressure of 500 volts; whilst in the case of the loco- 
motive the high tension makes up the necessary energy 
of 400 horse-power with this small current. he new 


fabrik Oerlikon has been specially designed for high 
tension and single-contact lines, and differs essen- 
tially from what has been done up to the present 
in this direction, especially with regard to simpli- 
city and durability. The contact line in the open 
country consists of a single strong wire, which is not 
fixed on brackets or suspended above the track, but 
is clamped on the heads of the insulators themselves, 
on the top of the poles at the side of the track at 
a height of 16 ft. to 17 ft. The space above the track 
is therefore completely free, and such contact lines can 
be run on both sides of the track, either connected 
or independently. Another notable feature is that 
repairs can be made on the contact lines without obstruct- 
ing the track. It is only at junctions where several 
tracks run parallel or cross each:other, or in tunnels, 
stations, or under bridges, that the contact lines 
are run over in the middle of the track, as in electric 
tramways. The current-collector follows automatically, 
without shock or sparking, the contact-line, whatever its 
position relative to the track. This method of collecting 
the current perniits of its adaptation to existing railways, 
whatever their clear profile. In contrast to the contact 
arrangements as used up to the present, the contact- 
piece of the Oerlikon device, the only part subject to 
wear and tear, is of extremely small mass (about 
31b. of metal tubing), is cheap, and easily renewed. 
The device, it is stated, collects the current at 
any speed, in any direction without adjustment, 
and with the contact wire in any position relative 
to the track. Moreover, it is claimed that the collector 
cannot possibly foul or tear down the contact line. 
Should the contact-piece break or derail, which is a very 
remote possibility, it would fall back into such a low 

ition that no part of it could touch the contact line. 

e hope in a future issue to be able to describe in 





greater detail the arrangements above referred to. 





MULTIPLE-BORING MACHINE. 


Tue chief feature of the multiple-boring machine 
for railway carriage and wagon work, which we illus- 
trate on page 353, is that the boring spindles are 
carried on sliding headstocks, which move very lightly, 
being mounted on ball slides, and that they can be 
brought instantaneously into the desired position 
over the timber by using hand levers which are placed 
in aconvenient position, thus obviating the necessity 
of moving the timber after it has been fixed on the 
table. 

The main standard of the machine consists of a 
strong box casting, having a very substantial base, and 
an extension of the front side for carrying the table. 
It is machined on the top side to carry a strong cast- 
iron frame, on which the headstocks slide, and is pro- 
vided with a cupboard to hold tools, spanners, Xc. 
Each headstock consists of a strong iron casting suit- 
ably ribbed, and having machined seatings into which 
the spindle bearings are bedded. 

As stated above, the underside of the headstock has 
V-grooves planed in it to slide on a series of steel balls 
inserted in a flat plate and free to travel along Y- 
grooves planed in the topof the main standard. Kach 
boring spindle is provided with a cast-iron sleeve and 
pulley, the sleeve running in two pairs of gun-metal 
bearings made in halves and adjustable for taking up 
wear. The four spindles are rotated by means of one 
belt driven from a pulley on the countershaft placed 
at the back of the machine. The belt passes alter- 
nately round a boring spindle and a guide pulley, and 
is so arranged that, as one headstock is brought for- 
ward, the belt is shortened on the one side of it, and 
lengthened an exactly corresponding amount on the 
other side, thus keeping the tension of the belt always 
the same. The machine is also provided with an 
adjustable guide pulley to keep the belt at the right 
tension for economical driving. 

Each boring spindle is brought into action by means 
of a pulling-rod placed in front of the machine, and 
is counterbalanced, so that, when the handle is released, 
the auger rises clear of the work.- Each spindle is 
capable of being instantly brought to any desired 
position over the work by means of a hand-lever placed 
in a convenient position for the operator. Each 
headstock can be instantaneously locked by means of 
a double pawl on the hand-lever engaging with a 
quadrant. 

The timber is carried on a series of turned rollers, 
the three centre rollers being rotated for traversing 
the work by means of a large hand-wheel. The 
rollers are carried on a strong cast-iron frame machined 
on the top and bottom, and bolted to a planed face on 
the base of the main standard. The table is provided 
with a strong cast-iron fence and a powerful screw- 
cramp for holding the timber while being bored. 

The machine—which can, if desired, be fitted by the 
makers, Messrs. A. Ransome and Co., Limited, of 
Newark-on-Trent, with more than four spindles—is 
very compact, taking up extremely little floor space 
in comparison with its great range and capacity, 
which fact is, in itself, no small recommendation 
where economy of space is a consideration. 








AmerRIcAN Coat Exports.—We heard a good deal, a 
few months since, as to the probability of American coal 
exports acquiring: a greatly increased development, not 
only in the Western world but alsoin Europe. The ex- 
perience of 1903 has not borne out these anticipations so 
far as Europe is concerned ; but deliveries of American 
coal have considerably increased upon markets which are 
naturally more dependent upon the United States. The 
shipments of American coal to Europe during the last two 
years have been as follows :— ; 


Country. 1908. 1902. 
Belgium 1,807 4,116: 
France. . 6,914 29,766 
Germany ve = 5,501 15,084 
Italy: .. a P3- ws 49,219 86,528 
Other countries 21,737 49,370 


The falling-off observable last year in American coal de- 
liveries to European countries was, no doubt, attributable 
to labour difficulties, which had the effect of compelling 
American industrials to import 1,170,839 tons of coal from 
Great Britain, as compared with 456,184 tons in 1902. 
On the other hand, the movement of American coal and 
anthracite last year to Canada, Mexico, Cuba, and the 
West Indies showed, as will be seen by the annexed 
table—a great increase as compared with 1902 :— 


Country. 1903. 1902. 

tons tons 
Canada 6,535,863 4,378,598. 
Mexico 845,597 537,135 
Cuba .. as 471,288 365,940 
West India .. 216,169 298,716 


The aggregate exports of coal and anthracite from the 
United States last year were 8,312,098 tons, as- compared 
with 6,126,946 tons in 1902. Account should be taken of 
the fact that while the Americans exported 6,535,863 tons 
of coal and anthracite to Canada last year, they imported 
Canadian coal in the same period to the extent of 1,613,426 
tons. In 1902, also, the United States received 1,678,919 
tons of coal from the Dominion, 
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ENCLOSED STEAM-ENGINE AND 
DYNAMO. 

On the present and opposite pages we illustrate a very 
neat and compact arrangement of enclosed, self-lubri- | 
cating, compound steam-engine, coupled direct to a| 
continuous-current dynamo, for lighting or power pur- | 
mae This engine and dynamo are manufactured by 

‘angyes, Limited, and the Tangye Tool and Electric 
Company, Limited, of Soho, Birmingham. A perspec- 
tive view of the arrangement is given in Fig. 1. Fig. 2 
is a longitudinal vertical section through the engine, 
and a half section through the dynamo, while Fig. 3 
is a transverse vertical section through the engine 
at a point very near the centre of the crank chamber. 
The engine, which is to give 60 kilowatts (240 amperes 
at 250 volts) continuous current, is of the inverted two- 
crank type, with the working parts entirely enclosed 
in an oil-tight casing, as is usual with this class. It is 
non-condensing and works at a pressure of 150 lb. per 
square inch, and runs at 480 revolutions per minute. 
The lubrication is effected by a pump, worked from 
the low-pressure eccentric, which forces oil to all the 
important bearings. After being used the oil flows to 
a well in the engine-base, from which it is pumped 
over again. Large openings in the casing, provided | 
with doors having faced joints, permit the inspection, | 
or removal, of any of the working parts. | 

One important object kept in view while designing | 
this engine was the avoidance of complicated forms of 
valve gear, which is a matter well worth considera. | 
tion in this class of engine. The steam distribution is | 
effected by two piston equilibrium slide-valves which | 
work in renewable cast-iron liners. The high-pressure | 
cut-off is automatic, depending on the load. It has-a}| 
range from nil to 6/10, which corresponds to only | 
2 per cent. change of speed. In Figs. 4, 5, 6, and 7 we 
show indicator-cards, taken from one of these engines | 
when running under different loads. The cards on the 
left hand are from the high-pressure cylinder ; those on 
the right hand from the low-pressure. | 

The pistons are of the block type, with Ramsbottom’s | 
spring rings, and the piston-rods are fitted with| 
metallic packing. The crossheads are forged solid on | 
the rods, and the slippers are of cast iron, and are 
exceptionally large. They are turned to fit the bored 
guides, 

The governor is of the crankshaft type, and operates 
on the combined effect of centrifugal and inertia forces. 
It is not embodied in the flywheel, as is frequently 
the case with such governors, but is separated from 
it, and enclosed in the crank chamber casing for the 
sake of cleanliness, and to insure ample lubrication. 
It gives very close regulation between full load 
and no load, the settled variation being 2 per cent. 
An important feature also of the regulation is the 
rapidity with which the engine settles to the altered 
load. In the table annexed will be seen particulars 
of the fluctuations which occurred when using a 
flywheel of ordinary weight, but when driving} 
alternators in parallel with these engines it would | 
probably be found necessary to use heavier flywheels. 
The governor allows of a wide range of speed varia- | 
tion without its sensitiveness being in any way affected, | 
the alteration being controlled by weights and not by | 
springs—a total variation of speed of about 50 revolu- | 
tions, or 10 per cent. is possible. 

The cylinders are carried on distance-pieces which 
are combined with the cylindrical crosshead guides, as 
may be seen on reference to Figs. 2 and 3 on page 357. 
This insures perfect alignment of piston and connect- 
ing-rod. Access to the piston-rods is obtained through 
spaces cast in the distance-pieces, The cylinders have 
deep steam-chests with straight ports so as to reduce 
clearances, and also to help the drainage. 

The engine is suitable for working in conjunction 
with a condenser, or with a high degree of superheat, 
and in the table annexed the performance of the engine 
ut different loads is given, but the results are those 
obtained when using saturated steam from a water- 
tube boiler and not with steam that had been subjected 
to any artificial drying. The average boiler pressure 
during the trial was 150 lb. per square inch, and the 
output from the dynamo varied from 15.3 to 59.6 
kilowatts. 

The engine fittings include a combined steam trap 
and separator, cylinder and steam-chest drain-cocks, 
auxiliary steam supply to low - pressure cylinder, 
relief-valves, indicating gear, tachometer pulley, oil- 
pressure gauge, and regulating-valve. 

Having described the engine, we now come to the 
dynamo. This is. of the multipolar type, and has | 
the usual form of slotted drum armature, with cy- 
linder winding and former wound coils. One of the | 
distinguishing features of the winding is the use of | 
cotton-covered wires in place of the strips or bars | 
usually employed for armature conductors. Owing | 
to the great flexibility obtained in this way, the in- | 
sulation of the slots is less likely to be injured while 
forcing the conductors into place. The armature is | 
carried on a spider, the arms of which are keyed into | 
the stamping, so as to provide a direct drive. 

The commutator is made of drawn copper bars insu- 
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_ OvuTPUT. - Tour. 
Average Mean Effec:! 
sparen —_ Average tive Pressure. Indi- Per : 
—_ 7 Bolle Poe vt Electro- _ Average , Kilo- cated Total Indicated ~ Combined 
Pressure. motive Current. watts : Horse- ‘ Horse- watt Efficiency. 
Minute. Force. High Low Power. Power. : 
7 Pressure. Pressure. 
Ib. volts amperes 
Full load ss 150 479.2 248.6 240 59.6 46.8 18.3 101.9 2086 20.5 35 78.6 
Half load oa 150 485 250.7 120 30 26.9 8.6 53.5 1390.6 25.9 46.3 75.7 
Quarter load .. 150 481 248.3 61.6 15.3 19.5 5.1 35.4 1954.6 29.7 69 58.2 


Governor Trial. 


Full load :-240 amperes ; 250 volts; 60 kilowatts. 


Running light, speed 490; loaded, 480. 2.06 per cent. settled variation. 


Highest speed reached with full load suddenly thrown off, 515. Lowest speed reached with full load suddenly put on, 450. 


Half load :--120 amperes ; 259 volts; 30 kilowatts. 


Highest speed reached with half-load suddenly thrown off, 510. Lowest speed reached with half-load suddenly put on, 475. 


lated with mica and held together by cone rings, cast | 


Running light, speed 490; loaded, 486. .82 per cent. settled variation. 


and Rosario Railway Company, Limited, for authority 


steel being used for both the back and the front rings. | to lay a double track from San Martin to Villa Ballester, 


The current is collected by four rows of carbon 


brushes, having seven brush-holders and seven brushes 


in each row. 

Daring a six hours’ test with a load of 61 kilowatts, 
the rise in temperature of the armature was 69 deg. 
Fahr., and of the commutator 66 deg. Fahr. 

The machine having been designed for general power 


and lighting purposes, the efficiency at low loads was | 


important ; and, in order to improve this, the effi- 
ciency at full load was, to some extent, sacrificed in 


order to give better results at half and three-quarter | to have almost the rigidity of wood, but in large samples 


loads than would otherwise have been the case. 

The insulation of the dynamo is tested under a pres- 
sure of 1000 volts between all the parts of the machine 
and earth. The temperature rise of any part of the 


machine (as measured by thermometer), when running | 


on continuous full load, does not exceed 70 deg. Fahr. 
above the temperature of the air, and an overload of 
about 20 per cent. can be taken for a short time with- 
out causing injurious sparking. 
dynamo on full load is stated to be 92 per cent., and 
on half load 90 per cent. 








ARGENTINE RAILWAYS. —Surveys fora line between Men- 


are being rapidly pushed forward. The line is projected 


by the Argentine authorities. 


The efficiency of the | 


The Argentine Govern- | 


ment has approved an application of the Buenos Ayres | directions. 


‘as well as toerect a signal station and water-tank at the 


last-named place. 





Exastic Founpations.—We have received from the 
Patent Woollen Cloth Company, of Elmwood Mills, 
Leeds, a number of samples-of their impregnated founda- 
tion felt, which is designed chiefly for insertion beneath 
rails, girders, and machines, to afford an elastic foundation 
through which vibration will not be transmitted. The 
felt is made from pure wool, in sheets varying in thickness 
from 2 in. up tol} in. In small pieces the felt appears 


the elasticity of the wool becomes apparent. According 


| to tests made by Messrs. Kirkaldy and Son, a pressure 


gradually increasing up to 300,000 lb. per square foot will 
reduce a sample from } in. thick to ;'; in., but more than 
half the reduction will be regained within 24 hours of 
release. The felt is impregnated with mineral fat, and 
its upper surface is subjected to a tanning process, the 
result being, it is claimed, that it is resistant to the action 
of damp and rust. Already this felt has come into exten- 
sive use in Germany as a foundation for steam-hammers, 
pumps, dynamos, high-speed engines, and the like. It 
1s used under the girders of bridges in place of lead, 


| between sleepers and cross-girders, under chairs, between 
| the frames and bodies of railway carriages and tramcars, 


between columns and joists in buildings, and on ship- 


| board to separate machinery from steel decks and_bulk- 
heads. 


doza and Bermejo in the Argentine province of San Juan | 
| 30 in. in width. 


The sheets are made up to 60 in. in length and 
It is in use on railway bridges in this 
country, and should tind extended employment in other 
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STEAM-ENGINE AND DYNAMO. 


CONSTRUCTED BY TANGYES, LIMITED. AND THE TANGYE TOOL AND ELECTRIC COMPANY, LIMITED, ENGINEERS, BIRMINGHAM. 


(For Description, see opposite Page.) 





FReNcH Coan-Mininc.—The aggregate production of 
coal in France last year was 35,003,000 tons, a3 com- y 
pared with 29,997,000 tons in 1902, 32,325,000 tons 
in 1901, and 33,404,000 tons in 1900. Last year’s 
Coal - mining 


Output accordingly beat the record. 





Fug .4 


Full Load. 


Boiler Pressure 150 1.bs, Revs. per mimn.,478, 
EP. LHP. 48-25 


L.P.LH.P. 49-2. 
Total 97-45 LHP. 











AP. LHP. 278 








H. P. DIAGRAMS. L.P. DIAGRAMS, 
— Scale Jaoo. 
Seale Yoo. ; 
Test N°6. 
: Half Load 
Fig.s. Boiler Pressure 150 Lbs. Revs.per Min.483. , 


HP LHP 24°3 
Total 527/7.H.P. 








Fig .6. 
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Test N°7. 
oad 


Quarter L i 
Boiler Pressure 150 Lbs. Rers. per min.A48s., 
HP. UHP. ~~ 


L.P. LHP 14-25 
tal 36:05 L.A P. 






z Scale “ioe. 


Test N? 2, 


| ; Scale Hioo. - g 


Friction, 





(807.D) 


makes slow progress amon the 
French, as it is a pursuit which is 
not particularly well adapted to their 
natural temperament; but still there 
is a gradual advance. The rather 
marked decline in the production 
for 1902 was the result of serious 
labour troubles in the Nord and 
the Pas de Calais. The 35,003,000 
tons representing the coal production of France last 
ear was made up as follows:—Nord and Pas de 
Calais, 22,938,000 tons; Loire, 3,625,000 tons; Gard 
and Hérault, 2,112,000 tons; Burgundy and Nivernais, 
1,813,000 tons; and other basins, 4,515,000 tons. It 


is interesting to recall the fact that the working of coal 
in the Nord and the Pas de Calais was only seriously 
commenced during the Second Empire; that is, in 
the 22 years comprised between 1848 and 1870, when 
the Emperor Napoleon III. succumbed to Bismarck and 
the Germans. It was the policy of Napoleon III. and 
his advisers to endeavour to render France more inde- 
pendent of foreign nations, and especially Great Britain, 
in the matter of coal supplies. This policy was. only 
artially successful, as France still draws from abroad a 
arge proportion of her annual coal consumption. At the 
same time, the Second Empire deserves the credit of 
a —_— up what is now the most valuable French 
coalfield, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 24, 1904. 

TuE American steel industry appears to have reached 
a critical point. For at least a year past consumers 
have been buying in what is colloquially termed a 
hand-to-mouth way, because of the deep conviction 
that prices of raw and finished material were under- 
going a severe strain in the direction of lower prices. 
Prior to last year, contracts, for raw material especially, 
were made for large quantities, and for delivery ex- 
tending from three to nine months ahead in cage | 
instances. Prices have been receding in nearly all 
directions for a year, and even now the limit of 
depression does not seem to have been reached. There 
is evidence, however, of a general improvement in 
demand, which is shown in the — of orders for 
large quantities of material for future ¢ elivery. The 
condition attending the placing of most of these con- 
tracts is that buyers are to be protected against any 
further break in prices. This applies, however, to the 
buyers of exceptionally large lots. Within the past 
few days 25,000 tons of northern and basic iron have 
been slaoell for delivery during the second quarter of 
the year among consumers between Boston and Phila- 
delphia. Large sales have also been made in the 
central west of stove iron on a basis of 12 dols., and 
for basic iron on a basis of 12.75 dols. Considerable 
southern iron has also been bought for northern 
delivery on a basis of 9.50 dols. for No. 2 ; large offers 
have been made by northern buyers on a basis of 9 dols. 
for southern No. 2. 

Interesting developments have also been manifest in 
finished products. It has been known for weeks past 
that there were buyers in the market for large quan- 
tities of material, and the trade has been wondering 
why the contracts were not placed. Among the 
requirements which are still held up are orders for 
machine-tools, car-wheels, axles, tyres, and angle-bars. 
There is also a good deal of business held up for struc- 
tural material, power equipment, pumping machinery, 
and machine-tools. Several of the large railway 
systems are known to be holding back their orders for 
rails, structural material, and track supplies. The 

lacing of quite a number of orders for material of the 
kind mentioned above has led to the hope that there 
will be a general expansion of demand, but the in- 
dications are not sutticiently emphatic to warrant a 
strong belief that the activity which has recently 
developed in pig iron will extend to finished material. 
One source of trouble is the continued defiance of some 
of the independent interests, which continue to sell at 
their own prices, and which are sufficiently under the 
card rates established by the combinations to attract 
considerable business that way. The big combines are 
under the necessity of earning dividends of certain 
magnitude to support their stock values in the markets. 
This is where the pinch comes. The consuming 
interests are obliged to pay the penalty which the 
managers of certain great steel corporations are obliged 
to exact by keeping their stock up at the given figure. 
The cotton tie manufacturers meet in New York 
to-morrow to establish prices for the season. It is 
estimated that about 40,000 tons of ties, amounting to 
2,000,000 bundles, will be required for the season, and 
it is given out in advance that 70 cents will be the 
price established, against 85 cents last year. Hoops 
continue weak, and business is being done at Pittsburg 
on a basis of 1.35 dols.; steel bands have sold at 
1.30 dols., but independent mills are selling, according 
to common report, all the way down to 1 dol., which 
report is not credited. 
here is a good demand for pipe, tubes, wire, and 
wire products, but prices on all these products are 
being shaded. A great deal of material ordered a 
month ago for early delivery has not yet been delivered 
on account of congested conditions ou many western 
railroads. Refined iron has been marked up slightly, 
to adjust it to the prices of steel bars. 

We are now awaiting large receipts of tin from 
abroad. The estimated shipments during the first half 
of February amount to 3406 tons. The visible supply 
on March | will be the largest of any month. There 
has been quite an active consumptive demand, all of 
the recently arrived tin having been taken for con- 
sumptive requirements. Domestic lead has improved 
in demand, and there is very little spot stock in the 
east. Urgent buyers within a week have found them- 
selves obliged to pay 4.50 dols. to 4.60 dols. for spot 
delivery ; spelter has also advanced under a more 
active demand, and small lots are held in store at 
5 dols. to 5.10 dols. ; copper has also developed strength 
by reason of heavier demand from domestic consumers 
and for foreign requirements. 

March 2, 1904. 


The most significant purchase made during the 
week was of 130,000 tons of Bessemer pig iron by the 
United States Steel Corporation from merchant fur- 
naces in the Mahoning and Shenango valleys. It 
was a sort of deal rather than purchase, and the 
transaction will have very little influence on the 
market. Two large railway systems are about 


closing this week for steel rails amounting to 125,000 


tons. This information is regarded as reliable, but 
it lacks specific confirmation. There are transac- 
tions now going through calling for about 20,000 
tons of structural material in lots ranging from 
2000 to 6000 tons each. The greatest activity at this 
time prevails in the wire and tube industries. Wire 
products of all kinds are in very active request. Mer- 
chant steel is also being ordered in considerable quan- 
tities by the large manufacturers of agricultural im- 
plements in the west. The situation in steel is some- 
what stronger than a week ago, by reason of the fact 
that large buyers are placing orders. Mill people are of 
opinion that this example will stimulate buying among 
a large class of smaller buyers who are awaiting such 
assurances as these. Recent railroad reports are rather 
unfavourable as measured by volume of traffic. Several 
systems have shown a decrease in net earnings for the 
past month. The weakness is confined to western 
systems where severe weather has been responsible for 
much of the restricted traffic. The general body of iron 
and steel buyers are awaiting developments. There 
appears to be a determination in some branches of the 
trade to precipitate a quarrel or contest with the Amal- 
gamated Association, and that association is preparing 
for this possibility by strengthening their association 
wherever possible. There is also danger of a strike 
or possibly a lock-out among 200,000 bituminous coal- 
miners, and the indications of this are found in the 
fact that a peremptory demand has been made by the 
employing operators in two or three fields for a re- 
duction in wages. It is intimated that the employers 
are anxious to bring about a contest in order to break 
the control of the unions which have been successful 
during the past year in establishing terms of employ- 
ment, exceptionally favourable to themselves. 

Large quantities of coal have been stocked up at 
various points in the west, which policy has also been 

ursued by the miners of anthracite in the cast. 
uarge consumers of coal have also taken the pre- 
caution of stocking up liberally with fuel, in order to 
be prepared for any possible contingency. Should a 
strike occur in either the hard or soft-coal regions, the 
result will be a long strike, for, on one hand, the con- 
sumers have a good deal of coal, and the miners are 
pretty well off as regards funds. 

Another unfavourable feature is to be found in the 
decrease in the disbursement of industrial corpora- 
tions during the past month. The disbursements for 
March of last year amounted to 31,283,400 dols., and 
for this month the estimated disbursements will be 
21,100,000 dols. Much of this decrease is accounted 
for, however, by the fact that the United States 
Steel common dividend, which called for the payment 
of 5,044,952 dols. last year, is omitted this year, and 
also by reason of the reduction in the Standard Oil 
quarterly rate from last year which accounts for a de- 
crease of 3,900,000 dols. When these figures are 
analysed the decrease in disbursements is not so 
serious. There is a generally conservative feeling in 
industrial circles, but at the same time the promoters 
of new enterprises are finding it an easy matter to 
secure capital for legitimate enterprises. 

American engineering firms who are engaged in 
remodelling certain British plants, especially iron and 
steel plants, report very encouraging conditions, but 
only a limited number of orders will be executed on 
this side for that work. It appears that American 
methods of production are being introduced to a con- 
siderable degree. 

The copper market is very unsettled. The exports 
of copper for February, according to official returns, 
foot up only 13,200 tons. It was expected that much 
larger quantities would be shipped, but the market 
was so manipulated that the hopes of certain exporters 
were disappointed. At present a lower range of 
prices seems probable, and yet it is impossible to 
present any reliable statements concerning the copper 
market from which intelligent opinions could be 
formulated. Breaks in prices occur just at a time 
when advances are confidently predicted. 

In lead and zinc the market is quiet, excepting in 
retail circles. The official price for pig lead continues 
at 4.40 cents in 50-ton lots. Spelter is quiet, and 
prompt deliveries from the west in carload lots are 
made at 4.95. 

There is but little in the market this week to call 
for comment, and nothing for apprehension. The 
anxiety of American iron-makers is to see such a con- 
dition of things re-established as will enable them to 
re-employ a portion of their idle capacity. There are 
no present indications of this wer Prices are 
weak, and this weakness will continue certainly until 
much of the now idle capacity is employed. Many 
iron-makers think that a sudden demand will present 
itself during the month of March, and in this view 
they are supported by some favourable indications. 








TRANS-SIBERIAN RaiLway.—The construction of the 
5995 miles of line comprised in the Trans-Siberian Rail- 
way involved an outlay of 96,910,883., giving an average 
of 16,0652. per mile. There are now 7000 cars upon the | 
system for the conveyance of labourers, emigrants, and 





recruits, | 





— 


WATERLOO RAILWAY ACCIDENT. 
To THE EprTor oF ENGINEERING. 

Str,—Since seeing Mr. Worthington’s letter in your 
issue of Friday, I have obtained the copies of the Liver. 
pool Daily Post giving an account of the case relating to 
this accident, where the report of Sir Douglas Fox’s 
evidence differs materially from that given in the Times 
The latter report, I knew, must be incorrect, as it left the 
impression that with the super-elevation of 2h in. or 2% in, 
there was a large margin of safety with a train at 60 miles 
an hour, while the full report is to the effect that with 
line and rolling-stock in first-class condition a speed of 
60 miles an hour was not dangerous. With this opinion 
no one will quarrel ; but it is, of course, a fact that the 
super-elevation is not sufficient to make the resultant of 
weight and centrifugal force pass midway between the 
rails and at — angles to the plane of the rails. There 
is, consequently, an overturning force due to centrifugal 
force still left, and it is only with everything in good 
order that this can be safely dealt with. 

The report in the Liverpool paper also mentions a 
compound curve at the entrance to the 23-chain curve, 
This is not quite the same as a transition curve, which 
ought to resemble the curve of a fishing-rod when a large 
fish has been hooked—a curve, that is to say, starting 
from the straight and gradually getting faster and faster 
until the maximum curvature required is reached ; and I 
take it that the existence of such a curve is called for by 
the limitations stated by Sir Douglas Fox. 

It is, no doubt, impossible on present English railways 
to give the full super-elevation on quick curves for the 
high speeds which are now becoming common, because, if 
it were introduced, the top corners of the carriages on the 
inside of the curve would probably strike the bridges ; 
but this fact only makes it more necessary to see that the 
alignment is as perfect as possible, so as to avoid the dis. 
agreeable shock which is so often felt on entering quick 
curves all over the country. 


IT am, yours, &c., 
March 8, 1904. G. James Morrison, 








THE MANUFACTURE OF TARPAULINS, 
To THE Ep1ToR OF ENGINEERING. 
Srr,—Can any of your readers supply me with the 
names of manufacturers of machinery for the filling and 
finishing of tarpaulin cloths? : 
I am, yours truly, 
Manchester, March 9, 1904. TARPAULIN. 








THE VICE-PRESIDENCY OF THE INSTITU- 
TION OF NAVAL ARCHITECTS. 
To THE EpitorR oF ENGINEERING. 

Sir,—What I venture to regard as a very improper 
course is being pursued in connection with the election 
of three vice-presidents of the Institution of Naval 
Architects to fill the vacancies created by the much 
regretted deaths of three respected veterans—the Earl of 
Ravensworth, Sir Frederick Bramwell, and Mr. John 
Scott, C.B.—and I think the influence of ENGINEERING 
should be exerted to correct this procedure, as it 
involves in some measure the independence of the 
Institution. Lloyd’s Registry of Shipping is a great and 
useful organisation filling a useful function; but it has 
never been specially active in the advance of the science of 
naval architecture. Its edicts have been essentially con- 
servative, and it has only been by the continual advocacy 
of such organisations as the Institution of Naval Architects 
that concessions have been secured from Lloyd’s. In face 
of this, it is important that this corrective element should 
be fully maintained. But lately, more than in the past, 
Lloyd’s are trying to capture the Council. I could name 
one prominent case in the recent past where a well-known 
member of Lloyd’s Committee desired the chief surveyors 
to instruct their subordinates to ‘‘plump” for a candi- 
date who had failed to obtain election in previous years 
without this help. And now this same member of 
Council is up for the vice-presidency under similar 
pl At the last spring meeting Dr. John 
nglis carried a motion to prevent plumping. But now 
Lloyd’s surveyors are working for three candidates to fill 
the vacancies. Members of the Institution ought to 
resent this canvassing. 

Yours, &c., 
A PRIvATE MEMBER. 








THE Doncaster Coau- FrELp.—Recent sinkings and 
borings prove the existence of coal measures in and around 
Doncaster. A boring was put down at Drax, 15 miles 
north-east of Doncaster, which, after passing through 
450 ft. of trias and 480 ft. of permian, was continued for 
120 ft. into the coal measures, which contained a of 
coal 1 ft. 6 in. thick; the boring was then stopped, at a 
depth of 1200 ft. The nearest colliery to Doncaster is 44 
miles to the west, where the workings show a dip to the 
south-east ; but it is thought that this is in some degree 
influenced by the great Don fault, which dislocates the mea- 
sures up to the magnesian limestone, and is traceable in a 
line, almost due east and west from Sheffield, till it is 
covered up by the over line of the permians at Conis- 
borough. It is generally agreed that all coal measures 
assume the shape of a basin ; and that they extend beyond 
Doncaster is proved not only by the bore-hole already 
mentioned, but by others at Southcar and Bentley. In 
the latter case the coal measures were struck at a depth of 
about 500 ft. from the surface, and seams of workable 
thicknesses at accessible depths were also proved, their 





identification being well-known to mining engineers. The 
coal-field is practically the Barnsley bed, but will probably 
have to be worked at a much greater depth than in the 
eentre of the district, 
































Marcu 11, 1904.] ENGINEERING. 





359 











THE COST OF PUBLIC STREET LIGHTING. 


We have received from Mr. J. W. Bradley, the City | that his observations have now extended over a period of 
Engineer of Westminster, the sixth of his highly interest- | 18 months. The last of Mr. Bradley’s previous reports 
ing reports on the cost of street lighting in his district | will be found on page 637 of our last volume. Below we 
with different systems of illumination. It will be seen | give the new report :— 


Tests OF STREET Lamps (Gas AND ELEcTRIC), WITH STATEMENT OF COMPARATIVE Costs EXTENDING 
OVER A PeRiop or 18 Monrus. 





| 
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1, Electric arcs (Charing, 100) 6) 670'40)On 30 years’ 2st, 30 0 0/3940) .00273 |10.75} 11.49 | 40 
Cross and Strand Elec- | | period, say | | 
trie Light Co.) ; opales- ae | | | 
cent globes | ——, é | } 
2, Electric ares (St. James’) 60 6) 474/45/On 14 years’ 3ul. 34 0 0/3879) .00445 17.23 | 15.1 43 
and Pall Mall Electric; | | | period of | | 
Light Co.) ; Muranese) | | contract, | 
globes | | | | say 41. | 
} v | | 
3. Electric arcs (Westmin-| 945 6) 605]. . | \22 0 0 122 0 0/3940) .00222 8.73 8.7 35 
ster Electric Supply | | ee | 
Corporation); opales-| | | | 
cent globes | | | | 
4. Refuge lanterns, four; 12 4) 113/15) On 30years’| 815 6 316 0/13 6 63940] 0072 288 80.7* 24 
mantles, Victoria-st. | | | life, say 15s. | | | | 
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lamps, Parliament-st. | | 
6. Incandescent mantles,/1241 6) 42) 6! Do. 6s. 0 0.1 4 6/310 0/3940! .00508 21.0 | 18.42 | 40 
Victoria-street type. | ‘ a! | | | 
7. Triple flat flame, foot- 35 6} 51! 8| Do. 8s. 519 2 6 1 2.3940|.0076 |Burns18.48ft. up} 29.9 | 25.65 33 
way, Whitehall, now in| | to midnight, | | 
process of removal,| 5 ft. after mid-| 
Scott-Snell lamps being} | | night. Candle-| | 
substituted | | | power taken be-| | 
| fore midnight. | | 
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Carlton House-terrace| | 
type } | | } 
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* Average of five series only. 


In order to anticipate any objections which might arise on comparing the figures obtained for the various lamps, I have the 
following comments to make on the tests. All tests are carried out under precisely similar conditions, so that it would be mani- 
festly unfair to accept one set of results and reject the rest. The Sugg photometer, which has been used in making these 
observations, is fitted with two and five-candle standards for testing low and high-power lamps respectively, and will, from its 
construction, give results in all cases, if anything, slightly higher than the true values by a small amount which is practically 
constant for all the types of lamp tested, thus making the comparison of the various lamps approximately accurate. Further, 
precautions are duly taken during each test to guard against the effect of extraneous light, reflection from buildings, obstruction 
by any opaque object, such as glazing bars, and the tests are only carried out on clear nights. 

In the case of incandescent mantles, inciuding high-pressure lamps, great variations in candle-power are found to be due to the 
condition of the mantles—what appears’to the naked eye as a slight diminution in intensity resulting in an enormous loss of 
candle-power. In the case of lanterns with groups of incandescent mantles it should be remembered that such mantles are difficult 
to keep in good order, and that the effective candle-power does not increase in the same ratio as the number of mantles. It has 
been repeatedly found that aslight defect in any of the incandescent mantles in high-pressure lamps causes a great loss of candle- 
power, and this circumstance renders it difficult to form any comparison between tests carried out in a laboratory and those made 
under actual lighting conditions. 

J. W. Brabiey, C.E., City Engineer. 


THE ERECTION OF IRON BRIDGES. 
At the ordinary meeting of the Institution of Civil | 





| Method Ia is the earliest system of bridge erection. 
Its pena advantage is ~ the — ag — the 
- . A on work of construction is afterwards done. Safety, con- 
Engineers, held on Tuesday, the 8th inst., Sir William | yenience, and certainty are also important nolan to be 
H. White, K.C.B., President, in the chair, the paper | considered. The disadvantages are the great cost, and 
read was ‘The Erection of Iron Bridges,” by Mr. R. S. | sometimes the danger arising from floods or ice. The 
Scholefield, Assoc. M. Inst. C.E. The following is an | following bridges are referred to as examples :—Allgyo, 
abstract of the paper :— . _ | Kuilenburg, Bommel, Empress Bridge over the Sutlej, 
The question of the temporary work for the erection | and some others. 
of iron bridges is of as much importance as any! Method Is, has many advantages, but some risk must 
other part of the design of the structure. In large|be taken during the execution of the work. A large 
bridges the erection alone will probably cost as quantity of plant, such as tugs, winches, barges, or pon- 
much as the ironwork, and the proposed method of | toons, is required. Many bridges have been partly pro- 
erection should always be considered as part of the | truded and partly floated out, and advantage ma 
design of the bridge itself. In tropical countries, or | taken of the tides for the raising and lowering of. the 
in any place where rivers are liable to sudden floods, | pontoons. When the plant can be used again for other 
quickness of erection is often of paramount importance, | pur this system may perhaps be the cheapest 
as it may be also in the renewal of existing railway bridges. | method of erecting large girders. The following examples 
Almost every type of bridge can, if needful, be erec are mentioned :—Moerdyk Bridge, ‘in Holland ; Syzrain 
by means of temporary girders, protrusion, or some other | Bridge; Hawkesbury Bridge, ho South Wales; also 
means of building out, without fixed hw from the | the Hugli Bridge, the Niagara, Niemen, and Tay bridges. 
ground below ; but in each case it should be considered | Method Ic. is much used for the renewal of existing 
whether such staging would not be really more economical | bridges where traffic has to be maintained. A staging is 
in the end. The cost of labour and of materials, and the | generally prepared on both sides of the bridge to be 
possibility of securing trained labour of sufficient amount | reconstructed ; on the one side to receive and prepare the 
and quality are important factors, especially in foreign | new structure before it is pushed over into its position, 
~—— and in the Colonies. F . | and on the other side for receiving the old structure after 
fied ridges and the methods of their erection may be classi- | its removal from the bridge, and for taking it to pieces. 
as follows :— ; | The examples referred to are :—The Hernad and Lomna 
Ia. Girders, on staging. | bridges, the Prater Bridge, near Vienna, the Tornocz 
Is. by floating out. | Bridge, and the Delaware Bridge, at Trenton. 





” 


a 5, oe — over sideways. | Apparently the simplest, but in some cases really the 
Ip. ,, by lifting bodily. |most complicated, system of construction is Method Ip. 
Tr. Re by protrusion of temporary stage. Great care has to be taken in the handling and lifting of 
a Continuous girders, by rolling out. | large girders in one piece, as there is great danger of 
IIs. i fe by various means of | straining, and so injuring the metal. The advantages 


|are that the riveting will probably be much better done 
|at the contractor’s yard than in the field, as in the case 
|of building out, &c. Reference is made to:—Railwa 


erection. | 
III. Cantilever, by building out. 
IV. Metal arches, by building out. 


be | Meat Co 


viaducts, the Saltash Bridge, and the temporary foot 
bridge alongside London Bridge. 

Method ts. is not often employed, and is used only 
where there is unusual danger from floods, &c. Generally, 
where the method of protrusion is adopted, the girder is 
designed as continuous, and is protruded without any 
other scaffolding. To avoid ambiguity in stresses the girders 
so protruded may be cut after erection at the points. of 
contra-flexure, and so formed into a cantilever structure. 
This class could, perhaps, with advantage be included in 
Class V. The case of the Regoa Bridge is referred to. 

Method ITAa. is probably the most advantageous method 
for the erection of the continuous girder, the chief 
advantages being that the use of staging is entirely 
obviated, and that the construction of the girders may’ be 
carried on without danger and in a sheltered ition. 
The girders have to be made stronger, in order that they, 
may be protruded—that is, they have to be strong enou 
to carry their own weight at all positions whilst the 
protrusion is being accomplished. One source of danger 
is in the stress that must occur at the top of the piers 
during the progress, unless very special arrangements aré 
made. The following cases are refe to :—The Fribourg 
Bridge, Switzerland ; the Stadlau Bridge, Vienna; the 
Dao Viaduct, Portugal ; and the Tardes Viaduct. ; 

Method IIs.—Sometimes continuous girders are erected 
on staging ; in other cases they are floated out, and the 
principle of continuity is perhaps effectively given by in- 
duced initial stresses ; or a contiuous girder may be built 
out from the abutments, the members being arranged’ to 
meet in the middle of the opening. In other cases the 
girders may be lifted bodily, and aeieee even lifted as 
the piers and supports are being built. In one case con- 
tinuous girders have been moved sideways, and great care 
had to be taken that the iron-work was not strained in- 
juriously in the operation. The following bridges are 
mentioned :—The Znaim Viaduct, Moravia, Bordeaux 
Bridge, the Britannia tubular bridge, the Irwell Viaduct, 
on the Manchester Ship Canal, and the Approach Via- 
duct, Forth Bridge. 

Method III. has been adopted for the construction of 
some of the largest bridges in the world. The chief 
ae are that scaffolding or staging is dispensed 
with. The greatest care must taken with the setting 
out of the work, so that when the work from both sides 
meets in the centre of the opening there shall be no error 
at the junction. The temporary ties necessary to hold u 
the work during the progress are relatively of very sma. 
cost. The cases referred to are the Kentucky and Forth 
bridges. 

Method IV. is similar to the building out of a canti- 
lever. Special means are discussed for effecting the 
aecurate junction in the centre of the — The fol- 
lowing instances are given:—El Cinca Bridge, Spain, 
the St. Louis Bridge over the Mississippi, the Douro 
Bridge, Spain, and the Rio Grande Bridge. ; 

Under the last heading (V.) reference is made to some 
processes which cannot be placed under either of the pre- 
ceding classes. They include the construction of metal 
arches by the protrusion of a temporary stage, and of 
suspension bridges from suspended platforms. 








Water aT Toronto.—Toronto is troubled with an in- 
adequate water supply. The city engineer recommends 
a tunnel under the toe with a capacity of 75,000,000 
-— per day. The present consumption is sometimes 
,000,000 gallons per day, and the maximum quantity 
available is only 27,500,000 gallons per day. a 36-in. 
main from the corner of Bathurst-street and College- 
street to the Rosehill Reservoir is very urgent. This will 
enable the reservoir to be filled in less than half the time 
now needed with an existing 24-in. main, which was laid 
about thirty years since, and which was intended to pro- 
vide for the consumption of only 9,000,000 gallons of 
water daily. The 24-in. main laid along Front-street, 
from Simcoe to Church a few years since, urgently needs 
extension to Sumach-street ; thence a 16-in. main should, 
the borough engineer urges, carried along Queen- 
street across the Don to Broadview-avenue. The cost of 
the works proposed is estimated at 200,000/. : 


Conrracts.—The Haslam Foundry and Engineering 
Company are supplying refrigerating machinery for two 
new Allan liners and for a new meat-freezing works in 
South America belonging to the Smithfield and Argentine 
mpany.—Messrs. Mather and Platt, Limited, 
have just received an order for five bore-holes, each 30 in. 
in diameter and about 600 ft. deep, for the South Stafford- 
shire Water Works Company. ‘T'wo of the bore-holes are 
at the Lichfield (Trent Valley) pumping station, two at 
King Winsford for the Ashwood —— station, and the 
fifth boring at a new station at Pipe Hill, near Lichfield. 
+The British Westinghouse Electric and Manufacturing 
Company, Limited, has secured a contract from the Man- 
chester Corporation Tramways for the supply of the com- 
lete electrical equipments of 100 tramcars.—The London 
County Council have placed with Messrs. Andrew 
Barclay, Sons, and Co., Limited, Kilmarnock, N.B., 
their order for delivery (within 14 days) of two locomo- 
tives for the operations of their works department at 
Abbey Wood.—Messrs. Matthews and Yates, Limited, 
of Swinton, Manchester, are supplying new ventilating 
lant for the ventilation of the House of Commons.— 
essrs. Ernest Scott and Mountain, Limited, of ‘the 
Close Works, a have received large 
orders for electrical mining and pumping plant from the 
nies:—The Borden Collieries, Limited, 
the Moss Bay Hematite Iron Company, the Charlow and 
Sacriston Coal Company, Messrs. H. Stobart and Co. 
the Stockingford Colliery, and the West Durham and 
Wallsend 1 Company. They have also taken up 


following com 





V, Special methods, 


| bridge near Mainz, the Crumlin, Meldon, and St. Pinnoc 





again the manufaeture of eoal-cutting machinery, 





_—= 


st ‘soinqeoy petoods A10A oulOs sey YoY ‘19TIOG OUI, 
‘ased aq1soddo oy} uo 
pus} PUL OUIZUG oY} JO MOIA [B19Ues B PUR 
‘g 0} [ ‘SSI ur ueatd ore sqied quorayip ye suorjoes 
-ss010 4spiya ‘oqyetd ofed-om ano uo ‘[ ‘Ziq ul poequas 
-91dei SI ouISUe OYy JO UOIZVAGTa UW ‘atey JeAO OAvY 
eM Suryzfue pue sozeyg oy} Jo yonpoad 4seZR] styy 


]Jo eSpeymouyq ev yytM ouo Auv Moys [[IM sSurmerp 
ay} 3v couRTs o10W YW ‘poyduiezye useq 0104314 SB 
qvyi pury oyy Jo BuryzAue sasdipoe 41 eacrpeq om ‘10M0 
pue ozis aoy ‘se “yso10jur peroods jo st 4y = *ABMTIeY 
|aq equeg pue ‘eyedoy, ‘uostyoyy 943 10} 4[IMqQ Udeq 
| SWY PUB ‘AATIOWIODO] 4YDIe1y punodwoo po[dnoo-Of B st 
9]. ‘se8ed oy1soddo pur quosoid 94} uo puv oze[d oSed 


‘erydjopetiyg jo ‘Aueduiog satourov07J urmpreg oy3 a | uo oYyesy oy} Burys0om soz Auvdwog Avarey pur[pry 
qno pouin} useq Apjueoe1 savy suotjonpoid oruesis | ey3 Aq 4[mq Ajoze, SeAtjomOD0], JoSuessed ‘aourqsul 
esoy} JO OWOg “Ofer, FYBtoIy AOZ sozVIG poztUG 94} UT | Joy ‘oyey, ‘oyesy our-urem Aavoy A[Suisvosour oyy 
poeyonaysuoo ueeq savy yey} AuvU yyTM oredui0d Youd | yoNnpuOD 07 JepIO UI Aresse00U PUNOJ MOU OTe YOTYM 
Koy} ‘aeaomoy ‘aq Avu sourSue osey} YSnoyy [nJzoMog | yng ‘sXeaqrer ano jo Aue jo syuowoamber oy puokoq 
‘41M YIGT 94 JO onssT ano ut pozerysnqI Avarrey | oymb se popreFor uceq oavy plnom o8v ‘tun AIOA 


U1948EI-YIAON OY} 1OJ soursue [NJ1oMod oy} Jo ‘o[stJAVO | OU YOY seayyouooo] [NJ1oMod pues oF1v] A1oA wos 


u99.KJoq SI S194} SOUSIEYIP B YVYM YOM OATZOUIODOT | -OM4 INO UL YO Sty} PoyerjsN]]I st Woy} Jo ouo pue  puUv PleylT]oH UeeM4oq OUl] ALEY]} JO UOISIATp UOYQAOU O43 | sIvek 07eT Jo AIZUNOD SITY UT 4IINq Udeq 9AVY TUAHY, 


H---— 2408 —+4 
n 


“| 





[Marcu 11, 1904. 


(16609) 


ce 











SS 


S 








a ea) 





-—yY 
f 
! 
' 
‘ 
' 
' 
' 
! 
| 
' 


iil, valence 
= 
ah 
| 
! 


x 
> 





+—— — 


t 
' 
+ 
4 


a 


7 


4 
”, 


{f 


St 
S} 
fe 


\ 




















\4 

















ae 




















Ft —-—+- + 4 + —---—-— 


“ Fil a ap ' 1 Ke, 
\ : rt c ~~~ sheer eteelione aia ia fy Pee 














e) 
A 
a 
ea) 
(3) 
Z, 
O 
A 
ea) 





ps4 





WHY ; 
N 


Wd 


yy 


Vdd 


H~- f° &------- 
Wy 





-------->}a---------i9 ,b----------->4 


HI h- 











‘VIHCIAGVIIHd ‘SHHOM 


aNV ‘VMadOL 


AAILOWOOOT NIMGTVE AHL LV 


‘NOSIHOLV FHL YOA AAILOWOOOT ANONOdAWOO 


CaLONULSNOO 








"AVAMTIVY HAANITIAO WOOL 





‘zeputjfo oinsseid - Moy oy} 04 sse008 ajeqiTioey- oF, | ' "He ut | 
"Ayearqjoodse ‘ur ZEg pue “Ut GI siojoWeIpP sJopuT{Ad | 400} orenbs 96/F Jo [e}0} v Buryeur ‘oovyims xoq-ary Jo! -edes umoys st shejs ey} Jo euO Jo UOTPBAYSHI[I UR -Terper st pure ‘oye[d-youq poulfout uv sey xoq-e1y OYJ, 
oy} pus “Ul ZE st oROIS OY], “yuoIy ut soputfAd | yoo} orenbs OZ poppe oq YsnUT YOIyA 04 ‘4003 sash | ¢pofvqs jou 10a ore Aoyy yyy pure ‘Jo04s ore Loy AVY] “ULF “4} J, ULI SSE] OU St xoq-e14 043 Burutof Zur1 oy} 48 
emsseid-y31y 043 YIIM ‘UOTYsey WopuY, poSuvIe ore | ggcF Jo omnSy o[qeyseMoes oy} Surqover oovjans Suryvoy | purur ut ouszog oq yenut 41 ynq ‘yout erenbs sed “q] JoJoUVIp [eUII}UI s}T “Your orenbs sod ‘q] gzz jo oans 
sieputjéo aimsseid-Moy bg ysty_ eyy, “suoryaodoad | oqng 72404 943 ‘BuoT “43 OZ UY} sso] ou pu ‘1oJ0UNeIp UI | Jo oinssoid yFiy AOA OY} JOZ (‘Ur % st Yorum oguid -sord SurysomM v 10j paustsep ‘ed{y doy-uosea popuezxe 
Surpuodseri0o jo ore ‘seSed oy1s0ddo pue yuoseid oy) | ‘ur $z yowe ‘seqny 16g Sey Jo1Ieq JOTIOG OY, ‘eJOyYA -eqny oY 4ydeoxe ‘yoryy ‘ut B ATO) UIy, Sutog se 4SIy OY} Jo SI PUL ‘UOTJOOS 4SOTTEUIS 871 4V OPISUT JOJOUFeIP Ut 
uo ‘FZ 0} 61 ‘831g Aq [re}op ut UMOYsS ‘sropurtAD oY, | -os]o ‘UI [ pue ‘seqetd xoq-o1y 04} YZnoryy ssved Loy, | 4e oUO O¥YII4S XOq-o1Y 04} JosozeTd OUT, ‘ZI ‘By ut, ‘ur#g-yJQsornsvouryy “Zl puv ‘TT ‘OT ssl Ul poyerqsnyyL 


e1OYA JojoureIp ut ‘ur FT] ore sXeyS ONT, “ZI “Biz ut Afoxes | poyuasoadoa Futoq sfeqs out jo JuomoSuvaie oy} ‘potrys 


SSE 


10 
SS 


PS 


1 


NN 


tte, 


Ve 


“ONILLI4 
ASNVHXI IO TivLzd 


Wty 
UH 
QL 


- 


se ko, 
agpe 
iia 


4 Ys 
A 


Sess 


P 
i 





ZZ, My 
CORON HEE NOL NYE OO) FOO RE ROOM NAHM 


Wp 


7. 








Zi 














‘Ye------—-—- 9b, 8-—--—- 


ek SAT 





| 
dV W909 ‘TAD 40 Tivi3zd { 
| 
| 
' 
! 
' 
1-306 —--> 


‘&@'°V NOILIAS 


‘ol 





U 
z 
oe 
ee 
es 
Z 
oO 
Z 
ea 

















Maxci 11, 1904.] 


‘VIHA IAGVIIHd ‘SMYOM AALLONOOOT NIMGTVE AHL LY GaLONUESNOO 
‘AVMTIVU AL ALNVYS GNV ‘VMAdOL ‘NOSIHOLV GFUHL YWOX AAILOWOOO'T GNOQOdWOO YHANITAO HNO 


‘a P RBEE: L RAE MAAR OIE PAPE RMA * 





362 





ENGINEERING. 


[Marc 11, 1904. 











a small crane is fixed permanently to the side of 
the smoke-box (see Figs. 1 and 27), with which it is 
relatively easy to lift off the high-pressure cylinder. 
A special form of metallic packing, requiring no 
internal bolts, is used between the two cylinders. 
As will be seen, the steam distribution is effected by 
means of piston valves. 

The frame is of the usual American pattern, and is 
well shown in Fig. 13, whilst the saddle casting under 
the smoke-box is represented in Figs. 14to 17. The 
engine has a two-wheel truck in front and a second 
under the foot-plate. Its coupled wheels are 57 in. in 
diameter, and the calculated tractive effort with 
225 lb. of steam on the gauge is 62,7301b. The weight 
available for adhesion is 234,580 lb., the total weight 
of the engine being 287,240 lb, whilst the tender 
weighs another 162,760 lb, 

Twenty-five of these engines are on order for use 
on the New Mexico division of the Santa Fé main 
line, and are designed for ee one whilst 45 
more equipped for burning oil will be supplied to the 
Albuquerque and Arizona divisions. On the first- 
named section one of the grades over the Raton Pass 
is 185 ft. to the mile, and there are other long gra- 
dients as steep as 78 ft. per mile. On the other 
divisions named there are also many heavy gradients, 
one of 10 miles in length, being at one place at the 
rate of 137 ft. per mile. 

We give below some further particulars of these 
remarkable engines in tabular form :— 


Gauge 4 ft. 85 in. 
Fuel... eo ls Soft coal 
Type of underframe _... Steel 
Drivers, diameter, outside 57 in. 
és of centres 50 ,, 
Journals, driving axle, main 11 in. by 12 in. 
* a » others 10,, by 12 ,, 
sis » leading 64,, by 104,, 
», truck axle, size, trailing 74 ea | 
Truck-wheels, diameter, front ... 294 in. 
” ” rear ... 344 ” 
Diameter and length of axle 
journals ... se a ... 5k in. by 10 in. 
Cylinders, diameter 19 in. and 32 in. 
Piston stroke 32 in. 
Valves, kind of Balanced piston 
Weight on drivers ae 234,580 Ib. 
* truck-wheels 23,420 ,, 
*K trailing-wheels 29,240 ,, 
, Weight, total ie i 287,240 ,, 
. tender, loaded ... 162,760 ,, 
Wheel-base, total, of engine 35 ft. 11 in. 
oe driving ee a 19). 55:< 9% 
Wheel-base, total (engine and 
tender) ... si 66 ft. 


Boiler, type of _... ee ... Extended wagon top 
working steam pressure 225 lb. per sq. in. 
material in barrel Steel 
thickness of material in 

barrel ... Pas om 

Boiler, diameter of barrel 

Smoke-box, diameter 


%” 

” 

” 

g in. and {@ in. 
783? in. 


’ 


ai length a 941 ,, 
Thickness of tube sheet ... = oa 
Tubes, length over sheets 20 ft. 
Dome, diameter ... = 314 in. 
Fire-box, length ... 108 ,, 
on width .. ( 
* depth, front 804 ,, 
” ” back 78 ” 
< material = St Steel 
* thickness of side and 
back sheets 


os 2 in. 
Fire-box, water space ... Back, 4 in.; front, 


44 in.; sides, 5in. 

Grate area ... si ap 58.5 in. 
Crown sheet stayed with Radial stays 
Tibes, number... ee 391 

»» Material ... ee Tron 

+s outside diameter 23 in. 
Heating surface, fire-box 210 sq. ft. 

” ” tubes 4 j ” 

total ... 4796 ,, 


” 


Tender : 


” 


Type si ae id ... Hopper water bottom 
Truck-wheels, diameter, trailing 40 in. 

Tank capacity for water 8500 gallons 
Coal capacity 10 tons 








PrrsoNAL.—On the occasion of his leaving the firm of 
Callender’s Cable and Construction Company, Limited, 
to take up the A — a of the British and American 
Mortgage Company, Mr. F. E. Wilkinson has been pre- 
sented with a silver tea and coffee service, subscribed for 
by the staff and company.— We learn that the business of 
Messrs. David Joy and Cooper, of 85, Gracechurch-street, 
E.C., has been purchased by Mr. Jasper E. Cooper, 
formerly managing partner, and will be carried on as 
heretofore. — We hear. that Mr. David E. berts, 
M. Inst. C.E., acting upon medical advice, has resigned 
his appointment of chief engineer to the Dowlais Iron 
Works, and he has opened an office at 59, Queen-street, 
Cardiff, as a consulting engineer.—Mr. H. L. Webb in- 
forms us he has commenced practice at 35, Old Queen- 
street, Westminster, as a consulting engineer. Mr. 


Webb has a wide experience in connection with telephone 
systems. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
practically idle, with prices of Cleveland warrants a shade 
firmer at 42s. 54d. cash and 42s. 74d. one month sellers. 
Hematite iron was nominally 2d. per ton lower at 53s. 7d. 
one month sellers. A small business of 2000 tons of 
Cleveland iron was done in the afternoon. There 
were no cash transactions, but the month’s price was about 
1d. above the morning quotation at 42s. 8d. and 42s. 9d. 
The settlement prices were :—Scotch, 51s. 3d.; Cleveland, 
42s. 44d.; Cumberland hematite iron, 53s. 3d. The 
market continued lifeless on re with a downward 
tendency in the course of prices. In the morning of Friday 
there was only one transaction in Cleveland warrants at 
42s. 54d. cash, which represents an easing-off in values to 
the extent of 4d. per ton, but closing buyers were 1d. under 
those of the preceding day. In the afternoon the tone was 
dull, and prices declined 1d. below the forenoon level. 
Cleveland warrants were dealt in to the extent of 4000 tons 
at 42s. 5d. cash, and down to 42s. 6d. one month. Hematite 
iron was nominally unchanged at 53s. 6d. one month 
sellers. The market was completely idle on Monday fore- 


noon, but prices of Cleveland warrants were steady and 
unchanged at 42s, 5d. cash and 42s. 64d. one month 
sellers. Idleness again prevailed in the afternoon, 


when Cleveland warrants were nominally 4d. better at 
42s. 54d. cash and 42s. 7d. one month. The settlement 
rices were :—5ls. 3d., 42s. 4$d., and 53s. 3d. per ton. 
sympathy with the weakness in other markets, the 
pig-iron market was dull on Monday morning. There 
were no cash transactions; but a small business, aggre- 
gating 1500 tons of Cleveland warrants, was dealt in at 
42s. nd. one month. There were sellers of Scotch iron at 
51s. 6d., and hematite iron was also offered at 53s. 74d. cash. 
In the afternoon there was little change in the condition 
of themarket, thetone beingsteady withan easier tendency. 
Cleveland warrants to the extent of 2500 tons changed 
hands at 42s. 5d. cash, and 42s. 54d. cash and seven days, 
and 42s. 7d. one month. The market was again in an 
idle and featureless condition on Tuesday morning. 
Cleveland warrants were steady at 42s. 64d. one month, 
but only one lot was dealt in at that quotation. In the 
afternoon a trifling business of 500 tons of Cleveland iron 
was done at 42s. 6d. cash, which is equal to an advance of 
14d. on the previous price. The settlement prices were :— 
5ls. 3d.,; 42s. 44d., and 53s. 3d. per ton. 
was a shade firmer this morning, but there was no 
improvement in the volume of business. Cleveland 
warrants were dealt in at 42s. 7d. six and seven days. 
The afternoon transactions consisted of one lot of Cleve- 
land iron, and the settlement prices were:—5ls. 3d., 
42s. 6d., and 53s. 3d. The market for warrant makers’ 
No. 1 iron was:—Clyde, 58s. ; Gartsherrie, Summerlee, 
and Calder, 58s. 6d. ; Langloan, 693. ; Coltness, 71s.—all 
the foregoing sold: shipped at Glasgow; Glengarnock 
(shipped at 58s. 6d.); Shotts rp <n at Leith), 
and Carron (shipped at Grangemouth), 60s. 6d. per ton. 
Another week of dull, listless markets, often not a trans- 
action taking place, and not once a market with any 
approach to life shown in it. Cleveland warrants, to 
which transactions have been almost entirely confined, 
have fluctuated only between 42s. 44d. cash and 42s. 6d. 
cash. This extreme dulness is largely due to political 
causes, and to the weary unending downward move of 
all Stock Exchange securities. More shipbuilding orders 
are reported as being placed. It is feared that within 
some circles there may be an objection to pay the advance 
last put on the price of steel. In other departments of 
the home trade, the decrease in production has prevented 
stocks accumulating and prices from breaking downwards. 
It remains to be seen what effect continued imports of 
American and Canadian pig iron will have on the situa- 
tion. 


Scotch Steel.—Scotch steel has got into the House of 
Commons, the makers havin n dumping their manu- 
facture in the Midlands, which has caused some _per- 
turbation in the minds of the makers there, who 
seem to be considering seriously whether or not it is 
possible to devise measures of retaliation. Possibly, the 


‘efféctive method would be to undersell them. in the 


Scotch market. The matter has been brought under the 
notice of the President of the Board of Trade, but he 
is not ready to take any action. At a meeting of 
the Scotch steelmakers held a few days ago, it was 
resolved to advance prices of ship-plates and angles 
by 2s. 6d. per ton, making the plates 5/. 15s., and the 


angles 5/. 5s. per ton, less 5 per cent. discount. No change 
was made in boiler-plates. Producers point out that the 


Scotch market cannot take up the whole of the Scotch 
makes, and that other outlets have to be found. s 


Sulphate of Ammonia.—The market continues quiet, 
with the price at about 12/. 12s. 6d. per ton for prompt 
delivery, Glasgow or Leith. The mipuaiie at Leith 
last week amounted to 836 tons. 


West of Scotland Iron -Trade.—The coal market in the 
west remains quiet. Ell coal for shipment is in poor 
poet. and large stocks are on hand at most collieries. 
Splint coal is plentiful, and the price to ironmasters has 
been reduced 6d. per ton—viz., to 7s. at pit for the best 
qualities. Washed stuffs and dross are not so plentiful, 
and the prices are well maintained. Prices f.o.b. Glasgow 
may be quoted as follows :—Ell coal, 8s. 3d. to 9s. (ac- 
cording to quality); splint coal, 8s. 9d. to 9s.; steam coal, 
8s. 9d. to 9s.; main coal, 7s. 6d. to 7s. 9d. 


Greenock “Philosophical Society: Watt Lecture.—The 
leading members of the Greenock Philosophical Society 
have just expressed themselves as in favour of giving up 
the delivery of the Watt lecture, which seems to have 
been the special reason for the existence of the society, 
and which has been delivered by many eminent engineers, 





The market |h 








from Lord Kelvin and Sir F. J. Bramwell downwards, 
They had specially prepared their lectures and come to de- 
liver them, and frequently the attendance did not amount 
to more than 200 or 300 persons. The lecturers do not 
receive any pecuniary acknowledgment ; they just lecture 
for the honour of doing so, and they get the lecture 
printed and circulated. The society are not unlikely to 
speak again on the subject in the course of the year, 
They have elected their office-bearers, but one of the 
vice-presidents elected is decidedly in favour of continuing 
the Watt lecture. 


Clyde Shipbuilding Contracts.—A contract for two 
moderate-sized steamers has just been placed on the Clyde 
by the Quebec harbour authorities. The boats are for 
river-passenger traffic. There are other four wanted, and 
it is Sidiveed that they will also come Clydewards.— 
Messrs. Abram and Addie have placed an order with 
the Greenock and Grangemouth Shipbuilding Company 
at Greenock, to build a steamer of 5200 tons deadweight, 
on 20 ft. 6 in. draught for general trading. She is to be 
fitted with all the latest appliances for the rapid loading 
and discharging of cargoes, and will be engined by a 
Clyde firm. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Messrs. Vickers, Suns, and Maxim.—The directors of 
the above company announce that the net profit for last 
year was 556,121/., and there was brought forward 70,762/., 
together 626,883/. Out of this they recommend a dividend 
of 10 per cent., carry 100,0002. to reserve, and a balance 
forward of 86,6997. The directors say that some of their 
works have done better than in the previous year, and 
1904 had opened with brighter prospects. 


Messrs. Hadfield’s Steel Foundry Company, Limited.— 
The directors of this company report that their profit for 
the last year, with the balance brought forward, amounted 
to 99,2177. Out of this they propose a dividend equal to 
25 per cent., to add 15,000/. to the reserve and renewal 
account, and carry forward 15,240/. As the company’s 
business continues to expand, the directors propose to 
increase their capital by issuing an additional 50,000 ordi- 
nary shares at 1/. at a premium at 1/. 10s. per share. Apart 
from what will be realised by this premium, the reserves 
will amount to 224,000/. General Sir Henry Brackenbury 
as consen to become a director, and Sir Howard 
Vincent, M.P., who retires, offers himself for re-election. 


The Iron and Steel Trade.—The general testimony is 
that business in many of the iron and steel branches gets 
worse rather than better, and the outlook is darker. 
Elderly men say they do not remember a period when 
there was so little doing, and when prices were so un- 
remunerative. Various causes are assigned for this, and 
one that is coming more and more to the front is the cost 
of railway carriage. It is pointed out as an anomaly that 
it should be more expensive to have goods carried from 
Sheffield to London than from America to London. A 
fresh burden has been put on manufacturers of castings 
and similar productions. The companies will only carry 
them at owner’s risk, and as the men who load them are 
paid by the ton, they are more expeditious than careful, 
and there is much risk of damage. Firms in the engi- 
neering and moulding branches are very quiet. There is 
little or no improvement to note in the lighter industries 
of the city. 


The South Yorkshire Coal Trade.—There has been no 
special change in the coal trade this week. The most 
encouraging fact obtained from coal-owners and mer- 
chants is that the demand for coal for manufacturin 
pu is improving. The placing of contracts for har 
coal for next season’s shipments are still very much in 


abeyance, and this is ep oar | operations. There is a 
fairly good business going on in house coal of the common 
sorts, but best qualities are difficult to sell. Slacks are 


rather scarce, and prices are well maintained. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a very moderate attendance on ’Change, and there was 
very little. business doing, so far as Cleveland pig iron 
was concerned, prices of which, though hardly quotably 
altered, were a shade easier than when we last reported. 
Makers, however, all of whom are fairly well situated, were 
in no hurry to do business at current rates, believing that 
the spring demand will bring about improvement in 
quotations. Consumers of Cleveland pig were also dis- 
inclined to operate, so that very few transactions were 
recorded. No. 3g.m.b. Cleveland pig changed hands at 
42s, 74d. f.o.b., and that was the general market quota- 
tion, though some of the makers named as high as 43s. 
No. 1 was 433. 9d. to 43s. 104d., and No. 4 foundry 42s, 6d. 
The lower qualities of Cleveland iron were steady. - 
forge was 42s. 3d.; mottled, 41s. 9d.; and white, 41s. 6d. 
A very satisfactory account was given of the East Coast 
hematite iron branch. Makers reported that they 
were busier than for some time past, and quotations 
moved upwards, the activity in certain branches of the 
steel trade having had a beneficial influence on hematite 
pig. For early delivery of Nos. 1, 2, and 3 the price was 
fixed at 51s. 6d.; and No. 1 realised 52s. No. 4 forge 
hematite was steady at 50s. Spanish ore was firm and in 
fairly good uest. Rubio, of 50 per cent. quality, was 
15s. 3d. ex-ship Tees. To-day there was a little better 
feeling in iron trade circles, and prices of Cleveland pig 
showed rather an upward tendency, but they could not 
be said to be quotably altered, neither was there in reality 
much more business doing. The stronger tone was due 
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to Middlesbrough warrants closing firm at 42s. 6d. cash 
buyers. 

Ainfactured Iron and Steel.—What little change has 
occurred in the manufactured iron and steel trades since 
our last report is for the better. Producers of shipbuild- 
ing material keep very busy, and there are more in- 
quiries in the market. Another half-crown advance has 
heen made in steel ship-angles, and other rises may 
follow at any time. The steel rail trade is rather guieter. 
Quotations :—Common iron bars, 6/. 2s. 6d.; be: bars, 
6/, 12s. 6d.; iron ship-plates, 6/. 7s. 6d.; iron shiptangles, 
61, 2s. 6d.; steel ship-plates, 5/. 12s. Gd.; steel er 
hl. 5s.3 steel joists, 5/. 53.; steel sheets (singles), 
7l. 17s. 6d.; steel sheets (doubles), 8/. 7s. 6d.; and heavy 
steel rails, 4/. 10s.—all less the customary 24 per cent. 
discount, except rails, which are net cash at works. 

Coal and Coke.—Coal is plentiful and rather quiet. We 
are now approaching a period of the year when gas coal 
becomes in less request ; but, so far, the demand. is still 


ood, and quotations are hardly reduced. Bunker coal | R, 


plentiful, and is quoted 7s. 6d. to 8s. f.o.b. Manufac- 
turing coal is quiet. Coking coal is unchanged. Coke is 
in rather better request, the demand for north-western 
furnaces having improved. Average blast-furnace qualities 
are 13s. 3d. to 13s. 6d. delivered here. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Large steam coal has shown a strong vigorous 
tone ; and as several of the best collieries are oversold to 
the close of March, prices have exhibited an upward ten- 
dency ; the best descriptions have made 14s. 9d. to 15s. 
per ton, while secondary qualities have brought 13s. 6d. 
to 14s. per ton. The house coal trade has acquired addi- 
tional strength, in consequence of recent cold weather ; 
the best ordinary descriptions have made 14s to 15s. per 
ton, while secondary _— have brought 10s. 6d. to 
13s. per ton ; No. 3 Rhondda large has been quoted at 
14s. 6d. to 14s. 9d. per ton. Coke has shown little change ; 
foundry qualities have made 18s. to 18s. 6d. per ton, while 
furnace ditto have brought 16s. to 16s. 6d. per ton. As 
regards iron ore, Rubio has been quoted at 13s. 9d. to 
14s. per ton; Tafna at 15s. per ton, and Almeria at 14s. 
to 14s, 3d. per ton, charges including freight to Cardiff or 
Newport. 

Llanelly.—The Llanelly Harbour Commissioners have 
adopted certain recommendations of a sub-committee 
with regard to the constitution of a proposed harbour 
trust. The trust will comprise twenty-three members, 
fifteen of whom are to be appointed by the ratepayers. 
This course has been adopted because the Bank of England 
requires the security of a part of the general district rate, 
as a further cover for large advances made by it to the 
Harbour Commissioners. ‘The Commissioners have agreed 
to advance the salary of Mr. J. V. Stewart, the harbour 
engineer and superintendent, to the extent of 100/. per 
annum. 

Bristol Water Works Company.—The annual meetin 
of this company was held at Bristol on Saturday, Mr. E. 
Bush in the chair. The chairman, in moving the adoption 
of the directors’ report, said the company’s revenue from 
water rates was now nearly 140,000/. per annum, and 
showed an increase of 3662/. in 1903, as compared with 
1902. The directors had appointed Mr. J. A. McPherson 
as engineer, in succession to Mr. H. W. Pearson, deceased. 
Mr. McPherson had been twenty-eight years with the 
company, and thoroughly understood its operations and 
affairs. During the past year six additional miles of 
mains had been laid. 


Swansea Tramways.—The report of the Swansea Im- 
provements and Tramways Company for the past half- 
year states that the gross receipts of the tramways 
undertaking amounted to 15,485/.—an increase of 1725/. 
—and the expenses (including debenture and other in- 
terest) to 10,121/.—an increase of 5047. The profit on the 
half-year’s working was thus 5364/., which, added to 1322/. 
brought forward, makes a total of 66867. The directors re- 
commend that 10007. should be applied in reduction of 
advances due to the British Electric Traction Company, 
Limited, and that a dividend of 24 per cent. should be 
paid for the year on the ordinary shares. The construc- 
tion of the Swansea Corporation tramways and light rail- 
ways has been commenced by the corporation. When 
completed, the lines, as previously stated, will be leased 
to the company. It is'anticipated that one section will 
be opened for. -public traffic in the early summer. 


Dowlais.—Some home as well as foreign and colonial 
contracts for steel rails have been in course of execution 
at the Goat Mill. The tin-bar mill has been equally 
active. Mr. J. Evans has become deputy - general 
manager in succession to Mr. E. Carlisle, who has left for 
Workington. 





Creusor AND Cx1L1.—The French Creus6t Company is 
about to establish branch works at Valdivia, in- the 
Republic of Chili. 


Care Breton.—Sydney, Cape Breton, is developing 
More industries. It has a Bill before the Nova Scotia 
Legislature for authority to grant a bonus of 10,000 dols. 
and tax exemption for ten years, to a company which is 
being formed to make cement from the slag and waste 
of the Dominion Iron and Steel Company’s works. This 
cement concern promises to have an output of 200 barrels 
daily. Concessions are also being given to the Sydney 
Manufacturing Company, which expects to have a plant 
covering an area of seven acres for the building of all 
classes of railway cars. The Dominion Glass Company 
—— to establish works at Sydney, and has applied 
or tax exemption and a free site of 20 acres. 








MISCELLANEA. 


THE executive committee of the Exposition Interna- 
tionale du Petit Outillage, to be held in Gand during the 
month of July, announce that space for suitable exhibits 
will be provided free. 


A meeting of the Association of Managers of Sewage 
Disposal Works will be held in the Library of the Sani- 
tary Institute, Margaret-street, London, W., on Satur- 
day, March 12, at 2.30 p.m., when Mr. W. D. Scott- 
Moncrieff will deliver his presidential address dealing 
nv ble Year’s Progress in the Solution of the Sewage 

roblem.” 


_At a meeting of the Birmingham Association of Mecha- 
nical Engineers held in the Grand Hotel on Saturday, 
March 5, Mr. R. B. Hodgson read a paper on ‘‘Styrian 
Steel Billets, Bars, and Forgings,” in which he dealt 
incidentally with the history of iron manufacture in that 
district, which had been continuous since the time of the 
omans. 


We are sorry to learn that the Newall Engineering 
Company, Limited, of 36, Featherstone-street, E.C., had 
a serious fire on their premises recently, in consequence 
of which their business is temporarily suspended. Steps 
are, however, being taken to fit up an emergency shop, in 
order that they may be able to carry on business and 
— the orders in hand with the least possible amount 
of delay. 


The Board of Trade have recently confirmed the under- 
mentioned Orders made by the Light Railway Commis- 
sioners :—County of Hertford Light Railways (No. 1) 
Order, 1904, authorising the construction of light rail- 
ways in the parishes of Arkley, Barnet Vale, Chipping 
Barnet, Bushey Rural, Bushey Urban and Watford 
Urban, in the County of Hertford ; Bradford Corpora- 
tion (Nidd Valley Transfer) Light Railway Order, 1904, 
transferring to the mayor, aldermen, and citizens of the 
City of Bradford the powers conferred upon the Nidd 
Valley Light Railway Company by the Nidd Valley 
Light Railway Order, 1901, and amending that Order. 


The Cleveland Bridge and Engineering Company, 
Limited, have recently made tests with the 10-ton cable 
conveyor which is to transport materials for the railway 
over the Zambesi during the construction of the bridge 
at the Victoria Falls, and the cableway and all the neces- 
sary materials for the bridge erection, together with the 
first portion of the bridge, have now been shipped. Mr. 
Imbault, the chief engineer in charge of the work for the 
Cleveland Bridge and Kngineering Company, Limited ; 
Mr. A. T. Prince, assistant engineer; and Mr. E. 
Salmon, compound manager, with a number of men are 
now on their way to the site to prepare for the reception 
of the materials. 


The Commission du Yachting Automobile, at its meeting 
on the 20th ult., decided that their race for motor boats 
of 1904 will take place on Monday, August 8, about 10 
o’clock in the morning, starting from either Calais or 
Boulogne, and finishing at Dover. The entries for this 
race will be closed on the evening of June 30, and the 
entry fee will be 100 francs for boats up to 20 ft. 6 in. 
(8 metres) inclusive, and 200 francs for boats of greater 
length. With this race the Coupe Recope will be com- 
— for without a special entrance fee (this cup is for 

ts using ordinary petroleum) and the Coupe Quinones 
de Leon for boats using denaturised alcohol with a special 
entry fee of 200 francs. That is to say, that boats which 
wish to compete for the Recope Cup or the Quinones de 
Leon Cup alone, without being entered in the big race, 
will have to pay in the first case the entrance fee for the 
race according to their class, and for the second the fixed 
sum of 200 francs. The French Minister of Marine has 
officially promised to convoy these boats by torpedo-boats 
on leaving the French Coast. The Automobile Club de 
France are to be asked to allot for this race the sum of 
20,000 francs to be distributed in prizes, 


Messrs. Mather and Platt, Limited, have just com- 
pleted the work of sinking two boreholes at the pumping 
station of the Wallasey Urban District Council, Sea 
View-road, Liscard, Cheshire. This work was rendered 
necessary Owing to the water-level having fallen to such 
an extent that the existing pumps in the deep well could 
no longer be worked.at their normal speed and output of 
33 million gallons perday. The two boreholes are each 
42 in. in diameter, and have been sunk from the bottom 
: the existing well, which is 12 ft. in diameter and 166 ft. 

eep, 


depth of 816 ft. from the surface. The working barrels d 


of the pumps, formerly placed at the bottom of the 12-ft. 
well, have now been lowered down the boreholes to a 
depth of 250 ft. from the surface ; and thus a sufficient 
supply of water is obtained for the pumps to work at 
their normal s The borings have been successfully 
carried out in the face of exceptional difficulties; as, owing 
to the confined space inside the pump-house and the pre- 
sence of the existing pumping machinery, it was impos- 
sible to use the ordinary pattern of boring plant ; besides 
which one of the two pumps in the well had to be kept 
available for wotk at any minute in case of need. 


When the Plymouth call for the American Line 
steamers was decided upon, the directors of the London 
and South-Western Railway immediately began to build 
a station on a long strip of land, which they occupied at 
Richmond Walk, a thoroughfare running alongside 
Stonehouse Pool in the direction of the Hamoaze. The 
situation is admirably adapted for the work about to be 
undertaken. There is a substantial stone quay a hundred 
yards long, with a minimum depth at low water of spring 
tides amply sufficient for the tenders that meet the mail 
steamers —~ to Plymouth. The managers of the 
American Line have been so well pleased with all that 





the one to a depth of 320 ft. and the other to a |? 


has been done for the accommodation of their-véssels by 
the London and South-Western Company at Southampton, 
that they have entered into an arrangement by which the 
passengers landing at Plymouth will be conveyed:by that 
company on and after Saturday, April 9. The steamship 
Victoria, which has hitherto been engaged in the South- 
Western Company’s service between Jersey and St. Malo 
will act as tender. The new premises at Stonehouse 
Pool form an island structure between two separate lines 
of rail, so that while travellers are taking their places 
in the train drawn up between the tender and the quay 
platform, mails can be loaded into another train standing 
in the rear of the building. Large waiting-rooms have 
been constructed, and all the necessary accommodation 
of a perfectly-equipped station is at hand, including a 
refreshment-bar, telegraph and telephone-offices, and the 
hall in which baggage will be examined expeditiously by 
the members of the local Excise staff. The journey to 
London, covering the distance of 230 miles without a 
stop, will be completed in about four hours and a half. 
For this service the London and South-Western Com- 
pany have just built a very handsome and richly- 
appointed corridor train, containing restaurant cars, and 
this will carry the passengers who, on April 9, disembark 
at Plymouth from the steamship St. Louis. 








Locomotive Weicuina Apparatus.—In constructing 
locomotives, it is very important that the correct distri- 
bution of weight on the axles and wheels should be care- 
fully attended to, for the running capacity, the safety, 
and the life of the engine depends on the amount of care 
bestowed in this direction. Attempts to weight loco- 
motives by means of small fixed balances built into a pit 
underneath the engine have been tried, but they have 
the drawback that they are only suitable for one size 
of locomotive, and are not adaptable to different dis- 
tances between axles, or to different gauges. Messrs. 
Carl Lehenck and Co., of Darmstadt, have, however, 
brought out an apparatus for which they claim that it 
will weigh locomotives of different gauges, different 
distances between the axles, and a varying number of 
wheels, and with an accuracy not attainable by any other 
means. The machine consists of a number or train of 
movable weighing-machines which are fixed without 
interrupting the rails. The engine is run in a pit, in 
which as many scales as the locomotive has wheels 
are placed on narrow deep-level rails, each scale 
running on small wheels. After the scales or weighing- 
machines have been ‘placed exactly under the wheel 
centres, a system of vices, with wedge-shaped jaws, are 
made to grip the tyre flanges, and by means of movable 
winding arrangements, which are geared together and 
work simultaneously, the locomotive is raised evenly into 
a position for being weighed. Each wheel of the loco- 
motive is lifted about 4 in. above the rail, all the wheels 
being raised alike, and, by a steel-yard arrangement, the 
pressure on each can be read off. These machines are, 
we understand, in use on many of the continental rail- 
ways. The sole agent for them in this country is Mr. 
Ernest C. Koop, 42 and 44, Moor-lane, Fore-street, E.C. - 


A Ftoatine Coat Drpét.—Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, have launched from their 
Wallsend yard the first floating coal depét, built to the 
order of the Lords of the Admiralty. The depét is the 
first of its kind constructed on the Tyne. It is 424 ft. 
long, and 67 ft. 9in. in breadth. The boilers and con- 
necting-pipes have been supplied by the Wallsend Slip- 
way Company, Limited ; the electrical plant by Messrs. 
Clark and Stansfield; and the ventilation plant b 
Messrs. Meachan and Co., of aaa 80 ‘The depdt will 
be stationed at Portsmouth. The depdt is of 12,000 tons 
storage capacity—11,000 tons in hoppers and 1000 tons in 
bags—and is equipped with 12 gens eo transporters, 
worked by electric machinery; and the hoppers are 
fitted with 80 coal chutes for filling the | without 
shovelling. The difficulty hitherto experienced of getting 
Welsh steam coal in hoppers to run or flow through the 
openings in the bottom or sides thereof, owing to the 
large lumps of coal bridging over and blocking the open- 
ings when under pressure, is solved by the new system. 


The hull of the depét is in the form of a+] flat- 
bottomed straight-sided vessel, with bluff rounded ends, 
and it is subdivided-into seven compartments. The five 


middle compartments contain the ten hoppers; the 
after-end compartment contains the electric generating 
machinery ; and the forward end compartment is appro- 
riated to crew accommodation and stores. Two longi- 
tudinal bulkheads, 9 ft. apart, in the middle of the vessel, 
ivide the five holds into ten hoppers, and form a clear 
passage-way between them, giving access through the 
numerous openings to the space under the hoppers, and 
providing a clear exit up through anna ag ys of coal 
are hoisted by the transporters at any point in the length 
of the depot. The bottom of the coal hoppers is raised 
above the fioors of the vessel, and provided with 240 trap- 
doors and 80 movable chutes, for tapping the coal from 
beloW into bags without shovelling, the flow of coal being 
regulated by means of grates worked by hand-levers. 
The coal-dust arising at the chutes is drawn off through a 
system of exhaust air tubes, and delivered back in the 
hoppers. The Temperley transporters, for loading and dis- 
charging the vessel, are carried on four travelling towers, 
whisk ten on the deck of the depdt. The transporters 
have an over-reach of 20 ft. beyord the side of the depot, 
and lift their loads to a point 33 ft. above water-level. 
Each tower carries three transporters, two of which are 
inclined, and may be used for loading the depét from a 
collier, or for coaling a war vessel from the depét; the 
other is horizontal, and long enough to reach from the 
hatchway of a collier on one side of the vessel to the deck 
of a war vessel on the other. The output capacity of the 








depét is at least 500 tons per hour, 
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THE COST OF ELECTRICITY IN 
PRIVATE PLANTS. 

For many years past the public has had within 
reach very complete information‘as to the cost of 
generating electricity in the public supply stations 
in different parts of the kingdom, but particulars 
as to the works costs at the now numerous private 
electric lighting plants are much less readily acces- 
sible. This void has now been filled in to a large 
degree by a paper just read before the Cleveland 
Institution of Engineers by Mr. R. E. Fox. The 
figures supplied by the latter are of very great 
interest, since the published statistics obtained 
from electric lighting stations give practically no 
indication as to what it should cost to generate 
current under really favourable conditions. Light- 
ing stations, one and all, suffer from a bad load 
factor. They must be prepared to afford a supply 
through the whole 24 hours, and the loss result- 
ing from the light load during the night is well 
illustrated by the figures Mr. Fox gives for the 





|eost of generating electricity at Kynoch’s works 
|in the table we reproduce on the next page. 
| Here it will be seen, on comparing the two sets 
of. figures, that though the week’s output of the 
| plant per kilowatt installed has been increased by 
| the night load, yet the increase of load has led to 
| a great increase in-the fuel consumed per kilowatt 
| generated, and the total works cost per unit has 
| been raised from .343d. to .413d. It follows, 
| therefore, that though the load factor of a central 
station may be greatly improved by the supply of 
current to motors during the day, yet the existence 


>| of the trivial night load, which it is impossible to 


get’ rid of entirely, must be expected to increase 
the working costs to a singular degree. 

There is also, as Mr. Fox has pointed out in 
his paper, another prejudicial feature of a low- 
load factor, which is, perhaps, not always sufti- 
ciently recognised by engineers responsible for the 
equipment of a. public lighting or power station. 
All devices: for the saving of fuel are costly, and 
this cost is more or less proportional to the size of 
the plant. The capital expenditure on these is 
therefore dependent on the maximum capacity 
of the plant, whilst the interest on them has to be 
paid for by the work done by only a fraction of this 
capacity, and hence expensive types of engine and 
auxiliary details, which might pay well in a plant 
operating under such a load factor as a cotton-mill 
engine, may be quite out of place in an electric 
lighting station having a load factor of, say, some 
12 or 15 per cent. The engineer to the Public 
Supply Company has therefore a very difficult de- 
cision to make. His station engineers, anxious to 
make as good a showing as possible in Garcke’s 
Manual, are naturally desirous of equipping their 
station with every form of fuel-saving device. 
Any saving there, they will get the full credit for, 
whilst they will never be debited with any respon- 
sibility for the interest charges on the cost of the 
equipment. Chief engineers in all branches of the 
profession have, however, continually to meet 
similar conditions. Each subordinate quite legiti- 
mately is anxious to make a good showing in his 
own department, and, if given a free hand, may 
subordinate to this end the well-being of the under- 
taking as a whole. Probably there are no very 
large works or factories in which loss from this 
cause does nct arise to a greater or lesser degree, 
and Mr. Fox has done good service in pointing out 
the danger in regard to electric supply stations. 

Coming back to his table, it will be seen that in 
private plants the fuel expenditure has in one case 
been reduced to under 3 lb. of coal per unit gene- 
rated. The plant in this instance is of 1500 kilo- 
watts capacity, and works about 136 hours per week. 
The load factor appears to be about 70 per cent., 
whereas in a public supply the highest load factor of 
which we have knowledge is that at Bootle, where it 
is nearly 284 percent. The figure attained at Messrs. 
Dorman and Long’s works is, moreover, closely ap- 
proached by the plant at Messrs. Watson Brothers, 
of Linwood, near Glasgow. Here the coal consump- 
tion has been as low as 3.1 lb. per unit, or probably 
about 1.8 lb. per indicated horse-power, a figure 
which does not seem improbable in view of the 
claim that modern cotton-mill engines use in prac- 
tice under 2 lb. of local coal per indicated horse- 
power hour, inclusive of stand-by. losses, which are 
generally:assumed to be 10 per cent. of the total 
fuel consumption. 

The lowest works costs per unit generated yet 
recorded in the case of a public lighting station are 
those at Bradford, made up as follows :— 


Coal 24 
Stores ... 045 
Wages... 072 
Repairs 12 
Tutal 47 


The load factor here is 20.93 per cent. 

It is, however, not possible to compare this 
directly with any of the results given by Mr. Fox 
for private plants, since the rate of wages and cost 
of fuel differ so much in different districts. We 
may, however, fairly compare the figures quoted in 
the table with those of electric lighting plants 
operating in the same district. We thus get the 
comparative results given in Table I. 

The very great advantages arising from the more 
uniform load appear here very clearly, and it is 
| probable that the results attained in the private 
| generating stations could be still further improved 
|upon in the cases where the current is used for 
' electrolysis when a load factor of over 90 per cent. 
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TaBLe I.—Cost per Unit Generated. 


Coal. | Wages. Repairs.| Stores. 
d. d. d. d. 

-206 .123 112 -045 

138 O11 018 -O11 
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Railway. . Pee as - 


-682 -201 131 069 


307 -109 -038 .037 
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-163 
-081 


-326 


+255 


-146 


Sheffield Corporation Lighting a 
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Vickers, Sons, and Maxim 


may be expected. Mr. Fox gives the following 
estimates as to the limits between which the cost 
of generating a unit of electricity may be expected 
to range in the case of private works plants : 


Probable 
Maximum Cost 
per Unit. 

d. 
.40 


Possible Minimum 
Cost per Unit. 


d. 

Cost of fuel 125 

Oil waste, 
stores 
Wages 
Repairs 


Total 


Inclusive of capital and depreciation charges 
—taken at 15 per cent. per annum—Mr. Fox 
gives the total cost per unit generated at Messrs. 
Watson’s works as .337d., and at Messrs. Dorman, 
Long, and Co.’s works as .491d. per unit. As 
a comparison, we may point out that at Niagara 
the total average cost per unit year generated 
is apparently about 90s. per annum, or, say, about 
167d. per unit for a year of 6000 hours. In 
Switzerland the average at water-power stations 
seems to be about the same, though there are 
exceptional cases in which it is much less. French 
statistics give the total cost of an indicated horse- 
power year (6000 hours) in that country as 9/. 12s. 
up to 12I., with coal at 14s. per ton, corresponding 
to at least .6d. or .8d. a unit if used to generate 
electricity, and this figure allows nothing for the 
interest and depreciation of the electrical portion 
of the plant. 

If the estimates given by Mr. Fox can be relied 
upon, and they are based on careful tests extending 
over a considerable period, it would seem that the 
electric power companies must be prepared to supply 
current at very cheap rates if they are to find cus- 
tomers amongst the larger firms, since beyond quite 
moderate limits there is no marked increase in 
economy with the size of the plant. They can hardly 
expect a better all-round load factor than that 
noted in the case of Messrs. Dorman, Long, and 
Co. The only item in which they can hope to save 
much is the fuel cost, and this may, perhaps, be 
reduced by the adoption of power gas. With a 
load factor of 50 per cent., and coal at 8s. per ton, 
it is claimed that one indicated horse-power hour can 
thus be produced at a works cost of syd. per hour, 
or, say, .06d. per B.T.U ; but in this estimate it is 
doubtful whether repairs have been allowed for, as 
they could hardly be less than in a steam-driven 
station, where they amount, Mr. Fox states, to 
about .05d. per unit. The fuel cost in a power-gas 
station is said to be only about .02d. per unit. 

The full benefits of electric working are not 
always obtained in factory operations, since the 
saving of losses in line shafting and other ways is so 
great that it appears almost futile to the manage- 
ment to spend further sums in engine-room refine- 
ments. They are inclined to let well enough alone, 
though, as Mr. Fox has pointed out, it is just 
in the case of these steady factory loads that 
a high expenditure at the generating station is 
particularly profitable. Striking instances of the 
magnitude of the losses of power ignored in 
the older conditions of working are constantly 
recurring. Thus, in one large works, a new 
manager, on taking charge, found a steam-pipe 
was supplying an engine some hundreds of yards 
distant, and, to get it out of the way, this pipe had 
been laid ina drain through which water was always 
flowing, and which sometimes ran quite full. An 
hydraulic engine at the opposite extremity would, 
perhaps, have been more in keeping with the con- 
ditions under which the working fluid was supplied. 
In another case a gas-engine of 50 horse power 
was replaced by a number of motors aggregating 
11 horse-power in all. Instances of this kind could 
be multiplied to almost any extent, and the saving 
which may be effected in similar cases by the adoption 
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Taste II.—Cost or ELecrriciTy tN SOME PRIVATE PLANTS. 


: | 
Units 
— Units 
Kilowatt P& Week. 
Installed. 


Coal per 
Unit. 


Pounds | 


sited Bd: a 

Cost of | 

Fuel per | ~ 
Ton. | 


Costs PER Unit IN PENCE. 


Wages. Repairs. 


ae 
Oil, Waste, 
Stores, &c. 


Works 
Costs. 








64,000 
57,000 
44,190 
50,880 
151,122 
60,400 
18,400 
22,400 
132,195 


Watson, Linwood 

Ditto 

Ditto 

Ditto .. os sin 
Dorman, Long, and Co., 1903 
Dorman, Long, and Co., 1902 
Kynoch. Day load .. ee 
Kynoch. Day and night .. 
C. and 8. L. Railway. . ae 
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of electrical means of transmission is so great, and 
makes so good a showing, that the small economies 
which it is possible to effect by improving the 
power station plant seem almost trivial in com- 
parison, and their neglect in certain cases is, there- 
fore, quite intelligible, if not entirely excusable. 








“THE PRICE OF ADMIRALTY.” 

Ir is several years since Parliament and the 
country generally regarded with so much anxious 
consideration the steadily increasing cost of the 
Navy, as has been the case with this year’s pro- 
gramme. The Estimates are objected to every year 
by many who, it is only reasonable to assume, do 
not indicate in their general attitude any recogni- 
tion of the importance of an all-powerful Fleet. 
But this year even the Prime Minister and each 
member of the Government—and, indeed, every 
patriotic citizen—recognises that the high aggregate 
now attained demands a full assurance by the Navy 
authorities that the expenditure is completely 
justified, and that no practicable means are avail- 
able whereby the drain on the country’s financial 
resources can be mitigated, especially at a time of 
such general trade depression. In view of this 
reasonable attitude we have prepared diagrams to 
show the extent of the increase not only in the 
British Admiralty expenditure, but also in the votes 
for several other navies. Unfortunately, all details 
of the programme of Continental Powers are not 
available for the current year ; but as we desire to 
look at the question from the general point of view 
rather than to take note of the increase in any one 
year, this omission is immaterial. 

The advancing tendency in the British total, as 
shown in Diagram Fig. 1, began eleven years ago, at 
the time immediately following the building of the 
‘* Naval Defence Act” fleet. The total Navy Vote 
of that year (1893-4) was about 14} millions sterling, 
whereas the collective sum for the three principal 
Continental Powers—France, Russia, and Germany 
—was only about 19} millions. We have thus 
a ratio of 1l. of British expenditure to 1l. 8s. 
by the three Governments named. The vote 
for the same three Powers has now grown to 35 
millions, whereas the British Admiralty expendi- 
ture has gone up to over 36} millions. The pro- 
portion is therefore now ll. for Britain to 19s. for 
the three nations. In other words, while the three 
great Powers have increased their vote by over 15 
millions per annum, the British expenditure has 
gone up by over 22 millions. When it is remem- 
bered that, so far as constructional work is con- 
cerned, 20s. of British money may go as far as 
24s. or 25s. of Continental expenditure, this greater 
rate of increase in naval expenditure is the more 
remarkable. 

A large part of the increase in our expenditure is 
due to warship construction, repairs, &c., which, in 
the British Estimates, is classified under ‘‘ Vote 8.” 
Our second diagram, Fig. 2, shows the growth of this 
vote, and, taking the eleven years again, we find that 
the British expenditure has increased by quite 13 
millions, the ratio of increase here being about 275 
per cent., whereas, in the case of the aggregate naval 
expenditure, the increase in the eleven years is 
155 per cent. Part of the additional money spent 
is due to the maintenance in commission of a 
much larger fleet than formerly, as well as to the 
increase in the number of new ships built. Some 
indication of the greater number of ships in com- 
mission is found in the fact that the expenditure 
on wages of officers, seamen, &c., has increased 
by 61 per cent. in eleven years, and an almost 
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proportionate addition is involved for food, 
clothing, medical services, and other such neces- 
saries. No one, however, will question the pro- 
priety of affording the most extensive and varied 
training possible : experience in successive wars, 
and particularly in the recent engagements in the 
Far East, has shown that, however effective the 
matériel of the fleet may be, the state of 
preparedness and the training and acquaintance 
with strategy and tactics of the officers and 
men are the final determining factors in war- 
fare. It is therefore of the utmost importance 
that all the newest ships should be in com- 
mission; then only are they maintained in a 
condition fitfor active service. Figures might be 
given to show that not only are a greater number 
of our ships in such continuous service, but that 
the manceuvres carried out from time to time are 
more extensive and more conducive to the develop- 
ment of strategic experience on the part of the 
officers than is the case in any other fleet ; and thus 
it comes that the maintenance of the Fleet demands 
a much larger vote than in the case of European 
Powers. 

On Diagram Fig. 2'\we have made graphs for other 
navies by analysing the details of expenditure, and 
computing the sums spent on the maintenance of 
the Fleet, repairs, construction, and dockyard ex- 
penditure corresponding to the sums embraced 
by our Vote 8. It may be that there is a little 
inaccuracy in the comparison due to difference in 
classification, but it can only be slight, and must 
be insignificant. It will be noted from this diagram 
that for construction and maintenance the British 
expenditure has increased at a much greater ratio 
than that of the three Powers named. France, Ger- 
many, and Russia, ten years ago, spent about 7.8 
millions, as compared with nearly 5 millions by Great 
Britain ; whereas, to-day, their collective expendi- 
ture is only 18} millions, or practically the same 
as that for the British Navy. But it should be 
pointed out that in the interval Russia greatly 
increased her normal vote by an extraordinary 
scheme, under which 11,500,000/. was spent for 
new construction in five years (1897-1902) ; several 
of the ships in the Far Kast resulted. This sum 
we have added to the Russian expenditure in five 
equal portions during this quintennial period, show- 
ing at the same time the ordinary figures. This 
special vote, as we shall presently show, has 
greatly influenced the comparison so far as new 
construction is concerned. 

In the third diagram, Fig. 3, we have set out the 
expenditure on new construction only, and here, as 
was to be expected, the fluctuations are consider- 
able. The decrease in the British expenditure of 
1893-4 was a sequence to the completion of the 
‘*Naval Defence Act” fleet ; but immediately fol- 
lowing upon this there was a steady increase in the 
vote for new vessels. With the exception of the set- 
back in 1897, due really to the labour dispute in 
the engineering trade, the advance has since been 
very steady. In eleven years the total has multi- 
plied almost fourfold, and has far outstripped 
the normal expenditure of the Continental Powers. 
France and Russia have increased their expenditure 
by about 50 per cent. In the case of Germany, the 
advance, especially under the régime of William IL., 
is very striking. Their annual extraordinary 
vote for ship construction has increased since 
1893-4 quite threefold, and has gone up almost 
at the same rate as the British advance. If 
we take into consideration the great lead which 
Russia secured through her special shipbuilding 
vote of over 114 millions, spent between 1897 
and 1902, it will be recognised that, so far as the 














Marcu 11, 1904.] 


ENGINEERING. 





367 








comparison is concerned, we have little more than 
the two-Power predominance in expenditure, at 
least in the past six or seven years. During 
the years of Russia’s special vote, the average 
expenditure on new construction was about the 
same as that of France; the two together spent 
quite 8 millions sterling, whereas the average 
British expenditure in the same period was only 
millions sterling. Since then the expenditure 
by these two nations has decreased to about 
7 millions, whereas the British total has in- 
creased to 11? millions. 

Since 1889 Britain has laid down 50 battle- 
ships, including the two vessels bought from the 
Chilian Government, whilst France and Russia 


wh 
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1890-1 93-4 

181984 
have commenced the construction of 22 and 
26 respectively, and Germany of 27. It is diffi- 


cult, however, to estimate exactly the comparative 
strength of the respective fleets at any date, even 
if we confine ourselves to effective battleships ; 


the question of classification must influence the | ; wed est 
By some a ship may be regarded as effec- | eight ships building of 16,350 tons, and larger 


result. 





not seem to give us greater. preponderance in 
material strength. Mere units afford but a’poor 
indication of the relative qualities of fleets ; it may 
be, as is sometimes urged, that we do not get the 
same value for the displacement tonnage of our 
warships as is the case in foreign navies, but we 
are inclined rather to think that itis a case of differ- 
ence in the interpretation of the relative advantages 
of conflicting elements in design. Our ships are 
certainly heavier, and from this point of view we are 
entitled to presume that they will prove, under 
certain conditions, more effective. The ships of all 
fleets are to-day much larger than those of ten or 
fifteen years ago. Thus, the British standard of 
the early ‘nineties was 14,000 tons; we have now 
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tive for the line of battle, whereas by others she | vessels are in contemplation. In the case of France, 


may be computed as only a coast-defence vessel ; 


; the increase has been from the 11,395 tons of the 


and thus it comes that in successive years consider- | Brennus to the 14,927 tons of the Patrie:; Russia 


able fluctuations may have taken place. 
accept the British official classification, we have only 
an advantage of one or two ships over the two- 
Power standard, whereas the Prime Ministersuggests 


that we ought to have a little in reserve ; and most! Edward VII. class. 


But if we|has advanced from the 10,960 tons of the Pol- 
tava class to the 13,600 tons of the new Boro- 
| dino. 
‘although it is still far short of that of our King | understood that in later years, where guns of the 


Both have thus increased their tonnage, 


In the case of the German 


mum size of ordnance. Thus our battleships in the 
early ‘nineties cost us something like 671. to 68). 
per ton, while the modern ship of to-day necessi- 
tates an expenditure of 891. to 901. per ton. In 
France the increase has been practically propor- 
tionate, but here we have a proof of the fact that 
our expenditure insures a greater return to the 
nation, since the price per ton of the French ship 
of to-day is 1121. per ton. In the case of Russia 
and Germany there are proportionate increases, but 
in the latter country a greater value is realised, the 
price per ton corresponding more closely to that paid 
in this country : in the United States it is consider- 
ably higher—from 971. to 1001. The same facts 








obtain as regards cruisers, which have increased in 
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price in ten years by from 40 to 50 per cent. Our 
Duke of Edinburgh class, the latest of the British 
ships of the armoured type, cost 831. to 84. a ton, 
whereas France’s modern armoured cruisers in- 
volve an expenditure of 961. a ton; Russia’s, of 
over 100/.; Germany’s, 961.; and the United States, 
of over 901, per ton. These figures, of greater cost 
per ton than in former years, account in some 
measure for the increased expenditure ; but over and 
above this there is the fact that our fleet of battle- 
ships has increased in numbers from 46 to 62, and 
each ship is individually immensely superior to the 
ships of ten years ago. The French fleet of effec- 
tive battleships, according to Lord Brassey’s classifi- 
cation, has not increased to the same extent—from 
36 to 42: but Russia’s special vote has resulted in 
an advance from 18 to 29 effective ships. These 
figures include in all cases vessels which have been 
launched, although not completed. But it should 
be stated that even Lord Brassey regards three of 
the British ships, five of the French, and one of 
the Russian vessels as of doubtful efficiency ; these 
eliminated would make the comparative fleets 59 
British ships, 37 French, and 28 Russians. Increas- 
ing numbers involve greater cost of maintenance, 
whether or not the ships are in commission. No 
facts are available so far as the British Fleet is con- 
cerned ; but it is recorded that the French battle- 
ship costs annually for upkeep, wages, coal stores, 
&c., 48,966l., as compared with 42,4401. ten years 
ago, and an armoured cruiser of to-day 52,5281. 
Diagram Fig. 4 gives the expenditure on ordnance 
for the same period of years, but it should be 


quick- firing type have been fitted with barbette or 


right-thinking citizens will accept that view. Our battleship of to-day the advance has only been to | turret mountings instead of on pedestal mounts 


cruiser power, however, must always be greatly in | 


excess of that of other nations, for the reason that 
our floating commerce is enormously greater ; but 
these are accepted tenets of naval policy, so that it 
is not necessary to enlarge upon them here. 


13,200 tons. 


is grea 





Our concern is with naval expenditure, and with | armour-plate ; greater engine power per ton of 


the reason why the apparent larger increase does | machinery ; and gi »ater muzzle energy for a mini- 





It follows that the cost of each ship | 
ter; but apart altogether from the addi- | 
tion due to size, there is an advance in price conse- | 
quent on the use of superior metals to give: shot- 
resisting power per unit of thickness and weight of 


within casemates, or behind shields, the mountings 
are included in the ship-construction vote, instead 
of in that for ordnance; so that the increase for 
ordnance, especially in the case for Britain, is pro- 
bably greater than is suggested in Diagram Fig. 4 ; 
part of the increase for ship construction, shown 
in Diagram Fig. 2, in later years, is similarly due to 
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ordnance. This in part explains the relative in- 
crease in the proportion of the aggregate Navy 
estimates devoted to ship construction, repairs, &c. 
In Britain, this ratio was ten years ago 40 per cent., 
it is now close upon 50 per cent. If we take the 
sum spent on new construction only, we tind the 
proportion of the aggregate expenditure for this 
purpose was, ten years ago, about 25 per cent., and 
for next year it will be 32 per cent. In Germany, 
where there has been a similar increase in the 
proportion for new construction, as well as in 
France and Russia, the ratio is between 35 and 37 
percent. It will thus be noted that the expendi- 
ture we have incurred has had the advantage of 
greatly improving our naval position, so far as the 
strength of our fleet is concerned, apart altogether 
from numbers, as compared with that of other 
Powers on the Continent. We have the enormous 
advantage of having a larger proportion of ships 
always in commission and ready for action. Our 
ships, although larger and of greater radius of 
action, if not also greater fighting power, are 
cheaper, so that if the aggregate of the expenditure 
is large it can be justified, since the strength and 
preparedness of the Fleet is the best guarantee of 
peace, and affords the greatest security of an 
effective first blow, should our Navy ever be called 
upon to defend Britain’s position amongst the 
Powers. 








THE BALTIMORE FIRE. 

Malt advices, private reports, and copies of the 
engineering journals of America, which have so 
far reached us, tell us a very different tale regard- 
ing the technical aspects of the great Baltimore 
fire than the story we were led to expect from the 
sensational, but incorrect, particulars reproduced by 
so many of our daily contemporaries regarding the 
collapse of ‘‘fire-resisting” buildings. As was 
the case with the fire at the Iroquois Theatre 
of Chicago, we prefer to defer our detailed 
narration of the happenings of this fire until 
we have all the particulars we desire from inde- 
pendent and thoroughly reliable sources ; but we 
have already quite sufficient material to go upon 
to be able to flatly contradict the silly statements 
that have been publicly made as to the inefficiency 
of modern fire-preventive measures as applied to 
the new ‘‘sky-scrapers” at Baltimore. The true 
facts are that had it not been for these few 
‘‘fire-resisting” buildings, erected in accordance 
with modern principles, the conflagration would 
have been far more extensive than it actually was. 
The entire destruction of the city was averted 
by the coincidence of some of these modern 
buildings being so placed as to serve as an effec- 
tive ‘‘ fire-stop.” The Baltimore conflagration has 
proved, in a manner otherwise quite impossible to 
obtain, the high efliciency of the methods of con- 
struction we have so strongly advocated for many 
years past—viz., the construction of buildings in 
steel framing, carefully protected by non-combus- 
tible material at least 2 in. thick, with floors of non- 
combustible material at least 6 in. thick, no portion 
of the steelwork, whether vertical or horizontal, to 
be unprotected. The disaster has naturally been a 
sad blow to that city and its surrounding districts. 
The fire was a very expensive one, as it occurred 
in the wealthiest district, and resulted in the entire 
destruction of a vast amount of valuable property. 
The dislocation of business has been most serious, 
and the one bright spot has been the great energy 
with which the municipal authorities handled this 
fire, and the splendid way in which they are now 
actively attending to the reconstruction of the area 
affected. 

The Baltimore fire, or, indeed, any other great 
conflagration, was entirely unexpected by the 
general public in America. The American public 
had, somehow or other, been led to believe that the 
recurrence of a conflagration such as that of the 
great Chicago fire of 1871 would be impossible ; 
and even insurance meu in America had looked 
upon the fire hazard of a city like Baltimore 
with most favourable eyes. Apparently the risk of 
that curious jumble of buildings, which still pre- 


vails in so many of the American cities, had been | p 


entirely underrated. In fact, modern construction, 
as applied to the modern American building, had 
caused the public to lose sight of the dangers of the 
existing older buildings which, it is true, whilst 
not showing some of the bad features of modern 
designs, have the far greater disadvantage of 
containing a vast amount of highly-inflammable 








material in the form of lumber construction, 
weather-boarding, or matchboard partitioning. 

Baltimore is laid out in reétangular blocks, as 
we are generally led to expect in an American city, 
but the old buildings and new stand side by side, 
and even the wood weather-boarded ‘‘ store ” could 
be seen standing next to some more monumental 
structure. The majority of the buildings were 
naturally of the ordinary commercial shop and 
warehouse class, as known in London during the 
‘seventies and ‘eighties, with the difference that 
party wall and roof regulations were apparently 
non-existent at the time of their erection, and that 
old colonial wooden buildings were allowed to abut 
on the more modern structures without due separa- 
tion. The result was that the old wooden building, 
and the ordinary building, together combined to 
make one gigantic bonfire, which nothing could 
stop, excepting a structural fire-stop or a water- 
way. Fortunately, the structural fire-stop was 
available in a group of modern “ fire-resisting”’ 
buildings of the sky-scraper type, and a waterway 
also was so situated as to afford that aid which was 
so much desired. The local fire brigade, of course, 
did its duty, and it was fairly well equipped. It 
had, moreover, the advantage of assistance from 
Washington, from New York, and from other 
American cities, but the efforts of the whole fire- 
fighting forces would have been useless had it not 
been for the assistance rendered by these fire-stops, 
which prevented the onward rush of the volume of 
flame; whilst the waterway, and last, but not least, 
a change in the direction of the wind, materially 
facilitated the firemen’s work when their final effort 
was made to stay the progress of the flames. 

To repeat, up-to-date ‘‘fire-resisting” building 
construction proved itself a success, and not, as 
our daily contemporaries would have it, a failure. 

Nevertheless, buildings so constructed had their 
windows and doors, finishings, and contents burnt 
out, and their exterior ornamentation damaged and 
skylights broken. Their structure, however, stands 
to-day as sound as it stood before the fire to the 
extent of, say, 95 per cent. out of 100, and defects 
only showed themselves in one or two places where 
there had been some flaw in design or execution. 

The so-called ‘‘ fireproof” buildings that  col- 
lapsed were of the class that we have for years 
pointed out to be constructional monstrosities, 
and did not embody up-to-date methods. We 
have already published in ENGINEERING* many 
instances of the effects of fire on buildings of so- 
called ‘‘ fireproof’ construction, where the radical 
defect had been the lack of suitable protection to 
the ironwork ; but we are glad to say that, in the 
same way as the lesson is now being learnt in 
the Metropolis, it had already been very largely 
acted upon throughout America. Baltimore can 
congratulate itself that this was the case, and 
that the teaching of experience had been applied 
to the following modern office buildings — viz., 
those belonging to the Calvert, to the Herald, 
to the Equitable, to the Maryland, to the Conti- 
nental, and Union Trust Companies. Without the 
application of modern methods to these buildings, 
the disaster would have been far greater. We 
may thus look upon the Baltimore fire as a land- 
mark in the era of ‘‘ fire-resisting”’ construction as 
affording us one of the most brilliant examples of 
what sound construction will do, and we accord- 
ingly regret that our daily contemporaries should 
have been misled by lay reporters as to what 
happened to the fire-resisting buildings of to-day, as 
distinct from the old so-called ‘‘ fireproof” build- 
ing with its unprotected metalwork. 

Some very interesting illustrations, showing at 
once the general effectiveness asa ‘‘ fire-stop ” of the 
modern sky-scraper, and also the minor weak points 
not yet eliminated, are published in recent issues 
of U.S. technical papers. These give grounds for 
believing that if the openings in these buildings 
had been properly guarded their contents might have 
escaped quite as well as their structure. In fact, 
the bank of Messrs. Alexander Brown and Sons, 
which lay in the direct path of the flames, escaped 
almost uninjured, owing to the fact that it was 
provided with windows of wired glass, which 
roved as fire-resisting as the walls themselves. 
The tallest building in Baltimore was, it seems, 
the Continental Trust Building, which had been 
completed not very long before the fire. In spite 
of the ordeal it passed through, it was found plumb 
and structurally intact after the fire, and capable 


* Vol. lxvii., pages 66, 141, 401, 459, and 571. 


of being put in good order again at a relatively 
slight cost. In some other cases the floors, due to 
faulty design of the steel beams and arches, gaye 
way. It appears that in this matter there has been 
a tendency to make the steelwork too light ; and it 
is now suggested, we learn, that the span should 
not in future be more than 5 ft. 6 in., the floor to 
consist of tiling not less than 9 in. thick, supported 
on 12-in. steel beams. In Baltimore practice it has 
been usual to protect the lower flanges of the floor- 
beams by 1 in. thickness of terra-cotta. This has, 
in cases, proved insufficient, having cracked and 
fallen off ; and it is proposed to double the thick- 
ness in future. 

As to the columns, the fire has shown that the 
terra-cotta here should be reasonably thick, and 
the tiles should not be more than 8 in. wide, and 
have fairly thick webs, as the thin webs now usual 
have in many cases cracked off. The practice of 
carrying up the iron pipes for different services 
alongside the columns, and protecting the whole with 
one and the same terra-cotta tire-proofing, has proved 
bad, as in some cases the pipes have expanded so 
much by the heat that they have bent outwards, 
forcing off the terra-cotta covering, and left 
the steelwork bare. In the facades of the build- 
ings ornamental terra-cotta has withstood the 
fire better than any stone, but not nearly. so 
well as brick. In fact, the more elaborate the tile- 
work, the worse has been its condition after the 
fire. Where cast-iron mullions or window-frames 
have been used, they have often either fused or 
warped. Partitions, when of terra-cotta, have 
stood well, but when of plaster on wire lathing, 
have been entirely destroyed. ‘‘ Mill floors ”— 
that is to say, thick timber floors which have in 
certain cases proved useful as fire-retarders—have 
been of no value at Baltimore. 








RECENT ADVANCES IN ELECTRO- 
CHEMISTRY. 

On Monday last, the first of a series of three 
Cantor lectures on the above subject was given by 
Mr. Bertram Blount, F.I.C., before the Society 
of Arts. The author remarked that it was difli- 
cult to arouse the interest of a general audience 
in such a subject as electrolysis because of the im- 
possibility of illustrating the facts by means of 
striking experiments, such as are possible with so 
many other scientific subjects. Even were experi- 
ments to be performed, the electrolytic process is 
invisible, and except that a subsequent examination 
shows a change to have occurred, the observer would 
not know that anything had been taking place in 
the vat. 

The commercial application of _ electrolytic 
methods to the refinement of metals is a com- 
paratively new industry. It has, however, passed 
the infantile stage, and is now in the course of 
a vigorous adolescence, so much so, indeed, that it 
is difficult to keep in touch with its mamy and varied 
developments. The author expressed his intention 
of confining himself to those branches of the elec- 
trolytic industry which had assumed a commercial 
importance, and leaving out of consideration, 
though reluctantly, the many ingenious methods 
which had hardly got beyond the experimental 
stage. Even among the commercial electrolytic 
processes a due sense of proportion must be exer- 
cised, for they differ widely in relative importance. 
The chief electrolytic products are copper, alu- 
minium, borax, bleach, and calcium carbide ; the 
first of these being by far the most important. 
Copper may also be refined by various non-electro- 
lytic processes, some of which, in the author's 
hands, have given very good results, though for 
all-round cheapness and convenience they were not 
comparable with deposition methods. 

An alternative chemical method of obtaining any 
product induces a spirit of competition between the 
manufacturers by the two methods which tends, by 
a healthy rivalry, to increase the efficiency of both. 
The production of chlorate of potash is an example 
of this, while, on the other hand, no alternative 
chemical means has been discovered for the pre- 
paration of carborundum or calcium carbide. 

There are, broadly speaking, two states in which 
a substance is adapted for electrolytic treatment : 
the electric current may be passed either through 
an aqueous solution, or through a bath of the ma- 
terial in a fused state. The former method is 
generally adopted for refining metals, and the 
| latter for winning them from their ores ; though 
| there seems no definite reason for the different 
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ractice in the two cases, except that custom has 

roved them to be the most convenient, The re- 
fining of copper and the production of aluminium 
are typical instanees of the two processes, The 
magnitude of the copper-refining industry may be 
indicated by the fact that 70 per cent. of the 
world’s output of copper is treated electrolytically, 
and from the sludge no less than 27,000,000 oz. of 
silver are recovered, besides a large quantity of 
gold. The purity of electrolytic copper was shown 
by tables giving the analyses of several samples. 
In one case the only detectable impurity was iron, 
which was in the extremely small proportion of 
004 per cent. 

The electrodes in the refining vats may be con- 
nected either in parallel or in series, the two 
methods being illustrated by means of diagrams. 
There is no difference in the efticiency, the choice 
of the method depending entirely on considerations 
of convenience. When connected in series, the 
first and last electrodes only are connected to the 
bus-bars, the intermediate plates acting as cathode 
on one side and anode on the other. Although 
this arrangement has the advantage of lessening 
the number of troublesome bus-bar connections, 
the method of parallel-connection is the one 
generally adopted. The author noticed the two 
systems in use side by side in a large works in 
Baltimore, and was informed that neither pos- 
sessed any striking advantages over the other. The 
process of electro-deposition is now so thoroughly 
understood that its commercial success depends 
principally upon ordinary engineering matters, 
such as facilities for handling and transporting 
the electrodes, removing sludge, &c. Though the 
refining of copper is of more recent date in the 
States than in Europe, it is now carried on there 
on a far larger scale. The reasons for this are 
chiefly that the bulk of copper ore is obtained in 
America, and American refiners have been com- 
pelled to adopt mechanical methods of handling 
material on account of the scarcity of cheap labour. 
Only the poorer classes of ore find their way to 
England, and thus our copper works are handi- 
capped by difficulties of reduction. As an example 
of the enormous size of the American refineries, 
the author mentioned the Anaconda Copper Com- 
pany, which turns out 100 tons of pure copper per 
diem, employing 3000 horse-power in the process. 
The tanks necessary cover three acres, the electrodes 
being arranged in parallel. Underneath the 
tanks are tramways to remove sludge, from which 
no less than 1283 tons of silver and half a ton of 
gold are recovered in the course of a year. It is 
evident that the amount of copper in a refinery 
at any time represents so much money lying idle, so 
that any means of hastening the process of deposi- 
tion would be welcome. The heating of the elec- 
trolyte has been tried, also a forced circulation of 
it in the vats, but neither is very effective. Under 
ordinary conditions a current density of about 
20 amperes per square foot is the maximum possible 
in the vats, as any increase causes the copper to be 
deposited in irregular nodules, or to ‘‘ tree ” between 
the plates. Some plates were shown at the lecture- 
table as examples of nodular deposition. 

In the Cowper-Coles process a cylindrical 
cathode is kept in rapid revolution, which causes 
the deposition to be quite smooth, even at consider- 
ably above the the usual current density. The 
cathode can be removed from its former in the 
shape of a smooth homogeneous tube. A lantern- 
slide illustrating a Cowper-Coles plant was shown 
on the screen, and on the lecture-table were a series 
of small cathodes about 14 in. in diameter, illus- 
trating the approach to smoothness of surface as 
the speed increased. The cathodes formed at slow 
speeds were very rough, but at the maximum speed 
of 1800 revolutions were beautifully smooth. The 
general explanation of this fact is that the rotation 
of the cathode removes all bubbles, &c., which may 
be formed, but the author inclined to the opinion 
that the friction of the liquid had a burnishing 
action. Neither explanation seems quite satisfac- 
tory, as it has been found that when the electrolyte 
is driven against the cathode in the form of a jet, 
the same result is not obtained. 

A current density of 26 amperes per square foot 
may be utilised by the ‘‘ Dolphins” method, which 
was illustrated by a diagram. In this method the 





injector, through which air is drawn by the velogity 
of the descending liquid. The air promotes circu- 
lation by bubbling up through the liquid in the de- 
positing tank. 

To enable the refinement of copper to be carried 
out easily, the smelter must prepare a fairly pure 
metal for the anodes. Numerous attempts have 
been made to deposit metal straight from the ore, 
but so far they have not been commercially suc- 
cessful. The Intercolonial Company of Dorchester, 
Canada, are working a plant on a small scale, in 
which copper is obtained from a poor sulphide 
ore, but a considerable amount of copper is left 
behind in the process. 

Metallic zinc of very great purity is not in great 
demand. The chief impurity—lead—is usually of 
no importance in the commercial application of the 
metal. It is probable that if there were a market 
for very pure zinc, it could be produced more 
cheaply by distilling in vacuo than by any electro- 
lytic method, as the metal is not easy to deposit 
electrolytically. A high electromotive force is 
needed, and whether the bath is acid or alkaline 
troubles occur, and a bad spongy deposit results. 
Messrs. Brunner, Mond, and Co., have a process 
for obtaining chlorine which gives pure zinc as a 
by-product. 

Nickel, which until a few years ago was a com- 
paratively rare metal, is now in large demand. It 
is usually found associated with copper as an ore, 
and is difficult to separate. The ore is smelted to 
a nickel-copper matt, from which the nickel was 
formerly obtained by electro-deposition ; but the 
improvement in purely chemical processes has put 
a stop to this industry, and electrolytic nickel is no 
longer on the market. In New Jersey, in 1894, 
new attempts at refining the metal were made. 
The ore was smelted till it contained from 94 to 95 
per cent. of nickel, and then was refined in a 
similar manner to copper. The author described 
the Brown process, carried on in Cleveland, Ohio, 
by which the proportion of copper in the nickel 
was reduced to one part in eighty, but stated that 
this had to give way before chemical processes, as 
the nickel-copper matt can be cheaply reduced by 
smelting. 

As regards lead, there is at present no electro- 
lytic method of refining which can compete with 
the ordinary chemical process. Ordinary lead is so 
pure, containing as it does about 99.9 per cent. of 
the pure metal, and the comparatively valuable im- 
purity silver, is reduced to such exceedingly small 
proportions that there seems very little scope for an 
electrolytic method of refining. There are, how- 
ever, one or two electrolytic plants at work in 
America which, aided by favourable circumstances 
and cheap power, are holding their own in the in- 
dustry. 








COTTON MACHINERY EXHIBIT FOR 
THE ST. LOUIS EXHIBITION. 

THERE is a growing disinclination on the part of 
British textile machinists to exhibit their machines 
publicly in other countries. Of the wisdom of this 
course there are varying opinions, but we believe 
it to be a fact that the exhibit about to be 
noticed will be the only example of textile 
machinery sent from this country to the St. 
Louis Exhibition. It is worth noting, therefore, 
that it is very complete, including excellent 
examples of nearly every machine employed in 
cotton-spinning, as made by Messrs. Platt Brothers 
and Co., Limited, of Oldham, the largest firm 
in the world engaged in this special department. 
The exhibit forms, indeed, a miniature equipment 
as supplied to a modern cotton-spinning mill. 
Not only so, but the various machines are so 
arranged that they follow the proper sequence, so 
that it will be possible to trace the course of the 
material and its manipulation as in actual practice. 
The recent development of the operation of cotton- 
spinning has followed lines long since laid down, 
and has been in the direction of lessened manipula- 
tion of the material and improved construction 
of the machinery in order to diminish the 
cost of labour, while producing an equal or 
better article. Constructional methods have 
become much more scientific in machine-making, 


}as in many other departments of engineering, and 


electrolyte is kept in vigorous circulation in the de-|the present exhibit shows that Messrs. Platt 
positing vat, by flowing into it from an overhead | Brothers and Co. have not been neglectful of this 


tank, up to which it is again pumped after leaving | 


the vat by an overflow pipe. In the down-pipe 


leading to the vat is an apparatus similar to an. 


side of the subject. When the machines are set 
up in the Exhibition they ought to convince many 
of our American friends that there is some value 





in weight alone in machines of this character, 
especially when it is combined with careful and 
accurate construction. 

The exhibit contains two examples of cotton- 
gins, both of the type in which the cotton fibres 
are separated from the seed, to which they cling 
tenaciously, by the combination of the rotation of 
a leather-covered roller and fixed or reciprocating 
knives. Gins of this type will possess some novelty 
in the United States, where the saw-gin is largely 
used ; but the superiority of the roller-gin, so far as 
the product is concerned, has led to its wide adoption 
for the better growths of cotton, such as Egyptian, 
with its greater length and finer diameter. Gin- 
cut cotton is very commonly delivered from the 
saw-gins in the United States. Those machines, 
as will be gathered, are used in the country of 
growth, prior to the formation of the bale for 
export. The interest of the mill manager in this 
country begins (after the cotton is purchased) with 
the delivery of the bales at his mill, and his 
first proceeding is, after stripping the bale of its 
ties and jute covering, to break, up the matted 
mass of cotton, which has been subjected to 
a high pressure, into conveniently sized pieces. 
The first stage in the preparation of cotton for 
spinning being the reduction of it to a fleecy 
condition (resembling its condition when picked), 
a special series of machines is needed. Until 
quite recently it was the practice to pull the large 
flakes of cotton into smaller pieces by means of a 
machine containing two or three pairs of spiked 
rollers, each pair revolving at a different speed,. 
Although this was a fairly efficient method it was 
violent in action, and still left the cotton in lumps, 
The work is now done by a machine known as 
a hopper-bale breaker. As its name implies it 
is provided with a hopper into which the 
pieces of cotton are placed. The bottom of the 
hopper is fitted with a moving lattice, which 
conveys the cotton inwards, so as to bring it into 
the range of spikes fixed in laths attached to an 
almost vertical endless apron, which passes over 
two pulleys, one of which is driven. The pieces of 
cotton are seized by the spikes and combed out, 
some of the fibres being carried upward by the 
spikes, and afterwards beaten off and flung on to a 
delivery lattice. Asa good deal of dust and short 
fibres are thrown off at this point, a fan is provided 
to draw these impurities away at once. This method 
of breaking up a bale is comparatively recent, and 
the machine as made and exhibited is of a new 
design and very powerful. About eight bales, 
weighing 500 lb. each, can be dealt with per hour, 
and the cotton delivered for treatment by the next 
of the series of machines in a much looser condi- 
tion, thus facilitating the work of purification, 
which is the chief aim of the first section of the 
machines exhibited. 

A feature of this part of the operation is the 
combination of the machines employed with special 
means of conveying the cotton from point to point. 
This is done by the extensive employment of lattice 
aprons, which in modern mills are arranged so as 
to carry the cotton to any bin or machine desired ; 
and of tubes through which the cotton is drawn 
by pneumatic suction. As a general rule, lattice 
aprons are utilised to carry the cotton from the 
bale-breaker to the mixing-bins or the first cleaning 
machine—known as the opener—while the pneu- 
matic system is employed to carry it from one 
opening or cleaning machine to another. In Messrs, 
Platt’s exhibit both these systems will be: pre- 
sented, the net result being that from the time the 
cotton bale is first broken up until the cotton has 
been opened and cleaned, no handling is necessary. 
This system reduces the cost to a minimum, while 
the efficiency of the treatment is not diminished. 

In the remainder of the space allotted to 
the cleaning section, a complete equipment of 
opening and scutching machinery is provided, 
consisting of a lattice - feeding machine (which 
is precedent to the hopper feeder), a single 
Crichton opening machine, an exhaust opening 
machine combined with a lap machine, and a 
single scutching machine. These machines, with 
the exception of a hopper - feeding machine 
(also provided) have been generally employed for 
some years. The hopper-feeding machine is very 
similar in construction to the bale breaker ; but, 
as it deals with cotton in its open condition, is 
naturally lighter in construction. The cotton is 
here more usually fed from bins in which various 
grades have been mixed, this being a process which 





possesses many advantages, including that of 
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economy. As arranged on the stand, the cotton 
will be conveyed by lattices to the mixing-bins, 
thence to a hopper feeder, from which it passes 
by lattices directly to a lattice-feed machine de- 
livering into a dust trunk, by which it is drawn to 
the Crickton opener ; or to the opening machine 
as made by Messrs. Platt, where, after being cleansed 
by means of repeated blows from a revolving beater, 
it is formed into a continuous sheet, which, when 
rolled up, is called a ‘‘ lap.” Thus, from the time 
when the bale is broken up, the cotton is never 
manually dealt with until it has been beaten and 
freed from impurities and formed into a sheet of 
the necessary substance for being carded, except to 
transfer the laps from the first to the second 
scutching machine. 

Messrs. Platt’s exhibit is arranged to show this 
system fully, the various machines being coupled, 
as described. They are a good specimen of construc- 
tion, a great number of small details having re- 
ceived attention, and, taken as an integer of the 
whole exhibit, they form a very excellent specimen 
of design and economical arrangement. 

After the laps are formed as described, the cotton 
fibres are carded—that is, submitted to the action of 
fine teeth, while being held by other and similar 
teeth fixed on a revolving cylinder. The modern 
carding machine is known as the ‘‘ revolving flat,” 
and is substantially the only one now employed. 
The example exhibited by Messrs. Platt is a very 
good specimen of work. The settings needed in 
the machine are so fine that the construction becomes 
a matter of great importance. The lap is here broken 
up into its constituent fibres, which are separately 
treated by the card teeth before being taken off in 
the form of a very thin web, which is gathered up 
loosely into a strand. There are a number of 
details requiring attention, and calling for very 
accurate machine-tool work. The settings are made 
to thousandths of an inch, and must be maintained 
throughout the working of the machine, although 
the cylinder, which is 50 in. in diameter up to 
45 in. wide, revolves about 160 times per minute. 
There are several parts of the machine which call 
for careful thought in design, stability being a most 
desirable feature. It is only necessary to say that 
in all these respects the machine is notable. Great 
care has been given to enable easy and accurate 
setting of the various parts, the adjustments being 
in most cases easily made from outside. 

Usually when cotton has been carded the 
‘* sliver” produced is passed forward to be drawn 
and spun, but in the case of fine yarns, spun 
from ‘‘long-stapled” cotton, it is also combed. 
Accordingly the ‘‘ slivers” from the card are col- 
lected into a sheet from 10} in. to 12 in. wide, and 
are drawn in the process. These ‘‘laps” are fed 
to a combing machine, where they are combed by a 
series of fine needles, which remove all fibres below 
a certain length, and deliver the full-length fibres 
in the form of a ‘‘sliver.” For many years the 
only machine extensively used for this purpose 
was the ‘‘ Heilman,” so called after its inventor. 
The exhibit includes the three machines named— 
a ‘*sliver” lap machine, by which the “slivers” 
are drawn and made into a lap; a ‘‘ribbon” lap 
machine, by which the lap is attenuated or drawn ; 
and a ‘‘combing” machine of the ‘“ Heilman” 
type. The exhibited machine has eight heads for 
laps 12 in. wide, and has been remodelled through- 
out, in order to give the necessary strength and 
steadiness in work. The ‘‘combing” machine 
probably contains the most exact mechanism 
which is found in cotton-spinning machines, and 
much depends upon accuracy and conscientious- 
ness in construction. The machine exhibited is 
beautifully made, and well designed. 

The ‘‘slivers” produced on either the ‘‘ carding” 
or ‘‘combing” machine are too thick to be twisted, 
and are slowly reduced in thickness by several 
stages. The machine for drawing them, which is 
the central operation in the whole process, has 
been greatly improved constructionally, and the 
specimen included in the exhibit embodies a large 
number of improvements in detail which tend 
towards greater efficiency. 

The ‘sliver,” after being drawn, is treated by 
the series of machines known as ‘‘speed,” ‘‘flyer,” 
or ‘‘roving” frames, the latter being specifically 
applied to the last of the series. Their object is to 


further attenuate the ‘‘sliver” by means of draw- 
ing rollers, and, as its coherence has been much 
reduced by the diminution in its substance, a little 
twist is introduced in order to enable it to be still 


tinued till the final twist is introduced. When 
delivered from the rollers the partially-twisted 
strand is wound on to a cylindrical wooden spool or 
tube in the form of a cylindrical body with trun- | 
cated conical ends. As the material becomes finer | 
in diameter it is wound into similar, but smaller, | 
bobbins. The series of machines exhibited com- 
prises a slubbing frame of 28 spindles, with a lift or | 
vertical traverse of 12 in., making a full bobbin | 
64 in. in diameter; an intermediate frame of 
38 spindles with 10 in. traverse, and making a! 
bobbin 5 in. in diameter; a roving frame with | 
60 spindles, making bobbins 6 in. long by 38 in. | 
in diameter; and a fine roving or jack frame of | 
seventy-six spindles, 6 in. lift, the full diameter of 
the bobbin being 24 in. The number of machines 
in the series varies somewhat, there being some- 
times only two used for the preparation of 
‘‘rovings” for coarse yarn, while all four are 
employed when ‘‘fine” yarns are to be spun. 
Except as to their size, the details of the mecha- 
nism of these machines are similar, except in some 
special points, which, however, do not call for 
detailed description. When the ‘‘roving,” as the 
attenuated and slightly twisted material is now 
called, is produced, it is ready to be dealt with by 
the spinning machines, on which the final attenua- 
tion and twisting is effected. As in the rest of the 
exhibit, the details of construction have been well 
attended to. 

The operation of spinning is now performed 
either on the ‘‘ ring’ frame (which is a continuous 
spinner) or on the mule, which is intermittent in 
its action, the operations of spinning and winding 
being performed separately. The yarn produced 
on the mule is generally considered to be of better 
quality than that from the ring frame, and accord- 
ingly the machine is principally employed for the 
better and finer kinds. In the United States the 
ring frame is, it is true, often used for spinning 
fine yarns ; but quality of production is not there 
insisted on as much as quantity. 

Two mules are included in the exhibit, one con- 
taining 168 spindles with a gauge of 1 in. for low 
medium counts; and the other of 224 spindles 
of 1,3;-in. gauge. Both are very good specimens of 
a machine, for which the makers are notable, and 
have been constructed from a new set of patterns 
and remodelled throughout. To attempt to de- 
scribe this complicated machine, or to point out the 
numerous improvements made, would take tuo much 
space, and it must suffice to say that they include 
a number of motions which have been devised to 
increase the productive capacity. The finer mule, 
however, contains a new motion by which a better 
‘*nose” is given to the cop than has been pre- 
viously attained. It effects its purpose by giving a 
slower speed to the carriage as it completes its 
inward or winding run, and while the winding 
faller is rising after its unlocking has taken place. 
In this way the yarn is more tightly wound on 
the nose or ‘‘ chase” of the cop, and unravelling or 
‘*halching ” is avoided. For yarns of 80’s counts and 
upwards the result has been found to be very 
satisfactory. Without a diagram it is not possible 
effectively to make the action clear. Generally 
speaking, both mules represent the best practice in 
their construction, although the use of this machine 
is considered by many spinners in the United 
States to involve too low a production. At present, 
however, we know of no successful effort to pro- 
duce yarns of the quality and (in fine counts) in 
the quantity which is possible with the mule. 

In addition to the mules named, the exhibit 
includes two ring-spinning machines, which will 
very well stand comparison with those made in the 
States. They are not only well constructed in all 
their details, but are very strong and substantial 
in design—a feature in which they are superior to 
any machines of the same class of Transatlantic 
manufacture. While excess of weight is perhaps 
to be deprecated, it is certain that, with the high 
velocities attained in these machines, substantiality 
of design is no less valuable than good construc- 
tion, the absorption of vibration being not un- 
important. 

Messrs. Platt Brothers have relied in this exhibit 
upon a display of a very complete nature, alike in 
design and construction. Substantially, the whole 
range of machines ordinarily employed is exhibited, 
and not only so, but they are arranged so as to 
represent completely the actual round of operations. 
Seeing that it is the only English exhibit of the 
kind, it is gratifying that it should be so complete 





The reduction is, however, con- 


further drawn, 








and representative of English practice. It will be 





| tative” in character, but ‘‘ quantitative.” 


well if all British exhibitors are as careful of theip 
| country’s reputation ; but that can hardly be hoped 
| for. 








ELECTRICAL METHODS OF MEASUR. 
ING TEMPERATURE. 

THE second of Professor H. L. Callendar’s lee. 
tures on electrical methods of measuring tempera. 
ture was, to a large extent, devoted to exhibiting how 
well the platinum thermometer lent itself to lecture 
demonstrations of different facts relating to heat. By 
its means it was possible, the speaker explained, to 
make lecture experiments no longer merely ‘ quali- 
The 
platinum resistance-thermometer, he pointed out, 
could be made in many forms. If arranged as a 
long straight wire, it would conveniently give the 
average temperature of a long tube in which it was 
placed, or the average temperature of a column of 
fluid in which it was immersed. Regnault, in his 
classical experiments on the expansion of mercury, 
used an air-thermometer constructed with a long 
narrow bulb, with a similar end in view. The 
length of the column of mercury he experimented 
with was, however, restricted, and the total expan- 
sion observed between 0 deg. Cent. and 100 deg. 
Cent. was only 25 millimetres. In repeating 
Regnault’s experiments, the lecturer stated he had 
used a column of mercury 60 ft. long, divided up 
into sections of 6 ft. each, arranged in series with 
each other, and the average temperature of the 
whole lot was taken by a long platinum wire ar- 
ranged inside a steel tube, similar and similarly 
situated to that containing the mercury. 

In another series of experiments in which he 
had measured the expansion of platinum and 
silicon, a platinum tube was used, which was 
heated by an electric current. Its electrical re- 
sistance being measured in the usual way gave 
also its temperature, so that it formed its own 
thermometer. The results obtained were repre- 
sented in Fig. 1 andin Fig. 2. The curve shown 
in Fig. 1 did not, on the scale on which it plotted, 
differ very greatly from a straight line, but Fig. 2 
showed the actual departures from a_ straight 
line curve plotted to a large scale. The expansion 
of silicon was measured in a somewhat similar way, 
and, as shown by the lower curve in Fig. 1, was very 
much less than that of platinum. The same curve 
was also shown plotted to a greater scale, as in 
Fig. 3. Here it would be seen that the curve of 
expansion was discontinuous, and that after a tem- 
perature of about 1400 deg. the substance began to 
contract. Le Chatelier, he remarked, had also 
measured the expansion of silica by comparing it 
with that of a porcelain rod, of which it was assumed 
that the law of expansion was known. His results, 
plotted as the dotted line in figure, seemed to show 
that the silica began to contract at a temperature 
of about 750 deg. Cent.; but this result appeared, 
the lecturer stated, to be really due to the expan- 
sion of the porcelain comparison-bar suddenly be- 
coming abnormally great at about this temperature, 
as it has since been proved is the case with certain 
porcelains. 

The platinum thermometer, he proceeded, lent 
itself exceedingly well to investigations into the 
specific heats of various bodies, such as water, mer- 
cury, or steam. The apparatus used was represented 
in Fig. 4. The water or steam was passed in a con- 
tinuous stream through a fine tube surrounded by a 
vacuum jacket, as shown. A platinum thermometer 
was fixed in each of the wide branches at the ends 
of this fine tube, and by means of spiral guides the 
fluid was caused to flow well round the ‘‘ bulbs” of 
the platinum thermometers, so that its true average 
temperature was duly recorded. A fine platinum 
wire was wound outside the fine tube, and a current 
through this served to heat the fluid as it passed 
through the tube. As radiation losses were made 
extremely small by the use of the vacuum tube, 
which was also silvered over externally, the whole 
of the heat generated by the current went to warm 
up the fluid as it passed through the fine capillary 
tube. Its rise of temperature being measured by 
the platinum thermometers, and the rate of flow 
being noted, the specific heat was readily deduced. 
As he had pointed out in his last lecture, the 
platinum thermometer was particularly useful in 
measuring small differences of temperature by 
putting one in each arm of a Wheatstone bridge ; 
the difference of temperature between the two being 
then indicated on the galvanometer scale, and not 
the actual temperature of either, and this was the 
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Jan followed in the research above described. 
By a similar arrangement, Principal Griffiths had 
measured temperature differences in freezing- 

int determinations to ;ayg deg. Cent. 

Haycock and Neville, at Cambridge, had applied 
the instrument to the study of alloys; and in Fig. 5 
were reproduced curves Professor Callendar had him- 
self obtained, showing some of the arvet points of iron 
and steel. The curve on the left was a temperature- 
time curve for iron, made by the Callendar record- 
ing thermometer (see ENGINEERING, May 26, 1899). 
It showed one arret point only, its specific heat 
suddenly changing at 831 deg. Cent. The second 
curve was similarly obtained with a piece of 
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rather hard steel, which, as will be seen, showed 
no trace of the Ar, point, and the third curve 
was obtained by heating the two specimens to the 
same initial temperature, and letting them cool 
together ; the ‘‘ difference ” of temperature between 
the two being measured by making use of a couple 
of platinum thermometers, as already explained. 
This combination of two instruments was also 
very well adapted to showing the cooling effect 
obtained in allowing a gas to expand through a 
porous plug. 

The electric resistance method of measuring tem- 
peratures was also applicable to the determination 
of conductivities. Here a wire of the metal to be in- 
vestigated was heated by acurrent. This wire was 
fixed at each end to a heavy block of copper, and 
then the average temperature of the wire depended 
partly on the loss of heat by emissivity, and partly 
on that by conduction to the copper terminals. 
By using wires of different lengths the two factors 
could be separated, and the conductivity thus de- 
termined. Here, as before, the wire served as its 
own thermometer. Electric thermometers had 
also been used to determine in absolute measure 
the intensity of radiation. The instrument used 
(Angstrém’s pyrheliometer) was represented in 
Fig. 6. It consisted of two blackened strips of 
platinum §S, S!, one of which was heated by an 





electric current, and the other by the radiation 
to be measured. The temperature of the strips 
was taken by thermo-couples, connected up to 
each other and to a galvanometer G, as shown. 
A movable screen enabled either strip to be 
shaded or exposed alternately ; and a switch at K 
could similarly be used to put either in circuit 
with the battery B. It was thus possible, by 
‘changing over” the screen and the current, to 
eliminate errors due to small differences in the two 
strips, which it was difficult to make exactly alike. 
Platinum thermometry also lent itself very well 
to measurements of Joule’s equivalent in lecture 
experiments. For this Professor Callendar made use 
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of a brass drum containing water, and rotated by an 
electromotor against the resistance supplied by a 
dynamometer brake, consisting of a strip of silk 
weighted at each end. This not only converted 
the work of the motor into the heat absorbed by 
the water, but also measured accurately its amount. 
A platinum thermometer with a scale reading to 
1}5 deg. Cent. was used to measure the rise of tem- 
perature, and radiation losses were compensated for 
by starting the observations when the water in the 
drum was 2 or 3 degrees below the room tempera- 
ture, and continuing them till the temperature had 
been raised to an equal extent above that of the 
room. An accuracy of part in 200 was, he said, 
readily attainable. 








TIN-PLATE PROSPECTS. 
A coop deal of our tin-plate trade with the United 





States has been lost during the years which have 
| elapsed since the McKinley tariff first rendered pos- 
| sible the domestic industry, and we have been com- 
' pelled to look around for other markets. In this we 
have succeeded not badly. In their annual review 
of the trade for last year, Messrs. William Fallows, 
'of Liverpool, reminded us that in 1890 the pro- 
|duction of tin-plates was estimated at about 
|12 million boxes, but in that year the passing of 
| the McKinley tariff gave the trade a serious check ; 
‘and the shipments to America, which averaged 
| 295,724 tons between 1886-1890, decreased to 66,700 
tons between 1898-1902. Notwithstanding this ex- 
|traordinary decrease, it was pointed out as some- 
|what remarkable that the production, which un- 
|doubtedly decreased during the interval between 
| 1890 and 1902, had recovered until it had again risen 
‘to 12 million boxes in 1902. This improvement, 
|added Messrs. Fallows, was ‘‘entirely due to the 





fact that with perfect freedom to work out its own 
salvation, the trade had entirely recovered, and has 
now the prospect of better times in store, if allowed 
to work on under the same conditions it enjoyed in 
the past.” It remains that America is still our 
best market for tin-plates, the quantity shipped 
there last year (and there was a falling-off of 
14,500 tons as compared with 1902, by reason of 
the depression which developed in the last six 
months) amounting to 50,674 tons, India ranking 
second with 32,242 tons, and Russia third with 
25,922 tons. The outlook for the current year for 
our own trade is necessarily, by this showing, influ- 
enced in no small degree by the position of the 
American industry. The war in the Far East will 
operate against enterprise, and the state of trade in 
America shows no signs of recovery, so that pro- 
spects are not altogether bright. 

South Wales has a serious competitor—on Ameri- 
can soil at least—in the Tin-Plate Trust, which 
has the advantage of not being compelled to pay 
ocean freights and import duty; and recently the 
trust has thought it advisable to reduce prices, 
thereby causing confusion among the indepen- 
dent producers. At the end of January the 
trust, properly known as the American Tin-Plate 
Company, which has since been merged into the 
American Sheet and Tin-Plate Company, made a 
reduction of 3 dols. per ton, equal to 15 cents per 
box, thus bringing down the price per box from 
3.60 dols. to 3.45 dols. The move caused surprise 
and something like consternation outside, for four 
or five of the leading independent mills had sold 
heavily for delivery four or six months ahead, and 
had guaranteed prices against a decline, thus pro- 
tecting their customers. Now that the Tin-Plate 
Trust have made a cut of 15 cents a box, it is.a 
heavy blow to the outside mills, as they will have 
to make a similar reduction on all contracts on their 
books, resulting in an actual loss of many thousands 
of dollars. In fact, the pathway of the indepen- 
dent tin-plate mills is not by any means one of 
roses. It is doubtful whether the best-equipped 
mills can make a profit, and it is practically certain 
the smaller mills cannot run except at a loss. 
Probably no branch of the finished material market 
is in such thorough control of the Steel Trust as 
tin-plate, for the reason that the outside mills are 
compelled to buy their tin-plate bars in the open 
market, and pay very high figures for them. At 
the present time the price of bars, as charged by 
the Carnegie Steel Company, is 24.50 dols. per ton. 
It is claimed that this quotation prohibits a profit 
in tin-plate at 3.45 dols. per box ; and that this is 
true is shown by the fact that already two or three 
of the leading independent tin-plate mills have 
closed down and are not turning a wheel. 

There is trouble also in the matter of wages. 
The outside mills have signed the Amalgamated 
Association scale of wages, which is very high, and 
they are unable to obtain any concessions until the 
scale expires on June 30 next. Shortly after the 
Trust made a reduction in prices, two or three 
independent mills made a demand upon the Asso- 
ciation for reduction in wages which would permit 
them to compete with the Tin-Plate Trust in the 
open market. This demand was promptly refused 
by the Amalgamated Association, which stated that 
no request for lower wages would be entertained 
until the present wage-scale expires. It will be 
recalled that when the great strike took place 
among the leading tin-plate and sheet mills in the 
summer of 1902, the United States Steel Corpo- 
ration gave the Amalgamated Association pro- 
bably the worst defeat in its history;'and at 
the present time the Tin-Plate Trust is operat- 
ing about a dozen of its largest plants at a 
scale of wages ranging from 20 to 30 per 
cent. lower than paid by the independent mills 
which signed the Amalgamated scale. There does 
not seem to be any relief in sight for the latter, and 
just what action they will take in future remains to 

e seen. At the present price of 3.45 dols. per 
box for tin-plates, the American Sheet and Tin-Plate 
Company has a very large profit, as it secures its 
tin bars from the Carnegie Steel Company at 6 dols. 
to7 dols. per ton under what the outside mills have to 
pay. Until July, the independent mills will have to 
get along atas small a loss as possible. After that, 
the situation will depend upon the attitude of the 
Amalgamated Association. Meantime, reduced 
prices of, and a slack demand for, American plates 
will be not without effect upon shipments from this 
country. Itis probable that other markets, with 





the exception, perhaps, of Russia, will increase 





”— 


72 


4 
~) 


ENGINEERING, 





[Marcu 11, 1904. 











their takings. India is prosperous, and conditions 
in Australasia, Canada, Germany, and France are 
promising. 








NOTES. 
A New Naputna District at THE CasPIAN Sra. 


Some time ago the Nobel Company undertook 
borings in the Berekei district, at a considerable 
distance from Apscheron and Grosny, and at a 
depth of 1300 ft. naphtha began to spring forth in 
large quantities, but varying materially from day to 
day, from 5000 to 15,000 poods of pure naphtha of 
good quality per 24 hours. The Berekei domain, 
where nearly all the land has already been secured, 
lies on a plain on the western border of the Caspian 
Sea, at a distance of 95 versts from Petrowsk, and 
25 versts from Derbent, the distance from the shore 
being only 5versts. The position is, in consequence, 
just as favourable as at Baku. A good many years 
ago some experimental borings were undertaken at 
Berekei, but they were not persevered with. The 
extent of the naphtha-containing strata has not yet 
been ascertained, but everything points to the 
fact that at Berekei a new, rich, and favourably 
located naphtha field has been come upon. There 
has been a rush of people to secure land, although 
the position of the market cannot be described as 
particularly encouraging. 


THE MANUFACTURE OF ARTIFICIAL SANDSTONE. 

In a paper read before the American Ceramic 
Society by Mr. Samuel V. Peppel, B.Sc., the 
author gives an interesting account of different 
methods of making artificial sandstone, and en- 
larges on the pros and cons of various methods 
of manufacture. He states that the sand-brick, 
or the ‘ Kalksandsten” of the Germans, is 
a mass of sand particles bound together by either 
calcium carbonate or calcium hydro-silicate, or a 
mixture of both. Sand-bricks with calcium car- 
bonate as the cementing material have been manu- 
factured for more than 50 years, while sand-bricks 
with calcium silicate as the cementing material do 
not date back further than about 20 years. In the 
latter case there is a chemical combination between 
the two constituents of the brick which binds 
them together in a manner akin to vitrification. 
The raw materials are the same for both pro- 
ducts—sand and lime, the difference depending 
on the process of manufacture, which results in 
three distinct products—viz., (1) Sand-brick with 
exclusively carbonate cementing material ; (2) Sand- 
brick with partly carbonate and partly silicate 
cementing material; and (3) Sand-brick with hy- 
dro-silicate cementing material. In the first of 
these 20 to 40 per cent. of completely-slaked lime 
is thoroughly mixed, with sufficient water to make 
moulding possible at moderate pressures, and the 
hardening is carried out in one of three ways :— 
(a) the brick is exposed to the air for a long 
time until hard ; (b) the brick is placed in an atmo- 
sphere rich in CO, without pressure ; and (c) the 
hardening is carried out with CO, under pressure. 
The results, so far as (a) and (b) are concerned, are 
almost similar. In the case of No. 2 brick, the 
treatment is similar to No. 1, but the hardening is 
effected in a warm, moist atmosphere saturated 
with CO,. In the case of No. 3, the sand and lime, 
after being ‘mixed and formed into bricks, are 
treated with high-pressure steam for a certain time 
and are hardened under that influence. These 
latter bricks have a very high tensile and crushing 
strength. 

TrapE Union Tyranny. 


Those who feel inclined to support any move- 
ment in favour of some modification of the law 
affecting trade unions would do well to study the 
recent case of McGuire v. Andrews and others and 
the Amalgamated Society of House Decorators and 
Painters (Plaistow branch), a report of which ap- 
peared in the Times for March 8. If any further 
testimony were required to show that the recent 
decisions of the House of Lords as to the liability 
of these bodies are founded upon elementary justice, 
that evidence is supplied by the case under notice. 
It appears that the plaintiff was a member of a 
trade union. The defendant union, whose members 
followed the same employment as the plaintiff, ob- 
jected to his being allowed to work or to find em- 
ployment in places where members of the defendant 
union were employed. In other words, they sought 
to put pressure upon him to join their ranks. In 





January, 1903, he was employed as a ship painter 
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by a firm with whom he had been working for 
three years. It appeared that all the painters 
working for this firm at that time, except the 
plaintiff, were members of the defendant union. 
Upon representations being made to Messrs. 
Wright to the effect that if the plaintiff was allowed 
to work the other men would go out, the employers 
had nothing to do but to discharge the plaintiff, 
although they had no fault to find with him. He then 
brought his action, alleging that the local branch 
were responsible for the acts of the men who had 
taken an active part in procuring his dismissal, 
and that the union, as a body, were liable for 
the acts of the local branch. All the usual legal 
sophistries were put forward to excuse the union. 
But there was something more. 
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It was gravely | 


argued that if conduct of this kind were not} 


allowed, a trade union could not exist in England ! 
All we can say, in commenting upon this case, is 
that if every union were permitted to carry out its 
objects in this way, the reign of tyranny would re- 
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indicated in Fig. 1. As will be seen, provision is 
made for electric traction of the carson the conduit 
system. The sewers shown measure 4 ft. 6 in. by 
2 ft. 8 in., and the inverts are lined with blue brick. 
The actual crossings of the Strand and Holborn will 
be effected by two tubes, each 15 ft. 10 in. in outside 
diameter, lined with cast iron, and constructed by 
means of the Greathead shield. 








THE JUNIOR INSTITUTION OF ENGINEERS.—At the meet- 
ing of this institution, held at the Westminster Palace 
Hotel on March 4, the chairman, Mr. Samuel Cutler, 
jun., presiding, a paper was read by Mr. G. C. Alling- 
ham, entitled ‘‘ Notes on Electric Accumulators.” After 
a brief reference to the Edison and other types of cell, 
the author confined his remarks to the lead storage cell, 
stating in stationary cells it was now the usual practice 
to employ Planté type positives and pasted negatives; 
he then discussed the ‘‘formation” of the positives, the 
‘‘shedding” of the peroxide from them, and buckling. 


| The pasting and formation of the negatives were then 


commence, and the whole effect of the Taff Vale | 


judgment would be rendered nugatory. We are 
glad to find that a London special jury, in giving a 


verdict for 25/1. damages in favour of the plaintiff, | 


were glad to take the opportunity of marking their 
sense that methods of this kind cannot be tolerated. 
The extraordinary feature of this case was that the 
dispute lay between two unions. The employers 
were not anxious to take a part; all they 
had to do was to look after their own interests, 
and they naturally took a course which involved 
them in the least loss. Numerous instances 
might be cited in which employers have been 
the victims of internecine strife between power- 
ful unions. The case under notice indicates 
a short and speedy way of bringing troubles of 
this kind to anend. All the employer has to do 
is to threaten to dismiss the workmen who are 
complained of, and allege at the time that he does 
so under compulsion. The prospect of an action, 
and the payment of damages and costs, will often 
prevent the union making undue use of its powers. 








THE COUNTY COUNCIL SUBWAYS IN 
KINGSWAY. 

By the courtesy of Mr. Maurice Fitzmaurice, 
M. Inst. C.E., we are now enabled to supplement the 
sketch published in our issue of February 26, showing 
the general character of the sub-surface construction 
of the new Kingsway, by copies of the actual work- 
ing drawings. It will be seen that on a portion of the 
line of route the arch used in the deep-level section 
near the Strand is replaced by steel troughing, as 


| pletion of the charge of a 


dealt with, as well as the gradual shrinkage of the active 
material, and consequent loss of capacity. The older 
system of building up the plates into ‘‘sections” was 
contrasted with the modern plan of suspending the plates 
freely in. the cells by their lugs; and the advantages of 
the practice, which is rapidly coming into favour, of 
‘*burning” up all the connections on i spot, after the 
erection of the battery, were pointed out. The import- 
ance of arranging batteries so as to provide every 
facility for attention and inspection was emphasised. 
Motor-car and other portable cells were next con- 
sidered. Here the usual practice was to employ light 
pasted plates, which have a very short life, but 
which are made as cheaply as possible; and are simply 
scraped and replaced by new ones as soon as they 
begin to give trouble. A brief outline then followed of 
the chemical action in the lead secondary cell, and of the 
causes of ‘‘sulphating” and the treatment of backward 
cells. The variations of voltage and specific gravity 
during charge and discharge were discussed, and the 
author laid considerable stress on the fact that, in his 
opinion, the gassing is the best indication of the com- 
battery. Mention was made 
of the importance of free circulation and diffusion of the 
acid, and of the consequent failure of all attempts to 
construct ‘‘dry” or ‘‘solid” accumulators, and the varia- 
tion of capacity with the rate of discharge was touched 
upon. The paper concluded with a reference to the ex- 
treme importance of the chemical purity of the materials, 
not only of those used in the manufacture of the plates, but 
also of the acid, and even of the water used for filling up. 
In illustration of the paper, specimens were shown which 
had been kindly lent by the D. P. Battery Company, 
the Electrical Power Storage Company, and the Tudor 
Accumulator Company. A discussion followed, in which 
Messrs. F. S. Pilling, L. M. Ferreira, W. Alston, J. R. 
Bowden, W. Fennell, W. T. George, A. W. Marshall, 
E. S. New, and Ancher took part. A vote of thanks 
was accorded the author, and the proceedings closed with 
the announcement of the visit on March 11, when the 
works of the Electrical Power Storage Company at Mill- 
wall would be visited. 
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Tux moter wagon boiler, which we _ illustrate 
above, has been designed by Messrs. Calthrop and 
Brewer, of 3, Crosby-square, E.C. In it the whole 
of the tubes are entirely under water, and are so 
arranged that they will not be uncovered even when 
the wagon is being used on gradients as steep as 
lin7. To secure a design ‘which would accomplish 
this end was the main point aimed at in planning this 
boiler, as it was found by Mr. Calthrop that in boilers 
the tubes of which are only partially submerged, the 
constant expaysion and contraction often loosened 
their joints in the tube plates. At their upper ends 
such tubes are frequently corroded, due to over- 
heating. The corrosion takes place on the surface 
exposed to the steam, and is due to the action of 
oxygen in very high-pressure steam readily combining 
with the metal of overheated tubes. 

The boiler has a large heating surface, and that 
heating surface is rendered more efficient by the tubes 
being all set at an‘angle to the flame. This object is 
attained with straight tubes, which are also all set at 
approximately right angles to both tube plates. 

The top of the fire-box is conical, the object being 
to prevent lodgment of sediment on the fire-box top. 
The steam space of this boiler is entirely surrounded 
by the smoke-box, and is easily lagged on its upper 
surface. The arrangement of smoke-box, therefore, 
provides an automatic lagging to the steam space, 
thereby ensuring dry steam, and preventing radiation 
trom this part of the boiler. The great capacity of 
the fe ei and the deflector plates prevent the 
emission of sparks. 








BOILER FOR MOTOR-WAGONS. 








are directly under the funnel first give way, and, 
in some instances, while they have been practically 
corroded through, the tubes on the opposite side of the 
boiler have shown but little wear. 

It will be noted that the outer walls of the smoke- 
box are composed entirely of removable doors, each 
being held in place by two small buttons. On these 
doors being removed, it will be seen that the whole of 
the tubes can be cleaned with a straight tube brush, 
and it will also be seen that the removal of the doors 
does not necessitate the removal of any steam fittings, 
the funnel, or any other part, so that it is a perfectly 
simple matter to clean the tubes, or expand them at 
their upper ends, even when the boiler is under steam. 

The arrangement of the outer shell of this boiler 
greatly facilitates internal cleaning. The boiler is 
suspended from the frame of the vehicle by angle-irons, 
which are riveted on to the outer shell. To clean this 
boiler internally all that is necessary is to remove the 
main steam-pipe and disconnect the exhaust pipes. 
After breaking the two main circular joints, the whole 
of the boiler, together with funnel, smoke-box, and 
fittings, can be entirely removed. - This, it will be 
noted, is effected without disturbing the attachment of 
the boiler to the vehicle, or disconnecting the feed-pipe 
joints. When the internal portion of the boiler has 
been so removed, the upper portion of the fire-box can 
be scraped, and the majority of the tubes cleaned on 
their external surfaces by means of wire brushes, &c. 
Also the outer surface of the tire-box and the inner 
surface of the shell can be cleaned in like manner. 

The upper. tube plate of this boiler being consider- 


By the special construction of the funnel, and the | ably larger in area than the lower tube plate, the tubes 


arrangement of flues in the smoke-box, the draught up 


| are splayed, as. the tube spacing in the former is far 


the tubes is equalised, as it will be seen that this; more open than that in the latter, thereby allowing 


arrangement practically provides for three funnels 
spaced equally around the smoke-box. 
from actual practice that, in the majority of vertical 


| freer circulation of the water charged with steam than 
It is found | is the case with parallel tubes. 


The whole of the plates are either cylindrical or 


boilers used on these heavy vehicles, the tubes directly | conical, flat surfaces everywhere having been avoided ; 


under the funnel-do the bulk of the work, and those 
more remote from it are relatively useless. This is 


conclusively proved by the fact that those tubes which | 


therefore, no stays of any description are uired. 
The boiler has been tested with 335 lb. hydraulic 
pressure, during which test, we are informed, gauges 





were fitted in all directions, but under that pres- 
sure there was no perceptible distortion in any direc- 
tion. 

The following are its chief dimensions :— 


Water... ea 45 gals. 
Weight of water 475 |b. 
Water space... ie 7.61 cub. ft. 
Heating surface (total) 74 sq. ft. 

9 me in tu e wy, 

a es in fire-box ... i - 5, 
Grate area na bY ae 
Steam space... af 23: 3.75 cub. ft. 
Grate area to heating surface 1 sq. ft. to 

20 sq. ft. 
Steam space to heating surface .05 cub. > to 
1 sq. ft. 


1 cub. ft. to 
2.03 cub. ft. 

The boiler, which has been shown at the Crystal 
Palace, has been manufactured by Messrs. Abbott and 
Co., Limited, Newark-on-Trent, to the order of Messrs. 
T. Coulthard and Co., Limited, of Preston. After 
thorough steam‘trials at the works of Messrs. Abbott 
and Co., arrangements have been made for immediately 
fitting it to a steam vehicle, and putting it into regular 
work. 


Steam space to water space ... 








INDUSTRIAL NOTES. 

In view of its possible consideration by the House 
of Commons, and the probability of an early general 
election, the Parliamentary Committee, and the other 
bodies concerned, have published the text of the 
revised Labour Disputes Bill, which came to an un- 
timely end last session, through non-compliance 
with the standing orders of the House. Doubtless 
much will be heard of this Bill in the general 
election, and therefore it will be useful, perhaps, to 
indicate its scope and character. The measure seeks 
to restore trade unions to the status quo ante—that is, 
to the position almost unquestioned prior to the Taff 
Vale case. It is thought, in view of the Denaby 
Main case, not yet finally disposed of, that the matter 
is even more urgent than it was before the verdict in 
the latter case. 

The ‘ Bill” is ‘ to legalise the peaceful conduct of 
trade disputes, and to alter the law affecting the 
liability of trade union funds.” It first of all provides 
for ‘‘ the legalisation of peaceful picketing.” The 
provision is that any person or persons, acting either 
on their own behalf, or on behalf of any trade union, 
or other body, may attend at the place, &c., to give or 
seek infurmation, and to peacefully persuade any 
person to work or abstain from working. But this 
does not touch either the Taff Vale case or the Denaby 
Main case. The acts complained of there were breach 
of contract and intimidation. Do the promoters of 
the Bill seek power to break contracts? If so, the 
House of Commons will not easily agree to any such 
proposal. 

The second provision is for the abolition of con- 
spiracy in respect of labour disputes. This proposal 
has a notable history. Conspiracy as applied to labour 
disputes was wholly abolished by the Act relating to 
combinations of workmen in 1824. But in the Act 
of 1825, which repealed the Act of the previous year, 
that section was dropped, so that conspiracy formed 
one of the indictments in all prosecutions thereafter. 
In 1873 Sir William Harcourt brought in a Bill to 
abolish conspiracy, but it was not embodied in the 
Labour Laws of 1875. Conspiracy has always been 
more or less a political crime, when treason was rife ; 
but it is elastic, and capable of being used in almost 
any. legal indictment when excessive penalties are 
sought. 

The clause relating to trade union funds is very curt, 
very inelastic, and not very clear. If it seeks to pros 
tect the union from the result of acts by its members, 
especially officials or agents authorised to act in its 
name, the House. of Commons will think twice and 
thrice before it will exempt the union from lawful 
damages. Now, take the Taff Vale case. The damages 
in that action were cast on two specific grounds :—(1) 
Breach of contract, authorised by, or connived at by, 
the officials of the union. That breach of contract 
was followed by coercion in such a form that the judge 
said it could not be pretended that it was peaceful 
persuasion. In the recent Denaby Main case the 
judge regretted that no one in authority had the 
pluck to tell the men of their illegal action. 





Among the earliest trade unions to publish the 
annual report for the year 1903 is the London Society 
of Compositors. This is the fifty-sixth of the series, 
but the history of the society goes very much further 
back—to a time, indeed, when the combination laws 
were in full force, often supplemented by indictments 
under Acts relating to treason, treason-felony, con- 
spiracy, unlawful assembly, and other statutes. The 
London Society of Compositors is the largest union in 
the world, without branches. It has no branches, but 
it has chapels ; these, however, report to the executive, 
and the usual delegate meetings really manage the 





union through the executive and officials duly elected. 
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In 1903 the state of trade was better than in 1902, 
especially towards the end of the year. The seasonal 
revival commenced earlier, and the demand for men 
was greater than usual. 
exceeded that for 1902 by nearly 4000/., but the 
expenditure exceeded the total income by 160. In 
the year 1902 the excess was nearly 1400/. The 
increase in expenditure was mainly due to the in- 
crease of weekly payments to those unemployed, 
who were allowed by rule to be in receipt of benefit 
for a longer period. The payment of superannuation 
benefit was larger by 900/. The total membership was 
11,270. The subscriptions amounted to 29,204/., ex- 
clusive of levies. There was paid to unemployed, 
15,8061. 3s. 3d. The tables appended to the report 
show the expenditure for all classes of benefits from 
1848 to 1903 inclusive. Altogether the report is well 
worthy of the trade it represents, for lucidity, full- 
ness, and good arrangement of the matter and tables. 





The Associated Iron-Moulders of Scotland have in 
their monthly report a full financial statement of 
accounts for the year 1903, in the form of the return 
required by the Registrar under the Trade Union Acts, 
1871 and 1876. The total income for the year was 
27,717/. 7s. 1d.; adding to this the balance of the pre- 
ceding year, the aggregate amount was 103,581/. 14s. 9d. 
The total expenditure for the year was 25,152/. 14s. 4d. 
Of the total expenditure, 11,638/. 10s. 8d. was paid to 
unemployed members ; 7953/. 12s. 2d. to superannuated 
members ; 3054/. 8s. 4d. for funeral benefit ; 200. for 
accident claims—two of 100/. each ; rent, halls, print- 
ing, stationery, &c., 912/. 13s. ; salaries, committees, 
and all other items of management, 1309/. 7s. 7d. ; 
miscellaneous, 84/. 2s. 6d. The balance in hand at the 
close of the financial year was 78,429/. 0s. 4d. Of that 
balance, 20,0007. was invested in the Clyde Trust, 
Glasgow ; 40007. in the Cart Trust, Paisley ; 7000/. 
in the Co-operative Bakery ; 15,000/. in bonds upon 
property; 1000/. in the Tailors’ Society Bond ; 
30,318/. 5s. 1ld. in banks on deposit ; the remainder 
being cash in hand at the various branches and with 
the treasurer. The total number of financial members 
at the close of the year was 7259, as given in the return 
to the Registrar. The report as to the state of trade 
is not very encouraging. It is said that trade began 
to revive in February of last year; there are not 
the same indications this year. The extended idle 
benefit has already diminished the capital account by 
1038/. 8s. 9d., including lessened receipts from the 
same cause. But there is a hopeful tone in the report 
as to the future prospects of trade. Depression is ad- 
mitted, but the signs seem to indicate that the lowest 
level has been reached in this branch of trade. 

The Ironworkers’ Journal tor the current month con- 
tains a report of the thirty-fifth annual meeting of 
the Conciliation Board of the northern iron and steel 
trades. It is a record of success from first tolast. To 
those who remember the fierce conflicts of forty years 
ago in the iron trades, it is a marvel to find that em- 
ployers and workmen, through chosen representatives, 
are now able to settle all disputes without serious loss 
of time, with very little expense, with no riots as in 
the olden time, and generally to the satisfaction of 
both parties. So smoothly, indeed, does the Concilia- 
tion Board work, that it was only needful for the 
standing committee to meet three times in the last 
half-year. Attention is called to this fact, and it is 
explained that numerous cases of dispute, which arise 
locally, are settled by the parties, or by their repre- 
sentatives on the spot, without troubling the Board. 
But this shows the value of the system. The receipts 
by the Board during the year were 807/. 15s. ; the 
expenditure 845/. 19s. 3d. There was a balance in 
hand of 471/. 17s. 9d. to be carried to the current 
year’s account. The report refers to the selection of 
Mr. Cox to report on the iron and steel trades of Ger- 
many. ‘The employers on the Board viewed the selec- 
tion as a tribute to the Board itself. 





The report of the Boiler-Makers and Iron Ship- 
builders was not to hand in time for last week’s 
‘** Notes,” but the industry is too important to allow 
one month’s report to be overlooked. The state of 
trade in the branches represented had not materially 
improved. Some few orders have been booked here 
and there, but of no great volume or weight. The 
best item of news is the ‘‘ welcome change at Barrow, 
where the depression has been severe”; now that 
there is again activity in that district. The past year 
was remarkable for tluctuation in trade, from depres- 


The income for the year | 





sion to partial activity, and then back again to depres- 
sion. The returns for the month show a total of 9559 
members on the funds, as against 10,352 the previous 
month, so that there is some improvement. The de- 
crease was almost wholly in the number of unemployed, 
on donation benefit and otherwise. The special audit 
reports are mostly satisfactory, but two are reported 
as very bad. 








The report of the National Union of Boot and Shoe | 
Operatives states that the position and outlook are | 


not so good as they ought to be at this time of the 
year. ‘The unrest in the East, and the war between 
Russia and Japan, are disturbing causesin the condi- 
tions of trade. Gratification is expressed at the 
general absence of disputes, which are neither frequent 
nor of any magnitude, showing, as the report states, 
a better feeling between employers and employed. 
Small local disputes arise, but the officials of the 
union are generally able to arrange with the employer 
when in the initial stage, before a stoppage of work 
takes place. In one instance the employer was 
‘*obdurate ” last month, and the men gave in their 
notices. The ‘“ Trust Deed Governing the Terms of 
Settlement in the Boot and Shoe Trades” has been 
renewed for another term of two years, showing that 
the men appreciate the more conciliatory methods now 
resorted to in the case of labour disputes, especially 
of those which affect a large section of the trade. 
The mere local disputes are circumscribed by the 
general terms of settlement, and if a few employers 
seek to set them aside, the rest of the employers 
resent it almost as much as the men. The boot and 
shoe trades are now so sectionised that there are 
hundreds of points in which friction may arise; but 
the ‘‘ statement,” upon which both parties rely, covers 
most of those points. The trade was never freer from 
disputes than at present, and those that occur are 
mostly upon matters of small moment compared with 
the vast interests at stake in the country. 





The dullness which has characterised the iron and 
steel trades in the Wolverhampton district for some 
time past continues. There seems to be no animation, 
no speculation. The only sections which report a steady 
influx of orders are the manufacturers of marked 
bars, plates, and best sheets, but even for these the 
weight of orders is not great, For all other classes of 
iron the demand is small. Consumers and merchants 
seem only to buy for present requirements, though 
stocks are admittedly low. In the engineering and 
allied trades there is little change, but what there is 
seems rather in the direction of slackening off than 
expansion. In the multitudinous hardware and other 
iron, steel, and metal-using industries, though there is 
no serious depression, employment generally is slack, 
with no indications of early activity. So far, the 
anticipations of a large volume of work for the new 
South African colonies have not been realised, and even 
Australian orders have been deficient. 





In the Birmingham district the iron market was 
dull. The orders were restricted to present require- 
ments. In prices there were no quotable changes. 
Local sheet makers report a little more business 
since the stoppage of German competition. In engi- 
neering and allied trades there is little change. The 
most that can be said is that workmen in those 
branches are moderately employed, but in some sec- 
tions they are slack. In most of the other iron, steel, 
and metal-using industries there is quietude, verging 
on slackness. In few is there any decided activity. 


In the chief Lancashire centres of the engineering 
trades it is reported that machine-tool makers are 
better off for orders, several of the leading firms 
being well supplied with work at present. In other 
sections it is complained that there is no improve- 
ment of any note, The returns from local trade 
unions and from branches of the amalgamated bodies 
show an increase of unemployed, instead of more 
activity as the days lengthen ; and it seems that there 
are no satisfactory signs of prospective improvement. 
The inactive iron market is another indication of lack 
of orders by users of finished iron. An increase of 
activity in raw and manufactured iron and steel would 
favour the idea of improvement in the sections that 
use the material ; at present these signs are absent. 


The election of Mr. Parrott in the place of the late 
Mr. B. Pickard was notable for the immense majority 
at the poll—nearly 4000 over his opponent. Mr. 
Parrott will do credit to the House of Commons. 
He is of the old school of trade unionists, though from 
his position he supports the legal eight hours’ day for 
miners, in which no doubt he is perfectly honest. But 
in all matters of labour he is a moderate and a prudent 
man. 





At the annual meeting of the Midland Wages Board 
last week the state of the iron trade was discussed, 
and some remarks were made as to the wages of 
German and Belgian workmen not quite favourable to 
British workmen. This was resented by the work- 
men’s representatives on the Board, one of whom 
declared that if the Belgian workmen worked for less 
wages they only did about half the work of the 
English working man. 





At a conference of Welsh miners held at Cardiff 
last week the chairman declared that they would 
never go back to the sliding-scale system. hatever 
the faults of conciliation boards they were better than 
the old sliding-scale. It was announced that Mr. W. 








Abraham, M.P., was at Nice for the benefit of his 
health, which had considerably improved. 





The Government continues to be denounced by the 
workers’ union for the low wages paid at Government 
workshops, shipyards, arsenals, and gun factories: 
but all denunciations and resolutions seem to have 
no effect. 








GAS EXPLOSIONS. 


By L. Barrstow, A.R.C.Sc., Wh. Sc., and 
A. D. ALEXANDER, A.R.C.Sc. 


THE previous experiments in this subject usually 
referred to are those of Mr. Dugald Clerk and Mr, 
Grover. The present paper dealschiefly with the results 
obtained by the latter when determining the effect of 
the products of combustion on the next explosion. 

Stated briefly, Mr. Grover found that with mixtures 
of coal-gas and air in which the volume of the c val-gas 
is less than one-eleventh of the whole volume, there is 
an advantage in replacing some of the excess air by the 
products of a previous explosion. Above one-eleventh, 
the effect of the addition of burnt products, in small 
proportion, is to give a very slight increase of pressure ; 
a large proportion is decidedly prejudicial to the maxi- 
mum pressure. 

In commenting on the difference between the maxi- 
mum pressures for pure mixtures as obtained by Mr, 
Clerk and by himself, Mr. Grover says :—-‘‘ The differ- 
ence is no doubt due to the fact that water was pre- 
sent on the walls of the cylinder . . .” 

The present experiments were made in a cylinder 
not wetted, as was Mr. Grover’s. The cylinder is, 
however, never quite dry, because of the water formed 
by combustion. 

A series of experiments* on mixtures at an initial 
pressure of one atmosphere are shown in comparison 
with Mr. Grover’s results in Fig. 1. The agreement, 
with one exception, is very close, and in that case the 
low pressure was probably due to imperfect mixing. | 

Experiments since that time, with a different method 
of firing, have given slightly higher pressures for weak 
mixtures, but still much lower than those of Mr. 
Clerk’s. 

From these it appears that the difference between 
the various series of experimental results is due, not 
to the different degree of wetness of the cylinder walls, 
but to the different composition of the coal-gas. 

In making the following experiments the gas was 
obtained from a small holder of 6 cubic feet capacity, 
so that at least each series was made on gas of the 
same composition. Moreover, the gas in the holder 
was always at atmospheric pressure. 

The explosion cylinder was as used in the experi- 
ments previously referred to, with the exception of 
the sparking arrangement. This latter in the present 
series consists of four sparks along the axis of the 
cylinder, the sparking being across gaps in one con- 
tinuous circuit. 

With this arrangement a remarkable change in the 
diagrams was noticed when the volume of the gas 
was about 0.086 of the total volume of the cylinder. 

The experiments were conducted at an initial gauge 
pressure of 40 lb. per square inch, and Fig. 2 shows 
characteristic explosion curves. With the richest 
mixture—viz., that in which the volume of the gas 
was 0.127 of the whole volume—the pressure curve is 
very steep immediately on each side of its maximum. 

[The ratio of the volume of gas to the combined 
volume of gas and air will be referred to as ‘‘ richness” 
to distinguish it from the ratio of the volume of gas to 
the volume of air, which is usually called *‘ mixture.” ] 

With a richness of 0.100 the diagrams show at the 
top some signs of flattening, and this decidedly de- 
velops when the richness is 0.091. For a richness of 
0.086 the diagrams show that the pressure becomes 
constant for a considerable interval before finally 
rising to its maximum. With less rich mixtures 
there is no trace of the part of the curve above this 
shelf. 

The maximum pressure decréases almost to the 
initial pressure as the richness decreases to 0.057, 
and even then the mixture is usually readily inflam- 
mable with the new arrangement of sparks. It is, 
however, exceedingly difficult to get below this 
‘‘shelf” with a single spark near the cylinder cover, 
and, remembering the difference in the composition of 
the gas, it is probable that Mr. Clerk’s experiments 
stopped at this point. 

In each case two experiments were made, the mix- 
tures being as exe? as possible alike ; an indicator 
diagram was obtained from the first, but not from the 
second, the object being to reduce the leakage in the 
second to a negligible amount. After cooling, the 
pressure is always below the initial pressure, the de- 
crease, when there is no leakage, being due to the 
combustion and subsequent condensation. 

From this pressure the fractional loss of volume 
(Q of Fig. 3) has been calculated, and the result 





* See ENGINEERING, November 28, 1902. 
+ See ENGINEERING, October 30, 1903. 
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the gas completely. 

For mixtures less rich than that represented by C B, 
combustion is not complete, and the products will 
contain combustible gases. It was thought that this 
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After each pair of experiments the cylinder was 
cleared of products by first forcing air through it, 
would probably explain Mr. Grover’s results, and for | by pumping, an air pressure of 20 lb. per square inch, 
this reason the diagrams from which the data for | allowing this toescape through a plug in the top cover, 
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effect, and for this purpose the maximum increase of | Fig. 4 shows the diagrams corresponding to the 
pressure given by Mr. Grover’s curves (page 224, | numbers in the tables for a richness 0.067, and the 
‘Modern Gas and Qil-Engines”) has been plotted. | similarity between these and those in Fig. 2 bears 
This is shown by the dotted line in Fig. 1. |out the conclusion that the addition of ‘‘ burnt” pro- 
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therefore, concluded that Mr. Grover’s results could | pend on the composition of the gas, and is probably 
be obtained in a dry cylinder, and made experiments | determined by the percentage of free hydrogen and 
to test this conclusion. |olefines. Although these results present certain 
The mixtures were at an initial gauge pressure of | features different from those obtained by Mr. Grover, 
147 Ib. per square inch—i.e., 2 atmospheres—and | the experiments are in general agreement. 
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range includes the shelf already referred to. A table | as ‘‘ neutral gases,” these were probably taken after 
of results is given : — | any explosion instead of always after an explosion of 
|a pure mixture. This is quite sufficient to account for 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on February 26, Dr. R. T. Glazebrook, F.R.S., 
President, in the chair, ‘‘A New Dilatometer,” exhi- 
bited by Mr. B. Bonniksen, was described by Mr. B. F. 
K. Keeling. The instrument was originally designed for 
measuring the expansion of balance-wheels of watches, 
and has latterly been applied to the determination of the 
coefficient of dilatation of specimens of materials, used in 
the form of wires about 1} in. in length. The increase 
in length with change in temperature is magnified about 
1509 times by means of a chain of accurately mounted 
gear-wheels, the last one of which moves a pointer over a 
circularly graduated scale. With an ordinary specimen 
of steel 1 deg. rise in temperature causes a movement of 
the pointer over about one-third of a scale-division, and 
a mean coefficient of expansion of such a substance over a 
range of 100 deg. Cent. can be obtained to about 1 per 
cent. in a single experiment of five minutes’ duration. 
The instrument has been standardised by using specimens 
cut from bars which have been examined by Mr. Keeling 
in the water-bath comparator at the National Physical 
Laboratory. 

‘The chairman expressed his interest in the dilatometer, 
and said he had had an opportunity of seeing it in use at 
the National Physical Laboratory. Results were obtained 
easily and rapidly, and one advantage of the instrument 
was that it worked satisfactorily with small specimens. 

Dr. W. Watson read a paperon ‘'A Quartz-Thread 
Vertical Force Magnetograph.” The late Dr. Eschenhagen 
was the first to show that when the moment of inertia of 
the suspended system in a horizontal-force magnetograph 
is made very much smaller than that employed in the 
ordinary form, it is possible to detect variations in the 
earth’s field of quick period. The design of a satisfactory 
form of instrument to record rapid variations of the 
vertical component presents very considerable difficulties. 
Thus, if an attempt is made to reduce to any great extent 
the moment of inertia, and hence the mass of the 
balanced magnet in the ordinary form of Lloyd’s 
balance, it is found that irregularities are immediately in- 
troduced owing to imperfections or dirt interfering with 
the free movements of the knife-edge. Further, slight 
tremors cause the knife-edge to slip about on the plane, 
and thus the azimuth of the magnet varies. The instru- 
ment which the author has designed and constructed 
resembles, in principle, the quartz-thread gravity balance 
of Professor Threlfall. In addition to the advantages 
derived from the suppression of the knife-edge, the in- 
{strument can be simply and accurately compensated 
for the effects of changes of temperature. The principle 
of the instrument is to have a magnet suspended on a 
horizontal quartz fibre kept stretched by means of 
a spring. The centre of gravity of the magnet and 
the torsion of the fibre are so adjusted that the axis 
of the magnet is horizontal. Any variation of the 
vertical force produces a rotation of the magnet about 
the fibre which can be suitably recorded by means 
of a mirror attached to the magnet. The temperature 
compensation is effected by weighting the magnet on the 
same side of the axis of the fibre as the south pole, so that 
the magnetic couple and the couple due to the torsion of 
the fibre act in the same direction. Hence, since an in- 
crease in temperature causes one of these couples to de- 
crease and the other to increase, by suitably adjusting the 
weight, and therefore the magnitude of the torsion couple, 
complete compensation can be obtained. The suspended 
system in the instrument shown at the meeting consists 
of two magnets 8 centimetres long and 1 millimetre in 
diameter, attached by means of small platinum straps to 
two fused rods of silica which form part of the plate of 
fused silica forming the mirror. The upper surface of 
the mirror is platinised. The fixed mirror is supported 
on the base of the instrument, and is capable of adjust- 
ment. The instrument bas been tested at the National 
Physical Laboratory, and it is proposed to set up one of 
the instruments in the new Magnetic Observatory. 

Mr. C. V. Boys congratulated the author, and said he 
had had the opportunity and privilege of watching the 
growth of the instrument. It showed that the properties 
of quartz-fibres were even more perfect than anything he 
himself had ever claimed for them. The fact that it was 
possible to design and construct such an instrument in a 
physical laboratory showed an advance in scientific edu- 
cation. The theory of the instrument had been carefully 
worked out, and everything that had to be done prac- 
tically had been done in the best possible way. 

Professor J. D. Everett expressed his interest in the 
paper, and said there was no novelty in using a horizontal 
fibre for a control. Horizontal wires were so used in 
Kelvin’s portable electrometer. He thought the in- 
strument would be improved by increasing the number 
of needles. 

Dr. J. A. Harker asked the author for the ordinary 
working sensitiveness of the instrument. When working 
with magnetographs of the Eschenhagen type, he had 
found they became unstable when the sensitiveness was 
increased to about three times the Kew standard sensi- 
tiveness. 

Mr. T. H. Blakesley asked for the period of vibration 
of the suspended system. 

Mr. J. R. Ashworth sent a letter, which was read by 
the chairman, stating that the temperature compensation 
might be effected by using drawn steel wire magnets with 
an incremental temperature coefficient. Magnets can now 
be made to have, within limits, any assigned temperature 
coefficient (from negative, through zero, to positive). 

The chairman congratulated the author upon his success, 
and said that he was glad that Dr. Watson had been 
able to obtain assistance from the National Physical 
Laboratory. 








Dr. Watson said he did not think that the magnets 
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suggested by Mr. Ashworth would be of much advantage 
for vertical-force magnetographs, as there would have to 
be a gravity-bob in all cases in order to adjust the centre 
of gravity of the moving system. They might, however, 
be of use in a horizontal-force instrument. Replying to 
Dr. Harker, he said that 1 centimetre on the records 
corresponded to 8 y, whereas 1 centimetre on the Kew 
records represented 50 y. Replying to Mr. Blakesley, 
he said the period of vibration was large, but it was not 
necessarily important to have as long a period as possible. 
With regard to Professor Everett’s remarks, he pointed 
out that all metallic wires were riled out of the question 
on account of elastic fatigue. He had used two magnets 
only, because of the experimental difficulties in attaching 
them to their support. 

A paper by Mr. G. W. Walker, ‘‘On Stresses in a 
Muagnetostatic Field,” was read by the secretary. Quincke 
found that when a glass bulb containing a solution of 
ferric chloride was placed between’ the poles of a strong 
electromagnet, the level of the liquid, in a capillary tube 
attached to the bulb, fell. This has been held to uire 
for its explanation a system of stress which differs from 
the magnetic stresses of electrical type. The object of 
this paper is to show that the experiment can be quite 
well explained by the stresses of electrical type. 

Dr. W. Watson gave ‘‘ Some'Hints on the Preparation 
of Diagrams.” He pointed out that many curves accom- 
panying papers submitted to scientific societies have to 

9 re-drawn on white Bristol board before they are suit- 
able for reproduction by photographic processes. It is 
now possible to obtain blue-lined section-paper such that 
the lines do not show in a photograph of a diagram drawn 
uponit. There are many advantages in using such paper. 
For instance, it practically dispenses with the use of 
scales and T-squares. When lettering diagrams, a great 
saving of time and a *\x!formity of lettering can be effected 
by using india-rubber type. These can be purchased 
cheaply in different sizes ard different founts. The 
larger types are sold as “easy sign markers,” and are 
supplied with rods to insure aligniwem, and proper spac- 
ing, and also with rods by means of which the letters 
may be arranged upon a circular arc. A suitable ink for 
use with the type can be obtained by mixing Binfield’s 
Persian black with glycerine. Using this ink for the 
lettering, and ordinary Indian ink for the line-work of 
a diagram drawn on blue-lined section-paper, it is pos 
sible to slightly over-expose a photograph so that the 
section lines are invisible in lantern slides or prints pre- 
pared from it. 

Mr. R. J. Sowter exhibited a portable electroscope of 
high insulation, and adapted to show and measure the dis- 
charging effect of radioactive substances. Strips of gold 
leaf were mounted near the ends of a strip of gutta- 
percha tissue, leaving sufficient gutta-percha between the 
metal to provide the insulation. This compound strip, 
when doubled in two and attached to a small metal clip, 
constitutes a portable electroscope which may be sup- 
ported on a glass rod, by the hand, or in any convenient 
manner. The effects of arbitrary amounts of radium, 
pitchblende, and uranium oxide were such as to discharge 
the leaves after electrification in 5 seconds, 5 minutes, and 
74 minutes respectively. The discharge curves are prac- 
tically straight lines. One of the electroscopes shown 
had leaves 9 in. long, and for large deflections was charged 
by an electrophorus. As an electrophorus, Mr. Sowter 
has found a metal tea-tray supported on three glasses, 
together with a piece of brown paper, warmed and 
brushed, satisfactory. 

Professor J. D. Everett mentioned that he had seen 
the discharging effect of radium shown by means of a silk 
tassel electrified by stroking it with a rubber glove. 

Mr. C. V. Boys said that many years ago he had used 
a tea-tray and sheet of brown paper as an electrophorus, 
and had obtained from it sparks up to 2 in. in length. 








STEEL RAILWAY-WAGONS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 23, Sir William 
H, White, K.C.B., President, in the chair, three papers 
were read—namely, ‘‘The Construction of Railway- 
Wagons in Steel,” by Mr. J. D. Twinberrow, Assoc. 
M. Inst. C.E. ; ‘‘The Construction of Iron and Steel 
Railway-Wagons,” by Mr. A. L. Shackleford, Assoc. 
M. Inst. C.K. ; and ‘‘Iron and Steel Railway-Wagons of 
High Capacity,” by Mr. J. T. Jepson. The following 
are abstracts of these papers :— 

The first paper, by Mr. Twinberrow, begins with a 
comparison of the physical qualities of timber and steel. 
The limit of elasticity of white oak is nearly equal to the 
ultimate strength, and the modulus of elasticity is low, 
so that a timber frame, by reason of the extent of its 
elastic deflection, has great capability of absorbing shock. 
The lateral stiffness of planking is greater than that of 
unstiffened steel plates of equal weight. The joints of 
wooden frames are a source of weakness. Rectangular 
sections are alone practicable for timber beams ; the safe 
load on a rolled joist is compared with that upon an oak 
beam of similar depth, and the section and weight of 
beams of equal strength are compared. 

In British practice sole-bars, headstocks, longitudinals, 
and transoms are usually of similar section ; in Conti- 
nental practice the inner members are shallower than the 
soles, crossing above or below each other, thus simplify- 
ing the joints at points of intersection. The ratio of the 
load-gauge to rail-gauge is considered ; the inadequacy 
of the former is stated to be due to the restrictive influ- 
ence of the design of rolling-stock with rigid wheel-base. 

The use of bogie trucks is considered to be desirable 
when the weight on the axles is increased ; the adoption 


springs in series are to be preferred to single springs of 
reater flexibility. The practice of arranging the side 
rames of the bogie and the axle-box springs and axle 
guards in the vertical plane through the centres of the 
journals is preferred to the usual European practice of 
setting back the frames and axle-guards to provide room 
for laminated springs over the axle-boxes. 

The designs illustrated may be considered as an em- 
bodiment of the idea that a steel wagon should be a com- 
plete structure, in which all parts necessary for contain- 
ing the load contribute to the strength and stability of 
the whole, whilst the component parts are plain rolling- 
mill shapes of standard section, assembled without the 
aid of special forged or pressed work. : 

The sides of the wagons are formed of plate-girders, of 
which the depth is so considerable, in relation to the span, 
that deflections under working load are quite inappreci- 
able. 

Special stress is laid upon self-discharging vehicles, on 
account of the great economy effected by their use in the 
manipulation of minerals and other bulk freight at ter- 
minals. The ends of these wagons and the lower parts of 
the sides converge to openings at a suitable height above 
the rail-level. A special form of door which travels on 
horizontal guides is described ; the prominent features of 
these doors are the facility they afford for providing a 
long base-line for intersection of the end slopes, their 
security against accidental opening, and the ease with 
which they may be closed to retain any desired portion 
of the load. 

Hand-brakes are operated by means of a screw with 
pull-rods connected so as to transmit the pressure to each 
wheel of each ie, and to permit of the coupling-up of 
air or vacuum cylinders as required. 

The defective action of ordinary side buffers with screw 
couplings on sharp curves is mentioned, and the condi- 
tions for eliminating it are noted ; central couplers are 
referred to ; and the capacity of friction draught-gear is 
compared with that of the standard buffing and draw-gear 
of private owners’ wagons. ; 

The practice of weighing long wagons on short weigh- 
bridges is also alluded to. e 

The second paper, by Mr. Shackleford, deals in the 
first place with the advances made in the construction of 
railway-wagons during the last thirty or forty years, 
detailing the successive steps from the wagon built 
entirely of timber, which was in vogue at the commence- 
ment of that period, down to the latest form of wagon 
made entirely of iron or steel, and the advantages accru- 
ing from this form of structure. The author compares 
the strength of timber and metal, and shows that for a 
10-ton wagon, built to the English standard regulations, a 
steel frame can be made much lighter than a timber 
frame to carry the same load; while the strength of the 
timber frame is not to be compared with that of the steel 
frame. 

He goes on to describe the changes that have taken 

place in the form of construction of steel underframes 
and bodies. A great advantage of steel frames is the ease 
with which the various members can be replaced, owing 
to all drilling and machining being done either with steel- 
bushed templates, or by means of multiple drills and 
other modern metal-working machines, so that complete 
interchangeability is ensured. Another point of great 
importance is the protection of iron and steel plates, chan- 
nels, angles, &c., from rust and subsequent corrosion ; 
and he points out that wherever practicable this should 
be accomplished by a coating of boiled oil, or of 
some suitable paint, as soon as possible after the metal 
has left the rolls. The omission of this precaution is fre- 
quently attended with disastrous results, as when once 
corrosion has been set up the metal is very soon de- 
stroyed, and in a short time it is useless for all practical 
purposes. The author lays particular stress on this 
point, as the very existence of the wagon depends upon 
it. On the other hand, when a metal wagon has been 
well taken care of and properly painted from time to 
time, it has been proved that the loss through corrosion 
is a and the wagon may be expected to last 
several times as long as one built of timber, for no 
amount of attention and painting will preserve timber 
for anything like the same length of time. The author 
points out that although the cost of a metal wagon is at 
present somewhat higher than that of a timber wagon, the 
action of the Engineering Standards Committee in 
arranging certain approved sections will tend to reduce it 
ang ; and it may be expected that before long a wagon 
built of iron or steel will be produced at the same, or even 
at a lower, cost than one built of timber. With regard to 
the question of whether a large bogie-wagon or a four- 
wheeled wagon would be more economical for carrying 
goods on English railways, the author gives his opinion in 
favour of the smaller wagon, pointing out that loads in 
England are frequently too small, and the distance to be 
ran too short, to allow of the use of a larger wagon ; in 
fact, the average load which it is convenient to put in an 
English wagon averages under 5 tons. 
he paper also gives a short description of some of the 
couplings and buffers used in Great Britain and else- 
where. 
The paper is accompanied by twelve sun-prints and 
eleven photographs, and by appendixes giving descrip- 
tions of various wagons, including bogie high-sided goods 
wagons for South Africa, coal-wagons, steel hopper- 
wagons for cold-rolled channel and pressed-steel under- 
framing, types of underframe trusses, &c., and also a 
table giving a comparison of the ratio of load and tare 
for some of the principal wagons built under the author’s 
supervision. This table shows that the tare of a wagon 
built entirely of steel is much lower per ton of load than 
that of 4 wagon built entirely of timber. 





of bogie lead or apparatus to control the lateral and 
angular deflection of bogies is recommended. Bearing | 


In the third paper, by Mr. Jepson, the wagon problem 


list is given of the companies which are using and ex. 
perimenting with wagons of higher carrying capacity. 

The advantage of high-capacity wagons for coal traffic 
are shown by the saving their use will effect in the tare or 
non-paying load, and in the lengths of trains; and the 
difficulties in the way of their introduction, both at the 
collieries ahd at the — of discharge, are dealt with, 

The wagons described in the paper are designed for the 
conveyance of coal, and are suitable chiefly for trattic on 
the British railway systems. Several of the examples 
are of wagons already built and in traftic, which have 
proved in every way satisfactory, and have a lower tare 
than any other of the same class. They are all con- 
structed of iron and steel, and are fitted with an either. 
side hand-screw brake, the self-discharging wagons having 
either-side door-operating and locking gear. 

The questions of the limit to the carrying capacity of 
bogie coal-wagons for traffic in this country, and the most 
convenient size, are fully discussed, taking into considera- 
tion the limited load-gauge, the sharp curves, and the 
fact that the wagons have to be provided with corner 
buffers. The difficulty of using screw couplings for these 
wagons is dealt with, and some at are cited of 
large coal wagons of the bogie type in use in the Colonies, 
and a tabulated list is given of the bogie coal-wagons at 
present in traffic in Great Britain. 

Proceeding next to details of construction, the first 
example, and that with the lowest tare compared with 
the measurement load, is a 40-ton coal wagon of the flat- 
bottomed type, arranged for discharging by hand-labour 
through openings in the sides. pyran fitted with 
laminated Searing springs, this wagon is shown to be the 
lowest in tare of various constructions, and at the same 
time exceedingly strong. Details are given of the body, 
underframe, bogies, buffers,-brakework, and other fittings ; 
also of the test ie to which the underframes and bogies 
have been subjected. 

Particulars are given of some 30-ton wagons constructed 
on similar lines to the 40-ton wagon, and comparisons 
are made with other constructions, both British and 
American. 

The construction of 20-ton four-wheeled flat-bottomed 
wagons, and of covered goods-wagons of both the four- 
wheeled and bogie types is next referred to. 

The remainder of the paper is devoted to the construc- 
tion and details of self-discharging wagons for the con- 
veyance of minerals. The general advantages of this 
type of wagon, the points to be aimed at in design, so 
that the wagon may be as short as possible and self- 
clearing, and may fulfil the requirements of the various 
railways, are discussed; and for each example particulars 
are furnished of the length, tare, percentage of tare to 
measurement load, net capacity (expressed as a percentage 
of that of a flat-bottomed wagon of the same over-all 
dimensions), inclination of the various parts of the floor, 
type of bogie, and clearance to be allowed for it when 
traversing curves. 

he first example is a 40-ton wagon arranged so that 
the contents are discharged down a shoot between the 
rails, the mouth of the shoot being limited in length. A 
comparison is made between the work of receiving and 
discharging one of these wagons, and wagons of the ordi- 
nary 10-ton type to carry the same amount of coal. 
Details of a test of 25 times the maximum working load, 
which was carried out on one of these wagons, are given, 
and also the time taken to discharge 40 tons of coal. 
Other examples are given of a 40-ton wagon of similar 
construction to the foregoing, but arranged to discharge 
its contents between the rails at three given points; an 
80,000-lb. wagon for a 3-ft. 6-in. gauge railway, fitted with 
central buffers, and arranged to discharge its contents out- 
side the rails; a 100, 000-16. wagon, arranged to discharge 
part of its contents near the centre, and part near the 
ends of the wagon; and a 20-ton four-wheeled wagon 
arranged to discharge its contents between the rails at 
the centre of the wagon, and having a 10-ft. wheel-base, 
and less tare than any 20-ton flat-bottomed wagon in use. 
Designs for 60-ton and 70-ton wagons arranged to dis- 
charge their contents between the rails are aiso outlined, 
showing the load it would be possible to carry with an 
increased load-gauge, such as that adopted in the United 
States and other countries. 








Tue Execrric Licut 1x Canapa.—At the close of 
June, 1903, there were 324 electric-lighting plants in 
Canada, with 14,780 arc, and 1,212,861 incandescent, 
lights. Taking an arc light as equal to ten incandescent 
lights, there were 1,360,661 lights in use—or an increase 
in twelve months of 236,865 lights, or over 21 per cent. 
Of the 324 electrie-lighting plants in use throughout the 
Dominion, Ontario 2 Thirty-four munici- 
palities supplied themsetyes with electric lighting. The 
porees of Quebec, in spite of its enormous water powers, 

as not adopted this system of illumination to anything 
like such an extent as Ontario. At the close of June, 
1903, it had 53 plants, 3853 arc, and 409,503 incandescent, 


lights. During the past five years, however, it has made 
rapid plants are 


J. On the average, also, Quebec 
larger than those of Ontario. The largest plant in Canada 
is in Toronto, with 170,000 lamps (each are light being 
taken as equivalent to ten incandescent), next to which 
comes the Lachine Rapids Hydraulic Company, with 
158,503 lights, and the Ottawa Electric Company, with 
111,927. During the five years from 1898 to 1903, Manitoba 
increased its arc lights from 162 to 373, and its incan- 
descent lights from 13,800 to 31,905. The largest com- 
parative provincial increase has been in British Columbia, 
arc lights fhaving increased to 377, or 82 per cent., and 
incandescent to 74,297, or 257 per cent. In 1897, the 
Maritime Provinces had 951 arc, and 46,977 incandescent, 
= cad while in 1903 they had 1267 arc lights, an increase 
of 33 per cent., and 93,120 incandescent lights, an increase 





as affecting English railways is first considered, and a 





of 98 per cent. 
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COMMERCIAL TESTS OF MATERIAL.* 
By Mr. E. G. Izop. 


Tur two principal factors which determine the selection 
of suitable material are quality and price, and of these 
two, price is more often considered than quality, with 
sometimes unfortunate results. 

An inferior quality of material is dear, no matter how 
cheap it may be ; and, on the other hand, a highly puffed- 
up quality may be bought at an excessive price when a 
cheaper material would do as well. The ideal state is the 
happy medium—viz., that of obtaining a perfectly satis- 
factory material at the cheapest rate; and the only 
method of doing this is to fix, by experiment or experience, 
on certain limitations in quality or manufacture which 
must govern the purchase, and be sure that these are 
strictly adhered to. 3 ; ‘ 

These few remarks this evening do nor touch in any way 
the question of price, as this branch is left to the buyer, 
who is, or should be, a specialist in the art. What we are 
to deal with is the determination of the quality of the 
material to be ordered, by preparing specifications, and, 
what is more frequently the case, testing the material 
when supplied. 

We will take the first case: when it is desired to know 
the quality most suitable for the particular order under 
discussion ; and it has been said before that experiment or 
experience should fix the quality or limitations of quality. 
In many cases experience will have made laws which 
are not to be broken; and so, by the process of elimi- 
nation, we learn to know what is the most suitable. 
But often an experiment can be made to show what 
months of trial and error would fail to point out. It is 
extraordinary that some people do not, and will not, 
realise the value of an experiment, even though it is well 
known that the surest road to success is to aim at perfec- 
tion in everything; and experiment, which is often a 
short cut to experience, is of enormous value in attaining 
thisend. It will obviously be impossible to deal with all 
materials required in engineering, and only the better- 
known methods to be used in testing will be dealt with ; 
and, if time permits, one or two experiments will after- 
wards be explained which have been made in a modest 
attempt to aim at perfection. 

Testing materials and performing experimental work 
can be divided into two classes—for the purpose of scien- 
tific research, and for commercial purpose; and these 
= though closely allied, in many respects differ a great 
deal. 

There are three common-sense rules which must be 
observed in this work for commercial purposes :— 

1. Make all tests under, as nearly as possible, working 
conditions, and do not waste time accumulating a mass of 
useless figures and calculations. 

2. Keep down the cost as much as possible. 

3. Systematise all the work as much as possible, and 
let all work follow a standard course from start to finish. 

It is this last rule which will make the results obtained 
valuable, and a system will be explained which is per- 
fectly simple to carry out in nearly every case where the 
size and work of the firm warrants its adoption ; and even 
in small establishments a properly-kept record of the 
properties of the materials used or considered, with 
remarks as to their use or, perhaps some time, rejection, 
will be of great assistance. 


A System oF Maxine Tests anpd Locerne ReEcorps. 

The card-index arrangement is one that lends itself 
admirably to these methods, and it should be employed 
wherever possible. 

It is, first, absolutely necessary, as experience will 
show, to give every separate piece of material tested, 
before or after ordering, a specimen number ; it does not 
matter what the material is, or how it is delivered ; it 
must be given a number, which is to be stamped on it as 
soon as possible, and these numbers shall run consecu- 
tively on cards—one number one card; each card to be a 
complete record of the quality, tests, why tested, for 
whom, &c.; if these are filed in the usual manner, it will 
obviously be simple to get all particulars of the test 
directly the specimen number is known, 


Specimen Card. 


MATERIAL, 





REMARKS. 


Yield point, tons per eq. in. 
Ult. stress 
Ratio 
Elong. 7 on in. 
Contr. area 7; —— 

IMPACT 
3 f Absorbed 


= (initial 


” ” 


_Now to locate the specimen numbers, it is advisable to 
give a batch of tests or a particular experiment a test 
number, and let both these be filed under a material 
heading, which will necessitate the use of another set of 
cards filed under guide cards marked with the name of 
the material. If results of tests either made in the works 
or outside ones having a useful bearing are logged in this 
inanner, it will be possible to turn up in a few seconds 
the whole particulars of any material. 

_ The material which is to be tested will probably arrive 





this expeditiously, it will be necessary to have a test-piece 
sheet, giving various size and shape, or specimens; from 
this sheet can be selected that most suitable for the par- 
ticular test, and all that is then necessary is to fill in the 
index number on the specimen label; and the machine- 
shop, being provided with a — of this sheet, will have 
full instructions to work to. The specimen label is filled 
in, as shown, and attached tothe sample that is to be 
prepared for test; it will thus be seen that a large pro- 
portion of time can be saved in arranging these routine 
tests. 
Specimen Label. 
F, 421, 
IIE To cic i ccre sets cus cacccceseansrevenvuce 
Machined to 
Received 
Ms cue Vado tadiiehes cavertacwenandosntune 


Cee ee weer e eee e ears ererereeesesnnes 


Date { 


Remarks. 
RATT 


Expl. 
500 
25/9/03. 

When the specimen is prepared, and returned to the 
test-house or laboratory, it must be measured carefully 
and marked off for gauge length on which elongation is 
to be taken, and these measurements are to be logged in a 
rough text-book. 

This book is for taking all observations during the test, 
and when the test is completed, theresults should be worked 
out and entered in it. It will obviously be impossible to 
keep a neat and clean record in this book, as it should be 
continually in the hands of the tester, and it is, as its 
name implies, rough; but if ruled in columns, giving 
each column a consecutive specimen number, it will 
always be a record of what took place, and also of the 
points observed at the actual test, and will, further, be 
a check on the figures entered in the card index, should 
at any time these be mislaid. 


TESTs OF MATERIALS. 


By far the most general test which is required either 
for specification, or as a measure of quality, is the tensile 
test, the merits of which are at times doubtful. Suffice 
for the present to say, however, that for most materials 
a tensile test conveys a good idea of quality to the 
present-day engineer. When testing for tension, test 
quickly, but keep one eye always on the test-piece, in 
order to notice any peculiarity that may be brought 
to bear on the results afterwards. Take a note of 
yield point when the lever cf the machine drops sud- 
denly, or try other various methods, as this is a much 
more important figure in the tests than is generally recog- 
nised, and is certainly worth logging, though not often 
specified. 

As regards the elongation percentage, this is a figure 
which conveys very little information, unless the gauge 
length and original diameter of test-piece is given. To 
give an example :—Suppose the author were asked to test 
to a certain specification, which was worded as usual 
—that is, say, for example, 30 tons square inch ultimate 
strength and 28 per cent. elongation on 2 in. (sometimes 
even the test length is left out). Now, suppose it 
is to his interest that the steel which he is testing is 
accepted as having passed tests. Tests are made on, say, 
3-in. diameter test length, and the elongation is, say, 
24 per cent.; now the diameter of piece could so be 
arranged that the exact elongation is obtained every 
time, provided the material is fairly homogeneous. This, 
you must agree, is not as it should be, and a system has 

n used for bringing all elongation back to a standard 
before passing any opinion on the worth of the test. 

The method of doing this is simple, and is as follows :— 
We adopted a standard size of test-piece of 4; in. dia- 
meter, and 2 in. length between gauge-points; this, as 
our standard did not mean that all test-pieces were made 
to these dimensions, but that all tests on test-pieces differ- 
ing 1n dimensions from these were transferred to an equiva- 
lent for standard, and this was done by means of curves. 

These curves were plotted from the means of many 
experiments, and are to a base of //d for round pieces, or 


Z 
We for flat pieces; d being diameter, a cross-sectional 


area, and / length between gauge-points, the ordinates 
of the curves are elongations per cent.; from these curves 
it can be seen that the elongation per cent. varies to an 
enormous extent with different ratios of //d and Z/ s/a ; and 
it can also be seen that when the elongation per cent. 
for any ratio is known, it can be traced to an equivalent 
for any other ratio, and this method can be adopted 
with more than average success. Since the above was 
written, Professor Unwin, in a paper read before the 
Institution of Civil Engineers, has called attention to the 


diameter, and the confirmation and elaboration of the 
author’s opinion by su«h a well-known authority on testing 
materials are guarantees of the importance which should 
be attached to the subject. 

Having said that tensile tests are the most common in 
use nowadays, the fact must add to this that for cast 
iron tensile tests are useless, unless special devices are 
arranged in the grips to allow for the pull being directly 
axial ; as this is much too complicated a method of testing 
for commercial purposes, the safest and most reliable is 





ma rough state—that is, asa forging or sample piece of 

t; but, inany case, it will have to be prepared for test. | 
This will necessitate instructions being sent to machine | 
shop, or wherever the test-pieces are prepared. To do | 





* Paper read before the Engineering Society, University | 
College, London. | 





the cross-breaking, with a 1-in. by 1-in. bar on a 12-in, 
span, or 22-in. by 1-in. baron a 36-in. span ; both of these 
give satisfactory results, or at least the tests are reliable, 
which in tension they are certainly not. The author can 
remember an instance where six 1-in. by 1-in. by 12-in. 
test bars were broken under a central load transverse 


variation of elongation per cent. with test-length and | ¢, 


and a maximum of 2850 Ib. ; pieces of the same specimen 
were then machined for tensile tests, and the minimum 
ultimate stress was 11.1, and the maximum 16.5, being a 
difference which was quite enough to render the figures 
useless ; and the fault was not with the material, but 
in the testing machine. 

Another very useful test for cast iron, which is grow- 
ing in favour amongst those who have good-sized foundries 
of their own, is the shrinkage test, which gives a very 
accurate measure of the silicon in the iron, or, perhaps, it 
should be said, of the influence of the silicon, which 1s one 
of the most important constituents in a cast iron. 

A variation in silicon will cause a variation in the 
shrinkage of the standard test-bar, and as the silicon 
must vary with the size of the casting to produce a good 
uniform grain and a sound job, the shrinkage can, after 
some data have been collected from practice, be made to 
show what is the most suitable mixture to use for the 
particular purpose. 

The best method of determining the important factor 
is to cast the test-bars from the same ladle as the castings 
whose quality it is desired to ascertain, in separate boxes, 
and not as excrescences on the actual casting, the latter 
method being altogether misleading ; the slow cooling 
caused by the retained heat in the bulk of the larger cast- 
ing enlarging the grain of the iron and diminishing its 
strength. 

These test-bars should be cast in a sand mould, the 
ends of which are two faces of an iron gauge a fixed dis- 
tance apart; the test-bar then shrinks in cooling, and the 
amount is less than the gauge distance will give the shrink- 
age per foot, which should be measured in a gap, the 
micrometer being arranged to measure direct in thou- 
sandths of an inch shrinkage per foot. These tests 
can be carried out on the 12-in. by 1-in. by 1-in. bars used 
for cross breaking before they are broken in the machine, 
and the shrinkage per foot can be logged with the other 
result. For further information on this method of testing 
those interested should read Keep’s Cast Iron. 

In the commercial testing of materials, a point, which 
has been said should be observed, is to make all: tests 
approach as near working conditions as possible ; that is, 
test the material as nearly as possible in the way in which 
it will break during actual use, and it must be confessed 
that a very small percentage of actual breakages under 
working conditions have shown a fracture which has in 
any — the appearance of that given by a tensile test. 
In nearly every case of faulty material which the author 
has investigated there has been no solution by the ordi- 
nary methods of testing, the material having broken as 
though it had failed under an entirely different working 
stress from that under which it-was originally tested, and 
when the original test was made on the fractured material 
figures were obtained which were nearly always highly 
satisfactory. There is, however, a known very important 
quality which a material has which the ordinary tensile 
test does not touch ; and to test for this an apparatus is 
used which is termed a shock-testing mdi < The 
author had an opportunity of placing a few tests before 
the British Association this year, and these, with your 
permission, are abstracted with a short sketch of the 
machine, for the benefit of those who have not read the 
paper. 

‘rom these tests it can be seen that brittleness is a 
very important factor ; so much so, that during the dis- 
cussion on Professor Unwin’s paper at the Institution of 
Civil Engineers last Tuesday, Mr. Yarrow gave some 
tests made in somewhat the same way, as giving him a 
solution to the question of procuring suitable material for 
connecting-rod bolts for torpedo-boat destroyer engines. 
One of the chief merits of this test is that specimens 
are very small, and that the tests can be carried out by an 
unskilled operator, the machine being self-registering. 

The author can only say that with any experience he 
has had, he considers the tests more reliable than ten- 
sile tests, though he would not for one minute offer any 
opinion that they are more than in an experimental stage 
as regards standardisation; yet the results, as shown, do 
point to the fact that there is a very important quality 
which the usual tests do not indicate in the very least, 
and he wouid certainly advocate the adoption of such a 
simple form of testing to work in conjunction with the 
tensile tests. In many cases where only small pieces of 
material are available the impact test would be used 
alone, the merits of the same being shown by the results 
in actual work, giving more than satisfaction. 








Lreeps Forer, Limitep.—The fifteenth annual report 
of this company states that the works have been kept 
well employed during the past year, although not so fully 
as in 1902. The expenditure on capital account to bring 
the plant well up to date has been nearly completed. 
The works plant, machinery, and buildings have been 
thoroughly upheld out of revenue. The 20,0002. allotted 
or depreciation out of the profits of 1902 have been 
written off the land, buildings, patents, accounts, &c. 
After deduction of 18,000/. provided in the accounts for 
1902 for reduction of funding certificates, there remains 
a balance on this account of 17,250/., which the direc- 


tors pro to redeem. The accounts for the year 
ending December 31 show a net ene of 82,610/., and 
22,9037. was brought forward. t is proposed to add 


15,0007. to the reserve account, write off 20,0002. for depre- 
ciation, appropriate 17,250/. for the final redemption of 
funding certificates, and pay a dividend of 10 per cent. 
on the ordinary shares, carrying forward 21,6617. The 
net earnings in 1902 were 96,334/.; and in 1901, 93,6342. 
The dividends paid for 1901 and 1902 were at the rate of 
7 per cent. per annum. 








test ; these gave results with a minimum value of 2700 Ib. 





* See ENGINEERING, vol. Ixxvi., page 431. 
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LAUNCHES AND TRIAL TRIPS. 


Messrs. Suort Broruers, Limited, launched from their 
shipbuilding yard at Pallion on Monday, the 29th ult., a 
steel screw steamer named the Havsi, and built tothe order 
of Mr. C. T. Boe, of Arendal. She is of the followin 
dimensions :-—Length, 289 ft. ; breadth, 41 ft. ; and dept 
moulded, 20 ft. 7 in. The vessel is fitted with triple- 
expansion engines and boilers by Messrs. George Clark, 
Limited, of Sunderland, the cylinders being 204 in., 33in., 
and 54 in. in diameter with a stroke of 36 in., the working 
pressure being 180 1b. 

On Tuesday, the 1st inst., Messrs. Ramage and Fergu- 
son, Limited, Leith, launched from their yard a screw 
steam yacht, which has been built to the order of H.I.H. 
the Archduchess Maria Teresa of Austria, from the 
designs and under the superintendence of Messrs. Cox 
and King, Pall Mall, London. The yacht is about 
650 tons yacht measurement, her principal dimensions 
being 198 ft. by 27 ft. 6 in. by 17 ft. moulded depth. The 
»ropelling machinery consists of triple-expansion engines 
Lovie cylinders 16 in., 26 in., and 42 in. in diameter by 
27 in. stroke, steam being supplied from two _ boilers 
having ample heating surface and grate area, and working 
at a pressure of 180 lb. per square inch. On leaving the 
ways, the yacht was named Rovenska. 





The London and Glasgow Engineering and Shipbuild- 
ing Company, Limited, launched on Tuesday, the Ist 
inst., from their shipyard at Govan, a twin-screw steamer 
built for the Indo-China Steam Navigation Company, 
Limited. The vessel is of somewhat unusual form 
and appearance, and has been constructed for river ser- 
vice on the Yangtsze River. The principal dimensions 
are :—Length over all, 342 ft. ; breadth over all, 57 ft. 6in., 
depth to top or promenade deck, 31 ft. 9 in. Gross 
tonnage about 3850 tons. The hull is of steel throughout, 
and is much heavier than the river steamers of this 
country. The machinery, which is being supplied by 
the builders, consists of two sets of triple-expansion 
engines. As the vessel left the ways she was named 
Tuck Wo. 





Messrs. Charles Connell and Co., Limited, Whiteinch, 
launched on Wednesday, the 2nd inst., a steel screw 
passenger steamer named Maharaja, for the Asiatic 
Steam Navigation Company, of Liverpool and Calcutta. 
The principal dimensions are :—Length, 300 ft.; breadth, 
40 ft. 7 in.; depth moulded, 24 ft. 9in. The vessel is a 
duplicate of the Shahzada, launched at the end of 
January for the same owners. She has been specially 
designed to suit the owners’ passenger and coasting trade 
abroad, and will carry 3200 tons deadweight on a 
moderate draught. The first-class state-rooms are 
arranged above and below bridge deck amidships, the 
second-class under the poop deck, while the tween decks 
are arranged for transport of native passengers, with 
all the necessary cooking and other accommodation. The 
vessel is fitted with a complete installation of electric 
light and fans for cooling saloons, state-rooms, &c. The 
engines have cylinders 224 in., 38 in., and 62 in. in dia- 
meter by 42 in. stroke, and are being supplied by Messrs. 
Dunsmuir and Jackson, Limited, Govan. 





On Wednesday, the 2nd inst., Messrs. Furness, Withy, 
and Co., Limited, Hartlepool, launched the steel screw 
steamer Oldhamia, which they have built to the order of 
Messrs. Sivewright, Bacon, and Co., Manchester and 
West Hartlepool. The vessel is 364 ft. in length, with 
large measurement and dead-weight carrying capacity. 
Triple-expansion engines will be supplied and fitted by 
Messrs. Richardsons, Westgarth, and Co., Limited, 
Hartlepool, having cylinders 24 in., 39 in., and 66 in. in 
diameter by 45 in. stroke, steam being supplied by three 
boilers 14 ft. by 10 ft. long, working at a pressure of 
180 Ib. 





On Wednesday, the 2nd inst., there was launched from 
the Wallsend Yard of Messrs. Swan, Hunter, and 
Wigham-Richardson, Limited, the s.s. Manistee, a steel 
screw steamer built to the order of Messrs. Elders and 
Fyffes (Shipping), Limited, of London and Manchester, 
for their regular fruit trade between Port Limon and 
Manchester. For the carriage of fruit, the holds will 
all be thoroughly insulated with efficient non-conducting 
materials, and a complete cool air system, supplied by 
Messrs. J. and E. Hall, Limited, is being fitted. The 
principal dimensions of the vessel are :—Length over all, 
362 ft.; breadth, extreme, 46 ft.; and depth, moulded, 
32 ft. to the weather deck. Fruit being a light cargo, 
when the vessel’s holds are completely filled she will only 
draw about 19 ft. 6 in. of water, but when loaded to her 
maximum draught she can carry a dead-weight cargo of 
about 5000 tons. The machinery has been constructed 
by the Wallsend Slipway and Engineering Company, and 
consists of a set of triple-expansion engines having cy- 
linders 27 in., 46 in., and 75 in. in diameter by 48 in. 
stroke, steam being supplied by four very large single- 
ended boilers, working at a pressure of 180 lb. per square 
inch. A sea speed of 124 knots is expected. 





On Thursday, the 3rd inst., the new steel screw steamer 
Elixir, recently launched by Irvine’s Shipbuilding and 
Dry Docks Company, Limited, and built to the order of 
Messrs. Thomas Appleby and Co., proceeded to sea for 
her trial trip. She measures 311 ft. by 44 ft. by 22 ft. lin. 
Engines of the triple-expansion type have been supplied 
and fitted by Messrs. Richardsons, Westgarth, and Co., 
Limited, Hartlepool, having cylinders 23 in., 37 in., and 
61 in. in diameter by 39 in. stroke, and two single-ended 


Messrs. Vickers, Sons, and Maxim, Limited, Barrow- 
in-Furness, launched on Thursday, the 3rd inst., two 
more submarines for the British Admiralty. It is pro- 
bable that another six will be put into the water by the 
end of the next four or six weeks. One submarine in 
course of construction at Barrow is of new design, and is 
being built under the supervision of Captain Bacon. 
This vessel contains many improvements suggested by 
recent experiments, and it is expected that the ten sub- 
marines in this year’s Estimates will be of this type. 





The Ailsa Shipbuilding Company, Limited, launched 
at Troon on Thursday, the 3rd inst., the steel screw 
steamer, the Emperor, a sister ship to the Monarch, re- 
cently launched by the same firm for Messrs. J. Hay and 
Sons, Glasgow. ‘The Emperor is for the general coasting 
trade, and will carry 785 tons on Lloyd’s freeboard. Com- 
pound direct-acting engines are to be supplied by Messrs. 
Muir and Houston, Limited, Kinning Park. 


Messrs. William Chalmers and Co., Rutherglen, 
launched on Thursday, the 3rd inst., a twin-screw steamer, 
intended for general cargo and passenger traffic in Kast 
Africa. The vessel was named the Liberal. The ship 
has been built to the order of Messrs. Abren Conto, of 
Lourenco Marques, and is 140 ft. in length, 26 ft. in 
breadth, and 10 ft. 3in. in depth moulded. She will be 
fitted with compound surface-condensing engines by 
Messrs. Campbell and Calderwood, Paisley. 


Messrs. Mackie and Thomson, Govan, launched on 
Thursday, the 3rd inst., the steam fleeters, Plym, Quair, 
and Ribble, which they have built for Messrs. James 
Leyman and Co., Limited, Hull. The vessels are each 
110 ft. in length, 22 ft. in extreme breadth, 11 ft. 7 in. 
in depth moulded, and of 190 tons gross. They will be 
fitted by Mr. W. V. V. Lidgerwood, Coatbridge, with 
triple-expansion engines. 

A new 10,000-ton steel screw steamer was launched on 
Thursday, the 3rd inst., by Messrs. Harland and Wolff, 
Belfast, for the Bibby Line, trading between Liverpool 
and the East. The new vessel is 452 ft. long and 54 ft. 
broad. She is to be fitted with refrigerating machinery 
by Messrs. J. and E. Hall, Limited, Dartford. A some- 
what singular departure in connection with the launch is 
that the vessel has as yet no name. 

Messrs. Scott and Co., Greenock, launched on Thurs- 

day, the 3rd inst., the first-class armoured cruiser Argyll, 
one of the vessels of the Devonshire class already fully 
described in ENGINEERING. Her displacement is 10,700 
tons, her horse-power 21,000, and her speed 22 knots. 
On twenty-three occasions Messrs. Scott and Co. have 
carried through important contracts for war vessels— 
indeed, they were the first Clyde firm to be entrusted 
with Admiralty work—although most of the contracts 
have been for machinery. At the luncheon which followed 
it was stated that for the long period of 200 years Messrs. 
Scott and Co. had been engaged in the industry of ship- 
building in Greenock. When wooden vessels were in use 
they were recognised by the Admiralty, and for 150 years 
they had been doing work for the Government of the 
country. In 1803 there was constructed in Greenock a 
sloop of war called the Prince of Wales. In 1903 the 
firm fitted engines to a Government vessel of the same 
name. Auother interesting launch was that, in 1849, of a 
frigate named after the town of Greenock, and she and 
her sister vessel, the Simoon, built at Messrs. Napier’s, 
were, it is believed, the first vessels constructed of iron to 
be passed into the Navy. 
His Majesty’s first-class cruiser St. George left the 
Alexandra Wharf, Belfast, for Portsmouth on Saturday, 
the 5thinst., at noon. The cruiser has for the past twelve 
months been undergoing a complete overhaul of hull and 
machinery at the hands of Messrs. Workman, Clark, and 
Co., Limited, who have carried out their contract in a 
most satisfactory manner. The St. George is a com- 
posetivele new cruiser of the Crescent class, having been 
muilt in 1892. She is about 380 ft. long over all, with a 
displacement of 7700 tons. The engines are capable of 
developing an indicated horse-power of 10,000 under 
natural draught, and 12,000 under forced draught, and 
steam is supplied by four double-ended and one single- 
ended cylindrical multitubular boilers. The protective 
deck which protects the vital parts of the vessel, such as 
machinery, boilers, magazines, &c., extends all fore and 
aft, with extra armour-plating over the cylinders. The 
armament consists of two ‘).2-in. guns, ten 6-in. guns, and 
twenty-four smaller guns. She has also submerged tubes 
for discharging torpedoes. The crew numbers 550, includ- 
ing officers. The overhaul has extended to the minutest 
details ; and, in addition, there has been an entirely new 
electric installation fitted throughout, including motors 
for ammunition hoists. A new office and fittings for 
wireless telegraphy have also been fitted. TheSt. George 
had most successful speed trials three weeks ago, in which 
she maintained a speed of 21 knots under natural 
draught for eight hours, the engines and boilers working 
smoothly throughout. This is in excess of any speed 
previously attained by the vessel, and is most satisfactory. 
We understand that the cruiser will be commissioned on 
the 15th inst., and will leave a few days later for a station 
as flagship on the south-east coast of America. The 
overhaul of the hull has been under the survey of Mr. W. 
Harris (overseer), while the work in the machinery de- 
department has been carried out under the superintend- 
ence of Engineer-Commander W. J. Black. 


On Saturday, the 5th inst., Irvine’s Shipbuilding and 





boilers working at a pressure of 160 lb. 








yard at West Hartlepool a steel screw steamer named the 
Majestic, and built to the order of Messrs. W. H. Cocker. 
line and Co., Hull, She is of the following dimensions - 
—Length, 336 ft. by 47 ft. by 24 ft. 10 in., and of a large 
measurement cargo capacity. Engines of the triple-ex. 
— type are being supplied and fitted by Messrs, 

ichardsons, Westgarth, and Co., Limited, Hartlepool 
having cylinders 24 in., 38 in,, and 64 in. in diameter by 
42 in. stroke, and two large single-ended boilers, working 
at a pressure of 160 lb. 





The steamship Rosina, built by the Chantier Nava 
Anversois, Hoboken, Antwerp, for Mr. Alcibiades Em- 
biricos, Braila, was out on her trial trip a few days ago 
off Flushing, and attained a speed of 11} knots. The 
machinery worked without a hitch, and gave complete 
satisfaction to all the officials on board. The vessel 
measures 360 ft. by 44 ft. by 23 ft. 6 in. moulded draught 
and will carry 4700 tons all told. She has water-ballast 
in cellular double bottom, 900 tons, and deep tank amid- 
ships of 500 tons; she is fitted with electric light and 
all the latest improvements. The engines have cylinders 
23 in., 38 in., and 64 in. in diameter by 42 in. stroke, 
steam at 180 lb. pressure — supplied by two boilers 
measuring 15 ft. 6 in. by 10 ft. 6 in., which were sup. 
plied and fitted by the North-Eastern Marine Engineer. 
ing Company, Limited, Sunderland. 








CATALOGUES. 

Tue C. W. Hunt Company, of West New Brighton, 
New York, have published a new issue of their catalogue 
of electrical railways. The letter-press contains many 
useful notes on lines of this character, and is very fully 
illustrated. : 

The Bundy steam and oil-separators are described in 
a catalogue just received from the A. A. Griffing Iron 
Company, of Jersey City, New Jersey. 

A new catalogue dealing with pressure gauges for 
every pur has been issued by Messrs. Schiiffer and 
Budenberg, Limited, of Manchester. 

Price-lists of air-compressors, coal-cutters, and electric 
drilling-machines have been sent us by the Power Plant 
Company, of 20, New Bridge-street, London, E.C. 

The Geo. F. Blake Manufacturing Company have 
issued a new catalogue of power station specialities, 
including air and circulating-pumps, condensers, and 
feed-pumps. 

Messrs. Dean, Smith, and Grace, Limited, of Keighley, 
have sent us a copy of their new lathe catalogue. 

A pamphlet describing the ‘‘Geeko”’ fire-alarm has 
been sent us by the General Electric Company, Limited, 
of 71, Queen Victoria-street, K.C. Another price-list 
issued by the same firm is devoted to electric radiators. 

Price-lists having reference to their potentiometers, 
electrical pyrometers, galvanometers, pot on other testing- 
room appliances, have been sent us by Messrs. Crompton 
and Co., Limited, of Salisbury House, London Wall, E.C. 

Messrs. Sanders, Rehders, and Co., of 108, Fenchurch- 
street, E.C., have issued a second edition of their pam- 
phlet describing their automatic apparatus for recording 
the amount of CO, in furnace gases. We learn that a 
number are now in use here at different electric lighting 
stations. 

A catalogue describing their new double-hack saws, as 
well as other patterns of machine-hack saws, has been 
sent us by Messrs. Beanland, Perkin, and Co., of the 
School Close Works, Leeds. 

Messrs. Potts, Cassels, and Williamson, of Motherwell, 
have issued a pamphlet entitled ‘‘ Practical Notes on the 
Driving of Centrifugal Machines by Belt, Water, and 
Electricity.” 

The Edison and Swan United Electric Light Company, 

Limited, of Queen-street, E. have issued a flyleaf 
calling attention to their electric radiator lamps. 
The Fairbanks Company, of 78 to 80, City-road, E.C., 
have sent us a price-list of their copying-presses, and 
other lists having reference to their metallic gaskets 
and to the Fairbanks testing-machines and their line 
of engineering sundries. 

A catalogue of insulating varnishes has been sent us 
by the Standard Varnish Works, of 23, Billiter-street, 
E.C. Special attention is called to an air drying varnish, 
which is moisture proof, and, requiring no stoving, is 
particularly adapted to repair work. 

Messrs. Joseph Wright and Co., of Tipton, have sent 
us pamphlets showing the principal features of the firm’s 
steam-dryers and feed-heaters. 

The Electric and Ordnance Accessories Company, 
Limited, of the Stellite Works, Birmingham, have sent 
us a price-list of their telephones and central battery 
exchange system. 

The ‘‘Ideal” Syndicate, of 2, Pancras-lane, Queen- 
street, E.C., have sent us catalogues and _ price-lists of 
their system of letter-filing accessories. 

A new catalogue of their roller-bearings has been issued 
by the Empire Roller Bearings Company, Limited, of 
1, Delahay-street, Westminster. 

Messrs. Galloways, Limited, of the Knott Mill Iron 
Works, Manchester, have sent us a copy of their cata- 
logue of high-speed engines. 

The ‘‘ Reliance” level is described in a small pamphlet 
recently issued by Messrs. J. Halden and Co., of 8 and 9, 
Great Chapel-street, Westminster. 

Messrs. Dodge and Day, ‘‘modernising engineers” of 
Nicetown, Philadelphia, have issued a pamphlet showing 
the way in which they are prepared to help manu- 
facturers to improve the output from their plants. Their 
plan is to visit the works, and after spending some days 
in investigation, they prepare a report pointing out the 
weak points discovered, and suggesting methods by 





Dry Docks Company, Limited, launched from their ship- 





which they can be got rid of. 
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«ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


ComrpiteD BY W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 
umber of views given in the Specification Drawings is stated 
illustrated. 


Where in " ren tg 
the Communicators are given in 
eof Specifications may be obtained at the Patent Office Sale 
Reach, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the advertisement of the a e 
ification is, in each case, given after t abstract, unless the 
Went has been , when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the adverti. of the ance of a C ‘ion, 
ive notice at the Patent Office of opposition to the grant of a 
atent on any of the grow mentioned in the Acts. 
AGRICULTURAL APPLIANCES. 
A. Newlands, Sen., A. Newlands, Jun, 
Litiithgow, and J. Morris, Phil toun, by Linlith- 
gow. Ploug “Shares. (3 Figs.) January 12, 1903.—This 


invention relates to plough-shares built up of a number of detach- 
able parts. The share is composed of three main portions—viz., 
alandside blade A, a detachable point B, anda wingC. The face 
of the blade A is flat, and the back is formed with a lug, to 
which the wing C is attached by means of a bolt E. The under 
surface of the landside edge of the wing C is arranged to rest upon 
the upper edge of the blade A, and the wing is locked against 

















lateral movement by astud on its under surface engaging with a 
hole F in the blade A. The connection of the landside blade to 
the plough-frame is such that a shallow cut is obtained on the 
furrow side, and the connections are so arranged that they clear 
the undisturbed ground. The rear end of the blade A is formed 
with a tapering dovetail recess L, which is adapted to receive the 
forward neck of the plough-frame, which is vertically arranged. 
The neck is correspondingly tapered and bevelled and the parts 
transversely bored to receive a locking-bolt. (Accepted January 
13, 1904.) 


ELECTRICAL APPARATUS. 


1776. C. E. Hunter and P. A. Hulme, Ponders- 
End, Middlesex. Switches. (3 Figs.) January 24, 1903.— 
This invention relates to switches of the Tumler type, and has for 
its object the reduction of the number of contacts in such 
switches, the provision of a wider break between the fixed con- 
tacts themselves, and between the fixed contacts and the moving | 
bridging-piece of the switch, and the securing of a quick break by | 
means of aspring. A supporting bracket consisting of two limbs | 
a, a and a crossbar b is fixed toa base c. A hole in the bar d is | 
surmounted by a cylindrical cap d, which is screwed externally for 
the reception of a cover e, and inside which the lever f moves. The | 
latter is pivoted on a pin g fixed transversely a the crown, , 
and carries at its lower end a wedge-shaped block / of insulating | 
material. This wedge has a metal stud k& on each side of its | 
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thicker end, which, at this part, may have parallel sides, the two | 
studs being in suitable electrical connection, and engaging, when | 
the switch is closed, with spring contact pices J, 1 secured to the | 
base and connected to the circuit. The base is slotted in the path 
of the block , and a collar f} on the lever / limits the movement 
of the switch, when opened, by coming into contact with the bridge 
and similarly for the ‘‘on” position. Two springs m, m of suit- 
able material are fixed, one on each contact, in such a manner | 
that when the switch is brought to the “on ” position they are put 
into tension by the action of the thinner vit of the wedge. In 
moving the lever f to the ‘‘ off” position, immediately the studs 
in the wedge leave the contacts, the action of these springs on the 
wedge is such as to give a quick break. By this arrangement the 
springs also hold the switch lever in the ‘‘ off” position of the 
switch. (Accepted January 20, 1904.) 


3705. Crompton and Com: , Limited, and R. 
Goldschmidt, Chelmsford, ex. Alternate-Cur- 
rent Motors. [1 Fig.) February 17, 1903.—This invention is 
based on the fact that a closed coil of conducting material placed 
in an alternating magnetic field will set itself in such a position as | 
to enclose the smallest possible number of lines of magnetic force. | 
A closed coil C, mounted on an axle within a two-pole magnetic | 
field F, F, excited by an alternating! current in the coils S, S, so | 
that its plane makes an angle with the direction of the lines of | 
force, will have a current induced in it, and a force exerted | 
upon it, tending to set it with its plane parallel to the lines of 
force. In order to obtain continuous rotation, the circuit of the coil | 
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‘must be automatically broken as soon as the plane of the coil lies | directly with the upper. division of the carburettor and with a 
parallel to the lines of magnetic force. The breaking of the , pipe F which leads to the inlet valve to the combustion chamber. 


two segments P, P, to which the two ends of the coil are con- | easy sliding fit within a hole bored out through a bossg. A stalk 
nected, and which rotate with the coil. In the case of a céil| h passes from the upper end of the plunger f through a gland k 
placed in a two-pole magnetic field, each segment should subtend screwed into the top of the boss g, and a spiral spring m is placed 
an angle of about 90 deg. Two brushes B, B, connected together | around the stalk / and is compressed between the gland k and the 
electrically, either directly through the lead L or through resist- | plunger 7. When the engine is working at a slow speed, the 
ances, choking coils, or condensers, and placed (in the case of a| regulator E is down upon the seate. Asthe speed of the engine 





ventions are communicated from abroad, the Names, | 


| lifts the arm l! to such a height that it formsa solid contact 


two-pole magnetic field) at opposite ends of a diameter, must be 
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provided and fixed so as to rub on the two segments of the col- 
lector-ring. These brushes must be so placed, and the exact 
angle subtended by the segments of the collector-ring must be 
such, that the coil C will be short-circuited, or partially short- 
circuited, by the brushes B, B, whilst passing through any two 
opposite quadrants of a circle, and will be on open circuit while 
pass 
1904 


27,196. C. E. Hunter, Bush Hill Park, Middlesex. 
Switches. [5 Figs.) December 11, 1903.—According to this 
invention, the switch lever is made in two parts a, b, which are so 
correlated that a certain amount of lost motion taken up in 
beginning to move the handle part a from the ‘‘on” position is 
available for the independent motion of the switch part b as soon 
as the circuit is broken. The lower portion of the part a is ball- 
shaped, and hasa slot e in which takes the upper portion of the 
part b. The upper portion of part b and the contiguous surface 
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of part a are shaped so as to allow a certain amount of lost motion 
between the parts. This is done by cutting off a corner of part b, 
which is on the same side as the contact-pieces. When the 
switch is closed, the handle part «@ is in the position shown in 
dotted lines. On moving the switch to the open position, the 
part 6 will not be moved until part a is in position shown in full 
lines. As soon as the part } clears the a fingers, it 
is free to move relatively to the part a, and this movement is 
rapidly effected by the pressure of spring g on surfaces b2. (Ac- 
cepted January 20, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2381. M. J. P, O’Gorman, Westminster. Gas- 
Engines, [4 Figs.) January 31, 1903.—This invention relates 
to exhaust and ignition details of internal-combustion engines. 
The opening of the exhaust-valve is accelerated by utilisation 
of the stored energy in a spring which becomes operative at the 
point of opening of the valve by the cam. The exhaust valve j 
has an elongated stem k, on the end of which is a loose collar / 
attached to the stem k by a pin-and-slot connection m. When 
the half-time shaft a rotates, the cam e causes the lower arm 
of the spring } to rise ; this compresses the spring, thus storing 











energy in it. 1 is a distance-piece, which is simultaneously carried 
upward by the arm v1, This causes the loose collar / to slide 
along the stem k and so compress the spring g. When the cam e 


between the cam and the stem, further rotation of the cam raises 
the valve j off its seat. As soon as the valve is moved and the 
pressure thus reduced, the arm 62 of the spring comes into action 
and lifts the valve suddenly to the full extent of its opening. 
Another improvement relates to the ignition devices (Accepted 
January 20, 1904.) 


5720. The Wolseley Tool and Motor-Car Com- 
any, Limit and Aust: m. 
urettors. (2 Figs.) March 12, i903.—This invention relates 


to means which will operate automatically to regulate the relative 
proportions of air and liquid fuel. A is the supply nozzle within 
the carburettor B, surrounded by a cylindrical wall OC, secured 
within a partition b, between the upper and lower portions of the 
carburettor, and formed at the top as a valve-seating e. Air, 
which is drawn in by the suction stroke of the engine, and which 
enters through a pipe D, passes beneath the lower edge of the 
wall C, and thence up the annular space between such wall and 
the nozzle A. Normally seated upon seat ¢ is a regulator E, with 
an opening which forms the mouth of an upward passage c. The 
wall of the passage-way c has openings d, which communicate 





circuit may be effected by means of a collector-ring consisting of | The top of the regulator is formed with a plunger J, which is an | 





ing through the other two quadrants. (Accepted January 20, | 
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| increases, an increasing proportion of air is drawn in, and the 
, suction causes the regulator E to lift, and some of the air is then 
| drawn in around the periphery of the regulator, the increased 
| passage-way thus provided preventing such an increased suction 
| as would cause an undue flow of petrol or other fuel through the 
| nozzle. (Accepted January 20, 1904.) 

| 

| 6455. W. J. Crossley, Openshaw, Manchester, and 
|W. L. P. Webb, Marple, Cheshire. Oil-Engines. 
| (5 Figs.) March 20, 1903.—In an internal-combustion engine 
using liquid fuel, having a vaporiser consisting of a detachable 
| vessel connected to the cylinder by a restricted passage, over- 
heating of the vaporiser and decomposition of the hydrocarbons 
are prevented according to this invention by introducing into the 
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vaporiser water in the form of spray. The water is evaporated 
by the heat, thus reducing the temperature of the vaporiser and 
its contents, and preventing decomposition of the hydrocarbons. 
The figure shows the vaporiser C, together with the valves F and 
G for the admission of hydrocarbon and water respectively. The 
hydrocarbon and water are both sprayed into the vaporiser, and 
the sprays intermingle. (Accepted January 20, 1904.) 


6461. The Wolseley Tool and Motor-Car Company, 
Limited, and H. Austin, Birmingham. Gas- es. 
(3 Figs.] March 20, 1903.—This invention has for its object to 
combine with means such as those usually employed for mechanic- 
ally operating the inlet valve or the exhaust-valve of an internal- 
combustion engine, means for igniting the charge through the 
medium of a low-tension current. A is the valve-rod through 
which a cam B on the countershaft © opens the inlet valve D. 
The cam B is formed with adepression } which, just as the charge 











is ready for ignition, comes into position to allow the rod A to 
approach still nearer to the shaft C, being impelled in such direc- 
tion by the spring c. A tappet d around the rod A presses, as the 
rod moves into the depression } of the cam, against an arm e 
fixed on a projecting end of a spindle f which passes through the 
side of the combustion chamber F and carries the contact making 
and breaking arm g. The arm ¢ is held in its normal position by 
a spring h which presses the arm g upon or against the terminal 
k. (Accepted January 20, 1904.) 


GUNS AND EXPLOSIVES. 


3680. Hookham, Birmingham, and 
Limited, Witton, Birmingham. Cartridace. hari 


February 17, 1903.—This invention relates to improvements in 
cartridges for shot guns. In carrying out the invention according 
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to the form shown in Fig. 1, the cartridge is provided with a 
brass shell a@ of such length that it exactly fills the chamber of 
the gun after firing. Within the shell there isa paper casing }, 
which paper casing before being turned over extends about one- 
sixteenth of an inch beyond the brass shell. The cartridge is 
loaded in the usual manner, and after turning the r case 
over the shot-wad g, the end of the metallic shell extends about 
one-eighth of an inch beyond the turnover f. This completes the 
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cartridge proper ; but in order that the edge of the brass casing 
shall not be left sharp and exposed, the end of the shell may be 
turned inwards as at c (Fig. 1); or, as shown in Fig. 2, a cup- 
shaped wad d of light card may be inserted in the cartridge end. 
The wad is inserted with its open end towards the shot-wad, and 
it rests upon the paper turnover /, its edge being (somewhat 
rounded. The end of the brass shell is then slightly reduced in 
diameter by coning, so that its edge lies closely against the cupped 
wad, (Accepted January 20, 1904.) 


LIFTING AND HAULING APPLIANCES. 


5895. W. Taylor and W. 8S. Hubbard, Leicester. 
Cranes, (2 Figs.) March 13, 1903.—This invention has for its 
object to apply to ajib-crane and analogous elevating means a 
simple improved apparatus for elevating wagons, buckets, and the 


machine then being driven from the opposite side, which is 
provided with similar driving mechanism. When the machine 
is to be reversed, the belt 4 is transferred to the pulley 1; but 
owing to its width it does not entirely leave the wheel 3, and the 
momentum of the latter is imparted to the pulley and utilised 
in stopping the machine and restarting in the reverse direction. 
(Accepted January 20, 1904.) 


RAILWAYS AND TRAMWAYS. 


5204. T. Vickers and E. Andrews, Nottingham. 
Electric Brakes. [2 Figs.) March 5, 1908.—The object of 
this invention is to provide means whereby the magnetic brake is 
applied automatically whenever the safety gate is moved from its 
normal position. The electric connections beween the controller 
and motor are fitted with a switch 12, so arranged that when the 
switch lever is in contact with terminals 10, 11 the current from the 
trolley-wire passes to the motor, and when the lever is in contact 
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with terminals 18, 19 the magnetic brake is automatically put in 
action. The lever 12 is connected to a link 26, and the safety- 
gate 23 carries a lever arm 25. The lever 12 is held in the position 
shown against the action of a spring 27 by acatch-pin 28, The 
arrangement is such that when the gate 23 is moved inwards, the 
link 26 is disconnected from the pin 28, and the spring 27 moves 
the switch lever 12 on to contacts 18 and 19, and puts the mag- 
netic brake in action. (Accepted January 20, 1904.) 


7335. E. J, Chambers, Wombourne, near Wolver- 





like, and thereafter tipping and discharging the contents from 
them. The winding drum is in two parts 1, 2, the part 1 being 
fixed to the shaft 3. The meeting surfaces of the two parts are 
flanged at 4, 5, so as to afford a suitable amount of frictional 
surface. The part 2 has connected thereto one end of a chain, 
which is carried over a pulley on the jib below the ordinary 
pulley, over which the lifting chain passes. The lifting chain is 
attached to part1. When the crane is started by the operator, 
the shaft 3 is rotated, thus winding up the lifting chain, and as 
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the frictional contact between the parts 1 and 2 of the drum is 
adjusted tight enough so that the part 1 when rotated will rotate 
the part 2, the first-mentioned chain will be wound up on the 
part 2 of the drum, and consequently the wagon will be lifted in 
a horizontal position, When the wagon has been lifted sufficiently 
high, a brake strap is applied to the flange 11 by means of the 
lever 16, thus holding the part 2 of the drum and chain; and if 
the part 1 of the drum is driven the reverse way, thus unwinding 
the chain thereon, it will be obvious that the wagon will be tilted. 
When the brake strap is released, the wagon may assume a hori- 
zontal position again, and the two parts 1 and 2 of the drum re- 
volve in frictional contact to lower the wagon to the ground. 
(Accepted January 20, 1904.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


6250. R. W. and L. H. Bateman, Halifax, Yorks. 
Driving-Mechanism. [4 Figs.) March 18, 1903.—The object 
of this invention is to facilitate the reversing of planing, slot- 
shaping, and like machines by providing means for stopping 
the machine when running in one direction, and also restarting 
the machine in the other direction, and removing to a great 



































extent undue strain on the driving belts and gear. 














The inven- 


tion consists in the use, in combination with the ordinary driving 
pulley, of a heavy flywheel, the momentum of which is im- 
parted to the driving wheel by the driving strap. 1 is the ordinary 


hampton. Electric Collector Shoes. [6 Figs.) March 30, 
1903.—This invention relates to the shoes or slippers by which 
the electric current is collected from the electrical conducting 
rail in electric railways and tramways working on the third- 
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rail system. In constructing a shoe or slipper according to this 
invention the whole shoe or slipper @ is cast from the hardest 
ig iron, preferably white pig iron, and the various attachments 
b, b, efor the securing of the electrical conductors to the shoes 
or slippers are inserted in the casting mould, and the shoes or 
slippers cast thereon. (Accepted January 20, 1904.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
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5360. J. Haythorn, Pollokshaws, Renfrev . 
Locomotive Boilers. (8 Figs.) March 7, 1903.—This inven- 
tion relates to boilers of the locomotive type, and has for object | 
to provide improved means for securing water tubes in position | 
across the fire-boxes of such boilers. A number of openings are | 
formed in the firebox-plates A and in the outer shell B ; the water | 
tubes are passed in through the openings. The tubes are, by | 
preference, screwed in position in the firebox-plates A, and after- | 
wards expanded in position. To close the openings through the | 
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outer shell B, outwardly projecting annular nipples H are screwed 
into these openings. The outer ends of these nipples are 
internally screwed and receive closing caps H! and dome-shaped 
pieces H2, carrying screwed pins H4 to bear on the caps, so that, 
when the pins are screwed up, the caps will bear each on a copper 
ring, to form a joint and close the opening. Where the tubes D 
extend through to the outer shell B, the tubes D are each made 
with openings D1 through them in the line of the firebox water 
space F1, Several other improvements are shown and described. 
(Accepted January 20, 1904.) 


TEXTILE MACHINERY. 
6585. Asa Lees and Co., Limited, and R. Clegg, 


Mules and Turners. {1 Fig.) March 


Oldham, cs. | I ‘ r 
21, 1903.—This invention relates to improvements in self-acting 
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fast driving pulley, and alongside of this and loose on the driving 
shaft 2 is the heavy flywheel 3, of greater width than the former. 
A wide driving belt 4 is altogether on the loose wheel 3, the 








mules and turners, and the object of the invention is to provide, 
with the usual rim band, an independent means for backing off, 
so that the speed of the spindles can be varied as desired, when | 





| 
backing off, without interfering with the speed at whi 
— are driven when twisting. 2 dénctee the Babe). 
the ordinary fast-driving pulley, and 4 the loose pulley ; 5 is th 
backing-off cone which is secured to one end of a sleeve ¢ that is 
loosely mounted on the shaft 2, and to the other end of which is 
secured the backing-off rim pulley 7. 8 and9 are the ordinary 
twist rim pulley and backing-off wheel respectively. The rity 
band passes over: the twist rim 8, and usual carrier pulleys to the 
backing-off rim 7 in one continuous band. When the drivin 
belt ;is upon the pulley 3, the tin roller and spindles are drives 
but when the belt is moved on to the pulley 4, and the backing. 
off wheel 9 is moved into contact with the cone 5, the sleeve'g 
and backing-off rim 7 secured thereto are driven, and in the 
opposite direction, thus reversing the direction of the rim band 
tin rollers, and spindles. By changing the rim 7, or both the 
rims 7 and 8, the spindles can be driven at any desired speed 
(Accepted January 13, 1904.) : 


908. G. Paley, Preston, Lancs. Ring Spi 

Machinery. [7 Figs.) January 14, 1903.—The Objert of the 
invention is to provide a mechanical device whereby the speed of 
a traveller upon a spinning ring may be automatically retarded 
to suit the varying tension of the thread. This is accomplished 
by utilising a ring c, which is so formed that it is capable of an 
up-and-down motion upon the outside of the spinning ring a, 





which is secured in the ring-rail. The lower edge of the ring ¢ 
is formed with suitable inclined planes e working upon pins /, 
A partial revolution of the ring ¢ around the spinning ring ‘a 
raises or lowers it upon the spinning ring, and brings its upper 
edge more or less in contact with the traveller b. The ring ¢ ig 
partly rotated by a projection g, which is operated from the 
ring-rail motion. (Accepted January 20, 1904.) 


3703. T. A. Bo and J. and T. Boyd, Limi 
Glasgow. Spindles. [7 Figs.) February 17, 1808. Tek 
vention relates to several improvements in the spindles of spin. 
ning machines, and has for object, in each case, to improve the 
means of lubrication of the bearings and of protecting the bear. 
ings from dust. In qne construction, the spindle 1 is formed 
with a conical bearing 1! above the wharve 5, the larger diameter 
| of the conical bearing being uppermost. On the bearing 1! is 

were a bush, held in position in the spindle rail. Below the 
pearing 1! and bush, but above the wharve 5, is an oil cup 51, 








which surrounds the lower portion of the bush. The oil cup is 
of larger diameter at the bottom than at the top, so as to retain 
the oil while the spindle is running. When the spindle is stopped, 
the oil, which is kept away from the spindle, when in motion, by 
centrifugal force, flows around the spindle and leaves on it and 
in the bearing a sufficient supply of oil to be drawn up by the 
conical bearing to the top of the bush. Oil poured in at the top 


| of the bearing is prevented from flowing downward, as it would do 


were the bearing parallel, or with the larger diameter of the 
conical part at the lower end. (Accepted January 20, 1904.) 


25,417. John Shaw and Sons, Wolverhampton, 
ted, pede eno ae Staffs. (Berrenberg and 
Kessing, Wyer, Germany.) pe-Wrenches. [3 Figs.) 
November 21, 1903.—This invention relates to the type of pipe- 
wrench in which one jaw is rigid with a shank which is pivotally 
connected with,: and passes between, the sides of a lever with 
which the other jaw is rigid, and by means of which a pipe may 
be gripped between the jaws by closing towards one another the 
rear ends of the shank and lever. According to this invention, 
the shank A is formed with a number of notches g,; with any one 
of which the pin c, by which the two parts of the wrench are 


£ig.2. 
] 





pivoted together, may be engaged, and the parts are so constructed 
that by simply moving one of them in relation to the other the pin 
¢ may be moved out of any notch with which it may be engaged 
and then moved endways along the slot f and engaged with any 
other notch. The lever B is normally pressed by a spring / in a 
direction tending to maintain the pin in engagement with any 
notch into which it has been passed, such lever consequently 
having to be moved against the force of the spring to disengage 
the pin froma notch. It will be seen that the notches g are 
formed in the lower side of theslot f. The use of this slot prevents 
disengagement of the lever from the shank unless the pin is un- 
screwed. (Accepted January 13, 1904.) 








CanapIANn Execrric Rartway.—It has been definitely 
decided to convert the Ottawa and New York Railway, 
which runs from Ottawa to Tupper Lake, New York, into 
an electric system, although the cars and general equip- 
ment will remain as at present. Power will be obtained 
at Ottawa, Cornwall, and Massena Springs, New Y ork. 
Messrs. Wallace and Little, of Woodstock, are interested 
in a proposed electric railway from Brantford to Hamilton, 
passing through East Brantford and Ancaster. The 
undertaking also proposes to distribute electrical power to 
municipalities traversed by the line. 
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WEST RIDING RIVERS. 
II.—Tue County Boroveus. 

THE six county boroughs of the West Riding of 
Yorkshire are Leeds, Sheffield, Bradford, Hud- 
derstield, Halifax, and Rotherham, here named 
in the order of their population. The total 
population of the Riding in 1901 was 2,750,493, 
of whom two millions get their living, directly 
or indirectly, by manufactures. Of this popula- 
tion no less than 1,343,768 were contained in 


the six county boroughs, the administrative county | 


of the West Riding containing 1,406,833. Thus 
nearly one-half the population reside within the 
county boroughs, which emphasises the bearing 
which their action must needs have upon the solu- 
tion of the problem of river purification. But 
items of population alone do not fully state the 
case. It is well known that the resident in a large 


town lives in a smokier atmosphere and gathers | 


more dirt than he of the smaller town, as the latter 
in his turn gathers more than the countryman. So 
do his belongings: his clothes, his bedding, his 
curtains, his furniture, his house walls, and even 
the greasy roadways over which he seeks his daily 
bread. A much greater volume of water is needed 
to purify him. The universal smoke and gas ex- 





iS . ‘ 


|plain this. Clearly, therefore, the volume of sewage 


| discharged from the county boroughs must be, and | 


|as a matter of common knowledge is, much more 
than the moiety which the mere counting of heads 
| would indicate. Further, this greater volume of 
| county-borough sewage does not enter the stream 
‘as the rest of the sewage enters, most of which is 
| now more or less purified, by 300 or more different 
| outlets, distributed from the -heads of the branches 
to the lowest reaches of the rivers, but practically 
at six only. 

The destructive effect of this concentrated flow 
|of filth on the current of smal rivers is well 
| known to observers, but is often lost sight of by 
{those who, with the idea of simplifying sewage 
treatment, call loudly for this very concentration 
| by combined schemes. Instead of simplification, 
|aggregation of volume entails complication, and, 
|in point of fact, the very persons who begin by 
seeking combination are the first, after they have 
secured it, to demand lenient treatment from the 
river authorities owing to the difficulties, almost 
insuperable, in the way of treating volumes so im- 
mense. On the other hand, combination on a small 
scale, to secure competent management, has. its 
value. But the experience of all large cities is 
| opposed to it as an aid to the purification of rivers. 


Fic. 2. 


The Don at Sheftield, and the Aire at Bradford, 
where the Bradford Beck debouches into the river, 
are instances of the instantaneous conversion of a 
stream into a sewer without hope of self-purifica- 
tion. The same effect would be visible at Knostrop, 
where the Leeds sewage flows into the Aire, had 
Bradford not already worked the mischief. The 
Aire is as foul at Kirkstall Bridge, above Leeds, as 
at the junction of the Bradford Beck, after flowing 
over ten miles, with a comparatively small addition 
of trade refuse. 

Thus we see, first, that the county boroughs have 
done nothing which in its actual tangible results 
has, since 1894, contributed to the purification 
of the rivers of the Riding. On the contrary, 
what -has been done by Rotherham has been 
largely outweighed by the mere increase of 
pollution within the county boroughs. In the 
second place, without their assistance in dealing 
with their own sewage, such purification is 
hopeless. 

What, then, has been done since 1894 by these 
great centres of work, wealth, and influence towards 
the arduous task of the West Riding Rivers Board ? 
We may even go farther back, and say from 1888, 
between which date and the passing of the Rivers 
Act, the County Council were constantly pressing 
the boroughs, and the boroughs as_ constantly 
promising, to purify their sewage. Fifteen years 
have passed,'during which the Rivers Board and the 
long-suffering riparians have been subsisting on 
hope deferred, together with such cheer as they 
may derive from notice and remonstrance, resolu- 
tion and expostulation, seasoned by the occasional 
caustic humour of Mr. Milner Gaskell. Let us 
review the work of each borough. 

LEEDs. 

Leeds is, of the county boroughs, the largest in 
population, having, in 1901, 428,953 inhabitants, 
who, through press and platform, have proclaimed 
the prodigious advance of their borough in material 
prosperity during the period in question. When 
the West Riding Rivers Bill was before the Lords’ 
Committee in 1894, evidence was given and ad- 
mitted that there was no. sewage treatment worth 
the name; that only a small part of the sewage 
was pumped for treatment, and that even this was 
treated with lime only in a crude manner, the 
means being looked upon as hopelessly inadequate 
to the end, as well as neglected with a view to 
economy. In 1894 special pressure was apple? 
by the Rivers Board, and to satisfy them the Leeds 
Corporation agreed to promote a Bill in Parliament 
for a complete scheme of sewage purification. 
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Pending this application, they spent 32,0001. in 
new tanks and other provisional works for a: rough 
treatment until at some distant date such scheme 
was completed. Between 1897 and 1901 no less 
than 13,000. was spent in experimenting, chiefly 
with bacterial processes, the elaborate results of 
which, issued by Colonel Harding, chairman of the 
Leeds Sewage Committee, and Mr. Thomas Hewson, 
borough surveyor, form a valuable contribution to 
the science of the bacterial treatment of sewage ; 
a fact which undoubtedly reflects credit on the 
Leeds Corporation. This costly inquiry, however, 
and delay, did not greatly advance the solution of the 
sewage problem, for,in 1901, having first provisionally 
acquired an estate of 1800 acres at Gateforth, on 
the banks of the Aire, 12 or 13 miles below Leeds, 
the Corporation applied to Parliament for power 
to utilise lands on this estate to the extent of 1400 
acres, as well as additional lands to be compulsorily 
acquired, for the treatment of the Leeds sewage, 
the process proposed being some form of precipita- 
tion and sludge treatment, in addition to land 
filtration. This, after some six years of investigation, 
during which the committee had visited all the 
principal works in England, was the system which 
they had concluded was the best adapted for the 
treatment of the Leeds sewage. 

Mr. Hewson said in his evidence that the volume 
of sewage provided for was 22 million gallons, dry 
weather flow, six times which volume was to be 
carried in an 8}-ft. sewer, at a fall of 2 ft. per mile. 
In addition to their own land, 900 acres were to be 
acquired at Hillend, making a total of about 
2000 acres for filtration purposes, besides 100 acres 
for tanks and other preliminary processes. The 
scheme was to be bygravitation, except at such times 
as the river rose 4 or 5ft. above normal level, when 
pumping would be required, for which provision 
was made, entailing a working cost of 5001. or 6001. 
perannum. The lands at Gateforth and Hillend 
are what is known as ‘‘ warp” lands, of which the 
soil and subsoil is the rich alluvial deposit borne 
over the surface by the action of the flowing tide, 
which raises the river level, and enables its flood 
or high water to be admitted to the low-lying 
lands by sluices in the river embankments, thus 
converting them into a very valuable kind of 
arable land. The estimated cost of the scheme 
was 700,0001., as compared with at least one 
million and a-half, which the witness stated 
would be the cost of treatment by bacterial pro- 
cesses ; which extraordinary difference had deter- 
mined the Council in their selection of a scheme. 
Much, however, depends on views of cost. At 
Manchester, bacteria beds on the largest scale yet 
known have been constructed at under 3000!. per 
acre; in Shipley and district at 40001. ; while the 
estimated cost per acre at Birmingham was 10,0001. 
If the latter view ruled at Leeds, then the alarming 
result was natural, though futile to those who 
know that Leeds can construct as cheaply as Man- 
chester. On the other hand, the sewer traversed, 
for alength of 7 or 8 miles, the West Yorkshire coal- 
field, in which seams of coal of an aggregate thick- 
ness of 50 ft. are worked or workable. Some of 
these reach 4 or 5 ft. in thickness, and their 
abstraction lets down the whole surface to the 
extent of three-fourths of the thickness of coal and 
dirt removed. No allowance had been made for 
purchasing a continuous pillar of coal along the line 
of sewer, which Mr. Mansergh, for the Corporation, 
admitted would have to be done when the time 
came, and which a mining engineer estimated 
would cost 600,0001. This was an opponent, but 
even friendly evidence had already admitted an 
extra cost of 150,000I. 

No very high character was claimed for the land 
as a filtering medium by the promoters, Mr. Hew- 
son stating with great fairness that it was not 
high-class, being a mixture of clay and sand, but 
that it was as good land for the purpose as could 
be got in the district. Those familiar with riparian 
lands in the lower Aire know that the alluvium is a 
silt—that is, sand, soil, and clay of very fine particles, 
the deposit natural from the slow-moving currents, 
dammed as they are by weirs throughout. But some 
opponents contested this, and bore witness to its 
being a porous medium. ‘l'hese were the witnesses 
from Pontefract, Selby, who, with certain land- 
owners, feared the pollution of their water supplies 
and private wells, mostly in the new red sandstone 
lying below the alluvium. The further objection 
arose as to flooding of the site of filtration area. 
This is an impediment of very great weight in the 
treatment of sewage when the effect of flood 





waters extends for a mile inland, and when even a 
matter of 2 or 3 ft. of back-water in the subsoil 
drain may almost entirely deprive them of fall. 
In such a condition, a land filter, imperfect at the 
best, becomes a dangerous swamp and the recep- 
tacle of sewage mud. Lord Londesborough, Sir 
John Ramsden, Mr. James Lowther, and other 
landowners opposed the scheme as causing a 
damage not to be compensated by money. In Mr. 
Lowther’s case the sewer would pass through 
Swillington Park for nearly a mile, and, for a part 
of that distance, 74 ft. above ground level, 150 yards 
from the house, and within 10 yards of the terrace. 
Through the Ledstone estate the sewer embank- 
ment was to be 17} ft. high for about a mile—not 
an agreeable object for the eye to dwell upon, nor 
to explain to visitors as the monstrous growth from 
the baser needs of overgrown Leeds. It may be 
further remarked that Mr. Hewson, in cross- 
examination, testified that he had not considered 
the feasibility of a joint sewerage scheme for the 
whole Aire valley, almost every non-county district 
of which has already dealt with, or is dealing with, 
the sewage ; nor had he contemplated the possi- 
bility of utilising the river-bed for irrigation 
purposes. Such questions are of the humours of 
great sewage inquiries, and serve at once as a 
diversion, and as an exposition of the depths which 
may be reached by those who speak without think- 
ing, and who do not appreciate their want of know- 
ledge of all facts. Under these circumstances, and a 
very strong combination of opponents, it is not sur- 
prising that the Committee, after a patient hearing, 
rejected the Bill; experience in committee having 
enlightened its promoters on many things. 

Since 1901 no overt public step has been taken 
in the direction of adequate sewage treatment at 
Leeds. The Corporation have, however, appointed 
three other engineers to investigate the whole 
position with a free hand, and to report upon that 
scheme which they may consider best ; but this 
movement has been taken in so deliberate a 
fashion that even the exigencies of the recent Leeds 
Extension Inquiry had not impelled the evolution 
of the new scheme. All that could be said was 
what has been said for the last 38 years— ever since 
Rawlinson’s famous Commission gibbeted the 
West Riding Rivers before the eyes of the world— 
namely, that the subject was one which required 
very careful consideration ; with, however, the 
important addition that the report was expected 
to be ready in another month. It was also claimed 
that the Knostrop experiments in the bacterial 
treatment of sewage were the most valuable that 
had yet been made ; although in 1901, as we have 
seen, all these results were set aside for chemical 
precipitation and land filtration. It was also 
further laid down that without these experiments 
the big scheme could not be effectively carried out. 
Such are the vagaries of sewage currents under 
stern winds of opposition. 

Not content with the authority of the three 
engineers, the Corporation propose to submit their 
report to a very high authority, and to go to Par- 
liament in the session of 1905. Asked by counsel 
if he thought the Corporation ought to have post- 
poned their application until they had at work a 
complete scheme for dealing with the sewage of the 
whole district, one of the three consulting engineers 
warily answered that he was not prepared to advise 
the Corporation ; they had not sought his advice. 
He admitted that he could not name any large 
town which, without possessing a system of sewage 
disposal, had secured an extension of its boundaries. 
But this admission must have carried with it the 
qualification ‘‘ against the consent of the district 
affected,” inasmuch as Bradford, in 1898, obtained 
an enormous increase of territory by consent, without 
a proper scheme of sewage treatment, in which case 
the witness himself had given evidence that a new 
scheme of sewage treatment was required. 

What seemed singular in the Leeds Extension 
case, which is still sub judice, was the fact that, for 
the drainage of no less than six of the parishes or 
parts of parishes proposed to be acquired, a separate 
scheme of sewage treatment would be needed ; and 
that amongst these was the village of Halton, 
which possesses a scheme of treatment on the bac- 
terial principle so efficient that it has for years 
been under the charge of the Royal Commission 
on Sewage as a test of that principle. This may 


be cited as an extreme illustration of what a mania 


for things large will bring reasonable beings to. 
Here, perhaps, we may be permitted to digress for 
one minute to ask why the Local Government 


Board should not peremptorily dismiss applicati 
| for boundary extension am districts siuadanine an 
‘sewage works of their own, and at the same Gane 
not needing such extension in order to carry out 
such works? With such a lever for prompt action 
towards purifying our streams, why do they throw 
it aside’ If, indeed, an inquiry on an extension 
| petition be necessary in law, a gentle hint of its 
| probable futility would serve. 

| So far, then, as Leeds sewage is concerned, 
iriver purification in the West Riding is in stati 
| quo; or, a8 Opposing counsel put it, Leeds possesses 
/no tangible assets as the result of 36 years’ con- 
sideration of this great problem. It is still going 
|to do something to remove the ‘‘scandal to 
| civilisation.” 








SOME CHEMICAL AND METALLUR. 
GICAL INDUSTRIES IN SPAIN. 
THOosE who profess some acquaintance with 
current politics in the Iberian peninsula are 
emphatic that the country is beginning to wake 
from the lethargy which has so long stunted her 
progress as a manufacturing nation. In these 
pages we are not concerned with the discussion of 
matters purely political, and shall restrict ourselves 
to presenting our readers with some remarks relative 
to one or two of the departments of industry in 
which the waking-up process is clearly perceptible, 
and in which all the signs point to considerable 

progress in the near future. 

A commencement may be made with sulphate of 
ammonia, the chemical which has assumed so much 
prominence in the country since the development of 
the beet-sugar industry. Although the sugar-cane 
has long been grown in certain districts of Southern 
Spain, notably near Malaga, it is only in quite 
recent years that the sugar-beet has been cultivated. 
The progress made in this departure has been 
rapid ; indeed, recent reports rather indicate that 
the output from the sugar factories is exceeding 
the demand. However this may be, the industry 
has undoubtedly come to stay ; and it is interesting 
to note the advancement that the country has 
recently made in meeting the demand for chemical 
manures. The beet-sugar industry is not contined 
to any particular province ; but we may mention 
Valencia and Asturias, where most progress has 
been made, and as possessing the factories which 
have been mainly instrumental in raising the 
country’s output of 15,000 tons in 1896 to 58,489 
tons in 1901. The gas works in Spain have made very 
little effort to work up their residuals ; and this can 
hardly be wondered at considering the difficulties 
involved. It is from the recovery coke-ovens now 
established on a large scale at the important iron 
works at Bilbao that the home-made sulphate of 
ammonia is mostly derived, and it is from this direc- 
tion that British exporters must expect competition. 
Not that the iron works of Vizcaya, or Biscay, as 
we generally term the province, have a monopoly, 
because there are other producers, and we note 
that the factory at Gijon has commenced exporting 
to France. With regard to another important 
chemical manure—superphosphate of lime—a com- 
mencement has also been made with the manufac- 
ture, notably at Motril, near Cartagena, and Zuazo, 
in Vizcaya. This is in the right direction, though 
it cannot be said that so far Spain has made any- 
thing like the progress shown of late years by the 
sister kingdom of Italy in this particular branch of 
manufacture. 

Turning now to sulphate of copper, we have 
a chemical with which the demands of agricul- 
ture are being very largely met by the home 
manufacture. It is now about ten years since the 
Rio Tinto Company commenced the manufacture of 
pure sulphate of copper on the large scale, for 
which branch of chemical industry it will be recog- 
nised that the company has every facility. The 
salt, it may be mentioned, is in request to keep in 
check the ravages of the dreaded phylloxera, 
species of aphis, which, imported from America in 
1863, has since worked so much damage in the 
wine-growing countries of Europe. It is chiefly 
the roots of the plant which suffer from the depre- 
dations of the insect, and the most effectual cure 
has been found in sulphate of copper. It was the 
importance of this matter that led to the removal 
of the import duty on the chemical in 1890, and to 





the specially advantageous terms for procuring it 
‘offered to Catalonian viticulturists in 1889 by the 
local authorities at Barcelona. At that time the 
salt was procured largely from England; and 
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althou t 
management, the demand for the chemical in Spain 


and neighbouring countries must have been the 
spur which prompted their engagement in the 
manufacture. Recent returns give the output of 
the salt at Huelva at 6000 tons perannum, of which 
jess than 200 tons was exported to England. 

In a country where mining operations play such 
an important part there is naturally a large demand 
for dynamite. This manufacture is largely carried 
on in the mining area of Bilbao, the principal 
factories being that of the Society General of Kx- 
plosives at Zuazo-Galdicama, and the Spanish 
Dynamite Company, in the neighbourhood of Bilbao. 
‘These establishments, of course, serve the con- 
venience of the great iron-mining industry ; but it 
has long been a source of complaint with the miners 
at Linares, and in the Ciudad Real district, that 
they have had to go so far afield for their dynamite, 
especially as the conditions of carriage are onerous. 
Further west there is the Asturian Dynamite Works 
at Gijon. Monopolies in dynamite have been granted 
by several Governments, to the detriment of the 
mining interests ; and it is not surprising that the 
law passed in 1897 granting such a monopoly in 
Spain for twenty years, for an annual payment of 
3,000,000 pesetas, met with a very hostile reception 
by those whose pockets were adversely affected. 
Those who are familiar with the history of this 
sort of legislation in Spain, especially with what 
transpired after the edict went forth from Madrid 
against the burning of pyrites in open heaps by 
the Rio Tinto Company, hardly need to be informed 
that the agitation against the dynamite concession 
was largely successful. 

In connection with the dynamite manufacture, 
vitriol chambers are a necessity, and the largest 
works have recently increased their chamber capa- 
city in order to cope with demands for acid for the 
chemical-manure industry. Turning to tar distil- 
lation and its products, this is to be seen on a large 
scale at the Altos Hornos works at Bilbao, the 
product from the Simon-Carve’s ovens being treated. 
The Elorrieta Works in Bilbao also produce creo- 
sote, carbolic acid, and coal-tar naphtha ; though 
as a separate industry, apart from coke-making 
works, it cannot be said that tar distillation in 
Spain is yet much beyond its infancy ; nor does it 
seem at all a safe thing to prophesy its great 
expansion in the immediate future. : 

Apart from the large quantities of iron pyrites 
annually produced in the country, Spain possesses 
also deposits of sulphur, though not on anything 
like the scale seen in Sicily and the Romagna. 
The refining of sulphur is principally carried on in 
Murcia, Albacete, and Almeria, -in Andalucia, by 
the Sociedad Minero Industrial de Almeria, other 
concessions in the north of the country not being as 
yet worked. The total output of Spain for 1899 
was returned at 58,922 tons, which is not a par- 
ticularly striking figure compared with the 494,000 
tons exported by Sicily in that year. 

Coming now to the alkali trade, it has to be 
noticed that Spain, by the aid of the electrolytic 
process, has become a producer. Some five or six 
years ago a works was established at Flix, a place 
on the Ebro about half-way between Saragossa and 
Barcelona, caustic soda and bleaching powder being 
put on the market at the end of 1899. A progres- 
sive step though this is, it does not appear to have 
had any particular effect upon the imports of these 
bodies, the demand for which is increasing, the 
soap-works of Barcelona consuming a large amount 
of alkali. The capacity of the electrolytic works is 
put at 2500 tons per annum of caustic soda, while 
the imports total up to something like 30,000 tons, 
which come from Great Britain, Belgium, and 
France. It is to be noted that both Spain and 
Italy have now gone in for the electrolytic alkali 
manufacture; and although recent results in England 
are such as to throw some doubt on the economy of 
this process compared with the old Leblanc pro- 
cess, yet in the protected countries named, with 
cheap water-power and dear coal, the electrolytic 
process is evidently the only one at all feasible, and 
should prove successful financially. 

In consonance with the rapid decline in import- 
ance of Cornwall as a producer of arsenic, it is to 
be noted that of late years Spain has become a 
large producer. Certainly the quantities exported 
from the mines in Asturias and Galicia have not 
borne out the expectations formed of these pro- 
vinces ; but against this must be set the large pro- 
duction of the Ribas mines, in the Pyrenees, 
in connection with which large arsenic works 


gh we are not in the secrets of the Rio Tinto | 


have been erected at Badalona. These works, 
which are primarily metallurgical, have a furnace 
capacity of 15 tons of arsenic daily, an amount 
which will put Spain in the forefront of producers. 
Turning toa more harmless body, it is a matter of 
interest to note that in the province of Toledo there 
exists an extensive deposit of glauber salts, or sul- 
phate of soda. Hitherto, nothing appears to have 
been done in the way of exploiting this natural 
chemical, but we understand that the matter has 
recently been brought to the attention of chemical 
manufacturers in England. Lvuoking, however, at 
the large amount of this salt which is produced in 
British alkali works, and for which it is earnestly 
sought to find a remunerative market, there does 
not seem much chance of the Spanish deposits 
attracting much attention. The salt, we may briefly 
state, is produced in the manufacture of hydro- 
chloric acid by the action of sulphuric acid on 
common salt, and since the adoption of the am- 
monia process its conversion into soda ash has been 
to a very great extent given up. This has led to 
the market price falling as low as 15s. per 
ton. We mention these facts as they seem to 
rather discourage any projects having in view the 
exploitation of the Spanish deposits. 

An industry which is common to wine-growing 
countries is the preparation of tartaric acid from 
argol, or bitartrate of potash—a salt deposited in the 
vats during the fermentation process. Formerly, the 
bulk of this material was exported by the Southern 
countries to Germany, England, and the United 
States, for the preparation of the pure acid. As in 
Italy, however, so in Spain, efforts have been put 
forth towards completion of the manufacture in 
the country, and considerable progress has to be 
reported. We are now coming to the end of our 
available space, and only mention can be made 
of the new camphor-refining factory at Gijon, and 
the successful efforts put forth to supply materials 
for paint manufacture, notably red lead and white 
lead. Turning, in conclusion, from the particular to 
the general, we have shown that Spain has made 
considerable progress in late years with her chemi- 
cal manufactures, and promises to show a greater 
rate of development in the immediate future ; at 
the same time, statistics show that her imports 
of chemical products average in round figures 
one million sterling per annum, with a corre- 
sponding export of about a quarter that sum. 
From these figures and other considerations it is 
clear that it is in metallurgical products that the 
strength of the country lies, and it is this branch 
more than any other which may be confidently pre- 
dicted to show a notable development in the new 
era of commercial activity which, unless the indica- 
tions are strangely misleading, seems likely to suc- 
ceed many decades of regrettable apathy. 








THE ASSESSMENT OF A MINER’S 
WAGES. 

Few better examples of statutory restraint upon 
the freedom of contract are to be found than that 
which is contained in the Coal Mines Regulation 
Act of 1887. For some reason the Legislature has 
seen fit to provide that it shall not be competent 
for the colliery manager to make any agreement he 
likes with the pitmen. In view of the importance 
of this question, it may be convenient to discuss the 
section of the Act of 1887 which brings about this 
result, illustrating our remarks by reference to 
decided cases. 

The first important provision is Section 11 of the 
Coal Mines Regulation Act, 1887, which prohibits 
the payment of wages ‘‘at, or within, any public- 
house, beer-shop, or place for the sale of any spirits, 
beer, wine, cider, or other spirituous liquor,” and 
any person contravening, or failing to comply with, 
or permitting any person to contravene, or fail to 
comply with, these provisions is guilty of an 
offence against the Act. No case, so far as we 
know, has arisen in connection with this provision. 
Indeed, it is so obviously a righteous provision that 
we feel sure that no employers object to, or en- 
deavour to avoid, it. 

Difficult «questions, however, do arise in cases 
where the amount of wages paid to miners is made 
dependent on ‘‘the amount of mineral gotten by 
them.” Theold system of payment of wages by mea- 
surement gradually became obsolete after the passing 
of the Coal Mines Regulation Act, 1892, but it 
appears still to exist in the case of a few small mines, 





which are provided for in Section 12 (iii.) of the Coal 








Mines Regulation Act, 1887. As a rule, however, 
miners are to be paid ‘‘according to the actual 
weight gotten by them of the mineral contracted 
to be gotten, and the mineral gotten by them shall 
be truly weighed at a place as near to the pit mouth 
as is reasonably practicable.” 

It might be thought at first sight that this pro- 
vision would enable an employer to agree’ that 
slack or ‘‘dirt” should be excluded from the 
measurement of mineral gotten. The following 
cases serve to show the state of the law on this 
point. 

It is provided by the Coal Mines Regulation Act, 
1872, Section 17 (now repealed), that where the 
amount of wages paid to persons employed in a 
mine to which the Act applies depends on the 
amount of mineral gotten by them, such persons 
are to be paid according to the weight of the 
mineral gotten by them, subject to deductions in 
respect of, among other things, ‘‘stones or materials 
other than minerals contracted to be gotten,” such 
deductions to be determined by the banksman, or 
weigher, and check-weigher (if there be one). In 
the case of Bourne v. Netherseal Colliery Company, 
Limited (20 Q.B.D., 606), it appeared that the 
plaintiffs worked in the defendants’ colliery under 
a contract which declared that the ‘‘ mineral con- 
tracted to be gotten” should be coal of a certain 
size, which was to be paid for at 1s. 6d. per ton, 
that heading slack should be paid for at 7d. per 
ton, and that no other slack should be paid for. 

The coal was weighed close to the pit’s mouth, in 
the presence of the weigher and check-weigher, 
and was then carried a distance and thrown upon 
a screen, and the weight of the slack which passed 
through the screen was ascertained by a person in 
the defendants’ employ. Wages were paid accord- 
ing to the weight of the coal, as ascertained at the 
pit’s mouth, after deducting therefrom the weight of 
the slack which had gone through the screen. In 
an action to recover the difference between the 
wages so ascertained and wages computed on the 
full weight of coal taken by the check-weigher at 
the pit’s mouth, it was decided by the Court of 
Appeal (Lord Justice Fry dissenting) that the 
mineral contracted to be gotten withia the mean- 
ing of the Act was coal, and that slack being a part 
of such coal, deductions in respect of it were 
unauthorised ; that so much of the contract as 
related to such deductions was void, and that the 
plaintiffs were entitled to recover. 

In the course of his judgment Lord Esher said :— 
‘*Tt seems to me that the section contains a posi- 
tive enactment that if wages are to depend on the 
amount of mineral gotten, then. the only measure 
of the amount of the wages is the weight of the 
mineral gotten. But those who drew the Act 
wished that there should be power to make some 
deductions, and they specified the cases in which 
this might be done — namely, where stones 
are brought up or materials other than mineral 
contracted to be gotten, or in respect of tubs, 
baskets, or hitches improperly filled, where they 
are filled by the gettor of the mineral or his 
drawer, or some person immediately employed by 
him. If this were not the proviso, no deductions 
could be made, and no deductions can be made 
except those expressly mentioned.” It is impor- 
tant to notice that Lord Justice Fry dissented from 
this judgment, being of opinion that the miners 
had agreed that there was one form of slack for 
which they should not be paid, and that, therefore, 
the masters were not liable. 

The case eventually went tothe House of Lords, 
where the Lord Chancellor considered (1) that the 
statute was intended to restrict freedom of con- 
tract ; and (2) that where an agreement was made 
to pay wages according to the amount of mineral 
gotten, its amount could only be determined in the 
manner pointed out by the Act, and not otherwise ; 
(3) that the statute obviously intended that what 
was to be weighed was the whole substance sent up 
in the tubs, and he went on to say that any contract 
which endeavoured to provide for payment by 
weight otherwise than by weighing the whole 
amount sent up in the tubs, and then proceeding 
to make deductions according to the statutory 
method, would offend against the statute and be 
illegal ; and that the only way to treat this’as a 
legal contract was to consider it.as one to pay, on 
‘*all the coal sent up in the tubs,” less the statu- 
tory deductions determined in the statutory way. 

The above case was followed in 1891 by a case 
which arose under Section 12, Sub-Section 1, of the 
Coal Mines Regulation Act, 1887. It isthere provided 
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that where the amount of wages paid to any of the | 
persons employed in a mine depends on the amount 

of mineral gotten by them, those persons shall be 

paid according to the actual weight gotten by them 

of the mineral contracted to be gotten . . . provided 

that nothing in this section shall preclude the 

owner, agent, or manager of the mine from agree- 

ing with the persons employed in the mine that de- 

ductions shall be made in respect of stones or sub- 

stances other than the mineral contracted to be 

gotten, which shall be sent out of the mine with 

the mineral contracted to be gotten. In the case 

of Brace v. the Abercarn Colliery Company ((1891), 

2 ().B., 699), the plaintiffs were employed in the | 
defendants’ collieries to cut large coal at wages | 
which depended on the weight gotten. The coal 

was cut as large coal, but a considerable amount of 

small coal was produced in the conveyance of the 

coal to the pit’s mouth and in screening it. The coal 

raised was screened at the pit’s mouth, and the de- | 
fendants made deductions from the plaintiffs’ wages 

in respect of the small coal found in it. In an 

action by the plaintiffs to recover the amount so 

deducted it was held, affirming the decision of the 

divisional court, that the small coal was part of 

‘* the mineral contracted to be gotten” within the | 
meaning of the above Act, that the deductions 

were illegal, and that the plaintiffs were entitled to 

recover. 

In a later case it was held that the proviso in 
this section was controlled by the first part of the 
section. In Kearney v. the Whitehaven Colliery 
Company ( (1893), 1 Q.B. 700) the appellant was | 
employed by the respondents at their colliery upon 
the terms that he should be paid wages according | 
to the weight of coal gotten by him ; that he should 
not leave his employment without giving fourteen 
days’ notice, and that deductions should be made in 
respect of dirt sent up to the surface with the coal ; 
and the following special mode of determining 
those deductions was agreed upon between the 
respondents and the persons employed by them :— | 
About one tub in twenty sent up to the surface | 
was selected at random for testing. The dirt in| 
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that tub was separated from the coal and weighed, 
and if the tub contained more than a certain weight 
of dirt, the man who sent it up was not paid any- 
thing in respect of the coal therein. The men send- 
ing up the other nineteen tubs were paid on the 
total weight of the contents of each tub as though it 
contained coal only. It was decided that the 





proviso in Section 12 was controlled by the first 
part of that section, and did not authorise any 
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agreement by which a person employed was not to 
be paid on the weight of the coal in a particular 
tub; that the agreement with respect to the special 
mode of making deductions for dirt was therefore 
illegal, but that the illegality in thatrespect did not 
vitiate the whole contract of employment so as to 
justify the appellant in leaving without giving four- 
teen days’ notice. 

In another case (Huggins v. the London and South 








cy | 


Section C.D. Fig.5.) 


Wales Colliery Company), which is not reported, 
the decision of the Court was that the words 
‘* weight of the mineral gotten,” in Section 17 of 
the Act of 1872, and ‘‘ weight gotten of the mineral 
contracted to be gotten,” in the Act of 1887, 
really amounted to the same thing. In this case 


the contract between owners and men was on what 
is known as the sliding-scale, which then was, and 
still is, in use in South Wales. The coal was 
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weighed, and then the small coal was separated by 
a ‘* Billy Fairplay,” the weight of small coal being 
noted by a ‘ Billy-boy”—a boy placed at the 
machine for that purpose. The agreement was 
that no small coal was to be paid for, but the men 
were not prohibited from sending it up.. The 
Court held that under the Act of 1887 this mode of 
determining wages was just as illegal as before ; the 
words were that the men should be paid according 
to the mineral contracted to be gotten, which was 
coal, whether in lumps or in dust, and it was 
decided that the deductions in respect of the small 
coal were illegal. 

In two Scotch cases, certain methods of esti- 
mating the amount of dirt present in the coal 
raised to the surface were declared to be quite legal. 
In the ‘Fairhill ” case (Hastie v. Atkinson), (31 
8.L.R., 892) there was an agreement to the effect 
that if hutches or trucks were filled with more 
than 10 ewt. of coal, nothing should be paid as 
wages on the excess. This was held to be a lawful 
agreement. In Mowatt v. Ronaldson (31 S.L.R., 
896) there was an agreement for the deduction 
of a fixed amount on each truck for dirt—viz., 
56 lb. per hutch. The Court held this good as a 
** special mode ” of arriving at deductions for stones 
and dirt. 

It is to be remembered, however, that the Secre- 
tary of State had power to make orders exempting 
special mines from the provisions of Section 17 of 
the Coal Mines Regulation Act, 1872. Although 
the Act of 1887 repealed that of 1872, every order 
so made is specially kept in force by Sections 7 
and 84 of that Act, unless revoked or altered by 
a Secretary of State under the provisions of Sec- 
tion 72 of the same Act, and such order exempts 
the mines from the provisions of Section 12, Sub- 
section 1, of the Act of 1887 (Dickinson v. Hands- 
ley, 60 L.T., 567). 

Where in acolliery agreement men are to ‘‘ re- 
ceive payment by measurement for work done by 
them as miners,” at specified rates, the amount of 
wages to be paid does not depend on the quantity 
of mineral gotten, and Section 38 of the Coal Mines 
Regulation Act, 1896 (New South Wales) does not 
apply. The importance of this decision lies in the 
fact that Section 38 of the New South Wales Act is 
identical with Section 12 of the Act of 1887, so 
that the case is useful as an authority for the inter- 
pretation of the English Statute (Humble v. Hum- 
phreys, 1902, A.C. 207). 

There is one proviso to Section 12 (i.) which is 
sometimes lost sight of. Thus it is stated that 
nothing in the section shall preclude the owner, 
agent, or manager from agreeing . . . that deduc- 
tions shall be made in respect of any tubs, baskets, 
or hutches being improperly filled in those cases 
where they are filled by the getter of the mineral 
or his drawer, or by the person immediately em- 
ployed by him. This deduction meets the case of 
an undue proportion of slack or dust being sent up 
in the tub. It is a deduction for improper filling, 
and it is accordingly immaterial whether the slack 
or dust is coal or not. Lord Macnaghten (in the 
case of Netherseal Colliery Company v. Bourne, 
14 A.C., p. 246) has explained that the deduc- 
tion is arrived at by taking the total weight of the 
substance sent up in the tub, and deducting the 
materials, whether slack, dust, or otherwise, im- 
properly put in. 
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THE ELECTRIFICATION OF THE LIVER- 
POOL AND SOUTHPORT RAILWAY. 


Wuitst the general manager of a great railway 
company usually derives nothing but satisfaction 
from a steady growth of traftic, a time at length 
comes when his station accommodation and his 
tracks are no longer adequate to accommodate 
properly the increased requirements, and we can 
imagine that in some cases the difficulty and the cost 
of the problem to be solved in meeting the new needs 
are such as to much more than off-set the pleasure 
he would otherwise derive from the growth of his 
passenger and goods receipts. Hitherto the only 
resource open to a company in the circumstances 
referred to has been the very expensive expedient 
of duplicating the line and enlarging the stations. 
The cost of such an undertaking has, moreover, 
been probably increased out of all reason by the 
very benefits conferred by the line on the district 
served by it, so that in a sense the company has 
to buy back at a very high price its own gifts from 
the recipients of them: 





A condition analogous to that referred to above 
had of late years been reached on the Lancashire 
and Yorkshire line between Liverpool and South- 
port. The district served is one eminently suit- 
able for the residences of those engaged in business 
at Liverpool; but with the orthodox methods of 
working it was quite impossible at any reasonable 
cost to increase the density of the train service. 
Over part of the line in question—viz., from Liver- 
pool to Hall-road (see map, page 388, Fig. 1), 
a distance of 7} miles, there were no less than 
74 trains each way per day, and of these 36 each 
way ran on to Southport, which is 18} miles 
from Liverpool. Two platform tracks in the Ex- 
change Station, Liverpool, were devoted entirely 
to this traftic, and, using steam locomotives, it 
was impossible to get into and out of the station 
all the trains which it would be possible to fill 
during the busy periods of the day. The station 
being a terminal one, four distinct operations are 
at present necessary to get a train in and out 
and the track cleared for a following train. Thus, 
in the first place, the train enters and stops 
at the platform. An engine waiting outside the 
station then backs down to the train and couples 
on to it. Next, this engine takes the train 
out, leaving the locomotive which brought it in 
behind, and this engine has finally to back out 
of the bay, to leave it clear for the next train ; 
and until it gets out, no fresh train can enter. 
Nevertheless, an enormous passenger traffic, both 
actual and potential, is here waiting to be served, 
and the general manager, Mr. J. A. F. Aspinall— 
who, as former locomotive superintendent, was 
responsible for the development of the railway 
company’s magnificent works at Horwich and for 
many of the improvements in rolling-stock in which 
his company acted as pioneers—-had therefore either 
to advise his directors to double the tracks and 
widen the stations or to seek some less costly mode 
of attaining the same end. 

After a careful study of the whole question 
he decided to recommend the electrification of 
the line, and his directors, with the characteristic 
pluck which we are accustomed to associate with 
the business men of the County Palatine, sanc- 
tioned the new departure recommended, with 
the result that within a few days the population 
of the favoured district will rejoice in what will be 
undoubtedly the best suburban service to be found 
either in this country or elsewhere. 

The trains between Liverpool and Hall-road are 
to be increased in number up to 119 each way, of 
which 65 each way will make the whole trip between 
Liverpool and Southport, and of these seventeen will 
run on to Crossens (see map), a splendid residential 
district, at present scarcely available for Liverpool 
business men, but having many attractions. These 
Crossens trains will all run express between 
Southport and Liverpool. At present there are 
only two expresses daily between Southport and 
Liverpool, and three between Liverpool and South- 
port ; but under the new régime there will be an 
hourly service of expresses all timed to do the trip 
in 25 minutes, a time which is made by one train 
only of the five expresses above enumerated, the 
others taking half-an-hour. 

Electrification increases the train capacity of such 
a line as this in two ways. In the first place the 
number of movements to be made at the terminal 
stations is exactly halved, since the trains can be 
driven from either end, and it is therefore unneces- 
sary to uncouple one engine and couple on another, 
as is requisite in steam practice. The result is that 
the time during which any train occupies the platform 
track is about halved. Secondly, the ‘‘commercial ” 


speed of the stopping trains can be increased to a| 


most notable degree. Thus, under the electrical 
régime, stopping trains will run between Liverpool 
and Southport in 37 minutes in place of the 54 
minutes taken by equivalent trains at present ; and, 


similarly, the time taken between Liverpool and | 


Hall-road will be reduced from 25 to 17 minutes. 
Only a portion of this gain of time is, however, 
directly attributable to the adoption of electric trac- 
tion. With this it is, of course, easy to get a much 
higher acceleration than is usual or convenient 
in steam practice; and in the present case, 
though no very careful observations have as yet 
been made, we understand that a speed of 34 
miles per hour is reached in 30 seconds. Such 
rapid accelerations, however, make a great demand 
for power at the central station, the starting cur- 
rent taken with the 140-ton electric trains now 
used touching 2000 amperes at 600 volts, and Mr. 





Aspinall has determined that the time cained 
by thus rapidly getting trains under way shall 
not be sacrificed to satisfy the whims of an occa. 
sional lazy and selfish passenger. The station 
stops are to be 15 seconds,-a time which js 
ample if passengers will have the common cour. 
tesy to delay their fellows as little as possible 
in entering a carriage or detraining. Indeed, on 
the Liverpool Overhead line the duration of the 
stop at a station is sometimes only 6 seconds, 
No heavy masses of baggage will be carried, 
and passengers who wish to travel with super. 
abundant boxes are not to be allowed to detain a 
whole train, containing between 200 and 300 pas- 
sengers, whilst their unreasonable impedimenta 
are being laboriously heaved into the van. They 
must send such baggage by a special luggage-van 
provided with its own motor, which will make 
trips up and down the line at frequent intervals 
during the day. The trains are, however, pro- 
vided with luggage compartments, access to which 
is attained through openings fitted with roller- 
blinds in place of doors of the ordinary kind. 
These blinds can be readily raised before the train 
enters a station, and lowered after it has departed. 
It is expected that these compartments will serve 
mainly to accommodate the very large parcels 
traftic which of late years has developed on this 
line. 

By adopting the methods of station working 
just described, it will be seen that additional time 
is saved over and above that due to the rapid 
acceleration of the trains already referred to. This 
is further supplemented by the brake arrangements. 
The cars are fitted with automatic vacuum brakes, 
having electrically-operated valves, which cause the 
application of the brakes to be practically simul- 
taneous throughout the train. Each car is, more- 
over, fitted with a vacuum reservoir, which is cut 
off from the train-pipe when the brakes are applied, 
but on being connected up with it in starting the 
train insures a very rapid release of the brakes—a 
point which is highly necessary in view of the 
rapid accelerations aimed at. In steam practice 
the same necessity does not arise, since the ex- 
haustive power of the large steam-ejector used is 
enormous and cannot be paralleled by the motor- 
driven vacuum-pump on which the electric train 
has to rely. 

The net result of these different methods of 
saving time has already been set forth in comparing 
the times of the existing and prospective stopping 
trains using the line, and naturally is sufticient 
to increase the train capacity of the latter to 
a very marked degree. We show in Fig. 4, 
page 388, a chart illustrating the running of the 
trains. The dotted lines denote expresses, and 
the full lines stopping trains. It will be seen that 
during the busy part of the day there will be a 10- 
minute service between Southport and Liverpool. If 
tramway and railway motor-car experience affords 
any guide, this frequent service should greatly 
stimulate traffic, so that it is highly probable that 
no long time will elapse before it is necessary to 
still further increase the number of trains ; and as 
a study of the chart will show, this will be quite 
practicable, requiring neither station enlargements 
nor a multiplication of tracks. 

As this preliminary study has demonstrated, the 
advantages to be derived from electrifying the line 
were numerous, but no precedent existed for the 
working of such a line by electricity. It is there- 
fore with especial pleasure that we note that 
the directors of the company did not deem 
it necessary to go outside these islands to 
find a firm capable of solving satisfactorily 
'the numerous practical problems certain to arise 
|in the proposed transformation. The order 
was intrusted to Messrs. Dick, Kerr, and Co., 
Limited, a description of whose splendid works at 
Preston will be found in Traction AND TRANSMIS- 





SION, vol. iii., page 245 et seg. Work was started 
/on March 8 of last year, and on December 29 last 
the first experimental electrical run was made over 
the line. It had been hoped to have the whole 
work completed by the beginning of this year, 
| but the abnormal weather obstructed the work 
|greatly, so that it was not till Saturday last 
‘that the contractors deemed the line ready 
for an inspection by members of the tech- 
nical Press, and it will still be some short time 
| before the steam service is discontinued and re- 
placed by the electric trains. Of these there will Le 
|fourteen, two out of this total constituting a re- 
| serve, twelve being sufficient to operate the whole 
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ee as at present proposed. Nevertheless, 
icenab the thine of completing the line by the 
end of last year was disappointed, the time 
actually taken is noteworthy, considering the mag- 
nitude of the work accomplished. Forty-seven 
miles of single track have been fitted for electric 
running, and included in this length have been no 
Jess than 46 level crossings, at each of which 
provision (see Fig. 3) had to be made for in- 
terrupting the live rail and the return conductor. 
A power-house adapted for the development of 
about 12,000 indicated horse-power, and a boiler- 
house designed for sixteen large Lancashire boilers, 
have been erected, together with almost the whole 
of their equipments, and the sub-stations at Sand- 
hills, Seaforth, and Birkdale have been completely 
finished and connected up with the high-tension 
Jeads on the one hand, and with the live rail by 
low-tension feeders on the other, whilst the new 
rolling-stock is practically complete, as twelve out 
of the fourteen electric trains provided for, have 
been delivered, and the others are nearly ready. 

The arrangement of the track is well shown in 
Fig. 2, page 388. The third rail, it will be seen, 
lies to one side of the running rails, and conforms, 
as to distance and level, with the requirements of 
the Railway Clearing House. This distance is prac- 
tically the maximum that can be accommodated on 
a sleeper of ordinary length. The centre rail acts 
merely as a return lead for the current, and is 
bonded up to each of the running rails at every 
joint. The current from the motors passes through 
the wheels to the running rails just as is usual in 
tramway practice. Both the conductor rails are ofa 
special high conductivity steel, the resistance being 
about 7} times as much as an equivalent section of 
pure copper. They were rolled by the North- 
Eastern Steel Company, Middlesbrough, and are 
in 60-ft. lengths weighing 701b. per yard. The 
live rail is carried on insulators of ‘‘ reconstructed 
granite” at intervals of 10ft. Generally, it is 
located on the 6-ft. way; but at other times is, 
for convenience, placed tothe outside of the track, 
both arrangements being visible in Fig. 3. At all 
level crossings it is interrupted, the two ends of 
the rail being then connected by an underground 
conductor. At such points the rail ends are slightly 
ramped to a gradient of about } in. in 30 ft., with 
a view to reducing shocks from the impact of the 
collecting-shoes—a provision which appears highly 
advisable in view of the great speeds aimed at. 
The ends of the live rail at such points are dis- 
tinguished by red paint. Provision is made for the 
expansion of the conductor rails at intervals of 
300 ft. only, the rails at the intermediate joints 
being solidly abutted end to end. The return rail 
is mounted on wooden blocks in the centre of the 
4-ft. way, as shown. Itsconductivity is, of course, 
supplemented by that of the running rails, which 
are connected in parallel with it. These running 
rails are not, however, bonded across their own 
joints, but to the conductor rail only. 

The standard train will consist of four cars, of 
which the central pair will be trailers and the end 
cars motor-cars. Both types are 60 ft. long by 
10 ft. wide, and whilst the trailers will accommo- 
date 66 first-class passengers each, the motor-cars 
will seat 69 third-class passengers; so that the 
train, as a whole, will seat 270 passengers, its 
length over all being 248 ft. 6 in. The seating 
accommodation is small for the floor area provided, 
as compared with the ordinary compartment car 
used in steam practice ; but, with a view to avoid- 
ing loss of time at stations, it was considered 
essential to adopt cars of the corridor type. The 
motor-cars weigh 44 tons each and the trailers 
26 tons each, making the total train weight 140 tons, 
exclusive of passengers. The trailers were built 
complete by the railway company at their Horwich 
works, and are fitted with the standard bogies 
used on their steam rolling-stock. The bodies for 
the motor-cars were also built here, but the under- 
gear was supplied by Messrs. Dick, Kerr, and Co. 
Kach car is carried on two four-wheel bogies, having 
an 8-ft. wheel-base, the distance between the bogie 
centres being 40 ft. They ride extremely easily, 
and even at high speeds there is no unpleasant 
vibration even in the motor-cars. Each motor 
bogie (Fig. 7, page 389) is fitted with two enclosed 
motors rated at 150 horse-power, so that there are 
four motors per motor-car, or a total of eight for 
the train. They are designed for a speed of 
470 revolutions per minute, and drive the axles 
through a single-reduction gear of 1 to 9.6. The 
method of suspension is shown in Fig. 13, page 392, 


special 


whilst Fig. 14 shows a view of the motor complete, 
and Fig. 12a section through it. The motors are 
of the four-pole type, and are constructed much on 
ordinary traction motor lines, but they are designed 
to take a considerable overload for a short time 
without an undue rise of temperature. They each 
weigh 6050 lb. complete, the armature weighing 
1920 lb., and the gear-wheels and housing 500 lb. 
The coils are former wound, and the commutators 
are built up of drop-forged copper bars, insulated 
with mica. The carbon brushes are provided with 
a wide range of adjustment, and provision is made 
for giving ready access to them and to the commu- 
tator. The gear-wheels on the axles are not split, 
but are forced on to an enlargement and keyed there. 
The running wheels are 42 in. in diameter, which 
is unusually large for such service. The method 
of attaching the collector shoes is represented 
in Fig. 7, page 389. They are of steel 
and weigh 90 lb. each. They are hung from 
links secured to a wooden beam fixed to the 
bogie - frame, so that no current can pass up 
these links to the bogies, connection with the con- 
troller being made by means of a short length of 
extra flexible cable. A highly interesting feature of 
the equipmentisconstituted by the method of control, 
both sets of motors being entirely controlled from 
either end of the train at will. This is effected by 
two main cables only, the controller and resistances 
at the rear being entirely out of circuit when the 
train is being driven from the front end. Each 
car is therefore fitted with sufficient resistances to 
control the whole eight motors ; and of these two 
sets of resistances, those on one car only are in use 
at one time. The train could, moreover, at any 
time be divided into two parts, and each part run 
independently. At starting, each group of four 
motors at each end of the train are run two in 
series and two in parallel, the whole four being 
placed in parallel when the train has got 
properly under weigh. The starting current 
momentarily reaches about 2000 amperes during 
the period of acceleration, and falls to between 
450 and 500 amperes when a speed of 55 miles an 
hour or so is attained. The resistances are fixed 
beneath the platforms of the cars, and are cast-iron 
grids, built up into a box form. Some of them are 
clearly visible in Fig. 8, page 38. 

The controller is well illustrated in Figs. 10 and 
11, page 392. It combines in one practically two 
controllers of the makers’ standard traction type, 
the shafts of the two being geared together and 
rotated by one and the same handle. As shown, 
the contact supports are hinged, so that access is 
readily gained to the interior. The controller is 
fitted with the makers’ metallic shield blow-out, 
which effectually prevents any arcing, in spite of 
the heavy currents transmitted. The reversing 
handle is also fitted to the frame of the controller, 
and by means of a special cable actuates the 
reverser provided for each of the eight motors. 

A view of the interior of the cab, showing part 
of the controller, is given in Fig. 9, page 392. 
The small switch shown to the left controls the 
brake motor. This is of 3 horse-power, and drives 
a double-cylinder vacuum pump, and is shown in 
position in Fig. 8, page 389. The brake-valve 
is to be seen a little below the switch in Fig. 9, 
and above is the vacuum gauge, which has two 
pointers, one showing the vacuum in the train- 
pipe, and the other that in the reservoir. The 
ordinary whistle is replaced by a large motor-horn 
having a reversed reed which is blown by the 
vacuum. The cab is lined with uralite in order to 
reduce fire risks, and fire-extinguishing appliances 
are also carried on the trains. 

The couplings between the cars are shown in 
Fig. 5, page 388, and an end view of a car is shown 
in Fig. 6. As will be seen, the cars are vesti- 
buled. There are four cable connections to be 
made, and the whole operation of coupling up 
a pair of cars has been accomplished by two 
men in 35 seconds. The uppermost cable is tripli- 
cate, and serves for the reverser, lighting, and heat- 
ing circuits, the cars being warmed electrically. 
Of the three lower cables, the innermost one con- 
nects together the shoes at each end of the train, 
and is therefore always charged. Its connection is 
painted red to distinguish it from the two power 
cables which control the motors at the rear of the 
train, and are out of circuit when the car is at rest. 
As already stated, the third rail is to be supplied 
with current from sub-stations, of which there are 
four, that at Formby being still incomplete. These 





stations, as the map (Fig. 1) shows, are grouped 


more closely at the Liverpool end, where the den- 
sity of the traffic is greater than elsewhere. That 
at Sandhills is 2 miles from the terminus, whilst the: 
Seaforth Station is 3} miles from Liverpool, 
Formby 10} miles, and Birkdale 16} miles. The 
end sections of the line are supplied from one 
sub-station only, so that the Birkdale Station has 
to supply current to Crossens, which is.5} miles 
distant. The intermediate sections are all supplied 
from two sub-stations. Provision is made, it should 
be added, for cutting out in case of need any of the 
numerous sections into which the third rail is 
divided. The sub-stations are situated quite close 
to the track, so that very short leads are necessary 
to connect them with the third rail. To this 
rail they supply continuous current at 600 to 
650 volts, derived from rotary converters driven 
by a low-tension three-phase alternating current, 

which in turn is taken from the secondaries 
of a series of static converters, the primaries of 
which are traversed by a three-phase current at 
7500 volts, supplied by the generating station at 
Formby. An interior view of one of these sub- 

stations is represented in Fig. 17, page 393. The 
static converters can be seen on the left, whilst the 
station switchboard is visible in the background. 

At Seaforth, Sandhills, and Formby there will be 
four rotary converters, and at Birkdale three, pro- 

vision being made for extensions when required. 

The rotary converters are very similar in general 
design and appearance to the makers’ standard 
direct-current machines. They have eight poles, 

and each is capable of yielding a continuous 

current of about 1000 amperes at 600 to 650 

volts when running at 375 revolutions per minute. 

The core discs are segmental and dovetailed 

into machined grooves on. a cast - iron spider, 

the rim of which is made in segments to avoid 

shrinkage strains. There are six gun-metal slip- 

rings on the alternate-current side of the ma- 

chine which tap the armature windings at equi- 

distant points. Each of these rings takes its current 

through three laminated copper brushes. On the 

direct-current side spring-mounted carbon brushes 
are used. Sections through these rotary converters 

are represented in Figs. 15 and 16, page 393. The 

machines complete weigh 40,940 lb., the armatures 

weighing 10,380 lb., and the magnets 21,100 lb. 

There are three static transformers for each 
rotary, one for each phase, and each; therefore, has 
a capacity of 200 kilowatts. They are wound with 
copper strip on edge for the secondaries which are 
nearest the cores, the primary coils being above 
and outside these. Special care has been taken to 
secure efficient ventilation, and the whole is in- 
closed in a sheet-metal casing, through which a 
blast of air is propelled by motor-driven fans, two 
of which, taking 5 horse-power, are provided for 
each substation. These fans will each yield 8000 
cubic feet of air per minute under a pressure of 
from 2 in. to 3 in. of water. The transformers 
weigh about 5450 lb. each. The whole of the 
high-tension leads are kept beneath floor level, 
there being a special high-tension fireproof chamber 
below the station floor and behind the switch- 
board. Circuit is made and broken by oil switches 
located in this chamber, and operated by a long 
link-work from the front of the switchboard. The 
high-pressure measuring instruments are connected 
to the high-tension circuits through transformers 
only, so that no dangerously-high voltage comes 
on to the switchboard. 

Some of the instruments have been supplied by 
Messrs. Elliott Brothers, but the switches and 
circuit-breakers have been made by Messrs. Dick, 
Kerr, and Co. at their Preston works. On the 
power-received panel there are three alternate- 
current ammeters, one for each phase, and an inte- — 
grating wattmeter is mounted on the subpanel. 
On the transformer panels are an alternate-current 
ammeter, a centre-zero rotary field ammeter, a 
voltmeter synchronising plug, the oil-switch opera- 
ting gear, the field rheostat hand-wheel, the field 
break, and the field two-way switch. The rotary 
converter panels carry an autocircuit - breaker, 
and on the direcb- current superpanel is an 
ammeter two-way paralleling plug and two single- 
pole knife switches, with the starting-bar coupler- 
switch on the subpanel. On the power-delivered 
panel is an ammeter, a two-pole change-over switch, 
a two-way voltmeter plug, and an integrating watt- 
meter. On the subpanel is mounted the rotary 
direct-current starter, which is a multiple-contact 
switch connected to a grid resistance behind. There 





axe four direct-current feeder panels, each having — 
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THE ELECTRIFICATION OF THE LIVERPOOL AND SOUTHPORT RAILWAY. 


MESSRS. DICK, KERR, AND CO., LIMITED, CONTRACTORS, PRESTON. 
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an autocircuit - breaker on the superpanel, a 
direct-current ammeter, and a single-pole change- 
over switch intended principally for burning out 
any fault ina feeder. A Garton lightning-arrester 
and choking coil are fitted behind. Other panels 
support the lighting and motor switches, and 
another board carries the Board of Trade instru- 
ments. 

The sub-stations are connected to the power- 
stations by high-tension cables laid in triplicate. 
Under ordinary working conditions all three cables 
are in use, but two will suftice to carry the current 
without too great a voltage drop or current density, 


apart. The troughs were finally filled in witli com- 
pound, and for the most part have been buried in 
the 6-ft. way. All the cables were tested to 30,000 
‘volts between the cores and the earth before they 
left the works. 

The power-station has been erected at Formby, 
on the banks of the River Alt, the presence of 
which has facilitated the provision of condensing 
water. 

The site, in other respects, had drawbacks, as 
the subsoil was mud, so that it has been necessary 
to ‘float’ the whole of the buildings, boiler, and 
engine foundations on a concrete raft. The build- 
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Vacuum Pomp AnD RESISTANCES. 


in case of the third cable breaking down. These|ing, which has been erected by Messrs. Thomas 


cables were made and laid by. Messrs. W. T. Glover | 
and Co., acting as sub-contractors to Messrs. Dick, | 


Kerr, and Co. 


The extra high-tension connecting cables are of | 


Croft and Sons, of Preston, to designs furnished by 
Messrs. Dick, Kerr, and Co., is divided into two 
bays, each 280 ft. long; but that containing the 
boilers is 50 ft., and the other 65 ft. wide. A plan 


the triple triangular type, insulated with paper|and sections through this building are given in 


impregnated with ‘‘ diatrine,” covered with lead, | 
and finally armoured with galvanised steel wire, | 
which not only serves as a mechanical protection | 
to the cable, but also makes a capital earthing | 
conductor. The joints are of the plumbed lead} 
sleeve type, the sleeve being filled with ‘‘diatrine.” | 
Four different sizes of cable have been used—viz., | 
13 miles of 37/15, 63 miles of 37/16, 63 miles of 19/16, | 
and 18 miles of 19/16, making a total of 44 miles, | 
Each of the three cores is finished off with a/| 


facilitating the making of connections. The cables | 
have been laid in wooden troughs, where they rest | 
on impregnated wooden supports spaced 18 in. 


Figs. 18, 19, and 20 on our two-page plate. The 
whole of the weight of the roof and travelling 
cranes is transmitted to the foundation through 
steel columns, the brickwork being mere screens, 
not intended to take any extraneous weight. 
The steelwork was supplied by Messrs. Head, 


per square inch. The flues are 3 ft. 5 in. in dia- 
meter, the metal in them being ;*; in. thick. The 
shell is built up of five rings, each consisting of a 
single plate }# in. thick, whilst the end plates are 
2? in. thick. The test pressure was 260 lb. per 
square inch. The sixteen boilers are grouped in 
two sets of eight boilers each, and will be hand- 
fired. Galloway superheaters are fitted in the 
downtake flues, and Green’s economisers, having 
a surface of 14,400 square feet, are also provided. 
The boilers are worked by induced draught, a 
couple of fans, each capable of drawing through 
the furnaces sufticient air for the combustion of 
10,000 lb. of coal per hour, being interpolated 
between the economisers and the chimney, which 
is 60 ft. high. These fans were supplied by the 
Buffalo Forge Company, and are designed to run at 
175 revolutions per minute, being driven by steam. 
The inlets measure 6 ft. 2 in. in diameter, and the 
discharge is 4 ft. 11? in. square. The fan-shaft is 
5in. in diameter, and is supported by self-oiling and 
water-cooled bearings, 27 in. long. The whole of the 
piping of the station was supplied from the Kil- 
marnock works of Messrs. Dick, Kerr, and Co. 
The feed-ring is 6in. in diameter, and from this 
branches communicate with each boiler through 
check-valves. The feed can be passed into the 
boilers either direct or alternatively through the 
economisers. The main steam-piping, which is of 
steel, is 12 in. in diameter, and is arranged so that 
the steam can be passed either through the. super- 
heaters into the main steam-ring or else direct 
through a by-pass to the engines. The exhaust- 
pipes are 24 in. in diameter, and are connected 
to jet condensers, a by-pass being fitted, by which, 
if desired, the steam can be discharged direct into 
the atmosphere. The four main engines are of 
the cross-compound horizontal Corliss type, and 
have, with a fifth vertical engine of half the size, 
been built by Messrs. Yates and Thom. They 
have cylinders 32 in. and 64in. in diameter by 
4 ft. 6 in. stroke, and are designed to run at 75 
revolutions per minute, at which they are intended 
to develop at normal load 2310 horse - power, 
but are also capable of working under an over- 
load of 20 per cent. more. The valves are in the 
cylinder ends, which are separate from the barrel, 
the ends thus forming the steam -chest. The 
valves are worked by the builders’ well-known trip- 
gear, the exhaust-valves being driven by a separate 
eccentric. Special attention has been devoted to 
the governing arrangements, which are designed to 
make the engines work well under greatly varying 
loads. A special safety-stop is also fitted, which 
comes into operation if the speed exceeds the 
normal by 10 per cent. The frames, which weigh 
144 tons each, are a modification of the Corliss tube 
pattern, and bear on the foundations for the whole 
of their length. At their forward end they are 
bolted to the shaft pedestals, weighing 11 tons 
each, and at the back to the cylinder heads. The 
guides are of the bored type. The crankshaft is of 
steel, and weighs 17 tons, whilst the main bearings 
are of cast iron lined with Babbitt metal. The 
cranks weigh 5 tons each, and are of the disc type. 
The connecting-rods are of wrought iron, each 
having at the crankpin a solid end, in which are 
fitted gun-metal Babbitt-lined steps, adjustable by 
a wedge motion. The crosshead end of the con- 
necting-rod is forked, and in it is secured the hard- 
steel crosshead pin by large nuts. The crosshead 
bearings are of gun-metal, and are adjustable for 
wear. The piston-rods are of steel, and are carried 
through the back cylinder head as tail-rods, which 
are fitted with slippers. The rods are very large 
and stiff, as they are intended to relieve the weight 
of the piston in the cylinder. These pistons are of 
cast iron, and are fitted with Ramsbottom rings ; 
and the low-pressure pistons are provided in addi- 
tion with bands of white metal intended to reduce 
wear. Two Edwards air-pumps are driven from the 
low-pressure tail-rod. Hach flywheel is 22 ft. in 
diameter, and has bolted to it the rotor of the 1500- 
kilowatt three-phase alternator, a section through 
which is represented in Figs. 21 and 22, page 396. 
These have been built at the Preston works of the 
contractors, and generate three-phase current at 





Wrightson, and Co., of Thornaby-on-Tees, and the 
20-ton electric travelling cranes by Messrs. Jessop 
and Appleby, of Leicester. 


7500 volts direct, the periodicity being 25 cycles 
per second. The rotor has 40 radial cast-steel 
poles, of oval section, bolted to the outer rim of 


; The sub-contractors for most of the steam | two finished cast-steel rings of T-section, which in 
different colour of the paper insulation, thus|equipment at the power-station were Messrs. |turn are bolted to a cast-iron spider. The pole 


Yates and Thom, of Blackburn. 


It consists of 16 | tips are of laminated steel, with a central air-space, 


Lancashire boilers, measuring 32 ft. by 8 ft. 6 in. in| which communicates with grooves in the poles in- 
diameter, designed for a working pressure of 160 Ib. | tended to secure efficient ventilation when running. 
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The field coils are of bare copper strip wound edge- | the main board, the switches and circuit-breakers WELLS'S THEODOLITE AND seen 
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ways. Slip-rings are fitted on each side of the 
cast-iron spider, and on these bear three carbon 
brushes The rotor complete weighs 48,500 Ib., 
the poles alone weighing 12,800 lb., and the spools 
6350 lb. The stator consists of a cast-iron frame, 
carrying the core discs on itsinner periphery. The 
core segments are of annealed iron, punched in 
sections, together with their paper insulation. The 
different sections break joint so as to reduce the 
reluctance. The winding is distributed over two 
slots per pole per phase, and was tested to 15,000 
volts. The stator terminals are star-connected, 
with the centre point earthed. The stator com- 
plete weighs 75,800 lb., and is mounted on slides 
so that it can readily be jacked away from the 
rotor when access to the windings is desired. 

The fifth unit—which, as stated, is only half the 
size of the foregoing—is rated at 750 kilowatts, 
and is driven by a vertical cross-compound engine 
built by Messrs. Yates and Thom, and having 
cylinders 23 in. and 46 in. in diameter by 3 ft. 6 in. 
stroke. It is designed to develop 1180 horse- 
power at 94 revolutions per minute. The general 
design of the details both of the engine and alter- 
nator is very similar to that of the larger units. 
The fields of the alternators are excited by three 
Willans engines driving 100-kilowatt dynamos 
made at the Preston works. The exhaust from 
these engines, as from the fan engines, is passed 
into a surface condenser, jet condensers being 
used, as already stated, for the main engines. 

The main switchboard is erected ona gallery (Figs. 
23, 24, and 25, page 396), over a fireproof high-ten- 
sion chamber, and is built up of 33 2-ft. panels of 
enamelled slate. Starting from the right there are 
swing-brackets carrying two alternating-current 
bus-bar voltmeters reading to 8000 volts, a syn- 
chronising voltmeter reading from 0 to 16,000 
volts, and a synchronograph with lamps. There then 
come five main alternator panels, one blank panel, 
one total station power panel, six high-tension 
feeder panels for the distant sub-stations at Sea- 
forth, Sandhills, and Birkdale ; next three exciter 
panels, one sub-station total power received panel, 
four high-tension sub-station transformer panels, 
one blank panel, four rotary converter direct- 
current panels, and one blank panel. Then there 
is one sub-station total power delivered panel, 
including one subpanel switch for starting the 
rotary converter from the direct-current 600-volt 
bus-bars ; followed by four sub-station feeder panels, 
and lastly, one station lighting and blower-motors 
starting panel, and swing-bracket with the rotary 
converter bus-bar voltmeter and paralleling volt- 
meter ; all the sub-station gear being for the local 
sub-station at Formby. 

The whole of the high-tension switch-gear, oil 
switches, instrument transformers, and bus-bars 
are erected in a fireproof high-tension chamber 
below the switchboard gallery (see Figs. 23 and 24), 
the dimensions of which are 79 ft. by 12 ft. Connec- 
tion between the terminals of each stator and its 
oil switch is made by short leads to a trifurcating 
box in the pit, thence by a three-core high-tension 
lead-covered cable passing along an independent 
duct through the foundation up to the cellar ceiling, 
along which it is run by ducts through the high- 
tension chamber floor, where it ends in a second 
trifurcating box on the wall. The rest of the high- 
tension wiring is by individual conductors. The 
three-core high-tension leads are of stranded copper 
cable, paper insulated and lead covered. The 
single cables are rubber insulated, taped and 
braided ; they were designed to pass a flash test 
of 25,000 volts between the phases, and each to 
earth. The solid copper rod high-tension bus- 
bars are insulated in a similar manner, and 
are reduced in section from the alternators to 
local sub- station panels as power is tapped. 
The bus-bars and individual leads are carried 
on corrugated high-tension porcelain pots, con- 
nection between the oil switch and the bus-bar 
being made through a high-tension insulating or 
‘*hook” switch. In the instrument transformers 
supplied with the ammeters by Messrs. Elliott 
Brothers the primary is simply a straight length 
of lead or bus-bar enclosed by the secondary and 
iron circuit. In the wattmeter current transformer 
supplied by the Stanley Wattmeter Company, 
with their meters, the primary consists of a few 


turns in series with a bus-bar. The voltmeter | 


transformers were built by Messrs. Dick, Kerr, 
and Co., Limited, and the voltmeters by Messrs. 
Elliot Brothers, who also supplied the panels for 


being made at the Preston works. In all cases 
the low-tension secondary leads pass through the 
ceiling to the switchboard above. The total alter- 
nating-current power generated, before passing to 
the sub-station feeders, is recorded in an integrating 
wattmeter. The chief feature of the alternating 
board is that the high-tension current is confined to 
the pit below the board, this being effected by the 
long-arm oil switches which are used throughout 
the system. The rotor field rheostats are of massive 
construction, and consist of cast-iron grids insu- 
lated with hard micanite, and assembled in frames 
forming layers in a vertical stack which open at top 
and bottom for thorough ventilation. 

As matters stand, the Formby Station is not yet 
complete. The 750-kilowatt unit is not yet in- 
stalled, nor are any of the rotary converters and 
transformers for the sub-station, the plan of which is 
shown in Fig. 25. It is, however, possible to work 
the whole of the line from the existing sub-stations, 
so that its opening to electric traction need not be 
much longer delayed. It is yet uncertain whether 
this company or the North-Eastern Railway will 
have the honour of running the first electrically- 
driven main-line trains in this country, since 
both systems are about equally complete. How 
long it may be before their example is followed 
by other companies is problematical, since until 
the financial success of these pioneer schemes is 
very fully assured, the less enterprising directors of 
other railway companies are little likely to depart 
from their present attitude of mere watchfulness. 
They cannot, perhaps, be blamed, since we under- 
stand that the cost of electrifying the Southport 
line, inclusive of rolling-stock, has been something 
like 340,000. Fortunately, the company can find 
a use for its displaced steam rolling-stock on the 
rest of its line, or the above total should be 
increased by the value of the stock displaced. There 
is, however, every reason to believe that the new 
scheme of working will be highly successful, and it 
must, moreover, be remembered that 340,000/. would 
hardly have been sufficient for the station enlarge- 
ments and duplication of tracks otherwise necessary. 








ForeIGn TRADE OF PRINCIPAL COUNTRIES. — The records 
for 1903 of exports of home produce from the principal 
countries show that by far the largest absolute advance 
during the year was the increase in value of 25,898,000/. 
recorded by the United States, whose total shipments 
once more exceeded those of Great Britain, which had 
held the first place in 1902. Germany follows with an 
addition of 15,090,000/., almost exactly double the gain of 
Great Britain. British India is third on the list, with an 
augmentation of 13,770,000/. Then come Austria- Hungary 
with a gain of 8,273,000/., and this country with one of 
7,466, 0007. 





Exports 

| ae. 1903. Increase or Per 

se Millions Millions Daavens Cent 

| Sterling. Sterling. — — 

oe mae | 

United States ..¢ 277,764 303,662 + 25,898,000 + 9.3 
United Kingdom .. 283,424 298,890 + 7,466,000 + 2.2 
Germany .. ..| 233,889 248,979 + 15,090,000 + 6.4 
France bs .., 170,087 166,794 3,293,000 | — 1.9 
British India Fc 81,663 95,433 + 13,770,000 + 16.8 
Austria-Hungary... 79,773 88,005 + 8,273,000 + 10.0 
Belgium* .. -.| 74,315 77,980 + 3,665,000 + 4.9 
Italy .. 7 A 58,897 58,475 - 422,000  - 47 
Canada we a 43,282 44,184 | + 902,000 + 2.0 
+ 11.8 


Japan sa ..| 25,922 28,994 + 3,072,000 
| | 

* Principal articles only. 

The import tables give, in the cases of the United King- 
dom, Germany, Belgium, France, Italy, Austria-Hungary, 
Japan, and Canada, the values of the commodities intro- 
duced for home consumption only, and not of those 
destined for re-export. Germany has the largest absolute 
increase, of more than 174 millions sterling, Great Britain 
coming second with 10$ millions sterling, and France 
third with well over 10 millions sterling. The countries 
are arranged in the order of the mass of their imports. 











Imports. 
1902. 1903. ss 
—_ Millions Millions {pcrease or Pot 
Sterling. Sterling. : reson 
£ 

United Kingdom .. 462,576 473,349 + 10,773,000 +4- 2.3 
Germany .. ..| 281,550 299,176 + 17,626,000 + 6.0 
| United States .. 201,941 207,383 +- 5,944,000 + 2.4 
France ‘is -. 175,761 185,956 + 10,195,000 + 5.7 
Belgium* .. ; 92,249 93,566 + 6,317,000 + 68 
Austria-Hungiry 71,681 77,993 + 6,312000 + 89 
Italy .. . ‘ 71,030 73,537 + 2,507,000 + 3.5 
British India ; 52,547 54,665 + 2,118,009 + 4.0 

| Canada we: .. 42,589 50,680 + 8,091,000 + 19.4 
| Japan -» ee] 5600 32,102 + 4,593,000 + 16.6 


| * Principal articles only. 





TRIPOD. 


On page 381 we illustrate a type of theodolite just 
introduced by Messrs. Elliott Brothers, of Leicester. 
square, in which are embodied a number of new 
features. In the first place, the instrument has a 
tripod head of a new types, which, whilst \uite 
as stiff as the ordinary pattern, is considerably 
lighter, and much more convenient in use, A 
view of this head, as seen from above, is given 
on page 381. The head, it will be seen, is of 
large diameter, with a large opening through it, 
The locking-plate is fitted with a spiral spring, as 
indicated, which tends to force it into position to 
firmly lock the feet of the theodolite proper ; but by 
means of the clamping-screw, shown at the side, the 
ring can be fixed in its ‘‘open” position whilst the 
theodolite is being put in place. This is a great con- 
venience. On then releasing the screw, the spring 
moves the locking-ring into its locking position, where 
it can be again firmly held by another turn of the clamp. 
ing-screw. This tripod head is further provided with 
feet for fixing it ona wall in case this is more convenient 
than the legs. One of these feet can be seen in the other 
view which shows the instrument as a whole. These 
feet are, however, usually unscrewed and kept in the 
case of the instrument when the legs are in use. 

The instrument is provided with a shifting centre of 
a new type, which has a range of 14 in. on either side 
of the centre of the tripod head. The motion pro. 
vided is a combination of an eccentric and a parallel 
sliding motion. When this slide isin its central posi- 
tion, the vertical axis of the instrument is concentric 
with the tripod head. This slide can, however, be moved 
out of centre 14 in., the precise amount of the shift 
being shown on a graduated scale. When thus out of 
centre, the instrument can be rotated in a circular 
guide concentric with the tripod head, and the centre 
of the instrument will then describe a circle about this 
centre of radius equal to the slide eccentricity. Thus 
in using the shifting centre the instrument is set up 
approximately in position over the station point. The 
plumb-bob is lowered, and its distance from the station 
point is measured with an ordinary scale. The slide 
is then moved over to the distance thus measured, 
and on rotating the whole instrument in its circular 
guide, the plumb-bob can then be brought exactly 
coincident with the station point below it. The opera- 
tien, it will be seen, is very simple, and is done at once 
without the necessity of repeated adjustments, as are 
necessary with the ordinary type of shifting centre. 

The vertical axis of the instrument is hollow, and 
the line for it is permanently wound on a small winch 
above the parallel plates. It is thus a simple matter 
to adjust the height of the bob by using the winch to 
wind it up or down. 

Attention should also be drawn to the fact that each 
leg of the tripod corresponds in position with one of 
the level screws. This point is of some importance 
in the field, as it facilitates the levelling, as the legs of 
the tripod and the corresponding level screws, in a 
certain sense, work together. 

Either verniers or micrometers are fitted for sub- 
dividing the graduations on the horizontal limb of the 
instrument as required. In the example illustrated, 
micrometers are fitted which read to five seconds of 
arc. The graduations are, in this case, all covered, 
save those directly under the microscope. To avoid 
difficulty in ascertaining what particular degree lies 
under the micrometer spider lines, each degree is 
separately numbered in place of having numbers at 
every 10 deg., as in the vernier pattern. The micro- 
meter microscope used has a large field , and three 
numbered divisions are always in view. This number- 
ing is a capital piece of work, and appears quite sharp 
even under microscopic vision. The design of the in- 
strument is due to Mr. E. P. Wells, who has succeeded 
in reducing its weight below that of corresponding 
sizes of the older pattern, inspite of the great rigidity 
secured and the extra facilities offered. 








Royat Instrtution.—The following are the lecture 
arrangements at the Royal Institution, after Easter :— 
Professor L. C. Miall, three lectures on the ‘‘ Transfor- 
mation of Animals;” Mr. L. Fletcher, three lectures on 
‘“Meteorites;” Mr. H. F. Newall, two lectures on the 
‘*Solar Corona ;” Professor Dewar, three lectures on 
‘‘Dissociation;” Dr. A. W. Ward, three lectures on 
‘“‘German Princes and Parties (1551-1618) ;” Mr. H. G. 
Wells, two lectures on ‘‘ Literature and the State ;” Mr. 
Cyril Davenport, three lectures on (1) ‘‘ Mezzotints,” (2) 
“Cameos,” (3) ‘‘ Jewellery ;” Mr. Francis Tovey, three 
lectures on the ‘‘Sonata” (with musical illustrations) ; 
and Sir W. Martin Conway, two lectures on ‘‘Spitsbergen 
in the Seventeenth Century.” The Friday evening 
meetings will be resumed on April 15, when Monsignor 
the Count vay de Vaya and Luskod will deliver a dis- 
course on ‘‘Korea and the Koreans.” Succeeding dis- 
courses will probably be given by Lieut.-Colonel David 
Bruce, the Dean of Westminster, Dr. P. Chalmers 
Mitchell, Mr. M. H. Spielmann, Professor E. Ruther- 
ford, H.S.H. the Prince of Monaco, Professor 5. 
Arrhenius, and other gentlemen. 
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wn ac , > | which is built up of mild steel plates and angles; with 
COMPOUND CORNISH CYOLE PUMPING | massive pees centres for the shaft and pins, is 
ENGINE. | 48 ft. long over all, and 8 ft. deep at the centre and 
Tue engravings we publish on pages 384, 385, and the | along the parallel part ; the two bearings of the centre 
present page illustrate a very large pumping-engine at | shaft are each 22 in. in diameter by 24 in. long. The 
the Waihi Mines, New Zealand. The engravings |rocking beam with centre shaft and pins weighs 
scarcely do justice to the large size of the engine, there | 50 tons, and the plummer-blocks and sole-plates 
being no object in the views which assists the eye to/| another 14 tons. ciel 
realise the scale. The engine has two cylinders—high | The large cylinder, as already noticed, is 110 in. in 
and low pressure—each having the Cornish fo of | diameter ; it is 15 ft. 4 in. long over the flanges, and 
steam distribution, The old Cornish engine is limited 2} in. thick, and with bedplate and cover weighs 
to about 451b. boiler pressure and four expansions, but | 4] tons. The pistons and piston-rods of both cylinders 
the engine under notice has a boiler pressure of 150 1b., | have metallic packings. The cross-head guides are 
and a total range of expansion of fourteen. : supported on the rocking-beam floor, and are con- 
Fig. 1, page 384, is a sectional end elevation of the | structed so as to allow for expansion or for any slight 
engine looking towards the low-pressure cylinder, show- | deflection of the cylinder girders, to which they are 
ing a section of the sump at the side, in which is placed | attached at the top. 
the air-pump and condenser; whilst Fig. 2is anend| ‘fhe condenser and air-pump are placed in a sump at 
| the side of the engine-house, as shown in Fig. 1. The 
/air-pump is placed vertically, and is 30 in. in dia- 
| meter, having a stroke of 5 ft. It is worked from the 
| rocking beam. 
| The condenser is of the surface type. The tube- 
| plates are 5 ft. 6 in. in diameter, of rolled brass ; there 
are 954 brass tubes, 1 in. in diameter externally and 
10 ft. long, giving a surface of 2400 ft. The whole of 
the outside surface of the tubes is exposed to the 
| water inthe sump. The water from the mine pumps 


| is discharged through this sump. 
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elevation looking towards the high-pressure cylinder,| The plunger pump is illustrated in Figs. 4, 5, 6, 
showing the steam nozzle-box and differential gear. | and 7, page 385. The plunger, 23 in. in diameter, is 
Fig. 3 is a side elevation. | worked in a direct line with the spear-rod, which is 

It will be seen from Fig. 3 that the pistons of both | carried down past the plunger case by two mild steel 
cylinders are connected to a built-up steel rocking beam, | side-rods, from the massive crosshead at the plunger 
one piston making the up stroke whilst the other is | head, and attached to the spear-rod below the pump. 
making the down stroke. The rocking beam extends | By this arrangement the old method of working the 
beyond the high-pressure cylinder and the wall of the! plunger by a set-off from the spear, with its conse- 
engine-house, over the shaft, and imparts motion to a | quent excessive side strain, is avoided. The pump is 
single line of spear rods for working the pumps. The | fixed at a depth of 700 ft. from the surface. ‘The 
inner, or low-pressure, end of the beam is made to| valve-boxes and pipes are placed in a chamber at the 
form a balance-box. | side of the shaft. The connecting-pipes and the rising 

The high-pressure cylinder is 60 in. in diameter, | main are 2] in. in internal diameter. There are three 


riving its motion from the differential gear, the steam 
valve C being opened whilst the equilibrium D remains 
closed, and vice vers. 

Fig. 9, annexed, shows the differential gear and the 
method of conveying the motion to work the high- 
pressure valves. When the main pistons and the 
rocking beam of the engine are at the end of the stroke, 
then the piston of the small subsidiary cylinder E of 
the differential gear is also at the end of its stroke ; all 
the double-beat valves for actuating the engine, steam, 
equilibrium, and exhaust are then in a closed position. 

The tappets on the rod B, Fig. 8, for actuating the 
high-pressure steam and equilibrium valves, and the 
tappets for the low-pressure valves, are then adjusted 
until they are in contact with the dies on the various 
levers through which the valve rods pass, so that 
the least movement of the subsidiary piston of the 
differential gear will open the valves. 

All adjustments for varying the cut-off on high- 
pressure and low-pressure steam and equilibrium 
valves is made by varying the travel of the roller 
levers. These roller levers have the engine motion, 
which is conveyed through the shaft F and the tappet 
rods H, J. For the earliest cut-off the tappet K is 
screwed against the die L, so that the roller M begins 
to move at the commencement and continues to move 
throughout the whole of the engine stroke. For a 
later cut-off the tappet K is moved further up the 
rod, so that the roller movement is delayed and its 
travel shortened, the effect being that the valve is 
dropped later in the stroke. 

These engines were constructed to the designs of 
Mr. Henry Davey, M. Inst. C.E., 3, Princes-street, 
Westminster. 
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LocomMoTiIvE WEIGHING MACHINE: ErratuM.—In our 
description of the above, on page 363 ante, a misprint 
appears in the name of the firm manufacturing the 
machine. The name should be ‘‘ Messrs. Carl Schenck 
and Co.,” and not ‘‘ Carl Lehenck and Co.” as printed. 

Tue Late CHArLEs JOHN GALLOWAY.— A wide com- 
pany of engineers will regret to hear of the death of Mr. 
Charles John Galloway, of the well-known firm of 
Galloways, Limited, Manchester, which took place on 
Monday, the 7th inst., at his residence, Thorneyholme, 
Knutsford. The event was almost tragic in its sudden- 
ness, as Mr. Galloway was walking in the garden in the 
afternoon, when he became ill and died before medical 
assistance could be obtained. He was born on the 25th 
of April, 1833, and was for over fifty-three years closely 
associated with the Galloway firm established by his two 
uncles. He served a pupilage of six years—1851-7—study- 
ing mechanical engineering in its various departments ; 
devoting his time principally to the construction of 
engines, and the fitting-up of cotton, corn, and other 
mills. Soon after serving his time, and when still a 
young man of twenty-four years of age, he was sent to 
superintend the erection of the Leven Viaduct over 
Ulverston Sands, from the design of the late Mr. 
Brunlees. This long viaduct, which carries the Furness 
Railway to Barrow-in-Furness, and north to White- 
haven, is founded on the fine sand of Morecambe 
Bay, and its construction demanded great care and much 
ingenuity. In 1859, soon after the completion of the 
work, Mr. Galloway was admitted a partner of the firm, 
which was then known as Messrs. W. and J. Galloway ; 
and since then he has continued to take an active part in 
the management of the engineering department of the 
business. He constructed a large portion of the original 
machinery used in the manufacture of Bessemer steel, 
and designed some heavy rolling-mill engines and various 
pumping - engines for the New River Company’s and 
other water works. He became a member of the Institu- 
tion of Mechanical Engineers in 1866, and of the Institu- 
tion of Civil Engineers in 1886. He rendered valuable 
assistance to some of the large exhibitions in England 
and abroad. He had the chief management of the 
machinery in the British Section of the Paris Exhi- 
bition of 1878; and, as a mark of their appreciation 
of his abilities, the French Government made him a 
Chevalier of the Legion of Honour. At the conclu- 
sion of the following Paris Exhibition, in 1889, he 
was advanced to the rank of an officer of the same 
distinguished Order. He also presided over the engi- 
neering department of the Royal Jubilee Exhibition, 
held in Manchester in 1887. He was a member of the 
consultative committee, held in 1886, to consider and 
promote the foundation of the Manchester Canal, and 
subsequently joined the board of directors, and was an 








with a stroke of 6 ft., and the low-pressure cylinder | suction and three delivery valve-boxes, each having a 
is 110 in. in diameter, with a stroke of 12 ft. The | 12-in. cast-iron double-beat valve with gutta-percha 
ratio of the cylinders is thus 6.7 tol. The stroke of | beats. The plunger case and the rising main, weigh- 
the pumps is equal to that of the large cylinder—12 ft.; | ing together 160 tons, or, with the water load in addi- 
the pump plungers are 23in. in diameter, the first tion, 280 tons, are carried on two massive built-up 
plunger set being placed at a depth of 700 ft. from the | steel girders, firmly built into the sides of the shaft. 
surface. The enginé is designed to raise 1500 gallons | The side-rods connecting the spear-rod, above and 
per minute from a total depth of 1550 ft. To raise | below the pump, pass down between these girders. 

this quantity the engine will work at seven strokes per! The engine is governed by the Davey differential 
minute; the actual horse-power being 730. The gear of the latest form. The engine cylinders are 
water-load on the engine, all referred to the large| provided with five double-beat drop-valves of gun- 
cylinder, is equal to 30 lb. per square inch. This| metal; one steam and one equilibrium for the high- 
load is practically double that of the proper load of | pressure cylinder, and one steam, one equilibrium, and 
the old single-cylinder Cornish engine, which, to give | one exhaust for the low-pressure cylinder. The steam 
the same power, would necessitate having a cylinder | and equilibrium valves for the high-pressure cylinder 
156 in. in diameter. | are shown in Fig. 8. The two valves are worked by 
It may be of interest to note that the rocking beam, | one lever A, which is operated by a single rod B, de- 


active member of the works committee, freee his 
attention chiefly to the length of the canal between Man- 
chester and Barton-on-Irwell. He had also been a 
director of the Boiler Insurance and Steam Power 
Company, the Palatine Insurance Company, Messrs. 
Brunner, Mond, Limited, and other important concerns. 
As a patron and connoisseur in art he had the pleasure of 
‘*discovering”’ Miss Thompson, afterwards Lady Butler, 
and it was to his commission that the famous picture 
‘** The Roll-Call” was painted ; but after the great recep- 
tion it received in the Royal Academy, the late Queen 
Victoria expressed a desire to possess it, and Mr. 
Galloway readily acquiesced. To take its place, Miss 
Thompson was commissioned to paint what became also a 
notable canvas—‘‘ The 28th Regiment at Quatre Bras ”— 
subsequently bought for the National Gallery of Mel- 
bourne. In 1873 he was placed on the commission of the 
peace for the City of Manchester, and in 1899 became a 
justice of the peace for the county of Chester. 
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LIVERPOOL AND SOUTHPORT RAILWAY; DETAILS OF ELECTRIC ROLLING-STOCK. 
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ELECTRIFICATION OF THE LIVERPOOL AND SOUTHPORT RAILWAY; SUB-STATIONS. 


MESSRS. DICK, KERR, AND ©€O., LIMITED, 


(For Description, see Page 386.) 
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|and other conferences will doubtless take place. The 
| price last year was 4.50 dols. base. Buyers are en- 
Fu : ‘ : : mite | deavouring to secure a quotation somewhere between 
b URTHER weakness is manifesting itself in some | 3.85 dols. and 4 dols. The selling interests represent 
branches of the iron and steel trade. The chief trouble | about 90 per cent. of the entire ore interests, and 
just now is with the Alabama Iron Company, which | they are therefore in a position to maintain whatever 
z securing business by making unexpected concessions, | quotations they may determine upon. 
= only to the important consumers who order in large! The large orders for iron and steel will, therefore, not 
_ I'he volume of business, which it is claimed has | be placed until the trade can know what ore will cost. 
je closed during the past week, foots up as high as |In a retail way there has been an improvement in 
is signe, _ there is reason to believe that this | steel, but it is only for the earlier requirements. Mills 
. W es her than above the actual transactions. | making billets, wire nails, tubes, and tin-plates are 
i : — 1ern iron-makers have taken this action | all quite well engaged. The demand for coke has 
ant ee secure all the work that it is possible to | hardened prices, or, at least, has checked that down- 
Eiacs neaapcion The question of lake ore prices for | ward tendency which started about two weeks ago. 
will t ling season will soon be disposed of, as there | The coke interests are also compactly organised, and 
€ probably less iron and steel made this year | nothing but a general break in the iron trade would 
econ The consumers are naturally expecting a|cause a break in coke prices. Furnace coke ranges 
uction in prices. Committees representing miners | from 1.50 dol. to 1.75 dol. and upwards. The market 


NOTES FROM THE UNITED STATES. 


PHILADELPHIA, March 9, 1904. 


| tion of 44 cents. The strike in Colorado has affected 
the stocks of the American Smelting and Refining 
Company. A further advance is probable in view 
of restricted production. The copper market is 
quite active, exports since March 1 amounting to 
3400 tons. The Calumet and Hecla, it is rumoured 
to-day, is asking 13 cents for all it has to sell. 
A prominent Boston company has refused 124 
cents. Independent producers continue to sell at 
prices slightly under the combination quotation. 
|The stock markets are quiet, very little specu- 
|lation being apparent. The railroad companies are 
earnestly endeavouring to effect large loans to prose- 
cute improvements, and in a general way their re- 
| quests are being complied with. Investors in railway 
| securities are showing more confidence than last year, 
| but there is just enough conservatism to make the 
| banking interests cautious in listening to the demands 
| and requests of railway people in the marketing of 
| bonds. 
| The volume of railway traffic is very heavy, and 
| congestion prevails at many points. 








ROYAL METEOROLOGICAL SOCIETY. 
THE monthly meeting of this Society was held on Wed: 
| nesday evening, the 16th inst., at the Institution of Civil 
| Engineers, Great George-street, Westminster, Captain 
D. Wilson-Barker, President, in the chair. 
Mr. Richard H. Curtis delivered a lecture on ‘‘ Water 
| Vapour,” which he illustrated by experiments and lantern 
| slides. After explaining that water vapour is water in 
the state of a gas, he proceeded. to speak of the processes 
of evaporation and condensation, and showed that the 
capacity of the air for moisture varies according to the 
temperature. The amount of vapour in the air has a 
great deal to do with our personal comfort. A dry, cold 
air is not so unpleasant, and does not feel so cold as a damp 
air, although the temperature of the damp air, as shown 
by the thermometer, may be higher than that of the 
drier one. But our sensations are often at variance with 
the thermometer, and this generally so because of the 
way in which they are affected by the vapour of the air. 
If the air be dry, a degree of heat can be enjoyed 
which would be simply unendurable if it occurred with 
a humid atmosphere. The amount of vapour in the air 
is ascertained by means of an instrument kndwn as a 
hygrometer, various patterns of which were shown by 
| the lecturer. He then referred to some phenomena of 
the atmosphere in which water vapour plays a leading 
part, and described the formation of dew, hoarfrost, fog, 
cloud, halos, rain, snow, and hail. The lecturer con- 
cluded by saying that he had tried to show how a particle 
of water may be taken from the ocean and stored away 
invisible in the atmosphere above it ; how that particle 
may travel for many miles to distant parts of the globe, 
| and then, by the action of another of Nature’s processes, 
| be changed back again into water and fall once more upon 
the. ground beneath. There it may unite itself to other 
| similar drops, and together form a tiny stream, which 
| may gradually grow to the dimensions of a river, and 
| once again our drop of water may find itself a constituent 
| part of the ocean, to repeat its pilgrimage, and carry 
}on the part it is destined to play in the economy of 





and buyers have recently conferred to arrange prices, for pig lead is very strong, and at the higher quota- | Nature, 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—There was rather more doing 
in the pig-iron market last Thursday morning, and. on 
some buying, combined with the absence of sellers, the 
prices of Cleveland warrants improved 14d. per ton. 
Between 5000 and 6000 tons changed hands up to 42s. 8d. 
cash and 42s. 94d. one month, and business was also 
done at 42s, 8d. five days. Scotch iron was quoted 
at 5ls. 6d. cash sellers. The improvement in the 
forenoon was not maintained in the afternoon, when 
3000 tons of Cleveland iron were done at 42s. 94d. one 
month and fifteen days, with closing buyers at 42s. 64d. 
cash and 42s. 8d. one month. There was no change in 
prices during the day. The settlement prices were :— 
Scotch, 51s. 3d.; Cleveland, 42s. 74d. ; Cumberland hema- 
tite pig iron, 53s. 3d. The market continued in a stag- 
nant state on Friday forenoon. There was no business 
done, the session being idle for the third time during the 
week. Prices of Cleveland warrants were about 4d. lower 
per ton at 42s. 7d. cash and 42s. 84d. one month sellers. 
In the afternoon the turnover was limited to one lot of 
Cleveland iron, which changed hands at 42s, 74d. one 
month. The tendency was easier, but the change in prices 
did not exceed 1d. per ton on the day. The settlement 
prices were :—5ls. 3d., 42s. 6d., and 53s. 3d. Although 
the business transacted in the pig-iron market during the 
forenoon only amounted to 1000 tons, the tone was 
strong, and the prices of Cleveland warrants advanced 
from 42s. 74d. per ton on Friday to 42s. 11d. ; closing 
sellers were 4d. under the latter figure, which re- 
presented a rise of 24d. on the preceding week’s closing 
quotation. One lot changed hands at 42s. 10d. eleven 
days. While the market was completely idle in the after- 
noon, the tone was firm, and prices of Cleveland iron ad- 
vanced 14d. further to 42s. 105d. cash, and 43s. one month 
sellers, a gain of 4d. per ton on the day, and the settle- 
ment prices were :—5ls. 3d., 42s. $d., and 53s. 3d. The 
market continued inactive, and the pricesof Cleveland war- 
rants were a shade easier on Tuesday morning. There was 
no cash or month’s business, but 1500 tons were dealt in at 
42s. 103d. 10 days, and 42s. 11d. 24 days, with closing sellers 
at 42s. 10d. cash and 42s. 114d. one month. The advance 
in Cleveland iron was lost in the afternoon, when the 
tone was dull at 42s. 8d. cash and 42s. 94d. one month. 
The turnover, which included one lot at 42s. 9d. ten 
days, was 3000 tons. Hematite iron was quoted nominally 
at 533. 3d. cash buyers and 53s. 9d. sellers. The settlement 
prices were:—5ls. 3d., 42s. 9d., and 53s. 3d per ton. 
There was another idle session in the market this forenoon. 
The prices of Cleveland warrants were a shade tirmer at 
42s, Yd. cash and 42s. 105d. sellers. The firmer tendency 
continued in the afternoon, but the turnover was limited 
to one lot of Cleveland warrants, which were dealt in at 
42s. 9d. cash and 42s, 104d. one month. The settlement 
prices were :—5l1s. 3d., 42s. 9d., and 53s. 44d. The follow- 
ing are the quotations of makers’ No. 1 iron:—Clyde, 
58s.; Gartsherrie, Summerlee, and Calder, 58s. 6d.; 
Langloan, 693.; Coltness, 71s. per ton — the foregoing 
all shipped at Glasgow; Glengarnock (shipped at 
Ardrossan). 683. 6d.; Shotts (shipped at Leith), and 
Carron (shipped at Grangemouth), 60s. 6d. The pig- 
iron market has shown a shade more of life; on 
one of the days it was moderately active. This better 
state of matters is due to more animation being advised 
from America, but as this activity is displayed by largely 
increased exports of billets and pig iron to this 
country, it is difficult to see how prices here are 
going to benefit, although consumers may do so. The 
prices of Middlesbrough No. 3 warrants have fluc- 
tuated a little. Both here and in England the nature 
of the situation, and a rise of 2s, per ton from the recently 
lowest point, is now well established. Germany con- 
tinues to maintain her very large production with un- 
abated vigour, and as trade reports are no better there 
than they are here, heavy accumulations of stock must be 
taking place, especially as her competition has not been 
aggressive of late. 


Shipments of Pig Iron.—There were shipped last week 
to the United States 200 tons, as against 1020 tons in the 
corresponding week last year, and, up till last Saturday, 
1455 tons against 14,489 tons last year in the correspond- 
ing period ; to Canada, 300 tons, as against 822 tons last 
week ; and 1145 tons as against 5308 tons in the correspond- 
ing period of last year. There are increases to France, 
Germany, Holland, and India; but to Russia there is: no 
increase—none this year, and none, except 20 tons, last 
year. 

Steel.—The recent advance in prices by some makers of 
steel was subsequently made general, on account of a fair 
continuation of orders for all classes of constructional 
material. Shipbuilders have a number of inquiries, and 
the probability is that there will be an increase of business 
in that direction. Steel-makers have not booked any con- 
siderable quantity of orders at the advanced prices ; but, 
keeping in view the large contracts recently made, there 
is not much likelihood of prices being lowered. Thin steel 
sheets have been in demand. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is quiet at 12/. 12s. 6d. for prompt delivery at 
Glasgow and Leith, where the shipments last week were 
694 tons, and in the month of February they amounted to 
2555 tons. 

West of Scotland Coal Trade.—There is no change to 
report on the condition of the coal market in the west 
this week. Trade on the whole, is quiet, and supplies are 
plentiful. House coal has been in good demand during 
the past week. Shipment orders are scarce. Treble nuts 
are In poor request, but other classes of washed stuffs 
are disposed of without difficulty. Prices f.o.b. Glasgow 


may be quoted as follows :—El! coal, 83. 3d. to 9s. (ac- | 





cording to quality) ; splint coal, 8s. 9d. to 93.; steam coal, 
8s. 9d. to 9s.; main coal, 7s. 6d. to 7s. 9d. 


Royal Scottish Society of Arts.—The eighth meeting for 
the current session of the Royal Scottish Society of Arts 
was held in the hall, 117, George-street, Edinburgh, last 
night, Dr. Dawson Turner, the president, in the chair. 
Mr. Archibald Wilson, A.M.I.E.E., communicated a 
paper on the Chamonix Railway, a line which, he said, 
was electrically operated for passenger and goods traffic. 
It was a third-rail continuous-current electric railway, 
drawing its energy from a water electric station. By 
means of limelight views Mr. Wilson showed the con- 
struction of the railway and the vehicles that were used 
on the line. At the close he was awarded a cordial vote 
of thanks for his communication. 








Tue INSTITUTION OF Civit Encinrers.—The annual 
dinner was held on Wednesday, the 16th inst., in Lincoln’s 
Inn Hall, by permission of the Masters of the Bench. 
The chair was occupied by Sir William White, K.C.B., 
the President. Covers were laid for 233, the company in- 
cluding among the guests the Lord Chancellor, the Earl of 
Glasgow, the Lord Chief J ustice, Lord Stalbridge, Admiral 
Sir Edward Seymour, and Mr. Justice Grantham. The 
toast list was short, ‘‘Our National Defenders” being 
associated with the names of Admiral Seymour and Mr. 
Arnold-Forster. The latter enlarged on the inconvenience, 
not to say the absurdity, of a Secretary for War, who was 
engaged in the reform of the War Office, being obliged 
to be constantly present at debates in the House on un- 
important matters. He said that in ten days he had not 
been able to spend two hours in his office, as he was 
obliged to be in the House. After he had finished speak- 
ing he left the gathering, and later the Lord Chancellor 
made a humorous reference to the necessity of the Govern- 
ment’s supporters being in their places at all times. The 
fourth toast was ‘‘Ships, Railways, Colonies, and Com- 
merce,” and was replied to by Sir Francis Evans, Bart., 
K.C.M.G., Lord Stalbridge, and the Hon. W. P. Reeves, 
Agent-General for New Zealand. The Lord Chancellor 

roposed the toast ‘The Institution,” and Sir William 
White replied, After the speeches there was some excel- 
lent music. 





INSTITUTION OF MECHANICAL ENGINEERS: GRADUATES’ 
AssociaTION.—A meeting of the above Association took 
place in the Graduates’ Room on Monday evening, the 
14th inst., Mr. Mark Robinson (Member of Council) being 
in the chair. The following paper was read and dis- 
cussed :—‘* Two-cycle Marine Petrol Motors,” by Mr. 
Holbrook Gaskell, Jun., Graduate, of Liverpool. The 
author, in the commencement of his paper, described the 
principles of the two-cycle motor as distinguished from 
the Otto cycle motor, and pointed out the advantages and 
disadvantages arising from an impulse every revolution. 
Dealing with the subject of ignition, two forms were 
described :—(1) the high-tension jump spark ; (2) the low- 
tension break spark. Owing to its simplicity and relia- 
bility, this second form of ignition is largely adopted for 
two-cycle motors. Under the head of *‘ Lubrication,” the 
manner of lubricating the cylinder adopted in the Lozier 
engine was described by the author. This system results 
in a small quantity of oil being sprayed on to the piston- 
rings immediately on the firing of the charge. Passing 
on to reversing, the Daimler method was described, and a 
description of a reversible propeller given. The weights 
and horse-power of a number of motors were also given. 
In concluding his paper, the author stated that two-cycle 
motors were almost entirely used for launches in the 
United States, and that English makers were behind the 
Americans in their design and construction. An interest- 
ing discussion followed, in which points of interest were 
raised by the Chairman, Messrs. M. G. Duncan, J. 8. 
Warner Mitchell, R.N., and others. A hearty vote of 
thanks was awarded the author for his interesting paper. 





PersonaL.—We are informed that the Norwalk Iron 
Works Company, of Connecticut, have appointed John 
Davis and Son (Berby), Limited, of Derby and London, 
to represent their interests in Great Britain. The Nor- 
walk Company are makers of air-compressors which are 
reputed to be the leading machines in the States for min- 
ing and general work. Messrs. John Davis and Son, 
Limited, of the All Saints Works, Derby, have recently 
erected for the Glass Houghton and Castleford Col- 
lieries, Limited, a Norwalk compressor which has a 
displacement capacity of 3780 cubic feet per minute. 
This is intended for underground service. The colliery 
contemplate quadrupling the power eventually.—We 
learn that Messrs. Ludw. Loewe, and Co., Limited, of 
30-32, Farringdon-road, E.C., wiliin future act as sole 
agents for vertical boring mills and saw tables made by 
the Colburn Machine-Tool Company, of Franklin, Pa., 
U.S.A. The firm have for some time been sole agents in 
Great Britain for the Merton Grinding Company, and 
we note that their Berlin house has now been appointed 
sole agent for the Continent.—The governing body of the 
South-Western Polytechnic, Chelsea, have unanimously 
appointed Mr. Sidney Skinner, M.A., of Christ’s College, 
Cambridge, to the position of Principal,7in succession to 
Mr. Herbert Tomlinson, F.R.S., who is retiring. Since 
1888, Mr. Skinner has been attached to the teaching staff 
of the Cavendish Laboratory, at Cambridge, and also 
has acted as lecturer and director of natura] science studies 
at Clare College. He is a secretary of the Cambridge 
Philosophical Society, and has been appointed one of the 
organising local secretaries in connection with the British 
Association visit to Cambridge, 1904. Mr. Skinner will 
take up his duties at the Polytechnic about the beginning 
of next May. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

The Hadfield Steel Foundry Company.— At the meeting 
of shareholders in the above company, held on Monday, 
Mr. R. A. Hadfield stated, in moving the adoption of 
the report, and the payment of a dividend equal to 25 
per cent., that in four years they had paid back of their 
ordinary share capital 90 per cent., and, in addition 
had accumulated a reserve of 224,000/., or about 50 
per cent., of the total capital. In addition they had 
79 acres of freehold land at Tinsley, on which’ were 
buildings equipped with the most up-to-date plant, 
Last year he travelled from New York to San Francisco, 
and visited some thirty works, some of them in the same 
line as theirs, and he could say, without fear of con- 
tradiction, that he did not see one that was so thoroughly 
and well-equipped as their own works at Tinsley, He 
spoke of their success in tramway work, of their improv. 
ing prospects in supplying machinery for mining opera. 
tions in South Africa, and, in conclusion, spoke hopefully 
of the future of British trade. 7 


Vickers, Sons, and Maxim.—The annual meeting of 
shareholders in this company was held at Sheffield on 
Wednesday, and was largely attended. Colonel P. F, 
Vickers presided, and, in reply to inquiries and rumours, 
he said they had not discharged 17,000 men at Sheffield, 
as they never had more than 5000 working at one time. 
They had no intention of issuing new capital, but they 
did propose to discontinue their present reserve fund, 
which was locked up in the property of the company, 
and create a cash reserve. They were better off for work 
now than at this time last year. Mr. Albert Vickers 
stated that they had in the bank, or at call, a million 
sterling. They had invested in their Spanish works 
100,000/., and in their Swedish works 55,000/. They 
employed 18,000 men, and had 13,370 shareholders, of 
whom 4661 were ladies and 397 clergymen. The report 
was adopted, and Messrs. J. M. Hay and J. Dunn were 
re-elected directors. 


The Iron and Steel Tradcs.—The demand for iron is 
still quiet, and there is very little buying forward. A 
stiffening of prices would, it is believed, cause business to 
move, but at present there are no signs of improvement in 
that direction. (Quotations for delivery in Shettield are:— 
West Coast hematites, 62s. 6d. to 63s. 6d. per ton ; East 
Coast ditto, 57s. 6d. to 58s. 6d.; Lincolnshire No. 3 
foundry, 45s. 6d. to 46s. 6d. ; forge ditto, 44s. 6d. to 45s. 6d.; 
Derbyshire No. 3 foundry, 48s. 6d. to 49s. 6d. ; forge ditto, 
44s. 6d. to 453.; bars, 6. 103. ; sheets, 8/. 10s. to 8/. 15s. 
There is an increased make of crucible steel going on, 
although generally business is quiet. Travellers who are 
in the North of England and Scotland find it almost 
impossible to secure orders, trade all round being so dull. 
It is many years since orders for Swedish irons were so 
searce. here has been some very free buying on behalf 
of Germany, Russia, and America, and that is keeping 
Swedish firms occupied. Some houses producing Besse- 
mer and Siemens qualities are fairly well situated, and 
prices are steady. 

The South Yorkshire Coal Trade.—-The leading house- 
coal collieries are doing more trade, and prices have 
steadied considerably. A feature of business is that best 
qualities have been moving off more freely. The hard 
coal branch is weak, and there is not much doing so far 
in the export trade for next season. Slacks and other 
common coal is in steady demand. There has been some 
improvement in the calls for steel coke, and prices are 
firm at 23s. to 25s. per ton. In blast-furnace qualities 
trade is only dull. 








NOTES .FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
fairly large attendance on Change here, and the market 
was more animated than it has been for some little 
time past. Buyers and sellers came together without 
very much trouble, and quite a cheerful tone prevailed. 
Makers of all descriptions of pig iron, being well off 
for work, were able to hold out for the prices they wanted, 
and they did so. Sales were recorded at 42s. 104d. for early 
f.o.b. delivery of No.3 of g.m.b. Cleveland pig iron, and 
second hands were prepared to do business at that figure. 
For the best brands, however, 43s. was the figure. All the 
other qualities of Cleveland pig were advanced a little. 
No. 1 was put at 44s., thongh buyers endeavoured to fix 
the price at 43s. 104d. No. 4 foundry was 42s. 74d.; 
grey forge, 42s. 44d.; mottled, 41s. 103d. ; and white, 
41s. 9d.; and the last-named quality was a rather 
more saleable article than was mottled iron. East 
Coast hematite pig showed further improvement to 
the satisfaction of producers, who now must be better 
situated than for a long time. For early delivery of 
Nos. 1, 2, and 3 the price was raised to 52s., whilst No. 1 
was put up to 52s. 6d., and No. 4 foundry advanced 
to 50s. 6d. Spanish ore was in moderately good request, 
but it was, if anything, rather easy in price. Rubio, of 
50 per cent. quality, however, was still 15s. 3d. —— 
Tees. To-day the market was again firm, and thoug 
prices could hardly be said to be altered, they showed a 
slight upward tendency, and buyers seemed rather eager 
to place contracts. Middlesbrough warrants closed firm at 
42s. 94d. cash buyers. 

Manufactured Iron and Steel.—There is no change of 
moment to report in the various branches of the manvfac- 
tured iron and steel industries. Producers of shipbuilding 
material and sheet-makers are busy, but rail-manufac- 
turers report business a little quieter, and in one or two 
other departments trade is somewhat dull. Quotations 
stand :—Common iron bars, 6/. 2s. 64.; best bars, 6/. 12s. 6d.; 
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 chip-plates, 6. 7s. 6d.; iron ship-angles, 6/. 23. 6d.; 
ison 0h Ea 5l. 12s. 6d.; steel ship-angles, 5. 5s.3 
steel joists, 5/. 53.; steel sheets (singles), 7/. 17s. 6d.; steel 
sheets (doubles), 8/. 7s. 6d.; and heavy sections of steel 
rails, 4. 103.—all less the customary 24 per cent. discount, 
except rails, which are net at works. 

Coal and Coke.—Coal, though plentiful, is steady and 
firm. Coke shows an upward movement. In some cases 
medium blast-furnace qualities are still quoted 13s. 3d. 
delivered here, but there are firms now naming 13s. Gd. 


Vessrs. Bell Brothers, Limited.—The directors of 
Messrs. Bell Brothers, Limited, of Middlesbrough, in 
their report for 1903 show a profit of 101,1752. 12s. 4d., 
to which must be added the balance of undivided | profit 
brought from the year 1902, amounting to 7156/. 6s. 6d., 
making a total of 108,331/. 18s. 10d. Out of this amount 
there were provided up to December 31, 1903:— Interest 
on 4 per cent. debenture stock for 1903, 20,000/.; divi- 
dend on 6 per cent. preference shares for half-year to 
June 30, 1903, 15,000/.; interim dividend on ordinary 
shares at 3s, 6d. per share, paid September 30, 1903, 
10,5007. ; income tax, 1326/. 10s. 10d. ; amount carried to 
the credit of the reserve fund under Section 115 of the 
Articles of Association, 15,0002. Since December 31, 
1903, the following has also been paid thereout :—On 
February 1, 1904, dividend on 6 per cent. preference 
shares for half-year to December 31, 1903, 15,0002. ; 
leaving to be still dealt with 31,505/. 8s. The directors 
recommend the following appropriation of this balance : 
__ Extensions and improvements to be written off, 
13,3627. 10s. 3d.; final dividend on ordinary shares at 
3s. 6d. per share, free of income tax, 10,500/.; balance 
carried forward, 7642l. 17s. 9d. The directors have de- 
cided to reduce the reserve account for general purposes 
by the sum of 50,000/., and have written this amount off 
the capital expenditure as depreciation. The retiring 
directors are Messrs. Maurice Bell and Charles Dorman, 
both of whom are eligible, and offer themselves, for re- 
election. The auditors, Messrs. W. B. Peat and Co., 
also retire and offer themselves for re-election. 


North Eastern Steel Company, Limited.—The annual 
report of the directors of the North Eastern Steel Com- 
pany, Limited, describes the result of the year’s working 
as disappointing. A profit of 22,274/. 19s. 10d. is shown, 
to which must be added the balance of 464/. 2s. 8d. from the 
year 1902, making the amount for disposal 22,739/. 2s. 6d., 
and this has been applied as follows :—Interest on deben- 
ture stock, second mortgage debentures, and _ loans, 
17,111/. 3s. ; directors’ fees, 15007. ; balance to be carried 
forward, 41277. 19s. 6d.—-22,739/. 2s. 6d. The retiring 
directors are Messrs. Dorman, Bell, Hay, Riley, and 
Ripley, all of whom are eligible, and offer themselves for 
re-election. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—The market has ruled firm for the best 
Admiralty coal, in which, however, there has been no 
great amount of business passing, as stocks are for the 
moment exhausted. The best large steam coal has made 
15s. 3d. to 15s. 6d. per ton, while secondary qualities have 
ranged from 138s. 9d. to 15s. per ton. There has been an 
increased demand for dry and Monmouthshire semi- 
bituminous coal. Quotations for small steam coal have 
remained without change. The best ordinary household 
coal has been quoted at 14s. to 15s. per ton, while secondary 
qualities have made 10s. 6d. to 13s. per ton; No. 3 
Rhondda large has brought 14s. 6d. to 14s. 9d. per ton. 
Coke has shown little change ; foundry qualities have been 
quoted at 18s. to 18s. 6d., and furnace ditto at 16s. to 
16s. 6d. per ton. As regards iron ore, Rubio has been 
quoted at 14s. per ton; Tafna at 15s. per ton, and 
Almeria at 14s. to 14s. 3d. per ton, charges including 
freight to Cardiff or Newport. 

Newport (Alexandra) Docks.—A special meeting of this 
company has been held for the purpose of considering a 
new Bill, by which the directors propose to obtain powers 
for carrying out certain alterations and extensions. The 
Bill authorises a diversion of the Ebbw, the construction 
of a new dock, an extension of the pier, two new jetties, 
and a new wharf in the Usk. There will be eight new 
hoists. The Bill was approved. 


The Swansea Valley.—There has been a good production 
of tin-plates of late, and the trade has ruled firm. The 
steel trade is also showing an activity which was not 
anticipated at the commencement of the year. Some of 
the local foundries have been irregularly employed. The 
coal trade has shown little improvement, and the output 
is stated to be 35 per cent. laa than it was two years 
since. 

Welsh Coal-Mining.—Negotiations are practically com- 

leted for the transfer of the Ravenhill Colliery, Cwm- 
owela, toa new company. This is a’newly-sunk colliery, 
at which operations were stopped about two months 
since, almost immediately after coal had been struck. 
Asa result of drifting operations which have been going 
on at the Great Western Colliery, Abergwynfi, during 
the last twelve months, a good seam has been struck 
about 4 ft. 3in. in thickness. The management has now 
decided to work the Red Seam until it has developed the 
new seam, and a satisfactory price-list to work the new 
seam has been arranged with the workmen. Negotia- 
tions regarding the re-starting of the old Barrow pits 
near Bryneethin have pom a successful issue, and 
there is now no doubt that work will be commenced at an 
early date. Mechanics and others are at present engaged 
in making arrangements for pumping out water; and 
when this work is completed an inspection of the pits 
will be made. 


South Wales Coal and Iron.--The exports of coal, 
foreign and coastwise, from the six principal South 


Wales ports—Cardiff, Newport, Swansea, Port Talbot, 
Neath, and Llanelly—in February, were 2,021,960 tons, 
as compared with 1,835,607 tons in February, 1903. 
The shipments of coal, foreign, in February, were 
1,672,669 tons; and, coastwise, 349,291 tons; making 
up the total of 2,021,960 tons, which we have just 
given. The exports of iron and steel for the month 
were 8867 tons; of coke, 7179 tons; and of patent 
fuel, 92,387 tons. The aggregate shipments of coal 
from the six ports for the first two months of this 
year were as follows :—Cardiff, 2.978,128 tons ; Newport, 
629,630 tons; Swansea, 288,449 tons; Port Talbot, 
138,909 tons; Neath, 45,825 tons; and Llanelly, 38,384 
tons; making an aggregate of 4,119,325 tons. The ship- 
ments of iron and steel were :—Cardiff, 13,246 tons; 
Newport, 6189 tons; Swansea, 2745 tons; and Port 
Talbot, Neath, and Llanelly, nil; making an aggre- 
gate of 22,180 tons. The shipments of coke were: — 
Cardiff, 7743 tons; Newport, 2948 tons; Swansea, 
1957 tons; Port Talbot, 1987 tons; and Neath 
and Llanelly, nil ; making an aggregate of 14,635 tons. 
The shipments in patent fuel were :—Cardiff, 97,194 
tons; Newport, 2112 tons; Swansea, 80,033 tons; Port 
Talbot, 23,245 tons; and Neath and Llanelly, nil ; 
making an aggregate of 202,584 tons. 








Tue “ EvecrriciaN” ExtecrricaL TRADES Directory 
AND Hanpb-Book ror 1904.—In twenty-two years this, the 
well-known big blue-book of the electrical profession, has 
attained a high repute. It contains directories and 
officials, directors, manufacturers, lists of companies and 
municipal undertakings, with biographies of leaders in 
the profession. In the hand-book section there are a 
thousand and one memoranda. We are glad to note the 
omission of many advertisements from the text: we hope 
this will continue. The merits of the book are too well 
known to require further reference. It is published at 
15s., at the offices of The Electrician, Salisbury-court, 
Fleet-street, E.C. 





Contracts.— Messrs. J. and J. Charlesworth, of Wake- 
field, have placed an order for a complete coal-screening 
plant and accessories for the treatment of 3000 tons per 
day, with Messrs. Graham, Morton, and Co., Limited, of 
Hunslet, Leeds. The same firm have also secured con- 
tracts for the supply of nine bridges to be erected on the 
Great Northern Railway between Boston and Grantham, 
and of two bridges for the South-Eastern and Chatham 
Railway.—The Metropolitan Railway of Paris have 
placed an order with the French Westinghouse Company 
for the equipment of 91 cars on the Westinghouse mul- 
tiple-unit control system. These cars will operate on the 
section of the line between Maillot and Vincennes, and 
each train will consist of three motor-coaches and four 
trailers, The contract likewise includes the supply of 
nine 200-horse-power double equipments for the multipie- 
unit control trains, which are to be placed in operation 
during the summer between Villiers and Gambetta. The 
Metropolitan Railway Company have decided to abolish 
the locomotive, which has hitherto been employed on 
these sections of their lines. 





A Process or WELDING ALUMINIUM.—A considerable 
step towards the removal of one of the greatest obstacles 
in the way of the more extended use of aluminium has 
been taken by Messrs. Sherard, Cowper-Coles, and Co., 
82, Victoria-street, Westminster, S.W. As is well known, 
the difficulty, if not the impossibility, of making a satis- 
factory soldered joint between two pieces of that metal 
has limited its application in no small degree. The 
difficulty of soldering aluminium is due to the formation 
of an imperceptible, but extremely tenacious, film of oxide 
on the surface of the metal, and it is to the presence of 
this film that the possibility of the process devised by 
Mr. Cowper-Coles is due. The apparatus shown us to 
illustrate the new method consisted of a frame carrying a 
pair of movable clamps, each of which gripped one of the 
aluminium rods to be welded. The rods were held hori- 
zontally, the ends butting together in front of the flame 
from a gas blow-pipe. No special cleaning of the surfaces 
was necessary, nor was a flux of any kind applied. As 
soon as the ends appeared to soften by the heat, they were 
lightly pressed together by means of a conveniently- 

laced lever, connected to the clamps, and at the same 
instant a shield descended in front of the flame to prevent 
any further heating. The descent of the shield caused a 
douche of cold water to be applied to the weld, and the 
operation was. complete. The principle underlying the 
process is as follows:—The heat of. the blow-pipe flame 
causes the formation of an oxide skin on the aluminium as 
above mentioned, which is strong enough to act as a bag, 
the interior being full of molten metal. When the ends 
of both bars are in this condition, and are pressed 
together, the skin bursts at the point of contact, the 
molten metal unites, and is instantly solidified by the 
water douche. The existence of the “bag” of fluid metal 
was clearly shown by a further experiment, in which an 
aluminium rod was clamped at each end, the centre por- 
tion being subjected to the action of the blow-pipe flame. 
When the metal liquefied the molten portion sagged down 
contained in a flexible tube of onie, which, on being 
pierced, allowed the fiuid metal inside to run out. We 
saw the process carried out on drawn aluminium rods of 
from ;'; In. to fin. in diameter. Afterthe metal extruded 
in the operation had been removed by a file, the junctions 
were invisible, and withstood very severe bending and 
twisting as well as the solid bar. We understand that 


Messrs. Sherard, Cowper-Coles, and Co. are perfecting a 
method of uniting tubes by this process, the formation of 


MISCELLANEA. 


Tue Automobile Club Show at the Agricultural Hall, 
London, will be opened to-morrow, and will close on the 
26th inst. The Exhibition will be fully representative of 
the British industry, and, in addition to the large collec- 
tion of touring cars, will contain the greatest display of 
motor municipal vans and wagons that has ever been 
made in any country. Already more than 320 exhibitors 
have booked space, and it is fully anticipated that at 
least 350 representative firms will be showing. 


The Westinghouse Company have received orders for 
the equipment of two long inter-urban roads in the 
United States on their single-phase system of electric 
traction. One of these is the Fort Wayne, Decatur, and 
Springfield Railroad, extending between Fort Wayne and 
Springfield, a distance of 110 miles, and the other is a 
high-speed line, 53 miles long, between Indianapolis and 
Connelsville. The high-tension feeders are to be worked 
at 16,500 volts, and the trolley line at 3300 volts, there 
being transformer sub-stations at about every 10 miles. 
This tension will be further reduced by static trausformers 
carried on the cars before the current reaches the motors. 
On the Indianapolis line the cars will run with direct- 
current when inside Indianapolis City limits. 


Dr. C. B. Dudley, chemist to the Pennsylvania Rail- 
road, in discussing the effects of alternate bending stresses 
on steel in a recent issue of the Iron and Steel Metallur- 
gist, states that the greater the difference between the 
maximum fibre stress and the ultimate tensile strength, 
the longer the life of the steel when subjected to alter- 
nating stresses. Thus a stiff steel resists alternate bend- 
ing stresses of a given intensity better than a softer, 
tougher steel. Steel axles were first used on the Penn- 
sylvania Railroad, he states, in 1875. The maximum 
calculated fibre stress was 15,000 lb. per square inch? in 
the portion between the axles, and 6700 Ib. in the journals. 
The steel used was an acid open-hearth steel having a 
tensile strength of 65,000 lb. per square inch, and so 
tough that one is recorded as being unbroken under 
sixty-seven repetitions of the drop-test. Some three 
hundred of them were put in service, and in the course of 
two years the journals began to fail from detail fracture. 
The matter became serious, and to avoid an increase in 
dimensions, it was decided to try a steel of 80,000 Ib. 
tensile strength, no other changes being made. This 
completely cured the difficulty, and no case of breakage 
in detail of a car axle journal has since occurred on the 
line, save where metal of less tensile strength has been 
used, or where the wear of the harder steel axles has 
become excessive. 


In a paper recently read before the American In- 
stitute of Mining Engineers, Mr. F. L. Grammer, of 
Baltimore, gives the following figures showing the way 
in which the blast-furnace cupacity needed go produce 
1 ton of pig per day has diminished since 1854 :— 


Change in the Factors of Iron Blast-Furnace Practice, 


Cuhic Feet 
of Furnace 
per Ton of 
Metal 
Produced 
in 24 
Hours. 
1854 England 190 
1870 England 380 


Time. Place. Remarks. 


Resulted from increasing the height of 
furnace from original 45 ft. to 75 ft. 
and more. 


1876 United 197 Height of furnace from 65 ft. to 75 ft. 


States 
1889 United 59 Lake Superior ores; smaller propor- 
States tion of lump sizes; crushed more 


thoroughly; lower bosh; 


volume of air. 


large 


1891 United 50 


States 
1903 United 20to30 Mesabiores; wider hearth; increased 
States volume of air ; lower silicon in iron. 











Sr. THomas anp Port Srantey Ratiway. — This 
railway runs through an agricultural district of Canada; 
the first portion—30 miles—runs from London, On- 
tario, through the city of St. Thomas, to Port Stanley, 
on Lake Erie. As soon as this line is energised the 
remaining portion from London to Hamilton will be 
electrified on the same system, making a total distance 
of 160 miles. The Ganz system has been adopted, as the 
guaranteed figures in comparing continuous-current, 
single-phase, and three-phase estimates, show a saving 
of 30 per: cent. both in first cost and in running 
costs in the Ganz three-phase system. The power 
will be transmitted at 10,000 volts, 25 periods, and 
will be transformed down to 1000 volts for the motor-cars, 
of which there are ten in number, each motor-car being 
designed to go at a speed of 30 miles an hour on the level, 
and 15 miles an hour up to grades of 1 in 25. Each car 
holds 50 passengers, and is capable of hauling either freight 
or passenger trailer in addition. The line is built partly 


| across private right of way and partly across public roads, 


as is the case with urban railways in Canada and the 
United States, and the results in practice will be awaited 
with considerable interest, as the line is under contract to 
be completed in six months from date. The whole of the 
electrical portion of the plant will be of British manufac- 
ture, built at Messrs. Bruce Peebles and Co.’s works in 
Edinburgh, whose tender has been accepted. We under- 





a ridge on the interior being prevented by the use of a | 





mandril inside the tube. 





stand this is the first electric railway in Canada with 


| plant entirely of British manufacture. 
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ELECTRIFICATION OF THE LIVERPOOL AND SOUTHPORT RAILWAY. 
MESSRS. DICK, KERR, AND CO., LIMITED, CONTRACTORS, PRESTON. 


(For Description, see Paye 386.) 
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SUBMARINE BOATS. 

One can almost sympathise with those ardent 
enthusiasts—the naval strategists (who, of course, 
deplore bloodshed, and all that ; but, still, if there 
must be fighting, would like to learn something 
from it)—-in their disappointment at the course the 
war in the Far East is taking. Here we have two 
Powers, each owning a fleet comprising some of the 
most death-dealing engines of modern warfare, 
and though hostilities commenced over six weeks 
ago, we have learnt nothing. It is true we have 
had one or two striking object-lessons which may 
be useful in bringing home more closely previously 
recognised axioms of -warfare ; but there has been 





nothing really new. Thus the attack on the fleet at 
Port Arthur, with its disastrous results to the 
Russian ships, has shown that torpedo craft may be 
effective against unprepared battleships or cruisers ; 
but that was proved so long ago as the Russo-Turkish 
War; if not before, during the American campaign 
of the Northern and Southern States. We have 
also learnt—-or, rather, been shown—that a 
fleet, without soldiers to help, cannot force 
a well-protected land position; that it is folly to 
pit ships against forts is a recognised fact, in spite 
of the teaching of Alexandria. The way in which 
Japan is making use of the command of the sea is 
a lesson older than Napoleon, in the gunpowder 
days, and as old as Hamilcar if we go beyond them. 
At present there appears no prospect of that illumi- 
nating full-dress engagement between ordered fleets 
which was to set so many vexed problems at rest, 
and thus establish a standard for strategy and tactics. 
Indeed, it is not impossible that the Russo-Japanese 
conflict may be almost as barren of results for the 
naval strategist as the Spanish-American war; and, 
perhaps, from much the same cause. 

These considerations apply to naval strategists in 
general—except, perhaps, those of the belligerent 
Powers ; but to one small but extremely sanguine 
class the present war did not from the first give 
much promise. We refer to the submarine-boat 
enthusiasts ; and their disappointment must be 
more keen because there are now such splendid 
opportunities for this most modern engine of 
naval warfare to exhibit those particularly virulent 
qualities which its supporters claim for it. If 
Admiral Togo had even one or two of these craft 
to send into Port Arthur to destroy the Russian 
ships, or if Admiral Makaroff could dispatch a few 
to blow up the Japanese fleet when next it appears 
for purposes of bombardment, the question would 
be settled, and the vaticinations of strategists ful- 
filled. Unfortunately for the attainment of this 
end, neither the Russians nor the Japanese appear 
to have turned their attention largely to the sub- 
marine boat. It is true that the former are re- 
ported to have constructed secretly some of these 
vessels for service in the Black Sea, and that others 
are to be sent from the Baltic ; but either of these 
bases is a long way from Japanese waters, and the 
voyage by sea seems hardly more promising than a 
journey by the Trans-Siberian Railway. Whether 
the Russian Government ever became possessed of 
any of the 300 Goubet boats which were said a year 
or two ago to have been ordered, is extremely 
doubtful ; at any rate, if the Russians have had 
any successful results with craft of this nature, they 
have kept the fact secret in a way that is not usual, 
and would scarcely be politic ; for it has been as much 
Russian policy to appear strong as to be strong. 

The submarine-boat strategist is, therefore, once 
more reduced to peaceful experiment, and here the 
records are not very encouraging. In an article 
on this subject, published in our issue of Decem- 
ber 5, 1902, we gave particulars of experience 
gained up to that date, so far as information was 
available. The greater part of our knowledge 
upon this, as upon so many naval subjects, was, 
and still is, to be gathered from American ex- 
perience ; the United States authorities showing a 
liberality in giving information on technical sub- 
jects which speaks volumes for the manner with 
which the American navy is administered. With 
so little hidden there cannot be much wrong. In 
concluding our article we said :—‘‘ That the present 
feeling of the Navy Bureau at Washington is dis- 
dinctly unfavourable to the submarine boat in its 
present stage of development is indicated by their 
recommendation that no more shall be built until 
those which are now available shall have been ex- 
haustively tested, with the object of ascertaining 
whether, and, if so, in what direction further pro- 
gress is possible.”* 

The time that has elapsed since this was written 
has enabled the United States naval authorities to 
gain further experience with newer vessels, the 
results of which have been fully chronicled in that 
admirable publication, the Journal of the American 
Society of Naval Engineers. In the February issue 
of that publication Lieutenant W. R. White, 
U.S.N., gives details of his experience during the 
trials of the Adder and the Moccasin, which are two 
of the six submarine boats of the Holland type 


* See ENGINEERING, vol. Ixxiv., page 735. An _ illus- 
trated description of the boats built for the Royal Navy 
appeared in ENGINEERING, vol. Ixxi., page 395. See also 
ENGINEERING, vol. lxxiv., page 313, vol. xxv., pages 31 
and 391, for other articles on submarine boats. 
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authorised by Congress in June, 1900, although 
seven vessels have apparently been built. These 
boats have cigar-shaped hulls, every cross-section 
being a circle, the greatest diameter being11 ft. 10in. 
The length is 63ft. 4 in. Each boat has a single 
three-bladed screw, 6 ft. in diameter and 3 ft. 11 in. 
mean pitch ; its efficiency is low, a fact attributed 
to its small size, to its small pitch ratio, and to the 
speed at which it is driven. 
supplied by a four-cylinder gasoline engine of 160 
horse-power for use when the boat is running not 
entirely shut in, so that the air supply can be re- 
newed, For submarine purposes there is a 70-horse- 
power four-pole shunt-wound electric motor which 
runs at 800 revolutions per minute, and receives 
current at 115 volts from storage batteries having a 
capacity of about 1900 ampere-hours at the normal 
rate of discharge. There are 60 cells. No provision 
is made for preventing the overtlow of acid when the 
boat pitches or rolls; a defect to which attention 
is called. 

The oil-engine does not reverse, and therefore 
the electric motor is used for manceuvring. 
boat is submerged by the use of diving-rudders, 
or by filling the trimming and ballast-tanks. When 
the proper quantity of water has been admitted, 
the boat is very sensitive to the action of the 
diving-rudder, but a speed of at least 6 knots is 
needed to control the vertical movement. To 
come to the emerged position, water is expelled by 
the use of compressed air carried in storage flasks. 
The diving and vertical rudders are worked by 
hand ; for experience has shown that more satis- 
factory results are secured by relying on the intelli- 
gence of the crew than by depending on the 
presumed certainty of action of automatic devices, 
which are liable to fail at critical times. The 
‘complicated and delicate” air-engines for operat- 
ing the horizontal and vertical rudders, such as were 
fitted on the Holland, were therefore abandoned. 
In vessels that are so much submerged, even when 


at lightest trim, the provision for ventilation is an | 


important feature. For this purpose, first there 
is a }-horse-power Diehl motor and a Roots blower 
near the engine. Another smaller motor is placed 
near the stern of the boat, and for ventilating the 
battery tanks there is a {-horse-power motor. Air 
is supplied through the conning-tower and the 
torpedo hatches, and also through a 4-in. venti- 
lator. Air is exhausted from the top of the for- 
ward end of the engine-room by a }-horse-power 
motor and blower by means of a 24-in. pipe ; which 
is said to be much too small. 

The other five boats, in addition to the Adder 


The motive power is | 


The | 


motive power being obtained solely from the oil- 
engine. In the trials awash, also, the gasoline- 
engine only is used, but the vessels are trimmed 
|as for diving, excepting that the main ballast-tank 
is empty, and the conning-tower hatch-cover is kept 
open. The boat is then supposed to be able to 
dive at short notice, it being only necessary to stop 
the gasoline-engine, fill the main ballast-tank, start 
the electric motor, and secure the necessary six- 
knot speed. In the submerged runs the boats have 
a reserve of buoyancy of about 300 lb., this being 
corrected by the horizontal rudders, so as to keep 
\the boats beneath the surface. 

In the light condition the Adder made 8.732 
knots ; awash the speed was 8.12 knots ; and sub- 
merged, 7.08 knots. The Moccasin did rather 
better submerged (7.244 knots), but not quite so 
well under other conditions. The Adder also ran 
for 10 nautical miles at 8.86 knots. In this vessel 
also the gasoline-engines were run for 12 hours ; 
being stopped once on account of the igniter of a 
| cylinder blowing. 

It may be said generally that the machinery of 
|these vessels behaved well, and the trials tend to 
show that petrol-engines, when well designed and 
properly attended to, are fairly trustworthy motors. 

During the three-hour submerged run of the 
Adder, the conning was done by means of a 
periscope temporarily rigged through a ventilator. 
The instrument was fixed, and had a field of view of 
but 15 deg. on each bow. Nevertheless, the boat 
remained submerged without coming to the surface 
to take an observation, her average depth, as shown 
by the gauge, being about 74 ft. below the surface. 
Lieutenant White insists upon the need of a pro- 
perly-designed periscope, so that the boat may 
remain below the surface for a couple of hours, and 
not have to come up constantly for observations. 
When there is the slightest disturbance of the 
water, he adds, vision through the lenses of the 
conning-tower is very difficult on account of the 
spray and water thrown onthem. It is pointed 
‘out, however, that when using the periscope, it is 
| absolutely impossible to judge distances with any 
| degree of accuracy. The relative position of objects 
lis quite apparent, but cases have been known 
| where submarines have rammed a sea-wall, which, 
| seen through the periscope, appeared quite distant. 

An incident in the trials of the Adder, which was 
of some importance, occurred on the three-hour 
submarine run. The boat touched the bottom in 
about 29 ft. of water, and hung for some time. 
Ordinarily, when submerged under way, the diving 
jrudder is held at an angle of 9 degrees, and on 


and Moccasin, are the Grampus, Pike, Plunger, | touching the bottom it was shifted to 18 degrees in 
Porpoise, and Shark. The trials of the Grampus | the opposite direction, but without effect. Two men 
and-the Pike are described by Mr. Leo Morgan, | were then sent aft, but the boat did not rise, and 
and those of the other three vessels by Lieutenant | the main ballast tank was accordingly blown out. 
Daniel S. Mahoney, U.S.N., to whom our thanks | The force of the expulsion of the water and the 


are due for the information given, as well as to the | additional buoyancy freed the boat, and she rose to 
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neers, in which the details appear. 

Before the advent of these vessels, the United 
States Navy possessed one submarine boat —the 
Holland, which was commissioned about four 
years ago. In speaking of this vessel, Lieutenant 
White says :—‘‘ Although the craft has had a very 
daring, capable, and energetic commander, there 
is uno ofticial record that she has ever done sub- 
merged work off the entrance of the principal 
harbours except for the briefest interval. This 
type of boat is designed to operate in such localities, 
not in land-locked and shallow harbours.” 

This remark reaches the heart of the case, for it 
is in submerged work in other than enclosed water 
that the submarine boat finds difficulties arise. 


In shallow land-locked waters it acts as well as any | 


other deeply-laden small-freeboard oil-motor launch. 
The Adder and the Moccasin, as will be seen, are 
similar in type to the first boats built by Messrs. 


| the surface. 

The bottom was of sand, and it was believed 
that only the fore part touched ; but in com- 
menting on this event, Lieutenant White says 
| that the result might have been quite serious had 
\the bottom been of a clay formation, as the boat 
would possibly have been embedded to an extent 
| that the suction would have made it very difticult 
to free her, and expelling water might have been 
of little avail. The suggestion is made that a boat 
should be placed under shears, and a series of 
experiments made to find whether serious danger 
would arise through sinking a few inches into clay. 

The time required to make ready for diving 
when the boat was in light condition was on one 
occasion 26 minutes. This time was occupied by 
stopping the gasoline-engine, unshipping venti- 
lators, clearing and securing the conning-tower 
|hatch, filling the tanks, and connecting the elec- 
tric motor to the propeller-shaft. On another 





Vickers, Sons, and Maxim for the Royal Navy, the | occasion 29 minutes were consumed, but the 
dimensions being almost identical, although, no | Moccasin carried out the evolution in 25 minutes. | 





doubt, smaller than the design provided for in| 
subsequent estimates. The particulars of these 
vessels have not, however, been made public. The 
American boats are, of course, smaller than some | 
foreign vessels, such as the Gustave Zeédé and 
Morse. The fact that these American boats are 
similar to those in our navy gives the details of 
their trials additional interest. We do not propose 
to repeat the details of all trials, but will select 
those which seein of especial interest. 

The boats were tried under three conditions— | 


It is said that if gauges had been fitted to show | 
the correct trim fore and aft, the time needed would 
have been less. 


As in the case of torpedo craft—although, per- | 


haps, even to a still greater degree—the human 
factor plays a most important part in the success 
of submarine-boat trials. The crew employed were 
picked nen, thoroughly trained to the work, and the 
trials appear all to have been carried out under the 
direction of Captain Cable, of the Holland Com- 
pany ; whose experience no doubt greatly contri- 





to get the same duty out of the men, and, there. 
fore, presumably, out of the boats, as he has done. 
Whether this statement includes the personne! of 
the Navy, we are not aware, but possibly it does not, 
The trials occupied only portions of seven days, 
each averaging about six working hours, yet the 
crew were very much worn out at the end of the 
tests, although they did not sleep on board, and 
even their meals were obtained on shore. It is 
well known that a mental strain of trials of this 
nature is a thing that few men can stand for 
long ; and the fact suggests the importance of a 
more extensive personnel than would otherwise be 
needed for torpedo-boatsand submarine craft. Under 
the old conditions of warfare the unscientific rough- 
and-tumble operations called for no more mental 
effort or anxiety on the part of the rank and file 
than «a game at football ; and even comparatively 
little on those in higher positions. If there were no 
fighting, and men were not killed or wounded, they 
would last for an indetinite period. Now we see 
that even under peace conditions a full-power trial 
may lead to a state of prostration, the recovery 
from which needs some little time. Of course, 
in war the men would have to go on whether 
prostrated or not; but the result would then be 
inefticiency, surely followed by defeat, if opposed 
to fresh crews, unless there was some overwhelming 
advantage. The engineer has entirely altered the 
condition of naval warfare since our last great 
fights, not only in regard to material, but also in 
the needs for personnel. Nervous energy has taken 
the place of physical force ; and nervous energy, 
when over-taxed, is something like a run-down 
battery —not easily restored. The rollicking, 
fighting Jack Tar of the Marryat school would not 
be much good for modern methods ; and as intelli- 
gence becomes more acute, nerves are more highly 
strung, and breakdown is more to be feared. Sub- 
marine-boat crews may be practically decimated 
without meeting an enemy, and it is therefore need- 
ful to have a large body of supernumeraries to fall 
back upon. Unfortunately, they must be men of such 
high attainments as to be rare ; and this is, perhaps, 
one of the weakest points of the submarine boat. 








THE SIBERIAN RAILWAY AND ITS 
RESULTS. 

Unpber normal conditions we should have con- 
sidered in this connection, and under such title, the 
influence of the Siberian Railway only as it affected 
trade ; but in the presence of the stirring events in 
in the Far East, it is impossible to entirely ignore 
the effect of the railway on Russia’s general policy, 
and on the strategy of the war. It is true that the 
first part of the railway was developed for purely 
trade purposes. Even before the bridge across the 
Volga had been completed, in 1880, forming a link 
in the highway to the eastward, or before the main 
line from Moscow had extended as far east as the 
Ural Mountains, which divide Russia from Siberia, 
a railway to serve the mining region east of the Ural 
range was constructed and opened, in 1878, between 
Ekaterinburg and Perm on the Volga. Sub- 
sequently a connection was made from the former 
terminus to Tiumen, completing a useful communi- 
cation between the Volga and the Ob. But the 
active Russian propagandist movement in China had 
a greater effect on the development of the trans- 
continental railway than trade, considerations even 
in Western Siberia, and it was a report from 
Vladivostok that brought from the late Emperor, 
Alexander III., the remark that he ‘‘ must own, 
with grief and shame, that until now the Govern- 
ment has done scarcely anything towards satisfying 
the needs of this rich but neglected country.” It 
was, too, the prospective developments in inter- 
national affairs as regards China that ultimately 
determined Russia in favour of a complete trans- 
continental railway, and on May 19, 1891, the work 








of constructing the Siberian Railway was formally 
inaugurated by the present Czar, then the Czare- 


| vitch, at Vladivostok, where, in view of the great 
| 2000-mile waterway—the Amur River—there was 
less need of a line of communication than through 
| the grain-growing area immediately east of the Ural 
/Mountains. In any case, the Siberian Railway has 
deepened the desire of Russia for a firm hold on 
| Kastern territory, and has tended to render such 
| possible. To this extent it is closely associated with 
‘the present conflict in the Far East. Indeed, 
| Russia’s position would be impossible without the 


namely, light, awash, and submerged. The light | buted to the success of these boats. One of the| means of communication afforded. The important 


condition is that of ordinary cruising trim, the | reporting officers states that no one has been able | question now remains for solution : Will the rail- 
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way be adequate to the demands that must be made 
it, ? 

malt aaa the railway has cost Russia 78 millions 
sterling, it must be remembered that the total length 
of track is over 6000 miles, including feeder lines, the 
average cost on various lengths varying from 75001. 
per mile upwards. The line is a single track, and 
its carrying capacity is thus largely dependent not 
only upon the speed, but on the distances apart of 
passing-places. There is no definite information 
available as to this latter point. The average speed 
of express trains does not exceed 25 miles per hour, 
but our Consul at Newchwang on one occasion was 
ina train which took 13 hours to cover 154 miles. 
In war, as in peace, all depends on management, 
and it remains to be seen whether Russia can 
produce such an administrator as Colonel Girouard, 
K.C.M.G., proved in South Africa. One of the 
serious menaces to rapid work in the transport of 
troops, as well as one of the drains on Russia's 
military protective forces, are the bridges, which 
constituted the chief engineering feature of the 
works. These must always present a strong 
temptation to the enemy anxious to break the 
line of communication; many of the structures, 
having a length even up to 140 ft., are entirely 
of wood, with supports of the trestle type. In 
steel work standard sizes have as far as possible 
been used for the girders, so that renewals may be 
easier. But even so, grave difficulties must arise. 
The larger bridges on the western section have 
hog-backed lattice girders, mostly of 350-ft. stan- 
dard span, with the permanent way supported on 
transverse girders on the bottom boom. Thus, 
over the Volga there are thirteen such spans ; over 
the Belaya, near Oufa, six spans ; over the Irtych, 
at Omsk, six spans ; and over the Tabal, at Kurgan, 
six spans. An exceptional structure is the bridge 
over the Ob, the total length being 2607 ft. 
This is composed of six river spans, varying 
from 275.55 ft. to 324.27 ft. The largest bridge 
structure on the Siberian line is, however, that 
over the Yenesei River, where the total length is 
3040 ft., the six river spans being 470 ft. each. On 
the Trans-Baikal and Ussurri lines there has not 
been the same tendency to standardise the length of 
span, and thus there is over the Tom six spans of 
230 ft.; over the Chulym, one span of 250 ft. and two 
of 280 ft.; over the Kiya, four spans of 175 ft.; over 
the Khorof, four spans of 280 ft.; over the Bikin, 
two spans of 280 ft.; and over the Ussurri, three 
spans of 280 ft., the latter almost within striking 
distance of the Sea of Japan. With these, and 
many small bridges and culverts, the Japanese have 
many incentives to acts of daring ; but apart from 
this there is the fact that the population of Siberia 
is polyglot, and consists largely of a number of 
tribes of nomads, from the industrious agriculturists 
of the Kirgiz Steppes to the Tungus, Samoyeds, 
Buriats, and Mongolians. Many of these have little 
cause to love Russian rule, especially when in the 
balance against this there are offers of liberal bribes. 
Something like 3 per cent. of the population, too, 
are exiles: 12,000 per annum pass eastward through 
the famous old town of Tiumenalone. These exiles 
are engaged largely in mining, some of the prisons, 
for instance, in the Baikal Government having from 
2000 to 3000 convicts. They receive one-tenth of 
the value of their work, and upon discharge they 
become exile settlers ; but the Russians themselves 
admit that, being the most improvident, dangerous, 
and thriftless element, they remain a heavy burden 
upon the whole of the population. .The railway 
has not by any means bettered the moral status of 
these people, and their loyalty to the Russian Army 
is not a reliable factor in the situation. 

From the point of view of trade, it can scarcely 
be said that the Siberian Railway has yet had a 
pronounced result. It has scarcely had a fair trial, 
and prospects do not seem bright. As was to be 
expected, the section nearest Huropean Russia has 
prospered most. But before discussing the trade 
development in the territory adjacent to the re- 
spective sections, we may briefly recapitulate the 
principal features of the line, and indicate the 
lengths of the sections, regarding whose trade 
results we propose to write. The Siberian line 
proper begins at Chiliabinsk, on the eastern side 
of the Ural Mountains, distant 1780 miles from St. 
Petersburg by the existing Moscow route ; but it 
is hoped later to construct a more direct connec- 
tion vid Vologda and Viatka, utilising the existing 
Perm and Ekaterinburg line, so that then there 
will be two alternative routes from the capital. The 
West Siberian line, extending from Chiliabinsk to 





Irkutsk, of 2033 miles in length, was completed at 
a cost of 75001. per mile. It traverses easy country, 
intersecting the great waterways, which, flowing 
north and south, constitute a very satisfactory 
system of water transport feeders. Only as the 
line approaches the Lake Baikal does the country 
become mountainous. Here the gradients are 
pretty stiff, even although the line has been con- 
structed along the foot hills of the great spurs con- 
stituting the Yenesei Alps and forming the Siberian 
Highlands, recorded in Chinese lore as the ‘‘ gold 
mountains.” Lake Baikal is one of the difticult 
obstacles to the success of the line. A large 
Elswick-built ice-breaking train ferry of 4200 tons, 
with fifteen cylindrical boilers, and engines of 
750 horse-power, was built to keep a way through 
the ice which abounds for the greater part of the 
year. The 400 miles of length and 18 to 52 miles of 
width give the lake an area of 34,179 square miles 
—second only to the great American lakes. With 
40 deg. to 50 deg. of frost prevailing for a con- 
siderable part of the winter, it is not surprising to 
learn that the ice-breaking ship has not been a 
practical success, and that arrangements have been 
made for pushing forward the railway round the 
southern shore. The country being mountainous, 
difficulties have been experienced with this lake- 
side railway, and the war has discovered the weak- 
ness of the situation. A sledge journey of 40 or 50 
miles across the wind-swept ice isa most unwelcome 
interlude in a 6000-mile railway journey, apart 
altogether from the great difficulties of the detrain- 
ing on the west, and entraining on the east, side 
of the lake, of the heavy war supplies. For the 
moment, however, the ice is strong enough to carry 
trains ; but there is always uncertainty as to when 
it will break up. 

Eastward from the lake the railway traverses 
fairly difficult country to the Manchurian frontier, 
761 miles distant. It was originally intended that 
the railway should pass round the northern frontier 
of Manchuria, following the course of the great 
Amur River, to the Pacific terminus at Vladivo- 
stok. The treaty following upon the Chino-Japanese 
war, however, enabled Russia to carry her iron 
way over the 960 miles of Northern Manchuria 
under remarkable conditions. The lease of the 
Manchuria land for the line is for 99 years ; but if 
at the expiration of this period China desires to 
enter into possession of the line, she must refund 
tothe company all the expenses of construction and 
maintenance of the line from the first. It is difti- 
cult at present to imagine China paying to Russia 
the milliards representing the expenses carefully 
registered for the construction and maintenance 
of the railway. It may as well be admitted by 
anticipation that China finds herself caught by this 
particular stipulation, and that she can never re- 
cover possession of the territories leased or sold. 
From Manchuria the railway traverses for 128 
miles the stretch of territory going southward from 
Siberia proper, and constituting the Russian 
littoral on the Pacific. The through route was 
completed some five years ago. The part of the 
line east of Baikal has cost from 9000/. to 10,0001. 
per mile. Although the bridges are not so heavy, 
the earthworks, owing to the hilly country, have 
been greater. The acquisition of Port Arthur, 
after the war referred to, induced the construction 
of a line- branching from the Trans-Continental 
Railway at Kharbin southward for 652 miles to 
Port Arthur, and this railway has been completed 
for nearly three years. The route from St. Peters- 
burg to Vladivostok is 5622 miles long, and to 
Port Arthur 5860 miles, the divisions being shown 
by the appended table :— 
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Commercial success cannot be attained for many 
years. The line passes through a country very thinly 
populated, the 7 to 8 million inhabitants of Siberia, 
with an area 14 times that of Europe, gives an aver- 
age of only about 0.5 inhabitant per square mile. 
Taking the governments, or provinces, separately, 
the greatest ‘‘density” in any one of them is two 
inhabitants per square mile. The traveller is apt 
to regard the large towns through which he passes— 
Chiliabinsk, Kurgan, Ulmsk, Omsk, Tomsk, Kras- 
noiarsk, and Irkutsk—as suggestive of great poten- 
tialities; but with their effective educational, andeven 
scientific, organisations, developed largely as the re- 
sult of the enlightening influence and commercial 
instinct which follows from railway communication 
with civilised countries, they do not by any means 
typify the general conditions of the country. Eight 
per cent. of the population only is urban, the re- 
mainder, who devote themselves more or less con- 
sistently to grain-growing and cattle-rearing west of 
Baikal, and to agriculture and spasmodic and 
primitive mining effort in Eastern Siberia, are a 
poor, uneducated, and more or less thriftless race, 
largely native, but reinforced by Poles, Jews, 
Finns, and Germans. During the first five years 
of the actual working east of the Ural Mountains 
there have been about a million immigrants, who 
have principally settled in the most westerly terri- 
tory, but the rate of increase has not materially 
increased during the last two years. This rate of 
increase in population of about 15 per cent. in five 
years is not unsatisfactory, but it is made up of 
poor peasants, without capital or material resources. 

The government of Tobolsk, the most westerly 
province, has probably experienced the advantages of 
the line most fully. This is as one would expect. It 
is a well-watered region, with something like 1600 
lakes, many of them of considerable size, scattered 
over the 354,580 square versts ; but the population 
equals only about 14 per square mile, and many 
had their origin in the utilisation of the territory 
as a sort of Botany Bay for European Russia. The 
people are still largely primitive, the ram being the 
unit of exchange in their barter system. Cattle- 
breeding is extensively adopted, and it is from 
this source that the Russian army will draw most 
of their horses, These animals are small and hardy, 
not particular about food, and capable of enduring 
extreme heat and cold ; but the load they can take, 
even on a level road, is only about 900 lb.* The 
province, too, is partly devoted to the race which 
gives Russia her Siberian Cossacks, recruited from 
the Kirgiz people, representing about 10 per cent. 
of the total population of the government, and 
located along the railway line from Petropavlovsk 
to Omsk. The preparatory class for the Cossacks 
comprises lads from the age of eighteen, who 
undergo three years’ training ; the Cossacks of the 
first ranks are enrolled from the age of twenty-one 
for a period of twelve years; and all serve for a 
further period of five years in the reserves, the 
age of discharge being therefore thirty-eight. 

The River Irtych, which is crossed at Omsk, and 
the great Ob waterway, met with first at Krivosche- 
kovo, are great factors in the collection of traffic. 
These mighty rivers, with their tributaries, have 
about 10,000 miles of navigable waterway, and the 
railway has thus brought a very wide area of agri- 
cultural land into communication with the markets 
of the world. It is true that ships navigating the Ob 
sail round the Kara Sea to European ports, but the 
shorter rail transport has been most advantageous, 
especially for dairy produce. The rivers remain 
free of ice for 146 days in the year, and the effect 
of the opening of the railway has been to double 
the fleet of steamers. There are now 132 steamers, 
of nearly 10,000 aggregate horse-power, and with 
the 753 barges the tonnage capacity is over 185,000 
tons. From ObStation alone 80,000 tons of grain are 
despatched by train. The most notable effect of 
the railway has been the enormous increase in the 
export of butter, and other dairy produce, a part 
of which comes to the London market. The number 
of exporting dairies has increased from 140 to 2500, 
and the export has increased twenty-five-fold, 
it being now close upon 100 million pounds. As 
regards grain, the result has been that exports have 
increased five-fold in five years: 40 per cent. of the 
grain comes from the Tobolsk and the Tomsk terri- 
tories. Wheat constitutes one-half of the total. The 

* See ‘‘ Official Guide to the Great Siberian Railway,” 
published by Edward Stanford, 12, 13, and 14, Long 
Acre, London, W.C. (price 18s. net), which gives much 





information regarding the railway, the trade, and the 
people of Siberia. . 
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result is that the gross receipts on the lines west of 
Lake Baikal are very much greater, as shown in 
the table above, than in the west, although in the 
China region there is evidently a larger volume 
of local passenger traffic. ‘The anticipation is that 
the increased export trade will result in a satisfac- 
tory development of imports of agricultural and 
dairy machinery, especially butter-making plant, 
and our manufacturers ought certainly to look 
carefully to this possible market. 

East of Lake Baikal the traffic has not displayed 
the same remarkable development. In the trans- 
Baikal territory only 27 per cent. of the total area 
is cultivated, and while there are many mines 
yielding iron ore and gold, the methods adopted 
are very primitive, so that the probabilities are 
that, before much can be done, more modern 
machinery will require to be imported. There is 
also the disadvantage of few feeder lines, the Amur 
River, with its long stretch eastward, on the Man- 
churian border, of 1500 or 1600 miles, is too far 
north to assist, although the traflic is tapped by a 
branch line to Strelensk. On this great waterway 
there are 94 steamers and 123 barges at work. 
Extreme disappointment has been experienced in 
the hitherto prospering towns on the banks— 
notably, Khabarovsk and Blagoveschensk—at the 
substitution of the Ussurri for the Amur route. 
But it is possible that ultimately, with two such 
waterways for transport, the undoubtedly rich 
mineral region of trans-Baikal will be more quickly 
developed. As to the line south from Kharbin 
little need be said. The traffic has all to be deve- 
loped, because the exchange of trade between 
Russia and China, or Japan, is comparatively 
small. The imports from China to the whole 
Russian Empire — mostly tea — are barely five 
million sterling, and the exports to China —princi- 
pally cotton textiles and petroleum——are well under 
one million sterling; while in the case of Japan 
the total foreign trade is less than one million 
sterling. 

As to the general prospects of the railway, 
Russia does not expect much. The through traftic 
is yet very light. The passenger rates in European 
and Southern Russia are as follow :— 

Fast Trains. 
1st Class. 2nd Class. 
Per Mile. 


European Russia me care. 0.4d. 
Siberian Russia... sa ... 6d. 0.35d. 


Ordinary Pussenyer Trains. 


Ist 2nd 3rd 
Class. Class. Class. 
Per Mile. 
European Russia 0.525d. 0.317d. 0.219d. 
Siberian Russia oe 0.3d. 0.2d. 


The rates, however, for goods traftic are said to be 
very heavy. It is computed that, excluding charges 
on the 78 million sterling of capital involved, the 
working expenses will be about 900/. per mile, or, 
at the lowest computation, about 5 million ster- 
ling. To cover expenses, all receipts should be 
over 8 million sterling. This would require the 
carriage of about 10 million tons. The actual 
paying trattic has never exceeded about 6 per cent. 
of this total. To merely pay working expenses 
the traftic hitherto available would require to be 
multiplied eight-fold. The possible future traftic 
for both Siberia and Manchuria is reckoned at 
4,836,300 tons. This conclusion is based on the 
rate of goods traftic in European Russia per head 
of the population, and’ allowing in the case of 
Siberia and Manchuria °451$ lb. per unit per 
annum—only one-half the rate in Russia. The 
Russians regard the railway as advantageous, apart 
altogether from political or strategical considera- 
tions, because it is the connecting medium between 
their new Far Eastern possessions and the heart 
of the European empire ; provides another outlet 
to the ocean; is the means of facilitating and 
furthering direct trade in the future with China 
and Japan ; is a great transit route for passengers, 
goods, and mails between west and east, and vice 
versa ; and will be the instrument for the coloni- 
sation and opening up of Siberia. 








THE TRAINING OF A MINING 
ENGINEER. 

THE problems associated with the curriculum 
and the disposition of the time of a student in 
civil or mechanical engineering are intensified in 
the case of an embryo mining engineer, because 


mate knowledge is probably greater. He must 
have a close acquaintance with geological science 
and chemistry, be proficient in pure and applied 
mathematics, descriptive geometry, and mechanical 
and freehand drawing, and possess sound ideas as 
to the elements of civil, mechanical, and electrical 
engineering. In addition, it is incumbent upon 
one who wishes to attain commercial success and 
to win the confidence of clients to have not only 
a practical experience in overcoming difticulties 
and in the control of men, but such a judgment 
and knowledge of character as will assist him in 
estimating the value of evidence and the poten- 
tialities of any property as to which he may be 
invited to give a guiding opinion. These latter 
qualities—largely psychological—apply to this de- 
partment of work more than to any other, for no 
task of an engineer is more difficult than that of 
the mining expert called upon to deliver judgment 
on the possibilities of mineral wealth being dis- 
covered in a given area. The problems of the 
bridge-builder or of the naval architect are associated 
with fairly well-known or definable phenomena or 
forces ; but with the mining engineer it is other- 
wise, and in spite of the assistance given by 
geology, he has often to depend on his intuition, 
and to form decisions upon very slight evidence. 
The student will therefore do well to acquire 
early those judicial habits of mind which culmi- 
nate in self-control, in recognising that truth can 
only be evolved by a patient scrutiny of an opposi- 
tion case; and, above all, in the recognition of 
honesty of motive in opponents. These qualities, 
which can be acquired by the engineer, as they are 
by the lawyer, are necessary to counteract a grow- 
ing evil, under which technical mining reports, 
which ought to be judicial, are too often couched 
in a partisan and illiberal tone. 

But the question under consideration is not so 
much the indirect as the direct results to be aimed 
at in the training of the mining engineer. We have 
indicated the scope of the curriculum, and it will be 
acknowledged that it is a formidable one if the 
student wishes to excel in theory and in practice 
in all branches. It is the irreducible minimum if 
the higher positions in the profession are to be 
reached. The question of importance here, as 
in other branches of engineering, is as to the rela- 
tive importance of college and works training, and 
the time to be devoted to each. Laboratory train- 
ing is, perhaps, more valuable in the education of 
the mining engineer than in others ; and consider- 
able interest attaches to the paper read at the 
Institution of Mining and Metallurgy by Mr. 
Henry C. Jenkins on ‘‘ Laboratories for Ad- 
vanced Teaching and Research.” Within limits, 
such training is invaluable; but it can never 
be a substitute for work at a mine. The pro- 
cedure at some of the leading mining schools 
is to require students to spend their long vacation 
in practical work at the mine, and thus the three 
years’ course corresponds to the ‘‘ thin sandwich 
system.” But there is always the grave danger 
that the theoretical and practical work will not be 
satisfactorily correlated : the latter should in each 
vacation have a direct bearing on the class work 
during the preceding session. The student need 
not do manual work ; he can acquire a full know- 
ledge of the idiosyncrasies, as well as of the 
worth, of the working man in other and more edu- 
cational operations. But such operations are more 
or less limited, except in the largest of mines ; and 
it often happens that the manager is too absorbed 
with the commercial question to have sympathy 
with the pupil-apprentice. In such case the simple 
plan is to turn the student into the assaying or some 
other department, and there leave him to profit as 
best he can. Experience won in such circumstances 
must be limited. We are disposed to think, too, that 
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mine which is being developed or opened up 
most fruitful source of experience. 


probably parallel to that of the mechanical engineer- 


surface operations; but it is of the first importance 


in the carrying out of these. 


water in a level badly driven. These, and perhaps 
less obvious, mistakes are only met with in prac- 
tice—not in the study of theory ; and the discipli- 
nary experience which such trouble brings is in- 
valuable. 

We quite agree, however, with Mr. Jenkins in 
his advocacy of laboratory training, provided the 
safeguards he indicates are ensured. The suljects 
in the curriculum are so numerous that the best 
should be made of the students’ time : as much as 
possible of the practically useful matter should be 
included in each subject, and all extraneous items 
should be eliminated. But there must be no pre- 
mature specialisation ; no attempt should be made 
to differentiate the various departments of mining, 
which are so dissimilar ; coal and gold involve wide 
divergence in treatment—the chemist in the one 
case is subservient to the engineer, while with the 
precious metal the mechanical element is rela- 
tively of less importance. The youth, so far as 
training is concerned, must act without certainty 
as to his future choice, and his only ain 
must be to remember that ‘‘the highest and 
most economical practice is inseparable from 
the exercise of the best scientific skill,” and that 
‘* there are few branches of mining and metallurgy 
in which the industrial leaders can escape heavy 
demands upon their skill.” The laboratory must 
have, as its chief, an engineer of practical ability 
rather than a pure or academic theorist—a specula- 
tive physicist, chemist, or mathematician ; in his 
educational work he must never forget that the aim 
is not to teach trades, but to direct the mind of the 
student towards his ultimate course of practical 
training in first-class works. The laboratory is to 
enable good and bad practice to be contrasted, and 
to give ‘‘the most valuable data and mental per- 
ceptions to the future designer of operations and 
plant.” The equipment of the laboratory is a 
further important qualification, and on this Mr. 
Jenkins had much to say. We have no intention 
of entering into the details here; we «agree 
generally with his main proposition, that the 
object to be sought in designing the plant is 
the provision of separate pieces of apparatus 
that will, as far as possible, enable the prin- 
ciples of the main operations of the industry to 
be“demonstrated in one way or another, and will be 
capable of also being worked in proper sequence in 
as many typical series of operations as is possible, 
with every provision to examine results and products 
as each stage is reached, whilst the adjustments of 
the several pieces must be so arranged that ex- 
periments can be made with each factor of the 
result varied at will within somewhat wide limits. 
The author describes in his paper an admirably 
arranged and fully-equipped ore-treatment labora- 
tory at Ballarat, and a complete laboratory at 
Melbourne, designed by him. 

Such a laboratory must be a valuable auxiliary to 


any school of mines, especially if in it educational 
work is dominant, and if the teachers make it their 
business to be thoroughly conversant with new de- 
velopments ; but the difticulty to be determined is as 
to what time laboratory work should occupy in the 
course of training. 
this laboratory work, with the necessary lectures, 
forming merely a post-graduate course, occupying a 
fourth year ; but the laboratory deals very largely 
with surface machinery, and the author gives a 
secondary place in his paper to mining operations, 
with their unmense importance. 
neer must, of course, have an intimate knowledge of 
the machinery for ore treatment, and we quite agree 
with the author that when the student is left to 
pick up such knowledge at some more or less 
indifferently equipped mine, there is apt to 
be engendered a contentment with conditions 
which are far from being the most efficient. But 
the ‘‘ sandwich ” is in too thin layers. A vacation|is it not the case that early in the life-work 
does not give the pupil a sufficiently long time on a| of most mining engineers ; 
the | the mechanical engineering side of the profession, 
In a first-class} and gravitate to the works of those firms who 
mine with modern recovery machinery the case is| devote themselves exclusively to the design and 
manufacture of ore-dressing machinery’ Has it not 
ing works. Here the student can acquire direct expe- | also become the practice for mining experts to dele- 
rience with ore-dressing work, and, in fact, with all| gate to such engineering firms the work of pro- 
viding the surface plant? If this is the case, the 
that he should have practical experience with the| mining engineer need only acquire such a know- 
underground work—for instance, with the survey | ledge of this machinery as will insure satisfactory 
for the sinking of shafts, the driving of levels, and| economy in its working, alike from the stand- 
He then learns from| point of high percentage of metallic output and 
experience the ditticulties encountered—forinstance, | of low working cost—of itself an important acquis1- 
in timbering a stope which has been made un-| tion. 


Mr. Jenkins seems to object to 


The mining engi- 


some specialise on 


He might then devote more of his time to 
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necessarily large, or in dealing with the flow of| purely. mining work—to geology, and, amongst 
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other things, to the civil engineering associated 
with underground work. Mr. Jenkins gives very 
little notice to this branch of the subject, and yet 
a little reflection will show even the lay reader 
that on it depends in large measure the financial 
success of an undertaking. It would seem as if the 
ideal condition were a college preparatory course, 
with mining work in the vacations, and also a 
lengthened time at practical operations, principally 
underground, followed by a final period of study, 
in which the laboratory would play a considerable 
art. There may be difference of opinion as to the 
sequence or degree of importance of these divisions 
of educational training, but all of them are more 
or less imperative. 








RECENT ADVANCES IN ELEOTRO- 
CHEMISTRY. 

Tur second of the Cantor lectures on the above 
subject was delivered last Monday night by Mr. 
Bertram Blount, F.1I.C., before the Society of Arts. 
He remarked that there were so many matters to 
be dealt with that evening that he could hardly 
do more than touch upon the salient features of 
each in the brief time at his disposal. 

Aluminium is an especially interesting metal 
from the point of view of the electro-chemist, be- 
cause it is now prepared electrolytically, and by no 
other way. Many other methods have been tried, 
and numerous books have been written to prove 
their practicability, but they have failed to meet the 
requirements of commercial production. The pre- 
paration of aluminium needs a great expenditure 
of energy. Under certain conditions the metal 
may be obtained combined with carbon in the state 
of a carbide in the electric furnace, but the carbide 
is a very unsuitable form for further reduction. It 
is, perhaps, going too far to say that aluminium 
never will be obtained by an electric furnace 
process ; but, so far, no practicable means has been 
devised for obtaining the metal in this way. 

The raw material from which aluminium is pro- 
duced is bauxite, a mineral found chiefly in France, 
Ireland, and America. The Irish bauxite is difficult 
to use, on account of the quantity of silica it con- 
tains, the presence of silicon in aluminium being 
objectionable, as it renders the metal brittle. The 
British Aluminium Company originally tried Irish 
bauxite from the Larne mines, the silica being 
removed by treatment with caustic soda ; but it was 
found better, on the whole, to import French 
bauxite, which contained a much smaller propor- 
tion of the impurity. The preparation of pure 
alumina from bauxite is the first step, and is of 
fundamental importance in the manufacture of 
aluminium, the operation involving an expense at 
least equal to one-third the cost of the pure metal. 
There is such a vast difference between an experi- 
ment performed in a laboratory and the practical 
application of the same principle on a commercial 
scale, that Faraday is reported to have said that 
when he entered a chemical manufactory ‘‘all his 
chemistry dropped out at his fingers’ ends.” In the 
case of the industry under consideration, bauxite 
has to be imported from France, and cryolite from 
Greenland ; and theoretical considerations have so 
constantly to be subordinated to practical con- 
venience that it is evident that much more than a 
good chemical knowledge is required. 

The plant at present adopted for preparing 
aluminium was shown by diagrams on the walls of 
the lecture-room. In a cell, consisting of an iron 
casing with a thick carbon lining, are hung carbon 
anodes in a mixture of alumina with either cryolite, 
or an artificial mixture of aluminium fluoride and 
sodium fluoride, kept in a fused condition by the 
passage of the current. An iron plate, embedded 
in the carbon lining, is connected to the negative 
pole of the dynamo, the current entering the cell 
by means of the suspended plates, and the metallic 
aluminium atthe bottom acting asthe cathode. The 
reaction takes place at a moderate red heat, perhaps 
800 deg. Cent. ; no injurious fumes are given off, and 
the whole process works smoothly and peaceably. 
The metal is tapped off periodically from an open- 
ing in the lower part of the cell, and fresh alumina 
is fed in at the top. 

_ The history of the discovery of the process is of 
interest. Heéroult first found that the solution 
was capable of electrolysis, the carbon anodes 
being attacked in the process, while he was endea- 
vouring to reduce alumina in a haloid bath. It 
appears that, as a young inventor, he went to 
Pechiney to learn his opinion about the discovery. 





Pechiney said the process had no commercial value, 
as the only use for the pure metal would be to 
| make opera-glasses and things of that nature ! 
Héroult was convinced by this opinion, and there- 
upon devoted himself to the preparation of alloys, 
such as aluminium bronze, which have now almost 
gone out of existence, while the demand for the 
pure metal is in a flourishing condition. Owing 
to the difficulty of procuring pure alumina from 
bauxite, many attempts have been made to obviate 
the necessity for this step by reducing bauxite to 
crude aluminium in one step, the crude product 
being afterwards refined in much the same manner 
as copper. The Pittsburgh Reduction Company 
are carrying on a process of this kind, but in most 
cases it appears preferable to prepare alumina first 
and then obtain the metal as above described. 

The growth of the aluminium industry may be 
indicated by the fact that in 1897 the world’s 
production of the metal was 3394 tons; whereas, 
according to the latest available returns four years 
later, it had increased to 7500 tons. Although the 
rate of increase is so rapid, the amount produced 
is very small compared with the output of zine, 
which reaches a total of 500,000 tons. This isa 
hopeful outlook for the industry, as there are no 
hindrances in the way of a vastly extended produc- 
tion ; and we may expect to see zinc supplanted 
by the newer metal in a very large number of its 
applications. On the lecture table were a number 
of articles lent by the British Aluminium Company 
to illustrate the variety of uses for which the metal 
is adapted. Some excellent specimens of stamped 
objects, as well as castings, seamless drawn tubing, 
&c., were exhibited. 

The metal sodium was for many years little more 
than a chemical curiosity. From a price of 2s. 6d. 
per ounce, it gradually dropped to 10s. per pound, 
and now may be purchased at little more than 1s. 
per pound. The greatest hindrance to its more 
extended production lies in the fact that there is 
only a small demand for it, although formerly it 
was used to some extent to reduce the salts of 
aluminium. A characteristic of the metal is the 
large amount of chemical energy it contains, a 
given weight of petrol possessing no more energy 
than a quantity of sodium of one quarter the weight. 
This feature points to the advantage of using it to 
replace zinc in primary batteries, for if a good 
sodium battery could be devised, we could get as 
much energy, weight for weight, as is obtained 
from petrol in explosion engines, or by using 
a sodium cell in place of the ordinary accu- 
mulator on electric vehicles, we should be in a 
fair way to solve the problem of electric power 
for road traffic. Until something of this sort 
happens, however, the uses of sodium are so 
limited that no great increase of its production 
may be expected. 

The principal means of obtaining sodium is by 
the Castner process, in which a solution of caustic 
soda is electrolysed by the passage of the current. 
A cylindrical steel pot containing caustic soda is 
heated by being placed in a flue, through which 
hot gases are passing. Through the lower part of 
the cell, which is kept relatively cool, an iron bar 
is led, which acts as a cathode. The anode is cylin- 
drical, with holes in the side, to allow the circula- 
tion of the electrolyte. The sodium, as it is sepa- 
rated, floats to the surface of the fused caustic 
soda, and is collected there inside a gauze cylinder, 
from which it is baled out at intervals. 

The Darling process is in use in the United 
States, and consists in electrolysing a solution of 
sodium nitrate. The form of cell used was shown 
by a diagram on the wall of the lecture-room. The 
cell is first heated until decomposition has begun, 
and then the heat is maintained by the current. 
It is found to be more convenient to generate the 
heat internally in this way, than to transmit it 
through the ‘walls of the cell from the outside, as 
he cell can be made mechanically stronger and 
more durable. In this process nitric acid is libe- 
rated from the electrolyte and forms a valuable by- 
product. 

Another way of producing sodium, known as the 
Acker process, is in use; but the details are kept 
a close secret ; the principle, however, is well known. 
A cell is filled with sodium chloride, which is kept 
fused by means of the current, anodes of lead and 
carbon being suspended in the electrolyte. Lead 
is dissolved simultaneously with the deposit of 
sodium on the carbon, and the alloy of lead and 
sodium thus produced is subsequently refined. 

The manufacture of zinc was touched upon in the 











previous lecture. The formation of the spongy 
deposit then mentioned can be overcome by the 
use of a fused bath as electrolyte, instead of an 
aqueous solution. The electrolysis of a bath of 
fused zine chloride is the method adopted, a carbon 
anode being used. As in the case of sodium, it is 
found that, after the decomposition has once started, 
it is advisable to maintain the temperature by the 
heat produced by the passage of the current. In 
fact, in all operations involving the electrolysis of 
fused chlorides the internal heating of the cell by 
the current is relied on. 

The Castner-Kellner process for the manufacture 
of alkali and bleach was merely mentioned, as 
the author assumed it to be too familiar to be 
dealt with in the short time at his disposal. The 
sale of the product is a more difficult matter than 
its manufacture, as the trade is in the hands of a 
ring, who kill all external competition. 

There is a good market for potassium chlorate, 
which is an explosive substance, largely prepared 
by the use of electrolytic chlorine. The details of 
its manufacture are not talked about by the people 
who know most about the matter. So long as 
human beings take such a keen interest in methods 
of killing each other, we may expect a demand for 
this substance, although it is highly dangerous to 
the individual using it. 

Sodium hypochlorite is produced by the elec- 
trolysis of sodium chloride, and forms a cheap 
bleach for paper and linen works. Messrs. 
Schuckert, of Nuremberg, are obtaining the hypo- 
chlorite in a more concentrated form than has 
been hitherto practicable, their solution containing 
20 to 22 grams of available chlorine per litre, which 
is about double the normal degree of concentra- 
tion. 

Another important application of electrolytic 
methods is the cold process of galvanising iron, in 
which the iron is not weakened, as in the ordinary 
dipping process. A series of lantern-slides showing 
the plant used, and the application of the method 
to small articles and tubes, were shown on the 
screen. One of the slides illustrated the irregular 
way in which the zine anode had dissolved, which 
led to its being replaced by finely divided zine. 

The electrolysis of water, to obtain hydrogen and 
oxygen, is carried out on a commercial scale by 
methods, of course, widely different from the labora- 
tory voltameter method. The electrolyte is either an 
acid solution between lead electrodes, or an alkaline 
solution between iron electrodes. The difficulty in 
either case is to keep the gases entirely separate, as 
a mixture is violently explosive. The obvious course 
of separating the gases by interposing a septum be- 
tween the electrodes gives rise to two difficulties. If 
a non-conducting septum is used, the resistance to 
the passage of the current is very high, while a 
metallic septum acts as a cathode on one side and an 
anode at the other, so that gases are liberated at 
these surfaces which intensify the trouble the 
septum was intended to overcome. An ingenious 
method of obviating the electrolytic action at the 
surfaces of the septum is to keep the electromotive 
force across the cell below 3 volts, when the septum 
is quite inert, and fulfils its function of separating 
the hydrogen and oxygen, while offering an inap- 
preciable resistance to the passage of the current. 

Metallic gold may be obtained from a cyanide 
solution in three ways. It may be precipitated from 
the solution by means of zinc, or deposited by 
electrolysis upon cathodes of lead or aluminium. 
Electrolytic methods have the advantage over 
purely chemical ones, because of the fact that 
much more dilute cyanide solutions may be used, 
containing as little as 0.05 per cent. of cyanide. 
In the Siemens-Halske process gold is deposited 
upon a lead cathode, from which it is recovered 
by cupellation. When an aluminium plate is used 
as a cathode, the gold is scraped off at intervals, as 
the deposit is non-adherent. 

An electro-chemical process, rather different from 
any previously mentioned, is employed in the 
manufacture of nitric acid from the air. An appa- 
ratus consisting of two concentric cylinders, one 
inside the other, is employed, the adjacent surfaces 
of the cylinders being covered with fine radial plati- 
num points. A difference of potential of about 10,000 
voltsis maintained between the cylinders. Through 
the annular space a fairly rapid current of air is 
passed, the oxygen and nitrogen of which combine 
under the influence of the electric discharges 
between the points. The air, after leaving the 
a Sager is passed through a solution of caustic 
soda, which absorbs the oxides of nitrogen and forms 
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nitric acid. In view of the prophesy of Sir William 
Crookes that the nitrogen in the land will be ex- 
hausted within a measurable period, our descen- 
dants, perhaps, may see this or a similar process 
carried out on a very large scale for the purpose of 
enriching the land to enable it to produce sufficient 
food for the increased population. 

The manufacture of organic compounds such as 
iodoform and chloroform is possible by electrolytic 
methods ; but owing to the limited demand for 
such substances the laboratory methods are sufti- 
ciently practicable. Itisa great mistake to suppose 
that electrolytic processes are necessarily the best 
for these and other chemical operations, as so many 
people appear to believe. Formerly the adjective 
‘*electric ’ and more recently ‘ electrolytic” were 
regarded as magical guarantees of the efficiency of 
a process, and people would eagerly believe in 
such absurdities as ‘‘ electric sugar.” 








THE MOTOR.CAR REGULATIONS. 

In accordance with powers conferred by Sections 
2, 6, and 7 of the Locomotives on Highways Act, 
1896, and Section 20 of the Motor-Car Act of 1903, 
the Local Government Board have recently issued 
regulations relating to the use and construction 
of motor-cars. These regulations do not increase 
the legal weight of motor-cars, and they therefore 
apply solely to mechanically-propelled vehicles 
weighing less than 3 tons unladen (or witha trailer, 
4 tons), and otherwise conforming to the definition 
of * light locomotives” in Section 1 of the Act of 
1896. These regulations repeal and take the 
place of the series issued under the Act of 1896, 
and contained in the order of November 9, 1896. 
In many respects the new regulations follow the 
old, but there are a certain number of changes to 
which attention may be drawn. Under the regula- 
tions of 1896 the maximum width of a car between 
extreme projecting points was 6 ft. 6in. This is 
now increased to 7 ft. 2in. The provisions with 
regard to lamps have undergone some modifica- 
tion. The order of 1896 required each car to 
carry a lamp on the extreme off side, showing 
by night white in front and red behind. A lamp 
is still required in this position showing white 
in front; but the new order provides that if 
there is a lamp on the back of the car which 
exhibits a red light behind the car, the other 
requirements as to the red light need not be 
observed. The lamps on motor cycles remain as 
heretofore, regulated by Section 85 of the Local 
Government Act, 1888. A new provision is in- 
cluded in the order prohibiting the use of search- 
lights on motor-cars, as the moving beams from 
these lights is found to be very alarming to horses 
ona highway. Complaints have been made of the 
danger and annoyance caused by very bright and 
dazzling lamps which are carried at night on some 
motor-cars. The matter has been carefully con- 
sidered, but the Board have not seen their way at 
present to a satisfactory regulation on the sub- 
ject. They will continue to give attention to the 
question, but they trust that motorists will take 
such action as to avoid this cause of complaint, 
and so render a regulation on the subject unneces- 
sary. The foregoing information is contained 
in a circular letter addressed by the Board 
to local authorities who have the duty of putting 
the regulations into operation. The regulations 
make no alteration of existing law as to the speed 
of cars. The Local Government Board apparently 
rely upon the general provisions of the Motor-Car 
Acts to enable the authorities to prevent heavy 
cars being driven at a speed inconsistent with the 
safety of the travelling public. One of the new 
regulations is important to those whose engines do 
not run ‘‘ quiet.” It provides that ‘‘ every motor- 
car shall be so constructed as to enable the driver, 


when the motor-car is stationary, otherwise than | 


through an enforced stoppage owing to necessities 
of trattic, to stop the action of any machinery 
attached to, or forming part of, the motor-car, so 
far as may be necessary for the prevention of 
noise. The driver shall on every occasion make 
prompt and effective use of all such means as, in 
pursuance of this condition, are provided for the 
prevention of noise as above mentioned. Pro- 
vided that this regulation shall not apply so 
as to prevent the examination or working of 
the machinery attached to, or forming part of, 
a motor-car, where any such operation is ren- 
dered necessary by any failure or derangement of 
the said machinery. ‘‘ The circular issued by the 


Board concludes with a schedule in which diagrams 
are printed in representation of what the Board 
considers to be the most suitable forms of notice- 
boards to be erected on highways for the purpose 
of drawing the attention of motorists to speed 
limits, dangerous crossings, &c. 








ELECTRICAL METHODS OF MEASUR- 
ING TEMPERATURE. 

Tue third and concluding lecture on electrical 
methods of measuring temperature, delivered to 
the Royal Institution on Thursday, March 10, by 
Professor H. L. Callendar, F.R.S., was devoted to 
the discussion of the indicator diagram and tem- 
perature records obtained from a small Clement- 
Gerard bicycle motor, having a cylinder 60 milli- 
metres in diameter by 70 millimetres stroke. The 
bicycle on which the motor was fitted had, the 
lecturer stated, been ridden upwards of 4000 miles, 
driving a fore-carriage in front of it, so that the 
results obtained relate to the working of the motor 
after it has had a fair amount of wear and tear. The 
indicator used was of the Hospitalier-Carpentier 
type, with the defects of the original instrument eli- 
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minated. In this indicator the pressure is measured 
by a flexible diaphragm, which is coupled to a small 
mirror, which is deflected about a horizontal axis 
as the flexible diaphragm moves in and out under 
the variation of pressure in the cylinder. The same 
mirror is also caused to vibrate about a vertical 
axis, by being coupled to a small crank driven by 
suitable connections from the main shaft of the 
engine. As originally made, the instrument suffered 
from two defects, the importance of which does 
| not appear to have been realised by its inventors. 
| In the first place, M. Hospitalier connected his 
'cylinder and diaphragm by a long flexible tube—a 
| defect pointed out in the description of his instru- 
|ment published in ENGINEERING, vol. Ixxill., paye 
|192. In the second place, he used a flexible connec 
tion between his engine crankshaft and his mirror 
| crank, and the result is that the diagrams taken at 
| high speeds with the original form of instrument by 
no means represent accurately the true pressure- 
volume curve of the working fluid. The actual 
diagram is traced by a ray of light thrown by the 
| moving mirror on to a screen, and this diagram can 
therefore be obtained of practically any size desired. 
In applying the instrument in question to indicat- 
ing the petrol-motor above referred to, Professor 





Callendar replaced the long flexible tube short bya 
straight piece of tubing only 2 in. or 3 in. long, and 
used a stiff steel rod and bevel gears to connect the 
mirror crank and the engine crankshaft. We re. 
produce on this page some diagrams taken with 
the modified instrument, for which we are indebted 
to the courtesy of Professor Callendar ; we should, 
however, state that the pressure scale is not one of 
even parts. Perhaps the most striking feature 
of the diagram asa whole is the large amount of 
power absorbed in engine friction ; and, secondly, 
the remarkable speed at which it is possible to run 
small engines of this type. The dots shown on the 
diagrams near the compression line show the time 
of the ignition spark. The engine is fitted 
with an adjustable spring on the automatic inlet 
valve. At high speeds a stiffish spring is re. 
quired to insure a prompt closing of the inlet 
valve ; whilst at lower speeds a weak inlet 
spring will diminish the negative work done on 
the suction stroke. The adjustable spring fitted 
allows the engine to be driven with a weak spring 
in uphill work, when the speed is slow, whilst 
downhill or on the level the strength of the spring 
is increased to insure the proper closing of the 
valve. 

In Fig. 1 we reproduce diagrams taken with the 
engine running light at 1430 revolutions per 
minute, the suction being throttled, and full spring 
pressure on the inlet valve. The maximum compres- 
sion was 39 lb. per square inch, the mean pressure 
15 1b., and the indicated horse-power 0.32. The 
spark was retarded behind the proper point, both 
in this figure and the next set of diagrams, Fig. 2. 
It will be seen that the pressure actually falls 
for some time after ignition, the maximum being 
near the end of the stroke. In Fig. 2 the 
inlet spring was very weak, and consequently 
there was occasionally a loss of compression. 
The engine was run unloaded at 1850  revo- 
lutions per minute. The compression varied 
between 59 lb. and 67 lb. per square inch, 
the mean pressure was 19 lb., and the indi- 
cated horse-power 0.53. In Fig. 3 the throttle 
jwas half open, and the inlet-valve spring was 
| stiff. As before, there was no load, but the 
|spark was advanced beyond its former position. 
|The compression was 46 lb., the mean effective 
pressure 19 lb., the revelutions 2430, and the 
indicated horse-power 1.15. This set of diagrams 
shows a large suction loss, owing to the stiff 
spring and a slow ignition of the weak mixture 
at the high speeds. The exhaust line is nearly 
atmospheric. All these diagrams were taken 
with a 10-kilogramme diaphragm, and the re- 
maining two, Figs. 4 and 5, with a 20-kilo- 
gramme diaphragm. In taking the diagrams 
represented in Fig. 4 the throttle was fully open, 
and the inlet spring adjusted to its best tension 
and the spark advanced. The engine was running 
under its full load. The speed was 1750 revolu- 
tions per minute, the mean effective pressure 
78.5 lb., and the indicated horse power 2.05. The 
cylinder was kept cool by a fan fixed on the crank- 
shaft, and as a consequence the compression line 
was kept low. The temperature of the cylinder 
at the middle of itslength was 120 deg. Cent., and 
that of the cylinder head 140 deg. on the ex- 
| haust side, which was exposed to the blast of the 
|fan, and 230 deg. Cent. at the other side. The 
diagrams shown in Fig. 5 were taken under similar 
|conditions to the foregoing, save that the main 
fan was shut off and the cylinder was overheated, 
and the engine being on the point of stopping from 
this cause. The revolutions were 1790, the mean 
pressure 72.7 lb., and the indicated horse-power 196. 
The compression line, owing to the hot cylinder, is 
higher than in the previous set. The temperature 
at the middle of the cylinder was 300 deg. Cent., 
and at the head 400 deg. Cent. A small fan was 
| kept running on the exhaust side to keep the exhaust 
valve from burning. The temperatures noted were 
measured with thermo-couples, two being mounted 
in the cylinder head, and three at different points 
of the cylinder body; one near each end of the 
stroke, and the other between. The temperatures 
measured by these three in the cylinder body 
do not differ greatly ; the reason being that the 
piston as it moves to and fro conveys heat from the 
top of the cylinder to the bottom much quicker 
than it could flow there by conduction. These 
experiments of Professor Callendar are, we think, 
of very great interest, particularly in view of the 
enormous powers claimed for their engines by 
different makers of motor-bicycles. It will be seen 
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that even at the speed of 1750 revolutions per 
minute the indicated horse-power was only 2.05, 
which is certainly a remarkabie result, but nothing 
like as much as it should be to satisfy the claims 
made by the makers of motor- bicycles, the 
engines of which cannot be driven on the road at 
anything like the speed recorded in this instance. 
Apparently, of the 2.05 horse-power indicated, about 
half an horse-power was absorbed in engine fric- 
tion. Professor Callendar finds that the engine 
yenerally stops from inefficient lubrication when 
the temperature of the walls reaches 300 deg. Cent. 





THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

On Thursday, the 10th inst., a paper by Mr. 
H. M. Hobart, on ‘‘ The Rated Speed of Electric 
Motors, as Affecting the Type to be Employed,” was 
read before the Institution of Electrical Engineers. 
This paper we publish in extenso in the present 
issue. The discussion was opened by Professor 
S. P. Thompson, who congratulated the author 
upon having attempted to place the comparison 
of machines upon a more intelligible basis, the 
contrast between machines of the same output and 
similar design, but running at different speeds, 
serving to illustrate some important features of 
design. The tables at the end of the paper were 
valuable for the amount of information they con- 
tained. He considered that at high speeds the 
three-phase motor showed a considerable advan- 
tage over other types. In making comparisons it 
was not advisable to trust to merely empirical 
formule, which could only be of service when 
applied to machines of a normal type, but a general 
formula should be used, which, being based on 
fundamental principles, must be true in connection 
with every type. He proposed the following 
equation :— 

K.V.A. nN nd 

r.p.m. 
where K.V.A. = output (kilovolt-amperes) ; r.p.m., 
revolutions per minute ; N, the total flux from one 
pole ; k, Kapp’s breadth coefficient (1.1 for sine 
curve) ; d, the diameter of revolving part in inches ; 
y, the amperage per inch under pole-face ; and p, 
the number of pairs of poles. By altering the 
variables, this expression can be used for any type 
of machine. 

If we investigated Mr. Hobart’s results by 
this formula, we found some discrepancies. For 
example, the value of N varied from about 153 
million in the large direct-current machine to about 
4 million in thesmallerones. The value of ¢ varied 
from 560 to 415, which, however, was not very far 
from general practice. In the induction motors, 
Nos. 6, 7, and 8, we noticed that the largest, with 
36 poles, had a flux N equal to 14 million 
lines, as against about 5 million lines in the 
small 4-pole machine; and although the size of 
the machines increased at lower speeds, the specific 
loading on the armature did not differ very much. 
The efticient utilisation of materials was more a ques- 
tion of surface speed than of speed of revolution. 
With the exception of turbine-driven plants the 
usual surface speed of the armature varied from 
2500 ft. to 7000 ft. per minute. One reason for 
the excessive cost of the largest of Mr. Hobart’s 
direct-current machines was that the surface speed 
was only about 1030 ft. per minute. The speeds of 
the induction motors were more reasonable, varying 
as they did from 2100 ft. to 5850 ft. per minute. 

Dr. Drysdale thought that the sizes of the motors 
taken as examples were rather above the average 
of machines in general use. Of course, 150 horse- 
power was not by any means an excessive size, but 
motors of from 5 to 20 horse-power would have 
been much more representative of ordinary prac- 
tice. He also would have preferred Mr. Hobart’s 
cost formula based upon the dimensions of thé core, 
instead of the size over the windings, as this would 
be more convenient for the application of Stein- 
metz’s coefticient. With regard to the cost of 
smaller motors, he had calculated the price per 
square centimetre of longitudinal section (Dx L) 
of armature core of over twenty machines varying 
from 2 to 10 horse-power, and had found, for 
these sizes, a very uniform value of 2s. 6d. He 
considered in most cases that the use of slow-speed 
motors was a mistake, and that a much bett2r 
plan was the adoption of high-speed motors with a 
suitable reduction gear. He sketched on the 
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blackboard a form of epicyclic gear which had re- 








cently been put on the market by a Bristol fivm of | 
engineers, and for which an efficiency of 90 to 95 | 
per cent. was claimed, with reduction ratios of from | 
4—1to 20-1. If this claim was substantiated, a | 
high-speed motor suitably geared down would be 
much preferable to one built to run at the slower 
speed. 

Mr. H.S. Meyer (Rugby) declared that he placed 
no reliance upon any cost formule, as they were gene- 
rally utterly useless when wanted. Commercially, 
the cost of building a motor was determined largely 
by the equipment of the shops, and variations in 
weight exercised a large influence upon the shop 
charges for labour. Applying a cost formula to two 
similar machines, one with 12 poles and the other) 
with six, he found that the winding of the 12-pole 
machine came out very much cheaper than that of 
the other, which was obviously wrong. He con- | 
sidered it impossible to say for certain that alter- 
nating-current machines were cheaper than direct- 
current ; for example, a 10 horse-power alternating- 
current machine at 1800 revolutions came out 
more expensive than a similar direct-current ma- | 
chine ; whereas at 45 horse-power the alternating- | 
current machine had the advantage. He thought 
it easier to design cheap direct-current machines 
for slow speeds than Mr. Hobart appeared to 
allow. 

Mr. Gerald Stoney (Newcastle Section) remarked | 
that the form of reduction gear introduced to the 
notice of the meeting by Dr. Drysdale had been 
known in cycling circles for many years as the, 
Crypto gear, he himself having used it twenty years 
ago. One result of the increase of speed of dynamos 
was that the poles had to be larger and fewer in 
number, and the commutation became difficult 
because of the excessive armature reaction. It had 
been found possible by Messrs. C. A. Parsons and 
Co., of Newcastle, to neutralise the armature 
reaction by means of compensating coils, so that 
even up to overloads of 150 per cent. perfect com- 
mutation was possible. The turbo-alternators of | 
the same firm had either two or four poles with | 
large air-gaps, and it was found that close regula- 
tion was effected even more easily on the fast than 
on the slow-running machines. 

In reply to the discussion, Mr. Hobart said that 
he could not altogether agree with Professor 
Thompson as to the necessity of always keeping a 
high ampere conductance per centimetre of peri- 
phery. Under certain circumstances the machine 
would become disproportionally narrow in com- 
parison with its length, and therefore more costly. 
The best reason he could give Dr. Drysdale for 
having taken the dimensions over the windings as 
factors of the cost formula, instead of those of the 
bare core, was that the method he had adopted | 
gave consistent results over a range of machines 
varying from 5 horse-power to 500 horse-power. 
The method of compensating continuous-current 
machines, mentioned by Mr. Stoney, was not dealt 
with in his paper, because it could hardly be said 
to have come into general use, except for turbo- 
dynamos. 











NOTES. 


IMPENDING CHANGES IN THE DISTRIBUTION OF 
PETROLEUM. 


At various times efforts have been made to shake 
the monopoly of the Standard Oil Company, so far, | 
however, without success. Recent combinations | 
bid fair to bring about more important results, as: 
they are able to offer a far more powerful opposi- 
tion to the Standard Oil Company than any pre- 
vious competitors. The new group comprises a 
number of financially strong undertakings and! 
petroleum fields in many different parts of the. 
the world, such as Dutch India, Russia (the Roths- 
child group), Texas, &c., the springs and refineries | 
belonging to a number of good-sized companies, | 
foremost amongst which is the Shell Transport, | 
with a capital of 3,000,000. The ‘‘ Koninklijke | 
Nederlandsche Petroleum Maatsch” (the Royal | 
Netherlands Petroleum Company) has a capital of | 
11,500,000 florins ; and the Moera Enim Company | 
of 8,000,000 florins, &c. Several conditions are | 
apparently in favour of the new combine, amongst | 
others the reported shortness of supply of raw 
material for the Standard Oil Company; and in 
Germany, for instance, a distinct feeling in favour 
of the new concern, German finance favouring 
Roumanian petroleum, and the Government itself 
being supposed to sympathise with an anti-Standard 
Oil Company movement. European governments | 


‘ness under the Limited Liability Act. 





do not seem to favour the large American company. 
It was the Roumanian Government which upset 
the Standard Oil Company’s plans in that country, 
just as it was the Dutch Colonial Secretary who 
interfered when the Standard Oil Company had 
virtually come to terms with the large Moera 
Enim Company in Sumatra. 


THE FINANCE OF SHIPBUILDING. 


Recently a number of orders have been placed 
with shipbuilders for general trading steamers, and 
in the face of the very low freights ruling and the 
general depression in the shipping trade, some 
surprise has naturally been expressed. Inquiry 
shows that the placing of these orders is at an ex- 
ceptionally low figure, some moderate-sized vessels 
being booked at from 5l. 10s. to 61. per ton of 
dead-weight carrying capacity, while two or three 
years ago 8/. to 10/1. was quite a common price for 
the same type of vessel. At the same time the 
practice of accepting deferred payments has been 
carried further than for many years, some of the 
builders agreeing to receive a large proportion—in 
some cases more than half—of the price five or 
seven years hence. The extent to which this 
practice is carried is reflected in the balance-sheets 
of some of the shipbuilding firms carrying on busi- 
We have 
no desire to make individual reference, but we note, 
by way of example, that one firm has amongst its 
assets bills under discount toan amount equal toeight 
times the value of the work in progress and partly 
paid for ; while the ‘‘ bills receivable in hand” 
amount in addition to nearly three times the value 
of the work in progress. Thus, the deferred pay- 
ments equal ten times the amount of the work at 
present in hand. This latter, it is true, is rather less 
than is the case under normal conditions. Some 
shipbuilders are in many cases carrying a very heavy 
financial burden ; and it is open to question 
whether it is sound business to build ships, payment 
for which is carried over such a period as may see 
the ships obsolete. In any case, the practice 
encourages speculation, which is always a drag on 
legitimate business. 


ELectric WINDING-ENGINES. 


We have quite recently dealt with the subject of 
electric winding-engines for coal-pits. The same 
matter was considered in a paper read on February 13 
before the Institution of Electrical Engineers (Glas- 
gow Section), by Mr. Maurice Georgi, who confined 
hinself in the main to one particular form of engine 
—namely, that proposed by Herr Ilgner, chief engi- 
neer of the Donnersmarkhiitte, and embodied in 
several winding plants recently built by Messrs. 
Siemens and Halske. In the Ilgner - Siemens 
system energy is stored in a heavy steel flywheel 
running at a very high circumferential speed, which 
is mounted on the shaft of a motor generator set. 
The motor may be of any type, taking its current 


| from an existing power supply, while the generator 


is a continuous-current machine with separately ex- 
cited fields. The current from the generator is taken 


| direct to the winding-gear motor, which is also sepa- 


rately excited. No switches, fuses, or controlling 


| apparatus of any description are in this circuit, as all 
| speed control is effected by regulating the fields of 
| the generator, and thus varying the voltage across 


the armature of the winding motor. It is essential 
that the field strength of the latter should be kept 
perfectly constant, as upon this depends the whole 
system of speed control. This constancy is ob- 
tained by the following means :— The field current, 
both for generator and winding motor, is supplied 
by means of a small exciter on the shaft of the 
motor-generator set, and by the side of this ex- 
citer is fixed a very small series-wound machine, 
the current from which passes through demagnetis- 
ing coils on the poles of the exciter, thus compen- 
sating the latter machine for any moderate change 
in speed. The field current of the generator may 
be regulated from zero to its maximum value in 
either direction, by means of rheostats and a change- 
over switch. Retardation iseffected by weakening the 
field of the generator, thus causing it to ‘‘ motor,” 
the winding motor acting meanwhile as a generator, 
and deriving its power from the energy of the 
moving cage. This energy is all returned to the 
system, either being stored as kinetic energy in the 
flywheel, or being returned as current to the power 
mains when the flywheel has attained its normal 
speed. It will be seen that by this method of 
regulation, the speed of the cage may be controlled 
with the greatest ease and economy. The flywheel 
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on the shaft of the motor-generator set is so designed 
that it will liberate all the extra power required 
during the acceleration of the cage, with a very slight 
diminution of velocity, and consequently the de- 
mand for power on the supply mains is almost 
constant. The peripheral speed of these wheels 
may reach 260 ft. per second and more, and 
at such a velocity a wheel weighing 14 tons will 
part with ‘nearly 5,000,000 foot-pounds of work, 
with a reduction in velocity of 10 per cent. 
Were the supply of electric power to fail from 
any cause, there is energy stored in the wheel 
to raise the loaded cage two or three times 
to the surface. The retarding arrangements are 
automatically operated in a very simple manner. 
In the engine -house are two screws geared 
to the winding-drum, and carrying nuts which cor- 
respond at any instant to the positions of the cages 
in the shaft. When retardation is to commence, 
fingers on these nuts come in contact with the 
control-lever, and by moving it over gradually 
weaken the generator-field until the speed of the 
cage is greatly reduced. The attendant is unable 
to prevent this retardation at the ends of the 
journey, though he may increase it, or stop the 
cage entirely, at his pleasure. Should he fail to 
stop the cage at the right moment, the further 
motion of the indicating nut forces the control 
lever into the ‘‘ off” position, and brings into 
action an emergency brake. Normally, the brakes 
are only used to hold the cage at rest, and not for 
retarding purposes ; hence it is evident that the 
waste in power will be reduced to a minimum, and a 
decided economy may be expected. Mr. Georgi gives 
a number of calculations bearing on the design and 
efficiency of Siemens-Ilgner winding plants, which 
show a net saving of 30 to 40 per cent. over steam- 
driven plants ; and there is no doubt whatever that 
very great economy is actually attainable with 
electrically-driven winding gear of this description. 








NEW GRAND TRUNK VENTURE. 

Tue Grand Trunk Railway Company of Canada is 
about to take an important step, having agreed to 
embark indirectly in what is virtually an extension, 
to the shores of the Pacific, of its already considerable 
system. As at present arranged, the new line will 
commence at Moncton, in New Brunswick, and will 
terminate at Port Simpson, on the coast of British 
Columbia, provision being also made for a lengthy spur 
to Dawson City. It is possible that the route through 
British Columbia may be varied later on, so as to 
more effectively accommodate Vancouver Island. The 
spur proposed to be thrown out from the neighbour- 
hood of Port Simpson to Dawson City is not likely, 
one would think, to be very remunerative; if it 
is built it will pass through a stern and almost 
uninhabited tract of country, which may not 
attract much population for many years. The 
sroposed great main line from New Brunswick to 
3ritish Columbia must, however, be regarded as an 
enterprise of the highest importance and ultimate 
value. It will develop a vast extent of territory now 
awaiting settlement, while it will strengthen the hold 
of Great Britain upon its North American possessions. 
It is proposed to construct the main line with its 
Dawson City spur in two divisions. ‘The first half, 
from Moncton, New Brunswick, to Winnipeg, is to be 
built and owned by the Canadian Government. The 
second half is to be built and owned by a new joint- 
stock organisation to be known under the style and 
title of the Grand Trunk Pacific Railway Company, 
and to which the Moncton and Winnipeg division is 
proposed to be leased. 

We have referred to the new undertaking as a new 
Grand Trunk venture. It should be observed, how- 
ever, that the arrangements contemplated will largely 
relieve the strain which the Grand Trunk would have 
had to sustain if it had proceeded with the under- 
taking single-handed. The eastern division of the 
new main line between Moncton and Winnipeg is to 
be wholly constructed by the Canadian Government, 
and is to be leased to the Grand Trunk Pacific for 
fifty years from the date of its completion, no rental 
being payable by the Grand Trunk Pacific for the first 
seven of the fifty years. If in the next three years 
the net earnings of the division are not sufficient to 
provide 3 per cent. per annum upon the cost of con- 
struction, the Canadian Government is to take the 
net earnings, and the difference between the amount 
and the 3 per cent. is to be capitalised and added to 
the cost of construction ; for the remaining forty years 
the Grand Trunk Pacific is to pay a rental of 3 per 
cent. per annum upon the total cost of construction. 
The Winnipeg and Pacific Coast division is to be con- 
structed and owned from the first by the Grand Trunk 
Pacific, and it is to be divided into two sections to be 
called the Prairie and the Mountain sections ; the time 
allowed for construction is to be eight years. The 





Government of Canada is to guarantee principal and 
interest (at the rate of 3 per cent. per annum) upon an 
issue of bonds to be made by the Grand Trunk Pacific 
for the construction of the western division to an 
extent equal to 75 per cent. of the cost of constructing 
the division. So far as the Prairie section is concerned, 
this guarantee is not to extend to a further principal 
amount than 13,000 dols. per mile. The ee” 
Government is to pay interest on the bonds guaranteed 
by it on the Mountain section for the first seven 
years after the completion of the line without 
recourse against the Grand Trunk Pacific ; for the 
next three years, in the event of the net earnings of the 
division not being sufficient to provide the full interest 
on the bonds, any deficiency is to be capitalised, and 
the amount is to be repaid to the Dominion Govern- 
ment at the maturity of the bonds, or the Grand 
Trunk Pacific may, at its option, repay the same in 
forty equal annual instalments at the rate of 3 per 
cent. perannum. The Grand Trunk of Canada is to 
guarantee the principal and interest on an issue of 
second mortgage bonds to be made by the Grand 
Trunk Pacific to a sufficient amount to complete the 
construction of the Western division, and to equip the 
line with rolling-stock. In the event of the net earn- 
ings of the line being insufficient to provide interest 
on the bonds guaranteed by the Canadian Government 
in respect of the Prairie section after completion, or in 
respect of the Mountain section after ten years 
from completion, the Canadian Government is to 
have the power, in the event of the interest being 
in default to the extent of a sum equal to five 
years such interest, to appoint, with the concurrence 
of the Grand Trunk Pacific, an agent to supervise the 
working of the Western division, and to distribute the 
net earnings of the division pari passu between the 
holders of the bonds guaranteed by the Government 
and the holders of the bonds guaranteed by the Grand 
Trunk of Canada in the proportion of 75 per cent. to 
the holders of the first issue of bonds and 25 per cent. 
to the holders of the second issue. 

The Grand Trunk Pacific was required by the 
Canadian Government to deposit within thirty days 
cash, or (‘overnment securities, to the amount of 
5,000,000 dols., as security for its general good faith. 
The Grand Trunk Pacific, not being in a position to 
make this deposit, applied to the Grand Trunk of 
Canada for its assistance; and the directors of the 
Grand Trunk of Canada, as an earnest of the intention 
of that company to support the scheme, made an 
interim deposit by allotting to the Finance Minister of 
Canada, as nominee of the Canadian Government, 
1,000,0007. 4 per cent. guaranteed stock, the allot- 
ment being, however, conditional upon its ratification 
by the proprietors. A deposit is to be ultimately 
made in cash or approved securities, and the pro- 
prietors have not been asked accordingly to ratify the 
conditional allotment of 4 per cent. guaranteed, which 
will be cancelled later on; but as the Grand Trunk 
Pacific will be unable to provide the deposit without 
the assistance of the Grand Trunk of Canada, the 
proprietors have been asked to give the directors 
authority to do what is necessary. The deposit will 
be released by instalments when it is shown to the 
satisfaction of the Canadian Government that rolling 
stock has been provided, and that only 5,000,000 dols. 
remain to be expended for the completion of the new 
main line. In consideration of guarantees and other 
assistance given to the Grand Trunk Pacific by the 
Grand Trunk of Canada, the Grand Trunk Company 
is to receive the whole of 25,000,000 dols. common 
stock proposed to be created by the Grand Trunk 
Pacific. The whole share capital of the Grand Trunk 
Pacific is to be 45,000,000 dols., of which 20,000,000 
dols. is to be preferred stock, and 25,000,000 dols. 
common stock, 








THe MunicipaL YEAR-Book For 1904.—This annual, 
edited by Mr. Robert Donald, one of the ablest and best- 
informed advocates of municipal enterprise, and issued at 
3s. 6d. net by Edward Lloyd, Limited, Salisbury-square, 
London, EC, gives a general summary of the work of 
each local authority under the name of the city, town, 
or district, with the statistical and other information 
arranged in tabular form wherever possible, in a series of 
special sections. These latter include water, gas, tram- 
ways, electrical, housing, markets, telephones, baths and 
wash-houses, education, libraries, cemeteries, refuse and 
sewage disposal, local taxation returns, and municipal 
trading, in addition to general summaries under London, 
England and Wales, and Scotland and Ireland. The 
book has this year been re-written. The interest and 
importance of the subject are suggested by the fact that 
municipal schemes have involved a municipal indebted- 
ness of over 120 millions sterling, while the net profit 
realised on the use of this vast capital sum is only 378, 281/. 
Some instructive details could be evolved from a careful 
examination ; as, for instance, that the London County 
Council rate is now 16.75d., against 12.53d. per £ in 
1889-90 ; and that while in 1895-6 only 17 metropolitan 
boroughs or parishes had a rate exceeding 7s. per £, 
there are this year 57. Then only three exceeded 8s. 
per £; now there are24. There are six cases with a rate 
over 9s. The maximum eight years ago was 8s. 5d; now 
it is 93. 10d. per £. These facts demand investigation. 








FIRE RISKS IN FACTORIES. 

‘ : To = oye OF ENGINEERING. 

Sir,—In view of the interest now generally exhibj 
with regard to fire risks, we think that ox oxpeeioat 
during last week may be worth recording. 

Unfortunately, a rather serious fire broke out in one 
section of our works on Monday last, but owing primari] 
to two causes we have been fortunate in escaping with 
compartively slight damage. : 

The fire commenced at one end of the top floor of a 
nomtner | building, measuring some 200 ft. by 50 ft. 
filled with valuable machinery, and with work in progress, 
The marvel is that, once well alight, it was possible to 
confine it to such a comparatively small area as was the 
case, about one-third of the roof being destroyed. This 
roof was on the saw-tooth principle, slated on the one 
slope, and with iron sashes and glass on the other slope ; 
and this, in our opinion, prevented the fire from running 
from one end of the shop to the other. It was evident 
that the flames ran up the rafters under the slates very 
quickly, but on arriving at the top of the ridge they were 
checked by the open space, ont had to curl down and 
commence again at a spot several feet below, and at 
some distance away. ris had to be repeated as each 
ridge was reached, and to this, we believe, we owe the fact 
that the roof escaped as it did. 

The second reason for the fire being confined was the 
use of armoured fireproof doors over the openings into 
the stores adjoining, where many thousand pounds’ worth 
of goods were stocked. These doors stood their test 
remarkably well, and are hanging at the present moment 
in gee working order. : 

We hold no brief for Messrs. Mather and Platt, the 
makers of these doors, but think it only fair to call atten- 
tion to the service they have rendered, in the hope that 
others may be induced to use these doors, in preference 
to the ordinary iron doors, which invariably curl up with 
the heat. 

Owing to the two causes mentioned above, the damage 
was confined to a part of our Arc Lamp Department ; 
our Switchboard and Controller Works and our Motor 
Works escaping with only slight damage through water. 

We are, Sir, yours faithfully, 
Veritys Lim itep, 
P. G. Exssurt, Director. 

Plume Place, Aston, Birmingham. March 15, 1904. 








THE INSTITUTION. OF NAVAL 
ARCHITECTS. 

P To THE EpIToR oF ENGINEERING. 

Srr,—I am an old member of this Institution, and en- 
dorse all that ‘‘ A Private Member ” has said in yours of 
the 11th, for I have witnessed, with much concern for its 
health, the increasing power of Lloyd’s Register on its 
Council during the past few years, I fear also that we 
have experienced more than once the influence of the 
power it already possesses without our knowing it; and 
that certain effects, otherwise inexplicable, have resulted 
from this cause. Not only does it use every effort to get 
its protegés on the Council, and made vice-presidents, but 
also to remove those who are obnoxious to it when they 
come on for re-election. The scrutators could a tale 
unfold. 

Formerly, only the chairman, the chief surveyor, and 
the chief engineer were on the Council ; now we have, in 
addition, Messrs. Stanbury and Thearle, assistants to the 
chief surveyor. Besides these officials, the following 
members of council are members of committee of Lloyd’s 
Register :—Messrs. John Corrie, W. J. Pirrie, and R. 
Thompson ; that is, of the Council of the Institution of 
Naval Architects eight members are on the committee of 
Lloyd’s Register—a formidable number under any circum- 
stances, but especially so when it is considered that very 
few indeed of the country members attend any counal 
meeting but that held on the first day of the spring 
session, while the majority of the eight live in London, 
and all of them are frequently there. 

Now Lloyd’s is trying to get another surveyor on the 
council, but it is to le Tuna the new rule will frustrate 
this attempt to swamp the Council. That the vice- 

residencies may be filled by men who are placed there 
C the free votes of their brother members, is the wish of 

Yours truly, 
SENEX. 








Tur WorLp’s Gotp.—The total gold production of th 
world from the discovery of America by Columbus to 1900 
is computed by the United States Mint at 9,811,000,000 
dols. Pure gold of this value would weigh about 16,272 
tons, and would occupy a space equal to 27,039 cubic feet. 





Tuer Late Mr. ALBION OCKENDEN. —The death occurred 
at Leatherhead, on Saturday, the 12th inst., at the age of 
eighty-five years, of Mr. Albion Ockenden, founder of the 
well-known firm of Duke and Ockenden, water works 
contractors and pump manufacturers, of London and 
Littlehampton. 





FisH Trarric ON THE NortH-Eastern.—On Monday 
night the North-Fastern Railway Company opened its 
new fish-marshalling yards and stages at Clifton, York. 
The new yard, which lies to the east of the main line at 
the north end of the station, comprises a well-lighted 
stage, 150 yards long, and about 6 yards wide, with lines 
on each side, the sidings comprising eight sets of rails in 
the form of afan. The whole of the North of England 
and Scotch fish traffic, except the direct Hull and London 
traffic, concentrates at York; and in the summer, when 
the herring season is at its height, 12 fish specials have 
frequently to be shunted and sorted during the night, 
and re-marshalled for the south and west, 
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THE VULCAN SPEED-INDICATOR. 
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Ir is evidently a very difficult matter to estimate 
the speed of a He Pes ty We find men whose word INDUSTRIAL NOTES. 
is to be accepted implicitly in all the affairs of life |, A TRADE union case of considerable importance was 
swearing that their cars were making, on a certain | heard in the King’s Eench Division of the High Court 
occasion, only 10 miles an hour; while, on the other | last week, in which 25/. damages were awarded to 


hand, the police, provided with cheap Swiss watches, | # workman for alleged conspiracy to prevent him work- 





estimate the speed at 20 miles and more. A reliable The case was a The 
speed-indicator is therefore a very desirable part of the 
equipment of a car, since it enables the driver to be 
certain that he is keeping within the limits laid down 
by the law, if he so desires. Further, it is a great 
aid to good driving, since it immediately shows the 
effect of any adjustment of the engine, rendering it 
possible for the driver to adapt the machine to the 
most economical conditions of working. 

The Vulcan speed-indicator, which we illustrate 
above, is one of the simplest and cheapest of these 
devices which has been introduced. Its construction 
- is such that it is almost impossible for it to get out of 
order. There is a single rotating spindle, running in 
self-lubricating bearings, which are encased in semi- 
fluid grease. On this spindle is a wrought-iron armature 
which alternately completes and breaks the magnetic 
circuit of a permanent magnet, which constitutes the 
field magnet of a small magneto machine. There is 
neither commutator nor electric contacts, the coils in 
which the electric current is generated being sta- 
tionary, and sealed up with paraffin wax. As the 


magnetic flux is varied by the speed of rotation of the | 


iron armature, currents are generated in these coils, 
and are transmitted through a small flexible cable 
to the indicator, which is practically a hot-wire volt- 
meter. The heat generated by the passage of the 
electric current through the conductor lengthens the 
latter, and the elongation operates the index, which 
moves over a dial marked in miles per hour. The most 
open part of the scale is in the neighbourhood of 
20 miles an hour, so that the scrupulous motorist can 
keep just within the legal limit with certainty. 


The magneto-spindle is driven by a rubber band | 


from a small aluminium grooved pulley fixed to the 
inside of one of the steering wheels, the magnet 
itself being fixed on the steering horn. It is perfectly 
water-tight, and may be played upon by a hose without 
being injured in any way. It does not show that 
weakness in the presence of damp which is the general 
characteristic of electric appliances. The dimensions 
are Gin. by 2 in., and the weight 14 lb. 

The indicator is made in two sizes, one being 2 in. 
in diameter and 3 oz. in weight. This is fitted to 


the steering pillar, just under the eye of the driver. | 


The other, as illustrated above, is about 4 in. in dia- 
meter, and is designed to be fitted on the splash-board. 
It is quite dead-beat, and the hand is steady under the 
Vibration of rapid speed. These indicators are being 
put on the market by Messrs. Geipel and Lange, of 


72a, St. Thomas-street, London, 8.E., and will be 
t Automobile Exhibition which opens at 
Agricultural Hall to-morrow. ; 


shown at the 
the 





|ing at his trade. eculiar one. 
| defendants were the Aamalenesied Society of House 
| Decorators and Painters; the allegation was that the 
| members of the union conspired to obtain the plaintiff's 
| discharge from the firm who employed him. The plea 
of the union was that the rules of the union insisted 
upon the members working only with union men ; and, 
further, that the firm had agreed to employ only union 
men. But the man was a unionist, only he did not 
happen to belong to that particular union. The 
plaintiff was not what is called a ‘‘ blackleg ;” he was 
a member of a trade union, so that the rules of the 
Amalgamated Society were not broken by the members 
working with him. But the men would have him 
belong to the same union as themselves. He pleaded, 
and rightfully, that if he left his own union to join 
theirs, he would forfeit all the benefits for which he 
had paid to the other, his own, union. If trade 
unionists will be so blinded to justice and right, they 
must be content to pay the piper. The union was 
within its right in prohibiting its members from work- 
ing with non-unionists if it thought proper so to do; but, 
then, neither the law of contract nor the provisions 
| against intimidation should be broken; and, moreover, 
if by its action a man is to be personally injured in 
his trade, its conduct must be such as to be justifi- 
|able from a citizen’s point of view. The decision is 
— lesson to hot-brained men, if they will but 
earn it. 








The report of the Amalgamated Carpenters and 
| Joiners gives a bad account of the state of trade. The 
total number of members out of employment was 1258 
in excess of the corresponding month a year ago. The 
| aggregate membership was 72,372; of these, 4485 were 
on unemployed benefit, 1777 on sick benefit, and 
1478 on superannuation allowance. The state of trade 
in South Africa is deplorable. Only in one branch is 
| it said to be ‘‘ dull,” all the others ‘‘ bad,” ‘‘ very bad,” 
and ‘‘deplorable.” In Australia trade does not appear 
|to be much better. In six branches employment was 
| said to be ‘‘ fair,” in the others ‘‘dull,” ‘‘ bad,” or “‘ very 

bad.” In the United States the accounts vary more, but 
| there is a considerable number out of work in most of 
the branches. 
| be general both in this country and in all others, in so 
| far as the building trades are concerned. The dispute 
|in the United States between the United Brother- 
|hood of Carpenters and Joiners and the Amalga- 
|mated Society, in which the former tried to compel 
| the members of the latter to abandon their own 

union and join. the Brotherhood, was referred to arbi- 

tration, the American Federation of Labour being 


} 


Indeed, the depression would seem to | 
| stituted for a period of three years. 
/dates from the termination of the current three 





the negotiators. In the end an agreement was arrived 
at, con union to deposit 5000/. as a guarantee of good 
faith, which should constitute a fund to pay compensa- 
tion to the aggrieved party should it be required. But 
the Amalgamated Society complain that while . the 
Brotherhood consists of 150,000, they deposit only 
5000/., while the other union, with only 5000 members, 
has to deposit a like amount. Some further negotiations 
led to the acceptance of 1000/. from the Amalgamated 
Society, subject to the Brotherhood’s approval. It is 
a curious comment upon the brotherhood of trade 
unionists that these internal disputes should arise. 
We see them here as well as in America, and in some 
British colonies. It is a spirit of dogmatism which 
prevails, not justice or prudence. 





The report of the Cotton Spinners’ Association shows 
that there is again a large increase in the proportion 
of unemployed members, the average being 9.97 per 
cent., as compared with 6.5 per cent. in the pre- 
vious month, and 4.72 per cent. a year ago. he 
total membership was 14,001 of all sections—an in- 
crease of 88 in the month and of 141 over last year, 
The number of dispute cases dealt with was 26 ; 

revious month, 14; same month a year ago, 34. 

here were 25 cases of accidents to members, as com- 
pared with 27 in the previous month, and 25 in the 
same month a year ago. There were also.13 claims 
for compensation under the Act—last month, 20 ; same 
month a year ago, 15. It is stated that some em- 
ployers are bringing pressure to bear in order that 
the Act shall be less effective in its operation ; the 
members and other trade unionists are cautioned to be 
on their guard to resist any such attempt. There was 
a financial gain of 5097. 5s. 10d. in the month, arising 
from special contributions towards the superannuation 
fund, and 150/. 5s. 8d. interest on investments. The 
income for the past year, including 181/. 10s. 4d. in 
hands of the treasurer, was 5150/. 19s. 6d. The ex- 
penditure amounted to 48281. 4s. 8d., leaving a balance 
in the treasurer’s hands of 322/. 14s. 10d. The total 
loss on the year’s working was — 1087. 15s. 6d., in 
spite of adverse circumstances. Each branch and 
district is given in some detail. The state of the 
cotton trades is still embarrassing. The manipulation 
of the market goes on, regardless of the result to those 
engaged in the use of raw cotton for manufacturing 
purposes. If the law of conspiracy, which is so often 
invoked in labour disputes, could be applied to cotton 
rings, there would be a release from the tension so 
often experienced in the cotton trades. 
culty is to fix conspiracy in all such cases. 


But the diffi- 





The London Trades and Labour Gazette is able to get 
early information on important subjects such as does 
not appear in the usual Press agencies’ accounts, nor 
in the telegraphic notices which emanate from the 
chief syndicates, For example, it is reported that 
San Francisco is ‘‘ an ideal city for the trade unionist.” 
It is said that they have the whole city at their mercy. 
They have carried, as their nominee, the mayor; they 
have reduced the militia force, which fought against 
them in 1901, by one-half. No ‘‘ scab” employer can 
exist in the city, nor can anything be sold unless it 
bears the hall-mark of unionism. This is said to apply 
to all articles of general use—food, clothing, drugs, 
timber, and all other things. Well, we shall see with 
what liberality they will carry out their system. The 
Gazette approves of afforestation as a means of 
relieving the unemployed. Nationally, it would be 
a good thing. The wonder is that the fire-eating 
advocate of the unemployed should be content with a 
project, not his own, which can only be applied by 
the State ona large scale ; for the private owner cannot, 
as a rule, wait for the maturing of timber, which takes 
generations to become beneficial as an investment. 
The article on ‘‘ Chinese Slavery” is a signed one. It 
is well that it should be so, because of its savage out- 
spokenness. But it is not hard words that command 
success. Facts, if well marshalled, ought to carry 
sufficient weight. The series of articles on the reform 
of the labour laws promises to be useful, for they are 
from the pen of a barrister who is able from expe- 
rience to point out real defects where they exist. The 
first article is on the ‘‘ Employers’ Liability Act ;” 
the next will be on the ‘‘ Compensation Act.” The 
two exist side by side. The reports of provincial 
trade councils ae of other labour organisations are of 
value, because they give an epitome of what transpires 
in the chief industrial centres of the kingdom. 





The meeting of representatives of employers and 
workmen in the federation districts of the coal trade 
was to all intents and- purposes amicable. It is 
understood that the Conciliation Board is recon- 
Its existence 


months, during which it was continued in order to 
complete negotiations for a definite period. The 
question of appointing an independent chairman was 
before the meeting, but no final decision was arrived 
at pending the result of an appeal to Lord James to 
continue to act as heretofore. If his lordship is 
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unable to consent, the Speaker of the House of 
Commons will doubtless be asked to nominate a 
chairman. The most pressing business of the con- 
ference was the consideration of the procedure rules 
which shall govern the board. 
these were provisionally adopted; they come into 
force at and from the end of this month. . The 
negotiations thus far have been conducted in a real 
spirit of conciliation on both sides. Indeed, it would 
seem that the more these representatives of a_ vast 
industry come into personal contact in conference, the 
more cordial are the relations. This is of great import- 
ance to miners ; but it is also of great importance to 
coal consumers, for not only does the domestic comfort 
of the people depend upon an adequate coal supply, 
but the industries of the country are absolutely 
dependent upon a plentiful supply of cheap fuel. 
There is little fear that wages will very disastrously 
affect prices, for the cost per ton for coal-getting is 
not large. The heaviest item is transit in almost 
all cases. But whatever difficulties arise, they will 
be lessened by the cordial relationship of labour and 
capital—the two deeply interested parties. 

Whatever differences of opinion may exist among 
the coal-miners of Great Britain upon social and labour 
legislation, there is none with regard to the Coal Tax. 
At a conference representing organised bodies with an 
aggregate of 700,000 members, the impost was unani- 
mously condemned. In this condemnation Durham 
and Northumberland joined with the National Fede- 
ration ; Scotiand and Wales denounced the tax as an 
injury to the coal trade. Durham had not suffered in 
respect of wages, but Northumberland miners had lost 
in wages 124 per cent., and a great number were on 
short time--a thing that had not previously happened 
at this time of the year. In Scotland they had 
suffered to the extent of 10 per cent., and in Wales 
8} per cent., reduction. In all districts the result 
was adverse to.the miners and to the coal trade. 
The conference sought for an interview with the 
Chancellor of the Exchequer, but he declined to receive 
a deputation, on the ground that the subject was being 
considered by a Royal Commission. The Coal Tax is 
exercising a powerful influence upon the electorate in 
all mining constituencies. Wherever the miners are 
strong, this side of the new fiscal policy will be con- 
demned. In this case it is a matter of taxing exports 
of British produce, though some think that the coal 
supply of the United Kingdom ought to be conserved 
for future generations. Upon-this, however, there are 
strong differences of opinion as to the adequacy of the 
supply, even by the best-known experts. The miners 
look at the question from a standpoint now actually 
before their eyes—wages and employment ; the mine- 
owners from the standpoint of profits. Consumers 
have not benefited by the Coal Tax, but the foreigner 
has certainly paid a part of it. 

The dispute in the vast coalfields of America is 
threatening to assume even greater proportions than 
the one in which President Roosevelt interposed in 
the early days of his presidency. In the bituminous 
mines the operators have proposed a reduction in 
wages of 54 per cent.; this to be embodied in a two 
years’ agreement. In a conference held between the 
representatives of the parties concerned they failed 
to agree, and adjourned without any decision. The 
men seem to be firm in their attitude of resistance. 
The operators suggested what they deemed to be a 
compromise, but the men’s representatives refused to 
accept the terms offered. It is said that if the 
dispute eventuates in a strike, the anthracite coal- 
miners will go out in sympathy. This may not be a 
wise policy, for it extends the line of warfare and of 
defence. But if the whole unite, a very serious state 
of things will arise, for the supply of fuel will be cut 
off. Moreover, it was found that the men were not to 
be intimidated in the last strike; they will be even 
less inclined to submit in this case. It is to be re- 
gretted that, as a result of the President’s action, some 
more permanent mode of settlement was not deter- 
mined upon, so as to avert the disaster of another great 
strike. 





It is reported that a great strike of building opera- 
tives is threatened in New York. The men are well 
organised, and a strike of the dimensions rumoured 
will be most disastrous in that city and its neighbour- 
hood. It is also more dangerous than a great strike 
would be in the coalfields district, where the popula- 
tion is scattered, and those who suffer are mostly con- 
cerned in the dispute. In New York the effects would 
be widespread, and would affect tens of thousands 
not personally parties to the dispute. 





The state of the iron and steel trades in the Wolver- 
hampton district is unsettled, without any material 
signs of improvement. There has been a slackened 
demand for marked bars and for ordinary bars, while 
for unbranded iron low figures have to be accepted to 
secure any of the limited orders in the market. Busi- 


ness in galvanised and common sheets has been a little 
better, and there has been a fair trade in hoops and 
rivet iron. 


But the tube trade has been slack, with 


It is reported that | 











little inquiry for gas strip. Steel is in more active 
inquiry for structural purposes, but the actual business 
done has not been large. There is little to record as 
regards change in the condition of the engineering and 
allied trades. ‘The slackened demand for material 
indicates no improvement worth mentioning. In the 
other iron and steel trades and in the hardware in- 
dustries general quietude is the chief characteristic ; 
some are moderate to fair, others dull and slack, but 
the complaints of serious depression are comparatively 
few. It needs a fillip to give tone to those numerous 
industries by which so many live, and which, in the 
aggregate, require a good deal of raw and finished 
material to keep them well employed. 


In the Birmingham district business has been quiet 
generally, but for best finished iron there has been a 
steady demand, although common qualities are less 
sought after. Galvanisers have been better employed 
on home account, and the shipping trade is better than 
for some time past. It is complained that a good deal 
of German iron is coming into the district under old 
contracts. Pig iron is weak and sales are few. In 
the engineering and allied trades there is little change 
to note. In the other iron, steel, and metal-using 
industries the variations are greater, but for the most 
part they are only moderately employed. 





The position of the engineering trades throughout 
Lancashire remains about the same as last reported. 
New work is still coming forward, but slowly in most 
departments, and it is exceptional for establish- 
ments to be well supplied with orders. The reports of 
local branches representing the various sections agree 
with those of employers as regards the unsatisfactory 
condition of trade generally. Some machine-tool 
makers here and there have been booking a moderate 
amount of new work, and the boiler-making trade 
maintains the slight improvement recently reported, 
but most firms complain of shortness of orders. Loco- 
motive-builders have been booking no new orders of 
importance, while depression still hovers over the 
textile-machine-making departments; the principal 
firms are not turning out anything like their average 
quantity, and the smaller firms, having no specialities, 
complain of slackness. It is the same with general 
engineers in most cases. The iron and steel trades 
continue quiet, although there have been more in- 
quiries ; but these have not resulted in any large 
increase of orders. 





The case relating to the South Wales Miners’ stop- 
days advanced another stage last week. A number of 
colliery-owners obtained a verdict against the South 
Wales Miners’ Federation for losses sustained through 
the action of the defendants in proclaiming certain 
days as stop-days, and the question of assessment 
of damages came before Lord Justice Bigham. The 
test case taken was that of the Powell-Duffryn Steam 
Coal Company, whose claim was for 735/.; on this 
claim his lordship fixed the amount at 5301. He sug- 
gested that the eleven other collieries owned by that 
company, and the seventy-eight other companies inte- 
rested, should accept a similar basis for the calculation 
of damages. An offer was made by the Federation of 
4000’. to the first-named company, and that the other 
claims should be assessed on the same rate of reduc- 
tion. The matter was not finally disposed of at that 
sitting of the Court. 





A case of litigation has arisen in connection with 


the National Union of Boot and Shoe Operatives in | 


Leicester. Messrs. Wilson and Co., Limited, entered 
an action, and writs were served upon ten of the 
officials, calling upon them to show cause why an in- 
junction should not be granted to restrain them from 
certain acts—such as giving instructions to certain 
sections to cease work—pending an action for damages. 
The case arose out of a dispute as to wages by the 
finishers, and as the firm refused to grant the advance 
required, the men ceased work. 


The boiler-makers and iron-ship builders at Belfast 
have agreed to accept a reduction in wages of 5 per 
cent. 
this decision. 
six months ago. 


A similar reduction was effected about | 





The Board of Trade Conference between the Opera- 
tive Gunmakers’ representatives and others relative to | 
the question of the proof-marking of gun-barrels failed 
to effect an agreement. Both the operatives and the 
barrel-makers have sent a protest to the Board of 
Trade against the proposed preferential marking of 
imported gun-barrels. 


The Co-operative Wholesale Society, Limited, Man- 
chester, have voted 1000/. to the funds of the British- 
Grown Cotton Association. Nearly 100 of the Local 
Co-operative Societies have contributed from 10/. to 
500/, for the same object; 














Between 4000 and 5000 men are affected by | 





; CATALOGUES. 
| A crrcuLaR describing their edge-graduated electrical 
measuring instruments has been sent us by the Allgemeine 
| Elektricitiits-Gesellschaft, of Berlin. 

| Messrs. A. Schonfield and Co., of 61, Great Tower. 
| street, E.C., have sent us a circular describing their 
high-speed milling-machines specially designed for use by 
| die-makers. 

| Messrs. W. R. Renshaw and Co., Limited, of the 
| Phenix Engineering and Wagon Works, Stoke-on-Trent, 
| have published a new catalogue of railway rolling-stock 
perms cs for the transport of all kinds of goods and mer. 
chandise. 





A new catalogue of feed-water heaters has been sent us 
| by Messrs. Holden and Brooke, Limited, of the Sirius 
| Works, West Gorton, Manchester. 
|. Asbestos slates, which are claimed to have advantages 

in many cases over ordinary slates, are described in 
|pamphlet recently received from the Cape Asbestos 
| Company, Limited, of 8, Minories, E.C. 

| The Pulsometer Engineering Company, Limited, of 
|the Nine Elms Iron Works, Reading, have sent us a 
|vircular describing the ‘‘Criton” water-softener, as made 
by them. 

The Niles-Bement-Pond Company, of 23-25, Victoria- 
street, S.W., have sent us a copy of their new catalogue 
of electric travelling cranes. 

A pamphlet describing their two-stage air and gas. 
| compressors, arranged for belt or electric driving, has 
been sent us by the Power Plant Company, Limited, of 
New Bridge-street, E.C. 

The Consolidated Pneumatic Tool Company, of Palace 
Chambers, 9, Bridge-street, Westminster, have issued a 
—~ catalogue of their extensive variety of pneumatic 
tools. 

A circular calling attention to his Pelton water-wheels 
has been sent us by Mr. Percy Pitman, of Ledbury, Hert- 
fordshire. 

Messrs. Griffith and Biliotti, of 8, John-street, Adelphi, 
have sent us their price-list of English-made polyphase 
induction motors, having outputs ranging from 1 up to 
30 brake horse-power. 

We have received from Messrs. Thwaites Brothers, 
Limited, of Bradford, a handsomely-bound album of 

hotographs illustrating the work done at the Vulcan 

ron Works, Bradford. Amongst the views given are those 
showing a number of forced-draught fans and engines for 
torpedo-boat destroyers, in course of preparation for test- 
ing. The various types of centrifugal circulating-pump 
engines which are made by the firm are also given, ex- 
tending from the 11-in. pumps combined with air-pumps, 
which are specially designed for torpedo-boat destroyers, 
up to the larger sizes used on battleships for the pt 
Navy and the navies of foreign Governments. Other 
photographs show steam-driven fans designed for forced- 
draught purposes. These are driven by compound single- 
acting engines and by double-acting enclosed engines 
fitted with forced lubrication. The Thwaites improved 
Roots’ blowers of various types, with engines attached, 
| are also illustrated, as well as the same class of Llowers 
electrically driven. Another feature of the album is the 
photographs of the Clayton fumigator and_fire-extin- 
guisher made by this firm for the Clayton Fire. Extin- 
|guishing Company, Limited, of 24, Craven-street, Lon- 
|don. These extinguishers act on the principle of the 
| generation of pes acid gas, which is forced into 
| the hold of a ship in which a fire may have broken out 
| or is likely to break out, the gas entirely stifling com- — 
|bustion. Sulphur is burnt in a suitable vessel, and is 

| forced into the hold of the ship by means of a blower, 
| This apparatus has on more than one occasion done good 
service, and has saved vessels from what undoubtedly 
| would have been total destruction at sea. It can, of 
| course, be used for land purposes in cases where buildings 
| can be closed, and the gas admitted. 

| A new catalogue giving full details of Green’s stop-valve 
|for high pressures has just been published by Messrs. 
Holden and Brooke, of the Sirius Works, West Gorton, 
| Manchester. 

A new price-list of transformers has been sent us by the 
Sinciatiel Cuan, Limited, of 121-125, Charing Cross- 
| road, W.C. 
| The Edison and Swan United Electric Light Company, 

Limited, have issued two new catalogues of electric light 
| fittings, one being devoted to “‘ artistic” fittings and the 
| other to special fittings for ships, factories, and mines. 

A comprehensive catalogue of wood-working machinery 
|has been sent us by Messrs. W. B. Haigh and Co., 
Limited, of the Globe Ironworks, Plane-street, Oldham. 
A new catalogue of motors, generators, air-compressors, 
| coal-cutters, ona other mining machinery, has just been 
published by the Electrical Mining Company, Limited, 
| of 9, Irongate, Derby. ! 
A number of fine collotype prints, illustrating hand and 
electric overhead cranes, have been sent us by Messrs. 
|and A. Musker, Lin:ited, of Liverpool. hae > 
| A pamphlet describing their improved Cincinnati air- 
|compressor has been published by the Laidlaw-Dunn- 
Gordon Company, of Cincinnati, Ohio. | 

A new catalogue of electric traction equipment has been 
sent us by Messrs. J. Tyler and Sons, Limited, of Belle 
Isle, King’s Cross, London; and another catalogue just 
issued by the same firm is devoted to petrol engines, as 
arranged for driving small pumping plants, electrical 
machinery, or launches. 











Tue Suez CanaL.—The transit revenue of the Suez 
Canal Company in the first two months of this year 
amounted to 726,833/. The corresponding revenue in the 
corresponding period of 1903 was 647,845/., and in the 
corresponding period of 1902, 684,231/. The increase * 
still continuing: 
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THE SPEED OF ELECTRIC MOTORS. 


The Rated Speed of Electric Motors as Affecting the Type 
ceils “ to be Employed.* 
By H. M. Hosart, Member. 

Hic speed is an unfavourable condition for the 
continuous-current motor, but, up_ to certain limits, 
conduces to improved results for induction motors. Of 
course, the required speed can rarely be the determining 
factor in the choice between these two classes of motors ; 
but it is well that the extent of the influence of the 
speed should be realised. ; ; 

Now it is most difficult to make consistent assumptions 
as the basis for a number of comparative designs, but I 
have taken for a set of continuous-current designs, for a 
150-horse-power shunt motor, five speeds ranging from 
68 revolutions per minute to 1224 revolutions per minute, 
and, without figuring out the details with any elaboration, 
have, nevertheless, endeavoured to proceed on fairly 
reasonable lines. I have followed this same policy with 
two groups of induction motors, the first group being for 
9}.cycle motors ranging from 36 poles and 68 revolutions 
per minute to 4 poles and 612 revolutions per minute, and 
the second group being for 63-cycle motors and oe 
from 12 poles and 612 revolutions per minute to 6 poles an 
1224 revolutions per minute. Although I should have 
preferred to concentrate attention upon the influence of the 
speed, and not to enter upon the question of the influ- 
ence of the periodicity, the extreme range of speeds which 
I wished to cover made this impracticable. Thirty-six 
yoles is already abnormal enough for a 150 horse-power 
induction motor, and yet this leads to a group of three 
motors, the last of which, at 630 revolutions per minute, 
has but four poles, thus requiring stepping up to a higher 
periodicity for a higher speed design. 

The general design of these eleven motors and some of 
their leading constants are set forth in Figs. 1 to 11, 
age 409, and Figs. 12 to 22, pages 410 and 411. In 
‘ig. 23 are shown curves roughly indicative of the 
relative factory costs of these eleven designs for the 
three groups. ‘These costs have been derived from the 
sroduct of diameter D, of rotor in centimetres and length 
E. over armature winding in centimetres—i.e., from D x 
L for the continuous-current machines. The windings 
of induction motors being less definite as to over-all 
length, L has been taken equal to the gross core length 
\, plus seven-tenths of the mig pitch r—i.e., L = dy + 
0.7 7 for the induction motors. x L has been found to 
be fairly proportional to the total factory cost for con- 
tinuous-current dynamo-electric machines, for a given 
voltage and for so-called ‘barrel”-wound armatures. 
The same expression has also been found fairly propor- 
tional to the total factory cost for induction motors. 

The total factory cost may thus be set equal to 
Ke x D x L for continuous-current motors, and to 
xk x. D 


K ;, which we may denote by R (R= = , has been 


e 

found to vary greatly with different manufacturers. 
From a study of the data kindly supplied to me for the 
purpose by four manufacturers, it is believed that 1.5 is 
a fair value to take for R for the purposes for which it is 
required in this paper. Thus, for motors having equal 
rotor dimensions, the continuous-current motor will be 
taken as costing 50 per cent. more than the induction 
motor. This, however, would not be the ratio of cost for 
the same output, because different diameters and lengths 
would be taken in the two cases. As a rough value 
for the total factory cost of continuous-current motors 
1.00 shilling per D x L may be taken (although this 
varies considerably with different manufacturers), D and 
L being expressed in centimetres. Hence 0.67 shilling 
per Dx L will be the corresponding total factory cost for 
induction motors. This would rise to 0.75 shilling per 
D x L for motors with wound rotors, and would fall to 
0.60 shilling per D x L for motors with squirrel-cage 
rotors.{ At low speeds the diameter would be much 
greater in the case of induction motors. At high speeds, 
and especially at low periodicities, the reverse would be 
the case. This is shown in Fig. 25, page 412. In the 
upper part of Fig. 26 are given the full-load efficiencies 
for the continuous current and the induction motors. 
Whereas the former are lower for the higher speeds, the 
efficiencies of the induction motors rise fairly rapidly, 
starting from a very low value for the lowest speeds. 
In the lower part of Fig. 26 are given corresponding 
curves of half-load efficiencies. 

From Figs. 27 and 28 it may be seen how the power- 
factor improves with the speed, and how the no-load 
current at the same time decreases. 

Fig. 29 shows the increase in reactance voltage at full 
load for increasing rated speed. As is evident, the results 
are very unfavourable for the higher speeds, whereas they 
are decidedly favourable for the lower speeds. 

The peripheral speed of the commutator in metres per 
second is shown in Fig. 30. Where special, and as yet 
not thoroughly proven, methods of commutation are not re- 
orted to, these high commutator speeds must be employed 
for high-speed designs of continuous-current dynamos. 

It is thus evident that with increasing speed, while.all 
the properties of the induction motor improve markedly, 
the reverse is the case for the continuous-current motor, 


*“ Paper read before the Institution of Electrical Engi- 
neers on March 10, 1904. 

t This paper does not concern itself with absolute costs. 
The comparisons are purely relative. Nevertheless, it 
Serves to fix ideas to employ some unit of value, and 
the equivalent chosen has been shown to apply approxi- 
cee, ag an article published in No. 40 of the ‘“‘E.T.Z.” 
Or LJ, 





L for induction motors, where K_ and | 
Ki are constants for any one firm. The ratio of Ke to} 
7 


TABLE 1[.—150-Horsk-Power Contrnvous-CuRrENT Motors. 
(All dimensions are in centimetres.) 





Revolutions per Minute 


Specification 
Number of poles e ae 
Kilowatts input as motor .. 
Full-load voltage : 
ae amperes .. sid , 
External diameter of armature (D) 
Gross length armature laminations — (Ag) 
Polar pitch — (7) a nH “a 
Length of armature over winding L = \g + 0.7 r 
D x L. (This is proportional to the total factory cost) 
Number of ventilating ducts ae me se os 
Width of each duct .. ry ae ay a “H 
Effective length of laminations in armature core (An) 
Internal diameter of armature laminations ‘ ie 
Diameter of commutator .. 4s 
Length of commutator es dé al aa i 
Width of segment at surface (including insulation) .. 
Total number of segments .. ae ci he. a. 
es we slots 
Number of segments per slot 
Turns per segment .. vs 
Width of slot (as stamped) .. 
Depth of slot .. os ne 
Radial depth of air-gap ... 
» length of magnet core 9 
Equivalent diameter of magnet cores... ‘a =e 
Cross-section of magnet cores (square centimetres) .. 
Shape of cross-section of magnet cores .. oe Sa 
Pole face dimensions. . ce aa 7, , 
Ratio of pole arc topole pitch... = 
External diameter of magnet yoke (D)) 
Width of magnet yoke £3 - - 
Radial thickness of yoke .. 
Height of armature conductors 
Width a 94 Je ie = A ET ee 
Current density in armature conductors (in amperes per square 
centimetre) .. YF. “H) MA i v3 ‘i te 
Thickness of armature slot insulations (copper to irons) 
Space factor in armature slot v at < ~~ 
Average voltage per commutator segmen 
Amperes per square centimetre of brush contact 
Total armature interference (ampere-turns per pole) 
Types of winding ts ms $ es ae “3 
Paths through armature winding from + to — brushes 
Amperes per pole * ee a oe ve oe 
Length of arc of brush contact .. ag sf 
Frequency of commutation in cycles per second 
| Mean length of armature turn... ee oe 








| Free length per turn “a a 4s ek 

| Reactance voltage with full-load amperes ie ay 
Apparent tooth density (lines per square centimetre) 

| Width of tooth at root oe “6 He os te 

| Radial depth of laminations below slots.. 

| Density below slots (lines per square centimetre) 


Embedded length per turn.. oh re P¥ ‘i es i | 


Cycles per second for reversal of magnetisation in armature irov.. 


Total armature flux at full load rated voltage (megalines) .. 
| Factor for magnetic leakage me hs an <f re 
Flux in magnet cores (megalines). . 
Density in magnet core Sa es as a - 
Za mi yoke (lines per square centimetre) 
| Pole face density ns YY ae - 
| Field ampere turns at full load 
| Material of magnet yoke 
| Pe +9 cores 
- armature sheets ae is ni 
| Peripheral speed of armature—metres per second 


| ., «ss commutator ,, ; ” ay <a ae 
| Centrifugal force at armature surface in kilogrammes per kilowatt 
| at commutator surface es - es os 


” 
| Core loss Peds Gilsds Bat, coh Ges Geet bee wl 
Armature copper loss <a se 
Commutator C2R loss at brushes .. 
si brush friction loss .. 
Loss in shunt winding as oa a 
Friction loss at bearings and air friction 
Total constant losses... 3 oe aS 


» Variable ,, .. oe 
>, Of all losses ea ee oy wa ea Ae ae -+| 
Commercial efficiency—full load .. o = ce + oof 
” ” } ” - . oa oe - o- | 

” ” 7 ” 


x * be Ge ag me ad oF sa Sh 
Watts per square decimetre of peripheral radiating surface of] 
armature oy me -e ae. o aa a <a oe] 
Watts for commutator surface... ae ‘a ~ aa Lal 
Watts per square decimetre of external cylindrical radiating | 
surface of field a oe oe oh dg ae <a 


Weight of armature laminations .. 


” ” copper 
” commutator copper 
ms field copper 
Re pole faces . 
a magnet core 
yoke 


Total weight of effective material. . wr ae 
Cost of copper (at 2s, per kilogramme) .. a 

», laminations (at 0.6s. per kilogramme)* 

»» cast steel (at 0.48. per kilogramme) 
Cost of net effective material fs oa 

ia x ie per horse-power .. aa ae ae 
— — cost in shillings per horse-power output (from 

»x Lrule).. Ey oy se “a se we ag ae 

Percentage which cost of net effective material bears to total cost 





the best field for these respective types, and that the in- 
fluence of the speed should be taken into consideration 
when other circumstances permit. 

Although, as has already been stated, the demonstra- 


induction motors, and exceedingly unfavourable for con- 
tinuous-current motors) of increase in the rated spe 
does not, owing to the preponderating extent of this in- 





fluence, require the exereise of any great care in the pre- 


| 


| 











Losses and Efficiencies at 60 deg. Cent. 


Weights and Costs in Kilogrammes and Shillings. 


68 204 | 612 817 1224 
‘hi a | tee ia Sees E. 
8 8 | 6 | | 4 
126.7 126.0 | 127.3 1268 | 127.8 
350 | 360 | 350 350 350 
361 360 | 868 362 | 864 
146.0 146.0 | 100.0 90.0 60.0 
48.0 15.0 | 12.0 12.5 14.0 
57.5 57.5 52.5 | 47.0 47.2 
88.2 55.2 48.8 | 45.4 47.0 
12,900 8,060 4,880 | 4,080 2,820 
8 1 1 1 
1.0 1.0 1.0 1.0 1.0 
36.0 12.6 10.0 | 10.3 11.6 
100.0 100.0 56.0 | 480 23.0 
140.0 140.0 56.0 ©6©| 45,0 30.0 
12.0 12.0 24.0 | 30.0 45.0 
0.393 0.893 0.368 | 0.368 0.368 
1,120 1,120 480 | 384 256 
224 294 1200 | 96 64 
5 5 4 4 4 
1 1 1 1 1 
1.18 1.18 1.04 | 1.04 1.24 
3.0 3.0 3.0 | 3.0 8.0 
5 5 5 5 5 
25.0 25.0 25.0 | 25.0 25.0 
36.0 21.0 18.5 | 18.0 18.0 
1,020 347 270 =| «(255 255 
Circular Circular Elliptical Elliptical Elliptical 
48 x 40 15 x 40 12 x 34 | 12.6 x 30.5] 14x20.8 
.692 .692 .640 .640 .620 
225.0 212.2 165.0 154.6 124.0 
48 35 30 30 30.5 
12 5.6 5.0 4.8 4.5 
1.05 1.05 1.056 “| 1.05 1.05 
18 13 a] 14 18 
330 | 328 411 410 : 482 
125 125 125 125 125 
.386 .386 .378 .378 405 
2.5 2.5 4.38 5.46 5.46 
3.75 3.75 3.75 3.75 38.75 
| 6,320 6,300 ' 4,850 3860 5820 
Scire. single |8 circ. single 6 circ. single|6 circ. single|4 — single 
8 8 6 6 
45.1 45.0 60.5 60.3 91 
2.0 2.0 2.0 2.0 2.0 
126 378 450 482 482 
240 180 150 138 138 
72 25 20 20 23 
168 155 130 98 115 
1.3 1.76 2.44 2.4 4.12 
21,100 20,400 17,600 16,400 18,100 
79 .79 1.42 1.71 1.42 
20.0 20.0 19.0 | 180 15.5 
8,800 8,600 8,450 | 8,800 9,050 
4.55 13.6 30.6 | 40.9 40.9 
129 4.35 R47 «| 3.26 3.26 
1.2 1.2 La: | 1.2 1.2 
15.5 5.22 4.16 3.91 3.91 
15,200 15,200 15,400 15,300 15,300 
13,400 13,400 14,000 13,700 14,200 
6,700 7,250 8,500 8,580 7,800 
6,000 6,000 6,000 6,000 | — 6,000 
Cast steel Cast steel Cast steel | Cast steel | Cast steel 
” ” ” ” ” 
Steel | Steel | Steel Steel | Steel 
5.2 15.6 32 32.5 38.5 
5.0 15.1 | 18.0 19.3 19.3 
3.8 | 34 | 208 335 500 
3.62 | 32.6 | 116 167.5 | 250 
3150 | 3,200 - 4,200 | 8,800 2,300 
8,000 6,000 | 3,580 2,660 | 3,150 
580 580 | 580 580 | 580 
320 | 930- | 1,120 1,160 1,160 
1,600 | 1,070 | 830 20 620 
1,000 | 2200 5,000 5,800 8,000 
6,040 7,300 | 11,090 11,550 12,060 
8,580 6,580 | 4,160 3,240 3,730 
14,650 13,990 | 15,310 14,820 16,810 
88.4 89 | 88 88 3 87.6 
88.3 | 88.2 86.2 86.3 85.5 
87 | 83 $2.1 81.9 81.0 
80.5 78.1 71 70.2 69.4 
27.5 36.2 49.5 48.5 61 
17 28,6 40 41 41 
6 605 | 6.2 6.26 7.05 
2,275 | 800 | 415 340 | 195 
328 246 4 | 69 59 
235 235 190 190 190 
406 245 175 169 100 
243 77 40 36 26 
1,760 555 323 306 204 
3,050 | 1,040 600 530 410 
8,297 3,198 1,837 1,660 1,184 
1,940 1,450 920 840 7 
1,500 525 250 225 139 
1,920 635 365 330 245 
5,360 2,610 1,535 1,395 1,075 
35.7 17.4 10.2 9.3 7.2 
86 53.7 32.3 27.2 19.3 
41.5 32.5 31 34.5 38.4 


* This price is for completed discs, and includes labour and waste material. 





and one would be inclined to believe that this points out paration of the designs compared, it is, nevertheless, 


of interest to set these forth in some detail. A more 
careful study of each of the individual designs might 
easily lead to a considerable percentage improvement in 
the results for a given cost, or in the cost of the results 


tion of the influence upon the results (very favourable for obtained. 


Where continuous-current and induction motors come 
up for comparison, it is natural that one should seek for 
some common ground as a basis for the designs. It has 
seemed to me fat the most significant common attribute 
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TABLE II.—150-Horsr-Power Inpuction Morors. 


(All dimensions are in centimetres.) 





Rated horse-power .. 


Number of poles eis i a ns it 
Synchronous speed in revolutions per minute. . 
Voltage .. as < as + me ; 
External diameter of stator punchings .. 
Internal ” o 9° - 
External pei rotor = (D) 


Radial depth of air gap (4).. . 
Internal diameter of rotor punchin, a os “s 
Circumference at air-gap_ .. s , os ; oe 
Polar pitch at air-gap + - oS H 
Gross length between flanges (\ 1 ) es < ut 
Number of ventilating ducts = a - - oat on 
Width of each ventilating duct = | 
Net length laminations between flanges \ 
An 


$ 
Type of slots employed 
C in Behrend’s formula 
~A 
o=C — _ se oe eo > oe si oan 
T | 
Maximum power factor 
Watts output at fullload .. 
Full load efficiency (per cent.) 
Watts input atfullload_.. 
Volt-amperes input at full load ‘ 
” ” + per phase 
Connection of stator windings .. 
Volts between terminals 
Volts per phase * ss . 
Full load amperes per stator winding .. a os - 
Energy component of full load amperes per stator winding 
Full load line amperes os oe i. - ce 
Dimensions of bare conductor in stator. . 
a insulated conductor in stator .. 
Solid or stranded oe = St ip oe ot va : 
Cross section of one stator conductor .. os a — -| 
Current density at full load = ke . 
Depth of stator slot .. 
Width » 2». o8 ons 
Number of conductors per slot .. os 
Arrangement of conductors in stator slot 
Number of stator slots = nt = 
Total number of stator turns 
Number of stator turns per phase 
me “ a »» pole per phase 

Approximate internal voltage per phase (E) . 
Megalines flux per pole - M - (E = 4.2 TNM x 
Width of stator slot-opening - 3 
Stator tooth pitch .. os ie re 
Per cent. exposed iron at stator surface 

a ot rotor surface .. 
Mean for stator and rotor .. - re 
Exposed cross-section of iron at air-gap.. 
Spreading coefficient. . We es 
Corrected air-gap cross-section 
Gap density—average 
Maximum gap density 
Ampere turns for gap 
Total ampere turns .. ” - 
Ampere turns per pole per phase .. 
Maximum current at no load 
R.M.S. current at no load .. oa —_ Ee 

i in percentage of full load current 
Total radial depth of stator punchings .. : 

= above slot . aie ie , 
Magnetic cross-section of stator core (i.e., above slot) 
Stator core density .. * cs “a : on 
Width of tooth at narrowest point a oh 
Cross-section per pole at narrowest point , as 
Maximum density at any stator tooth at narrowest point .. 


10—8) 


DC 
for stator .. 
100 


Watts stator core loss per kilogramme .. 
Net weight stator punchings—kilogrammes 
»» rotor ” ” 
Core loss in stator iron 
ae rotor ,, 
Total core loss . . s & a 
Embedded length of one stator turn 
Free ” ” ” 
Mean ” ’” 93 - * i 
Total length of each stator winding (/.e., winding one-phase) 
Resistance per phase at 60 deg. Cent. -ohms.. i ee 
Total stator C?R loss. . on : : 
» rotor a - 
», core loss (stator and rotor) 
Allowance for friction loss > 
Total of losses .. 
Output in watts 
Input * os os 6 ae 
Full load efficiency (in per cent.) .. - 
Weight of stator copper (kilogrammes) . . 
” rotor ” ” 
Total weight of copper conductors 
“ laminations - 
Cost of copper at 2.0s. per kilogramme .. 
laminations at 0.6s. per kilogramme 
», het effective material (in shillings) ; = ba 
Cost per horse-power for net effective material (in shillings) 
Diameter of rotor (D) < ‘ bP a a as 
L=\y +077 .. <a oe = ba 
Total factory cost of motor(D L) .. = = 
Cost of effective material in per cent. of total cost 


” 





for this purpose is the ratio >, in which \ equals the | 


= 
length of laminations between end flanges (\y = gross | 
core length and \»n = net core length) end 7 = polar pitch | 


at the air-gap—i.e., the circumference at the air-gap | end’s formula for the leakage factor ¢, which is— 


divided by the number of poles. Asalready described, the 
cost of theinduction motors has been taken proportional to | 
D x (Ay + 0.77), and the cost of the continuous-current | 
motors to D 
tions. In general, for continuous-current motors L is | 


0.075 


0.870 
112,000 
86 


130,000 
149,000 
49,700 


34.0 
12.9 
9.9 
2x 142 
4,750 
7.1 
128 
17,900 


1.00 


1.5 
1,400 
1,000 
2,100 
420 
2,520 
30 


130,320 
86.0 

415 

285 

700 

2,400 


dis again useful in obtaining the value of C in Behr- 
a 


48.0 
3 
10 
400 


1.42 


3 Closed 
10.2 


0.0645 


0.886 
112,000 
89 


125,800 
141,500 
49,700 


A 
350 
350 
135 
120 
234 
-45 1.05 
-50X1.1 
Stranded 


21 CYCLES PER SECOND. 


150 


4 
630 
350 
84.1 
51.1 
50,7 

0.18 
30.0 
160.0 
40.0 
48.0 
3 
10 
400 
1.00 


4 Closed 
10.5 


0.0465 


0.915 
112,000 
90.5 
123,800 
| 135,500 
49,700 





This price is for completed discs, and includes labour and waste material. 


% closed 
13 


0.098 
0.840 


112,000 
90.5 | 
124,000 | 


147,500 
49,170 





3 


1.07 
# closed 
11.9 


0.090 | 


0.848 | 
112,000 
91.3 
122,800 
| 144,800 
| 48,270 
| A 
350 
350 


239 





4 X1,12 |.4 
.45X1.17 .45 x 1.17 
Stranded | Stranded 


63 CYCLES PER SECOND. 


1,52 
§ closed 
11,2 
0.085 
0.855 
112,000 
91.8 
122,000 
142,500 
47,500 


A 
350 


0.445 
306 


2 
75 


Oe oo 


3x2 

54 

162 

54 

9 

340 
2.38 

0.8 





o¢=Ce, 
z 


drical surface, it is more instructive to use the expression 
D x Las the basis for cost estimates and comparisons. 


L, where L = length over end connec- | 4 being the radial depth of the air-gap. 


obtainable from Behrend’s formula, and far more con. 
| veniently arrived at than by means of the more complex 
| formule sometimes employed for the estimation of c. 
| In the case of the induction motors the radial depth of 
| the air-gap has been taken at 0.18 centimetre for al] 
cases. This is not in accordance with practice. A lesser 
| gap with the corresponding electro-magnetic ad vantages 
would be employed by most designers for the higher 
| speed designs. But to avoid entering into the discussion 
| of the most suitable respective values, I have adhered 
| throughout to the value of 0.18 centimetres, and the 
| induction motors come out so atly superior to the 
| continuous-current motors at high speeds that they are 
| well able to stand this handicap. 3 
| For a moderate range of speeds for the same output 
say, a range of 1 to 4, I should have taken the same 
number of poles and the same diameter for all my con- 
tinuous-current designs, as I find this to be a practicable 
and correct designing principle for this class of machinery, 
Here, however, with a speed — of 1 to 18, the lower 
speed designs are given more poles and larger diameter, 
and vice versé for the higher speed designs. The range 
of diameters is, however, far less than is customary with 
most designers, and this is a point of interest, since, 
although I do not claim to have devoted to each design 
more than enough attention to insure a sound demon- 
stration of the main proposition, it nevertheless appears 
that, in this respect, the designs are about right for the 
required conditions. 

urther details of these eleven designs are given in 
Tables I. and II. (pages 407 and 408), 

It is interesting to derive the costs by another and in- 
dependent method, which consists in determining the 
cost of the effective material on the one hand and of the 
non-effective material independently on the other. The 
latter component can be derived if a sufficient number of 
machines of the same diameter, but of variable length, 
are plotted, with the cost of the non-effective material as 
ordinates, and the effective length / as abscisse. By 
these means a curve can be obtained which, if produced, 
intersects the axis of ordinates at a point giving the 
cost of non-effective material for zero effective length of 
armature. 

This has been investigated by the author, as described 
in ‘“‘E. T. Z.,” No. 40, 1903, and it has been found that 
the cost of the non-effective material for zero net length 


of armature core equals approximately + shillings, if 


D, denotes the external diameter of the yoke in centi- 
metres. Such a curve also shows the increase in the cost 
of the non-effective material in dependency upon the net 
length of the armature core, and taking into account the 
influence of the diameter, one could roughly set this 
increase as equal to 0.18 D; An. 

The estimation of the costs by this method is carried 
out in Table III. for the continuous-current motors. 


TABLE III.— Estimation of Total Works Cost of 150 Horse- 
Power Continuous-Current Motors. 


Diameter over all (Dj) .. oe 225) 212 165 154.6) 124 

Cost of non-effective material 
for zero length of armature 
core : os ai 

Increase in cost of non-effec- 
tive material with increased 
length .. es - 

Cost of effective material 


5,100, 4500 2700 2400 1550 


300 285 260 


1,460' 480 
15385 | 1395 1075 


5,360, 2610 





..| 11,920) 7590 4535 4080 2885 
..| 12,900) 8060 4880 4080 2820 








Total works cost 
Do. by D x Lrule 


The same method has been applied as shown in Table IV. 
shillings being taken as the 


to the induction motors, 


cost of non-effective material-for zero net length of arma- 

ture core, and 0.12 D, A» being the increase in cost of non- 

effective material with increased length. It will be seen 

that a good agreement is obtained in all except the first 

case. 

TABLE 1V.—Estimution of Total Works Cost of 150 

Horse-Power Induction Motors. 

Diameter over all (Dj) 364 164 116 146 116 = 102 

Cost of non-effective 
material for zero 
length of armature 
core 


a 0 1420 900 700 
Increase in cost of 


8,900 1800 890 














non-effective mate- 

rial with increased 5 

length i er 660 790 560 300 350 410 
Cost of effective ma- be : 

terial .. o> ... 2,840 2320 1440 940 850 860 

Total works cost 12,400* 4910 2890 2660 2100 200!) 

Do. by D x Lrule..  6,700* 4850 2610 2200 1870 =1820 


* This is an abnormal machine in every respect, but neverthe- 
less closely follows lines of machines at present in operation. The 
DxL rule in so extreme a case gives far too low a value, and the 
value obtained by the analytical method is a trifle too high. 

The costs as obtained in Tables III. and IV. are plotted 
in the curves of Fig. 24, and it will be seen that the 
results lead to much the same conclusions as were arrived 
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The writer obtains the values for C from curves show- | 


also approximately equal to dy + 0.7 7, although in the | ing it as a function of the ratio » 
= 


ease of well-defined windings having the end connections 


lying in extensions of the armature core’s external cylin-. leads to results rather more accurate than are otherwise 


and finds that this 


} 








at by the Dx L method and plotted in Fig. 28. 
The principal conclusions arrived at in this paper are as 
follows :— = ; 

I. Induction motors are, for all capacities, consider- 
ably cheaper than continuous-current motors of 
equivalent ratings. . 

II. The general performance and the mechanical con- 
struction of induction motors improve rapidly 
with increasing rated speeds. : 

III. The general performance and the mechanical con- 
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struction of continuous-current motors improve 


rapidly with decreasing rated speeds. 


very high-speed continuous motors ought to be 
avoided whenever this is commercially practic- 
able. 
These conclusions are not new. They must, however, 
be much more widely understood if the electric trans- 
mission of power is to proceed on rational lines. 








CAST-IRON TEST-BARS. 


The Importance of Adopting Standard Sizes of Test-Bars 
for Determining the Strength of Cast Iron.* 
By ALEXANDER E. OUTERBRIDGE, Jun. 

It is a fact well known to founders that the physical 
properties of cast iron, such as strength, hardness, duc- 
tility, coarse-grainedness or ‘‘fracture,” &c., depend not 
alone upon the chemical constitution, but also upon the 
rate of cooling of the metal from the fluid to the solid state. 

It is quite possible to obtain from one ladle of molten 
pig iron castings having widely different physical pro- 
perties, covering the entire range from hard white iron 
to soft grey metal, by simply regulating the rate of cool- 
ing of the iron when poured into the castings. This may 
be accomplished in a variety of ways, as follows :— 

1, Let us assume that we have metal of approximately 
the following composition in a ladle :— 


wi Per Cent. 
Graphitic carbon re Sis mt i SOO 
Combined carbon 0.75 
Silicon ae 0.65 
Manganese 0.15 
Phosphorus 0.50 
Sulphur .. 0.10 
Tron 94.85 


* Authorised reprint from the copyrighted Proceedings 
American Society for Testing Materials, vol. ii, 


of the 
1903, 
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IV. The use of very iow-speed induction motors and 
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| Suppose that we cast this metal into a solid wedge- 
aeaath 


s bar, 6 ft. long, 6 in. square at the thick end, :taper- 
ing to tin. square section at the thin end. If we break 
the bar into short pieces, say about 6 in. in length, we 
will find almost every grade of cast iron (as shown by the 
fracture), from white iron at the thin end of the wedge, 
to dark-grey metal with coarse-grained fracture at the 
thick end. Between these two extremes we will find 
intermediate grades of cast iron. If we now cut from 
the grey portion of tke bar pieces of convenient size for 
tensile tests, we will find, on pulling them in a testing 
machine, astonishing variations in the strength of the 
metal. 

A chilled cast-iron car-wheel is a more familiar illustra- 
tion of a casting having widely different physical pro- 
perties in its different portions, depending upon the rate 
of cooling of the metal. The ‘‘ tread,” or rim, which is 
cooled quickly, is white iron, while the ‘‘ plate,” or body, 
of the wheel, which is cooled more slowly, is grey, and 
the hub, which ‘‘ sets” still more slowly, is usually quite 
soft, coarse-grained, dark grey metal. Tensile tests of 
the grey iron in the plate and of that in the hub of a wheel 
show great difference in strength. In one test the iron 
from the plate of a wheel gave a tensile strength of about 
30,000 Ib. per square inch, while the metal from the hub 
of the same wheel showed a tensile strength of less than 
20,000 Ib. per square inch. The metal from the plate was 
comparatively fine-grained, while that cut from the hub 
was coarse-grained. 

2. If we should cast a solid block of iron, say about 





1224 RPM. 
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ed 


15 in. by 15 in. by 15 in., and should plane off the sur- 
faces, then cut up the block into a large number of bars, 
say 1 in. by 1 in. by 14 in., for transverse and tensile 
tests, we should find an enormous difference in the strength 
of the metal from different portions of the casting, the 
bars from the centre of the block would be much weaker 
than those from the outer portion, while the fracture 
would show very much coarser grain and darker colour 
in the bars cut from the interior of the block as compared 
with those from the outer portion. 

3. If we should cast several test-bars from one ladle of 
iron, all of the same length, say 15in., but varying in 
thickness, ranging, let us say, from 1} in. to 2} in. in 
diameter, we would find, if we should pull the bars on a 
testing-machine, astonishing differences in tensile strength, 
the larger bars having, as a rule, much less strength per 
square inch than the bars of smaller diameter. ~ 

4. If we should cast several test-bars all of the same 
size from one ladle of iron, and cool some of them rapidly, 
others slowly, we would find remarkable differences in 
— and resilience of the bars, those which had been 
cooled quickly would, as a rule, be much stronger than 
those which were cooled slowly. I am assuming in all 
cases, except the first, that the metal would be entirely 
grey in the castings—i.c., free from any tendency to 
mottled iron. 

In the first case cited, I selected a ‘“‘high-chilling” 
mixture (low in silicon), corresponding to car-wheel iron, 
in order to present the greatest contrast in the physical 
properties of the metal in different parts of the wedge- 
shaped bar, ranging from white iron at the thin end to 
dark grey, coarse-grained metal at the thick end, as well 
as in different portions of a chilled cast-iron car wheel. 
-It is not necessary, however, that we should select special 
metal for such tests ; the law holds good for all grades and 
kinds of iron commonly employed for castings. 

The second experiment referred to—viz., the casting 
of asolid block of iron about 15 in. by 15in. by 14 in., 
is not a hypothetical case, but was an actual experiment 
which I made in 1888, a brief description of which may 
be found in the Proceedings of the Fifth Annual Meet- 
ing of the American Society for Testing Materials, 
vol. ii., page 214. This block was cast from an ordinary 
foundry mixture, such as is commonly used for miscel- 
laneous castings. The block was planed and sawed into 
eight slabs of lin. thickness each, the slabs were then 
cut into bars 1 in. by Lin. by 14 in., making in all 64 
test-bars ; they were numbered serially and then broken 
on a transverse-testing-machine, with supports 12 in. 
apart. The highest records of strength were found in 
the outside rows, in accordance with expectation, the 
average breaking stress of the bars forming the bottom 
row, for example, was 2800 lb., the fracture being close- 
grained. The bars cut from the centre of the block were 
much weaker and the fracture showed very coarse grain. 
The average breaking stress of the bars from the centre 
of the block was 1750 lb. 

For the third case (also an actual experiment) a fairly 
strong mixture was employed. Four round test-bars, 
15 in. long, were cast from one ladle of iron, two of the 
bars were 1} in. in diameter, and two were 18 in. in 
diameter, in the rough castings. The 18-in. bars were 
turned for a length of 10 in. between shoulders, to a 
diameter of 1.129 in., giving an area of 1 square inch. 
The 14-in. bars were turned for a length of 10 in. between 
shoulders to a diameter of 0.899 in., giving an area of 
0.635 square inch, the ends being threaded for the grips 
of the testing machine. The table on the next e, 
selected from a number of similar tests, will show the 
great difference in strength per square inch between 
test-bars 1} in. and 12 in. in diameter, cast from the same 
ladle of iron. 

Other similar tests were made corroborating the fore- 
going, and all tending to show the importance of adopt- 
ing standard sizes of test- for determining the 
strength of cast iron when poured into castings of dif- 
ferent dimensions. 

Records of tests of cast iron are useless, for the reasons 
here given, unless the rough dimensions and finished 
sizes of the bars are stated. Recently, for example, an 
excellent paper on ‘‘ Melting Steel with Cust Iron,” was 








read before the New England Foundrymen’s Associa. 
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tion, and printed in extenso in many technical periodicals. Fig.15. CONTINUOUS-CURRENT MOTORS. 
Records were given of eighteen separate melts of cast | 8/7 R.P.M. FPig.. 1224R.P MM. 


iron and steel scrap, with complete chemical analyses of | 

each melt, together with six tensile and transverse tests 

from each melt, making 108 breaking tests in all,’ but 150 #P 

nowhere could I find any statement showing the dimen- RPM. 

sions of the test-bars, either rough or finished, so that it of Teles - 

was impossible to make any use of these records for pur- 
ses of comparison. This is by no means an exceptional 
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The rate of cooling of cast iron from the fluid to the 3 3 
solid state is such an important factor in determining the | ie . 
physical properties of the metal, that it is just as impor- | 6 ; 
tant to know the dimensions of the test-bars as it is to 
know the chemical composition. It is equally desirable, | ° pees <3 20. «40 G0. 00 20 40 60 wo ° 
for the same reason, that standard sizes of test-bars , HP Output. FP Output i 
should be adopted which would be suitable for different ; . 
grades of iron | LAUNCHES AND TRIAL TRIPS by Messrs. Ropner and Son, of Stockton-on-Tees, made 
- é ; i * her official trial trip in the Tees Bay. The steamer has 


At the present time the whole matter of testing cast| Tur new twin-s 1 Cadmus, built at Sheerness : : yess 
iron is in such a chaotic state that few of the published Sinienel ita pote ae ip Alaeue. wi 8. White aie oe a to the order ~~ Constantine and Pickering 
tests are susceptible of comparison, one with another, or | T,imi RERRE CRY 2 Steamship Company, of Middlesbrough, and is 336 ft. 

Pp! : pa ) ON ther, Limited, of Cowes, was taken into the steam basin at jp Jength, with a deadweight carrying capacity of 5200 
even of affording reliable information regarding the | Sheerness Dockyard on Thursday, the 18th ult., upon the sige hee ) pret Aaa 
Scamnchne Ot th tal. Itis with the | f\Grawine | : y' “hrs y> -, Upon tons on Lloyd’s summer freeboard. The engines are by 
character of the metal. is Wl © hope of drawing | completion of the official programme of steam trials. | Wegers, Blair and Co., Limited, of Stockton, on the 
attention to this important subject that these brief notes |These were of a highly satisfactory character, being | triple. : eatin sof allie veer send reine 

l ted. show: few actual tests that hav : : ; ; : triple-expansion principle, of about 1100 indicated horse 
are here presented, showing a few actual tests that have carried through without the slightest hitch, the engines | now ith tal : Kt. 8 tn he 
bee f t to t d th t fift | - oe 4 power, with two stee ilers, measuring 15 ft. 3 in. by 

nm made from time to time during the pas een | working smoothly, and the Niclausse boilers, supplied by ft. 3i d designed f : f 160 1b. 
years. ’ : : 10 ft. 3 in., and designed for a working pressure of 160 1b. 
on | Messrs. Humphrys, Tennant, and Co., steaming satisfac- | per square inch. After adjustment of compasses there 
: sa nm.:_ | orily. The Cadmus had very rough weather on her first | was a very satisfactory trial trip, during which the vessel 
_ Tuk Coa AnD Meta Muvers’ Pocket-Book.—This | 30 hours’ trial. With a mean pressure of 166 Ib. of steam | attained a speed of 10 knots. 
- a well = ee a of — wn pa 8, ‘in the boilers, and the engines working at 114 revolutions | pa 
the scope of which is sufficiently indicat vy the title. r minute, a mean of 327 horse-power was indicated.| There was 1 hed : f the 
A large part of the contents of any such book intended to | The speed, which had been retarded by the stormy Ayr cody} the “Ais Shipbaiiding Company: Limited, 
be at all comprehensive must necessarily deal with matter | weather, was 6 knots, and the coal consumption 2.16 lb. 4 “steamer for coasting service, built to the order of a 
which concerns all branches of engineering, though in per indicated horse - power per hour. The second | wel]-known Liverpool firm. The new steamer, which has 
the present volume the needs of mining engineers are | 30 hours’ steam trial was brought to a close in the North | heen named William Fowlard, will go to Glasgow in 
kept in view throughout. Surveying, mapping, and pros- | Sea on Friday afternoon, February 12. The weather was | the course of a few days to fanbivb cn ek ot compound 
pecting are clearly and concisely dealt with. The rough in the later stages of the trial, but the Cadmus | syrface.condensing engines of large power, constructed 
methods of shaft-sinking are described, and under- | fortunately came into the harbour before the wind rose | hy Messrs. Rossand Duncan, of Govan. 
zround timbering and propping is fully illustrated. | tothe proportions of a gale. The mean results of the trial | me 

here follow sections dealing with “‘room and pillar” | were as follows:—Steam in boilers, 195 lb. ; vacuum,! Messrs, William Simons and Co., Limited, Renfrew, 
and ‘‘longwall” methods of coal-working, and the | 27.5 in. ; revolutions, 175.5; horse-power, 1061 ; coal con- | Jaunched from their yard on Tuesday the Bth inst.; com- 
various modifications of these methods as practised | sumption, 1.83 lb. per indicated horse-power ; speed, plete with steam up ready for work a single-screw hopper 
in different districts and under special circumstances | 11 knots. The full-power trial took place on Monday, the | qredger, constructed to the order of the Trustees of the 
are illustrated by diagrams. Blasting, ventilation, | 14thult , in fine weather. Mean results:—Steam in boilers, Workington Harbour, per Mr. James Gibson Dees, their rs: 
machine mining, and lamps are then treated. The | 217 Ib. ; vacuum, 26.6 in. ; revolutions, 194; horse-power, ‘agent. ‘The construction of the dredger has been carried be: 
section on machine mining might be enlarged with | 1424; coal consumption per indicated horse-power per | oyt under the direction of Mr. Robert Anderson, engi- 
advantage. Only about a page is devoted to this subject; | hour, 1.98 lb. ; speed, 13.4 knots. The contract with peer. Renfrew. As the vessel left the ways she was 
and we do not find either an adequate description or any | Messrs. J. S. White and Co., Limited, was for 1400 horse- pamed the Dragon. 
illustrations of either rock-drills or coal-cutters. Five- | — so that the mean results showed an excess of 24 
figure trigonometric and logarithmic tables are included | horse-power beyond requirements. The Cadmus was 
in the book, as well as tables of latitude and departure, | taken to sea again for gun-mounting, anchor, and circles _ New Haksouk at Gornensurc. —The Gothenburg 
squares, cubes, circumferences, &c. At the end is a | turning trials, all of which were carried through success- Harbour authorities have issued an_ invitation to send 
glossary of about 2500 technical and local mining terms, | fully. The machinery has since been opened out, and in plans for a new harbour; three prizes, of respectively 
gathered from the vocabularies of every principal mining | on March 4 and 5 was subjected to a final 24 hours’ trial , 6000 kr., 4000 kr., and 2500 kr., are offered, and the time 
centre in the world. The whole scheme of the book is | at half-power (preparatory to the machinery being taken is October 15, 1904. A special committee, which has been 
thoroughly practical, and the number of common-sense | over from the contractors), and this trial proved entirely investigating the question of establishing a free harbour 
hints given in connection with various matters show the | satisfactory. The Cadmus is expected to be ready to, at Gothenburg on the basis of an offer from a syndicate 
compilers are in touch with their subject. The British | hoist the pennant on April 1. formed for that purpose, has reported in favour of a free 
= are Messrs. B. F. Stevens and Brown, of 4, : eed harbour for Gothenburg, but against the proposal in 
rafalgar-square, and the price is 12s. net. On Saturday, the 5th inst., the s.s. Brookwood, built | question. 
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THE LAW OF MASTER AND SERVANT. 

Neagle v. Nixon’s Navigation Company, Limited, and 
Edwards v. (uest, Keen, and Nettlefolds, and Hiatt v. 
Same. — These three cases, which were heard in the 
Court of Appeal on January 13, raised a question of con- 
siderable importance as to the duty of a workman to 
submit himself to medical examination when he is in 
receipt of instalments. 

In the first case the workman appealed from a decision 
of the learned Judge of the Merthyr Tydfil County Court, 
who decided in favour of the employers. In the second 
and third cases the employers appealed from a decision of 
the learned County Court Judge at Pontypridd, who up- 
held the workman’s contention. The short point was 
whether a workman in receipt of weekly payments under 
the Act, who had already submitted himself for examina- 
tion to a doctor acting on behalf of the employer, but 
refused to submit himself for examination by the official 
medical referee, did away with his right to the weekly 

yments until such examination by the medical referee 
ad taken place. The question turned on the construc- 
tion of Clause 11 of the first schedule to the Act, which 
provides that a workman in receipt of weekly payments 
shall, if so required by his employers, from time to time 
submit himself for examination by a duly qualified 
medical practitioner, provided and paid for by the em- 
pore, with a right to the workman, if he so desires, to 

instead examined by one of the medical practitionerr 
appointed under the Act, whose certificate shall be con- 
clusive evidence of the man’s condition; and ‘‘if the 
workman refuses to submit himself to such examination, 
or i any way obstructs the same, his right to such weekly 
payments shall be suspended until such examination has 
taken place.” 

The facts were substantially the same in all three cases, 
and were that the employers, having reason to believe 
that the man had recovered, requested him to submit him- 
self for medical examination by their doctor. This he 
did, and the report. was that the workman in each case 
had practically recovered. The weekly payments were 
accordingly stopped. The workman then applied to the 
County Court Judge, and the employers moved to_sus- 
= all payments until the workman had submitted 

imself for the examination uf the medival referee. In 





(For Description, see Page 407.) 


Fig./8. iNDUCTION MOTORS. 
21 CYCLES PER SECOND. 


4 Power factor. 
a 


ZTRGERPGERISS 


Percentage 

@o sd 
Nilo- Watts Internal Loss 
Amps. per Winding +10 










40 60 40 160 180 


” Output 


Fig.21. inDUCTION MOTORS. 
63 CYCLES PER SECOND. 


No 


RG 


Efficiency & Power Factor. 


®2o $ 
Nito-Watts Internal Loss. 


N 


Amps. per wiriding* 10 


o> Nw ADH OD 


Oubput. 


the case of Neagle, the judge held that the man must 
submit himself for examination by a medical referee, and 
suspended payments. In the other two cases the judge 
heli the opposite view. Hence the three appeals. 

Mr. 8S. T. Evans, K.C., Mr. Rhys Williams, and Mr. 
J. Sankey appeared for Neagle ; Mr. Haldane, K.C., Mr. 
Ruegg, a and Mr. Parsons for the employers in all 
three cases; while Mr. Asquith, K.C., argued the case 
for the workmen in the second and third appeals. 

The Master of the Rolls, in giving judgment, said the 
point lay in a very small compass, having regard to the 
terms of Clause 11 of the first schedule. It seemed to 
him clear that it was a condition precedent to the right 
of the workman to ask for compensation to be assessed 
(the employer having stopped the weekly payments), that 
he should submit himself not only to the examination 
which he had already undergone at the hands of the em- 
ployers’ doctor, but also to the examination of the official 
medical referee appointed under the Act. It had been 
argued for the employers that the words ‘‘ such examina- 
tion,” used in the last sentence of Clause 11, referred to 
the examination by the official referee ; and therefore if 
a workman who had already submitted to examination by 
his employers’ doctor declined to undergo examination by 
the official referee, the employers were justified in stop- 

ing payments. He was unable to agree with that view. 

e shnaghet a workman’s right to the weekly payments 
ceased only on his refusing to submit to examination by 
the employers’ doctor, which was, in his opinion, the only 
examination a master had a right to insist on under the 
statute. The examination by the official referee was at 
the option of the workman, who, if he exercised that 
option, did so at his own risk, for the report of the official 
referee was final. Therefore, the appeal in Neagle’s case 
must be allowed, and the other two appeals dismissed, 
with costs. 

The Lords Justices concurred, and judgment was given 
accordingly. : 

Rochester and Another v. Whiting.—In this case, which 
was reported in the Times of January 18, an important 
question was raised as to the definition of an ‘‘engineering 
work” within the meaning of the Workmen’s Compensa- 
tion Act, 1897. The applicants were Richard Bonney 
Rochester, bricklayer, and John Juniper, bricklayer’s 
labourer, for whom Mr. Percy Maylam appeared, and the 
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respondent was Robert Mark Whiting, builder, Faver- 
sham, for whom Mr. F. J. Berryman appeared. In 
October last the applicants (in the employ of Mr. Whiting) 
were engaged at the Faversham Waterworks in cleaning 
out a pipe, the purpose of which was to carry off refuse 
matter when the reservoir was cleaned out. This pipe 
was 16 ft. beneath the surface, and while the two men 
were at work upon it, a quantity of earth fell in, crippling 
them. The point was whether the pipe in question was a 
“sewer,” and thus came within the Act as an engi- 
neering work. Mr. Maylam submitted that it was a 
sewer, und quoted a number of definitions of the 
term. He contended that in its broadest sense the 
term included all drains. Mr. Berryman submitted 
that the pipe was not a sewer in any shape or form. 
He also disputed that it was even a drain, contend- 
ing that the latter was understood to be a channel, 
which carried fluid matter right away, whereas the pi 
in question was only 50 ft. in length, and only carried the 
water—not sewage—into a dry well. He submitted that 
under this Act the interpretation of Mr. Minton-Senhouse 
as to the meaning of a sewer was the correct one—-namely, 
asewer of a public or a quasi-public character. His Honour 
said he was inclined to think that the pipe referred to 
could not properly be described as a sewer, as it did not 
fulfil any of the purposes of a sewer in the sense of carry- 
ing sewage. Clearly, and in point of fact, it was only an 
underground passage for carrying off dirty water from 
the reservoir into a well. Thence the water percolated 
into the ground and was lost—not collected for any pur- 
pose or carried away. It was solely used for private 
purposes. The best definition, in his judgment, of the 
word ‘‘sewer” was that given in Sutton v. the Mayor of 
Norwich. Guided by the definition in that case, he held 
that this pipe was not a sewer, and his award would be 
in favour of the respondent. Owing to the serious nature 
of the accident in this case, however, it would be satis- 
factory to him if the question raised by Mr. Minton- 
Senhouse were decided at the Court of Appeal, 








Cutan TELEGRAPHY.—The Chilian Navy Department 
has ordered the Chilian gunboat Meteoro to commence 
laying a submarine telegraph cable between Tierra del 
Fuego and South America. 
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Moror-Caks ON THE GREAT NORTHERN. — Following | 
the example set by other companies, the Great Northern 
Railway Company is about to experiment with a self- 
contained motor-car for the working of traffic on branch 
lines. The car, which has been built by the Roots Motor- 
Car Company, of London, will afford accommodation for 
nine first-class and twenty-one third-class passengers, and 
it will be entered by centre doors. The engine, built by 
Messrs. Sir W. G. Armstrong, Whitworth, and Co., will 
be of 40 horse-power, and give a maximum speed of about 
33 miles per hour. The car will be introduced on the 
Luton and Dunstable branch in a few days. 


THE Wear.—The most prominent work carried out 
last year by the River Wear Commission was Roker Pier. 
To the south pier 135 ft. of the granite-faced superstruc- 
ture has been added, making the total length completed 
2300 ft., and leaving 500 ft. still to be finished. No. 1 








(For Description, see Page 407.) 
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demand which continues to maintain our export rail | 1903, and 170,059/. in February, 1902. The unfavourable 
trade ; but for colonial support, our rail exports would be aspect of affairs is attributable to the marked contraction 
almost insignificant. The exports to the four principal of the South African demand, and to astill more disastrous 
colonial groups in February compare as follow with those check in the inquiries for British locomotives in Austral- 
made in February, 1903, and February, 1902 :— asia. This is explained by the fact that, although the 
protracted drought which recently afflicted the Australian 
colonies has now happily terminated, the depression 
resulting from it has by no means cleared off, so that 
the Commonwealth Government is indisposed at present 





Colonial Group. Feb., 1904. | Feb., 1903. | Feb., 1902. 








British South Africa 7 ene a280 “— to undertake railway extensions. The value of the 
British India % x 9 897 12,513 13,754 engines exported to the three principal colonial groups 
Australasia .. 3 * 521 5,151 2,822 in February compare as follows with the corresponding 
| Canada Sex sae nil nil nil values in February, 1903, and February, 1902 :— 
Total .. 16,937 25,944 17,474 ; = cea as eo 
Bs =o ere Colonial Group. | Feb., 1904. Feb., 1903. | Feb., 1902. 
' 
The only other quarter to which exports of any import- £ =e & 
ance were made in February was the Argentine Republic, | British South Africa 15,588 78,055 | 3,260 
which took 4946 tons, as compared with 2058 tons, and British India ae 47,679 ~ -_ | — 
’ a 


gateway at the docks has cost about 40,000/., and has an 
entrance 70 ft. wide, with a depth of 30ft. of water. The 
dock extension is almost finished, and will make the total 
area of the docks 52 acres. On the further side, what is 
called the Hendon sea barrier has been formed. This will 
reclaim from the sea rather more than 7 acres of land, 
which will be available for traffic purposes. During the 
past year 1132 tons of material were dredged from the 
river and the docks. The coal shipped from the Wear 
showed a considerable increase last year ; in fact, a record 
was obtained, the total shipments for the twelve months 
amounting to 4,750,000 tons in round figures, or 250,000 
tons more than in 1902, The new year, so far as it has 
developed itself, shows an increase of trade as compared 
with the corresponding period of 1903, while the revenue 
has increased to the extent of 3000/7. It is proposed to 
rebuild one of the drops so as to provide accommodation 
for the increased size of the wagons now used in several 
collieries. Since the establishment of the Commission, 
the commissioners have expended 2,375,000/. upon dock 
and harbour works, of which 177,400, was provided from 
surplus revenue. The income acquired by the commis- 
sioners in 1903 was 148,000/., and sundry miscellaneous 
items of revenue increased the total collection for the 
year to 152,000. In the course of 1903 the commissioners 
expended 61,0007. upon works, and paid 83,000/. for 
we and sinking fund ; the surplus for the year was | 
602. 


—— 


Our Rats AsBroap.—The exports of rails from the 
United Kingdom in February showed some falling-off as 
compared with the corresponding month of 1903, although 
when the comparison is extended to February, 1902, the | 
results indicated are somewhat better. It is the colonial | 


| 1903 and 1902 respectively. 


7592 tons. The aggregate exports of rails from the | Australasia... ng 8,746 


United Kingdom in the first two months of this year qv eS Rn nes eee eee 
945 4 . y ORT ; : 

“ep aaa ragga ayy yen iprey = _Last month’s results would have been still —. 4 
the corresponding period of 1902. The colonial demand | COUT@ging than they actually were but for a go ro t 
absorbed the following quantities of rails in the periods | American demand, locomotives having been exported to 
under review :— South America in February.to the value of 40,398/., as 

. compared with 14,6297. in February, 1903, and 12,704. 
|in February, 1902. In the first two months of this year 
we exported locomotives to the aggregate value of 











Colonial Group. 1904. 1903. 1902. ‘ i 2 
288,979/., as compared with 514,545/. in the corresponding 
0 P tons tons tons period of 1903, and 317,793/. in the corresponding period 
on og Aiton jy ayo ger —-«Of:«*1902. To these totals the three principal coionial 
ritish India - > woe 24, 25,87 : ; Spe on 
> or ew ee ell ar 536 15,213 i2'953 + groups made the following contributions : 
Canada is ee = 30 552 3,908 
Total .. 45,726 52,391 annes =| Osten Group, 1904. _— 2 Ae 
oF ae me r 108 29,0028 
; : : British 8 i 60,341 100,10: 29,92 
Colonial consumption accordingly accounted for more than a 0 sae 98,399 161,846 98,005 
half our rail san this year. The deliveries to the | Australasia .. 12,875 139,257 32,610 
Argentine — lic to February 29 were 10,556 tons, as | 
compared with 7816 tons and 16,677 tons in the corre- ‘ ‘aie z ti ila lee 
sponding periods of 1902 and 1903 respectively. The The contraction of the Australasian demand is very 


neral foreign demand for British rails is, accordingly, | Couraging, and it is to be feared that it is, to some extent, 
eee lienited. The value of the rails scanned to | attributable to American competition. The v sed ~ 
February 29 this year was 412,902/., as compared with locomotives exported to South America to Fe oan: ae 
489,824/, and 489,0862. in the corresponding periods of this year, was 68,482/., as compared with 38,7221, — 
31,957/. in the corresponding periods of 1903 and 1902 re- 
spectively. The good demand for British locomotives in 
South America is, no doubt, explained by the great 

Our Locomorive Exports.—A distinctly adverse investments made by British capitalists in Argentine 
change has come over our locomotive export trade, the | railways as well as in Brazilian securities. The sro 
value of the engines shipped in February having been | of British capital invested in Argentina alone is estimate 
only 126,973/., as compared with 232,749/. in February, | at 250,000,0002. 
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Compitep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902, | 
i iven in the Specification Drawings is stated 
Micah cases where none Gre mentioned, the Spetication isnot 


illustrated. : 
where Tnventions are communicated . from abroad, the Names, 


ies of Specifications may 

’ ranch, 25, ee 
the uniform price of 6a. * 

The date of the advertisement of the of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 


Sale 
C., at 





Oi he Patent 0; of opposit gra of a 
° tt ‘ion to the mt oO, 
give n tice &@ 


Patent on any of the grow 
AGRICULTURAL APPLIANCES. 


7151. E. E. Bentall, Heybridge, near Maldon, 
Essex. Ploughs. [2 Figs.) March 27, 1903.—This invention 
relates to double-furrow ploughs, and has for object to provide for 
Jateral adjustment to regulate the width of the furrows. The 
frame of the plough is furnished with two principal beams a, b 
running the full length of the frame, ae ig si together by 
means of cross-stays ¢, d, and with an auxiliary beam e supported 








at its ends on the stays and capable of being moved laterally 
thereon. One of the plough bodies ¢ with its coulter is attached 
to one of the principal beams, whilst the other body j with coulter 


058. J. Y. J 
Gesellschaft, vormals W. L 





is attached to the beam e. The beam e, being supported adjust. 
ably at its ends, may be moved sideways upon the stays ¢, d, so as 
to adjust the distance apart of the plough bodies and coulters to 
produce furrows of the width desired. (Accepted January 27, | 
1904.) 

24,076. G. C. Kirby, Lincoln. Rice - Threshing | 
Machines. [1 Fig.) November 6, 1903.—In order to separate | 
rice and like brittle grain with as little breakage as possible, two | 
threshing drums are employed, the one over the other, and the | 
axis of the lower drum in advance of the axis of the upper drum. 
The upper drum A is set further from its concave E than is the | 
lower drum Al. By this means the grain is only partially 
threshed in the first drum, the complete separation being effected 
in the second drum. The grain, chaff, and cavings from the 
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second drum escape into the part U, and from thence on to the 
riddle W. The cavings escape at X, but the grain is caught by 
the sloping part Y and led on to the riddle Z, where, meeting 
a blast from the fan H, the chaff is carried away. The grain 
passes then through the dressing riddles K}, L!, and is delivered 
by the spout M2 to an elevator N2, which conveys it to an awner 
Ol. The grain leaves the awner by the spout Q!, and is delivered 
to second dressing riddles R1, R2, and from these latter to the 
bagging hopper U!. (Accepted January 27, 1904.) 


ELECTRICAL APPARATUS. 


6316. A. Herz, Vienna. Alternate-Current Gene- 
rators. [2 Figs.] March 18, 1903.—This invention consists in 
the employment of a permanent multipolar magnet as rotor, and 
a stationary part, with inwardly-projecting pieces carrying the 











(6316) 
windings, ag armature. The stationary part a has the inwardly- 
projecting pieces b carrying the armature windings c. d are the 
poles on the rotor. The invention is particularly applicable for 
1904.) connection with explosion motors. (Accepted January 27, 


| Piercing Shell. (1 Fw.] 


ohmsen, London, (Elektrizitdts Aktien. | 
ahmeyer and Co., Frankfort-on-the- | 
Maine, Germany.) Spark- rs. (4 Figs.) November 28, | 
1903.—This invention has for its — the improved construc- | 
tion of high-voltage spark arresters in which conductors or elec- 
trodes are employed, the said conductors or electrodes being 
so formed that when a high-tension spark springs between 
them the distance between the said electrodes at those points | 
remains the same. Aand B are the two conductors or electrodes | 
parallel to each other, or inclined towards each other, which two 
conductors are connected with the line to be protected by means | 
of intermediate high resistances, and are provided at their upper | 
ends with the well-known horn-shaped appendages C, D. The 
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bars are so arranged in guides that they can be placed at any | 
distance from or inclined towards each other. If the electric 
pressure existing between the two conductors A and B exceed a 
predetermined value the spark jumps between the two conductors, 
and the heat resulting from it will cause the spark to move | 
upwards and become extinguished as it climbs along the said | 
conductors A and B. One of the electrodes is of carbon and the 
other of metal. To a pearl of fused metal formed on the metal | 
electrode corresponds a depression on the carbon electrode, | 
the depression being exactly opposite the pearl of molten metal. | 
The distance between the electrodes remains thus unaltered at | 
the parts of the electrodes between which the spark has struck. 
(Accepted February 3, 1904.) | 


GUNS AND EXPLOSIVES. 


13,071. P. J. Penney, Plumstead, Kent. Armour-| 

] June 11, 1903.—This invention | 
consists of a shell with open end, into which is screwed and fixed | 
aseparate complete shell containing a bursting charge of a high | 
explosive and a fuze, the two shells so combined forming an} 
armour-piercing shell. A is the outer shell of highly-tempered 
steel; B is the inner shell of forged steel cf ordinary temper. 
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When fired, the heat and thrust of discharge will tighten up the | 


combined shell, so as to completely interconnect it. Upon impact 
the outer shell will break up or set upat the head, and the forward 


| motion both of the inner shell and its fuze will set the fuze in 
| action and burst the combined shell. Should the armour be too 


thin to break up the outer shell, the forward motion referred to 


| would still fire the fuze, due to the retardation or setting up of 
| 


the outer shell. (Accepted January 27, 1904.) 


27,387. Clarke, Chapman, and Co., Limited, and H.J. 
Waiker, Gateshead-on-Tyne. Facing Gun-Seatings. 
(3 Figs.) December 14, 1903.—A machine, according to this in- 
vention, suitable for use in facing gun-seatings in position—for 
example, on warships—comprises a spindle a, which is fixed 
centrally within the gun-seatings by a bolt d and a frame e 



































mounted on the spindle a, and carrying a motor g, which, through 





gearing, causes the frame to rotate about the spindle a. The tool 
| that is to operate on the seating is carried by a tool holder s that 


is movable longitudinally of a carriage 7, which is itself adjustabic 
vertically on guide g. The screws ¢ are employed to adjust the 
spindle a, so that it is set in proper angular relation to the work. 
(Accepted January 27, 1904.) 


3558, Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and W. sey’, Newcastle-on-Tyne. Firing 
Torpedoes, (3 Figs.) February 14, 1903.—The primary object 
of this invention is to provide a valve for rapidly admitting air 
from a reservoir charged by a compressor to a torpedo-tube to 
discharge the torpedo. a is the valve chamber, having wes 
a}, a opening into the reservoir and tube respectively. & is the 
valve, which is formed in one with a piston ¢, on which acts a 
spring cl that tends to keep the valve closed. jf is a hollow rod 
acting as a release valve to permit the escape of air from behind 
the piston when air is to be admitted from the reservoir to the 
tube. The outer end of the rod, which is open to the atmosphere 








ae 








is carried by a pair of links 4, pivoted to a tumbler & in suchwise 
that all the pivots of the links and tumbler are normally in line 
with the axis of the rod f. The parts are held in the ition 
shown bya catch m, and are collapsed by springs k! when the 
catch m is withdrawn by the action of an electro-magnet ml. 
When such action takes place, the rod f is withdrawn from ‘a 
plug g, and air that is behind the piston escapes through holes in 
the plug and through the rod f. The excess of air pressure on the 
front face of the piston over that on the rear face of the valve b 
causes the piston and valve to move quickly back, and the air is 
free to pass from the reservoir to the tube. (Accepted January 27, 
1904.) 


4258. G. Forbes, Westminster. Range-Finders. 
(2 Figs.) February 23, 1903.—According to this invention, the 
image of an object is more or less displaced laterally by means of 
a prism which can be rotated about the axis of the beams of light 
passing to the telescopes. Marks are permanently fixed in the 
focal planes of the two telescopes, and the micrometer for moving 
them is dispensed with, the distance of the object being ascertained 
by reading the angle through which the prisms have to be turned 
to make the object and the marks appear to be at the same dis- 
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tance. a is the central portion of a tubular base, such as is 
described in Patent Specification No. 5267, 1901; » are the two 
| middle prisms fixed toit; and ¢ is the binocular telescope. Inside 
the tube a is mounted a frame d, in which prisms e are fixed. 
The tube d is free to turn in the tube a, and is suitably cut away 
in places to allow the beams of light to pass to the telescopes c. 


' Suitable means are provided for reading the angle through which 
| the tube d with its prisms e is turned. (Accepted February 3, 


1904.) 
HYDRAULIC MACHINERY. 


2219. The Hulton Colliery Company, Limited, 
Liverpool; A. J. Tonge, Chequerbent, near Bolton ; 
J. Tonge, Jun., Westhoughton, near Bolton; and 
E. Eaves, Stockport. Hy ic Presses. (12 Figs.) 
| January 30, 1903.—The type of hydraulic presses to which this 
invention more particularly relates is that for use in the breaking 
down of coal after the same has been undermined. The figure 
illustrates one of the many constructions described in this speci- 
fication. The piston c operates within the hollow piston 3, which 
has its jointing leather & secured to it. The jointing leather d is 





secured to the walls of the cylinder a. The outer end of the 
piston c is considerably larger than its body part, so as to enable 
it to present a large surface to the substance against which it 
operates. The pistons ¢ and 3 move in opposite directions, a 
slide f on one side acting as a stop-piece for the piston 3, while an 
opening 8 allows the water to escape, and so arrests the motion 
of the piston c when it is moved sufficiently far outward to uncover 
the opening. This formation enables the pistons to operate 
through a considerable space from and beyond the cylinder a. 
(Accepted January 27, 1904.) 


RAILWAYS AND TRAMWAYS. 


| 17,236. W. C. Sample and R. Binney, Sheffield. 
Securing Rails, [4 Figs.) August 8, 1903.—This invention 
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relates to means for securing and supporting the adjacent ends of 
flanged tramway rails. The object of the invention is to provide 
a support which will hold down the rails and prevent vibration at 
the junction, and which at the same time will retain them to the 
required gauge. In constructing the junction of two rails A and 


B, the ends of the rails are laid upon a plate D, with the junction 


Ftg .1. 














17236 ° pleated, crimped, or plain, such metal and woven or textile 


of the two located above the centre or web of a girder C, and the | them will be next the rod or part to be pressed upon, and a joint 


flanges being previously prepared with bolt-holes, bolts G are 
passed through the flanges of the rail, the plate, and the girder, 
and shorter bolts H through the rail flanges and plate, where it | 
extends beyond the girder, making the joints complete. The 
girders are of sufficient length to under both rails of the 
track. (Accepted January 27, 1904. 


19,887. B.G. Lamme, Pittsburgh, Pa., U.S.A. Pro- 
and Controlling Vehicles. 


| readily unfixed and lifted out of position. Between the main and | arranged drums connected by banks of tubes 5 i 
| removable portions of the point or crossing a fusible metal s, | bank of tubes and the middle. steam and soda of the —— 
nary Stirling boiler are replaced by a lower transverse drum 10 
connected by superheater tubes 11 to an upper steam-drum 12 
which is connected to the drums 2, 3 by tubes 15,14. The drum 
12 is divided into two compartments by a central transverse parti. 
tion, and the tubes 15, 14 are so connected to the drum that the 
steam enters the drum at only one end, and is compelled to pass 
down and up the tubes 11 before passing into the steam take-off 
17, which is connected to the other end of thedrum. On account 
of the location of the drum 12 it will act as a steam and water 
drum when the superheater is supplied with water, and hence 
form a supplemental boiler. (Accepted January 27, 1904.) 


| 
| 





such as spelter, may be run in to assist in securing the removable oe Semerhenteoe nek they age —_— 
portion in position. (Accepted February 3, 1904.) invention relates to a construction of superheater that can - 
wholly or in part removed and replaced in position with is- 
| STEAM ENGINES, BOILERS, EVAPORATORS, fo. |(urbing the brickwork forming the furnace Wa tn coseten 
side walls a is fit an iron shell b of such shape and size that j 
5647. G, W. Beldam, Brentford, Middlesex. Pack- | jexy i ps 
(4 Figs.) March 11,1908.—This invention has for object to eaves a rectangular opening in the furnace wall to admit the 
provide a packing ing a high degree of resiliency and 
| durability. The packing comprises a thin metal sheet or strip of 
| metal a, pleated, crimped, or plain, and a woven or textile material 




















material being folded into a plurality of lamine backwards or 
forwards. The front edges of the laminz, and the grooves between 
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made. (Accepted January 20, 1904.) tab a th aii Th ies Aisle ter tip 
ubes ¢ of the superheater. e opening is c by the inside 
5196. Easton and Co., Limited, and J. Bjornstad, faces of the boxes d dl, to which these tubes are connected. The 
Erith, Kent. Superheaters. [3 Figs.) March 5, 1903.— | brickwork above the shell } is supported on an iron plate e, which 
The object of this invention is to provide means by which the | i, Aush with the inner surface of the wall a, and bent to the general 





| superheater can be isolated from action of the gases when steam | contour thereof, and forms along its lower edge with the upper 


is not passing through its tubes, and so that the superheater | , 1 i 7 
tubes can be withdrawn without interfering with the efficiency seed cp Pasa hrs east br 1900. “te ene ae See 


{2 Figs.) September | of the generator. Between the flue A and each superheater | 


15, 1903.—This invention has for object to provide a means for | chamber B is a wall C, which is so placed as to leave passage-ways 
facilitating the speed control of vehicles operated by single-phase | 


alternating-current motors, and for minimising the strains exerted 


upon the controlling apparatus by variations in voltage. Cur- | i 


rent from the conductor 4 passes to one terminal of an auto- 
transformer 7, the other terminal of which is connected to con- | 
ductor 5. Current also passes to one terminal of the winding 9 | 
































of the stationary member 10 of the voltage regulator 1, the other 
terminal of the winding 9 being connected to the motors 3. The 
winding 14 of the secondary member 15 is connected in shunt to 
the primary winding, and between the motor circuit and a point 
in the transformer winding 7. It will be seen that rotation of 
member 15 in one direction with relation to member 10 will | 
serve to raise the voltage of the motor circuit, and that rotation | 
in the other direction wil! serve to lower such voltage (Accepted | 
January 27, 1904.) | 


5495. G.W. Partridge,London. Speed-Indicators. 
[12 Figs.) March 9, 1903.—This invention has for object to pro- | 
vide simple apparatus for indicating and recording the speed of an | 
electric tramcar. The apparatus comprises a rotary device which, 
when driven, produces an air current whose increment of pres- | 
sure above the normal pressure of the atmosphere varies with, and | 
is dependent upon, the speed at which the rotary device is driven, 
and means for indicating and recording the amount of such incre- 
ment, and therefore the speed of the vehicle. « is a free-running 
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wheel secured to an axle d mounted in brackets f. g is a fan, the | 
driving pulley m of which bears upon, and is driven from, the | 
wheel a. The outlet o of the fan is connected through a flexible 

branch with a pipe n, and to which is connected a manometer p, 

the scale of which is calibrated to indicate the speed of the | 
vehicles in miles per hour. The pipe » is also connected to an | 
aneroid pressure-gauge 7, the diaphragm of which, by causing a | 
lever s to rise or fall over a record paper, will also indicate the 

speed, (Accepted January 27, 1904.) 


4983. R. A. Hadfield and P. B. Brown, Sheffield, 
Yorks. Points and (4 Figs.) March 3, 1903. 
—This invention has reference to an improved construction of 
points and crossings—such as are described in Patent No. 14,511, 
of 1902. That part of the body portion of the point or crossing 
that is to contain the removable portion is recessed at its upper 
side for a suitable depth, and into the recess thus formed there is 
fitted a removable portion k, which is formed with downward 
extensions 0 so as to be of approximately saddle or yoke shape in | 
section, and which is rigidly fixed i 


the crossing by bolts q'andr. The arrangement is such that the asto improve the thermalefficiency and alsoenable the superheater stop faces while they are near together, and 
portion & can be readily dropped into position and fixed, and as_ to be used as an auxiliary generator. 2, 3, and 4 are transversely, 





28,035. Galloways, Limited, and W. Bayliss, 
Manchester. Steam-Generators. [2 Figs.) December 
21, 1903.—This invention relates to water-tube steam-generators 





















































—T ~ and deals with a construction by which the circulation of the 
| y water in the boiler and especially in the back header is improved. 
i For this purpose each header, instead of being connected to the 
F steam drum by a single pipe as heretofore, is connected thereto by 
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means of two or more pi In each section the tubes a in each 
| row are placed side by side. The upper ends of the headers b, c 
| are pierced with three holes for the reception of the pipes leading 
| to the steam-drum d. Of these pipes, the two pipes ¢! extend no 

further than the top of each header, while the third pipe /, in the 
the front header b, may, and in the case of the back header 
extend into theinterior of the header, preferably nearly to 


c, c2 above and below. D, D2 are dampers that are connected 
together by a chain d3 in such a manner that when the pulley F, 
over which the chain passes, is rotated, the dampers close or open 
the passage-ways c, c?. The damper D is of such a curvature, 
that, when raised to a certain height, it shuts off the way for 
on eee = the goes to the flue G, wag ag gases are | — 
caused to pass through the passage-way c to the superheater p 7 
chamber, and then through passage c? to the flue G. (Accepted | the bottom thereof. (Accepted January 27, 1904.) 


y2 \. ; 
overages 5. R. G, Brooke, Macclesfield, Cheshire. Stop- 
26,895. 0. Imray, London. (The Stirling Company, | Valves. [8 Figs.] February 9, 1903.—Valve apparatus, accord- 
Chicago, Ill., U.S.A.) Steam Generators and Super- | ing to this invention, comprises a valve having a stop face a and 
heaters. (3 Figs.) December 8, 1903.—This invention relates to | a supplementary face b, and a seat having corresponding stop 
and supplementary faces c and d. The supplementary faces are 
tapered, and make with the axis of the valve an angle so much 
less than the angle made therewith by the stop faces that when 
the valve moves from its position of closure, in which the stop 
faces effect a fluid-tight joint as well as limit the movement of 
the valve, the valve stop face will be moved an appreciable 
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distance from the seat stop face before the supplementary faces, 
owing to their more gradual receding from each other than the 
stop faces, will allow any considerable amount of steam under 
pressure to flow between them. When the valve is moved in a 
direction to close it, the flow of steam past the valve will be 
practically stopped by the supplementary faces while the stop 
faces are still at an appreciable distance from each other. The 














to the main or body portion of | combining a superheater with a water-tube boiler in such manner | passage of high-pressure steam at a high velocity between the 
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ry 3, 1904,) 





thereof, is thus prevented, (Accepted Februa 
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Serene 
THE NATIONAL PHYSICAL 
LABORATORY. 


Ir is befitting that our comments on the annual 
inspection of the National Physical Laboratory, 
at Bushy House, Teddington, which took place 
on Friday last, March 18, should open with an 
urgent appeal for support for an institution of the 
highest order and importance, the value and utility 
of which depend in a great measure on the financial 
assistance it may obtain. The National Physical 
Laboratory is of interest to everybody to whom 
applied and pure science means anything ; en- 
gineers- using the term in its broadest significance 
~ in the first instance. It seems to take a long 
time to secure recognition for this fact, and the 
endless discussions on the needs of higher educa- 
tion, and the fear of incurring further liabilities, 
threaten to smother the moderate amount of active 
goodwill which the inauguration of the National 
Physical Laboratory aroused a few years ago. It 
is quite possible that we shall be called upon to 
spend millions on the outfit and equipment of our 
actual and future technical colleges with the 
most perfect apparatus, although it might be 
wiser to content ourselves with indispensable appa- 
ratus, leaving the students to construct many of 
the instruments they require, and to insist upon 
suitable preparation of the students presenting 
themselves for admission to college. In any 
case, however, the best outfit of our modern 
colleges would not impair the importance of the 
National Physical Laboratory, which cannot pro- 
fitably perform its functions without a thorough 
equipment, an adequate staff, and ample funds. 
Excellent work has been done with the plant so far 
installed, as we shall see. But the financial posi- 
tion, the director’s report for 1903 points out, gives 
rise to great anxiety. The receipts for 1903 
amounted to 10,2001. odd, the expenditure to 
almost 10,307/., leaving a deficit of 106/. 10s. ; 
last year left a surplus of 80/. The actual balance 
is 23801. By drawing on this balance, the work 
can be carried on for another year. But the grant 
of 40001., which was originally made, will end with 
September, 1904, and though the Royal Society 
have been able to arrange with the Treasury that 
this grant shall be continued till April, 19065, 
the financial position must be thoroughly re- 
considered. It is satisfactory that the Treasury 
have promised to give their careful attention 
to the scheme which the Executive Committee of 
the Laboratory will submit. But the Government 
and Parliament cannot be expected to make 
liberal grants at the present time unless the neces- 
sity for the expenditure is clearly put before them, 
and the technical Press would fail in its duty if it 
did not urge this necessity. 

The Laboratory has been in full work during 
1903, and notable progress has been made. The 
staff has increased from 26 to 34 persons ; includ- 
ing the observatory department at Kew, it con- 
sists of 51 persons. Dr. R. T. Glazebrook, F.R.S., 
is the director of the National Physical Laboratory, 
Dr. C. Chree, F.R.S., is superintendent of the 
observatory department, and Dr. T. E. Stanton is 
superintendent of the engineering department. 
The position of the senior members of the staff 
should be rendered more secure; the stipends 
now paid are not commensurate with the work. 
In the nine months of 1902, during which the 
engineering and physics departments were open, 
269 tests were completed, and 69. received in fees 
for this work. 

_ In 1903, 1330 tests were made, the fees amount- 
ing to 3501. A further sum of 5361. 10s. has 
accrued from the Indian Tide Predictions and other 
investigations. A summary of the work is given in 
the following lines. The number of electric and 
magnetic tests was 195, against 31 in 1902; they 
concerned 128 resistance coils, 4 resistance boxes, 
11 condensers, 10 permanent magnets, 10 supply 
meters, 7 determinations of conductivity, 11 of 
permeability, hysteresis, and inductance, &c. Of 
the 93 thermometry tests (39 in 1902), 59 concern 
high-range thermometers, and 13 melting points of 
alloys. The metrology department tested 1 micro- 
meter, 4 deflection bars, 5 inertia bars, and deter- 
mined coefficients of expansion (9) and densities 
(28); in all 71 determinations against 12 in 1902. 
The tests of glass vessels, burettes, flasks, and 
chemical weights numbered 714, against 116 in 1902. 
The metallographical department took 57 micro- 


samples of coke, 35 of steel, and 4 of insulating 
fabrics ; 47 analyses in all against 10. Paper tests 
have not yet been made. The optical department 
examined 14 incandescence lamps, 8 photographic 
lenses, and 3 sunshine recorders. The engineering 
department dealt with the following tests:—19 gauges 
(vacuum and pressure), 3 calorific values of coke, 
83 strengths of materials, 4 steam-pipe laggings, 
1 anemometer, 4 sets of rubber; a total of 114 tests, 
against 40 in 1902. 

This is satisfactory so far as it goes. But, owing 
to the incomplete equipment, demands for work 
like the following had to be declined :—Mechanical 
tests of ropes, wires, specially hardened metals, 
bronze bars of large section, water-meters, very 
high-speed anemometers, electrical tests involving 
heavy currents, alternating-current instruments, 
very high-voltage insulators, and large astronomical 
object-glass. Messrs. Siemens Brothers have con- 
tributed an alternating set, but the transformers 
and Addenbrooke measuring apparatus are not yet 
installed. The engineering department needs a 
powerful testing machine, of much greater dimen- 
sions than the machine of Messrs. Buckton and 
Co., of Leeds, which is fitted with a Ewing extenso- 
meter. For want of this some inquiries from the 
Eastern Telegraph Company concerning wire-rope 
for submarine cables, and of the Board of Trade, 
could not be responded to. On the other hand, the 
standardising of many electrical apparatus which 
are to be sent to the St. Louis Exhibition has fallen 
to the Laboratory, and one electrical firm has 
arranged to issue all its standard resistances through 
the Laboratory. 

The observatory department has, in the years 
1901, 1902, and 1903, verified the following instru- 
ments :— 


| 1901. | 1902, | 1908. 











Absolute magnetic instruments art 31 | 26 13 
Barometers, mercury we ~s va 201 | 271 298 
“ aneroid eS ba ea 222 | 122 86 
Hydrometers aa “ ae - 120 | 410 353 
Thermometers, clinical .. .| 20,389 | 22,856 | 19,393 
” other ua aa ..| 3,506 | 3,086 3,240 
Compasses .. eo as oe on ll 16 9 
Sextants on “s és in val 938 | 769 901 
Telescopes .. o- Re a ..| 2,029] 1,678 3,180 
Binoculars. . a ea me i 669 | 924 1,048 

Lenses a oe Ss a. Si 9 | 12 _ 
Watches os sé oa ee <6 359 | 520 447 
Chronometers oe a oF eal 30 | 39 60 
MORUGMRD =. 33. say ves, ool “ORR, EGON. Se 
Miscellaneous ae a ia ad 143 | 187 | 360 
| 29,184 | 31,075 | 29,477 





Lenses are now tested in Bushy House, where most 
of the thermometers reading above 200 deg. are 
now dealt with. The drop in the totals of 1903 is 
largely due to the smaller number of clinical 
thermometers submitted—a decrease of 3,500 since 
1902. 

It is well known that the disturbances from the 
electric tramway seriously interfere with the mag- 
netic observations which Dr. Chree, assisted by 
Messrs. T. W. Baker, E. G. Constable, J. Foster, 
T. Gunter, and W. J. Boxall, has been conducting 
at Kew. That is not an altogether unmitigated 
evil ; for it has enabled Dr. Chree to compile a 
most valuable analysis of the records from the Kew 
meteorographs during the years 1890 to 1900. But, 
sooner or later, the Magnetic Observatory will have 
—and would have in any case—to be transferred, 
and a site has been selected at Eskdale Muir, in 
Dumfriesshire. The Duke of Buccleuch will grant 
a perpetual lease, and the Treasury Estimates for 
next year will contain provision for starting with 
the buildings. Of the superintendent’s report, we 
will only mention the very important standardisa- 
tion by Mr. Constable of the pendulums to be used 
in the geodetic survey of India by Majors Burrard 
and Lennox Cunningham, R.E.; and, further, 
that the great magnetic storm of October 31, 1903, 
was very well observed at Kew. It was by far the 
worst since 1892, and the number of large sudden 
oscillations was altogether exceptional. The ex- 
treme range of the declination needle was 2} deg. 
The horizontal force rose about 1 p.m. by 525 y 
(1 y = 1.10-°C.G.S. unit) within six minutes; the 
full ranges of the horizontal and vertical components 
could not be determined, as the traces repeatedly 
went off the photographic sheet. Sun-spots were 
crossing the central meridian of the sun at the time, 
but they were not remarkable, while sun-spots of 
unusual dimensions had, some weeks previous, not 
been accompanied by any noteworthy magnetic 





photographs and 14 cooling curves of metals. 
he chemical department analysed and tested 3 


disturbance. Dr. Chree suggests a relation between 


|sun-spots and meteorological phenomena, but not 





one of direct cause and effect ; the connection is 
to be traced probably to some common cause. 

On Friday last the various departments were 
thrown open to the visitors who had responded to 
the invitations issued in the names of Sir William 
Huggins and Lord Rayleigh, the President and 
Chairman of the General Board of the Laboratory. 
Lord Kelvin took the place of the absent President 
of the Royal Society. Engineers of all branches, elec- 
tricians, naval architects, and railway men, and also 
chemists, were prominent among the numerous 
guests. Itis contemplated to create an experimental 
tank station at Bushy Park, in the grounds of the 
Laboratory ; a length of 300 yards is available, 
and.with the sacrifice of some trees, a longer tank 
could be built. This would be behind the new house 
for the Whitworth standard screw-cutting lathe, re- 
cently erected. The lathe-room proper is completely 
surrounded by the outer house, the space of about 
3 ft. between the wall systems being utilised for 
the driving and heating plant, so that a uniform 
temperature can be maintained in the lathe-room. 
Ventilation is by induced draught from a Davidson 
sirocco fan, placed at the outlet in the passage. 
The air passes over hot-water pipes, and is admitted 
ata height of 2 ft. from the floor, finally to flow off 
through a trunk running along the outside of the 
inner wall. The lathe-room is air-tight, and is pro- 
vided with a glazed roof, and one of the inner walls 
is also made of glass, so that observations can be 
made from the outside. The lathe will rest on 
20 tons of concrete, covered by 6 in. of York stone, 
and will be driven by a 5 horse-power motor through 
two countershafts, provided with Hele-Shaw patent 
friction clutches. This work is being done by direc- 
tion of the War Office Committee. 

Near this new house is the skeleton iron tower, 
about 50 ft. in height, which Dr. Stanton has erected 
for the continuation of his experiments on wind 
pressure, which he described before the Institution 
of Civil Engineers in December last. A horizontal 
arm will be pivoted at the top of this tower about a 
vertical axis, and pairs of similar plates will be 
suspended from this arm, and their distances ad- 
justed until the resulting wind thrusts on the two 
plates balance. It will thus be possible to deduce 
the relation between the mean intensity of the 
pressure over a plate of given form and its area. 
Experiments on lattice-work structures, with areas 
up to 100 square feet, are then to follow. 

The apparatus with which Dr. Stanton has con- 
ducted his investigation on the resistance of plane 
surfaces in a uniform current of air could be 
seen in the centre of the engineering hall. The 
general measuring arrangement resembles some- 
what the disposition adopted by Mr. Chattock in 
his researches on ions in the electric wind. A 
Blackman fan, driven by an electric motor, sends 
a vertical air current downward through a cylinder, 
about 2 ft. in diameter, terminating in a box en- 
closure, in which a gauze screen is fixed to render 
the distribution of the velocity across the section 
more uniform. The disc or plate to be experimented 
upon is mounted on a spindle carried by one 
arm of a balance; the other arm of the balance 
extends into a case outside the enclosure. The 
velocity of the air current is determined with 
the aid of pairs of small Pitot tubes with bores of 
1 millimetre and even less. The one kind of tubes 
is pierced with holes near the top and ends ina 
fine point; it serves for determining the static 
pressure. The other kind of tubes is bent over at 
the top; it indicates the velocity head. Rubber 
tubes lead from the Pitot tubes, and also from the 
fine nozzles attached to the lower and upper sur- 
faces of the plate under observation, to the very. 
delicate water level gauge, which is mounted on a 
tilting-board ; this is the particular part due to Mr. 
Chattock. The difference of pressure on the two 
water surfaces of the U-tube gauge is measured, 
not by the vertical rise or fall of the levels, which 
would introduce capillary and viscosity effects, 
but by tilting the gauge through a small angle. 
Oil is admitted into the horizontal branch of the 
gauge to facilitate the detection of small displace- 
ments. 

For the calibration of this apparatus Dr. 
Stanton resorts to a little mill of his own, which 
he calls an air-meter. It may briefly be described 
as an apparatus in which a vertical velocity is 
balanced against a horizontal tangential velocity. 
Two light helical vanes of aluminium are fixed to 
two thin steel rods which are mounted on a sleeve 
which can move up and down on the vertical axis, 





being suspended over pulleys so that the weights 
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are balanced. The two rods form a diameter, and 
they are carried at their outer ends by two small 
rollers, which can slide up and down through a short 
range, in inclined helical guides. If the whole 
apparatus is spun about its vertical axis by means 
of a cord at a known speed, and at the same time 
exposed to a vertical air current, then the rollers 
and vanes will remain stationary on their helical 
guides, when the two velocities are equal to one 
another. The pressure of the air on surfaces can 
now be tested at velocities of 3000 ft. per minute. 
The relation between the pressure on the curved 
surface of a cylinder and on a plane through its 
axis is also being investigated, and measurements 
are being made on the pressures in the rear of discs 
and rectangles of given breadth and varying lengths. 

Another interesting novelty of Dr. Stanton’s is 
a four-throw machine for testing materials under 
rapid alternations of direct stress. The machine is 
the first of the horizontal type so far constructed, 
and has been built entirely in the Laboratory. It 
has only been completed within the last few weeks. 
Four specimens are under test at the same time ; 
the machine is, at present, temporarily driven by a 
belt. with the counter-shafting of the hall, and is 
running at 700 revolutions. 

Messrs. Willans and Robinson have presented an 
apparatus for testing indicator springs and steam- 
gauges under pressure, and a new cylinder has been 
constructed and attached to the high-pressure gauge- 
testing apparatus for the purpose of testing deep- 
sea thermometers at pressures of 1000 fathoms of 
water. The difficulty to be met in this last instance 
is the thermodynamic heating of the oil in which 
the thermometer is immersed. With the support 
of the Manchester Steam-Users’ Association, who 
have contributed 1501. for this purpose, Dr. Harker 
and Mr. Jakeman have, since October, been con- 
ducting an investigation into the specific heat of 
superheated steam. Steam is generated in a gas- 
heated boiler and passed through a large drum and 
a separator into a horizontal superheater pipe, 2 ft. 
in length, in which resistance of nickel-steel tape 
(resista), 0.015 in. in thickness, packed on both 
sides with mica and asbestos paper, are stretched. 
At first the resistance was coiled ; it forms now 
a continuous strip, bent back several times, so that 
30 ft. of resistance is accommodated. Electric 
currents of 100 volts are sent through the resist- 
ance, and the steam is thereby heated, generally to 
165 deg. Cent. so far, maximum 300 deg. Cent. 
Electric thermometers are inserted at both ends of 
the superheater, which is lagged with mica and 
asbestos ; experiments on laggings also form part of 
the research. Through a stufting-box the steam 
finally passes into the condenser tube. The appa- 
ratus is capable of dealing with a flow of steam of 
600 grammes per minute—equivalent to about 80 1b. 
of steam perhour. To prevent rusting of the resista 
wire, the electric current is kept on for some time 
after the steam has been cut off. As the recent de- 
terminations of thespecific heat of steam by Grindley 
and by Griesmann differ by as much as 2 per cent., 
the importance of this research is obvious. Reg- 
nault never condensed more than 10 grammes of 
steam, while 3 kilogrammes have in one case been 
condensed in the Laboratory within five minutes. 

In the electrotechnical department Mr. C. C. 
Paterson and Mr. Rayner showed the 5-kilowatt 
motor-alternator presented by Messrs. Siemens 
Brothers, which gives currents of 1, 2, or 3 phases 
at from 20 to 120 alternations per second, new 
Kelvin balances and voltmeters, with 3-metre scale, 
and other apparatus. Mr. Rayner is investigating 
the effect of temperature on insulating materials, 
on behalf of the Engineering Standards Committee. 
In determining the temperature distribution in field 
coils of dynamos and transformers, he places as 
many as 15 thermo-junctions at different spots on 
the coil. This work is being done in a room of the 
engineering hall. 

The other electric work is being carried on in 
the electrical department of the main building by 
Messrs. A. Campbell, F. E. Smith, and S. W. 
Melsom. The British Association air-condenser 
standards have kept satisfactorily constant ; an 
electric clock, presented by Professor McLeod, has 
now been under observation for a month, and a 
large number of apparatus has been tested, con- 
structed, and installed. The standard ampere 
balance, designed by the late Viriamu Jones and 
by Professor Ayrton, is being constructed, and 
the experiments on insulating materials will be 
continued in co-operation with Messrs. Crompton, 
Johnson and Phillips, Mather and Platt, Siemens 


Brothers, the British Westinghouse Company, 
and other firms. Mr. F. E. Smith has com- 
pleted his research on the mercury standards 
of resistance. The eleven mercury tubes he has 
constructed agree with one another to within 
two or three parts in 100,000, and the final value 
agrees with that of the Reichsanstalt within one 
part in 100,000. Of these mercury standards, 
eight are of the Jena glass 16", three of verre dur; 
the tubes, which vary in length between 60 and 
120 centimetres, are provided with fittings, so that 
the measured resistance may, or may not, include 
the ‘‘end- correction.” The measurements are 
made on three methods—with the Kelvin and the 
Carey Foster bridges and the potentiometer—and 
the international ohm, as defined by a mercury 
column 106.300 centimetres in length, of 14.4521 
grammes mass, is now known within 0.001 per 
cent. These mercury standards will be compared, 
at least once a year, with the platinum and man- 
ganin standards of the Laboratory, which is well pro- 
vided in this respect ; the changes which the strained 
condition of the glass may produce have been studied. 
Dr. Carpenter has compared the standard cells. 

In the thermometry department, Dr. Harker 
and Mr. Hugo have determined melting points of 
metals and of Seger cones (used as pyrometers), 
the most refractory of which melted at 1450 deg. 
Cent.; they have further investigated freezing 
points, and the suitability of various liquids for 
boiling - point determinations, notably dipheny]l- 
amine and naphthaline. They have also constructed 
baths for those vapours; further, three electric 
furnaces with nickel coils, three electric annealing 
furnaces with Eureka wire resistance for mercury 
thermometers for 100, 250, and 450 deg. Cent., five 
thermo-junctions, and also an ice bath for these and 
for Tonnelot thermometers. Dr. Harker has com- 
pleted, and communicated to the Royal Society, 
the results of his comparison of nitrogen thermo- 
meters, platinum resistance thermometers, and 
thermo-couples at 1100 deg. Cent., and he is hoping 
to construct electric furnaces for considerably higher 
temperatures than those at present obtainable. 
The thermo-couples are of two types, the one 
metal being platinum, the other either platinum- 
iridium or platinum-rhodium (from the Reichsan- 
stalt). In the metallurgical work on alloys, 
presently to be mentioned, the junctions are 
apt to become brittle, and have to be renewed 
from time to time; the differences afterwards 
observed do not amount to more than 3 deg. 
The platinum thermometers and thermo-couples 
do not differ between 500 deg. and 1000 deg. Cent. 
by as much as 1 deg. The bulbof the gas thermo- 
meter is made of porcelain, and the porcelain, 
formerly obtained from Berlin, has recently been 
supplied by Messrs. McIntire and Son, of Burslem ; 
their porcelain softens at 1550 deg. Cent. 

Dr. Harker is also engaged in a research upon 
the specific heat of metals at high temperatures by 
the calorimeter method. The specimens, to be 
dropped into a calorimeter filled with water, used 
to be balls. Dr. Harker heats the specimen, of 
chisel shape and of 50 grammes weight, in an 
electric furnace, and drops it by turning the arm 
holding the furnace tube into a calorimeter vessel 
of copper containing 5 litres of water ; the vessel 
is oval, not round, in shape ; the stirrer is at one 
focus, and the chisel is caught within the water 
in a cage. The former determinations of the 
specific heat of iron are based on the experiments 
of Pionchon, who adopted Violle’s values of the 
specific heat of platinum, which were too low by 
about 50 deg. Thus Dr. Harker’s values differ 
materially from the most accepted constants. But 
they are concordant in themselves, though one point 
requires further elucidation. The purest iron, 
practically free from carbon, showed only one 
recalescence point between 800 deg. and 900 deg. ; 
this point seems to depend upon the specific heat of 
iron, and upon the temperature to which the iron had 
previously been heated. We must mention also the 
researches on the properties of thermometer glasses 
supplied by Messrs. Powell and Sons, and the 
Cooper-Hewitt lamps shown in one room, and used 
for spectroscopic work ; the mercury lamps run on 
100-volt circuits, and are exhausted with the aid of 
a Barr-Stroud mercury pump, whose rotating shaft 
drives the gas through a trumpet-shaped receptacle 
out into the air. The resistances for the electric 
thermometers are arranged in a box in which con- 
tacts are made by screwing handles, ending in a loose 
disc, into sockets ; this novel arrangement, which 








answers very well, is due to Messrs. Crompton. 
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The metallurgical department has been supplied 
by Messrs. Chance Brothers, with two specially 
constructed concentric jet crucible furnaces, of 
6 lb. and 12 lb. capacity, combined with a Crowell 
rotary air-blower. Electrically-heated tube fur. 
naces have been installed for the cooling-curye 
work. Photomicrographs have been taken of 
steels, bronzes, and caoutchouc with a complete 
Zeiss apparatus. In conjunction with Mr. Had- 
field, Dr. Carpenter and Mr. Keeling haye 
prepared 33 iron-carbon alloys of great purity 
weighing 3 lb. or 4 lb. each, and increasing in 
carbon from 0.12 per cent. to 3.87 per cent. by 
increments of about 0.1 per cent. The results of 
the cooling-curve determinations will be communi- 
cated to the Iron and Steel Institute ; a special 
investigation of the range 600 to 500 deg. Cent. is 
now in progress. The open-scale potentiometer 
used for this and other work has been made in the 
Laboratory ; a thermo-electric pyrometer of the 
Roberts-Austen and Stansfield type, presented by 
Mr. G. Beilby, isalso used. Eight medium carbon 
nickel-iron alloys have further been prepared at the 
Hecla Works, Sheftield ; they vary in carbon be- 
tween 0.40 per cent. and 0.50 per cent. ; in man- 
ganese between 0.75 per cent. and 0.96 per cent. ; 
and increase in nickel from 0 per cent. to 19.8 per 
cent. ; some of them can only be machined after a 
special annealing. These alloys will be thoroughly 
tested ; the scheme for 1904 further comprises the 
examination of Mr. Hadfield’s iron-tungsten alloys, 
and of some forged bars of very pure crucible steel, 
presented by the American Steel Crucible Company. 

The chemical work is done by Dr. Carpenter and 
Dr. Caspari. 

In the optical department, Mr. C. C. Paterson 
showed the working of the Lummer-Brodhuhn 
photometer, presented by Sir W. Preece, and made 
by Schmidt and Haensch, the Crompton potentio- 
meter, the A. P. Trotter bar-photometer and other 
new apparatus, mostly presentations. The Lummer- 
Brodhuhn photometer consists, in its simplest form, 
of two essentially triangular prisms with their hypo- 
tenuses pressed against one another ; the one hypo- 
tenuse is plane all over, the other only in its middle 
portion, so that the eye sees a round field inside 
the other ; at Bushy House, geometrical patterns 
stand out distinctly as long as the two sources of 
light are not perfectly balanced. The galvanometer 
telescope is illuminated by a small Nernst lamp, and 
gives a remarkably steady sharp line. The work has 
so far chiefly concerned the 10-candle Harcourt pen- 
tane standard lamp and its variation with the air 
pressure and the amount of water vapour and carbon 
dioxide in the air, and Professor Fleming’s large 
bulb 100-candle lamp, which is used as a secondary 
standard. A selection of such secondary standards, 
presented by Messrs. Robertson and Co., of 
Hammersmith, for from 100 to 250 volts and from 
8 to 100 candles, was also on view. For optical- 
glass testing, Mr. Selby has at his disposal a Pul- 
frich refractometer, provided with heating appa- 
ratus up to 75 deg. Cent., and a Konig-Martens 
spectro-photometer, and specimens of glass, offered 
by Messrs. Chance Bros., for absorption measure- 
ments. 

The department for metrology, under Mr. B. F. 
E. Keeling, possesses now the British Association 
machine for measuring small screws, a comparator 
for the subdivision of length standards, and a 
balance for testing weights up to 20 kilogrammes. 
The principal room is kept at a constant tempera- 
ture. The principal work has been the veri- 
fication of the laboratory standards. A steel 
H-bar, divided in a platinum-iridium strip over 
40 in. into ,4 in., has been compared with 
the cast-iron yard of the Board of Trade, and 
been found to agree within one part in one million. 
A nickel H-form metre has also been acquired ; 
one metre is 39.37011 in. The scheme for 1904 
comprises the erection and standardisation of two 
comparators—one for lengths of 10 ft., the stan- 
dardisation of the steel yard, wanted in the first 
instance for the Standard Leading Screw Committee 
of the War Office, and a comparison of an end yard 
and an end metre with the line standards, and a 
calibration of the sub-divisions of the latter. This 
work is very urgently needed ; a firm of engineers, 
the report states, recently sent the same series of 
English measure gauges to four different authorities 
for measurement, with the result that there were, 
in relation to more than one gauge, discrepancies 
amounting to as much as 0.001 in. : 

We come finally to the tide-predicting machine, 
which is in charge of Mr. Selby and Mr. Brookes. 
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It is the machine, designed by Lord Kelvin and |death of H.R.H. the Duke of Cambridge. He 
Mr. Edward Roberts, which has served for twenty | 


years for the prediction of the Indian tides; it 
was constructed by Messrs. Légé and Co., who, 
last year, cleaned and renewed it for the Indian 
Government, whose property it remains. The} 
machine combines twenty-four tidal components, 
the data of which are obtained by Darwin’s method 
for analysing tide-gauge records. The data fur- 
nished by this analysis for any port, adapted to the | 
year, are used for setting the machine, and a con- 
tinuous curve is obtained, from which the times of 
high and low water are read off and printed in the | 
tide-tables. | 
Many of the instruments and machines men- | 
tioned in this brief summary were, as we pointed | 
out, donations. Other donations from institutions | 
and private sources during the year 1903 amounted 
to a little over 10001. Such gifts are, of course, 
highly welcome. All the same, efficient official sup- 
port of this national institution must be secured ; | 
and when we consider that the buildings of the | 
new Laboratoire d’Essais of Paris cost 27,000I., 
their equipment 20,000/., and that the grant for | 
the first year was 5500/.; further, that Wash- | 
ington is ready to spend 70,0001. on the build- 
ings of the Standard Bureau, 45,0001. on their 
equipment, and to make an annual grant of 
19,000/., it will be conceded that the sums 
we mentioned above are altogether inadequate. 
We must bear in mind that the Reichsan- 
stalt, the prototype of such institutions, was 
planned and built in times when the man who | 
may justly be called its founder, Werner von 
Siemens, and many other enlightened manufac- 
turers, did not spare any expense to fit the labora- 
tories of their own works for scientific research. 
Germany still possesses more official and more 
private testing stations than most other countries, 
and nobody has ever questioned the utility of these 
institutions, and of the Reichsanstalt in particular, 
even in the years when industrial depression weighed 
most heavily upon the country. : 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

On Friday last, the 18th inst., an ordinary 
general meeting of the Institution of Mechanical 
Engineers was held at the Institution House, 
Storey’s Gate, S.W., the President, Mr. J. Hartley 
Wicksteed, occupying the chair. 


DEATH OF THE DUKE OF CAMBRIDGE. 


Before proceeding to the general business of the 
meeting, the President made reference to the recent | 


| last of his generation, and was distinguished by the 


|for the evening. 
| Edouard Sauvage, chief consulting engineer of the 


|and will therefore at once proceed to the discussion. 


|to add to the details already given. 
author said that there was very little to say beyond 


|compound locomotive had proved very effective 


}engine in use before, but the difference was not 
ivery great, and the new locomotives took the 


asked the members to pass a silent vote in memory 
of the great soldier of Royal blood, who had been an 
honorary member of the Institution for more than 
twelve years. The Duke of Cambridge had twice 
honoured the Institution by being present at their 
annual dinner —once in 1892 and again in 1897—and 
on both occasions he had made speeches charac 
terised by their manly straightforwardness and 
common-sense. The Duke of Cambridge was the 


great qualities characteristic of his race ; nothing 
but regret would be felt at his death. 


ComeouNnD LOCOMOTIVES IN FRANCE. 


After the usual formal business, the President 
called on the Secretary to read the paper set down 
This was a contribution by M. 


Western Railway of France, and was entitled 
‘* Compound Locomotives in France.” This paper 
we commence to print in full in our present issue, 


Before calling for speakers on the paper, Mr. 
Wicksteed asked M. Sauvage if he had anything 
In reply the 
what was stated in the paper. The four-cylinder 
in France in regard to the quality chiefly needed 
from a locomotive—hard railway service. The 
introduction of these compound locomotives might 
be divided into two phases. Locomotives had 
been made more powerful than the ordinary 


four-coupled locomotive, which for several years 
had been to some extent lost sight of, might still be 
useful if it were made more powerful, and built 
with the four cylinders working compound, and 
having, in addition to the eight-coupled wheels, a 
pony truck in front. It would be seen, therefore, 
that the modern locomotive on French railways 
might be divided into three classes: the ‘‘ At- 
lantic,” the three-coupled, and the four-coupled. 
There was, of course, a very large boiler needed, 
and in some cases the same boiler might be used 
for three different classes. The grate area was 
30 to 34 square feet, and there was.about 2500 
square feet of heating surface. He had :recently 
received some interesting results of the powerful 
new design of compound locomotive which had 
been put into service on the Paris-Orleans railway. 
He would give the details, so that they might be 
put in the ‘‘ Proceedings.” The weight of the 
train was 350 tons, exclusive of the locomotive and 
tender. It was run for nearly 200 miles at an 
average speed of 50 miles an hour, and for 73 miles 
the average speed was 63 miles an hour. Indicator 
diagrams were taken, and the effective. tractive 
power of the locomotive was from 1200 to 1800 horse- 
power. The water consumption was low—not more 
than 241b. per horse-power per hour, as an average 
of anumber of experiments. The coal burnt was 1 bb. 
for 7.7 lb. of water evaporated. This indicated that 
the engine in itself had a high efficiency. The 
indicator diagrams were very good. The steam 
consumption per indicated horse-power was shown 
by the experiments to be very small. The experi- 
ence with the compound locomotive in France had 
been a long one, and everybody who had to deal 
with such engines was entirely satisfied with their 





place of the old. In a few years it was found 


| that the increase in power of the newer engines was | 


not sufficient, and it was therefore determined to | 
take out of the system all that it was possible to | 
get. This resulted in the building of very powerful | 
locomotives, which might be classed in three divi- | 
sions. First, there was the ‘‘Atlantic” type for ex- | 
press service. It was doubtful, the speaker said, | 
if any more ordinary express compound engines— | 
that was to say, with bogie and two-coupled axles 
—would be again built ; the ‘‘ Atlantic” type, being 
more powerful, would therefore replace the old 
locomotive. Next, there was the class with three- 
coupled axles and bogie in front, which could be used 
for ordinary passenger and fast goods service. The 
speed of many goods trains had been increased of 
late in France, althought the weight was much 
greater than formerly. The third type of locomo- 
tive to which the speaker made reference was that 
used for heavy mineral traffic. He thought the 





working ; as a result, it was concluded that the 
four-cylinder compound locomotive engine was 
efficient, handy, and economical. 

Mr. Wicksteed next rose to propose a vote of 
thanks to the author, and, in doing so, said he 
wished to protect M. Sauvage from the storm of 
compliments and thanks that would come from 
every subsequent speaker unless some precautions 
were taken. He would point out to the audience, 
however, that those who followed might know they 
were speaking on the paper of an expert who was 
not afraid of discussion and courted the expression 
of opinion. The paper was a large one, and was 
full of matter throughout, while the information 
contained in the tables and drawings was of.a most 
valuable description. He would remind M. Sauvage 
that the Institution of Mechanical Engineers was 
founded in 1847 by George Stephenson, and the 
locomotive was typical of the applied science which 
the Institution represented ; that was to say, the 
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locomotive was an engine of movement, in contra- 
distinction to those structures representing static 
engineering. The subject: M. Sauvage had chosen 
was therefore one extremely welcome to the Insti- 
tution. The author had referred to locomotives of 
the ‘‘ Atlantic” type recently built for the Paris- 
Orleans Railway by the Société Alsacienne de Con- 
structions Mécaniques. This type of engine was of 
special interest as being the most powerful express 
locomotive yet made for the French railways. He 
was glad to see that Mr. de Glehn, the engineer of 
the Société Alsacienne, was present, and he would 
ask him to open the discussion. 

Mr. de Glehn, in response, said that as an 
Englishman separated by more than thirty years’ 
residence on the Continent from the country which 
he felt to be the original home of mechanical engi- 
neering, it was with quite peculiar pleasure that 
he found himself able to take part in the meeting 
and to speak of his experience with the four-cylinder 
engine. Unfortunately for him, the author had 
said in his paper nearly all that there was to say 
on the subject. He had stated that there were 
1577 compound engines running in France, much 
the greater number having four cylinders. Since 
the time referred to, however, nearly 90 new 
engines of that description had been put on the 
service. If to that were added the 600 or more 
engines of the same type which had been in service 
on the Continent, outside France, it would be seen 
that there were more than 2000 of these engines 
at work on the Continent of Europe. Both in 
England and on the Continent of Europe engineers 
had been trying to increase the power of locomo- 
tives without, at the same time, increasing their 
weight at the same rate. In America, on the other 
hand, the practice had been different. The Ameri- 
can engineers had increased the power, but had 
enormously increased the weight. There were, how- 
ever, to be seen already signs of a change—or per- 
haps he should say, a wish to change ; and the United 
States locomotive designers were finding that this 
great additional weight had its disadvantages. The 
American engineers were therefore now trying to get 
more power, or more efficiency, by a better use 
of the steam. He had no doubt that this would 
lead to a great and rapid change in the American 
practice. It was dangerous to prophesy, but he 
felt sure that the change in America would be in 
the direction of following what had been done in 
England and on the Continent. The four-cylinder 
compound had been described as a ‘‘ four-cylinder 
balanced and divided engine.” That was a good 
description. It had also been called the ‘‘de 
Glehn ” engine ; but that was not a correct term, as 
others had worked with him in the evolution of that 
design of engine. First and foremost amongst 
these should be mentioned the engineers of the 
Northern Railway of France, by whose aid the 
type had been brought to its present state of 
perfection. The four-cylinder compound had 
been criticised as being too complicated. That 
it was more complicated than an ordinary engine 
was undoubtedly true ; but he would ask whether 
all advances in mechanics had not been attended 
by complications. As an instance, the automatic 
an-brake might be taken ; that certainly was com- 
plicated, but the complication was warranted. The 
question to be decided in all such matters was 
whether the additional complication was justified 
by added efficiency ; that, indeed, was the whole 
question at the bottom of the compound engine 
design. The powerful express engines used on 
the Northern Railway of France had crank-axles, 
and these axles were constantly breaking. It was 
necessary to have a stable engine—as stable as an 
inside-cylinder engine—-and thus do away with the 
constant breaking of the crank-axles. The ques- 
tion was, How was this to be managed? It was 
proposed to divide the engine into two by putting 
inside and outside cylinders, and in that way it was 
considered the difticulty would be overcome ; ex- 
perience had warranted this belief. It was in this 
way that the design originated. The next important 
feature was the balancing. It was easy to balance 
revolving weights, but difficulty arose with the 
reciprocating parts. Balancing reciprocating parts 
by revolving weights entailed successive increase 
and decrease of pressure on the rails, which at high 
speeds became dangerous, and, therefore, had to be 
limited. In Germany this matter had become very 
serious, and the recent practice in ordering locomo- 
tives was to specify a certain percentage of increase 
and decrease in pressure on the rails, which must 
not be exceeded. It had therefore come about that 





the balancing of the reciprocating parts had to be 
reduced to a very large extent in ordinary engines. 
With four-cylinder compound engines, with two 
inside and two outside cylinders, it was possible to 
so arrange the weights of the reciprocating parts 


that they would practically balance one another. | 


If it were possible to dispense with the revolving 
weights to balance the reciprocating parts, the 
balancing of the revolving parts could then be easily 
dealt with. This the speaker looked upon as a 
very important point, and, with the increasing 
power of modern engines, it was daily becoming more 
so. Steadiness of pressure on the rails meant less 
slip, and there were reasons for thinking that with 
ordinary engines there was what might practically be 
regarded as a continuous small slip, as the number 
of revolutions did not always correspond with the 
distance traversed. With the four cylinders acting 
upon four cranks at 90 deg. a more equal turning 
moment was obtained, thus approaching the con- 
tinuous torque of electric driving. With the four- 
cylinder engine, it would be noticed, the inside 
cylinders and outside cylinders respectively were 
doing half the work required ; there was, however, 
as much room for each as in the outside and inside 
cylinder engines, and thus also there was room for 
the same length of bearing surface with propor- 
tionate reduction of diameters. In regard to the 
valve-gear there was the same advantage of division 
between outside and inside work, but the utility of 
the arrangement in this detail was that which had 
been most questioned. If they had a balanced 
valve that would remain tight, that would lift so 
as to do away with the need for relief-valves, and 
would distribute the steam as efficiently as the 
ordinary D valve, matters would be different. In 
that case the only justification for the four gears 
and the two reversing shafts would be in the 
possibility they afforded of adjusting the relative 
cut-offs in the high and low-pressure cylinders 
with a degree of nicety to the varying running 
conditions. That, the speaker said, was im- 
portant, as a four-cylinder engine was extra- 
ordinarily sensitive in that respect. For working 
to the greatest advantage when running up a 
bank, the best adjustment would be for a cut-off 
of 55 per cent. in the high-pressure cylinder and 
65 per cent. in the low-pressure cylinder; but 
on a descending gradient, or on the level, it would 
be desirable to notch back to 45 per cent. in the 
high-pressure cylinder and 65 per cent. in the low- 
pressure cylinder. The speaker was of opinion 
that the D valve, notwithstanding its defects, 
was the best for locomotives, the difficulty of 
moving and lubricating such valves in engines with 
high pressure was much reduced in the case of the 
four-cylinder engine. This followed from the fact 
that the high-pressure valves were partially relieved 
by the receiver pressure. In some recent very 
powerful four-cylinder engines, in which there were 
two piston-valves for the high-pressure cylinders and 
two Db valves for the low-pressure cylinders, there had 
been trouble with the links and with the motion work. 
The advantage got with these four-cylinder com- 
pound engines in rapid starting would be apparent. 
It was due to the four cranks, and to the additional 
power given by means of the intercepting valve. 
This provided for the high-pressure cylinders ex- 
hausting direct to the chimney, whilst boiler steam 
at reduced pressure was introduced into the low- 
pressure cylinders. Rapidity of starting was an 
important matter for suburban traftic. 


lines round Paris. The Eastern of France Rail- 
way had been making some experiments by work- 
ing suburban traftic alternately with the ordinary 
six-coupled engine and with one of the six- 
coupled compound engines described by M. 
Sauvage. The increased rapidity of starting en- 
abled the latter engine to gain ten minutes in a 
40 or 50 minutes’ run. In both cases the adhesive 
weight was 40 tons. The last point to which 
he would refer was one already touched upon 
by the author. It was the great importance with 
high-speed engines of easy steam communications ; 
the steam and exhaust pipes should be of sufficient 
diameter, and there should be as few changes of 
section as possible, whilst the steam from the 
regulator to the cylinders should flow as directly as 
could be arranged. A drawing on the wall of the 
theatre illustrated, the speaker said, the arrange- 
ment of steam-pipes adopted in almost all of these 
engines, and the noticeable feature was the direct- 
ness of the passage. He had recently had a 





He had | 
quite recently built eight-coupled engines, with a} 
bogie and four cylinders, for one of the circular | 


|conversation with M. du Bousquet, who had told 
|him that the ‘‘ Atlantic” engine of his company 
with 300 tons behind the tender, had run 30 
consecutive miles with a regularly-maintained speed 
of 75 miles an hour. 

__ Mr. John F. Robinson said that some of the 
| figures contained in the paper were really remark- 
| able ; in one case, with 350 tons behind the tender, 
'a train was run at an average speed of 58.8 miles 
per hour. This was a most extraordinary result, and 
would be hard to beat in any country. Whatever 
opinion may have been held in the early days of 
the four-cylinder compound engines, anyone who 
glanced at the figures contained in the paper would 
have no doubt that the type had come to stay, A 
point that had struck him in reading the paper was 
that in France locomotive engineers seemed to be 
satisfied with a wheel of 6 ft. 6 in. in diameter for 
high speeds, whilst in this country nothing under 
7 ft.--and many went higher—was thought fit for 
express service. Referring to the ‘‘ Atlantic” type 
on the Paris-Orleans Railway, it would be seen by 
reference to Table II. of the paper that the grate 
area was given as 33% square feet. The fire-box 
was between the frames, so he should estimate that 
the grate could not be more than 3 ft. 6 in. wide ; 
therefore the length of the grate would have to be 
9 ft. He would ask the author if there had been 
any difficulty in firing these long boxes. Another 
point upon which he would like information referred 
to the tubes; they were between 14 ft. 1 in. and 
14 ft. 5in. in length. He believed that they were 
all Serve tubes, and he would ask if there was any 
difficulty in keeping these long tubes tight ; in this 
country the experience was that with long tubes 
there was more trouble in this respect than with 
short tubes. Here, however, we did not use Serve 
tubes largely, plain copper or brass tubes being 
employed. It was stated by the author that diffi- 
culties had been experienced at high pressures— 
involving high temperature—with copper stays. 
The same ditticulty had been experienced in this 
country. He was glad to see that manganese- 
bronze had been satisfactory in meeting the case 
as far as stays were concerned ; and he would ask 
whether manganese-bronze had been tried for tube- 
plates. He would like to congratulate the author 
on the very fine compound engine shown in Fig. 2 
(see page 432); it was one of the handsomest he 
had ever seen. It was represented by a model 
shown at work in the theatre, which indicated in 
an admirable manner the various points of con- 
struction and design, more especially the balancing, 
which, to his mind, was one of the most important 
things in this type of engine. 

Mr. G. J. Churchward, locomotive superinten- 
dent of the Great Western Railway, wished to 
congratulate M. Sauvage, Mr. de Glehn, and the 
engineers of the French railways, on their success 
in putting so much work and ability into the de- 
velopment of the compound locomotive, and bring- 
ing it to greater perfection in their country than 
it had reached elsewhere. It was this that had 
induced him to persuade his directors to purchase 
one of these locomotives, in order that it might be 
tried on the Great Western Railway. A large 
‘number of trials and tests between compound and 
simple locomotives had been made all over the world, 
| but, in his opinion, none yet undertaken afforded a 
| proper basis of comparison between the two systems, 
even if those made in America were included. For 
instance, the speaker recalled an early test that had 
been made in this country of a compound engine 
working at a pressure of 200 lb. to the square inch, 
and a simple engine working at 175 lb. to the 
square inch. Quite naturally the compound engine 
had the best of it, and that was considered to 
settle the point as to the respective merits of the 
two. It was said that it was impossible to use 
the high pressure of the compound engine in the 
simple engine with any known valve gear. He had 
thought, however, that that fact remained to be 
proved, and he had therefore determined to try 
a simple engine having 18-in. by 30-in. cylinders, 
working at 225 1b. to the square inch. He had 
taken that course with the deliberate idea of finding 
out whether such means could be devised in the 
valve gear and steam distribution of the simple 
engine as would enable it to compete with the 
compound engine. With a view of making sure 
that the tests between the two should be on quite 
‘equal terms, he had arranged that the power 
exerted by both engines—at any rate at high speeds 
|—should be the same. The cut-offs in the com- 
| pound engine were to be those advised by Mr. de 
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“Jehn—namely, 55 per cent. and 65 per cent. in the 
cond en cylinders respectively, the 
cut-off for the simple engine being 20 per cent. and 
95 per cent. Such an endeavour, the speaker said, 
might have appeared ambitious a year or two ago, 
but with the assistance of an efficient staff, by dint 
of hard work, and by making every effort to see 
t could be done with the valve gear, he believed 


oe could ensure a satisfactory result with as 
early a cut-off as 15 per cent. to 20 per cent. The 
tests that had been made had shown that 


with the 18-in. by 30-in. cylinders, a draw-bar pull 
of 2 tons behind the tender had been obtained 
at 70 miles an hour. Tests made with Mr. de 
Glehn’s engine ‘‘ La France” also gave 2 tons on 
the drawbar at 70 miles an hour ; the cut-off in the 
case of the compound engine was 55 per cent. and 
65 per cent. in the two cylinders respectively, aud 
in the case of the simple engine it was 25 per cent. 
In the experiments he had mentioned the boiler 
pressure was 200 lb., and he therefore thought it 
reasonable to expect that with 225 lb. pressure in 
the simple engine the 2 tons at 70 miles an hour 
would have been obtained with a rather earlier cut- 
off than 25 per cent. The question that would 
arise in the minds of engineers would be, What 
amount of steam would be required in the cylinders 
of the two engines respectively to give this pull of 
2 tons’ In the 18-in. by 30-in. cylinder simple 
engine, with a cut-off of 25 per cent., the theoretical 
amount of steam was identical with that in the high- 
pressure cylindergyp: the compound at 55 per cent. 
cut-off. He thougit, taking these conditions into 
consideration, that it would be appreciated that 
means had been devised for obtaining a more perfect 
comparison between the compound and the simple 
engine than had ever been obtained before. He 
wished to guard against anyone drawing the conclu- 
sion that the trials which had been made between 
the engine ‘‘La France” and the locomotives on the 
Great Western Railway were final or definite, because 
these trials had not been sufticiently extensive ; the 
time occupied had been too short to arrive at a 
definite conclusion. With regard to the coal con- 
sumption, he considered that no trustworthy result 
could be realised short of taking an average of 
twelve months’ working. He would take the oppor- 
tunity of saying that ‘‘ La France ” was doing first- 
class work on the Great Western Railway—work 
that could not have been done with the old-fashioned 
simple engine. A steady pull of 2 tons at the back 
of the tender at 70 miles an hour, with a 6-ft. 6-in. 
wheel, took a great deal of getting, and, when it 
was got, a great deal of keeping. The Great 
Western Railway had two engines that would do 
this, and ‘‘ La France” was one of them. A good 
many comparisons had been made as to the weight 
which a particular engine would draw ; he would 
like to caution anyone from laying too much 
stress on such a comparison. He considered that 
the only records worth considering were those of 
the draw-bar pull. He would point out that a 
300-ton train might be made up of eight bogie 
carriages, or it might be thirteen, as it was on the 
Great Western Railway. Running in a wind, or 
rounding curves, very different traction was required 
for thirteen carriages as compared to eight, although 
the weights were the same; the figures might, 
therefore, be no guide. It was not possible for the 
greatest expert to compare the performance of 
locomotives unless he could take records from a 
dynamometer car ; in the results he was striving to 
get, the calculations were based upon observations 
made in that way. In regard to the division of the 
engine, what Mr. de Glehn had said was very 
important, and the speaker felt sure that if we had 
not already arrived at the limit of weight in a 
locomotive, we should very shortly reach that 
point. The Americans had already reached it. He 
hoped that the trials that were to be made in con- 
nection with the St. Louis Exhibition would lead to 
the whole question being opened up in America, as 
it had been on this side of the Atlantic. One 
defect in the design of the compound engine, 
which had been more disappointing to him than 
any other, was that it did not get over the 
boiler troubles. He did not so much mind 
difficulties with engines ; what caused him anxiety 
was the boiler. The compound system led to the 
use of high-pressure steam, and at 225 1b. there 
were difficulties with the boiler. Still, he would 
say that the increase in steam pressure had not led 
to so much trouble as was anticipated. On the 
Great Western Railway they were facing the 
problem, and had a number of boilers running at 











200 Ib. to the square inch. It had been said that 
the divided engine with four cylinders gave a more 
equal torque on the shaft ; he did not see how this 
was brought about. If two cylinders were placed 
exactly opposite each other at 180 deg., and the same 
steam distribution were used as with one cylinder of 
double the size, it was difficult to see how the torque 
on the shaft could be different in the two cases. 
Some of the defects of compounding had led to too 
much stress being laid on the fact that it was not 
possible to get the same power, under high-speed 
conditions, with the simple engine, without using 
excessively large cylinders. Sufficient progress 
had, however, been made to show that the neces- 
sary power vould be obtained without going beyond 
the cylinder of 18 in. in diameter, and with that 
size the stresses were really not greater on the big 
end, the shaft, and other parts, than could be met 
by the dimensions it was possible to provide. 

Mr. W. M. Smith, of the North-Eastern Rail- 
way, said it was highly interesting to know what 
had been done by locomotive engineers in France, 
and especially in connection with the compound 
locomotive. The author stated, in his concluding 
remarks, that compound locomotives or any other 
locomotives must be used under proper conditions 
of service to be economical; powerful engines 
needed sufficiently heavy weights to haul, or else 
they became wasteful. This, the speaker said, 
would be the general case ; but he always held that 
just as there are exceptions to every rule, so it was 
possible to have a compound locomotive that would 
work light or heavy trains at an economical coal 
consumption. By the courtesy of Mr. 8S. W. 
Johnson he was enabled to present a sheet with a 
number of diagrams and tables which gave some 
particulars for the working of a light train by one 
of the Midland Railway compound engines. The 
train weighed 272 tons; the coal consumption was 
23.3 lb. per mile, which worked out at 0.0856 Ib. 
per ton-mile. This equalled a consumption of 
2.16 lb. per indicated horse-power per hour. These 
figures, the speaker said, were exceptionally good, 
as the ordinary average of a small simple engine 
would not, as a rule, be lessthan 3 lb. of coal per 
indicated horse-power per hour. He had designed 
a four-cylinder compound locomotive, a draw- 
ing. of which was placed on the wall of the 
theatre. The system and arrangement of com- 
pounding was on the same principle as that em- 
ployed in the engines of his three-cylinder system, 
the main difference being that four cylinders 
were used in place of three. The distributing- 
valves, in the case of the four-cylinder engine, 
might be driven by alternative arrangements of 
valve-gear, one of which was a modification of the 
Stephenson principle, and the other a modification 
of the Walschaert principle. This was shown on 
a separate drawing, which was also exhibited. 

Mr. Vaughan Pendred said he wished there had 
been more locomotive men at the meeting than he 
saw present. His principal object in rising was to 
ask questions. During the last eight or ten years 
he had watched the performance of locomotives, 
both in this country and abroad, and by degrees he 
had seen English engines apparently distanced by 
those of France. He did not suppose there had 
been any performance of a locomotive engine in 
England equal to that of the French engines on 
the Northern Railway of France. We had had 
four-cylinder engines in this country for a long 
time, but they had not done what such engines had 
been able to achieve in France. He did not see 
anyone present from the London and North-Western 
Railway. That line had raised piloting to a fine 
art ; but still, in spite of the piloting, they were 
not keeping time. A point that had occurred to 
him was that possibly the resistance which the 
engine had to overcome was less on the French 
than on the English lines. He had asked Mr. 
Waddy, who was at the time the locomotive 
superintendent of the western part of the Western 
Railway of France, what his opinion was on this 
subject, and he (Mr. Waddy) had suggested that 
it might be due to the fact that the springs on 
French coaches had twice the range they had in 
this country. The question arose, therefore, 
whether it was the result of the springing: was 
the absolute train resistance less on the French 
lines than in this country? Taking two locomo- 
tives of different sizes, it might be assumed that 
there was a certain speed at which an engine 
might be run, and at which there would be no 
pull at all. Mr. Ivatt, speaking to him on this 
subject, had said that the drivers were the men 


who had the most experience, and practically 
knew best what an engine could do; and if a 
driver had to take a train up to 50 miles an 
hour, he liked a small-wheeled engine ; but over 
that speed he preferred a large wheel. It would 
appear, therefore, that the resistance of the engine 
itself was an important factor. Mr. Aspinall had 
told him that the greatest improvement that could 
be made in the locomotive engine would be to take 
away the end of the cylinder momentarily at the 
termination of each stroke. The difliculty engineers 
met with was not getting steam into the cylinder, 
but out of it. If it could be shown that there was 
some speed at which a particular type of locomotive 
would run until there was no pull on the draw-bar, 
it would be highly desirable to get information as 
to the internal resistance of the locomotive—not 
regarding it as a vehicle. If, however, the loco- 
motive were looked on as a vehicle, it would gene- 
rally be found that one locomotive could haul three 
locomotives of the same size as itself with ease 
provided that the cylinder cocks of the hauled 
engines were open. What was needed was informa- 
tion upon the internal resistance of different types 
of locomotives. He had been endeavouring to 
obtain information from locomotive superintendents 
all over the country as to whether they had taken 
diagrams from locomotives running light at high 
speeds, and also diagrams at low speeds, with the 
locomotives also running light. Some had ques- 
tioned the utility of the information, and others 
had said they had not attempted to get it. Mr. 
Drummond, however, stated that if he would say at 
what speed he wished the tests to be made, he (Mr. 
Drummond) would have them carried out. In the 
event of the discussion being adjourned, he would 
probably have an opportunity of putting the informa- 
tion before members at the next meeting. He 
would be glad if M. Sauvage or Mr. de Glehn 
could give him information as to what the effect of 
particular types of engines was on the draw-bar 
pull. He thought the result that had been given 
that night—2 tons at 70 miles an hour—was really 
magnificent ; and it was desirable to know whether 
that result could be best obtained by a four or six- 
coupled engine. What type of engine gave the 
best net result in draw-bar pull at the various 
speeds required in the present day? It was with 
very great pleasure that he had heard Mr. Church- 
ward say that he (Mr. Churchward) could get as 
good results from the simple engine as he could 
from the compound, because that was a belief that 
he (the speaker) had long held. He would like to 
point out that Mr. Samuel Johnson had designed 
some engines for the Midland Railway which had 
very large cylinders in comparison with the size of 
the boilers. These engines were a failure, but it 
was not the fault of the design, but of the drivers, 
who ran the engines until they were ‘‘out of 
breath ;” if any valve gear could have been used 
which would have prevented that, the result would 
have been very much more satisfactory than it had 
turned out. 

Mr. J. W. Smith, of Derby, said it would appear 
from what had been heard that the French engi- 
neers had gone in for the compound locomotive, 
and had made a very great success of the four-cy-" 
linder engine. The point was why they had achieved 
this result, which we, in this country, had not been 
ableto reach. He had been told that in France, up 
till recently, trains did not run at highspeeds. The 
compound locomotive was then introauced, and it 
came at the right time, doing the work that the 
older engines could not perform. In this way the 
compound system came to the front. Onthe other 
hand, engineers in England appeared to be more 
satisfied with their engines, and thought, perhaps 
not unnaturally, that they could not be beaten. 
He thought that Mr. Churchward leaned to the 
opinion that the simple engine could not be beaten. 
[Mr. Churchward here interposed with the remark 
that he had expressed no definite opinion on pre- 
sent results.] Mr. Smith, continuing, said that the 
indicator diagrams taken from the ‘‘ Atlantic ” 
type engine, No. 2641, Nord, which were given in 
the paper, were extremely interesting. There was 
a remarkable steam line on the high-pressure 
cylinder at the higher speeds. It would have been 


useful if the author had given some information as 
tothe weight of the engines, and also as to whether, 
when the diagrams were taken, the speed was 
accelerating or falling off. If this information were 
given, it could, by a simple calculation, be found 
out whether the trains in France needed —_ 
As Mr, 








power per ton than those in this country. 
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Churchward had said, a short train takes less| The mean weight of the engine being 108 tons, the 
pulling than a long train, both being of the same/ result would be that R in pounds per ton would 


weight ; this, the speaker agreed, was perfectly cor- | equal 23.5 for the train alone. 
rect. He assumed the weight of the engine referred | 


to at 108 tons, and he would make a comparison 
with the figures obtained on the Midland Railway 


would work out at 82.5 horse-power ; the total 
pounds per ton worked out for engine, tender, and 


with regard to the power absorbed in working| train at 38.51b. Taking the high-pressure cards 


trains. 
ments and formulated curves. 


not take quite the same figures as Mr. Deeley had | 
adopted ; but he would assume that R, equalling | 


resistance in pounds per ton on the level (pounds 


q 72 

per ton in the locomotive) as being equal to 3 _ : 
20) 

when the following results would appear. Taking 


the first diagram in the paper—that of Train 179 
(August 22, 1900)—there would be, starting on a 
level, a load of 3,33 tons on the tender drawbar. 


Mr. Deeley had made a number of experi- | 
Perhaps he would | 60.8 miles per hour, the indicated horse-power was | 





of the next pair of diagrams running on a level at 


1129, and the pull on the tender coupling was 
1.9 ton. That gives a resistance of 13.4 lb. per 
ton for the train, and for the engine 25.11b. There 
the engine would be absorbing per ton 1.8 times 
as much as the train. He would compare these 
figures with the formula he had given and the 
figures derived from it. Referring again to the 
second diagram mentioned, with the train going 
at 60.8 miles per hour, the resistance worked out, | 
for engine and train together, at 16.4 lb. per ton. | 








The resistance for | 
the engine and tender, taking indicated horse-power, | 
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The Midland resistance worked out at 17.8 lb., 
the difference being 1.4 lb. per ton. That, 
worked out with acceleration, gave the result that 
the French engine was losing speed at the rate 
of 0.76 mile per hour per minute. The speaker 
next referred to the diagram given in the paper 
taken with Train No. 179, the speed being 54.3 
miles an hour on a rising gradient of 1 in 200. 
This gave 10.6 lb. per ton for engine, tender, 
and train; whereas to get the speed stated, of 
54.3 miles up a gradient of 1 in 200, he calcu- 
lated 14.8 lb. per ton would be required; this 
showed that the engine was losing speed at the 
rate of 2.29 miles per hour per minute. Other 
diagrams gave similar results. In No. 4 dia- 
gram the rate of pounds per ton worked out 
at 14.3 and 25.9, and, as a matter of fact, the 
engine was losing speed at the rate of 6.3 miles per 
hour per minute. In diagram No. 6 (that at which 
the speed was 77 miles per hour on a falling gradient 
of 1 in 200) the engine was gaining speed at the 
rate of 2.67 miles per hour per minute. If the 
author could say why the engine was gaining or 
losing speed at these points, some idea could be 
formed whether the French rolling-stock took less 
pulling than our rolling-stock. The four-cylinder 
engine had certain advantages, but he failed, as 
Mr. Churchward had done, to see how the turning 
effort was more equal than with the two-cylinder 
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engines. He understood that marine engineers 
preferred to get an odd number of cranks, and he 
thought that the three-cylinder engine might be 
better in this respect than the four-cylinder engine. 
With regard to the arrangement of the four- 
cylinder engine, there were two high-pressure 
cylinders outside and two low-pressure cylinders, 
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more forward, inside. That necessitated the 


arrangement of steam-pipes outside, and passing | 
down to the high-pressure steam-chest. The | 


steam, when exhausted from the high-pressure 
cylinders, was carried to the low-pressure cylinders, 
the pipes passing down outside the frames. That 
appeared to him to be a great source of condensa- 


‘ tion. 
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In the three-cylinder engine the high-pres- 
sure steam passed through one large pipe inside the 
smoke-box, and was kept warm by passing through 
gases higher in temperature than the steam. 
When the steam was exhausted from the high- 
pressure cylinder, it did not pass through pipes at 
all, but went direct to the low-pressure steam-chest. 
On the few occasions on which he had ridden upon 
French engines, he had noticed that the condensa- 


| tion in the cylinders was considerable ; with the 
|three-cylinder engine, however, there was little 


trouble.. There were other points upon which he 
would have touched had time permitted, but he 
would reserve them for communication to the Secre- 


| tary, to be put into the ‘* Proceedings,” and would 


simply add particulars of one of the engines on the 
Midland Railway, which had done remarkable work.* 
This engine, since November 4, had been running 
up to the present time, and, except on the Sunday 


of the first week, it had never missed a trip. 


After that, it had run every day, Sundays and 
Saturdays included, and the average mileage per 
month up to the present time was 6800 miles. He 
thought this showed conclusively that the com- 
pound engine could run and could also keep out of 
the shops. The train had sometimes, especially 
about Christmas time, 350 tons behind the tender ; 
the task that was performed would have been im- 
possible with ordinary engines. 

The next speaker was M. Laurent, who spoke in 


* [A fully-illustrated account of the type of Midland 
locomotives referred to, together with results of the 
experiments, appeared in ENGINEERING of February 6, 
1903, page 170, and March 27, 1903, page 415.—Ep. E.] 
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French, and gave particulars of the results which 
had been obtained on the Paris-Orleans Railway 
with the four - cylinder compound locomotives 
referred to by M. Sauvage in his remarks. 

The time for adjournment having arrived, the 
President stated that the discussion would be 
continued at the next meeting of the Institution, 
to be held on April 15. M. Sauvage had very 
kindly promised to come over and attend the meet- 
ing, and give his reply to the discussion. Several 
eminent locomotive engineers in this country had 
been unable to be present that evening, and it 
was therefore with great pleasure that Mr. Wick- 
steed stated there would be an opportunity for 
them to express their views on another occasion. 


THE ANNIVERSARY DINNER. 
The President having stated that the anniversary 


dinner would take place on April 14, the meeting 
was then adjourned. 





TOOL-GRINDING MACHINES.—No. I. 
By JoserH Horner. 

THE present series of articles will deal with the 
processes and machines employed primarily or 
wholly for the work of grinding tools. As this is, 
toacertain extent, a continuation of, or supplement 
to, the previous series on ‘‘ Grinding Machines and 
Processes,” the ground there covered will not be 
traversed again. No remarks will therefore be 
offered respecting matters discussed in that series ; 
but the nature of the duties and the designs of tool- 
grinders alone will be treated of. 

Tool-grinding machines fall under four great 
groups, the most important being that designed 
primarily for sharpening milling cutters, reamers, 
and kindred forms ; the second that for twist drills ; 
then follows that for single-edged tools, such as 
those employed for lathe, planer, &c. ; anda fourth 
group, in which it is convenient to include ma- 
chines that do not come under either of the fore- 
going heads, suchas special knife-blade and saw-tooth 
grinders, &c. This classification excludes all those 
machines in which no mechanical device is embodied 
for gripping and presenting the tools; in short, 
all that vast group of common wheels designed for 
unassisted hand-grinding, restricting, therefore, our 
subject, as before, to precision grinders. Even 
abiding by this restriction, we shall find the field 
to be covered a very extensive one. 

In this first article it will be well to take a rapid 
survey of the various movements which have to be 
provided for in the design of machines for grinding 
the large family of cutters by the aid of mechanical 
devices. The conditions which govern the grind- 
ing of the great groups of tools just classified differ 
widely. The milling cutters in their protean forms 
have directly occasioned the development of a vast 
number of beautiful machines of universal type. 
The numerous edges of these cutters have to be 
ground exactly alike in regard to radius, pitch, and 
cutting angles, no matter whether they have 
parallel or spiral teeth, or whether their sections 
are parallel or tapered, whether they are convex or 
concave, or combine several forms. In the twist- 
drill grinders the necessary movement of the drill 
for grinding clearance alike on both sides of the 
centre has to be provided in the mechanism in 
which it is gripped. And this, too, is the case in 
the true precision grinders designed for single- 
edged tools, for lathe, planer, shaper, and slotter. 
The latter class are not numerous by comparison 
with the others, but the fact is now being recog- 
nised, and put into practice, that even in these 
tools it is well to insist on standard angles, even 
though considerable variations in such angles are 
consistent with equally good and economical results. 

The problem of sharpening milling cutters is not 
identical with that of the first formation of the 
teeth of the cutters. The latter has to be effected 
by the aid of the positive mechanism of a dividing 
head, with or without change-wheels. But after 
the teeth have been thus produced they become 
the guides for grinding by, as far as their pitch 
and shape are concerned, no matter whether they 
are sharpened on the edges or on the faces. The 
machine takes charge of the relations of the wheel 
to the cutter, as far as radius and feed are con- 
cerned. The pitch and the general outlines of the 
cutters are fixed permanently in the work of manu- 
facture. There are often alternative methods of 





grinding, as, for instance, grinding by the face, or 
the edge of a wheel, grinding with a large or small 





wheel, and different methods of holding and con- 
trolling the movements of the cutters ; but only in 
comparatively few cases is any mechanism fitted or 
required for effecting precise formative action, as 
there is in a milling machine employed in manufac- 
turing cutters in the first place. The operation of 
grinding cutters, even on complicated machines, is 
therefore analogous to that of sharpening a chisel 
or plane-iron, except that emery wheels are em- 
ployed instead of hones. 

The ordinary milling cutter further resembles 
the chisel, and all wood-working tools of the chisel 
type, in having its teeth formed with two facets, 
one being the original ground bevel, the other the 
very narrow sharpened facet. This does not apply 
to the formed, or ‘* backed-off,” cutters, which are 
a class by themselves, and which are sharpened 
only on the tooth faces, and not on the profiled 


edges. ; ; 
Milling cutters are mostly of small dimensions, 
the slabbing group excepted. Consequently, 


though cutters can be ground on ordinary uni- 
versal cylindrical machines, it is not so economical 
to do so as on a regular tool-grinder of smaller 
size, and costing much less. A length of traverse 
of 24 in. to 30 in. is generally the most that is 
ever required, and a maximum diameter of, say, 
7 in. to 12 in. Consequently, a pillar-and-knee 
bracket type of machine fulfils the conditions 
required, and a long bed is unnecessary. The pillar 
carries the wheel-head, and the knee the various 
sliding tables. 

The first great group of cutters, and the com- 
monest, are those of cylindrical and parallel form, 
to grind the teeth of which the axis of the table 
has to be set parallel with that of the emery wheel. 
But even a plain cylindrical milling cutter has, 
during the stages of its manufacture, to be ground 
on the ends and in the hole, as well as on the 
circumference, and then, after the teeth have been 
milled, their points have to be frequently reground. 
We have in the previous series of articles seen how 
these operations are done, the milling excepted, on 
universal grinders. The universal tool-grinders, 
as well as universals for ordinary cylindrical work, 
embody provisions for performing these functions. 

The regrinding or sharpening of the teeth is gener- 
ally done with an edge-wheel (Fig. 1, A, page 420) 
running as such a wheel would when working on a 
plain cylinder, only that the wheel alone revolves, 
while the cutter does not. But, alternatively, the 
axis of the wheel may be in the same horizontal 
plane as that of the cutter, as shown, or in the 
same vertical plane over the cutter; or the grind- 
ing can be done with the face of a cylindrical cup 
or hollow wheel. 

As the teeth of milling cutters vary widely in 
numbers and pitch, the attempt is seldom made to 
pitch them by dividing mechanism when grinding, 
as is done when milling. Neither does this device 
afford much, if any, advantage. The necessary 
requirements are fulfilled by a tooth-rest B which 
supports each tooth in turn against the pressure of 
the wheel. After the rest has been adjusted to 
suit any one cutter, it remains unaltered in that 
position, and the teeth rest upon it in succession 
while they are being ground. The wheel being 
presented at the same position for each tooth, it 
follows that the latter must all come out alike. 
The socket in which the rest is carried is provided 
with capacity for a wide range of movements, to 
suit cylindrical, spiral, and angular mills. Gene- 
rally the blade B, formed of a strip of thin elastic 
steel, is in a single width, but sometimes it is split 
(Fig. 2), the advantage of this device being that 
the narrow portion can be readily sprung out and 
in from one tooth to the next, without running the 
rest wholly clear of the teeth when shifting it from 
one to another. Time is thereby saved, and there 
is no risk of accidentally missing a tooth, and not 
grinding it. 

On the setting of the tooth-rest relatively to the 
axis of the work, and of the grinding wheel, the 
amount of relief or clearance of the teeth depends. 
This is seen in Fig. 1, where the tooth is brought 
below the line joining the centres ; and when once 
the amount of relief is tixed thus for a given wheel, 
the height of the rest must not be altered. It has 
to be varied with work and wheels of different 
relative diameters ; and, therefore, the initial deter- 
mination of the setting of the rest has to be done 
carefully. 

Mills with inserted cutters are ground similarly 
to salid mills, as shown in the diagram, Fig. 3, so 
| that the cutters once fixed, remain in situ until worn 





down, which is advantageous in every way. Fig. 4 
illustrates the grinding of a shear blade or die 4 
traversed past the wheel in parallel lines, and held 
on the top slide of the work-table. The principle 
of presentation is exactly the same as that of the 
teeth of circular cutters. 

Though much grinding is done with strictly 
parallel axes, departures from parallelism occur also 
in vertical or horizontal planes. Fig. 5 shows a 
wheel grinding a side face of a cylindrical cutter 
after hardening. The extreme edge of the face 
wheel alone cuts at an angle. Here the work and 
wheel axes are not quite parallel, but the work 
arbor is inclined in the horizontal plane. Fig. 6 
illustrates the grinding of the tooth faces of an end 
mill, using a cup wheel. For this the axis of the 
work or of the wheel are set out of parallel by so 
much as is required to give the clearance to the 
ends of the teeth. 

-arallel grinding, of which Figs. 1 to 3 are 
typical, covers the case of a very large proportion of 
the milling cutters used. Of equal importance, 
however, is that of grinding with the work spindle 
at right angles with the wheel spindle. One illus- 
tration of this kind is that in Fig. 7. Here the axis 
of each spindle comes in the same horizontal plane. 
The job isa reamer, being ground with the face 
of a cup-wheel A. The advantage of the latter 
over the edge wheel of Fig. 1 is that the relieved 
face is left straight instead of concave, and the 
cutting edge is therefore slightly stronger and more 
enduring. Other examples of wheel and work 
spindles at right angles occur in some of the sub- 
sequent figures. Some of these examples occur in 
connection with cutters that have curved profiles, 
which form a great class, the tendency of which in 
the practice of the present day is to increase in 
number and complexity. Many curved sections 
are now milled that were formerly turned with 
much difficulty and loss of time in the lathe, or 
planed, or shaped, or slotted, or else produced 
entirely or finished at the vice. These cutters 
are divisible into two great groups : those which are 
simply profiled, and those which are formed, or 
relieved. 

The apparent difficulty of grinding cutters that 
have curved outlines is usually got over by employ- 
ing the formed or relieved cutters, that are ground 
only across the face, which is normal, or nearly so, 
to the axis. Gear cutters, Figs. 8 and 9, for stock. 
ing and for finishing respectively are familiar 
examples. In these the sides or edges of the 
teeth are never touched after manufacture, but the 
faces only are ground in the manner shown, and 
the sectional shapes of the teeth consequently never 
alter during the whole life of the cutter. Re- 
grinding is continually done to keep the cutting 
edges keen, until the teeth get too thin and weak 
to be of use. 

Setting wheels above the work, as in Fig. 8, 
introduces the need of provision for lowering the 
work centres below the wheel axis. As an alter- 
native, the wheel is often operated with its axis in 
a plane parallel with that of the diameter of the 
cutter in the horizontal direction, as in the gear- 
cutter, Fig. 9. For this it is necessary to set the 
work-table at a slight horizontal angle, since the 
cup-wheel is cutting by its extreme edge only, 
Fig. 9, instead of down its face, as in Fig. 8. The 
action is lighter than when contact occurs all over 
the face. Fig. 10 shows a relieved or formed 
cutter in section, having combinations of curves, 
being traversed past the grinding wheel A. In the 
case of built-up cutters, comprising parallel or 
angular forms, each section is generally detached 
and ground separately. Unless cutters having 
curved teeth are of formed type—that is, having 
the curves of relief struck from centres situated 
eccentrically with the central axis of the cutter, it 
is practically impossible to grind them on the 
ordinary machines. A regular curved edge can 
often be done by a swivel movement of the work- 
holder, but those of irregular outline must be done, 
if at all, by the aid of a former, illustrations of 
which will be given. For this reason the relieved 
cutters, though more difficult to manufacture 1 
the first place, are much more easily reground. 

Other illustrations of jobs where work and wheel 
axes come at right angles include grinding the 
flutes of taps, Fig. 11. Fig. 12 shows an ordinary 
cutter having its teeth deepened by grinding, 
instead of recutting them with a mill, the advan- 
tage being that the temper need not be drawn. 
In fact, much cutting of small mills may be done 








in this way, leaving out the milling altogether, and 
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grinding on the tool-grinder. Another class of 
work is grinding the ends of cylindrical milling 
cutters, and the sides of slitting saws, or thin mills, 
iy. 13. In Fig. 14, where the tooth depths of an 
oun mill are being recut by the wheel A, the axes 
of work and wheel are horizontal, and at right 
angles, but not in the same horizontal plane, so 
requiring vertical adjustments in the machine. 
Another common job in which the axes are at right 
angles is the grinding of the side teeth of side- 
milling cutters (Fig. 15), done with a wheel, indi- 
cited at A, sufficiently small to clear the teeth 
above the one being ground. In some cases the 
cutter is set with its axis vertically, asin the figure; 
in others with its axis horizontally, as in Fig. 16, 
one method being about as common as the other. 

Hitherto parallel cutters, or those of curved 
outlines, ground by a parallel traverse have been 
noticed. But the large family of tapered cutters 
equire devices for setting them at their various 
angles. Fig. 17 illustrates a taper mill, having its 
edges reground by a wheel with its axis in the same 
horizontal plane, but with the cutter axis inclined 
in plan to half the taper. Fig. 18 illustrates a 
countersink being sharpened, or refluted, by a 
wheel cutting against the tooth faces, the axis of 
the two being at right angles. Tapered reamers 
require similar treatment to the angular milling 
cutters. In Fig. 19 a tapered reamer is being 
ground with a cup-wheel A, the work axis being 
set in the horizontal plane. In Fig. 20 the end 
teeth of a rose reamer, or ‘* broach,” as the old 
hands term it, is being ground. 

Angular cutters are supported by a tool-rest 
similarly to parallel ones. They must be ground 
when necessary in right and left-handed directions, 
the double tapers being often embodied in one 
cutter, of which Fig. 21 is a common type. 

In Fig. 22 an internal taper is being ground on a 
sizing cutter, or hollow milla type used largely 
on turret lathes, for roughing and finishing the 
ends of bars, studs, pins, bolts, &c., to size for 
turning, or subsequent screwing. Holes, both 
parallel and tapered, are ground similarly in mill- 
ing cutters and slitting saws, also in washers. 

The case of spiral mills (Fig. 23) offers no diffi- 
culty after the table is set to the angle of the spiral. 
The tooth-rest serves alike for straight and spiral 
mills, because the latter during their traverse still 
hed upon the rest, and the portion of the length of 
the spiral which is being ground at any instant is 
passing the cutter at a constant height determined 
by the setting of the rest. The tooth-rest is also 
used for staggered mills and hobs. For sharpening 
spiral hobs a form, or former, is sometimes used at 
the end of the hob, on the same mandrel, and the 
tooth-rest takes its bearing against the continuous 
teeth of the form. 

Fig. 24 shows a mill of irregular form that is 
being ground on the edges of the teeth by the aid of 
the former A. This is similar in principle to profile- 
milling, an example of which is seen in Fig. 25. 
There is not much protile-grinding of this kind 
done, relieved cutters being usually preferred, for 
reasons already stated. 

A study of cutters soon reveals the fact that a 
perfect machine must be capable of presenting the 
cutters to the wheels at a complete range of angles, 
both in the horizontal and in the vertical direction. 
And, further, adjustment and feeding must be 
readily effected in any position of the cutter, verti- 
cally, longitudinally, and transversely, the emery 
wheel rotating simply, and the cutter being ad- 
justed to, and fed past it, or towards it. This, 
however, is not the invariable rule, because some- 
times the wheel partakes of movement. The work- 
head often has a universal movement for holding 
angular and edge mills—on mandrels, or solidly. 
It has a driving pulley for effecting their rotation. 
Most machines have a back poppet also for work- 
between centres, and provision is made either in 
the heads or in the wheel-head for bringing the 
work above or below the wheel. The value of a 
universal movement to the work-head is seen when 
grinding the side teeth of mills, and also the 
end teeth and the gullets of reamers. It is equally 
Valuable in the case of many inserted tooth mills, 
as well as solid ones. 

_ An important condition which has to be fulfilled 
In grinding cutters is perfect accuracy, which is 
necessary in an equal degree in these tools, as in 
making fits by grinding. What is termed the 

revolution mark” in milled work is apparently 
due to slight differences in the radii of teeth, just as 
much as to vibration and chatter in the machine 





termed ‘‘ elastic grade.” 


and its arbor, since it shows on light cuts taken on 
stiff machines as well as in the opposite conditions. 

Tool-grinding machines are light by comparison 
with the ordinary grinders of universal and plain 
types. The reason is that the work is mostly 
small, and that coarse cutting is never required in 
these, as it is in ordinary, or what is termed ‘‘ com- 
mercial,” grinding. It is really sharpening, akin to 
that done on the hone of the bench-worker, in 
which no more metal is abraded than is required 
to get out the dull edge. And as in good practice, 
asa matter of economy, cutters should never be 
permitted to become very dull, the amount to be 
removed is very small. 

What is required in a tool-grinder, therefore, is 
perfect fitting of universal movements, rather than 
mass, and a large number of adjuncts to suit an 
extensive range of cutters. Water for cooling is 
also unnecessary for the majority of light sharpen- 
ing, in which the risk of drawing the temper is 
practically not present. But in cases where con- 
siderable amounts have to be removed, and in 
grinding planer, and lathe tools, copious water 
supply is essential to prevent undue heating. 

The principal forms of emery wheels used in tool- 
grinding, after plain discs, are those shown in 
Figs. 26 to 31, all except the first two being cupped 
wheels, which grind by their annular edges only. 
The cut is thus very light, besides which their 
forms permit of penetration between the narrow 
tooth spaces. Fig. 26 in varions sizes is used for 
grinding out the holes in cuttersand washers, &c. 
Fig. 27 is employed chiefly for fluting reamers, 
taps, and milling cutters, and for grinding cylin- 
drical work on centres in the tool-grinder. 

Figs. 28 to 30 are suitable for general service on 
cutters with fine teeth, and for the teeth of end 
mills, and for gear-cutters and formed mills. 
Fig. 31 is used for the teeth of side cutters, and 
the side teeth of angular mills, as an alternative to 
the methods shown in Figs. 16 and 17. Fig. 32 
is a slitting cutter and is properly of what is 
Fig. 33 is specially for 
thinning the points of twist-drills after the curves 
of the nose have been ground. Figs. 34 and 35 
are made for grinding single-edged tools, the first 
for the Sellers, the second for the Gisholt machines. 








HOLLOW-SPINDLE LATHE. 

On page 417 we give an illustration of a 4-in. 
hollow-spindle lathe manufactured by Clark’s Engi- 
neering and Machine-Tool Company, Limited, of Luton, 
Bedfordshire. This machine has been designed chiefly 
for rapid production of work from the bar, a method 
of operation which does away to a very great extent 
with the necessity of hand forging, and which is, as 
our readers are aware, largely coming into use in the 
most advanced machine-shops, especially in cases where 
a number of articles of a similar nature have to be 
constructed. In many cases it has been found that 
the finished article can be produced in less time than 
the smith can even get his bar hot from which to make 
the forgings. The lathe, however, will readily do 
all the work, including machining castings, that an 
ordinary surfacing and screw-cutting lathe can perform. 
All the parts of this lathe are of substantial construc- 
tion, and there is a special arrangement of rests which 
enables the work to be turned out very quickly. Ordi- 
nary forged tools are used, those of a special and 
costly nature being avoided, as they take a long time 
to fix, and have to be kept at the same job to be 
economically worked. The fast headstock—which, it 
will be seen, is of massive construction—is fitted with 
a hollow Sheftield steel spindle, bored out to 44 in. in 
diameter from the solid, and running in phosphor- 
bronze bearings. The spindle, which is self-adjusting, 
is fitted with a ball-thrust at the front neck, in order 
to reduce the friction to a minimum, and this is found 
extremely useful when taking the best cuts. The front 
and back caps of the headstock are set at an angle of 
30 deg. to the base, thereby relieving to a very great 
extent the strain on the studs, and also giving double 
adjustment at one setting. The back gear gives a 
ratio of 105 to 1. The reverse wheels are carried in 
specially-designed reversing and thrust plates, which 
give great rapidity, and enable coarse threads to 
be cut. The back shaft is positively driven, and is 
fitted with differential gear, which gives three changes 
of traverse to the sliding and surfacing motions. This 
back shaft is operated by a lever conveniently placed 
in front of the bed, so as to enable the feed to 
be changed without stopping the lathe. The saddle 
is mounted on a long slide, as shown in the illus- 
tration, and is fitted with automatic sliding and 
surfacing motion. There is a square tool-rest carry- 


ing four tools; it can readily be revolved, so as to 
bring the tool needed for the operation instantly into 





action. 


At the back there is mounted a separate rest 


suitable for cutting off or forming purposes. This has 
a separate longitudinal adjustment of its own, and 
when not required can be quickly removed, and an 
automatic self-opening die-head placed in position ; 
this willscrew threads up to 2} in. in diameter. The 
loose headstock has a sliding base for taper-turning, 
and will receive Morse taper drills, one of which is 
shown mounted in the illustration. The barrel can 
be fitted with a self-acting motion for boring and drill- 
ing puposes, three changes of speed being obtained 
by means of a differential gear lever at the front of 
the lathe.. Lubrication is well provided in accordance 
with modern practice. There are a tray, tank, and 
pump fitted, which give a continuous flow of lubricant 
on the cutting tools. All the gears of this lathe are 
machine cut from solid blanks; the reverse wheels, 
racks, and pinions are of steel. 








THE TWIN-SCREW CABLE-LAYING 
STEAMER ‘‘STEPHAN.” 

Havine invited tenders for the construction of a 
second German cable steamer, the Norddeutsche 
Seekabelwerke, of Nordenham, on the Weser, in the 
middle of February, 1902, entrusted the work to the 
Stettiner Maschinenbau Actien. Gesellschaft Vulcan, of 
Stettin, Bredow. The steamer, a description of which 
we commence in this issue, was intended, in the first 
instance, for laying the second German Atlantic cable. 
The first section of this cable, the length Borkum- 
Azores, by the Nordenham Company, was finished 
early in 1903, and was laid during the course of the 
summer; the second section from the Azores to New 
York will be laid this summer. 

The steamer was christened on December 29, 1902, 
by Miss Sydow, daughter of the Under-Secretary of 
State in the Postal Department, and received the name 
of Stephan, in honour of the first Postmaster-General 
of the German Empire, whose eminent services to his 
country and international intercourse will long be re- 
membered. The trials, some particulars of which 
will be given at the end of this article, having been 
made in March, 1903, with complete satisfaction, the 
Stephan, the first German-built cable steamer, was 
put into service. In her design, Mr. Johann Schiitte, 
the well-known marine engineer, of Bremerhaven, was 
guided by the experience which he had gained with 
the Von Podbielski, the first cable steamer of the 
Norddeutsche Seekabelwerke, built by Messrs. Dunlop 
and Co. at the Inch Works, on the Clyde, as we ex- 
plained in our description of this boat,* and by his 
studies abroad. 

The Stephan has been designed for carrying a cable 
load of 5000 tons (1000 kilogrammes), to accommo- 
date which a boat of 9825 tons displacement, with a 
draught of 7.49 metres (24 ft. 6{ in.) was required. 
The principal dimensions of the steamer are as follow: —- 


i between perpendicu- 


ars ... a ... 116.05 m. (380 ft. 9 in.) 
Breadth, moulded ... . 4A”, ( 6, O 5.) 
Depth, moulded, up to 

spar deck ... = so Seg Uldeees, Saved 
Depth, moulded, up to main 

deck ... ve Ge wa, CDOs, C(BERS Ole) 
Draught (loaded) TAG, (2%. O85) 
Cable capacity . 5000 tons (4921 tons a’ 


1016 kilogrammes) 


The vessel was to steam, fully loaded, at 11.5 knots, 
Calculations and tank experiments called, under these 
circumstances, for engines of 2400 horse-power. 

The Stephan has been constructed as a twin-screw 
boat with under-water steering-gear, and shafts com- 
pletely housed up to the stern bracket, as shown on 
our two-page plate, and flat keel. The stem recedes, 
the stern is elliptical (Fig. 1, page 424), and the 
double bottom extends over the whole length of the 
ship. The subdivision into water-tight compart- 
ments has been carried out according to the regula- 
tions of the Seeberufs-Genossenschaft for cargo and 
passenger steamers of this size. The scantlings satisfy 
in strength the conditions of the highest class of spar- 
deck steamers for the interoceanic service, as laid 
down by the German Lloyd. Extra strength has 
been given to all parts of the main deck stringers 
where the cable tanks project through the deck. The 
bulkheads are especially constructed to resist a one- 
sided water pressure, and in order to increase the 
transversal strength web frames have been pro- 
vided partly at every fifth and partly at every fourth 
frame. Both the hull and the cable tanks are built 
of best German Siemens-Martin steel according to the 
rules of the German Lloyd. The rigging is that of a 
double-masted schooner with fore and aft sails. The 
two masts are made of steel, and they support in 
strong brackets eight large derrick booms, two 
more smaller booms being mounted forward of the 
middle deck-house. There are altogether ten derrick 
booms available. The open portion of the spar deck 
can be protected by an awning. 

The decks (see Figs. 2 to 8, two-page plate) are the 
following :—A partial ‘tween deck forward; a main 





* See ENGINEERING, vol. lxix., page 829. 
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deck from stern to stem; a spar deck; a long boat 
deck amidship ; and a smaller boat deck aft. 

All these decks are built in steel ; the boat decks 
form a diagonal structure. With the exception of 
the tween deck, the decks are all planked. On the 
main deck the planks consist of 34-in. pitch pine, 
on the spar-deck of 3$-in. teak; the boat decks 
covered with 3-in. Oregon pine in their 
open portions, and with 3- in. teak above the 
deck-houses. A sector has been cut out of the aft 
boat deck, where the cable machinery is situated, and 
this sector is covered with a lid of steel, which is 
easily removable. On the spar-deck we find the 
smoking-room ; and, adjoining it, the office for the 
cable engineers. Amidships further another house, 
the cable-testing room, passenger cabins, the hatch 
for the engine compartment, two large ventilation 
hatches for the boiler-rooms, the smithy, the cabins 
of the officers, and a few other small rooms. The 
bath-room for the officers who have their cabins on 
this deck, as well as the sanitary rooms for the officers 
and stokers, are placed in two houses near. 

The whole ship’s complement, including the cable 
staff, comprises about 120 persons. 
his state-rooms on the boat-deck (see Fig. 4). 


are 


rooms in the aft portion of the main deck, where the 
dining-saloon is likewise situated. The saloon can 


seat eighteen persons, and is ventilated and illumi- | (220 gallons) capacity, which is fixed above the com- 
nated through a large skylight, which also gives | mander’s bridge abaft the wheel-house. 
jall securely protected against frost, and the taps 


The 


light to the already-mentioned smoking-room. 





The captain has| forward; the rest is drinking water, of which the 
His | double-bottom tank aft contains 97 cubic metres, while 
saloon and bedroom adjoin one another ; the bath-room | the cones of the cable tanks take 49 cubic metres. 
is separated from this block, but this room is also | There are three fresh-water pumps, two DT geome 
protected, as is the way up to the chart-room and | one of which is operated from the spar-deck, an 

wheel-house and to the bridge. The cable engineers | duplex steam-pump of a capacity of 4000 litres (880 
and electricians, as well as the doctor, have spacious | gallons) per hour. 


latter room can also serve as a dining-room for | 


ten persons, a stairway connecting it with the 
dining-saloon below. The windows of the smoking 
room and of the captain’s apartments are large 
square windows with metal frames and patent 
locks. Opposite the dining-saloon are, on the port 
side, the pantry and scullery; and on the star- 
board side are bath-rooms, &c., for the passengers, 
officers, and electrical engineers. The rooms of the 
engineers are about amidship on the main deck on the 
starboard side, and are furnished like the officers’ 
quarters; the bath-rooms are on the same side. 
Opposite these rooms, on the port side, we find the 
large and tastefully furnished mess-room; further, the 
cabins for the assistant electricians, chief steward, and 
cook. The cabins of the stokers, engine-men, stewards, 
bakers, &c., are also on this deck, and care has been 
taken to enable the stokers to pass from the boiler- 
room direct into the bath-room without having to cross 
the open deck. Mention should be made of the airy 
and spacious hospital, which contains four beds ; it is 
situated on the starboard side. Forward we find the 


rooms for the cable-jointers, stewards, and sailors, 
and their lavatories. = 
There are finally four cabins, each containing two 


| is 10,000 litres (2200 gallons) per day of 24 hours. 


| water-tight compartments reach up to the spar-deck, 


i 





All these rooms are very the Schiitte boiler, of 13.2 square metres (140 square 
feet) heating surface, and the 32-horse-power engine 
allows of a speed of 7.5 knots. We notice further :— 
Two Francis patent boats; two cable boats, of ma- 


berths, for passengers. 
effectively ventilated, of ample dimensions, and well 
furnished throughout. 

As a cable steamer must be prepared for spending 
many months on the water without calling at any | hogany, built diagonally and furnished with air-tanks 


of copper; one oak boat for the drop apparatus ; one 


port, particular attention has to be paid to the pro- 
dinghy. The cork belts on board are also as prescribed 


visioning of the vessel, and we notice provision stores 
in various parts of the ship, both forward and aft (see | by the Seeberufs-Genossenschaft. 

Figs. 2, 6, and 7). Abaft, the stores are arranged| The rudder, the rudder-framing, and the stern-post 
on two floors, the lower stores forming easily-acces- | are cast steel, made by Haniel and Lueg, of Diissel- 
sible holds. Cereals, wine, and bread are kept on |dorf. The gudgeons are steel with metal casing, the 
the upper floor, where the office is situated ; meat, |eyes are bushed with white metal. The rudder can 
poultry, butter, eggs, cheese, beer, and also natural| be set over from hard-a-port to the other extreme 
ice, are stored below, and these parts are kept cool by | position within 40 seconds. The steering engine, of 
an air refrigerator, on the system of Haubold, of | the approved type of Brown Brothers, has been sup- 
Chemnitz; this machine has been placed abaft the plied by C. Hoppe, of Berlin; it is directly 
main engine. The store for potatoes, which require |coupled with an emergency hand - steering gear, 
especially careful ventilation, has been put on the | operated by three large hand-wheels, and there is 
main deck, on the port side aft ; it is provided with | further telemotor connection with the bridge. The com- 
large windows and with deck ventilators. mander’s bridge and the wheel and chart-house, 

The Stephan carries 262 cubic metres (9260 cubic | situated above the captain’s state-rooms, as we stated 
feet) of fresh water, 116 cubic metres being feed water | above, are arranged on the plan of German high- 
for the boilers, contained in the double-bottom tank | speed boats; the house has five large square windows 
looking forward. The signalling apparatus comprise : 
(1) mechanical telegraphs; (2) electrical telegraphs; 
(3) loud-speaking telepnones ; (4) ordinary telephones ; 
(5) speed indicators and counters; (6) signal lamps 
and searchlights ; (7) electric bells and speaking tubes. 

The five mechanical telegraphs are distributed as 
follow :—One double telegraphic reply apparatus for 
the two main engines ; one deck telegraph, also with 
reply, on the bridge (port side, outside the wheel- 
house), for the boat-deck abaft ; one steering telegraph 
joining the steering-house on the bridge to the steering- 
gear room below the water-line, automatically replying 
and indicating the position of the helm ; one engine 
telegraph, double reply apparatus, from the cable machi- 

| nery aft to the two main engines ; one similar apparatus 
|for communication between the forward cable machi- 
nery and the main engines. 
The eight bulkheads which divide the ship into nine | The two electric telegraphs are double reply instru- 
iments for continuous currents, furnished by the 
Siemens-Schuckert-Werke; one of these apparatus is 
;mounted near each of the cable machines, together 
with an electrically-operated rudder indicator. 

The four loud-speaking telephones have been placed 
in the steering-house, in the engine-room, and near 
the cable machines. The five ordinary telephones 
have been placed in the wheel-house, in the testing: 
room, in the cable office aft, and in the two cable 
houses on the main deck and the spar deck. 

The five apparatus for mechanically recording the 
number of revolutions made are fixed in the engine- 
rooms and the cable office ; one indicator is connected 
with the cable drum and is placed in the cable oftice. 

The disposition of the large number of electric bells 
_and of the speaking tubes enables all the departments 
to remain in ready communication with one another 
and with the bridge. 

The electric signal lamps are of 25 candle-power and 


a 


The pressure pipe of this system, 
which sends distributing branches to various spots, 
enters from below into a fresh-water tank of 1000 litres 


The pipes are 


are fixed at easily accessible spots on deck. There is, 
further, a distilling apparatus, combined with an extra 
carbon filter, working under a steam pressure of 3 
atmospheres (43 lb.). The capacity of this apparatus 


and can separately, together with the cable tanks, be 
emptied by steam-pumps. The double bottom is 
divided into sixteen water-tight cells, which, excluding 
the amount of fresh water mentioned, can carry 703 
tons of water ballast. The two steam-pumps for this 
ballast have each a capacity of 150 cubic metres (5300 
cubic feet) per hour, and are mounted in the engine com- 
partment. Fires can be extinguished by the pumps 
already referred to, and by two large Navy pumps, of 
the most recent Stone’s type; they are constructed 
to work by hand, and can be coupled to the steam- 
winches. A portable hydraulic pump with suction 
hose and a small hand-pump for the fore peak have 
also been provided. 

The position of the seven boats carried in accordance 
with the regulations of the Seeberufs-Genosseuschaft, 
can be seen in Figs. 3 and 4. 

The steam-launch is built diagonally of mahogany ; | 
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have been installed to the Government regulations. 
The spherical lanterns for laying the cable contain 
also electric lamps. 

The Schuckert searchlight is movably mounted on 
the wheel-house ; the light is provided with a double- 
dispersing apparatus, and the mirror has a diameter 
of 75 centimetres (29.5 in. ). 

The electric illumination plant has to produce cur- 
rent for these signal lamps and for 350 incandescence 
lamps. Two dynamos have been installed in the 
engine-room; they are directly coupled with their 
engines, and, giving 300 amperes at 100 volts, would 
each be able to supply the whole current. The deck is 
illuminated by five groups of four lamps of 25 candles ; 
all the cable tanks are titted with lamps, and the 
bunkers and hatches are inspected with the aid of 
portable electric lamps. 


of the officers and engineers and in the saloons and mess; | 
inall the other rooms candlesticks or lanterns with | 
stearine candles are used, while spare oil-lamps serve in | 
the engine-room. 

Of the auxiliary machinery, we notice one steam | 
capstan for the anchors, two steam capstans forward, 
one steam capstan aft, four horizontal steam winches 
with single gearing for loads of 3tons. The shafts of 
the winches in the bow and stern are extended for | 
docking purposes ; these winches also drive the two 
Stones pumps and the one aft by means of a chain 
pulley and a Gall chain, the paying-out cable machine. 

The anchors are of three kinds: three bow anchors 
-—Hall’s patent; one warp anchor — Trottmann’s 
patent ; and one river anchor. 

The cables are placed in four cylindrical tanks, 
oe of a capacity of 2770 cubic metres (97,828 
cubic feet). All the tanks contain fixed cones. The 
bottoms of the tanks are cemented ; the walls inside 
are quite smooth, apart from the foot recesses ; the pipe 
connections with the ballast-tanks enter below. 

The cable machine is fixed on the port side of the 
spar-deck. It comprises a large drum, powerful 
brakes which are actuated through springs and 
weights, and movable pulleys, over which the cable 
i; taken under gentle pressure. The cable, whose 
pull is measured by a dynamometer, is passed 
feom the four tanks through suitable eyes and over 
sheaves to the paying-out machine, and to the stern 
pulley, whose rim is (J shaped ; this pulley is carried 
by a strong bracket and projects beyond the stern. 
Opposite the machine, on the starboard side, is mounted 
a control apparatus, which indicates the ratio of the | 





The emergency illumination | 
is effected by means of petroleum lamps in the cabins | 


| jaws, and prevent any motion, either lateral or longi- | 
|segments is cut a conical screw thread, so that the | 


| which passes round the complete coupling, as shown in | 


| right angles to each other, may be placed within the | 


UNIVERSAL JOINT AND COUPLING. 









































| distance traversed by the ship to the length of cable | neater and stronger than a Hooke joint, and there 
paid out. are no projecting pins to catch in clothing, &c. 

The winch, which enables the ship to store addi-| Figs. 3 and 4 show the general arrangement, and 
tional cables and to recover cables to be repaired, is | Figs. 5 and 6 the driving segments, of a modified form, 
erected forward on the main deck, its drums projecting | in which a small longitudinal motion of the shafts is 
above the spar-deck. This machine is a double-acting | permitted ; otherwise the principle is the same as of 
steam winch, of especially strong construction, with | the one described above. The finger-piece shown 
drums, cut teeth, and brake pulleys. The cable is/ bolted to one of the segments drops into one of the 
guided over three sheaves, which are mounted on | slots cut in the face of the ring-nut, so that the latter 
strong brackets; the sheaves at the ends are fitted | may be locked in any desired position. 
with Y/-shaped grooves, the central sheave with a IJ; As an alternative to tightening the segments by 
groove ; two dynamometers are inserted between the | means of a ring-nut, it might be seehenbts in the 
machine and the sheaves. | larger sizes to make their outer surfaces as parts of a 

From the tanks the cable passes through four hatches | plain cone, over which a conically-bored ring would be 
on the spar-deck, and is then carried along the port | drawn by means of bolts or screws. 
side. The battery of accumulators required for test-| This coupling isthe invention of Mr. W. H. Newman, 
ing the cables is installed in an annexe to the testing- | A.M.I.M.E., Totteridge Park, Herts. 
room. 

(To be continued.) 











| THE BATTLESHIPS ‘“‘TRIUMPH” AND 
| ‘*SWIFTSURE,” LATE ‘‘ LIBERTAD” AND 
A NEW FORM OF UNIVERSAL | «& GONSTITUCION.’* 
COUPLING. 


ee aan ; | By Sir Epwarp J. Reep, K.C.B., M.P., F.R.S. 
I'e accompanying illustrations show two forms of | , he lesi f the Swift a Tri h. late Consti 
universal coupling, designed to permit all slackness due lt —s aL ° im _ wiftsure - ce F aia nae 
to wear of the parts to be readily taken up. The | *°o™ and Libertad respectively, was dominated, so far 
F Ne hipip olay y oe P as dimensions and proportions were concerned, by the 
smaller Sot, shown in Figs. 1 and 2, is particularly | consideration that the ships must be so constructed as 
intended for use on motor-cars, though it would be | ¢> enter the large double graving dock at Talcahuano, 
equally suitable for any small machinery in which want | Chili. Fortunately, when the charge of this design was 
of alignment in shafts has to be provided for. As will | entrusted to me, I happened to be in Chili, and was able 
be seen in Fig. 2, the ends of the shafts to be coupled | personally to inspect this dock, and obtain from it all 





| terminate in jaws which engage with one another | such notes and measurements as were necessary for my 


somewhat in the manner of the well-known Hooke | guidance in preparing sections on my voyage home. 
joint. The power, however, is not transmitted by Those who are accustomed to design ships will be aware 
pins, but by four segmental pieces which fit into the | how great a part the forms of the sections must of 


Ate ° necessity play in determining the form and proportions 
spaces left between the adjacent faces of the jaws. | of , ship which is obliged to fulfil certain other fixed 


pico recesses formed in the sides of the segments | conditions. Both ships were to be precisely alike to the 
t over corresponding shoulders on the faces of the | fy)jest possible extent. 
Subject to the limitations of dimensions imposed by 
tudinal, except the desired ‘‘ universal ” motion of | the Talcahuano Dock, the first condition laid down was 
the joint. On the spherical external surfaces of the | that of speed, for which the minimum at load draught 
— by the Chilian Government was 19 knots. 
segments may be held in place, and tightened to the | +s era ae -_ poet ng tren fy greg 
i > ; : | minin e form a ) 8, i 
desired degree by means of a conical-threaded ring-nut precarr 8 with the prescribed armament. 
Fig. 1. In cases where it is essential that the centre | G....” 5 gy prow mc Prec om what unit Galen —_ 
lines of the shafts should pass accuraiely through the | : d : 
same point, a ball, or block having cylindrical faces at | TTY 


*Paper read at the Institution of Naval Architects, 


arms of the forks. In appearance, the coupling is ; March 23, 1904, 
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rticulars, it may be well to set forth the steps which 
ed to the construction of these ships. 

Their origin is to be found in the fact that towards the 
end of 1901 the relations between Chili and Argentina, 
over their mutual-boundary question, were so severely 
strained as to bring the two countries to the brink of war. 
Happening to visit Chili at that time for the benefit of 


| officer, who had fought years before in the war with Peru. 
‘rom the time of his joining me we worked heartily 
| together as the commission of control over the work of 
| both ships. 

I may now proceed with the descriptive particulars of 
| the ships,* and, in order to facilitate comparisons between 
them and H.M.S. Duncan, which was recently selected 


| 


a 

But, I would ask, what conceivable advantage can it 
be to a battleship or any other ship to possess, on account 
of her great size, a hull weighing 770 tons more thar. 
another which can fight equally well and steam equally 
| fast? Some weight of hull, nf of course, a great weight 
| in such ships, is, unfortunately, necessary ; but mere weight 
| of hull is a thing to be avoided so far as is consistent with 


my health, just before reaching Valparaiso I met a!in the House of Commons by the Secretary to the | strength and other good qualities, for it is nothing more 
powerful Chilian squadron proceeding south in battle | Admiralty expressly for the purpose of making such a| than dead-weight to be carried about, and, of course, re. 


airay. 1 the ships composing it had been built by 
Sir W. G. Armstrong, Whitworth and Co., at Elswick, 


under my own superintendence and responsibility, in | 


more or less association with some Admiral of the 
Chilian Navy, but so as to embody all that was forthcom- 
ing from the ability and experience of that great company, 
and especially from their extremely able naval architect, 
Mr. Philip Watts, then the shipbuilding director at | 
Elswick, and now the Director of Naval Construction at 
the Admiralty. The leading ship, flying the flag of my 
friend Rear-Admiral Goni, was that O'Higgins, which, 
by her remarkable combination of gun-power, speed, an 
coal-carrying power with very moderate dimensions, 
excited so much comment four or five years ago. 

I had scarcely arrived at Valparaiso when the question 
of reinforcing the Chilian Navy by the purchase or con- | 
struction of two powerful battleships came under urgent 
consideration. the purchase of such ships being found 
impracticable, the steps for building them had to be 
urgently taken, and to this end I was put into close com- 
munication with one of the most capable and influential 
men in Chili—Vice-Admiral Montt, the director-general 
of the Chilian Navy, aman of singularly quiet and reserved | 
manner, but one who, nevertheless, had conducted war 


successfully, and had subsequently presided over the! sure and Triumph, like His Majesty's other ships, have | obtained by increases in revolutions. The Duncan 
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destinies of Chili, as the President of the Republic, with | 
marked distinction. 

No existing design of any kind, or emanating from any 
source whatever, was seen or mentioned during my con- 
ference with ex-President Admiral Montt, but 1t was his 
desire (in order to limit the cost) to keep the tonnage, if 
possible, down to 11,000 tons; but, with a speed of 19 knots, 
to carry an armament of four 10-in. guns, as bow and 
stern chasers, and at least ten, and if possible twelve, 
74-in. guns, of which four were to be upon the upper 
deck. This left either six or eight of the 74-in. guns to be 
disposed of, according as I might decide upon providing 
ten or twelve of these guns ; and it was further arranged—- 
as was, in fact, almost a matter of necessity—that if I 
could not succeed on the voyage home in placing six remain- 
ing 74-in. guns in turrets or barbettes, so as to give them 
a greater height above the sea, and a greater range than 
the main-deck guns—a matter which I desired to attempt, 
but without success—then the main-deck battery was 
to be resorted to, and was to contain eight of these 74-in. 
guns. Many other matters were settled between Admiral | 
Montt and myself. Owing to the pressing necessity for 
rapid building, I was authorised to proceed to England as 
quickly as possible, and to obtain tenders for ships of the 
design thus settled upon from the Armstrong Company 
and from another firm, who could quickly produce hull, 
machinery, and armament complete, on which account, 
among others, we selected the eminent firm of Vickers, 
Sons, and Maxim. 

On arriving at Liverpool on February 5, 1902. I pro- 
ceeded across to Elswick, and gave all necessary instruc- 
tions for the preparation of drawings, &c., which were to 
be sent tome as soon as possible. On reaching London, 
and calling on his Excellency the Chilian Minister, he 
told me that his Government, by telegram, had expressed 
the wish that I should arrange to have fourteen of the | 
74-in. guns, which made it necessary to conform to the 
main-deck battery arrangement. My arrangements with | 
the Armstrong Company were accordingly modified to 
that extent, and a corresponding increase of length and | 
of tonnage was allowed. I lost no time in giving precisely 
like instructions to the Vickers Company, who, in the 
interval, had sent to Chili a small diagram of such a ship 
exhibiting a battery of fourteen of their powerful 7}-in. 
guns. In the course of a week or two approximate 
drawings were submitted, and representatives of the 
respective firms met at my office to see what modifica- 
tions were required. As the drawings had to be one and 
the same for both ships, it became necessary for me to 
have some alterations made in both, and the drawings, 
&c., being thus eventually brought alike, and to my 
entire satisfaction, and the competitions in price being 
also adjusted, I advised the Chilian Minister accordingly, | 
and contracts for both ships were signed on February 26, 
or exactly three weeks after my arrival home. In the 
June following I was joined by Admiral Don Juan | 
Simpson, of the Chilian Navy, a most able and gallant ' 


| Duncan, employing for the purpo I 
said, he had in his hands, and which we may, if we please, | be 


| ment. 
| obtain the given power and speed—coupled, of course, | 
| with equally efficient armour protection—on much less 
displacement than another requires for the same purposes, | 


comparison, I have placed the particulars of both ships in 
| adjacent columns. 


in preparing this paper has been somewhat simplified by 
| passed upon these ships, most of them emanating, there 
| seems ep wore from the Admiralty Office, either diceeity 
or indirectly. They have given me a lead, so to speak, 
for many of the following remarks. Even the Secretary 
to the Admiralty, in his place in the House of Commons, 
took occasion, as I have said, to compare them with the 


presume got there from the hands of someone else. 


The Secretary to the Admiralty first said that the | 


Admiralty were bound, in providing homogeneous squad- 
rons, to attach great importance to His Majesty’ 
being not merely of equal armament and speed, but also 
of equal ‘‘displacement” and of ‘‘ position of guns,” 
in order that the “‘line of fire’’ should be ‘‘ homogeneous.” 
What is meant by homogeneity in the line of fire I do not 
understand, even when it is brought into comparison be- 
tween the Swiftsure and Triumph and the ships designed 
in the Admiralty Office by former designers. The Swift- 
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PRINCIPAL DIMENSIONS. 
LENGTH BETWEEN PERPRS______ 4.36 
BREADTH MOULDED, _ 

DEPTH ” 
ORAUGHT _______ 


DISPLACEMENT. 
(222 8) 





Tk 
4,850 TONS 


| guns disposed ahead and astern, and on each broadside, 
| and I know of no difference in this res 
, Ships which he compared. Certainly the Swiftsure and 


ct between the 


Triumph are not wanting in any horizontal range of fire, 


or any ‘‘lines of fire’’ which the Duncan, with which he | 


compared them, possesses. 


But what the Secretary to the Admiralty can mean by | 


suggesting that, for equal efficiency, the ‘‘ displacements” 
must be alike, I do not know ; for, if ships with a given 
amount of fighting power and of speed 


then improvement in design, in so far as economy and 
efficiency are concerned, is thereby barred. Ifa ship is of 


given gun-power and armour, and of given speed (other | 
things being alike), it is absolutely of no advantage to her, | 


but of grave disadvantage, for her to have more displace- 


ment than is necessary, for a very large part of the art | 
|in the designing of battleships consists in obtaining the 
on the least displace- | 


necessary fighting power and speed 
rom this it also follows that, if one designer can 


it will be obvious to everyone present that the smaller 


| ship is the better ship. The Secretary to the Admiralty 


seems to suppose, or to have been induced to suggest, 


| that it is an advantage for the Duncan to have 770 tons 


more weight of hull than the Swiftsure and Triumph, 
and 530 tons more armour to protect the enlarged hull. 


* [A very complete and fully illustrated description of 
the Libertad and Constitucion appeared in ENGINEERING, 
of January 15 last, and of the diagrams accompanying Sir 
Edward Reed’s paper we have, therefore, only reproduced 


those showing the sheer draught, these diagrams not | 


having appeared in our former notice.— Ep. E.] 


And here I may be permitted to remark that my work | 


the repeated comparisons which unfriendly critics have | 


se a paper which, he) 


8 ships | 


) are to be pro- | 
nounced inferior because they are of less ‘‘ displacement,” | 


quires more armour to protect it and more steam-power 

| to drive it than a smaller hull. But this Institution is g 
place in which it is not necessary to further refute the 
idea of the Secretary to the Admiralty. 

The objection to the Swiftsure and Triumph that they 
have a weight of hull less than that of the Duncan by 
770 tons, and armour less in proportion, and weight of 
machinery also less in proportion, is not that of a naval 
‘architect. The essential comparison between the ships 
is in their fighting power and speed, and in little ele. 

Captain Pretyman, the Secretary to the Admiralty, 
further suggested that the Swiftsure and Triumph are to 
more or less condemned because they have engines 
which run fast as compared with the engines of His 
Majesty’s ships. He suggested that this was a disadvan- 
tage, especially in battleships. I need not remind this 
audience that some of the greatest advances in steam 
machinery for ships of war, as for all other ships, have 
been made in this very direction of giving more revolu- 
tions, and, consequently, saving weight in the machinery, 
| The Warrior was our first armoured battleship, and she 

had very heavy machinery, running at only 54 revolutions 

| per minute. The course of improvement in steam machi- 
| nery has resulted in great reductions in its weight, largely 
ner. 


Principal Dimensions. | “Triumph.” ** Duncan.’ 
436 ft. 
71 ft. Oin, 
24 ,, oh 
1,, 


405 ft. 
75 ft. 6 in, 


Length.. 
Breadth 

= 6 
8 


With normal coal 
Increase with 
bunkers full 
+.) / Normal 
Coal) Bunkers full __ 
Displacement, normal 
Freeboard at bow 
Complement. .. 


Armour, 


26 55 


1,, 


2 ” 
10} ,, ” 
900 tons 
2,000 
14,000 , 
22 ft. 9 in. 
750 


ons 


” 


800 t 
2,000 ” 
11,853 ,, 
21 ft. 6 in. 

77 


7 in. 
n. (to main deck). 
Aft only, 11-in. 
| Harveyed. 
.. Barbettes10-in. fronts Barbettes11-in. fronts 
and 8-in, rears; case- and casemates 6 in. 
mates 7 in. 


Belt .. _ 
Side above belt 
Bulkheads 


% 7 in. 
..| 7 in. (to upper deck) | 7 i 
; 6 in. 


Gun positions 


Guns. 

Calibre . . 

| Number ms nie 

| Number on broadside 

| Weight of projectile, 
pounds 

| Weight 
cordite 

Muzzle velocity, foot- 
secs. 

Muzzle energy, foot- 
tons 

| Weight of broadside, | 
pounds (with two} 
big guns only in| 
each case) 

Muzzle energy of 
broadside, foot-tons; 

Muzzle energy of) 
broadside compared | 
with ‘ Triumph,” 
per cent. | 

| Height of centre of 

lowest main -deck 

gun above normal) 

water line 

| Small armament 


7.5 in. 
14 
. 


200 


10 in. 12 in. 
4 4 


9 


850 


9 


500 100 


of charge, 135.5 51 167.5 20 


2,900 2,526 © 2642 


37,600 


2,860 
11,750 4840 


2,400 


28,355 


2,300 


138,960 104,240 


75 per cent, 
13 ft. 2 in. 


14 14-pdrs.; 2 12-/12 12-pdre.; 6 2 

pdrs.; 4 6-pdrs; pdrs.; 8 Maxims. 

4 pom-poms; 4 

Maxims 
20.1 


| Speed in knots on 20.17 18.9 
trials 


I.H.-P... oe ao 14,105 18,322 


self, for example, has 121 revolutions—much more than 
double those of the Warrior, and there is no earthly 
| reason whatever why advances along this line of improve- 
ment should not have been made in the Swiftsure and 
|Triumph. The battleship Montagu at her trials made 
124 revolutions, and probably others have made more. 

I would add, what marine engineers will readily en- 
| dorse—vi«., that although the revolutions per minute of 
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, have their own importance, the piston speed is 
poet negra speed of the engine; and, although the revo- 
lutions per minute of the Triumph were 157, which is 
somewhat higher than has so far been obtained in a first- 
class battleship, the piston speed was only 1020 ft. per 
minute, which is probably less than that of some vessels 
in the Royal Navy. 

The speed provided for under the contract was, as we 
have seen, that of 19 knots per hour, and it was calcu- 
lated that this could be easily obtained with an indicated 
horse power of 12,500. The question of deciding upon 
the type of boiler to be used for the generation of the 
necessary steam for this horse-power was naturally an 
anxious one; and after a close consideration of weights, 
available space, and other circumstances peculiar to the 
case, I decided, while in Chili, that the Yarrow large-tube 
type of boiler was the one that offered the greatest advan- 
tages for these vessels. The designed speed of 19 knots 
was actually obtained with an indicated horse-power of 
11,500, and the steam-producing power of the boilers 

roved to be sufficient for the development of slightly 
over 14,000 horse-power during the time occupied by six 

runs over the measured-mile course, ‘ $e 4 

The mean speed obtained during the six hours’ trial, in 
the course of which the measured-mile runs were made, 
was within Jess than a decimal point of 20 knots, the 
horse-power being maintained without any undue exer- 
tion on the part of the stokehold staff, and with no more 
than 1 in. of air pressure. The mean speed of the 
measured-mile runs was 20.17 knots, as given in the 
table. 

The further trials which were carried out were not made 
under conditions similar to those adopted by the Admi- 
ralty, and of them it is sufficient to say that they were 
entirely satisfactory to those responsible for them. The 
complete trials of the Swiftsure, however, will be carried 
out under the control of the Admiralty, when results will 
be obtained capable of exact comparison with those of 
Admiralty-designed vessels. It is to be hoped that the 
future trials of, and reports upon, these ships will be free 
from the strong adverse bias with which they, since their 
purchase by the Admiralty, have been treated by the 
Secretary to the Admiralty and some others. 

Comparing the armour protection of the Triumph with 
that of the Duncan, it will be seen that the main portion 
of the belt in both cases is composed of 7-in. Kru 
armour, and the belt of both vessels is continued with 
reduced thickness to the bow. Aft, however, the belt of 
the Triumph is continued to within about 20 ft. of the 
stern, completely covering the steering gear, but, of 
course, reduced in thickness; while that of the Duncan 
is not continued at all in that direction, except by a cover- 
ing of 1-in. nickel steel, which extends to the Ecko of 
the main deck. 

Above the main portion of the belt, the sides of the 
Triumph are protected right 4 to the level of the upper 
deck with 7-in. Krupp steel. The protection of the sides 
of the Duncan above the belt extends only to the level 
of the main deck, but it is continued with reduced thick- 
ness to the bow. 

The protection of the space embraced by the deep side 
armour is completed in the Triumph by sloping bulk- 
heads of 6-in. Krupp steel at both ends, extending from 
the side armour to meet the 10-in. circular bulkheads of 
the barbettes, and from the protective deck to the upper 
deck. A similar bulkhead of 11 in. of -Harveyed armour 
is fitted in the Duncan at the after end only. 

The main deck battery of the ‘'riumph is thus pro- 
tected by a continuous thickness of 7-in. Krupp steel on 
the sides. The gun positions are separated inside the 
vessel by bulkheads of 1 in. thick. The main deck 
battery of the Duncan is protected by casemates around 
each gun, the thickest armour of which is 6 in., and of 
Harveyed steel only. 

I need hardly draw the attention of members of this 
Institution to the difference in protective value of Krupp 
and Harveyed armour. 

Coming now to the protection of the guns situated 
upon the upper deck. The barbettes, in which the 10-in. 
guns of the Triumph are mounted forward and aft, are 
composed of Krupp armour of a maximum thickness of 
10in. Those in which the 12-in. guns of the Duncan are 
mounted have a maximum thickness of 11 in., but of 
Harveyed armour. The shields of the guns themselves 
are exceptionally strong in the Triumph, their fronts 
being of 9-in. and their rears of 8-in. Krupp steel. 

The four 7.5-in. guns on this deck are protected by 
Krupp armour of a maximum thickness of 7 in. The 
6-in. guns of the Duncan, similarly situated, have a cor- 
responding thickness of 6-in. Harveyed steel. 

_ Both vessels have protective decks in addition to their 
side armour. 

Comparing now the protection offered by the armour of 
each of these —_ as against the other’s guns, I may 
remark first that there would certainly be little to choose 
between the effects produced in either ship by fire from 
the heavy guns of the other if the same number of rounds 
were fired from each ship, at the same distance, and with 
equal accuracy. In the case of the battery guns, how- 
ever, under such circumstances, the armour of the 
Triumph would have a very much greater protective 
value than that of the Duncan. Ata range of 2000 yards 
the 7.5-in. guns of the Triumph would easily pierce 
the belt and side armour of the Duncan, while the 
Duncan 8 6-in. guns would be powerless to penetrate the 
Triumph’s. Even at 3000 yards distance the Duncan’s 
armour would hardly avail to keep out the armour- 
piercing shell from the Triumph’s guns ; whereas the 
attack of the Duncan’s guns on the main portion of the 
Triumph’s belt and sides would be quite ineffective. 

Coming now. more particularly to the armaments, the 
Triumph, in spite of her smaller diagenemnea’, is certa‘nly 


superior to the Duncan in some important respects, due 


mainly to the enormous advantage which she derives 


from the possession of a large number of the new type o 
7.5-in. guns. ‘The weight of projectile fired by the 7.5-in. 
guns is 200 lb., exactly double of that used with the 6-in. 
uns; and as the Triumph has seven 7.5-in. guns on each 
roadside and the Duncan but six 6-in., the total weight 
of the Triumph’s broadside from her 7.5 in. guns is more 
than double that of the Duncan from her 6-in. guns—-viz., 
1400 lb., against 600 1b. But a fairer and more valuable 
comparison of gun-power is obtained by the use of the 
muzzle energies of the projectiles rather than their 
weights. The total muzzle energy of the seven 7.5-in. 
guns on the broadside of the Triumph sums up to the 
amount of 82,250 foot-tons, which is to be compared with 
the 29,040 foot-tons given by the six 6-in. guns on the 
broadside of the Duncan; that is to say, the former is 
nearly three times (strictly 2.8 times) that of the latter. 

It may be thought that this enormous advantage is to 
a large extent discounted by the superior rate of fire of 
the 6-in. guns. It is discounted to some extent; but 
experiments made seem to show that for short periods, 
during which alone a very rapid rate of fire could be kept 
up even by the 6-in. guns, the number of rounds that 
could be fired per minute by the 7.5-in. guns would be 
within two rounds of the 6-in. guns’ rate; so that the 
advantage which would remain with the 7.5-in. guns, 
even at a high rate of fire, would still be very great. At 
lower rates of fire this advantage would be, of course, 
proportionately greater, because the difference between 
the rates of fire would gradually diminish, and the rates 
become equal. 

The comparison just made has been given because it is 
of interest to compare the relative values of the 7.5-in. 
and 6-in. guns, dissociated from the heavy guns, which, 
of course, have to be included in a comparison of the 
ships’ effective broadsides. 

Proceeding now to the more general comparison, we 
come to the figures given in the table (page 426). The total 
muzzle energy of the broadside of the Triumph amounts 
to 138,960 foot-tons, and that of the Duncan to 104,240 foot- 
tons ; that is to say, the Duncan’s is only 75 per cent. of the 
Triumph. In making comparisons of gun-power of ships, 
it is often, if not usually, the practice, where there are 
two heavy guns in barbettes or turrets at each end of the 
vessel, to adopt the device of regarding the whole of the 
four heavy guns as being trained to either side of 
the ship in order to reinforce the other guns of either 
broadside. A little consideration, however, shows that 
this is a practice which leads to confusion and misappre- 
hension. lf the guns in the turrets are large, and those 
of the secondary battery are small, it is obvious that by 
counting all the four heavy guns on one side of the ship 
you exaggerate enormously the power of one broadside by 
depriving the opposite side of a large part of its arma- 
ment; and as every battleship is liable to have to fight 
upon both sides, a totally false impression of her real 
power is thus produced. 

As no one would think of designing a ship with vastly 
greater gun-power on one side than on the other, no good 
purpose is served by treating her as if she were so 
designed. It may be desirable for some purposes to state 
what is the greatest number of guns a ship can fight on 
one side when circumstances favour her doing so; but it 
upsets many legitimate comparisons to make this arrange- 
ment the standard of comparison. In the present case, for 
example, the wretchedly weak secondary armament of the 
Duncan is reinforced by the mode of comparison which I am 
condemning by four heavy guns, whereas the powerful 
secondary battery of the Triumph needs no such rein- 
forcement, and can only be reinforced by guns of less 
weight than those of the other ship. It is for these 
reasons that I have thought it right in my comparisons to 
consider the broadsides on both sides of the ships as 
equal, 

The official trials of these guns were made with cordite 
as a propellent. It is true that a few rounds were fired 
with nitro-cellulose for the purpose of ascertaining the 
ballistics of the guns with this propellent, but only for 
that purpose. 

I confess to being a little impatient with some of the 
criticisms which have been sugges In one important 
newspaper an adverse article, proceeding from a profes- 
sional hand, appeared almost as soon as the purchase of 
the ships by the Admiralty became known. 

In this article it was suggested that these ships were 
not of the first class of battleships, either in guns or in 

rotection. But the Duncan is described in the Navy 

sist and in the Navy Estimates as a first-class battle- 

ship; and you are now in a position to judge, if the 
Duncan is a first-class battleship, why that designation 
should be denied to the new vessels. 

A doubt was also thrown upon the sufficiency of the 
complement, although the Triumph, of 11,800 tons, has a 
complement of 776, against 750 in the Duncan; which 
latter also has to develop 18,000 indicated horse-power, 
against 14,000 indicated horse-power of the smaller ship. 

As the writer at that time probably knew nothing of 
the rate of fire of the new ships, or of the ammunition 
supply, it will perhaps suffice to say, in order to quiet his 
fears on these points, that no ships ever had more atten- 
tion paid than these to the quick service of ammunition : 
not only by the very competent building firms, and by my 
own staff, but also by Admiral Simpson, and by a staff of 
very able Chilian officers who served under him, and 
devoted themselves energetically to the quickening of the 
ammunition service in every possible way. 

A doubt was suggested, made by this not very friendly 
writer, as to the ability of these ships to fight their guns 
in a seaway. It will be seen, however, that while the 
lowest of the 7.5 in. guns of the Triumph is at the same 
height above the normal water-line as the 6 in. guns of 
the Duncan, it is a few inches higher than those of the 


as much as 2 ft. 7 in. higher than those of the cruisers 


f| King Alfred and Cressy. It is true that the greater pro- 


jection of the Triumph’s guns from the ship’s side places 
this vessel at some disadvantage, theoretically, when 
compared with the other battleships of the table, but 
the differences of angle of heel of ship at which the guns 
touch the water-level in the respective cases is very small, 
and when we come to the cruisers the advantage in the 
comparison rests with the Triumph (see Table below). 





Height Distance of |Angle of Heel 
of Centre of Muzzle Required to 
Siig Gun Above’ of Gun from | Bring Centre 
Normal Centre of Muzzle to 
Water-Line. Line of Ship. Water-Level. 
ft. in, ft. in. deg. min, 
Triumph on i 13 2 54 3 14 0 
King Edward VII. .. 12 9 52 0 14 15 
Duncan ae 13 2 | ee 1445 
Canopus oo - 12-6 49 9 14 30 
King Alfred .. 6: 7 48 9 12 45 
Cressy aa es 164:.7 47 9 13 «(OO 


As a matter of fact, however, these comparisons seem to 
be of little value as bearing on the practical question of 
the ability of the various vessels to fight their guns when 
amongst waves. As will be seen from the table, the total 
difference between the least favourable and the most 
favourable examples, under the theoretical conditions 
there assumed, amounts to no more than 2 deg.: a fact 
from which it would seem that no deduction can be made 
except that in a seaway all the vessels in the table would 
be practically on a par as regards their ability to fight 
their guns. If this view be correct, the Triumph, while 
vossessing all the advantages attaching to guns of greater 
rye does not suffer any real disadvantage in respect 
of them. 

With regard to the height of freeboard at the bow, a 
point upon which also adverse criticism has been passed, 
owing to inaccurate information, this height in the 
Triumph is 21 ft. 6 in. in the normal | condition. 
This height is certainly somewhat less than in the case of 
the Duncan (by 1 ft. 3 in. only), but the difference does 
not seem to be of such importance as to merit any great 
amount of condemnation, especially when it is remem- 
bered that the Triumph, although actually a 20-knot ship, 
was designed for a speed of 19 knots, and is a much 
smaller vessel than the Duncan. 

The stability of this vessel is satisfactory, and compares 
well with other recent ships. In the normal load condi- 
tion she nas a metacentric height of 34 ft., which is 
calculated to ensure an ample degree of stiffness without 
interfering unduly with the steadiness of platform. In 
the fully loaded condition—that is to say, with the bunkers 
and reserve feed-water tanks full—the metacentric height 
becomes 3.75 ft., and in the light condition 2.71 ft. _ 

Referring to the curves of statical stability, owing to 
the relative positions occupied in the ship by the reserve 
coal and the large quantity of reserve feed-water for 
which provision is made, the curves for the normal and 
fully-loaded conditions differ very little from one another, 
The maximum righting arm occurs at 364 deg. and 35 deg. 
respectively, and measures in each case but 1 in. less than 
2 ft. The range of stability in both these conditions is 
over 62 deg. ‘ 

In thelight condition the maximum righting arm occurs 
at 344 deg., and measures 1 ft. 6 in. The range of stability 
in this condition is 574 deg. 

The newspaper correspondent, writing with a profes- 
sional hand, to whom I lon been referring in previous 
paragraphs, was poet to say that the best and fairest 
comparison of the Triumph and Swiftsure is ‘‘ with 
armoured cruisers, particularly with the Cressy class ;” 
and added, “‘It is obvious that the design of the Cressy 
has greatly influenced that of the Chilian ships.” 

If the cause of this writer finding the best and fairest 
comparison with these ships in armoured cruisers is that 
the armoured battleships compare so badly with them, I 
hope I have courtesy enough to excuse him ; although it 
does seem a little strange for an anonymous writer to 
find that the fairest comparison to be made with these 
two battleships is to be found in an armoured cruiser ; but 
when he goes on to state that the — of the Cressy 
has greatly influenced that of the Chilian ships, I can 
only say that I have never up to this moment become 
acquainted with the design of the Cressy, and certainly 
her design has not had the remotest connection with the 
design of these ships. ‘ 

I hope it is not disturbing to anyone at the Admiralty 
Office, or to anyone who has been at the Admiralty, to 
suggest that Admiralty designs have not been considered 
by myself as examples to be imitated. They havealways, 
in my opinion, for niany years past been too large for 
their armaments and their speeds ; and it never occurred 
to me, when arranging the designs of these two ships, to 
found them upon any Admiralty design whatever, and 
for that simple reason. The truth is that I can only 
account for the large dimensions of many of His Majesty’s 
ships, when taken in relation to their armament and 
speed, by presuming that their dimensions were fixed in 
a somewhat arbitrary manner, and so as to be certain that 
they should be large enough; whereas it is my opinion 
that the dimensions and power should grow out of, and 
be the sequel to, the guns to be fought and the speed to 
be attained. I shall have the full concurrence of at least 
one Admiralty officer of high ition in this respect, 
because the present Director of Naval Construction, Mr. 
Philip Watts, stands in my estimation as the modern 
exponent of the system of design which emphasises the 
gun-power and speed, and brings down to the lowest 
practical point the weight and power necessary for the 








battleships the King Edward VII. and the Canopus, and 





pur in view. | : / 
This is a very serious question, which would perhaps be 
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worth an independent paper; but as the writer of the 
article contributed to the Times and the recent speech of 
the Secretary to the Admiralty appear to have embodied 
the opposite view, it seems necessary to place on record 
the fact that the design of the Swiftsure and Triumph was 
to all practical intents and purposes settled in Chili with- 
out the smallest reference to the Cressy or to any other 
of His Majesty’s ships. 

I much regret that the purchase of these ships should 
have proved so inconvenient as it manifestly has to the 
Admiralty Office. It has given the Controller of the 
Navy trouble, apparently, as well as some of his officers. 
He has inserted in the Navy Estimates, in the column 
headed ‘‘By whom designed,” the word ‘‘ Purchased,” 
which, as it cannot mean anything else in this column, 
attributes the design to a gentleman with whose name as 
a naval architect I have never before been acquainted, 
nor can I find it in any of the records of this Institution. 
I can only say that the design of these ships and the 
superintendence of their construction has given me during 
the last two years an immense amount of labour, and 
am sure that Mr. Purchased cannot possibly have had 
more to do with these vessels than I have had. If the 
Controller of the Navy is right in assigning the design to 
Mr. Purchased, and if that gentleman should be present 
in the room, he will, perhaps, be good enough to tell us 
by what persuasions 7 induced the Controller of the 
Navy to credit him with it. 

I would only add that I, for one, claim for these vessels 
this distinction—that, given their size, speed, armour, 
and gun-power, they have not, so far, been matched by 
any other battleships with which I have become ac- 
quainted ; and in this remark I may include those 
astounding battleships now building of the King Ed- 
ward VII. class, which, although of nearly 5000 tons 

reater displacement, and less speed, fall slightly below 
t ta, and Swiftsure in the muzzle energy of the 
aggregate broadside. Why a secondary battery of only 
6-in. guns has been given to these enormous ships far sur- 
passes my powers of conjecture. 

The circumstances of the case have obliged me to con- 
nect myself very closely with the design of these ships ; 
but I should be sorry to conclude this paper without 
bearing my strong and grateful testimony to the splendid 
services rendered by both the contracting firms. I need 
hardly say—although I am very happy to do so—that from 
the moment when the building of these ships was pre- 
sented respectively to Messrs. W. G. Armstrong, Whit- 
worth, and Co., and to Messrs. Vickers, Sons, and Maxim, 
I received not only the cordial, but the energetic and in- 
valuable, co-operation of both firms. 

As I was in Chili at the time of the nomination of 
Mr. Watts to his high office at the Admiralty, the prin- 
cipal work in connection with the details of the design at 
Elswick naturally fell upon Mr. Perrett and others; but 
under the influence of the chairman, Sir Andrew Noble, 
the whole force of his great establishment, or as much as 
was necessary of it, was devoted tothe furtherance of the 
work, alike in the preparation of plans and specifications 
asin the pressing forward of the work itself. The same 
remarks apply with the same force to the board and 
officers of the Vickers Company. The pressure of time 
in both cases was extreme, because the ships by contract 
were to be built and completed in every department within 
eighteen months: this involving, of course, a tremendous 
effort on the part of all concerned, Mr. Albert Vickers, 
from the beginning to the end of the work, gave his 
authority for everything possible to be done to advance 
matters ; and my friend, Mr. Dunn, who now fills the 
responsible position of a director, with special charge of 
naval construction, in the Vickers Company, gave me 
his utmost assistance at every point. For a financial 
reason the time for building was prolonged to a period 
of two years, but before that change, such had been the 
efforts of both the building firms, and so great had been 
the advancement of the work in every department, that 
I am perfectly sure that both ships would have been com- 
pleted within the eighteen months prescribed, supposing 
that no change had been made in the time for delivery. 








AMALGAMATION OF SweDIsH GuN Factories.—The 
two well-known Swedish gun manufacturers, Finspong 
and Bofors, are about to establish an amalgamation or a 
co-operation for the object of doing away with an un- 
desirable competition, and simplifying and specialising 
the work. Bofors will in the future manufacture heavier 
guns, &c., whilst lighter armament, and more especially 
machine-guns, will be made by Finspong. 


CANADIAN MRTALLURGICAL INDUSTRY.—The produc- 
tion of all kinds of pig iron in Canada in 1903 shows a 
decrease of 54,139 gross tons, or nearly 17 per cent., as 
compared with 1902, but an increase of 20,442 tons as 
compared with 1901. The total production in 1903 
amounted to 765,418 gross tons, against 319.557 tons in 
1902, 244,976 tons in 1901, and 86,090 tons in 1900. In 
the first half of 1903 the production was 132,930 tons, and 
in the second half it was 132,488 tons, a falling-off of only 
442 tons. Of the total production in 1903, 247,905 tons 
were made with coke, and 17,513 tons with charcoal. 
Nearly one-third of the total production was basic pig 
iron—viz., 126,892 tons. Less than 1000 tons of Bessemer 
iron were made. Spiegeleisen and ferro-manganese have 
not been made since 1899. The unsold stocks of pig iron 
in Canada on December 31 amounted to 19,168 tons. 
On December 31, 1903, Canada had 15 completed blast- 
furnaces, of which nine were in blast and six were idle. 
Of this total, 11 were equipped to use coke for fuel, and 
four to use charcoal. In addition, three coke furnaces 


and one charcoal furnace were being built or were partly 
erected on December 31, but work on at least two of the 
furnaces had been suspended some time since, 


pulley on the bottom shaft. 
lever is in its middle position, stopping the self-acting | 
motion. 


CONSTRUCTED BY MESSRS. G. 


THE six-spindle multiple rail-drill illustrated on this 
page is built specially for rapidly drilling the holes in 
rails, girders, &c., and is suitable for drilling two rows 
of three holes each, 24 in. to 6 in. centres and 1 in. in 
diameter, all six holes being drilled together. 
-plate is of strong pattern, to which is firmly 
bolted the stiff standards carrying the table, &c. The 


adjusted longitudinally to centres varying from 24 in. 
to 6 in., and 
transverse adjustment of one group to minimum centres 
of 3 in. and maximum of 6 in. Each spindle is driven 
by a phosphor-bronze worm-wheel, runs in solid gun- 
metal bearings, and is adjustable for taking up wear 
by a check-nut. The spindles can also be adjusted 
vertically by a thumb-screw in case of one drilling tool 
being longer or shorter than the others. Each spindle 
is fitted with hardened-steel washers and _ ball-thrust 
bearings for taking the pressure of drilling. The 
table, with T slots and channelled for liquid, has a 
variable automatic feed by power ; it has also a quick- 
return motion by means of a reversing lever, which 
moves a clutch in and out of gear with the self-acting 
wheel on the cross-shaft, and also slides the belt from 
the loose to the fast pulley, driving direct from the 


Phosphor-bronze worm-wheels (with ball- 
bearings) are employed for raising and lowering the 
table. 


14 in., and 114 in. in diameter by 38 in. in width ; the 
size of driving pulleys is 18 in. in diameter by 44 in. in 


length of the table, 3 ft. 7 in. The driving worms are 
1f in. pitch ; the worm-wheels have ten teeth of 2 in. 
pitch. The drill is constructed by Messrs. G. Wilkin- 
son and Sons, Keighley. 








with which water mains can now be tapped while under 
pressure, and branch pipes connected to them by means 
of the Smith pipe-tapping machine, was fully described 
by us on page 261 of our last volume; and reference 
was made to a case where the connection of a 12-in. 
branch to a 14-in. main was carried out very success- 
fully at Cardiff. We had an opportunity recently, at 
Snaresbrook, of witnessing the machine in operation on a 





24-in. cast-iron main belonging to the East London Water | 





WILKINSON 


The | 


spindles, six in number, in groups of three, can be | 


firmly secured in any position, with a | 


For the return motion the | 


The machine is provided with a strong vice for | 
holding work. The sizes of the driving cone are 164 in., | 


width ; the diameter of the spindles is 12 in.; and the | 


THe Smith Pipe-Taprinc Macuine. — The facility | 


— <3 


SIX-SPINDLE MULTIPLE RAIL-DRILL. 


SONS, 


AND ENGINEERS, KEIGHLEY. 





Company. It was there employed in connecting a 12 in. 

| branch pipe to the said main, and it performed its duties 
in a very satisfactory manner, the time actually occupied 
in cutting out the 12-in. hole being one hour and thirty- 
five minutes. The thickness of the metal in the 24-in. 
main was fully { in. As stated in our previous 
reference to this machine, Messrs. Clark. W. Harrison 
and Co., 72, Fenchurch-street, London, E.C., are intro- 
ducing it into this country, and its manifest advan- 
| tages ought to appeal to our practical waterworks 
engineers. 





} 
Lreeps AND LiverPpoon CANAL. — The _half-yearly 
| meeting of this company was held at.Bradford on Friday, 
| Mr. H. F. Killick in the chair. The report of the direc- 
| tors stated that there was a disposable balance of 30, 456/., 
| out of which 5000/. was placed to subsidies account, and 
| 18032. to the insurance fund, bringing that fund up to 
15,000/., and leaving, after the payment of debenture 
| interest, 7688/. Out of this, a dividend on the preference 
| stock at the rate of 34 per cent. per annum, absorbing 
| 1984/., was recommended, carrying forward a balance of 
| 57031. The chairman, in moving the adoption of the 
| report and balance-sheet, said the capital expenditure for 
the past half-year had been brought down to 5439/., of 
which 2801/. for works and 1272/. for land was occasioned 
| by subsidence caused by the working of adjacent coal. 


| The company paid, as usual, the entire cost of reconstruct- 
ing the canal, 2801/. out of revenue ; and deducting the rest 
| of their capital expenditure from their receipts, a credit 
| of 12,0062. remained. The capital on which the company 
had toearn dividend now stood at 13,876/. per mile, allow- 
ing 20,0002. for the Lancaster Canal, for which they paid 
a large yearly rent. With regard to the revenue for the 
half-year, their freights and tolls had produced 72,387/., 
whide exceeded the average of the last four years (exclud- 


ing 1901) by a little over 30002. He was sorry to say, 


| however, that their receipts from tolls and freights had 


fallen below the average amount realised for the four 
years 1888 to 1891. Turning to expenses, he found an 
increase for the half-year of the cost of maintenance of 
8527. In traffic expenses the boats showed an increase of 
20407. Their working stock stood at 37,572/., and they 
had thought it right to charge the half-year with an extra 
amount of depreciation, 1977/., against 14507. in 1902. 
The company paid rates on a total rateable value of 
34,4367. a year; and any valuer, taking the canal under- 
taking as a whole, and valuing it upon the profit basis, 
would say that this was many thousands above a fair 
valuation. Replying to several questions, the chairman 
said, with reference to dock lengthening, no money would 
be expended until the directors were satisfied that there 
would be a good return. 
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T-S.S. “ANTRIM,” FOR THE 


CONSTRUCTED BY 


MIDLAND RAILWAY COMPANY’S NEW IRISH SERVICE. 


MESSRS. JOHN BROWN AND CO., LIMITED, CLYDEBANK. 


(For Description, see Page 434.) 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 
on March 11, Dr. R. T. Glazebrook, F.R.S., President, in 
the chair, a paper on ‘‘ The Whirling and Transverse 
Vibrations of Shafts” was read by Dr. Chree. The 
“whirling” of rotating shafts was treated theoretically 
by Professor Greenhill in the Proceedings of the Mechani- 
cal Engineers, 1883, and by Professor Dunkerley in the 
Phil. Trans., Sect. A, 1894. The latter considered the 
subject in great detail. He made a number of calcula- 
tions based on two methods—one the same as Professor 
Greenhill’s, the other due apparently to Professor Osborne 
Reynolds—and he compared them with experiments | 
made on a model shaft and pulleys. The second method 
was employed in all cases where the shaft was loaded ; it | 
is dependent on a hypothesis which, as presented by | 
Dunkerley, is largely empirical. The present paper pro- 
ceeds from a different standpoint, based on the true 
nature of the relationship between whirling and trans- 
verse vibrations, which seems to have escaped previous | 
notice. [Lt shows how the mathematical results obtained 
by Professor Dunkerley can be derived by a less cumbrous | 
treatment, and how in many instances they admit of | 
great simplification, without sensible loss of accuracy. It | 
1s also shown how loaded shafts can be dealt with, with- 
out recourse to Dunkerley’s hypothesis.; at the same time | 
some light is thrown on the relation of this hypothesis to 
theory. 

Six main cases are considered, in which the shaft is 
variously supported ; in some of them numerical results | 
are deduced for comparison with Dunkerley’s experi- 
ments. Some data are given for the stresses due to 
‘centrifugal forces” answering to the velocities at which 
whirling should appear, and attention is thus called to the 
necessity of taking these stresses into account when con- 
sidering the question of safety. 

In the main part of the paper results are quoted with 
only a general indication of the mathematical methods | 
employed ; but these methods are illustrated in a short 
—— : 

The chairman said there was one point he would like to 
bring out in connection with Dr. Chree’s paper. The 
author had referred to a theorem due to Lord Rayleigh : 
a theorem which he knew well in its application to sound, 
although he had never seen it employed in connection 
with rotating shafts. The theorem is that in any vibrating 
system the period of natural vibrations is a stationary 

riod, so that the application of any small ex‘ernal ' 
orce produces only a second-order change in the period. | 
By use of this theorem it is possible to assume a definite 
aw and calculate periods with sufficient accuracy by | 
working with expressions mueh less complicated than 
would otherwise be the case. 

A paper entitled “‘ Notes on Non-Homocentric Pencils, 
and the Shadows produced by them—Part II. Shadows 











! ‘ . . . . ] 
produced by axially symmetrical pencils possessing spherical | 


aberration,” was read by Mr. W. Bennett. This paper | 
deals with the shadows obtained by interposing a straight | 


AUSTRALIAN PATENTS. 
; To THE EprTor oF ENGINEERING. : 
Sir,—-Your readers will probably be interested in 


| one which should be more frequently studied by students. 


wire near the focus of a pencil proceeding from a lens or | hearing that the Governor-General in Council of Aus- 
mirror uncorrected for spherical aberration. A method | tralia Khe decreed, in accordance with the new Federal 
is described for drawing sections of the wave-front in the | Law, that patent applications for Australia .can now be 
neighbourhood of the focus. A simple physical explana- | formally made at the Custom House of the capital city of 
tion of the shadows is given by means of the wave-fronts ; each state. Applications so filed will be marked with 
it is shown that the real shadow consists in general of | the date, hour and minute of receipt, and the applica- 
two branches, one closed and the other open, with a} tions will be subsequently recorded at the Patent Office 
¢-form as a symmetrical special case. The equations of | as having been filed at that date. Applications thus filed 
the wave-front are worked out for the special case of the | will not be merely taken in order of their dates, but they 
reflection of a plane wave at a spherical mirror, and a/ will be held to be dated, as far as regards novelty, from 
method of drawing the shadow forms is described. The! the date of actually filing at the Custom House unless 
equations to the shadows for this case are given in polar | dated under the convention. Under the convention 
and Cartesian forms and discussed in detail. he paper | nearly all the principal countries and colonies have 
concludes with an account of the methods adopted for | agreed to grant the right to a patentee who has filed an 
obtaining photographic records, and of a method for | application for a patent in one of the countries or 
viewing the forms directly by replacing the luminous | colonies to date any or all the other applications he may 
joint by the eye. Three experiments were shown to make for the same invention in other realms‘during the 
illustrate this last point, as well as a number of the | year as of the date of his original first application. The 
photographs obtained. application in Australia can either be a provisional one 

Dr. W..Watson expressed his interest in the paper, and | or a complete. The fees and stamp duties are just 
said that the diagrams shown proved that when dealing | double those of an application for Great Britain and 
with problems similar to those considered in the paper, it | Ireland. 
was better to deal with wave-fronts rather than with rays. 


: t Yours truly, 
In his opinion the subject of aberrations in lenses was THOMPSON AND Co., 


WwW. P. 

Chartered Patent Agents. 
It was possible to illustrate many important facts by the, Liverpool, March 22, 1904. 
use of cheap and simple apparatus. 








| with reference to t l 
fronts instead of rays in the consideration of optical 


| of a more careful study of abérrations and im 


The chairman ae ps Dr. Watson in his remarks | 
e advantages of dealing with wave- 


He impressed upon the meeting the necessity 
e-forma- 
tions, stating that papers similar to that read by Mr. 
Bennett could not fail to be of practical importance in the 
optical industry. 

Messrs. W. G. Pye and Co., of Cambridge, exhibited a 


problems, 


ResuiLpine Battmmore.—The first contract awarded to 
any architect for the rebuilding of Baltimore has been 
secured by Messrs. Howells and Stokes, of New York. 
Mr. Howells was at the fire in less than 24 hours after its 
outbreak, and left Baltimore on the following day with a , 
contract for oe a new Stock Exchange. He was 

iven six days in which to complete plans for the new 
chines the price to be no consideration. He imme- 
diately set a force at work night and day. 


large quantity of aig manufactured at their works, 
The exhibit included: 

A new compound reading-microscope, capable of being 
used in four positions. 

A large combination spectrometer and spectroscope on 
somewhat new lines, all motions and fittings arranged 
geometrically. 

A large cathetometer. 

Tudsbury’s Pneumatic Influence machine, working in 
compressed CO, giving a thick 6-in. spark. 





Contracts.—The British Westinghouse Electric and 
Manufacturing Sompeny are supplying three additional 
gas-engines, each of 250 brake horse-power, for the tram- 
way station of the Walthamstow Urban District Council. 
—The Holwell Iron Company, Limited, Asfordby, 
Melton Mowbray, have secured the contract for the cast- 
iron work and cast-iron pipes for the Cardiff Water 
Works at Heath Reservoir.—A rather striking engraving 
has just been issued by the Unbreakable Pulley and Mill- 
Gearing Company, of the Hyde Road En ropey btm ae 
Gorton, illustrating a group of some hundreds of their new 

TRANSKEI Rattway.—The works of the Transkei Rail- type of self-oiling TINgS, which they have produced to 
way are being rapidly pushed forward. The rails are! the order of the Indian Government for the new small- 
now laid as far as Draaibosch. , arms fattory at Ishapur. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Business was at a complete 
standstill last Thursday forenoon, and the stagnation 
record of the previous week was likely to be broken by the 
low turnover of the passing week. There was another 
idle session—three in the week—and the business had 
not exceeded an average of 1000 tons per day. Despite 
the inactivity, prices for Cleveland warrants kept firm, 
and there was a further nominal advance of 4d. in 
the forenoon to 42s. 10d. cash, and 42s. 114d. one month 
sellers. In the afternoon the price of Cleveland iron was 
4d. dearer; but the dealings were limited to one lot at 
42s. 114d. one month. In the pig-iron market on Friday 
morning the conditions, compared with those of the 
preceding day, were practically unchanged. Cleveland 
warrants were the turn easier at 42s. 9d. and 42s. 84d. for 
cash ; but only a small business, amounting to some 3500 
tons, was transacted at those figures. ‘he market was 


lifeless in the afternoon, but the tone was steady. Cleveland | 


warrants were dealt in at 42s. 104d. nineteen days, with 
cash sellers at 42s. 94d. The hardening tendency of the 
market, which was gradual but continuous during the 
preceding week, donend further on Monday forenoon, 
and a smart advance of 7d. per ton took place in the price 
of Cleveland warrants. The strong tone that prevailed 
was said to be due to the small stocks of iron, which were 
well held, and to favourable American advices. Opening 
at 43s. 44d. eleven days and a month, quotations rose to 
43s. 74d. cush and 43s. 9d. fourteen days and one month, 
with closing sellers 1d. per ton above those figures. 
Only a small business, not exceeding 4000 to 5000 tons, 
was done. Hematite iron was also dearer, but prices 
were nominal at 54s. 6d. cash sellers. In the afternoon 
values of Cleveland opened steady at 43s. 8d. cash, 
but prices subsequently reacted to 43s. 74d. cash and 
43s. 7§d. one month, with closing buyers at 433. 5d. 
cash and 43s. 6d. a month, making a gain of 4d. 
on the day. The turnover, which included one lot 
at 43s. 10d. three months, amounted to 3500 tons. 
The settlement prices were :—Scotch, 51s. 6d. ; Cleve- 
land, 43s. 74d. ; hematite iron, 54s. per ton. The 
slight setback which temporarily arrested the upward 
movement on Monday was of short duration, and on 
Tuesday forenoon the tone was again strong, and the 
prices of Cleveland were put to a higher level, exceeding 
that of Monday forenoon, Opening firm at 43s. 74d. one 
month, values advanced smartly to 43s. 10d. cash and 
43s. 114d. one month, with closing cash sellers at 
43s. 104d., representing a gain of 5d. on the previous day’s 
close and 2d. above the highest quotation registered on 
Monday. A moderate business of 3000 tons was done at 
those figures. Sellers of Scotch iron were in the market 
at 52s. cash, and hematite iron was nominally unchanged 
at 54s. 6d. cash sellers. The tone of the market was 
steady in the afternoon. There were no cash transac- 
tions in Clevelaud iron, but 2500 tons were dealt in 
up to 438s. lld. one month, and two lots changed 
hands at 43s. 104d. and 43s. 11d. three months. Scotch 
warrants to the extent of 500 tons were done at 51s. 6d. 
cash per ton. The settlement prices were:—5ls. 6d., 
433. 104d., and 54s. per ton. The market was very idle 
and flat this forenoon, Cleveland warrants showing a 
decline of 3d. on yesterday’s close; business was restric 

to 1000 tons, which were dealt in at 43s. 7d. cash and 
43s. 7d. nine days. Scotch warrants were quoted nomi- 
nally at 51s. 9d. buyers one month. The tone was firm 
in the afternoon, and Cleveland warrants rose 1d. above 
the forenoon levels. The. turnover was 4000 tons. The 
settlement prices were:—5ls. 6d., 43s. 6d., and 54s. per 
ton. The Spnine are the current prices of No. 1 makers’ 
iron :—Clyde, 58s.; Gartsherrie, Calder, and Summer- 
lee, 58s. 6d.; Langloan, 693.; Coltness, 71s.—the fore- 
going all shipped at Glasgow; Glengarnock (shipped 
at Ardrossan), 58s. 6d.; Shotts (shipped at Leith) 
and Carron (shipped at Grangemouth), 60s. 6d. per 
ton. The pis iron is well held, and there are rising 
prices, but the business is exceedingly dull. The sudden 
improvement advised from America is accompanied by 
improvements in malleable iron and steel. Both here 
and in England the firmness in hematite iron is evident. 
In Middlesbrough the heavy decreases in public stocks 
have led to a strong attitude being adopted by the makers 
oa and somewhat increased the confidence of warrant- 
nolders. 


The Scotch Steel Trade.—A meeting of Scotch steel- 
makers was held in Glasgow a few days ago. It trans- 
pired that a large volume of new work had been booked 
lately, directly and indirectly (through merchants) with 
consumers, and also in structural material. No changes 
were made in prices, though in some quarters it is known 
that the opinion holds that conditions justify a higher 
level of values than obtains. Specifications are not 
coming forward as freely as is desired, and that may 
da that speculation has entered unduly into the 
yuying movements which have been in evidence. If 
makers are as strong as is suggested, it is just pos- 
sible that they ‘may cancel contracts that are not 
met in reasonable time. On the other hand, it has 
to be said for merchants that they contend. that 
the scramble, as they put it, for specifications is 
proof that makers are not well off, as is affirmed openly, 
and that lower, not higher, prices are warranted 
by the legitimate position of business. The Glasgow 
merchants have made sales of ship-plates in Belfast 
within the last couple of weeks or so at 5/. 5s. net, the 
price here being 5/. 15s., less 5 per cent.- This is a bold 


operation, and it will go hard with the seller to get out if 
the settlement can be at all controlled by local producers. 

Sulphate of Ammonia.—The sulphate market remains 
a“ with a limited demand, chiefly to cover sales already 
made. 


There is very little business doing with the Con- 





tinent, but if the dry weather lasts, home demand is likely 
to improve somewhat. The market here remains steady, 
the price running at about 12/. 12s. 6d. per ton. Makers 
seem to be well sold, and are in no haste to make forward 
sales, unless at a premium on present prices. Last week’s 
shipments at Leith amounted to 1173 tons. 


New Contracts for Steamers.—A new steamer of 5500 tons 
deadweight carrying capacity, built by Messrs. Rodger 
and Co., Port Glasgow, for Newcastle owners, has been 
yurchased by Messrs. Andrew Crawford and Co., Glasgow, 
hee about 32,500/.—Messrs. C. A. Parsons and Co., New 
castle-on-Tyne and Glasgow, have received, through 
Messrs. Walter Dixon and Co., Glasgow, an order from 
the Ebbw Vale Steel, Iron, and Coal Company, South 
Wales, which includes steam turbine, alternator, haulage 
ear, cables, &c.—The Grangemouth and Greenock 

ockyard Company have just contracted to build for a 
Dundee firm a steamer of 1500 tons, which will be 
built in the Greenock yard along with the three big 
steamers which they have contracted to build for Abram 
Addie and Co. and Andrew Crawford and Co., both of 
Glasgow. Two of the vessels will get their engines from 
Messrs. D. Rowan and Co., Glasgow, and the other two 
will probably be built by Messrs. Kincaid and Co., 
Greenock.—Messrs. Scott and Co., Greenock, are to 
build a screw steamer of about 5000 tons cargo capacity 
for a Glasgow firm.—The Kirkcaldy and Leith Steam 
Packet Company have placed an order with Messrs. 
Scott, of Kinghorn, to build a new steamer as an addition 
to their fleet. She will be 104 ft. long and 20 ft. beam, 
and will carrv about 200 tons. 


West of Scotland Iron and Steel Institute Mecting.—A 
petition in favour of the metric system is to be presented 
»y the West of Scotland Iron and Steel Institute. At 
the meeting of that body last Friday night a discussion 
took place on Messrs. Campion and Watt’s paper on the 
‘Structure and Tests of Steel.” The following members 
took part in 1t:—Messrs. Archibald, Dixon, Hamilton, 
Cuthill, Macgregor, and the President. There were read 
by the secretary written communications from Mr. Stead, 
Professor Turner, Mr. Hadfield, and Mr. Ridsdale. The 
discussion is to be continued next meeting. Mr. J. H. 
Lander’s paper on ‘‘ Doors for Heating Pits,” was opened 
for discussion, but nothing was said in regard to it. 

Institution of Engineers and Shipbuilders.—A_ meeting 
of this institution was held last night, Professor Biles in the 
chair. The American Society of Engineerssent an invita- 
tion to the members, hoping that they would honour 
them with a visit on the occasion of the World’s Fair at 
St. Louis. Mr. E. Hall-Brown made an announcement 
regarding the students’ dinner, which was to be held on 
Saturday evening in the Windsor Hotel, and the nomina- 
tions of members to complete the council were submitted. 
The secretary read a petition to the House of Lords on 
the metric system of weights and measures. It will come 
up at next meeting. A discussion took place on Mr. Miller 
Adam’s paper on ‘‘ An Inquiry Regarding the Marine 
Propeller.” Mr. Adam did almost all thespeaking. This 
was followed by a discussion on Mr. Day’s paper on 
‘* Experiments with Rapid-Cutting Steel Tools,” and 
the speaking was by Messrs. Constantine, Adamson, 
and Day, members of the Manchester Committee. Pro- 
fessor M. Maclean, M.A., D.Sc., F.R.S., submitted an 
interesting communication and demonstration on Cooper- 
Hewitt’s mercury vapour lamp. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
@ moderate attendance on Change; but the market 
was most cheerful in tone, and buyers showed some 
eagerness to purchase for forward as well as for early 
delivery, apparently fully realising that there was 
nothing to > gained by holding off; and, indeed, 
such seems to be the case, for the statistical posi- 
tion is very satisfactory, producers of pig iron having 
fairly good order-books: and practically no_ stocks. 
Several traders opined that the spring demand for pig 
was likely to be such as would not be easily fully satis- 
fied, and that therefore further advances in quotations 
were likely to occur in the near future. Holding 
these views, they naturally did not press sales. As a 
rule, No. 3 g.m.b. Cleveland pig iron was quoted 
43s. 9d. for a f.o.b. delivery, and a number of parcels 
changed hands at that price, but there were both makers 
and merchants who were inclined to hold out for 44s. All 
the other qualities of Cleveland iron were raised. No. 1 
was 45s.; No. 4 foundry, 433. 6d.; grey forge, 43s. 3d.; 
mottled, 42s. 9d.; and white, 42s. 3d. Another move 
a occurred in East Coast hematite pig, producers 
of which are now better situated than for some time past. 
Sales were recorded at 52s. 3d. for early delivery of mixed 
numbers, but several firms held out for 52s. 6d., and 
reported that they were able to get it. No. 1 was 52s. 9d. 
to 53s.; and No. 4 forge, 51s. Spanish ore was steady. 
Rubio was put at 15s. 3d. ex-ship Tees. To-day quota- 
tions for makers’ iron were unchanged, but Middlesbrough 
warrants eased to 43s. 7d. cash buyers, which was 2d. 
below yesterday’s close. 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades alter very little. The output of ship- 





building material continues on a good scale, and inquiries 
are still reported. The predicted further advance in plates, 
however, has not, up to the present, been made, but a 
rise may occur at any time, especially as more briskness in | 
Scotland is noticed. Rail-makers are hardly so well em- | 
poved as they have been,. and prices are rather weak. 
farket quotations stand :—Common iron bars, 67. 2s. 6d.; | 


best bars, 6/. 12s. Od.; iron ship-plates, 6/. 7s. 6d. ; iron | 





ship-angles, 6/. 23. 6d. ; steel ship-plates, 5/. 12s. 6d.; steel 
ship-angles, 5/. 5s. ; steel sheets (singles), 7/. 17s. 64.; steel 
sheets (doubles), 8/. 7s. 6d.; and heavy steel rails, 4/. 10s 
—all less 24 per cent. discount, except rails, which are 
net at works. 

Coal and Cuke.—As is usual at this season of the year 
gas coal is easier and deliveries are falling off. Bunker 
coal, though plentiful, is pretty firm. Coke is a good 
deal stronger, and is in better demand for home consump- 
tion. Medium blast-furnace qualities are now 14s, deli- 
vered here. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Cammel, Laird and Company.--The directors of this 
company state that their profits last year were 144,670/, 
and the sum brought forward was 32,284/., making 
176,954/. From this, however, had to be deducted 
36,500/., the amount appropriated to the Sierra Company 
Limited, suspense account. Out of the balance the directors 
recommend a dividend of 74 per cent., and carry forward 
28,2357. In view of the depression that has prevailed and 
the high cost of raw materials, they think the result of 
the year’s working is satisfactory. Referring to the 
Spanish Mines, the directors say that, after full consider- 
ation, they have decided to recommend that the value of 
the company’s interest shall be written down by the sum 
of 211,500. Of this sum, 50,0007. has already been pro. 
vided, 125,000/. has been transferred from reserve fund, 
and the balance, 36,500/., appropriated from the profits of 
last year. The effect of these transactions is to 
reduce the Sierra asset in the books to 200,000/., without 
prejudice to shareholders’ right to payment of the larger 
sum, and the reserve fund will also stand at 200,000/. 


Tron and Steel Trades.—The orders recently given out 
for armour by the Government are now fairly well in 
hand; but it will be some time before the work will 
be ready for the more skilled stages. A few hundred 
men have found employment; but the contracts are 
ro small that they will soon be out of hand. The 
orders for the forgings, and so on, required for the 
same ships have not yet been placed, as the specifica- 
tions are not ready. In the gun and projectile depart- 
ments there is very little doing, although pressure has 
been exerted to secure work. ‘ 








The demand for railway 
material is only quiet, alike for the home, colonial, and 
foreign markets. As the means of supply are far in 
excess of requirements, there is keen competition and low 
prices. There is no improvement to note in either the 
iron or steel markets, and in almost all cases makers are 
working under their limits. 


The South Yorkshire Coal Trade.—The coal trade 
generally can scarcely be said to be in a satisfactory 
state. Some large contracts have been placed, in antici- 
eg of the opening of the shipping season, but they 
have gone chiefly to the North, where they have been 
accepted on very low terms. Buyers of South Yorkshire 
steam coal are holding off in hope of easier terms. The 
demand for house coal has fallen off considerably in the 
last week, and as the output has been reduced, there is 
rather a scarcity of common qualities. Prices are with 
difficulty kept up. 








EconoMICcAL RAILwAy WorKING.—Experience of great 
importance has been acquired by the Taff Vale Railway 
Company in connection with the working of branch lines 
by motor-cars, as compared with the corresponding cost 
of working similar lines by steam locomotives and short 
trains. The running cost per train-mile by motor-cars 
comes out at 2.09d., as compared with 5.31d. by steam 
locomotive and four ordinary carriages. The cost of 
repairs and renewals of motor-cars is returned at 1,46d. 
per train-mile, as compared with 6.22d. per train-mile in 
the case of a steam locomotive and four carriages. The 
wages amount with motor-cars to 1.93d. per train-mile 
run, as compared with 3.47d. per train-mile in the case of 
a steam locomotive and four carriages. The aggregate 
cost per train-mile with motor-cars was accordingly 5.48d., 
as compared with 15.00d. with a steam locomotive and four 
carriages. Although the gain indicated by these figures 
from the employment of motor-cars is very great, it 
is believed that the advantage attending their use 
would be still more marked upon lines presenting 
comparatively easy gradients. The Taff Vale figures 
are based upon experience acquired upon a line with 
a gradient of 1 in 40 for nearly a mile, and this, of 
course, had its effect. It is fair to take into account the 
consideration that if the Taff Vale had to contend with 
a severe gradient for its motor-cars, the steam locomo- 
tive comparison was also based upon a similar gradient. 
The substantial fact, however, remains that with motor- 
cars passenger traffic can be worked upon branch lines for 
little more than one-third of the cost at which it is con- 
ducted by steam locomotives. It is not at all surprising, 
accordingly, to find that the Great Northern is follow- 
ing the example set by the Great Western and the Taff 
Vale, and has introduced a motor upon its Luton and 
Dunstable branch. We shall await the further develop- 
ment of the motor-car problem with considerable interest. 
The results worked out thus far appear to be higbly en- 
couraging, and are calculated to relieve the anxiety which 
some steam railway proprietors entertain as to the future 
of the undertakings in which they have invested. If the 
great railway companies can appreciably reduce. their 
working expenses, they need not trouble very much about 
the loss of a certain proportion of their passenger traffic 
through the competition of electric tramways; as they 
will, after all, be in a better position than they formerly 
were, especially having regard to the fact that the wealth 
and population of the country continues to expand more 
or less, in spite of all drawbacks and all obstacles. 
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NOTES FROM THE SOUTH-WEST. 


‘rdiff.—The steam-coal trade has shown little change. 
The oie Admiralty large coal has continued scarce, an 
as much as 16s. 6d. per ton has been paid for spot ship- 
ments, the more general rates being 15s. 9d. to 16s. 3d. 

r ton, while secondary qualities have made 14s. 9d. to 
Vee. 3d. per ton. House coal has shown no appreciable 
change; the best ordinary qualities have made 14s. to 
15s. per ton, while secondary descriptions have brought 
10s, 6d. to 13s. per ton; No. 3 Rhondda large has been 

niet at 14s. 6d. to 14s, 9d. per ton. Foundry coke has 
a quiet at 18s. to 19s. per ton, and furnace ditto at 16s. 
to 16s. 6d. per ton. As regards iron ore, Rubio has made 
14s. per ton; Tafna, 15s. per ton; and Almeria, 14s. to 
14s, 3d. per ton, charges including freight to Cardiff or 
Newport. 

More Welsh Coal.—After great difficulties resulting 
from an almost overpowering flow of water, a new seam 
of coal has been discovered at Lees Wood, near Mold. 


Swansea Tramways.—The half-yearly meeting of the 
Swansea Improvements and Tramways Company was 
held on Friday, Mr. C. G. Tegetmeier presiding. The 
directors’ report showed that the gross receipts for the 
half-year amounted to 15,482/., which was an increase of 
1726/. upon the corresponding half of the previous year. 
The profit amounted to 5364/., to which was added 1322/. 
brought forward. 


The Swansea Valley.—Last week’s output of steel bars 
was up to the average, 19 furnaces being in operation. 
Agents for German firms have been actively engaged 
during the last few days in soliciting orders for tin bars $ 
the price quoted by them has been 4/. per ton, or 7s. 6d. 
per ton less than that current for Welsh tin bars. 


Electricity at Cardiff.—At a meeting of the Electric 
Lighting Committee of the Cardiff Town Council, the town 
clerk was requested to report as to the best course to be 
pursued in order to obtain the necessary powers to enable 
the council to purchase electric motors for hiring pur- 
poses, and to carry out electric wiring. The subject was 
again brought up at a meeting of the same committee on 
Tuesday, when the town clerk presented a long report. 
It was decided to defer the consideration of the question 

‘ until a special meeting had been called by the chairman. 








Frencu Ramways.—The extent of new line opened 
during the Jast twelve months upon the six great French 
systems and the French State railways was 110 miles. 
The extent of line at present in operation upon the six 
systems is 23,7624 miles. 


Toe Bastran Mercury Vapour Lamp. — The 
brilliance of an electric arc formed in the vapour of 
mercury has often been noticed, and several attempts 
have been made to construct a lamp on this principle. 
We have recently had the opportunity of inspecting the 
latest form the idea has taken, in the shape of a mercury 
vapour lamp devised by Messrs. C. Orme Bastian and 
A. E. Salisbury, which will shortly be placed on the 
market. In external appearance it bears a resemblance 
to the Nernst lamp, and is about the same size. The 
light-producing part consists of an H-shaped glass tube, 
the lower extremities of which are formed into bulbs 
having platinum wires fused through the bottom and 
projecting inwards. The tube, which is exhausted of air, 
contains sufficient mercury to fill the bulbs and just 
flood the cross-tube, which is slightly curved downwards. 
It is held in a horizontally-pivoted frame, and normally 
hangs so that the legs are vertical. In the metallic 
cylinder above the globe is a small solenoid connected in 
series with the mercury in the tube, the current entering 
and leaving the latter by means of the platinum wires 
already mentioned. When the switch is closed the 
solenoid attracts an iron armature which tilts the tube. 
The consequent inclination of the horizontal part of the 
tube causes the mercury in it to divide, some of it 
running into the lower leg, and across the gap thus 

‘formed a short arc is left. The arc gradually lengthens, 
forcing mercury up the vertical tube until a balance of 
pressure is obtained, the arc being then about 3 in. long, 
and giving a vivid light. As in all mercury vapour lamps, 
the light is deficient in red rays, and to supply them the 
inventors have fitted a small red glow-lamp alongside the 
tube. Even without this the light is-not nearly so 
abnormal as that produced by many arc lamps, the 
absence of red rays being only noticeable when 
examining the spectrum or looking at some red substance, 
the latter appearing black. This peculiarity, however, 
apes a satisfactory determination of the candle power 
by ordinary photometer methods, though we were 
informed that small print could be read by the light of 
one lamp at a distance of 30 yds. in the openair. Twoor 
more mercury tubes may be fitted in the same globe if 
necessary. Each tube takes about .65 of an ampere con- 
tinuous current, and works at a pressure of from 40 to 60 
volts, the length of the are automatically adapting itself 
to any variations in voltage. ‘The lamps need no atten- 
tion, and require no eran, 7 starting device. The 
inventors have kept them burning both continuously and 
intermittently for over 1500 hours, and estimate the 
average life to be about 3000 hours. They appear 
particularly suitable for the lighting of side streets, 
railway and contractors’ yards, workshops, and similar 

laces where there is a demand for a cheap and powerful 
pegs 
as by 
arc lamps. The lamp is being intro- 
umney and Rumney, of 39, Victoria- 


ight ; and their richness in actinic rays enables 
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that of the ordinar 

duced by Messrs, 4 

street, Westminster. 


d | Trades’ Exhibition will be opened at the Agricultural 
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Hall, Islington, on April 30 next. 


In a contribution to the Proceedings of the American 
Physical Society, Professor Rutherford and Mr. Barnes 
state that if 1 1b. weight of radium emanation could be 
obtained, it would, at its period of maximum activity, 
radiate energy at the rate of between 10,000 and 100,000 
horse-power, and during its life would give a total energy 
equivalent to between 60,000 or 600,000 horse-power days. 


The Swedish telephone war is now likely to come to an 
end, and the differences which have for a long time 
existed between the State telephones and the private 
companies have virtually been removed, the Stockholm 
Corporation having sanctioned the arrangements made 

tween the contending parties. One of the probable 
results will be free communication between the various 
systems. 

From a note in the Revue Generale des Sciences, it 
sagen that the —_— spirit in France is respon- 
sible for a very substantial endowment of scientific re- 
search. La Caisse des Recherches Scientifique was estab- 
lished by law in July, 1901, and receives as endowment 
a portion of the profits of the Pari mutuél. The sum of 
50002. per annum is thus provided for biological re- 
searches, and a sum of 4000/. per annum for other scien- 
tific work, especially for experiments in connection with 
the purification of sewage and of factory wastes. 


At the end of February last the length of the advance 
drifts of the Simplon tunnel had been carried to 18,178 
metres (59,639 ft.), the total advance during the month 
being only 136 metres (446 ft.), allon the south side ; work 
on the north side being stopped owing to the difficulties 
which have arisen from the collection of hot water at the 
working face, now the works on this side have passed 
the culminating point and have entered upon the down 
grade. Steps have been taken to deal with this diffi- 
culty, and it is expected that the drills will be at work 
again on this face before the end of this month. 


We have pleasure in announcing the establishment at 
Munich of the Museum von Meisterwerken der Natur- 
wissenschaft und Technik, the authorities of which are 
asking the assistance of all who are likely to be interested 
in the development of such an institution. They send us 
a list of some of the articles presented and promised to 
the museum. From this we gather that the promoters 
are being well supported, and a glance at the catalogue of 
objects shows that the latter range over a wide field of 
general science and practical engineering, and are of a 
useful and instructive character. There are many relics 
of machinery, besides other 


belonging to the early —— 
aracter. 


objects of a purely curious c 


A single-phasealternate-current motor of the series lami- 
nated field type has recently been tested on a tramcar at 
Milan. The motor was constructed by Dr. Finzi, of Milan. 
It was designed for a frequency of 18 periods per second. 
Its weight was 16 cwt., and it was fitted to a car weigh- 
ing about 7 tons. The ordinary series parallel controller 
was replaced by a transformer giving at will voltages of 
80, 100, 120, or 140 volts when supphed with a current at 
500 volts in its primary. The commutation is said to have 
been particularly good at starting loads, and under full 
voltage there was no more sparking than is usual on a 

ood continuous-current motor. The commutator and 

rushes, examined after a run of 125 miles, were clean, 
and showed no signs of appreciable wear. The starting 
acceleration was not quite as good as that of a continuous- 
current motor, but was maintained constant longer, so 
that a car speed of 16 miles per hour was reached in the 
same time by both, the energy taken being 14.85 watt- 
hours per ton in the case of the continuous-current motor, 
and 10.6 watt-hours per ton in that of the alternator. 


It has now been decided that the side-slip competition 
being organised by the Automobile Club shall commence by 
an endurance test of 1000 miles, to he carried out in 5 or 
6 days, starting from the Automobile Club at 9.30 on Mon- 
day, April 18. On the completion of the 1000 miles run the 
cars will be submitted to the side-slipping tests, which will 
be carried out on the track round the new works of Messrs. 
Clement Talbot, near Ladbrooke-grove. The track is of 
wood pavement, which will bemade greasy, and the cars will 
have tomake a right-angle turn on the grease, to describe 
‘*S” curves, and also be subjected to brake tests. The 
power absorbed by the device will be tested by running 
the car down hill by gravity, both with and without the 
device fitted, and measuring the distance between the 
stopping places in each case. . Points will be given for 
ease of attachment and renewal and ‘for price, and a 
device which gives the best control of the car under all 

sible conditions—that.is to say, for side-slipping of 
ront or back wheels, and of forward skidding—will be con- 
sidered the better.. Eighteen cars will actually take part, 
and each of these will carry an honorary observer through- 
out the whole of the 1000 miles to see that nothing is 
done to the device. 


The works in connection with the very deep boring for 
the Gainsborough water supply are now completed. 
Many points about the works are of interest. The boring 
itself is the deepest in the country, being 1515 ft. deep, 
and the work of sinking was at one period stop 
for twenty months due to the breaking of the boring- 
rope, when a depth of 725 ft. n reached. 
The contractors were Messrs. E. Timmins and Sons, 
Limited, of Runcorn. The estimated ‘supply from the 
bore-hole was 40,000 gallons per hour, but the pump. 


estimated. The pumps themselves are fixed at 300 ft. 
from the surface, and consequently Ashley pumps have 
been used. In these, it will be remembered, all the 
valves, both suction and delivery, are fixed in the 
bucket, so that bringing the latter to the surface 
brings. with it also all the valves. The Gainsborough 
a is, however, of a special pattern, being of the 

ouble-acting ‘‘ concertina’ an The barrel is 19 in. 
in diameter, the stroke 3 ft, and the waterway 
through the valves is 60 per cent. of the full area of 
the bucket. These pumps and the bore-hole gear were 
supplied by the Glenfield Company, of Kilmarnock. 
The piston-rods work one inside the other. Up to the 
present the bore-hole has failed to yield the quantity of 
water expected, but the flow is steadily increasing, and it 
is hoped, as the fissures in the sandstone open out, the 
original estimate will be exceeded. Even now the supply 
is more than ample for all present requirements. The 
scheme has cost 16,500/., and has been carried out to 
the plans of Mr. Percy Griffiths, M. Inst. C.E. 


A new competitor for the printing press is now bein 
introduced in America in the shape of an instrument oollan 
the ‘‘ Lithotype.” This is intended to facilitate printing 
by aluminography, a system which has come into very 
extensive use in producing certain of the illustrated 
apers in New York. In aluminography the stone used 
in lithography is replaced by a sheet of aluminium, 
which works just as well, and has the advantage of being 
light and flexible, the latter quality enabling it to be 
bent into a cylinder and used on a rotary press, with . 
which it is found possible to produce some thousands of 
impressions per hour. As is well known, certain kinds of 
illustrations can be reproduced in much-better quality by 
lithography than by ordinary printing processes, and it 
is this fact which has led to the adoption of alumino- 
graphy by certain illustrated papers, as already stated. 
t has, however, still been necessary to set the type for 
the letter-press in the usual way, but by the Timmis 
lithotype machine it is hoped to avoid this neces- 
sity, and do the composing direct on to a lithographic 
transfer. The machine is arranged with a keyboard 
like a typewriter, and produces in the first instance 
a perforated paper record very similar to that used in the 
Monotype composing machine. This record is then passed 
through a second machine, which produces from this 
record a ‘‘transfer” ready to go on the aluminium 
cylinder.’ Corrections are made by pasting them on to 
the ‘*transfer” before placing it on the aluminium, and 
spacing is automatically attended to, on very similar 
lines to those embodied in the Monotype composing 
machine. The recorder can, it is stated, Be worked at 
the rate of about 5000 ems per hour, and the reproducer 
at double this speed. 








MontreaALt.—The Montreal Harbour Commissioners 
have awarded a contract for 7500 tons of stone blocks for 
paving the wharves to Messrs. Wighton, Morrison, and 
Co., Montreal, the price being 38,555 dols. The com- 
missioners are discussing the purchase of a floating crane. 





PrRsoNAL.—Messrs. Newton Brothers, of the Alfreton 
Road Works, Derby, have moved from their Full-street 
oftices to larger a pe at 21, Market-place, Derby.— 
Messrs. Barry, Head, and Co., of 26, Lombard-street, 
E.C., announce that they have now become sole agents in 
the London district for the Blake vertical multitubular 
boiler, manufactured by Mr. James Blake, of Middles- 
brough.—Erratum : Through a printer’s error the name 
Merton was printed in place of Norton in our Personal 
aragraph on page 349 of our last issue, in stating that 
sen Ludw. Loewe and Co.. of 30-32, Farringdon-road, 
were sole British agents for the Norton Grinding Com. 
pany. 





Tue InstiruTION or Civi, ENGINEERS: MEETING OF 
Stupents.—A meeting of students of the Institution of 
Civil Engineers was held on Friday evening, March 11, 
Mr. A. F. Yarrow, M. Inst. C.E., in the chair, when a 
paper on ‘‘ The Premium System of Payment for Labour” 
was read by Mr. W. G. Banister, Stud. Inst. C.E. The 
author first mentioned the various methods of payment for 
labour which are in general use at the present time— 
namely, daywork, piecework, profit-sharing, and the pre- 
mium system ; and after briefiy considering their advan- 
tages and disad vantages. proceeded to discuss the premium 
system in detail. The systems of Halsey and Rowan 
were described, and were compared by considering their 
application to an assumed case at a given rate of wages, 
the results being discussed from the standpoint of both 
employer and employed, and illustrated by a sheet of 
curves, The author then described the method of esti- 
mating the time required for a job, and illustrated his 
pane a by a detailed calculation of the time required for 
turning and slotting a manganese-bronze bush. Lastly, 
the paper dealt with the method of recording the work 
done by the card or book system. The author was of 
opinion that the premium system possessed advantages 
over piecework, and that it met quite satisfactorily a 
serious difficulty in fixing the payment of labour. It was 
essential, however, to the successful working of the 
a that there should be no a to cut prices, and 
that the rate-fixing should be done by competent men, 


ped | having considerable practical experience ; further, there. 


must be no adoption of the system for the purpose of 
ascertaining the minimum time value of a job, with the 
intention of reverting to time pay. The reading of the 


armichael, H. S. Coppock, E. M A. 8. Ellerton, 





ing-engine, which was supplied by Messrs. Combe, 
Barbour, Limited,- of Belfast, was designed to-deal with 





60,000 gallons per hour, in case the supply proved under- | 





paper was followed by a discussion, in which Messrs. A. 
H 


. Cory, 
. O. H. Etheridge, OC. W. Gibbs, J. M. Kennedy, F. A. 
Legge, N. N. Maas, O. F. Parker, and A: H- Smyth, 
Studs. Inst. C.E., tdok part. 
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COMPETITION AND THE STEEL 
TRUST. 

THE report of the United States Steel Corpora- 
tion for last year has come to hand, and although 
the principal figures were anticipated earlier in the 
year, it contains points well worthy of discussion, 
more especially the one in relation to the concern’s 
The report says that 
during the year general trade conditions materially 
changed, and the business of the subsidiary com- 
panies, in common with all other industrial under- 
takings, suffered by reason of the falling-off in 
orders, so that it soon became evident to the directors 
that there was likely to be a large diminution in 
the net protits to be realised by way of dividends 
from the subsidiary companies. It was, therefore, 
deemed wise and prudent to reduce the dividend 
on the common stock, and, later, to suspend divi- 
dends altogether on this stock. Gross earnings 
fell away by 23,937,600 dols. and net earnings by 
24,137,612 dols., and the surplus of 12,305,000 dols. 
carried forward to the current year is 21,949,000 
dols. less than a year ago. It is pretty generally 
realised that the larger independent companies, 
while none of them did particularly well, suffered 
to a less extent than the Steel Trust from the 
depression which occurred during the second half 
of the year, because they met changed conditions 
by reducing prices. It will be remembered that 
the presumed ability of the Trust to fix and main- 
tain quotations was one of those intangible assets 
which were so generously capitalised at the time of 
its formation, and one which we repeatedly declared 
could not be expected to survive the first indi- 
cations of a slackening condition of trade. Apologists 
and defenders of the principle of industrial 
monopoly held that the Steel Trust would be 
of positive benefit to the consumers of its 
products, because when a big concern is the 
producer, the consumer is assured of lower prices, 
it being a necessity for such a concern to 
have a steady market for its output, in order to 
keep its machinery busy. Moreover, since it was 
assumed that the result of the great industrial 
consolidations would be to steady and, relatively, to 
reduce the prices of their products, it was confi- 





dently declared that the gravest of the speculative 
popular objections to them would be obviated, and 
that public opinion would speedily recognise the 
benefits to the people at large of this new and im- 
proved machinery of production. It was the judg- 
ment of one eminent defender of the system that 
the very motive of self-interest, even the law of 
self-preservation, dictated a policy which was as 
necessary to the lasting business prosperity of these 
concerns as to that popular approval without which 
they could not permanently endure. This being 
the theory of the new business consolidations, their 
promoters, judging by the results achieved during 
a year or two of exceptional prosperity, believed 
that it would work out well, and that it was a good 
policy and a wise one for everybody. 

Prices of iron and steel during the four years 
prior to 1901 had been moving about in violent 
fashion, in the way familiar to those who have 
watched the course of the iron market in America. 
In 1897 the lowest prices in recent years of all the 
principal manufactured forms of iron and steel were 
reached. Then came a large increase in the demand 
for iron and steel materials, and within two years 
there was a tremendous advance in prices, which 
carried them more than 160 per cent. above the 
figures prevailing in 1897.. As was natural, this 
abnormal advance was followed by a reaction almost 
as severe as had been the advance. When in 1901 
the Steel Corporation endeavoured to take control 
of the situation, values were about 70 per cent. 
above those of the low level of 1897. It was at 
this time that the Trust tried to fix the market. It 
required little effort to sell practically an unlimited 
amount of steel at these prices then. Owing to the 
great demand for construction material of all kinds, 
particularly of iron and steel, the mills of the Steel 
Corporation were sold monthsahead, and orderscould 
only be taken for delivery at more or less indefinite 
future periods. Naturally, there were many who 
could not afford, or who were not willing, to wait 
for the completion of their orders. They wanted 
prompt delivery, and, in order to get it, went to 
the independents, who did not happen to be sold 
ahead, and for the accommodation paid prices as 
much as 140 per cent. above those of the low price 
of 1897, the Steel Trust all the while booking 
orders at about 70 per cent. above those prices. 
Even at these rates the profits were very large, and 
the Steel Trust was well satisfied with them, and 
could afford to be. With the slackening of the 
unusual demand, consumers ceased to compete for 
the privilege of obtaining quick delivery of their 
orders, and the high prices paid for that privilege 
promptly receded. The independents were com- 
pelled to make ‘‘cuts,” and naturally consumers 
resorted to the cheapest market, while the Trust 
was vindicating the consistency of its policy in 
refusing to accommodate itself to the downward 
course of prices, as it had refused to follow them 
to the extreme limit of their upward course. 
Kvidently the combination was not powerful enough 
to keep prices at-what it considered a normal level, 
and to that extent the value of a considerable 
amount of its capitalisation had disappeared. 

The plain and simple inference is that the prin- 
ciple of competition, whose operation the Trust was 
formed to restrain, has asserted itself with the 
resistless force of a natural law. How very far 
this result was ffom the sanguine expectations of 
the managers of the Corporation is emphasised by 
the New York Journal of Commerce, which draws 
attention to the terms of their famous profit-sharing 
circular issued less than fifteen months ago. It 
was therein declared that it required, in round 
figures, 75,000,000 dols. to pay the interest on the 
bonds of the Corporation, dividends at the rate of 7 
percent. onits preferred stock, dividendsatthe rate of 
4 per cent. on itscommon stock, and tomakesinking- 
fund deposits. At that date there were said to be 
about 55,000 stockholders, and it was believed that 
they, and other possible investors in the bonds and 
stocks of the Corporation, would feel a special sense 
of security in its continued earning power if they 
knew that the officers and the managing men 
generally of the entire organisation were willing to 
enter into a contract by which part of their com- 
pensation for services rendered should be paid only 
after the realisation of 75,000,000 dols. of profits. 
It is an instructive commentary on this statement 
that estimates of the net earnings for the three 
‘months ending March 31 run now from 10,000,000 
| dols. to 12,000,000 dols. In fact, the payment of 
‘the full dividend on the preference stock for the 
|quarter is in serious jeopardy. Thus disappears 
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what was regarded as another advantage of prime 
importance in favour of the system of huge indus- 
trial consolidations—namely, the ease with which 
working men might be enabled to participate in 
the profits of these enterprises ‘‘ by investing their 
savings in the shares of the more solid and 
prosperous concerns,” as one of the eulogists of 
the new era phrased it in 1901. 

When the Steel Trust started on its policy of 
steady prices at what it was pleased to consider a 
normal level, it had on hand practically no supplies 
of iron in either finished or unfinished forms. The 
current demand at the time was in excess of the 
manufacturing capacity, and the Trust was there- 
fore powerless to meet the demand. In this posi- 
tion it could not hope to keep prices down, for the 
simple reason that it could not control the pockets 
and wills of intending consumers who wanted their 
material quickly and were willing to pay accordingly. 
Similarly, it could not keep prices up when the de- 
mand became very much smaller, for the reason that 
independent producers became anxious to market 
their products and were willing to take even a 
small profit to dispose of their output. The case 
is one which seems strongly to support the 
contention that large supplies of iron and steel, 
accumulated in relatively dull times, are abso- 
lutely necessary to prevent violent fluctuation 
in the price of iron and steel, which is one 
of the great difticulties with which iron producers 
are forced to contend. It seems well established 
that abnormal advances are sure to react in the 
way of checking consumption, with the accom- 
panying fall in prices, which goes further than it 
would had not prices previously been at an abnor- 
mally high level. With a large supply on hand 
with which to meet the extraordinary demands of 
the period during which the Steel Corporation 
came into existence, the Trust could have done 
much more business than it did, and could have 
made effective its policy of preventing a too great 
advance in iron prices. It is proposed to establish 
a pig-iron warrant system such as prevails in our 
own country. The details of the system are given 
in another column. 


RAILWAYS IN KOREA. 

TuE stirring events which are going on in Korea 
and its neighbourhood have distracted attention from 
the engineering and industrial developments which 
are taking place ; but although the doings of armies 
and navies are more heard of at present than those 
of engineers, the work of the latter has proved a 
most important factor in the evolution of the pre- 
sent state of affairs. As we have more than once 

yinted out, the construction of the Trans-Siberian 

Railway, and of its branch through Manchuria, was 

the immediate cause of matters between Russia 
and Japan being brought to a crisis; for those 
means of communication made Russia a near 
neighbour of Japan, and the latter thought that 
its interests in Korea were likely to be interfered 
with, and possibly even its national existence 
threatened. 

It is, of course, beyond our province to enter 
into the political aspects of the problems involved ; 
but, from the Japanese point of view, the reason 
for their opposition to the Russian advance is very 
evident. Not only has Japan been long associated 
with Korea by political ties, but in recent years she 
hasacquired extensive interests, bothcommercial and 





industrial, and has large settlements in every port | 
dence that the Government has resolved to take 


open to foreigners. Three-fourths of all the foreign 
trade and shippingof Korea are in the hands of the 
Japanese, whereas Russia has practically no commer- 
cial interests. Japan is becoming an ‘ industrial ” 
and manufacturing country, and needs food supplies 
to supplement those produced at home ; and natu- 
rally she looks to the fertile territories of Korea 
for a large part of these supplies. Moreover, she 
wants markets for her manufactured goods and out- 
lets for her surplus population ; and she recognises 
that Korea is not only a good market in herself, 
but is the key to Manchuria and Northern China 
generally. Probably most important of all is the 
fact that the Power which commands the Pacific 
Coast is likely to dominate Japan. 


developments the work of the engineers has been 
the chief force in operation, and this justifies the 
opinion that in modern times they are the real 
revolutionists, as they create forces which are more 
powerful than armies and navies, 

While the Japanese engineers do not take a direct 
part in military aud naval operations, they are 


In all these | 








behind them all. As engineers in the dockyards, 
on the railways, in the shipping companies, the 
telegraphs, and the industrial works which supply 
materials of all kinds, they make the operations of 
the military and naval men successful, and these 
resources are what constitute the real strength of 
the Japanese ; while the distance of the Russians 
from their base constitutes their real weakness. 
After all, the Trans-Siberian Railway will be 
strained to supply the needs of a very large force; 
while the want of docks, repairing-shops, and other 
appliances places the Russians at a very great 
disadvantage. 

The Japanese are determined to make the work 
of the engineer also available for their service in 
Korea, and the whole railway system of that 
country may be emphatically designated Japanese. 
The various lines have been designed to connect 
the capital, Seoul, with the ports of the peninsula. 
The only line actually completed, and of which, on 
previous occasions, we have given some particulars, 
is that from Seoul to Chemulpo. This port may 
be considered the outlet of the capital. The line 
is 25 miles in length, with a gauge of 4 ft. 8} in. 
The original contract was given to an American 
company in 1896, but the undertaking was sold two 
years later to a Japanese company for a large sum. 
Trattic was partially opened at the end of 1899 as 
far as the River Han, and by August, 1900, to 
Seoul. There were few engineering difticulties to 
overcome in the construction, the only important 
structure being the great bridge over the Han, 
600 metres long, in ten spans. The parts of this 
bridge came from America, and were put together 
by Japanese artificers. The cost of the line was 
about 12,000/. per mile. All the employés are 
Japanese, except a few Koreans in the very lowest 
posts. The rolling-stock consists of four locomotives, 
by no means adequate to the huge American cars, 
66 ft. long, which form the trains. The trip is made 
in an hour and three-quarters, there being eight 
intermediate stations. As most of the goods traffic 
is still carried by the River Han to within 4 kilo- 
metres of Seoul, the traffic on the railway is almost 
exclusively passenger. 

A glance at the map shows that the railway 
which is being constructed from Seoul to Fusan is 
the most important from the Japanese point of 
view. Fusan is only 230 miles from Shimonoseki, 
and the line is almost direct from that port to the 
capital. Its length will be about 300 miles, and 
it would place the capital of Korea within a very 
short distance (as measured by time) of some of 
the most important Japanese military and naval 
stations, and therefore its completion is of great 
strategic importance. The estimated cost is 
2,800,000/., or 90001. per mile, In 1901 a com- 
pany was formed;for its construction, the capital 
being supplied from Japanese and Korean sources, 
and the construction has been goihg on some- 
what slowly since that time. In order to 


/expedite matters, and in view of the expected 


trouble with Russia, an Imperial Japanese Govern- 
ment Ordinance was issued on December 28 
last, practically taking over the work by the 
Government, and making provision for the supply 
of funds which would ensure the completion of the 
railway with all possible dispatch. Professor 
Furuichi, the director of the Railway Bureau in 
Japan, was appointed president of the undertaking, 
and he is to be assisted in his work by two per- 
manent directors. The Japan Daily Mail says :— 
‘*This measure is, of course, regarded as an evi- 


resolute hold of the Korean problem, and not only 
to extend Japan’s interests, but also to consoli- 
date her position there. It has become quite 
clear that nothing except accomplished facts 
possesses an international value nowadays. The 


|'Tokio Ministry is obeying that conviction.” The 


railway will involve engineering works of con- 
siderable importance and some difficulty, as part of 
the country traversed is hilly. Some of the provinces 
through which it passes are the richest in Korea, two 
of them being noted as forming the rice garden of 
the country. Not only from a strategic point of 
view, but also from that of the supply of food and 
the development of trade, the Seoul-Fusan line is 
of great importance; and it is certain to be pushed 
on by the Japanese Government with all expedi- 
tion. 

A number of other lines have been projected, 
all radiating from the capital; but as they are in 
embryo, we need not take up much space with them. 
One is proposed frum Sevul to the mouth of the 





Yalu River, and no doubt it will ultimately be 
connected with the Manchurian Railway, under 
what conditions, however, it will only be possible 
to say after the war is over. Other two lines have 
been projected—one from Seoul to Mokpo, on the 
other side of the peninsula from Fusan, and the 
other from Seoul to Gensan, a port on the northern 
portion of the east coast of Korea; and it is further 
proposed to continue this transversely across the 
peninsula to the Yalu River. When all these lines 
are completed, the main ports of Korea will not only 
be connected with each other, but also with J apan 
on the one side and China and Russia on the other, 
and the Hermit Kingdom will have been forced 
into the world of politics, industry, and commerce. 
Future developments will be watched with great 
interest. 








THE MIDLAND RAILWAY STEAMSHIP 
SERVICE. 

Tue launch of the first steamship owned by the 
Midland Railway Company—the high-speed twin- 
screw steamer Antrim—from the works of Messrs, 
John Brown and Co., Ltd., Clydebank, marks an in- 
teresting event in the history of the company, as 
with this and three other steamers they propuse this 
summer to inaugurate their first harbour and steam- 
ship service. The aim is to improve and strengthen 
the chain of communication connecting England 
with Ireland, and there is every probability that 
this new service will do much for the prosperity 
of the North of Ireland, in view of the initiatory 
enterprise which has characterised the Midland 
Railway Company from its inception, and espe- 
cially the masterful energy of Mr. John Mathieson, 
who was appointed general manager a year or two 
ago, and who has since displayed those organising 
qualities which lie at the root of success in rail- 
way matters. The Midland Railway Company 
have very wisely absorbed the railway com- 
panies of the North of Ireland—the Northern 
Counties Railway and the Donegal line ; so that, 
as in no other case, we have here, under one 
supreme control, the railway connections of both 
islands, as well as the steamships bridging the in- 
tervening 120 miles of the Irish Sea. Having 
determined to enter upon this cross-Channel traftic, 
the Midland Railway Company decided to con- 
struct a harbour, and chose as a site the open sea 
known as Heysham Lake, on the Lancashire coast, 
which is particularly advantageous owing to its 
freedom from the sand shoals which abound in 
Morecambe Bay, and the great depth of water 
available. The main railway of the company has 
been extended for three miles southwards from 
Morecambe to the breakwaters which close the 
docks. These extend seawards about three-quarters 
of a mile; while about a mile apart at the land 
end they converge to form an entrance to the docks 
of about 300 ft. wide. Already the dock, of about 
140 acres, is almost completed, and has such a 
depth of water that vessels may arrive and depart 
at any state of the tide. On one side there is 
wharfage for fish traffic, quayage for pig iron 
and other similar heavy goods, while the main 
railway line and complete passenger station are 
on the southern side, with landing - stages to 
suit all states of the-tide. A large power-station 
has been constructed, and the whole of the 
machinery, including a splendid equipment of 
electric cranes, ranging up to 50 tons capacity, is 
being installed. As an indication of the very com- 
plete nature of the equipment, it should be stated 
that, in order that cattle and geese may rest and 
recover after a heavy sea passage, large grazing 
paddocks have been constructed alongside the 
pens. Ample room has been secured for extension, 
the area enclosed by the immense breakwaters 
being 500 acres. We hope to illustrate in detail 
this harbour, for which Mr. J. Allen Macdonald, 
M. Inst. C.E., the Midland Railway Company’s 
Chief Engineer, and Mr. G. N. Abernethy, 
M. Inst. C.E., are the engineers, so that we need 
say nothing further here on the subject. 

The steamships by which the service is to be. 
inaugurated will be worthy of the traditions of the 
Midland Railway Company in respect of facilities 
—-especially for third-class passengers—and their 
interest for the marine constructor is greatly 
enhanced by the fact that while the hulls are in 
all cases exactly the same, the machinery will 
differ; in two cases the ordinary reciprocating 
type of machinery is to be adopted, with cylinders 
of 23in., 36 in., and 42 in. in diameter respectively, 
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a eeteecmell 
sad a stroke of 30 in.; but in the other two in- 
stances the Parsons steam turbine will be installed 
for driving three shafts and three propellers. The 
hulls have been designed by Professor J. H. Biles 
and his partner, Mr. William Gray ; and, in view 
of their experience with Channel steamers, it may 
be assumed that so far as the lines of the ships 
are concerned the highest degree of efficiency 
will be attained. All other factors but the pro- 
pulsive system will be eliminated, exclusive of 
weather conditions, and a comparison of the results 
will yield most suggestive data. In all four ships 
there will be one single-ended and two double- 
ended boilers worked by forced draught generated 
by electric fans. In the machinery there are many 
important developments, notably in connection 
with the utilisation of turbines, and especially for 
the transmission of electric power. 

The first of the ships to be launched is the 
Antrim, and the photograph which we reproduce 
on page 429, will indicate at a glance the very 
smart appearance of the vessel, the entry being 
exceptionally fine, without any resort to hollow 
lines. The Antrim has, as a'ready stated, been 
built by Messrs. John Brown and Co., Limited, 
and the three sister ships are being constructed by 
Messrs. Caird and Co., of Greenock, Messrs. 
William Denny and Brothers, of Dumbarton, and 
Messrs. Vickers, Sons, and Maxim, Limited, of 
Barrow-in-Furness, the ships by the two latter 
firms being those propelled by turbines. The 
length of the water line is to be 330 ft. ; the breadth 
(moulded), 42 ft.; the depth (moulded) to the 
upper deck, 18 ft., and to the promenade deck, 
95 ft. 6 in. Eight water-tight bulkheads will 
divide the ship into compartments, and in addition 
to the double bottom there will be four decks. 
The shade-deck affords a promenade 210 ft. long, 
and has a large smoking-saloon. There are 23 
state-rrooms on the promenade deck, and 26 on 
the upper deck, which, with accommodation in 
the main saloon, affords sleeping berths for 150 
first-class passengers, while the dining-saloon on 
the main deck seats 74 passengers. The third- 
class accommodation, as we have already hinted, 
will be exceptionally satisfactory, there being 11 
rooms with 48 berths, in addition to one large 
cabin with 10 berths for women. Ventilation has 
had careful consideration, the thermo-tank system 
and electric fans being adopted. It is anticipated 
that the speed of these vessels under normal 
conditions will be 20 knots, so that a_pas- 
senger leaving London at 5 o’clock, and Midland 
towns at a later hour, will arrive in Belfast by 
7: o’clock in the morning, the sea crossing taking 
only six hours. From Belfast express trains with 
special rolling-stock will be run to all the principal 
centres. The company, however, anticipate a very 
extensive development of the dairy produce trade, 
and they propose to make such special arrangements 
that consignments handed to them late in the 
afternoon will be in the London market, as well as 
in the towns of the Midlands, early on the follow- 
ing morning. This enterprise of the Midland Rail- 
way Company, energetically managed, must there- 
fore assist towards the much-desired improvement 
in the condition of the peasantry of Ireland. 








THE AUTOMOBILE EXHIBITION AT 
THE AGRICULTURAL HALL. 

Tae Ninth Annual Automobile Exhibition at the 
Agricultural Hall was opened on Saturday last, the 
19th inst., and will remain open till the 26th inst. 
We cannot say that there are many novelties to be 
seen, and, coming as it does so soon after the 
great show at the Crystal Palace, which was re- 
cently described in the pages of ENGINEERING, it 
may, perhaps, labour under some disadvantages ; 
still, for all that, there is a very fine collection of 
cars on view, and the Exhibition is well worth a 
visit from anyone interested in these machines. 

Whether we look upon the motor-car with ap- 
proval, or the reverse, it is pretty clear that its 
constant presence will, in the future, have to be 
enjoyed, or be tolerated, as the case may be, though 
the public, perhaps, hardly needs reminding of this. 
The absence of novelties at the Show is, In a way, 
ahealthy sign, because it surely means that cars 
are becoming more and more of a standard pattern, 
and when they have all been pretty well stan- 
dardised there will be more chance that prices 
will be lowered, which means, of course, that the | 
demand for them will increase, and (if experience | 
teaches anything) the increase will be at a much | 





|and quite a feature of the Exhibition. 





more rapid rate than the reduction in price might 
lead one to expect. There are 331 stands at the 
Show, not including a special exhibit of the Aero 
Club of the United Kingdom in the North Gallery. 
The Show is, of course, small when compared with 
that recently held at the Crystal Palace, but it has 
the great advantage, from the visitor’s standpoint, 
that it can, in consequence, be much more easily 
seen in a given time and with much less fatigue. 
One very pleasing feature is the great number of 
cars which are of purely British manufacture, and 
another the excellent work that has, as a rule, been 
put into them. 

On entering the building one of the first things 
that arrests the attention is a Vulcan speed-indi- 
cator made by Messrs. Geipel and Lange, which 
we described in our issue of last week. Was it 
intentional or by accident that this little instrument 
was placed there, where it catches the eye of all 
who pass to the Show, or was it only the irony of 
fate that decided its position? Perhaps only the 
latter, for surely the little red line opposite the 
2( miles per hour on its face appears uncalled for, 
in view of the fact that the hall beyond is full of 
cars, almost all of which are powerful enough to 
far exceed the limit of speed marked by that 
warning line. Be this as it may, it is to be 
hoped that this little indicator may have a 
wholesome influence on the running of cars on 
public roads, if only as a means of avoiding dis- 
putes between the driver of a car and the man 
with a stop-watch, where the rate of speed is 
called in question. One feature of the Show is the 
large number of cheap machines on view, though 
many of these have, of course, yet to prove their 
worth. There seems no reason, however, to sup- 
pose that many of them will not turn out excellent 
machines. The coach-builder’s art, too, is much 
in evidence, for the variety in the design of bodies 
is only equalled by their beautiful finish. 

The Brouhot Motor Company of Great Britain, 
Limited, exhibit two chdssis and two complete 
cars. In these, hardened nickel steel is largely used, 
and one special feature in them is a form of clutch 
which is very easily detachable. 

The Rex Motor Manufacturing Company, Limited, 
have a very good exhibit, comprising three 4-horse- 
power Rexettes, a motor cycle of 3} horse-power, 
a Rex simplex 12-horse-power brougham, a simplex 
12-horse-power tonneau, and a 10-horse-power ton- 
neau. Messrs. Bayliss, Thomas, and Co., Limited, 
also show several motor bicycles, fore carriages and 
trailers. The Siddeley Autocar Company exhibit 
some light 6-horse-power cars, and a 6-horse-power 
chassis. These latter are constructed by the Wolseley 
Tool and Motor-Car Company, Limited, which is a 
sufficient guarantee as to the workmanship. The cars 
are fitted with a horizontal motor, three-speed gear, 
and single-chain drive to the rear live back axle. 

A car which we believe has not been exhibited 
in this country before is a Hotchkiss, and it 
attracts a good deal of attention. Its appearance 
is, however, somewhat spoiled by the very ugly 
radiator, which is too much in evidence. Ball 
bearings are fitted throughout its chdssis. The engine 
and gear-box are placed very low, and are slung 
from the side members by long brackets. 

The Beaufort Motor Company exhibit a very 
neat 9-horse-power phaeton, fitted with two seats. 
It has a single-cylinder engine, with three forward 
speeds and one reverse. The engine is automati- 
cally governed, and the mechanically-operated inlet 
valve is actuated by cams running in an oil bath. 
It has magneto ignition, and the car is fitted with 
ball-bearings throughout, and has two powerful 
band-brakes. 

Some good examples of motor cycles are exhibited 


by the Swift Motor Company, Limited, as well as | 
two cars; one of these latter is of 7 horse-power, | 


and is on the pattern of the one which secured the 
silver medal in the Automobile Club’s 1000 miles 
reliability trials. It has three speeds and reverse, 
electric ignition, and effective silencers. 

The most powerful car in the Exhibition is a 
60-horse-power Mercedes with four cylinders. The 
chief feature claimed for it is the abolition of the 
variable lift to the inlet valves, the throttle valve 
being utilised through the governor, thus control- 
ling the quantity of gases in lieu of attaining the 


same end by means of an admission valve having a | 


variable lift. It is a very handsome production, 
This car is 
shown by the British Automobile Commercial 
Syndicate, Limited. 

A 15 to 20 horse-power car, exhibited by Messrs. 


J. W. Brooke and Co., Limited, contains some 
novel features. The engine has four cylinders, 
which are cast in pairs, and each cylinder is entirely 
surrounded by water. The valves are operated 
from two camshafts, the timing wheels being 
enclosed in the crank chamber. A magneto 
| machine, driven by fibre wheels outside the crank 
chamber, is used for ignition, and the plugs come 
directly above the induction valves, these latter 
being in duplicate. The carburettor is automatic 
and is combined with the governor. The change- 
speed gear is worked on the Brooke system of 
chains. Two metal-to-metal brakes act on the 
back wheels, and metal-to-metal brakes also act 
in the gear-box. There are three speeds and one 
reverse. The mechanism is entirely controlled from 
the steering-wheel, and the frames are of pressed 
steel. The essential features claimed for this car 
‘are its quietness and its hill-climbing properties. 
| The same makers also exhibit a three-cylinder light 
|car and a Brooke standard car. 

| One of the features of the Show well worth a 
| visit is a 20-horse-power chdssis exhibited by 
| Messrs. J. E. Hutton, Limited. This machine 
| will doubtless attract considerable attention, not 
only on account of the excellent workmanship that 
/it contains, but also from the number of novelties 
connected with it. Nickel steel is used through- 
}out its construction, and the balls of the bear- 
|ings are exceptionally large. The carburettor 
| is controlled direct from the engine in such a 
manner as to maintain the engine at its normal 
speed. The chief point to be noticed, however, is 
that the control of the car is effected entirely by 
hydraulic power. A small pump driven by the 
engine charges a spring accumulator with oil, the 
pressure of which is maintained at about 400 lb. 
| per square inch. All the hydraulic distributing 
valves are worked from the steering wheel, and 
admit the oil-pressure to cylinders on the brakes, 
and to those on the variable gear. The object of 
this method of control is that it enables a car to 
be worked with very little expenditure of manual 
power, which, in the case of a lady driver, is 
certainly an advantage. The steering-rod has an 
elastic shock-absorbing device, to save the steering 
mechanism from jolts on a rough road. The wheels 
are on ball- bearings throughout, the diameter 
of the balls being 1} in. and { in. on the driving- 
wheels, and 1 in. and { in. on the steering-wheels. 
The radiator is of a novel construction, and is made 
of bent tubes, which give a much higher efficiency 
than those which are straight. They are placed in 
several rows, not directly behind one another, 
but zigzag, so that the air passing between them 
is, to a certain extent, baftied, and greater ad- 
vantage is taken of the surface of the pipes. 
The weight of the whole radiator for the ‘car is 
claimed to be only about one-third that of any 
other radiator of the same capacity. Another 
good feature of the car is that the starting gear, 
instead of being at the end of the car, is placed on 
the near side, so that it can be worked from the 
pavement. The clutch is of the metal-to-metal 
type, and is supplied with forced lubrication. This 
form of lubrication is also supplied to the whole of 
the car, at 24 points in all. The engine is elastically 
suspended from the frame, so as to reduce shock 
while running. The silencer is of special design, 
and has a direct blow through, the silencing 
effect being obtained by inducing a constant sup- 
ply of cold air into the column of exhaust 
gases. The brakes are internal and external, and 
are both directly coupled to the back wheel. One 
is hydraulically controlled from the steering 
wheel and the other mechanically controlled Ly 
means of a pedal in the usual way. The frame is 
of nickel steel, and weighs only 100 lb. for a 20- 
horse-power standard Hutton chdssis. The total 
weight of the chdssis is 18 ewt. The car is fitted 
| with what, we understand, are the first nickel- 
| steel springs ever used for such a purpose. We 
| hope at a future date to illustrate the chdssis of this 
|carin detail. Messrs. J. E. Hutton, Limited, also 
|exhibit a nickel-steel crankshaft weighing only 
120 1b., but which is capable of transmitting 150 
horse-power at 1000 revolutions per minute. 

Steam cars are not largely represented at the 
Show, though the Cremorne Motor Manufacturing 
Company exhibit two, and also a chdssis. In the 
| largest of these the engine is horizontal, and has 
four cylinders, capable of developing 25 horse- 
|power. The car has been built with a view to 
|meet the growing demand for a smooth-running, 
| reliable machine using paraftin-oil as fucl, and shed 
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with solid tyres. The frame is of channel steel, 
and the axles are tubular and of large diameter. | 
The front wheels run on ball-bearings, and the rear | 
ones on phosphor-bronze bearings specially formed. | 
The boiler is of the ordinary fire-tube type, and is 
20 in. in diameter, with a seamless steel shell, and 
the steam issuing from it is passed through a dry- 
ing and superheating coil on its way to the engine ; 
the pressure of steam is from 250 lb. to 300 Ib. per 
square inch. The burner used is of simple con- 
struction, with an absence of wearing parts. It 
does not smoke, and will burn the ordinary paraftin 
or lamp-oil. The exhaust from the engine passes, 
firstly, through a separator, and then through the 
feed- water heater; after that it goes to the 
condenser, whence it passes through another 
separator to a tank, on the way to which it is 
pumped through a filter. The car carries a supply 
of oil and water sufficient for a run of 100 miles. 
These steam cars are worthy the attention of those 
who may prefer steam to petrol asa source of power. 

Among the exhibitors of steam wagons may be 
mentioned the Lancashire Steam Motor Company, 
Limited ; Fodeéns, Limited ; the Yorkshire Patent 
Steam Wagon Company; the Hercules Motor 
Wagon Company; W. Tasker and Sons, Limited ; 





J. and F. Howard ; Mann’s Patent Steam Cart and | 


Wagon Company, Limited; Wallis and Steevens, 
Limited, and Savage Brothers, Limited. Motor 


launches are represented by a few exhibits, but | 
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one Bidencope, a man in their employment. It | only, ranging from 200 to 1600 tons, mostly wooden 
appeared that Bidencope had entered into an ‘gunboats or sloops of war, the Adsumakan being 
arrangement with the firm whereby the sum of the only ironclad. The first (wooden) warship 
101., which he deposited with them, should be built in Japan was the Seitei, launched in Yoko. 
retained until his discharge, and they would be | suka in 1876 ; the first armour-clad was the Fuso, 
entitled to keep the whole or part of that sum | launched in the following year ; and the first iron 
in the event of loss or wilful negligence on his part. | warship, the Takao, a small cruiser of 1750 tons 
Bidencope employed workmen to execute the work | displacement, was designed in 1883, and launched in 


which was sent to him by the Aquascutum Com- | 1888. — 
Deductions having been made from the | day it is unnecessary to enter, as the matter hag 


pany. 


Into the composition of Japan’s navy of to- 


10/., the company were summoned under the Truck | been dealt with exhaustively elsewhere. It is 


Acts. It was contended on their behalf that inas- 
much as Bidencope was a sub-contractor, or master 
tailor, the Act had no application to him. A 


| 
| 


curious to observe, however, that the oldest ship in 
service in the Japanese Navy is fully 50 years of 
age; she is the Tsukuba, launched in 1851 at 


large number of cases were cited in support | Moulmein. 


of the contrary view, but Mr. Denman, in giving 
judgment, said :—‘‘I am satisfied from the evidence 
that the relationship between Bidencope and the 


| Aquascutum Company was not that of master and 


artificer within the meaning of the Act, but that 
of employer and sub-contractor. The proceedings 
against the Aquascutum Company must, therefore, 
fail.” Having regard to the terms and avowed 
object of the Truck Acts, this decision accords 
with good sense. The persons to whom the Truck 
Acts apply are the artisan class, who require to be 
protected against a burdensome condition, which 
may be imposed by an employer, as to deductions 
from wages. It is obvious that a foreman tailor, or 


| ° . 
a sub-contractor, should require no protection of 


none of these call for particular notice on our part, | the kind; and to hold that he was so entitled would 


. . . | othe 
as there is nothing specially novel about them. | be to place an undue restriction upon the freedom 
Coming now to motor-car accessories, we may | of contract. One would have imagined, having 


mention that, among solid rubber tyres for heavy 
cars, Messrs. J. E. Hopkinson and Co., Limited, 
121, Cromer-street, London, E.C., have on view a 
double-tread tyre of this kind, which appears very 
simple and efficient. The wood felloe of the 
wheel has a recessed steel band fixed round it, and 
on this the rubber tyre is placed. The latter is 
considerably wider than the steel band, and from 
its sides the rubber projects in a kind of bead- 
ing from the main body. An annular steel flange- 
plate is then put on each side of the wheel, 
and these plates are screwed close up against the 
sides of the wheel by means of twelve }-in. bolts 
and nuts, which go through the felloe from side to 
side. By this means the rubber tyre is bodily com- 
pressed till it completely fills the recess in the 
steel band, the tyre being at the same time held 
securely by the flanged parts of the circular steel 
side-plates, and a very firm job is the result. 
Another object of interest is the Newman 
change-speed indicator for motor-cars, the object 
of which is to facilitate the changing of speed when 
the ordinary wheels, which slide in and out of mesh, 
are used. The usual difficulty consists in the fact 


regard to the clearness of the case, that the respon- 
dents to the summons would have been allowed 
something on account of costs, but the magistrate 
said that he did not see any special reason why 
costs should be allowed. It is difficult to see why 
a manufacturer should be put to expense in defend- 
ing a case of this kind, and then be penalised in 
costs, although successful upon the issue placed 
before the Court. Had the case been brought in 
a county court, costs would have followed the event 
as a matter of course. 


ProGRess OF STEAM MACHINERY IN JAPAN. 

Some interesting particulars of the progress of 
steam machinery in Japan were given at the James 
Watt anniversary dinner in Japan—the third in 
succession, which was celebrated in Tokio on 
January 19. This year the function took place in 
the Imperial Hotel, under the presidency of Pro- 
fessor Bunji Mano, of the Tokio Imperial Univer- 
sity. Between forty and fifty guests were assem- 
| bled, of whom one-fourth were non-Japanese ; the 
| inception of the meeting, the arrangement of most 
of the details, and by far the larger personality of 





that it has not hitherto been possible to tell when the | the guests, were altogether Japanese. In honour 


wheels were running at the correct relative speeds 


|of the country of Watt, and in honour of the 


which would enable the teeth to be engaged without | foreign guests, the proceedings, however, were this 


shock or jar. The apparatus consists of a small 
aluminium box containing some simple gearing 
which is driven from the shafts in the gear-box. The 
box is connected by two Bowden flexible wires to 
an indicator fixed on the dashboard of the car. 
When the car is running at any given speed, say 
the second, the pointer will remain stationary 
at a certain number. If it is then desired to 
go on to the third speed, the speed lever 
is moved so as to put the second-speed gear out 
of mesh. The pointer will then commence to 
move forward towards another corresponding | 
number, and at the moment when it reaches that 
figure the speed lever is moved to the third notch, 
the wheels going into mesh without any trouble. 
This apparatus is exhibited 
Variable Speed Gear Company. 
show a very neat form of universal joint for 


year entirely in English, including menu, speeches, 
&c. In his address, proposing the toast ‘‘To the 
memory of James Watt,” Mr. Mano traced the 
development of steam power in its practical appli- 
cations in Japan. The first land engine erected in 
the country was at a spinning-mill at Kagoshima in 
1863 ; the first land engine made in the country 
came some ten years later. In 1901 the total 
number of land engines in use was 3258, and the 
horse-power 77,627. The first railway opened in 
Japan was in 1872, between Shinagawa (a 
suburb of Tokio) and Yokohama; the locomo- 
tives employed thereon were four in number, 
all built in Great Britain. To-day the railway 
mileage is 4469, and the number of locomo- 





by the Newman tives employed throughout the country is 1469. 
This firm also | The first steanier in Japan was the paddle steamer 


Kanko-Kan, obtained from Holland in 1855; her 


shafting, but as this is fully described on another | length was 174 ft.; breadth, 30 ft.; horse-power, 
page of our present issue, we need not touch upon| 150. The first steamer built in Japan was the 


it further here. 

Messrs. S. Smith and Son, Limited, 9, Strand, 
London, exhibit a compensated speed-indicator 
with a mileage-register up to 10,000 miles, and a 
trip-register, which latter can be set to zero at will. 








NOTES. 
Tae Truck Acts. 

A CASE which was heard by Mr. Denman, on 
March 9, serves to show how the administration of 
the Truck Acts tends to press hardly upon em- 
ployers. It appeared that the Aquascutum Company 
were summoned for having made certain small de- 


| gunboat Chiyoda-Gata-Kan, constructed in Tokio 
‘in 1866 ; her length was 104 ft.; breadth, 15 ft.; 
horse-power, 60. Last year the steamers built in 
Japan numbered 73, and had an aggregate gross ton- 
nage of 15,541. To-day the number of steamers 
belonging to the country is 1079, with a gross 
| tonnage of 645,926. With regard to warships, it 
| is difficult to say when the present Japanese Navy 
first came into existence. Previous to the Resto- 
ration (in 1867) each clan had a small navy of its 
own. After the Restoration these ships were either 
| confiscated by, or presented to, the Imperial Govern- 
|ment, and formed the nucleus from which the pre- 
|sent navy sprang. In the early days following the 





AMERICAN TRON WARRANTS. 


An agitation is on foot in the United States for 
the establishment of a pig iron storage warrant 
system such as has prevailed in this country for 
upwards of sixty years. The most persistent 
advocate is Mr. George H. Hull, president of the 
American Pig Iron Storage Warrant Company, who 
has secured the support of a large number of pro- 
ducers, although, generally speaking, the system is 
still looked upon as something of an experiment, 
and has not secured the approval which has been 
accorded to it in this country. Theoretically, the 
argument advanced in favour of large stocks, to 
prevent abnormal advances in prices, is readily 
accepted ; but apparently the iron-producers in 
America have not yet been convinced that the 
British system would supply the means of checking 
the wide fluctuations in pig iron prices which have 
so frequently occurred. Here the amount of pig 
iron stored in warrant yards has frequently 
amounted to as much as the production for seven 
months, and sometimes for a period as long as 
fourteen months. In the United States it is very 
unusual for the supply in the hands of merchant 
furnaces to exceed a few weeks’ production ; and 
when in exceptional cases the amount stored has 
been in excess of the production of a month or 
two, the effect upon the market has been of an 
extremely depressing character. It is pointed out 
that within recent years the price of Southern 
iron has fluctuated between 6 dols. and 25 dols. 
per ton, whereas in Glasgow the range for the 
same period has been from the equivalent of 
about 10.50 dols. to about 17.75 dols. In other 
words, there has been a fluctuation in the price 
of pig iron in the United States of 316 per cent. 
during the past five years, whereas in Great Britain 
the fluctuation amounted to only 68 per cent. The 
difference is certainly striking. The Pig Iron 
Storage Warrant Company has offered facilities to 
iron-producers for placing their output in warrant 
yards, and while at times the amount has been 
fairly large from the American point of view, the 
total at any one time has been but an insignificant 
proportion of the country’s annual output. The 
company began business in May, 1889, during 
which month it stored 200 tons. By February, 1898, 
the amount stored had reached a total of 283,600 
tons, but from that time until the autumn of 1902 
the quantity rapidly fell off, until in October of that 
year there was not a single ton in the company’s 
yards. This, of course, was due to the fact that 


'the abnormal demand for iron in all forms which 
‘accompanied the industrial activity of that and 








previous years required every ton of pig iron in the 
country, and furthermore taxed to the utmost 
the capacity of every producing furnace. The high 
prices to which pig iron advanced during the recent 
industrial boom, and the extreme difficulty which 
confronted consumers in their efforts to secure 
metal to meet their requirements, would never have 
occurred, it is claimed, had the pig iron producers 
run their furnaces at full capacity during previous 
periods of depression, and had stored up, say, a 
year’s production of material, which could have 
been called upon to meet the extraordinary demand 
during the period of extraordinary activity. 
Through the warrant system, English contractors 
and other consumers of iron practically eliminate 
from their business the speculative feature arising 
from fluctuations in the price of pig iron ; whereas 
such market movements as have characterised the 
American markets during the past two years must 
operate as a very unfavourable influence upon 
business, and the value of a system which would do 
away with them would certainly be very great. 
Extreme advances result from competitive bidding 
by consumers in a market in which the current 


ductions in the nature of fines from the wages of | Restoration it embraced some nine or ten ships| supply is below the current demand, which is 
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a 
always the case when industrial activity is ap- 
roaching its height. Abnormally low prices result 
from the efforts of iron-producers to market their 
roduct at times when the demand is very light. 
reducers in America as often as not find them- 
selves unable to store their output even for a short 
time, or at least are unwilling to do so, with the 
result that they frequently sell at prices little, or 
not at all, above cost, and sometimes actually 


below cost. 





Tue Loss oF A SUBMARINE Boat. 


The running down of H.M. submarine boat Al 
by the Union-Castle liner Berwick Castle brings 
very vividly forward the dangers to which such 
eraftare subject. The accident occurred in broad 
daylight, about half-past two in the afternoon 
of Friday, the 18th inst., off the Nab lightship. 
For some days past manceuvres have been in pro- 
gress for the purpose of testing the efliciency of 
this new type of vessel, and the boat was apparently, 
when the disaster occurred, on the look-out for what 
in time of war would be her natural prey. The 
first intelligence was received from the Berwick 
Castle, which was on her way from Southampton to 
Hamburg. She altered her course in order to come 
close to the Admiral’s yacht, when she reported 
through the megaphone that she had been struck 
by a torpedo. On being questioned as to whether he 
had observed any submarines, the captain replied 
that one had been seen a short time before. It 
was then supposed that the submarine had dis- 
charged a torpedo at the Berwick Castle, mistaking 
her for a warship, and a destroyer was ordered 
to search for the torpedo, which, very naturally, 
could not be discovered. A boat was seen, how- 
ever, which was supposed to be a submarine, a 
short distance beneath the water ; but this did not 
give rise to any apprehension until some time had 
passed, when, the boat not appearing, a search was 
instituted, and the boat was found lying in seven 
fathoms of water, about a mile to the east of the 
Nab light-vessel. Tugs and lighters, with divers, 
were then sent out, and investigation showed that 
the boat had been struck by another vessel, un- 
doubtedly the Berwick Castle, and was lying derelict 
at the bottom. It is surmised that the boat had 
been floating just beneath the surface looking out 
for a battleship which might be approaching from 
seaward, and failed to observe the liner approach- 
ing on another course. A detailed examination 
of the hull of the boat by the divers revealed 
the fact that no damage had been done elsewhere 
than at the conning-tower, where marks of her 
having been struck were plainly visible. Un- 
fortunately, the tides were so strong that it was 
very difficult, and often hazardous, for divers to work 
in the exposed position in which the wreck lies, and 
it was thought advisable to hand the business over 
to those well experienced in operations of this 
nature. A contract was therefore made with the 
Neptune Salvage Company to carry out the work 
ata cost of 25001., including bringing the vessel 
into dock at Portsmouth. It is hardly necessary 
to say that the whole of the crew of the vessel 
have been lost, eleven lives thus being sacrificed, 
including Lieut. L. C. O. Mansergh and Sub- 
Lieut. J. P. Churchill. The Berwick Castle appears 
to have been only very slightly damaged. The 
submarine Al was the latest design of this type of 
craft, and was both larger and faster than the first 
that were built. It will be remembered that she 
was the one which was inspected by both the King 
and the Prince of Wales on their recent visits to 
Portsmouth. There is very little comment to make 
upon this disastrous occurrence. It is obvious 
that service cn a submarine boat must be of a 
hazardous and unpleasant nature. The authori- 
fies seem to have selected the crowded channel 
off the Nab, in the direct entrance to the Solent, 
asa scene for manceuvres, in order that the sub- 
marines might realise the conditions of having to 
pick out the enemy from a number of friendly or 
neutral vessels, In the case of ordinary trials it would, 
of course, be possible to have submarine boats con- 
voyed by other craft, such as torpedo-boat destroyers 
or small vessels, which would be able to signal to 
vessels to keep clear of any water set apart for the 
purpose. With manceuvres this would naturally be 
Impossible, as it is only the unexpected nature of 
the attack that gives the submarine boat her power 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE annual spring meeting of the Institution of 
Naval Architects is being held this week in the 
hall of the Society of Arts, the proceedings having 
commenced on Wednesday last, the 23rd inst., the 
President, the Right Hon. the Earl of Glasgow, 
occupying the chair. There were thirteen papers 
on the agenda, and for the reading and discussion 
of these there were sittings, besides that of Wed- 
nesday morning, on Thursday morning and even- 
ing ; whilst to-day there will be a morning meeting 
and an evening meeting also. The papers were of 
considerable interest asa whole. The first taken 
—that by Sir Edward J. Reed, on ‘‘ The Battle- 
ships Triumph and Swiftsure’’—naturally excited 
considerable interest ; this we shall deal with pre- 
sently. The paper following, on ‘‘ Merchant 
Cruisers and Steamship Subsidies,” by Lord Brassey, 
had also been looked forward to as dealing with a 
subject of much interest at the present time. 
Yesterday morning’s proceedings opened with a 
paper by Sir William White on ‘‘The Establish- 
ment of an Experimental Tank for Research Work 
on Fluid Resistances and Ship Propulsion.” The 
late Director of Naval Construction pointed out 
the reasons why the proposal to establish an ex- 
perimental tank to be used by shipbuilders had 
not been carried out. Sir William is of opinion 
that such a tank might be founded at the National 
Physical Laboratory, and could be worked with 
success if its use were devoted to research pur- 
poses. What may be described as a companion 
paper, by Mr. Froude, on ‘‘ Some Results of Model 
Experiments,” followed. The third paper on the 
list was on the ‘‘ Heeling and Rolling of Ships of 
Small Initial Stability,” by Professor Scribanti, 
of the Royal Italian Navy. At the evening meeting 
of yesterday there were on the list three papers, of 
which that by Herr Schlick, on ‘‘ The Gyroscopic 
Effect of Flywheels on Board Ship,” was the first. 
The author described the gyroscopic appliance he 
proposed to employ for making it possible not only 
considerably to increase the period of oscillation of 
a vessel, but at the same time effectively to lessen 
the angle of heel. The two remaining papers for 
this sitting were on internal-combustion engines— 
the first, by Mr. J. E. Thornycroft, entitled ‘‘ Some 
Advantages of Gas and Oil Engines for Marine 
Purposes,” and the other, by Mr. A. F. Evans, 
entitled ‘‘ Internal-Combustion Engines for Pro- 
pelling Small Vessels.” Both papers were short, 
and we shall deal with them next week. For to- 
day’s sittings Professor A. Rateau, of Paris, will 
deal with another novel means of marine propul- 
sion—the steam turbine. The remaining papers 
are—-‘‘Some Points in Connection with the Trans- 
verse Strength of Ships,” by Mr. J. Bruhn; on 
‘* Normal Pressures on Thin Moving Plates,” by 
Mr. A. W. Johns; on ‘‘ Ships’ Composition,” by 
Mr. Holzapfel ; and on ‘‘ Fire-Prevention on Board 
Ship,” by Mr. Edwin O. Sachs. 


Report oF THE CouNcIL. 


The proceedings on Wednesday morning com- 
menced with the reading of the annual report of 
the Council, which gave a brief account of the 
progress of the Institution during the past year. 
It was stated that the increase in the roll of mem- 
bership was above the average of recent years, and 
that the list of new candidates for admission is 
well maintained, whilst the Treasurer’s report 
showed the satisfactory condition of the Institution’s 
finances. The membership for 1903 was 14 honorary 
members, 1036 members, 66 associate members, 
and 511 associates, giving a total-of 1627 of all 
classes on the roll of the Institution. Reference 
was next made to the losses that had been suffered 
by the death of members since the last spring 
meeting. The Earl of Ravensworth, the second 
President of the Institution, who for thirteen 
years ruled over its destinies, and contributed so 
much to its present! success, had passed away. 
Sir Frederick Bramwell, Vice-President; Mr. 
John Scott, another Vice-President; Mr. L. de 
Bussy, honorary member, who was for many years 





the head of the French Naval Construction, and 
President of the Association Technique Maritime ; | 
Mr. John Penn, and Mr. H. M. Brunel were | 


from the Committee of the International Engi- 
neering Congress, to be held at St. Louis, U.S.A., 
this year, on October 3 to 8, for the members of 
the Institution who cared to do so to take part in 
the Congress. The Council had been taking into 
consideration whether any modification of existing 
rules relating to the admission of members would 
be of advantage to the Institution. fter mature 
deliberation, they recommended the adoption of 
certain amended rules, which were submitted to 
members for confirmation at the meeting. These 
amendments provided more exact definitions for 
qualifications required of candidates for member- 
ship and associate-membership respectively, while 
the age limit for both these classes was slightly 
raised. A student class was also established, en- 
abling young men between the age of 18 and 25 to join 
the Institution without entrance-fee, and at a lower 
rate of subscription. In bringing these regulations 
forward the Council felt that the scope of the 
Institution would be enlarged, and the interest 
aroused when the Martell scholarship, was thrown 
open to competition justified the hope that a good 
number of apprentices and pupils from various 
shipbuilding and engineering tirms throughout the 
kingdom might wish to enrol themselves in the 
student class. It was also recommended that 
powers be taken in the by-laws to hold ex- 
aminations and confer certificates for proficiency 
in naval architecture and marine engineering. 
In view of these changes, the Council had great 
pleasure in announcing that Mr. A. F. Yarrow had 
intimated his readiness to offer a scholarship of 501. 
a year in Marine Engineering in connection with 
the Institution. Mr. Yarrow’s offer was condi- 
tional upon a second scholarship of the same value 
being given from some other quarter, and the 
Council expressed the hope that another donor 
might come forward to fulfil these conditions. 
Professor Dalby’s paper on the ‘‘ Training of Engi- 
neers,” which was read at the last spring meeting, 
had given rise to discussions at other allied institu- 
tions. The outcome had been the formation of a 
committee under the chairmanship of the President 
of the Institution of Civil Engineers (Sir William 
White) to inquire into this important subject. The 
Council had nominated Mr. Alexander Gracie to 
represent the Institution on this committee. Mr. 
Yarrow had been selected by the Council as repre- 
sentative on the General Board of the National 
Physical Laboratory, while Messrs. D. J. Dunlop 
and J. Tweedy were to represent the Institution on 
the Consultative Committee of the Board of Trade, 


ELECTION OF OFFICERS AND ALTERATION 
oF Rvtes. 


The next business was the election of the Presi- 
dent, Ofticers, and Council, after which the altera- 
tion of the rules above referred to, as to the admis- 
sion of candidates, was brought forward, the motion 
being put by Professor Biles, who said that five 
years ago it had been agreed to admit associate 
members as a class; since then the Council had 
been doing their best to separate the two classes 
of members and associate members, and he con- 
sidered that the time had now come to make a clear 
definition of the difference. The chief alteration was 
in reference to the limit of age, which was raised for 
members to thirty years of age, whilst the limit of 
associate members was twenty-five years of age. 
The qualifications would remain the same as before, 
it being left to the Council to decide in which class 
the candidate should be placed. But the main 
determination would be that a member should be 
one who had attained to a position of primary 
responsibility in the profession, and had retained 
it for five years. The associate members were now 
a class of over 100, and it had been thought 
desirable to strengthen the position in regard to 
these regulations by bringing the subject before 
the members. In addition to the associate members, 
there was instituted a class of students, the age 
limit being from eighteen to twenty-five. A student, 
therefore, who attained the age of twenty-five must 
either become an associate member or leave the 
Institution. The motion was seconded by Dr. Elgar 
and carried unanimously. 


PRESIDENT’S ADDRESS. 


Lord Glasgow next proceeded to read his 


. | . 
}amongst those whose names were mentioned as|address. He referred first to the loss the Insti- 


of inflicting damage. It would obviously be a farce | having died during the past year. After referring | tution had sustained in the death of Lord Ravens- 
to send . submarine boat out to lie in wait for a}to the summer meeting in Ireland of 1903, it was| worth, Sir Frederick Bramwell, Mr. John Scoit, 
war vessel with 
proximity. 





guard craft to give notice of her | stated that there would be noregular summermeeting | and Mr. de Bussy. Proceeding, he stated that the 
this year, but an invitation had been received | position of the shipbuilding industry had not shown 
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much sign of improvement since the last meeting. | important is assuredly the constant and instant 
On the contrary, statistics pointed to a period of | readiness of the Navy to assume its réle at the very 
very acute depression. This might be caused by | outbreak of hostilities. The address referred with 
the long-deferred settlement of the questions which | satisfaction to the fact that there was provision in 
have retarded the resumption of work in South the Estimates for the thorough renewal of the 
Africa, and the consequent delay in the develop- machinery and equipment of the Royal dockyards, 
ment of industry and agriculture, as well as to the and this decision could not but reflect credit upon 
protracted period of suspense that succeeded the| the naval administration of Lord Selborne and his 
declaration of hostilities between Russia and Japan. | colleagues. It was intended that the equipment 
It was not to be forgotten that during the years) of the dockyards should not in any way be inferior 
1898-1902 the output of shipbuilding exceeded to that of the best private modern shipyards, and 
the normal increase in the demand, and the pre-| very complete electrical installations for both light 
sent period of comparative depression was a! and power were to be provided. The experiment 
natural reaction, The gross tonnage launched of adopting in certain dockyards the premium 
during the year in the United Kingdom, exclusive system of payment for certain work would be 
of warships, was 1,190,618 tons, showing a reduc-| watched with interest, and very great improvement 
tion of over 16 per cent. from the previous year. in the dockyard personnel would doubtless ensue if 
On the other hand, the tonnage of warships was’ it could be carried out as anticipated. 

151,890 tons—an increase of 57,700 tons for the, | z 
previous year. This brought the total reduction Tue Institution Gotp MepaL anp Premium. 
to under 12 per cent. The decrease in tonnage The next business was the presentation of the 
affected nearly all the English and Scotch yards. | Institution Gold Medal to Mr. W. H. Whiting for 
An exception was to be made for Barrow-in-Furness, | his paper on ‘‘ The Effect of Modern Accessories on 
where Messrs. Vickers, Sons, and Maxim had, the Size and Cost of Warships,” read at the last 
launched five war vessels, aggregating 28,750 tons. | spring meeting. The Premium fell to Mr. R. 
In Ireland, also, progress had been made in the/ Balfour for his paper, also read at the last spring 
Belfast yards. At Messrs. Harland and Wolff's; meeting on ‘‘ Modern Installations for the Carriage 
the high total of 110,463 tons had been reached, | of Refrigerated Cargoes.” 

or 31 tons above the preceding year, while engines 
aggregating over 100,000 horse-power have ‘been | THE Barriesuips “ TRrumPa 
turned out by the same firm. The building of the) The first paper on the list was next read by the 
Baltic, launched from Queen’s Island Yard inj author. This was Sir Edward Reed’s contribution 
November last, marked a record in the history/on ‘‘The Battleships Triumph and Swiftsure, late 
of shipbuilding. Her gross tonnage exceeded Libertad and Constitucion.” This paper we print 
23,000 tons. At Messrs. Workman and Clark’s! in full in our present issue. As will be remem- 
establishment the new Allan liner, the first ocean-| bered, we described and illustrated these ships very 
going vessel to be fitted with turbine engines, | fully in a recent issue (see ENGINEERING, page 71 
was to be laid down. Reference was next made | of the present volume). 

to the statistics of foreign shipbuilding, which had| The discussion was opened by Sir William White, 
fared slightly better than that of the United King-| who expressed his great obligation to the author 
dom. Inthe United States, for instance, the total | for giving particulars of the designs in an authori- 
mercantile tonnage launched last year (381,820) tative manner, and for adding to the particulars 
tons) was about 2000 tons more than the previous | which members had doubtless seen in ENGINEERING 
year, while the warship tonnage launched was three| and elsewhere. It was to be regretted that a 
times that of 1902. In Germany, although mer- | controversial tone had been imparted to the 
cantile tonnage showed a considerable falling off, 
there was an increase in the output of warship con- | lowing the author’s example. Sir William sympa- 
struction. In France there was a serious diminu-|thised with Sir Edward Reed in regard to the 
tion in the tonnage launched, the construction of | anonymous criticisms that had been expressed in 
large steel sailing vessels having almost ceased, in| various quarters ; he had himself had experience 
consequence of the expiry of the bounties on this| of this kind of thing. He was not there to defend 
class of vessel. New laws had been framed to| any anonymous critic in newspapers or elsewhere, 
confer upon steamship constructors the benefits | nor did he represent the Secretary of the Admiralty ; 
previously enjoyed by builders of sailing vessels ;| he would only speak on professional subjects. In 
but these did not yet appear to have attained their | doing this, however, he was under an enormous 
object. In the field of naval engineering there was | disadvantage in not having seen the paper pre- 
little, if anything, to chronicle in regard to new} viously. Members were aware that Sir Edward 
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AND ‘* SwWIFTSURE.”’ 





| paper, but his endeavour would be to avoid fol-| 





and had made a comparison of the figures that were 
then given. The complement of the ships might 
be taken as the same as that of the Duncan, but 
there were 234 tons more equipment. The arma. 
ment of the Duncan was 20 tons heavier, the 
machinery was 600 tons heavier, and the armour and 
protective material were 580 tons heavier. As tothe 
weight of the hull, he sympathised with what Sir 
Edward Reed had said as to not making it heavier 
than it should be; but if it were possible to make the 
hull of the Duncan lighter than it was without sacri. 
ficing the necessary strength, he would like very 
much to see the design for the vessel, under the ser. 
vice required. On the equipment side there was an 
excess of weight in the Duncan of 234 tons. That 
was nearly 50 per cent. on the actual weight allotted 
to the Swiftsure. He would point out that the 
Triumph was 30 ft. longer, and quite as high as the 
Duncan, and therefore the weight of 580 tons in 
armour and protective material must be accounted 
for in some way, and he thought that there was no 
other way than by considering that the protection of 
some parts was diminished. He would, in refer. 
ring to the question of length, congratulate Sir 
Edward Reed—after his strenuous contention for 
so many years in favour of short battleships—in 
having now produced a ship that was 30 ft. longer 
than one in the Royal Navy, to which it was com- 
pared. Sir Edward had even given expression to 
the great desirability of handiness in a man-of-war, 
The 600 tons additional weight in the machinery 
of the Duncan over that of the Swiftsure gave 
additional power in the former vessel, but in the 
Swiftsure the maximum speed was obtained with a 
ratio of 14 horse-power per ton weight of ma- 
chinery, while in the Duncan the corresponding 
figure was 11 horse-power. The Duncan obtained 
18,322 indicated horse-power with 1620 tons of 
machinery. Inthe Swiftsure lightness was obtained 
by increasing the number of revolutions. Sir 
William had always held that it was desirable to 
take advantage of quick-running engines in order 
to reduce weight of machinery; but that was not 
the view of everyone, and it would be remembered 
that the Committee appointed by the Admiralty 
advised slower moving engines. Sir Edward Reed 
had made allusion to the respective influences of 
piston speed and quickness of revolution, holding 
that the former was the true test ; with that Sir 
William could not agree, as he considered that it 
was more the quickness with which the engines 
turned than the actual piston speed that chiefly in- 
fluenced performance. The Duncan’s engines, 
however, were designed to fulfil certain conditions 
laid down by the Board of Admiralty, the idea 
being to give more endurance. Again, in regard 
to the Yarrow boilers in the Swiftsure, these were 


departures during the past year, such improve-| Reed’s health had not been good lately, and it must | designed to give 12,500 horse-power, but more than 
ments as may have been made having been in} have been a great strain on him to prepare the| 14,000 horse-power was got out of them on trial. 


matters of detail. 


For the most striking engineer- | paper; he was sure that the complete sympathy of | He did not object to that, as this trial-power was not 


ing event of the past year it was necessary to look | the meeting would be with the author under these | maintained for so long a space of time as in the case 


abroad. The great German Atlantic liner Kaiser} circumstances. Neither was Sir William White | 
Wilhelm II. had been put in service, her engines | there to defend the King Edward VII. class, but} not on all fours. 
he would deal strictly with the design of the two} horse-power was that obtained on the six runs on 
|the mile ; but if the speed for the six-hours run 
| was worked out by the revolutions, he made out 
sidered, as a taxpayer, that he had a right, as others | that the speed then would be from 19 to 19 knots, 


developing no less than 40,000 indicated horse- 
power. As a full description of this vessel ships which had been compared. Being at last 
had lately been given in ENcGrIneerinc, Lord outside the Admiralty, he would say that he con- 
Glasgow did not consider it necessary to repeat 


of the trial of the Duncan, and the comparison was 
He understood that the 14,000 


the details. Engineers were still watching for the| had, to criticise the design of these vessels, for |—probably about 19} knots. The figures quoted, 


practical demonstration of the performance of the | 
steam-turbine in larger vessels, and the ships now 
under construction, or about to be tried, would 
doubtless afford data upon which some opinion} bound down to conditions that made them units of 
could be founded. Reference was made to the cross- | a fleet, and therefore there was greater freedom 
Channel steamers, the Queen and the Brighton, |in details, more especially in those particulars 
fitted with Parsons turbines. The success of these with regard to stores, &c., to which Mr. Whiting 
vessels appeared to be well established, for there had drawn attention in his paper of last year. 
were at the present moment four more similar|It seemed to have been forgotten by a good 
craft being built and fitted with turbine engines, many that he (the speaker) had had experience 
with an aggregate of 22,000 indicated horse-power. | of a freer hand when he was at Elswick for 
The address also spoke of the possibility of using | three years, and he could assure members that 
gas-engines on board ship, referring to the state-| he found a very great difference in putting his 
ment of Sir William White, in his address as Pre- | views into shape under those circumstances as com- 
sident of the Institution of Civil Engineers. The} pared with when he was at the Admiralty. In the 
use of oil-engines in small vessels was also referred | ships described in the paper, therefore, the designers 
to, as well as the application of liquid fuel and the | had had the advantage of the latest experience and 
use of superheated steam. The formation of a/| of recent improvements. They were five years later 
student class, and Mr. Yarrow’s offer of a scholar-|than the Duncan. [Sir Edward Reed here said 
ship, to which reference has already been made, were | that he did not originate the comparison between 
spoken of, and the address proceeded to the figures the Duncan and the Triumph and Swiftsure.| Sir 
of the Naval Estimates, which possessed more than | William White, continuing, said that was the case ; 
usual interest at the present time. If any lesson can | but, as being responsible for the Duncan, he would 
be said to have been taught by the hostilities between point out that if he had to get out her design 
the two contending Powers in the Far East, it must again, he would proceed on different lines. He had 
be, Lord Glasgow said, that of all things that go to | followed with great interest the speech of the 





which about two million sterling had been paid. | therefore, should not be taken in comparison with 
These ships had a great advantage over vessels | the eight-hours run of the Duncan; and it was 
designed for the Royal Navy, as they were not| hardly fair to only credit the latter vessel with 


18.9 knots. Further, the designed speed of the 
vessels of the Duncan class was 19 knots, and some 
of them had attained 19} knots, the average being 
19} knots. [Sir Edward Reed here said that the 
average he had quoted was the highest upon which 
he had information.| Sir William White said that 
was no doubt true, and he would be sure that Sir 
Edward would be glad to hear that the other vessels 
had done so much better. Under the circumstances 
stated, he thought it might be taken that the Duncan 
class were as fast as the Swiftsure. 

Sir William next referred to the armament, and 
first he would take exception to Sir Edward Reed 
dropping out of his comparison half the heavy arma- 
ment of the ships. These vessels were ficet ships, 
to fight in line of battle, and were not designed so 
much for single-ship actions. It must be recognised 
that the single broadside was the consideration in 
a fleet engagement. There must necessarily be 
four heavy guns, and if in both cases the broadside 
were taken with thesecondary armament, there would 
be for the Swiftsure 196,000 foot-tons of energy, 
and for the Duncan 180,000 foot-tons of energy ; 


make up the nation’s strength, one of the most, Secretary of the Navy in the House of Commons, | these figures being calculated on certain assumed 
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velocities, and the ship that came latest would get 
the advantage of improvements and advances made 
in the construction of guns, and the advances in 
ballistics. He was not sure whether the muzzle 
velocities had been calculated with cordite or with 
nitro-cellulose charges ; ENGINEERING, in its account, 
referred to the latter. In regard to this matter of 
dividing the principal armament, and giving the 
broadside the advantage of only two of the heavy 
guns, as followed by Sir Edward Reed, that was a 
point upon which the authorities on tactics would 
not agree with the author of the paper. Turning 
to minor considerations, he could not but regard as 
marvellous the approximation of the design of the 
Swiftsure to that of the Cressy. There was a dif- 
ference of 4 ft. only in length, a few inches in 
draught, and only 200 tons in displacement. 
Under these circumstances he thought it would 
not be very unreasonable if anyone supposed 
that the Swiftsure had gained by the experi- 
ence obtained with the Cressy. Messrs. Vickers, 
Sons, and Maxim were builders of ships of the 
Cressy class, and it would be unreasonable to 
suppose they did not profit by their experience 
when they came to build the later vessel ; in fact, 
the designs of the Cressy class were the common 
property of all the contractors for this type of 
vessel on the Admiralty list. He had made some 
calculations as to the effect of taking the sheathing 
from the Cressy class; that would lighten the 
structure by 540 tons, and if the difference of the 
weight of. machinery between the Cressy and the 
Swiftsure were taken, he had calculated that it 
would bring the speed of the former ship up to 
21} knots. It was, in fact, between the two ships, 
a question of transposition of weights. In regard 
to the expression ‘‘first-class battleships,” to which 
the author had referred, it would be remembered 
that it was by the common consent of most naval 
Powers that those ships having 12-in. guns were 
classed as first-class battleships, the line being 
drawn at that calibre. Sir Edward Reed had 
coupled freeboard with displacement, and that, the 
speaker considered, was a fallacy. The speaker 
thought that freeboard must be taken in relation 
to the effect of fighting the guns, speed, and 
lengths, and he did not agree that because the ship 
was smaller in displacement she should have less 
freeboard ; indeed, the extra 30 ft. in length should 
require additional freeboard. There were other 
points which might be raised, but Sir William 
would not enter into them then, as he had already 
taken up a good deal of time. He hoped, however, 
that his criticism would not be considered unfriendly. 
He would ask Sir Edward Reed whether the figures 
as to stability were simply estimates, or whether 
they were formed on experiments. Sir Edward 
replied that experimental data had been obtained. 
That, Sir William White continued, was a very 
interesting fact, considering the disposition of the 
armament. Personally, he did not advocate 7}-in. 
guns placed on the broadside, but would prefer 
them to be in turrets in central positions. 
Admiral Fitzgerald was the next speaker. He 
commenced by asking the author if the muzzle velo- 
city was calculated with cordite or with nitro- 
cellulose. In reply, Sir Edward Reed said cordite 
was used. Admiral Fitzgerald, continuing, said it 
was interesting to know how the highest velocity 
had been obtained. He agreed with Sir William 
White in his remarks as to estimating the energy 
of the broadside. He would also ask whether Sir 
Edward had designed the ships with hollow lines. 
Mr. Tennyson D’Eyncourt regretted that he had 
not had an opportunity of reading the paper before 
the meeting, but being connected with one of the 
contracting firms (Sir W. G. Armstrong, Whitworth 
and Co.) he ventured to think that these two vessels 
were the most powerful warships yet built. He 
could personally testify to the accuracy of what Sir 
Edward Reed had said regarding the way in which 
the design had been got out, and he would add 
that but for Sir Edward’s help the ships could not 
have been completed in time. Whenever qucs- 
tions arose during construction, they were dealt 
with with the greatest promptitude, and in the 
earlier stages of construction this advantage was 
particularly noticeable. The keel of the Elswick 


ship was laid on March 20, 1902, and she was 
launched on J anuary 30, 1903; that was, less than 
ten months after the keel was laid the vessel was 
launched. For a long period from 200 to 250 tons 
of finished steel was worked into the hull during 
the week, and as there were delays on account of 
weather, and for other reasons, often 50 tons a day 


were worked into the ship. This was a good 
record, considering the nature of the design, hardly 
two frames being alike in many parts, and a 
large number of details being altogether novel. 
The design also had been worked out in every 
detail before the construction was started, as 
would have been the case if it had been an 
Admiralty vessel built by contract. All the de- 
tails, as worked out, were approved by Sir Edward 
Reed, and he was confident that, had it been desired, 
the eighteen months of the contract could have 
been kept to for the construction. The respon- 
sibility of the contractors of these vessels was 
very heavy ; they had to guarantee the speed, the 
draught, the strength, and the stability, and there 
were heavy penalties attached to the conditions. 
These things necessitated a very large number 
of calculations. The lines of the ship were a 
matter of extreme importance, and an interchange 
of plans had taken place between the two con- 
tracting firms, so that the hulls were built with 
absolute uniformity between the two ships. A 
good deal has been said at times about vessels built 
for foreign countries not undergoing the same 
trials as were demanded by the Admiralty. He 
had seen, for instance, a paragraph in the preceding 
day’s Times, which was said to be from a cor- 
respondent, although no name was given. The 
statement was as follows : 

‘“‘The Swiftsure was yesterday passed into the 
South Lock at Chatham, and has begun coaling. 
Scrubbed in dock, her bottom is in fine order for 
her speed trials, which begin within the next few 
days. The Triumph, her sister ship, has appa- 
rently been accepted by the Admiralty on the speed 
tests conducted under the supervision of the 
Chilian authorities. The speed then attained was 
nearly two knots faster than could have been 
expected from her displacement and _ engine- 
power. The published reports give rise to the 
supposition that she either ran at light draught, 
or that the boilers were pressed with considerable 
air-pressure; perhaps both these causes tended 
to produce the increased speed. 
will be tried under the conditions 
by our Admiralty, and these are very strict. There 
is reason to believe that as yet no heeling tests to 
gauge stability have been applied to either vessel, 
but as a matter of course such tests will be applied 
before the vessels join the Home Fleet under the 
white ensign. When the Swiftsure was at rest in 
the South Lock, drawing 22 ft. forward and 24 ft. 


is not the only designing office that finds this form 
of entry necessary for high speed. The parentage 


structed in this country, lectures on the merits and 
demerits of the type before the Society of Naval 
Architects.” 

It was with great satisfaction, therefore, that 
the directors knew that the vessels were to be 
taken over by the Board of Admiralty, and that 
such trials would be carried out as would be neces- 
sary. The trials of the Swiftsure would commence 
on the following day (yesterday), and he was con- 
vinced that the results would be of such a nature as 
to show that the’ship was a first-class battleship in 
every way, and they confidently anticipated that 
its performance would be equal to that of the 
Triumph. Sir William White had pointed out that 
as the weight of the Duncan’s armour was greater, 
therefore a greater area of the vessel was covered. 
The speaker did not think that such was the case. 
The after-citadel armour counted for‘a large part of 
the difference, being thicker in the barbettes of the 
Duncan than in those of the Triumph. As a 
matter of fact, he thought that the armour of the 
Swiftsure was distributed over a larger area than in 
the Duncan. It would be remembered, in connec- 
tion with this subject, that the armour of the 
newer ships was superior in character to that of 
the Duncan. Before sitting down he would like to 


always favoured limited displacement. It had 
often been said that it was not good policy to 
govern the displacement of the ships by the size of 
the docks, but that the docks should be made to 
take the ships; what was necessary, however, was 
to deal with the conditions they actually had to 
meet, and if an 18,000-ton ship—which had been 
proposed—should be built, he considered it would 
be a mistake, as she could not be sent through the 
Suez Canal, and there was not a dock in China, or 
even in this country at present, that couid take her. 
At Keyham they could not take in the ships of the 
King Edward VII. class until the new dock had 
been completed. His friend, Sir John Jackson, 
had said that even after the dock was finished, it 
would be a year or two before the approaches to 
Keyham would enable them to take these ships. 
It was not only, therefore, the size of the docks, but 
the approaches to the docks, that had to be taken 
into consideration. It had been said by some naval 
officers that the 7.5-in. gun was little better than 
the 6-in. gun, as it would not pierce the 7-in. 
Krupp armour, whilst the rapid fire of the 6-in. 
gun would compensate for the heavier nature of 
the projectile of the other weapon. He would 
point out, however, that the parts of the ship 
which were likely to be attacked could be destroyed 
by the 7.5-in. gun, whilst the 6-in. gun would not 
be effective for the same purpose. Sir Edward had 
asked if it was fair to take the whole of the heavy 
armament in the barbettes as included in the two 
broadsides. In considering this matter he agreed 
with Sir William White, that in the old days, when 
they were all broadside guns, the fire on only one 
side could be taken ; but the conditions were now 
different, and the heavy guns could be trained on 
either broadside. In the Admiral’s opinion, cruisers 
would mostly fight single-ship actions ; but, never- 
theless, in battleships experience taught that both 
broadsides would be used, and in that case Sir 
Edward Reed would be right, and only half the 
heavy guns would be used on one side. Speaking 





| said 





| 
aft, the extreme hollowness of her forward water- | 
line was very noticeable. It is clear that Whitehall | country. 





make mention of the great assistance received from | 
Messrs. Humphrys, Tennant, and Co., without | 
whose aid and cordial co-operation the construction | 
of the ships could not have been brought about. 
Admiral Sir Edward Freemantle was glad that 
Sir Edward Reed had brought the question of these 
ships before the Institution. If a vessel such as 
the Triumph could be built equal, if not superior, 
to the Duncan, which was of larger displacement, 
a great advanee had been made, The speaker had 








on the boiler question, Sir Edward Freemantle was 


The Swiftsure | extremely glad that the Yarrow large-tube boiler 
demanded | had been tried. 


When he was in command at 
Plymouth some Dutch cruisers came into port, 
and these were fitted with Yarrow boilers. 
He had a conversation with the captains, who 
that exhaustive trials had been made 
with these boilers, and they had concluded, as 
the result of experience, that they were the best 
that could be fitted. He was surprised that this 
type of boiler had not been already adopted in this 
We were, however, now trying it; ex- 
eriments were being made with two ships, and the 


p 
| Yarrow boiler had proved that it could hold its own. 
of the design is rather obscure, but the veil may be |The time in which the author’s ships could have 
removed to-morrow, when Sir E. Reed, M.P., the | been completed—namely, 18 months—was notice- 
naval superintendent of the Chilian ships con- | able. 


In the Royal Navy we appeared to have 
gone back somewhat since the time that the 
Majestic was built. She occupied two years, but 
now three or four years appeared to be the time 
allowed. He was of opinion that three years should 
be the limit. In regard to the additional weight, he 
thought generally it might be granted that increased 
weight meant increased strength ; still, he had no 
doubt that a good deal might be saved without loss 
of efficiency. He agreed with what had been said 
in the House of Commons by the Secretary to the 
Admiralty, that additional weight in the engines 
was good, but the higher speed at which marine 
engines now moved meant greater wear and tear. 
He remembered that in the year 1887 the Rattle- 
snake made 19 knots, doing remarkably well. She 
was followed by vessels that were failures, and he 
afterwards heard that the builders of the Rattle- 
snake were fined 1000. because the engines were 
overweight. With regard to the term ‘first-class 
battleship,” he did not think any good would come 
of haggling about names. When he was on the 
China Station his flag was carried by the Centurion, 
and the Admiralty then did him the honour to call 
her a first-class battleship. The point of all others, 
however, that needed consideration in the matter 
of weight was that which had been referred to by 
Mr. Whiting last year—namely, stores. He 
thought perhaps Mr. Whiting had gone rather 
far in what he had said, when he had accused 


|naval officers of wanting too much, although 
|the speaker perfectly agreed that naval offi- 


cers did occasionally carry their demands beyond 
what was necessary. It would be very interesting 
to know what was the weight of the stores in the 
Triumph. The Secretary to the Admiralty had 


'said that in the Duncan there were 236 tons of 
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stores ; he would like to know what this included, | Messrs. Bellis and Morcom introduced a system of | extreme improbability of battleships being engaged 
and he was of opinion that weight ought to be | forced lubrication, by means of which every bearing | in single-ship action. | Sir Edward Reed, continuing 
J 


saved in this direction. 


It was very satisfactory to | would be supplied with oil. 


Engines built on this | said that, in regard to the Cressy, he had explained 


have these new ships to try in the Admiralty. plan had run at 400 or 500 revolutions, and on| his position in the paper. The essential features of 
Many criticisms, founded on imperfect knowledge, | being opened up after three years no wear was the ship were determined in Chili, and he had 
had been made from time to time, in this country, on | discoverable by a micrometer gauge ; indeed, the] riever thought of the Cressy, and, indeed, did not 


foreign ships, and it had been said that, if tried | scraper marks were still to be seen on the white) know very much about its design. 
With regard to the length of trial, to which | had been said about the influence of the Commission 


under British conditions, they would not have been | metal. 
In times past this may have been true, | reference had been made, a good many people! over the building of the ships. He would point out 


@ success, 


A good dea) 


and ships brought into the Navy were not of the same | failed to appreciate the difference between a six-| that, for a long time, in regard to constructive 


quality as those built under Admiralty supervision. 


| 


hours and an eight-hours trial. 


Times were very much changed now ; contractors| those not experienced in these matters, however, | 


had far more experience, and the conditions under) that there was a very great deal of difference, | 
| . 
| five months an Admiral came out, and took the 


which the Triumph and the Swiftsure were designed |as they would find out if at the end of a six- 
were entirely different to those of former days. | hours trial they had to go on for another two) 


The gallant Admiral thought that in the Navy | hours. 


The Admiralty tests at the 


there was too much habit of trying things badly, | time were very crucial, and any ship that would 


and then condemning them because they were not 
asuccess. Asan instance, he mentioned the train- 
ing of naval cadets afloat ; that plan had been tried 
under conditions that precluded success, and it was 
therefore condemned. Now it had been brought 
forward again and tried on fair terms, with alto- 
gether different results. 


Returning to the subject | 








go through an eight-hours trial need not cause 
much anxiety as to the soundness of her con- 
struction. With regard to the lines of the 
vessel, he thought the two ships, the subject of 
the author’s paper, were better fitted for a speed 
of 21 or 22 knots than 19 knots. He agreed that 
the Yarrow boiler was avery safe one, its straight, 


of stores, the Admiral said he had been in the) almost vertical, tubes being a great advantage. 
habit, when inspecting a ship, of asking a cap-| The length of the trial, however, was the serious 
tain if he had certain things on board which| factor, and it would be a satisfaction to know how 


he (the Admiral) knew were there. 


The captain | these boilers went through the eight-hours run at 


would say he did not know, but would send to the} full speed, although he would not by any means 


boatswain, or the chief engineer, and would find | 
that these articles were part of the ship’s equip- | 
ment. Admiral Freemantle held that such things 
must be unnecessary if it were not known, except | 
by a special officer, whether they were on board or | 
not. | 

Mr. T. A. Brassey said it had been his duty for| 
many years to edit a publication dealing with war | 
vessels, and he had had to study the plans and | 
designs of important ships. He had also visited a| 
large number of war vessels of our own and other 
navies. He would like to say that in his judg- 
ment the Admiralty had done a very wise thing 
in purchasing these ships; the most essential 
elements of a fighting vessel were present in 
their design. There had been some criticism be- 
cause 10-in. guns were installed in place of 12-in. 
guns, and there were differences of opinion on this 
matter amongst naval officers. Sir John Hopkins, 
however, did not think 10-in. guns a disadvantage, 
and had put his opinion on record. Although the 
displacement of the ships was small, they had a 
reasonable radius of action. But perhaps the feature 
of protection was most open to criticism ; a large 
area, however, was covered, and he was of opinion 
that the more armour that could be put outside the 
vessel the better. Sir William White had spoken 
of the restrictions placed upon designers of ships 
for the Navy, and this must be taken into con- 
sideration when making comparisons. He con- 
sidered that in past times shipbuilding firms had 
built for foreign governments vessels containing 


more fighting elements than those to be found in| 


the ships of the British Navy. He thought that it | 
would be better to give a much freer hand to the 
constructor. 





Mr. A. E. Seaton said he had known and worked 


with Sir Edward Reed for many years, and he well | 
understood how work would progress under his| that the vessels were designed to go into particular 
auspices. Sir Edward was extremely liberal in all | docks that were limited in breadth and in depth, and 
his views, and would encourage contractors to | 


make improvements. 
miralty was that if a suggestion for an improve- 
ment were made by a contractor, and even if the 
authorities were persuaded to adopt it—a very 
difficult task—they invariably required that it 
should be carried out at the contractor’s expense. 
Sir Edward Reed was always open to reason, and 
would give consideration to anything put before 
him. He mentioned these facts because he was 
quite sure that if the builders of the two ships in 
question had made any suggestions, these sugges- 
tions would have the fullest consideration. He did 


not agree with the author in what he had said about | 


The trouble with the Ad-| 





the influence of the number of revolutions and} 


piston speed respectively. He thought Sir William 
White was right, and that it was a question of the 
reciprocations of the machinery rather than of piston 
speed. In the present instance, however, the 
matter was not of such great importance, as the 
speed of 170 revolutions presented no difficulty. 
In addition to this, they might depend on it that 
anything built by Messrs. Humphrys and Tennant 
would not be likely to err on the side of danger. 


In regard to the question of balancing and lubrica- | 


tion, he would point out that about twelve years ago 


say that they would not be likely to stand the test. 

Here Admiral Freemantle desired to say that 
there was one disadvantage in the design of these 
two ships, inasmuch as they were longer, and not 
exactly suited for manceuvring in squadron. 

Sir Edward Reed, replying to the discussion, 
said that he had no cause to complain of the com- 
ments that had been made or the general tenour 
of the remarks of speakers. Sir Willian White 
had commenced in a judicious manner ; and, indeed, 
the latter part of his speech might have been dis- 
pensed with, as he had put the matter concisely in 
pointing out that the designer of the Duncan had 
not so free a hand as he (the speaker) had in 
designing his two ships. He would say that when 
he first promised to read the paper it had been his 
intention to avoid contentious matter; but two 
circumstances had arisen which had altered his 
programme. One was that ENGINEERING had 
published a very fully illustrated description of 
the ships, covering about thirty pages of that 
journal ; the second circumstance was that many 
ungracious comments had been made upon the 
design. That altered his frame of mind; but he 
would not have mentioned the Duncan in his com- 
parison had not the Secretary to the Admiralty 
brought that ship forward. The Triumph and the 
Swiftsure now belonged to the nation, and he 
thought it was a pity that public property had been 
prejudiced in the public mind. In regard to the 
distribution of weight of armour, it would be 
necessary to compare the arrangement with a num- 
ber of casemates, and he agreed with Mr. Brassey’s 
remarks on this subject. Sir William White had 
spoken of his (Sir Edward’s) advocacy of short ships, 
whereas he had now designed comparatively long 
ones. It must be remembered, however, that the 
dimensions of these ships were governed by the fact 


it was therefore necessary to take advantage of the 
only dimension that was free ; that was why they 
were 30 ft. longer than the Duncan. He had 
to confess that he did not see the logic of 
giving a premium to heavy engines; the whole 
art of the design of a ship’s machinery was 
to make it as light as possible without sacrific- 
ing efficiency. One part should be as strong as 
another, and if by perfect lubrication, such as had 
been alluded to by Mr. Seaton, efticiency could 
be obtained, he did not see the advantage of 
giving only 11 horse-power to the ton—which Sir 
William White seemed to prefer—when a higher 
figure could be obtained. With regard to what 
had been said by Sir William White as to the speed 
of the ships, he would point out that, in the paper, 
it was stated that the speed was less than 20 knots 
on the extended trial. In regard to the broadside 
fire, he was sorry that two admirals had been 


‘opposed tohim. He did not object to putting guns 


either on one side or the other, but he did object 
to the way in which the comparison was made. In 
the two ships of the paper there were 7}-in. guns 
on each side, always in position, whereas the other 
ship had but 6-in. guns. [Admiral Fitzgerald here 
remarked that the point he had made was the 


present | 
| Sir William White had said that it was a fallacy to 


| 
| 
| 





He could assure! matters, he was himself the Commission, with the 


addition of the Chilian Minister, who was over here 
in connection with the order for the ships ; after 


place of the Chilian Minister on the Commission 
for the purpose of looking after the construction, 


connect the freeboard with displacement ; the 
speaker did not agree with that. In conclusion, he 
would say that, after having left the Admiralty for 
over 34 years, he was glad he had been able to con- 
tribute two more ships to the Royal Navy. 

In proposing a vote of thanks to the author, Lord 
Glasgow said that everyone was glad to see Sir 
Edward Reed back again, and in such good fighting 
efficiency himself. ; 


MERCHANT CRUISERS. 


A paper by Lord Brassey on ‘‘ Merchant Steamers 
and Steamship Subsidies” was next read and dis- 
cussed. We must defer our account of this and 
subsequent proceedings to our next issue. 


ANNUAL DINNER, 


Last Wednesday evening the annual dinner was 
held, under the presidency of Lord Glasgow. 








THE Marine Motor AssoctaTIon.—At the annual 
general meeting of this Association, held in London, on 
the 18th inst., the following officers were elected :— 
President—Major F. Lindsay-Lloyd, R.E.; vice - presi- 
dents—Capt. R. T. Dixon, R.E., and Mr. H. G. A. 
Rouse, M.I.C.E.; honorary secretary—Mr. Linton Hope, 
A.I.N.A; honorary treasurer—Mr. B. Boverton- Redwood; 
secretary and official measurer—Mr. James A. Smith, 
M.I.N.A., 47, Leadenhall-street, E.C. The council is 
composed of twenty members, all of whom are well 
known in yachting and motoring circles. This Associa- 
tion was founded in the autumn of 1902 to act as 
a legislative body, having the same authority with 
regard to marine motoring as the Yacht - Racing 
Assoc‘ation has to yachting. It is, therefore, in 
no sense a club. Its object is to formulate rules 
for the regulation of races among motor-boats and power- 
yachts of all descriptions, and for this purpose has pro- 
duced a rating rule applicable to power-propelled vessels 
of any kind, which has worked most satisfactorily during 
the past season. The year 1903 was the first in which 
races for motor-boats were held in Great Britain, and 
during the season some 14 races took place under the 
rules of the Association. In the coming season it is 
anticipated that many more races will take place, espe- 
cially for the new types of high-powered speed launches, 
a number of which are now in course of construction for 
the British International Cup race, to take place on the 
Solent on July 30. Several of these boats, with less than 
2 tons displacement, will be fitted with petrol motors of 
about 200 horse-power. 





Tue Paciric CasLe.—Sir Sandford Fleming reports 
that the volume of traffic now passing over the Pacific 
cable exceeds the estimate of the Imperial Cable Com- 
mittee. In only one respect have the results been dis- 
appointing, and that is in the failure of Canada, New 
Zealand, and Australia, to become telegraphically neigh- 
bours. The advocates of the Pacific cable had indulged 
the hope that in the interest of trade and of commerce, no 
less than in friendly feeling and political kinship, the 
newspapers would have frequent reports of all cur- 
rent affuirs. Such is not the case, says Sir Sandford, for 
there is no evidence to show that during the whole of the 
first year a single Press message passed from Austral- 
asia to Canada or from Canada to Australasia. Sir Sand- 
ford Fleming points out that the great rival of the Pacific 
Company—the Eastern Extension Company—is alive to 
its own interests. It took time by the forelock, and made 
contracts with the leading newspapers of the Australasian 
Commonwealth for an exclusive supply of Press cable- 
grams. These contracts extend over a number of years, 
and thus the Australian “Press is practically tied to the 
Eastern Extension Company. Although there is now a 
State-owned telegraph of the highest class between 
Canadaand the Commonwealth of Australia, both parties 
are practically kept in the dark regarding each other's 
doings. After quoting instances of this, Sir Sand- 
ford continues :—‘‘If inquiry is made at the Depart- 
ment of Trade and Commerce, it will be found that 
there is abundant evidence that opportunities of de- 
veloping various branches of trade are lost for want of 
that knowledge of what is going on, which a press service 
would continually furnish. At the beginning of the 
second year, however, there seems to be no good reason 
why Canada and New Zealand should be denied a measure 
of the benefits which a cable established in the common 
interest is capable of conferring.” 
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Fig, 1. 
INDUSTRIAL NOTES. 


Tur state of trade, as shown by the returns relating 
toemployment in the various industries tabulated by the 
Labour Department of the Board of Trade, shows a 
slight improvement compared with the previous month, 
and it would have been still better but for the slack- 
ness in the cotton trades. The statement is based on 
4060 returns —namely, 2656 from employers, 1316 from 
trade unions, and 88 from other sources. As compared 
with a year ago, there is a falling off, and the propor- 
tion of unemployed union members is higher than the 
mean percentage of the last ten years in the same 
month. 

In the 220 trade unions whose returns are specially 
dealt with there was an aggregate of 563,824 mem- 
bers; of these, 34,388, or 6.1 per cent., were out of 
employment, as against’ 6.6 per cent. in the previous 
month and 4.8 per cent. a year ago. The mean per- 
centage in the last ten years was 4.4 per cent. 





Employment in coal-mining showed a decline as 
compared with the previous month and a year ago. At 
collieries employing 503,799 workpeople, the pits 
worked on an average 5.19 days per week, as compared 
with 5,28 days a yearago. But the number employed 
was 1.6 per cent. greater than a year ago. 

Employment in ironstone-mining continued good 
generally—better than in the previous month, but 
about the same as a year ago. In Cumberland and 
Lancashire there has been improvement. ,At 131 
mines and open works covered by the returns there 
were about 15,300 workers ; the average time worked 
was 5.80 days per week, as compared with’5.79 days 
a yearago. But the number employed was 4.2 per 
cent. less than a year ago. 


Employment in the pig-iron industry had improved, 
especially in Cumberland and Scotland. The 112 
ironmasters reporting had in blast 30] furnaces, em- 
ploying about 21,150 men. There were 292 furnaces 
in blast in the month previous and 330 a year ago. 

In the manufacture of iron and steel employment 
had improved as compared with the previous month, 
but it was not so good as a year ago. At 197 works 
reported on, 72,837 persons were employed ; the total 
volume of work, taking into account the number 
employed and the number of shifts worked, shows an 
Increase of 2.7 per cent. in the month, but less by 
4.4 per cent. than in the same month a year ago. 

In the manufacture of tin plates employment showed 
some improvement over the previous month, but it 
was not so good as a year ago. There were in opera- 
tion 371 mills ; previous month, 360; a year ago, 395. 
The estimated number employed at the 371 mills 
was 18,500, 





_ In the engineering trades employment showed a slight 
improvement over the previous month, but it was still 
dull—worse than it was a year ago. The proportion 
of unemployed union members was 6.5 per cent. ; pre- 
vious month, 6.7 per cent. ; a year ago, 5 per cent. 

Employment in the shipbuilding trades improved 
somewhat, but it is still bad—worse than a year ago. 
The proportion of unemployed union members was 
12.6 per cent. ; previous month, 14.4 per cent.; aud a 
year ago, 10.4 per cent. 


The building trades generally are dull—much the} 


Same as a month ago, and much worse than a year ago. 
The proportion of unionist carpenters and joiners out 
of employment was 6.9 per cent. ; 7.7 per cent. in 
the previous month, and 5 per cent. a year ago. The 
Proportion of plumbers out of work was 9.3 per cent. 
same as a month ago—and 8.2 per cent. a year ago. 





rn) . co - . . 
, Employment in the furnishing and wood-working 
tades was bad—worse than a year ago ; but there was 
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aslight improvement. The proportion of unemployed 
union members was 7.7 cent. ; previous month, 8.6 per 
cent. ; same month a year ago, 5.3 percent. Cabinet- 
makers have been very dull generally. 

Employment in the printing and bookbinding trades 
was fair in the month. The proportion of unemployed 
union members was 4.1 percent. ; previous month, 4.2 
per cent.; a year ago, 4.4percent. The paper-making 
trades also remained fairly good. The proportion of 
unemployed union members was 2.9 per cent. ; previous 
month, 3.3 per cent.; and a year ago, 2 per cent. 

Employment in the glass trades continued bad in 
the bottle-making branches, and slack in the flint glass 
branches. The pottery trades are quiet, aud so also 
are the brick and tile trades. 

Both the spinning and weaving branches of the 
cotton trade were bad in the month owing to the dear- 
ness of American raw cotton, short time being general. 
On the other hand, the spinning mills using Egyptian 
cotton were on fulltime. An effort is being made to 
increase the supply. 

Employment in the woollen and worsted trades 
showed little change, but it was worse than a year ago. 
There was an increase of only 0.3 per cent. in the number 
employed out of an aggregate of nearly 80,000 persons ; 
there was a decrease of 2.7 per cent. as compared 
with a year ago. The hosiery trades were bad—worse 
than a year ago. The jute and flax trades were 
moderate. : 

The boot and shoe trades improved somewhat—they 
were about the same as a year ago. There was an in- 
crease in the number employed of about 0.7 per cent., 
and an increase in wages paid of 4.9 per cent. There 
was a very slight decline in both compared with a year 
ago. The other leather trades complained of depression 
and short time. The proportion of unemployed union 
members was 11.2 per cent.; previous month, 9.4 per 
cent.; and a year ago, 6.8 per cent. 

The tailoring trades were slack in both branches ; 
the bespoke branch particularly was bad. The hat 
trades had improved somewhat, but they were not so 
good as a year ago. 





Agricultural labour was badly employed owing to 
the weather. ‘I'he demand for extra hands was small 
in most districts. 

Dock and riverside labour was only moderately 
employed —not so well as a month ago, but better than 
a year ago. The average number employed at the 
London docks and wharves during the month was 
12,847, showing a decrease of 10 per cent., but an 
increase of 4 per cent. over a year ago. The daily 
average number employed during the last seven 
years was 14,342. 





The number of workpeople involved in labour dis- 
putes in the month was 5965, compared with 10,175 
in the previous month, and 13,182 a year ago. The 
aggregate duration of the disputes, new and old, was 
equal to 67,000 working days, compared with 98,900 
working days in the previous month, and 191,900 
working days a year ago. Only 21 disputes originated 
in the month, involving 3497 workpeople, compared 
with 17 disputes in the month previous, and 14 in the 
same month a year ago. Settlements were effected in 
18 disputes, affecting 2338 workpeople ; of these, 10 
disputes, involving 1805 workpeople, were decided in 
favour of employers; 8, affecting 533 workers, were 
compromised. In the case of three other disputes some 
points were still under consideration. 





Changes in the rates of wages affected no less than 
134,900 workpeople in the month; of these, 1900 
gained advances in wages, and about 133,000 sustained 


CyLInpERs :—Hicu Pressure, 132 In.; Low Pressure, 22 In. sy 254 In. 


decreases. The net effect of all the changes was a 
decrease of over 3200/. per week. In the previous 
month, 75,500 suffered decreases amounting to 23000. 
per week. In the same month a year ago 146,300 persons 
were affected, the net result being a decrease of 8901. 
ne week. The most important changes affected 107,500 
Jurham coal-miners ; 3500 ironstone-miners in Cumber- 
land ; 10,500 in the shipyards on the Clyde and at 
Barrow ; and 3000 glass-bottle-makers in Yorkshire. 
Changes affecting 107,700 workpeople were effected by 
conciliation boards; the remainder were effected by 
the parties concerned. Only in three cases, affecting 
about 1000 persons, was there a stoppage of work. 


The Amalgamated Engineers’ Monthly Journal has 
some remarks upon the political situation, and the pro- 
bable effect of a change of dominant parties upon labour. 
It is a healthy sign that the official organ of the most 
complete and powerful of British trade unions speaks 
out fearlessly as regards the weakness of the officials 
of the Yorkshire Miners’ Union, in respect of the 
Denaby Main case. It states that these officials were 
intimidated ‘‘ by some feather-headed members,” who 
not only led to the stoppage of work, but induced the 
officials to recognise the strike. That led to the action 
for damages, which may result in a loss of 200,000/. in 
costs and damages. The state of trade remains about 
the same, except that a slight improvement is manifest 
in the shipping departments or sections, and also in 
electrical and stationary engine work in the Midlands. 
The total membership was 95,697; of these, 5087 
were on donation benefit, 2383 on sick benefit, and 
4632 on superannuation allowance. There was a de- 
crease on donation and sick benefits, but a slight in- 
crease on superannuation. It is suggested that some 
modification shall be made in the rules and regula- 
tions of the General Federation of Trades, so that the 
disproportion between payments and benefits by some 
of the federated unions may be obviated. It is shown 
that the engineers have contributed 33,739/. 3s.; on 
the other hand, they have received in benefits only 
3465/. 12s. The excess of payments in about three 
years was 30,273/. lls. The engineers always pay 
quite their full share ; but they do expect something 
like proportionate payments to benefits by all the 
other unions. The journal continues to give some 
technical and historical articles of especial interest to 
this group of trades, and some of the members appear 
to be fully competent to deal with such matters. 





The report of the Boiler-Makers and Iron-Ship- 
Builders states that the wages question in the Clyde 
shipyards has been settled by a reduction of 5 per 
cent. on piece-work rates; time rates in shipyards 
and boiler-shop piece rates and time rates continuing 
as before. Tne notices for a reduction in both piece 
and time rates in boiler-shops on the Tyne, Wear, and 
Tees districts were withdrawn for six months, in 
consequence of some improvement in trade. The 
report adds :—‘‘ Without doubt trade has considerably 
improved in nearly every shipping centre since January ; 
but whether the improvement will permanent or 
merely transitory there is not sufficient evidence as 
yet toshow. The Southampton members of the union 
have obtained an advance of 2s. per week for men of 
all grades when employed on new work, and 3s. per 
week when engaged on repair work. This has given 
great satisfaction, as hitherto the wages at that port 
have been low. The monthly returns show that 9459 
members were on the funds during the month ; last 
month, 9559. There was a reduction under all heads 
relating to the unemployed, but an increase in the sick 
and superannuation benefits. The net reduction on 
the funds was 100, but the decrease of out-of-works 
was 254. The weekly expenditure for the month was 





3028/. 19s. 6d., showing a decrease of 368/. 3s. 11d. 
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compared with the month previous. The members 
increased by 51, after allowing for deaths and exclu- 
sions. The proposal to loan 60001. out of the general 
fund for benevolent purposes was carried by 9845 against 
4614—majority, 5321. Butit isonly proposed to use 
3000/. this year, leaving 3000/. for 1905, if trade is so 
bad as to require it. 

The position of the finished iron trade in the 
Wolverhamption district has somewhat improved. 
Producers of the better class of iron have received 
contracts from the War and Admiralty Departments 
which will keep their works fairly well employed for 
some weeks to come. Quotations continue firm for 
bars, plates, and best sheets, but unmarked iron has 
been weak in demand and low in price. Galvanisers 
report orders from abroad, but of no great weight, 
and lower prices have had to be accepted. Tube and 
black-sheet makers report trade as dull, but strip- 
makers acknowledge an improved demand. Steel also 
shows increasing activity in demand. The engineering 
group of trades have slackened in employment in the 
Midland districts. The number of unemployed has 
increased from 3.9 to 4.3 per cent. in the month; as 
compared with a year ago, the increase is 1.6 per cent. 
The state of trade varies with the several sections. 
Pattern-makers are quiet generally ; boiler-makers are 
moderately employed. Ironfounders are badly em- 
ployed in this district and at Dudley. On the whole, 
this group of industries may be said to be moderately 
ettiployed, but with no pressing activity. Employment 
in the various and numerous hardware and other iron, 
steel, and metal industries varies considerably. With- 
out any positive complaints of depression, there is a 
lack of activity, and there are no material indications 
of improvement in the near future. 





In the Birmingham district the report is, in the 
iron trade, “‘no improvement.” Buying is confined to 
the narrowest possible limits by consumers. Most of 
the makers are on short time. The leading makers of 
best tinished iron are best off, and their prices continue 
firm. (ialvanisers are doing a fair average trade, but 
for black sheets there is a limited demand. The whole 
tone of the iron market suggests lassitude. In the 
engineering group of industries only toolmakers and 
ironfounders report trade as improving ; but these are 
important sections. The latter are also busier at 
Coventry, Smethwick, and Rugby. The motor and 
cycle trade is fair both at Birmingham and Coventry. 
All engaged on military work are also more active, 
sporting-gun-makers being busy. _ Brass-workers of all 
grades are moderately employed. File-workers are 
quiet. In edge tools and cutlery there is some 
improvement. In all the finer and costlier metals 
trade is quiet. Makers of nuts, bolts, rivets, and 
nails are at best only moderately employed. There 
is an absence of real activity in most branches of 
the iron, steel, and metal-using industries, and depres- 
sion is still feared. 

There is a threatened dispute of fairly large dimen- 
sions in the bedstead trade at Birmingham. The 
employers have given notice to the men to abolish the 
15 per cent. bonus, which was granted when the 
Bedstead Trade Alliance was in existence, and which 
the masters, it is reported, have determined to abolish. 

The position of the engineering and allied trades in 
the Lancashire districts has improved somewhat. 
The sections chiefly so affected are the machine-tool- 
making branches and the subsidiary industries, and also 
the nut and bolt makers. Locomotive-builders still com- 
plain of lack of sufficient orders, and boiler-makers are 
still slack. The general sections are mostly quiet, and 
no material improvement is seen in the textile-machine- 
making sections. The iron market shows some ten- 
dency towards continued improvement. The returns 
to the Labour Department show that in the Man- 
chester, Salford, and Liverpool districts 6.9 per cent. 
of the union members are unemployed, as against 2.7 
per cent. a year ago. In the Oldham, Bolton, and 
Blackburn districts 11.1 per cent. were unemployed, 
as against 3.3 per cent. a year ago. In the former 
there is a fractional improvement, in the latter a de- 
cline, as compared with the previous month. The pro- 
portion out of work in Oldham, Bolton, and Black- 
burn is greater than in any other part of the United 
Kingdom ; Scotland, Yorkshire, and Ireland respec- 
tively come next. On the South Coast the proportion 
all told is only about 2.1 per cent. The North-East 
Coast, the Midlands, London, Bristol, and* South 
Wales districts are moderate, being below the average 
for the United Kingdom of 6.5 per cent. 

Lord James of Hereford has consented to continue 
as chairman of the Coal Conciliation Board, at least 
for the present. The Federation difficulty in this 
respect is therefore at an end. 





Brakes IN New ZEALAND.—The Westinghouse brake is 
to be fitted on all rolling-stock in the South Island of 
New Zealand. 
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|'COMPOUND LOCOMOTIVES IN FRANCE.* 


| By M. Epovarp Savuvace, Chief Consulting Engineer, 

! Western Railway of France. 

| A paper on ‘‘ Recent Locomotive Practice in France,”+ 
| read before the Institution four years ago by the author 
| of the present paper, had the honour of an elaborate dis- 
; cussion. Attheconclusion, the author was informed that 
| further details on the subject would be acceptable, and 
| this is an excuse for the present new communication on 
| the same matter. 























economy in locomotive — does not mean only 
economy on the coal bill, but on the total expenses of loco. 
motive service, and this question cannot be considered ag 
definitely settled until the superiority of a certain class of 
engines—say, of compound locomotives—is demonstrated 
by unimpeachable figures. As regards marine engines, very 
few people indeed, if any, doubt that the multiple-expan. 
sion engine must bepreferred tothesimpleone; butopinions 
are far from uniform when locomotives are considered, 
Really scientific data on the working of locomotives are 
very scarce. It seems that the best plan for collecting 
such data is to test the locomotive in a specially -equipped 








TABLE I.—Fovur-Cytinper Compounp Locomotives IN UsE OR ON ORDER ON OcTOBER 1, 1903. 
(Ordinary French Cauge ) 
| 
Fig. | Railway. Numbers of the Series. | Number. | Total. /Year Ordered. | REMARKS, 
Locomotives with Two Driving Axles. 
a 701 | 1 | 1885 | Driving axles not coup'ed ; radial axle 
2121-2137 17 1890 and 1892 in front, 
' Nord 2138-2157 20 1894 
Northern) 2158-2160, 2161-2180 23 1895 and 1897 
(page Sta 2641-2642 2 1898 | Type ‘ Atlantic.” 
441) 2643-2660 18 1901 Ditto 
2661-2675 15 93 1903 Ditto 
akan 
ioe 501-502 2 1893 
w ree 508-542 40 1897 and 1899 | 
secs | 543-562 20 62 1900 | 
Etat { 2701-2706 6 1895 | American locomotives, Vauclain system, 
(State) \ 2801-2804 4 10 1899 
Paris-Orle { 1-25 25 1898 and 1899 
aris-Orleans = | 3001-3008 8 33 1902 | Type “Atlantic.” 
1701-1714 14 1892 and 1893 
Midi | 1751-1774 24 1895 
(Southern) | 1775-1784 10 1893 
q 1901-1910 10 53 1901 Ditto. 
/ C 1-2 2 1887 | Two driving axles (coupled) between two 
> Ci 1 1892 | carrying axles. 
_ P.L.M. C 11-12 9 1891 | 
(Paris, Lyons, and - © 21-60 40 1393 
Mediterranean) Al. ( 
| C 61-150 90 1893 
C 151-180 30 165 1900 
8 Est 2401-2432 32 1898 ' 
(page (Eastern) 2601-2602 2 34 1901 Type ‘‘ Atlantic.” 
443) {———__——_ 
Total number of locomotives with two driving axles 458 
Locomotives with Three Driving Axles. 
Nord \ 3121-3170 50 1897 
(Northern) | 3171-3225 55 105 1901 
FN) OROR on <ene 

2 Ouest \ 2 01-2525 15 en 

By (Western) 2701-2720 20 60 1900 and 1903 

Etat \ =01 375 21 9 

(State) j 3701-3730 30 30 1900 
ae ci il 1701-1725 25 1899 
Paris-Orleans | 1001-4015 15 40 1902 
1301-1302 2 1895 
| 1303-1312 10 1897 
Midi 1401 1 1895 
(Southern) 1 1402-1415 14 1897 

| 1313-1350 38 1900 and 1901 
1416-1425 10 75 1901 

einedis tae and 3261-3300 40 1897 Locomotives with four driving axles 
S, 44) e 9 - 265 oF oo 98 . , 
Mediterranean) \ 3401-3650 250 290 1898 to 1901 converted. 

3&9 / 3401-3460 60 1898 
(pages 3461-3500 40 1900 

432 & Est 3501-3520 20 1900 
443) Es oe ; 3521-3550 30 1900 
(Eastern) 3101-3102 2 1901 

10 3551-3580 30 1901 
(yp. 443) 3581-3610 30 212 1903 

4 Ceinture 51-65 15 15 1902 | Tandem compound. 

(page —— eas 
432) Total number of locomotives with three driving axles 827 
Locomotives with Four Driving Axles. 
Nord \ j ‘ F , , - svate acem cvii ; 
(Northern) j 4101-4120 20 20 1389 Woolf's system, tancem cylinders. 
Paris-Orléans 5001-5012 12 12 1903 
Midi \ 4001-4002 2 1900 
(Southern) / 4003-4012 10 12 1902 
; 3201-3202 2 1887 
iit | 4301-4302 2 1887 
( asdsharanpanies | 3211-3260, 3301-3362 112 1892 and 1893 
, 4501-4630 130 246 1891 to 1903 | Converted engines. 
7&U Est ’ ee R . 
(pages (Eastern) J 4001-4002 os € 1901 
432 & —-- 
443) Total number of locomotives with four driving axles 292 
Total number of four-cylinder locomotives .. ‘és a0! S07 
(This does not include Mallet locomotives for the metre- 
gauge light railways.) 

For a complete appreciation of a class of locomotives, | laboratory, as is done at the Purdue University, in the 
as of any machine used for industrial purposes, it is United States of America. In such tests, coal and 
necessary to know first of what service it is capable; that water consumption, indicated and effective power, can 
is to say, what weight of train the locomotive is able to | be measured under portale Conner. conditions, which 
haul witha given speed on a given line; secondly, the may be altered one by one in experiments of sufficient 
expenses by which this service is bought must be con- duration. It is to be regretted that such tests have been 
sidered. As pointed out by Mr. John A. F. Aspinall,; so seldom made; it must, however, be observed that, 

nn nnn meee although they would furnish very useful data for practice, 

* Paper read before the Institution of Mechanical still they could not give in every case the best practica 
Engineers, March 18, 1904. ; solution, for which the numerous ever-changing condi- 

+ Proceedings, 1900, page 375. ENGINEERING, vol. lxix., | tions of service must be taken into account. ; 
page 847. : As regards compound locomotives in France, all avail- 

+ Ibid., 1902, page 408. able data are results of experimental runs on une hand, 
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and of a prolonged service on the other. The interest of 
French locomotive practice exists in the development of 
the four-cylinder compound, which permitted a marked 
increase in the weight and speed of the trains. The main 
French railways continue to build or to order locomo- 
tives of this class. 

Whilst Table I. in the Proceedings, 1900 (pages 398 
and 399), mentioned 803 such locomotives in use or on 
order on January 1, 1900, for ordinary gauge railways 
alone, this number had been increased to 1577 by 
October 1, 1903 (narrow-gauge locomotives excluded). To 
these must be added (always considering exclusively the 
stock for ordinary gauge) a few two-cylinder and three- 
cylinder compounds, 


+ 






goods and for ordinary passenger trains. A tendency 
must be noticed to increase the diameter of the six-coupled 
wheels of these engines to about 2 m. (6 ft. 6? in.), for 
enabling them to work express trains: for instance, this 
has recently been done on the Eastern, Paris-Orleans, and 
Western Railways. On the other hand, the ‘ Atlantic” 
type is resorted to for increasing the power of express 
locomotives, the boiler and particularly the tirebox being 
enlarged. 

In some cases, especially for working goods trains on 
heavy grades, eight-coupled locomotives are used, with 
no other wheels on the P.L.M. system, and with a pony- 
truck in front on the new engines of the Southern, 
Eastern, and Paris-Orleans Railways. In addition to 


Fig eA Profile of the Paris - ¢ 
— = Level. 
Gradient per 1,000 
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‘** Atlantic” locomotives (Nos. 2643 to 2675), similar to 
the two ordered in 1898 (Nos. 2641 and 2642), of which one 
was illustrated in 1900 (Fig. 1, page 441); slight altera. 
tions have been made to the previous type: the distance 
of the bogie wheels has been increased from 1.800 m. to 
2.000 m. (5 ft. 10g in. to 6 ft. 6% in.), to obtain a greater 
stability; the length of tubes, which was 4.200 m, 
(13 ft. 93 in.) between plates, is 4.300 m. (14 ft. 1,5; in.) in 
the new engines. The fittings of the cab have been 
altered, the driver being transferred to the left side. [t 
being desirable to preserve the same distance between 
the extreme wheels of the locomotive with its tender, 
in order to use the existing 17-m. (55 ft. 9 in.) turn. 
tables, the old plan of supporting the tender on three 
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Table I., on page 442, gives the statistics of the four- 
cylinder compounds on October 1, 1903. 

The majority of these engines belongs to two classes, 
which may be considered as standards in France—the 


~ 


| these four-cylinder locomotives, the Southern Railway 


|has rebuilt some engines as two-cylinder compounds, 
with six-coupled wheels and a pony-truck in front. The 
me company is now rebuilding old expre:s locomotives 


| Sa 
| as two-cylinder compounds. 
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axles instead of two bogies has been reverted to; at the 
same time this plan gave more room for a water scoop. 

| The Southern Raiiway has recently ordered ten (Nos. 
| 1901 to 1910), and the Eastern Railway two (Nos. 2601 and 
| 2602) ‘‘ Atlantic” locomotives (Fig. 8, page 443) similar 


express locomotive, with four large coupled wheels, of 
2m. (6 ft. 62 in.) diameter or a little more, and the six- | Mention must also be made of a four-cylinder tandem | to those on the Northern Railway. 
coupled locomotive, with diameters of 1.600 m. to 1.750m. | compound tank engine (described below) built by the! The new ‘“‘ Atlantic ” (Nos. 3001 to 3008), recently built 
(5 ft. 2}} in. to 5 ft. 8f in.),* both being fitted with a bogie | Northern Railway for working trains on the Ceinture line | for the Paris-Orleans Railway by the Société Alsacienne 
in front. The six-coupled locomotives are equally fit for | of Paris. |de Constructions Mécaniques, Fig. 5, Plate II., is of 
aye ane 2 eeaas | The principal dimensions of many of the four-cylinder | special interest as being the most powerful express loco- 
_* The abbreviations for the metric units have been | compounds have been given already in Table If, (Pro- | motive as yet made for the French lines. The principal 
given at length in the Proceedings (1900, page 393). In| ceedings, 1900, pages 400 to 407) ; the dimensions of new | dimensions are as follow in Table IT. :— 
this paper the following will be used:—m. for metre, | types and of older types when alterations took place will | 
mm. for millimetre, m? for square metre, cm? for square | be found in the following descriptions :— Tab_e II.—Principal Dimensions of ‘‘ Atlantic” 
centimetre, g. for gramme, kg. for kilogramme, t. for tonne m Loccmotives of the Paris-Orleans Railway. 
(1000 kg.), and 1. for litre. Weights are given in metric I.—Four-Cytinper Compounp Locomotives wiTH 
Two-CouPLeD AXLES. 


The Northern Railway has added to its stock 33 


| Boiler : 
Internal diameter = 
Height of axis above rail 


1.513 m. (4 ft. 11} in.) 
2.700 m, (8 ft. 10,°; in.) 


tons of 1000kg.; the English ton is equal toabout 1016 kg. 
exactly to 1016.048 kg. by Act of Parliament of 1864. 
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Working pressure 


bes: 
“9 Length between plates 


External diameter... 
Number (ribbed tubes) 

Grate area es 
Heating surface.. 




















16 kg. per cm? (228 Ib. 
per sq. in.) 

4.400 m. (14 ft. 5,4; in.) 
70 mm. (2} in.) 


3.1 m2 (333 sq. ft.) 
239.4 m2 (2577 sq ft.) 





Cylinders : 
High pressure—diameter 
Stroke .. ‘s = 
Low-pressure—diameter 
Stroke .. o« aa 
Driving wheels—diameter. . 
Weight : 
Total in working order 


Pig .15. Profile 




















lantic” 2641, between Paris and Jeumont. The dis- 
tances and schedule of the trains are as follow in Table 
III.,* page 446, 

The regular composition of the trains was seven ‘bogie 
carriages and two vans, nbc cm altogether 270 t. (265.73 
tons). With the locomotives Nos, 2158 to 2180, that 
weight was never exceeded, and, if necessary, a second 


360 mm. (14,'; in.) 
640 mm, (254 in.) 
600 mm. (23§ in.) 
640 mm. (254 in.) 

2.040 m. (6 ft. 8,5; in.) 


72,900 kg. (71.75 tons) 


of the Paris - Lille Railway 
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Fic. 16, 
Diagrams taken in Regular Working on Locomotive No, 2641, Nord, ‘‘ Atlantic” Type. 
(See Fig. 1, page 441.) 


TRAIN 179. August 22, 19€0. 


Mean Pressures : H.P., 195.41b, and 198.41b. per 
square inch ; L.P., 351b. and 321b. per square 
inch, 

Regulator open 80 per cent. 

Admission : Full gear. 

Direct exhaust of H.-P. cylinders open, 
direct admission to L.-P. cylinders. 

Level. 

Starting. 

Weight behind tender, 316.9 tons. 

Pull on tender coupling, 3.33 tons. 
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TRAIN 179. August 22, 1900. 


Mean Pressures ; H.P., 78 lb. and 66.2 Ib. per square 
inch ; L.P., 21.5 and 15.8 lb. per square inch. 

Regulator open 80 per cent. 

Admission, 42-63 per cent. 

Level. 

Speed, 60.8 miles per hour. 

LH.-P. (H.P. 660.4, L P. 468.2) = 1128.6. 

Weight behind tender, 316.9 tons. 

Pull on tender coupling, 1.9 tons. 
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TRAIN 112, August 23, 1900, 


Mean pressures: H.P., 83.6 lb. and 71 Ib. per 
square inch; L.P., 24.3 Ib. and 19.4 lb, per 
square inch. 


| Regulator open 45 per cent. 
| Admission, 50-65 per cent. 


Rising gradient, 1 in 200. 


| Speed, 47.8 miles per hour. 


I H.-P. (H.P. 556.2, L.P. 430.9) = 987. 
Weight behind tender, 245.6 tons. 


| Pull on tender coupling, 2.09 tons. 
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TRAIN 112. August 23, 1900. 


Mean Pressures: H.P., 69.4 Ib. and 54 lb. per| 
square inch ; L.P., 0.2 lb. and 7 Ib. per square | 


inch, 
Regulator open 80 per cent. 
Admission, 36 to 65 per cent. 
Level (end of falling gradient 1 in 200). 
Speed, 75.7 miles per hour. 
I.H.-P. (H.P. 703.8, L.P. 315.2) = 1019. 
Weight behind tender, 245.6 tons. 
Pull on tender coupling, 1.08 tons. 


___ Boller Pressure 
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| will be increased to 40 t. 
| Such a change is easy in 
| locomotives of this type. 


| tives have been found far 
| superior to the older ex- 


| “Nord express” trains were 
| worked either by the old 
|compounds (Nos. 2158 to 
| 2180) or by the new “‘ At- 





130 140 Miles 150 
] Fia. 17. 


Diagrams taken in Regular Working on Locomotive No. 2641, Nord, ‘‘ Atlantic” Tupe. 
(See Fig. 1, page 432.) 


Train No, 9. August 24, 1900. Train No. 112. August 23, 1900. 


Boiler pressure, 227.5 lb. per square inch. 
Regulator full open. 

Admission, 52 and 70 per cent. 

Rising gradient, 1 in 200. 

Speed, 63 miles per hour. 

1.H.-P. (H.P. 859, L.P. 631.3) = 1490.4. 
Weight of train, 219.9 tons. 


Boiler pressure, 227.5 lb. per square inch, 

Regulator open 80 per cent. 

Admission, 45 and 67 per cent. 

Falling gradient, 1 in 200. 

Speed, 77 miles per hour. 

I.H.-P. (H.P., 838.1; L.P., 646.5) = 1484.7, 
' Weight of train, 245.5 tons, 
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Train No. 179. August 22, 1900. 


Regulator full open. 

Admission, 50 and 65 per cent. 

Rising gradient, 1 in 200. 

Speed, 54.3 miles per hour. 

1.H.-P. (H.P. 764.8, L.P. 574.9) = 1339.8. 
Weight of train, 316.9 tons. 
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train was run. On the contrary, there was no limit with 
the ‘‘ Atlantic” locomotive 2641, and the run was always 
made in less than the booked time. 

Table IV. (page 447) gives details of some runs 
between Paris and St. Quentin. 

Fig. 13, page 444, gives the profile of the line from Paris 
to Charleroi. 

The following remarks may be made :—The accelera- 
tion was rapid although the train was heavy ;+ as a rule 
the train passed St. Denis, at a distance of 6 km. (3.7 


The adhesive weight is 
36 t. (18 t. per axle), and it 
is expected that this weight 


The ‘Atlantic ” locomo- 


ress compounds. On the 
orthern Railway, during 
the Exhibition of 1900, the 





* A new schedule has been made, with a saving of three 
minutes between Paris and St. Quentin, and one minute 
between St. Quentin and Jeumont. 

roceedings, June, 1900, page 425, Mr. J. D. 
Twinberrow :—‘‘ Le Démarrage doit étre Rapide.” 
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446 
miles), regularly 6 minutes after starting. The time from 
St. Denis to Survilliers, 23.5 km. (14.6 miles), mostly on 
a rising gradient of 1 in 209, varied from 14 minutes 30 
seconds (average speed 97 km. an hour (60.2 miles per 
hour)) to 16 minutes 50 seconds (84 km. an hour (52.1 miles 
- hour)). The speed was 90 km. (55.8 miles) with the 
neaviest train. On down grades the speed was generally 
120 km. an hour (745 miles per hour), and might have 
been exceeded without difficulty. 

The level part from Creil to Tergnier, 80.6 km. (50 
miles), took on an average 48.5 minutes: mean speed, 

100 km. an hour (62.1 miles per hour), which might 





Fig 18. Profile of the 
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easily have been exceeded. The actual speed on that | 
section varied from 105 km. to 110 km. (65.2 to 68.3 miles), 
to make up for the time lost in slowing up at Creil, at 
Compiégne (slightly), and at Tergnier (slightly —speed 
80 km. (49.7 miles) ). 

The Northern Railway officers are of opinion that a 
train weighing 300 t. (295.2 tons) may be taken from Paris 
to St. Quentin in 1 hour 32 minutes, at an average speed 
of 100 km. an hour (62.1 miles an hour). 

With a train weighing 200 t. (196.8 tons), an average 
speed of 105 km. an hour (65.2 miles an hour) has been 
maintained between Paris and Amiens—namely, 100 km. 


Paris - Granville 


Gradient P*r 1009 
878 53 


Railway (Diagrammatic / 







nesdays, Fridays, and Sundays as follows, with a booked 
average speed of 93.3 km. an hour (57.9 miles per hour) 
after the schedule in Table VI., page 447. ‘ 

In some cases, where the train de lure has to wait for 
some other trains, this average speed is increased to 
96.1 km. an hour (59.7 miles an hour) as shown in 
Table VIT., page 447. 

How these schedul’s are observed in practice may be 
inferred from the following remarkable instances reported 
on Table VIII. In the first case six minutes were gained 
from Paris to Amiens, and the regular time kept from 
Amiens to Calais with two unexpected stops; 106 km. 
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TABLE ILI.—Schedule of ‘‘ Nord Express” Train. 

















- Time. Distances. Average Speeds. 
p.m. kilometres kilometres per 
miles hour 
miles per hour 
Paris dep. 150 
Creil pass 2.24 50.3 83.7 
31.26 52.00 
Compiégne pass 2.44 33.3 | 100 0 | 
20.69 | 153.1 62.13 | 90.0 
Tergnier pass 3.15 95.14 91.5 55.92 
| 56.85 | 
. fo. om. B92 78.5 
St Quentin .. dep. 3.36 48.77 
Jeumont arr. 4,34 84.8 87.0 
52.69 54.05 
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(62.1 miles) from Paris to Creil, and 109.5 km. (68 miles) | 
from Creil to Amiens. It is worthy of remark that the 
speed on the rising gradients (1 in 200) was equal to the 
average. 

With trains of 300 to 350 t. (295.6 to 344.4 tons) the 
coal consumed was 12.5 kg. per km. (44.36 Ib. ‘per mile), 
of which 300 kg. (661.1 lb. or 6 cwt.) was on the grate 
before starting. The service of the new ‘ Atlantics” 
and of the sister engine No. 2642 is equally good. 

For instance, from Calais to Paris the trains wait for 
the arrival of the Dover boat. In case of delay of the 
boat the time lost has been frequently made up by the 
train. As much as 21 minutes have been saved, as shown 
in Table V., on page 447. 

Fig. 14, page 444, gives the profile of the Paris-Calais 
line. 

A special train (train de /uxe) is run on Tuesdays, Wed- 








sse +———— 


(65.8 miles) exactly have been covered during the first 
hour of the run. The second case (train No. 67bis), 
taking into account the several stoppages after the ordi- 
nary mode of calculation, shows a gain of eight minutes. 
The actual running speed was 100 km. an hour (62.1 miles 
an hour) from Paris to Calais, 297.2km. in 178 minutes 
(184.6 miles in 2 hours 58 minutes). 

On the Paris-Lille line, train No. 317, which used to 
leave Paris at 8 p.m., and arrived at Lille at 11.7 p.m, 
251 km. (155.9 miles) in 3 hours 7 minutes, including 
two stops at Arras and Douai—has been accelerated. 
The journey is made in 2 hours 45 minutes, or witha 
saving of 22 minutes, of which 18 minutes is on the run- 
ning time; the weight of the train remained the same-- 
215 to 235 t. (211.7 to 231 tons). Average running speed, 
94.7 km. an hour (58.8 miles an hour). Fig. 15, page 445, 
gives the profile of the line. 








apenas 
TABLE 
Distances. 
B lee 
& 132 
5 zs 
£ | ga 
- ain 
km. | kin. 
miles | miles 
| 6.1 
i 37 

6.1 
37.| 236 
14.6 

29.7 
18.4 | 20.6 
12.8 

50.8 
31.2 | 33.3 
20.6 

83.6 
61.9 | 47.3 
29.3 

130.9 

8L3 
22.2 
13.7 

153.1 

95.2 


Time from Paris to St. Quentin, 1 39 0|1 34 0] 137 0 |L 41 0 


Average speec 


Taste V.—Train No. 12bis, March 5, 1902; Locomotive 


Distances 
from Paris. 





km. 
miles 
297.2 
184.6 
175.4 
108.9 
130.6 
81.1 
50.3 
31.2 


Average 
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TaBLe VII.—Schedule of Train 67bis (Luxe Optional), 
Sundays, Tuesdays, Wednesdays, and Fridays. 


Distances 
from Paris, 


km. 
miles 


50.3 
31.2 
94.9 
58.9 
130.6 
81.1 
252.2 
156.7 
253.9 
157.7 
292 5 
181.7 
297.2 
184.6 


Average speed, from end to end, 94.1 ‘km. an hour (58.4 miles 
an hour). 


Average running speed, 96.1 km, (59.7 miles), 
On 
trains 
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1V.—Detaits or Some Runs rrom Paris To St. QUENTIN OF THE Norp Express TrAIn HAvuLED 




















sy Compounp “‘ ATLANTIC” LocomoTivE No. 2641. 
June 26, July 18, July 17, |Aug. 29, Sept. 15, Sept.23,' Sept.27, Oct.8, Oct. 13, 
1900. 1900. 1900. 1900. 1900. 1900. 1900. 1990. 1900. 
Stations. Wericuts OF TRAINS. REMARKS. 
Tcnnes335| 300 | 290 | 339 311 825 | 325 811 365 
Tons 829.7} 295.2 285.4 | 333.6 306.0 319.8 | 319.8 806.0 359.2 
| | eee ee | 
h. m 8. jh. m.s.| h. ms. jh, ms. /h, m. s./h, m, * h. m. s.j|hb. m. s.}) hom & 
Paris dep.;| 150 0/156 0; 1£0 (jL50 0} 150 Oj 1 50 oOo} 150 O01 55 ( 1 51 30\(a) Slowing up 
(6 min. | | (5 min. | by signal at 
late) | | late) | Tergnier. 
St. Denis pass} 1 5611/2 2 0 | 155 30/1 56 20 | 1 56 &C/ 1 56 0| 156 0}2 1 (| 157 45] 
| | | | 
| | 
Survilliers ,, | 213 0/217 0| 210 0/213 0| 213 6 212 0} 211 0/217 C¢| 2 13 30/6) Slowing up 
| | by signal at 
| } | | | | | Creil. 
Creil o 224 0/228 0] b)2 22 O [2 2415} 224 6 223 Oe) 2 2 OF 228 Of 2 24 O 
| (2 m. be- Im. he-| 2 25 0 
| | fore time) | fore | 
| | | time) | | 
Compiégne ,, 44 0/248 0| 243 0 [24515 | 244 ( 243 6] 248 01248 C| 2 44 45/() Stopped by 
\(1 min. be- | (1m. be- | | signal. 
fore time) | fore 
| | time) | | 
Tergnier ,, (a)812 0/315 0/| 311 0|315 0|318 0 313 G| 8 14 80] 3 14 30\(d)3 11 30/(d) Passed post 
(3 m. be- |(booked | (4m. be- |(booked |(2 m. be- (2m, be-| | (34 m. be-| 100 at 2 h. 
fore time)| time) /fore time) time) fore fore | | fore time)| 54m. 
| | time) _ time) | | | | 
St. Quentin arr.) 329 0/3 £0 0 827 0/3381 0] 329 0|' 328 0} 329 0 1330 6} 3 28 30 | 


(3m. be- |(2 m. be- 
{fore time)| fore 
time) 





(5 m. be- |(1 m. be- 

fore time)| fore 
| time) 
| 


(3m. be- (4m. be-| (3 m. be-|(2 m. be-| 34 m. be- 








97.7 | 


60.7 | 


fikm. 92.7 | 
(miles 57.6 | 


1 


94.7 
58.8 


91.0 
56.5 








No. 2642; Weight, 245 t. (241 tons). 
‘eats | Booked Actual 
Stations. | Times. Times. 
p.m. p.m. 
Calais-Maritime* dep. 1.15 1.40 
\ 4 f arr. 2.39 2.59 
j Abbeville.. --\dep| 244 3.04 
Amiens pass. 3.13 3.31 
(slowing up) 
Creil - 4.09 4.18 
Paris arr. 4.45 4.49 
running speed 86.9 km. 96.9 km. 


53.9 miles 


* 25 minutes late, waiting for boat. 


TaBLE VI.—Schedule of Train 67. 


Stations. 


Paris-Nord .. dep. 
Oreil .. Pass 
Longueau +. pass 
Amiens .. { pond 
Outreau Junction +. pass 
La Liane Junction . pass 
Calais-Maritime arr. 


Stations. 


Paris-Nord .. dep. 
Creil . pass 
Breteuil branch +. pass 

‘ f arr. 
Amiens .. \ dep. 
Outreau Junction . pass 
La Liane Junction +. pass 
Fontinettes .. pass 

(slowing up) 

Calais-Maritime » SBP: 


Table IX. will be found the log of two special | 
which were run from Paris to Arras and from | 


60,2 miles 


Time. 


p.m. 


12.30 
1.01 


1.27 


1.49 
1.53 


3.06 
3.07 
3.33 
3 40 








fore fore | fore time) fore | fore time) 
time) time) | | time) 
| | —— | 
139 6 138 (| 139 0/135 0| 137 0 | 
ee, RS PS Pee | ——— | —_—__— 
92.7 98.7 | 92.7 | 96.7 | 94.7 
57.6 | 582 | 57.6 | 60.0 | 588 





TaBLe VIII.—Logof Train No. 67, March 14, 1902 ; Loco- 
motive No. 2643; Weight, 180 t. (177.1 tons). 


h m 
Paris— dep. 11 52 0(3 mins. late, 
on purpose.) 
St. Denis 11 57 20 = 
Survilliers 12 10 0 
Creil 12 21: 0 
Gannes.. ne * 12 42 20 
Km. 100 (62.1 miles) 12 49 0 
Km. 106 (65.8 miles) de 12 52 0 
Boves .. es ry" ea ne 100 
Slowing up at Longueau for repairs of the permanent way. 
arr. - te 7 O(8mins. before 
: time.) 
Amiens - dep. 1 17 0(3 mins. late, 


on purpose.) 


Slowing up at Picquigny (distant signal at danger). 
Abbeville oe ; a ee 1 0 
Etaples.. 2 11 30 
Neufchatel 2 20 0 
Outreau 2 27 0 


Stop 1 min. at Wimille (single track), and slowing up. 

Stop 1 min. at Caffiers, by signal : dep. 2.52. 

Slowing up by signal at Calais-Maritime. 

Calais-Maritime—arr. oe 3 7 O (3 min. late) 

Train 67bis, March 11, 1902 ; Locomotive No. 2644 ; 
Weight 140 t. (137.7 tons). 


h, m. 
Paris-Nord—dep. 12 30 
Creil (pass) ; ae | 
Amiens bees ; bo 
Stop at signal No. 93 
Outreau Junction (pass) ae a oP - 6 
Single track for repairs from 260 km. to 264 km. 

(161 to 163 miles) 

Stop at signal No. 152 
Stop at signal No. 153 
Calais Maritime—arr. .. 3 43 


TABLE X.-—Principal Dimensions of Express Locomotives, 
Series 500 and 900 of the Western Railway. 


Series 900 
(Non-Compound). 


Series 500 


| 
(Compound). 





Boiler :— | 
Internal diameter.. 1.380 m. (4 ft. 68 in.) | 1.287 m. (4 ft. 24} in.) 
Height of axisabove| 2.485 ,, (8 ,, 1}},,) | 2.255 ,, (7,, 43 
rail | 


” 


Pressure l4kg. percm?, | 12kg. per cm2. 
(199.1 1b. per sq. in.) | (170.61b. per sq. in.) 
Tubes :— | 
Length between 3.800 m, (12 ft. 5,% in.)'3.800 m, (12 ft. 5,% in.) 
plates 
External diameter 70mm. (23in.) | 45 or 70 mm. 
| (1} or 2} in.) 
Number rT 96 | 197 or 88 
Grate area -- (2.40 m2 (25}3 sq. ft.) | 2.00 m2 (214 sq. ft.) 
Heating surface 133.70 m2 116.60 m2 (12554 sq. ft.) 


(1439, sq. ft). 


340 mm. (138 in.) 
a 640 mm. (254 in.) 
L.P., diameter 530 mm. (20% in.) 
Stroke ee ‘ 640 mm. (254 in) | 
one wheels, dia- 2.010 m. (6 ft. 7} in.) | 2.010 m. (6 ft. 7} in.) 
meter 
Weight in working 49,500 kg. (48.72 tons)| 46,800 kg. (46 tons) 


order 
.. 31,000 kg. (30.51 tons); 29,500 kg. (29 tons) 


100.3 m2(1079}4 8q. ft.) 


460 mm. (183 in.) 
660 mm. (26 in.) 


Cylinders : 
H.P., diameter 
Stroke 


Adhesive weight 


The 70 mm. (23 in.) are Serve ribbed tubes. 


Arras to Paris on May 15 and 16, 1902. The average 
running speed was 103 km. an hour (64 miles an hour) ; 
one point worthy of remark is that the speed was 





TABLE I1X.—Train, Paris to Arras, May 15, 1902. 
Locomotive No. 2645, 


Weight of Train Behind Tender, 178 t. (175 tons). 


























Distances. oA § a 
| Ff aa | 
ee | g | ae | 
2 P ae —_ Sule | 
5 ef Stations. ) a » | Remarks. 
a o6 Gee 
g | $3 8s | 33 | ges | 
2 | se E¢ | £3 | 283 | 
e ae Fa B@ | RA | 
: | hatin Sas ios 
hm. | km jh, m. s.| m. § 
miles | miles | 
-- |Paris dep.| 815 0 
6.1 eee 5 C] 7&2 
3.7 | 45.4 
61) .. St. Denis .-| 820 0 
3.7 | | 
8.7 ior 420} 120.0 
5.4 | 74.5 
14.8 Gonesse .. 8 24 20] 
9.1 | 
14.9 | 8 () 147 
| 9.2 69.4 
29.7} .. Survilliers 8 32 20) 
18.4 | | | 
| 20.6 | | 11 2€| 109.0 
| 12.8 | | 67.7 | 
£0.3) .. Creil | 8 43 40| Slowing 
31.2 | | } | up. 
| 14.8 | $2) 106.5 
| 9.1 | 661 
65.1); .. Olermont 8 52 0] 
40.4 | | 
| 14.4 | 7 46) 112.7 
| 89 70.0 
79.5) .. .3t. Just.. 8 59 4C| 
49.3 | 
78 4 (| 117.0 
8 72.7 | 
87.3 | Gannes .. --| 9 3 40) | 
54.2 | | 
100.0 | 23.8 Kilometre 100/911 0) 13 2} 107.1 | 
62.1 | 14.7 (62.1 miles) | | 66.5 | 
111.1 | Ailly-s-Noye 917 0 | 
69.0 | } 
| 10.9 5 60) 112.1 | 
6.7 | 69.6 | 
122.0} .. Boves 9 22 50} 
75.7 | | 
| 4.0 |} 3% 72.0 | 
| 2.4 | 44.7 | 
126.0 | Longueau 9 26 10 ag Slowing 
78.2 | | | up. 
| 48.0 | 24 56] 116.0 
| 29.8 | 72.0 | 
174.0 | Achiet 9 51 O} | 
108.1 | | | 
| 18.1 16 (| 67.8 | 
11.2 | 42.1 | 
192.1] .. |Arras arr./10 7 0| | 
119.3 | | 


Remarks.—No very high speed when running down grade, as the 
train was in advance of the booked time. Up gradientsthe admis- 
sion was 50 and 65 per 100 (in high-pressure and low-pressure 
cylinders), the regulator full open. steam always easily supplied 
by the boiler. No heating in any part of mechanism. 

Water consumed, 89 1. per km. (314 gallons per mile). 

Weather, rainy. 


Train, Arras to Paris, May 16, 1902. Locomotive 
0. 2645. 
Weight of Train Behind Tender, 178 t. (175 tons). 


192.1 Arras dep. 12 30 0 j \ 
119.3 | | 
18.1 12 0| 90.5 | 
11.2 | 56.2 | 
174.0 Achiet 12 42 0 | 
108.1 
18.7 10 (| 112.2 | 
11.6 69.7 
155.3 Albert 12 52 0 | 
96.5 
29.3 17 30) 110.4 
18.2 | 62.3 | 
126.0| .. Longueau 1 930 -. (Slowing 
78.2 | | up 
28.7 20 0} 116.1 | 
24.0 | ~@a2y 
87.3 Gannes .. 1 29 30 | | 
54.2 | | 
37.0 23 0) 96.5 | 
22.9 | 59.9 | 
56.3 Creil .. oof RGROM) - |Slowing 
31.2 | | up 
206 12 30} 988 | 
12.8 } 61.3 | 
29.7 . Survilliers 26 0 | | 
18.4 | 
23.6 14 6) 101.1 
14.6 | 62.8 | 
6.1; .. St. Denis 219 0 | 
3.7 | | 
6.1 7 0 52.2 | 
3.7 | 32.4 | 
Paris arr. 226 © | 
| | 


~ Remarks.—Rainy weather, with south-westerly wind against 
the train. d 
Water consumed, 73 1. per km. (25.8 gallons per mile). 


higher on rising gradients of 1 in 250 than on falling 
gradients of 1 in 250. 

Figs. 16 and 17 (page 445) reproduce indicator dia- 
grams taken on “Atlantic” locomotive No. 2641 during 
regular service. It must be noticed that horse-powers 
are calculated in French units of 75 kg.-metres in a second 
(32,550 foot- pounds per minute). ‘The English horse- 
power is slightly different (33,000). 

These examples show the large power of the new 
‘* Atlantic” compound of the Northern Railway. How 
the older four-cylinder compounds compare with ordinary 
express locomotives may be deduced from the results of 
a prolonged service on the Western lines given in 
Table XI., page 448, 
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TABLE XI.—Comparative Working of Compound Loco- 
motives (Series 500) and Ordinary Locomotives (Series 
900) on Passenger Trains between Paris and Granville. 








Coal Consumed. 




















a = e 2 os 
. =e : : @ c 
| ss Bs |8@ 2d, & 
Month. 2 s@ wo it ms) 
Be = so Pe 
‘ re ‘ sas aad 2 
% 2c a2 aces “Ss 
2 o€ 3 oe | ae 
a 26 22) 2ash Fé 
Compound Locomotives (Series 500), 
July, 1901 .. 57,711 164 8.62 5.24 43.6 
35,860, 161, 30.6 18.9 0.154 
August, 1901 50,969 197 9.34 5.24 43.3 
31,671 | 1934 33.0 18.9 0.153 
September, 1901... 55,404 178 9.02 5.05 41.8 
34,427 175y% 32.0 18.2 0.148 
Total and averages 164,084 179.6 8.99 5.18 42.9 
101,958 176}? 31.8 18.6 0.152 
Ordinary Locomotives (Series 900). 
July, 1901... 33,205 159 10,28 6.45 53.5 
20,638 1564 36.3 23.2 0.189 
August, 1901 49,901 144 10.51 7.48 49.9 
31,063 141} 37,2 26.98 0.176 
September, 1901.. 41,316 159 12.69 7.96 46.4 
25,673 156} 44.9 28.7 0.164 
Total and averages 124,512 154 11,16 7.30 49.9 
77,369 151} 39.4 26.3 0.176 


Fig. 18, page 446, gives the profile of the Paris-Granville line. 


Comparative Working of Compound Locomotives (Series 
500) and Ordinary Locomotives (Series 900) on Passenger 
Trains between Laval and Brest. 


Compound Locomotives (Series 500), 














July, 1901 .. 34,382 194 9.6 4.9 43.2 
21,364.2. 190.9 34.0 17.6 0.153 

August, 1901 39,204 201 9.9 4.9 33.7 
24,360.5 197.8 35.14 17.6 0.119 

September, 1901... 40,569 193 9.8 5.1 32.9 
25,208.7 189.9 34.8 18.3 0.116 

Total and averages 114,155 196 9.8 4.96 36.6 
70,933.56 192.9 34.8 17.8 0.129 

Ordinary Locomotives (Series 900). 

July, 1901... .. | 38,426 166 9.6 5.8 42.3 
| 23,877.1 163.3 34.0 20.9 0.150 

August, 1901 . | 46,457 158 10.2 6.5 31.4 
28,865.1 155.5 36.2 23.4 0.111 

September, 1901 .. | 45,671 154 8.9 5.8 30.1 
28,378.8 151.5 31.5 20.9 0.106 

Total and averages 130,554 159.3 9.6 6.03 34.6 
81,121 156.7 34.0 21.7 0.122 


| | 


Fig. 19, page 446, gives the profile of the Laval-Brest line. 


The principal dimensions of the locomotives used 
(series 500, four-cylinder compounds ; series 900, ordinary 
locomotives) are given in Table X. (page 447). 

The two series of locomotives were not as identical 
as possible, and that would be necessary for a quite fair 
comparison. Still, it is interesting to note that, in 
the long run, the compounds, with the same or with a 
smaller coal consumption. have hauled greater weights, 
to the extent of from one-fourth to one-sixth. The oil 
consumption was the same in one case, and even smaller 
in the other. 

(To be continued.) 








NILE BARRAGES. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 15, Sir William H. 
White, K.C.B., President, in the chair, the papers read 
were :—‘‘ The Use of Cement Grout at the Delta Barrage 
in Egypt,” by Major Sir R. Hanbury Brown, K.C.M.G., 
late Re M. Inst. C.E. ; and ‘‘ The Barrage Across the 
Nile at Asyit,” by G. H. Stephens, C.M.G., M. Inst. C.E. 
The following are abstracts of the papers :— 

In thefirst paper, after reference to the successful restora- 
tion work carried out by Colonel Western to render the 
barrage efficient, the author describes the method of 
rendering the work still more secure by the use of cement 
grout for consolidating the defective lower layers of the 
foundation platform. Vertical bore-holes were made alon, 
the centre lines of the brick masonry piers, and carri 
down into the sand or clay underlying the barrage 
foundations. When a bore-hole had been successfully 
cleared to at least 1 metre below foundation level, cement 
grout was mixed and poured down the bore continuously, 
until the grout rose in the bore flush with the top. 
Al ther 774 separate bores were made, of an aggregate 
length of 7? miles. The total quantity of cement used 
was 6094 barrels (of 360 lb. cnclil, The total cost of the 
operation was 6027/. It was shown that the pressure 
exerted at the bottom of the bores, tending to force the 
cement into interstices in the foundations, was in the case 
of most of the bores 2.4 tons per square foot, and in the 
ease of the remainder 1.76 tons per square foot. The 
evidence obtained of the travel of the cement grout below 
the foundations is given. 

The paper then deals with the construction of the sub- 
sidiary weirs below the Delta barrage. After describin, 


their object and design, the paper details the meth 
of construction, The bed of the river was first dredged 








out to the form of the weir foundation line. The core 
and footing walls were then made by the employment 
of cement grout—the core-wall in 20 ft. of water and 
the footing-wall in 10 ft. The walls were made in 
successive blocks, but as continuous masonry with- 
out break, by forming boxes, carefully put together, 
along the wall alignment, the first box formed being 
a four-sided box, and all subsequent boxes being three- 
sided, the last formed block of masonry closing the 
fourth side. The box, having been put together and 
lined with sacking to make it cement-grout-tight, and 
having also been rigidly tied in position, was then filled 
with rubble of all sizes, after arranging perforated iron 
pipes along the axis of the box. When the box was full 
of stone to water level, the cement grout was poured 
down the pipes in inner unperforated tubes, until the 
contained water had been displaced by the cement grout. 
The box and its contents were then left alone till the 
next morning, when, the cement having set, the box was 
taken to pieces, moved forward, and put together again, 
to form the next block in the same way. 

To put the boxes together, floating gantries on big 
barges were used in the case of the core-wall, and a 
specially-designed apparatus on pontoons in the case of 
the footing-wall. Divers were employed to assist in 
putting together boxes, to ensure that all the parts were 
correctly fitted together. 

The cement and water were mixed into grout by un- 
skilled labour, and the paper points out that one of the 
advantages of the method adopted for forming the sub- 
aqueous walls was that no skilled labour, other than 
two divers to each box, was required. The filling 
of the boxes with stone, and the mixing and pouring 
of the grout, were performed by the cheapest labour 
obtainable; the putting together of the boxes only re- 
quired care. Each core-block contained 165 cubic metres 
of grouted masonry, and took three to four days to make. 
Seven rafts with their gantries were the largest number 
at work at a time, and these turned out an average of 
350 cubic metres of grouted masonry per diem. The 
author claims that by no other system could such progress 
have been made, or such subaqueous masonry be 
obtained. 

The paper then describes the manner of putting in the 
foundations of the two locks, associated with the weirs, 
by the same method of forming masonry by cement grout 
under water without any pumping. The lock area was 
enclosed by lateral walls made as the weir core-walls were 
made. The ends were closed by making a thin tempo- 
rary wall in a similar manner; but by a special arrange- 
ment both these end walls and the lateral walls being 
carried a little above water-level. Grouting pipes were 
next arranged vertically, at about 10-ft. intervals, all 
over the enclosed area, and a layer of rubble 7 ft. thick 
was thrown in around the pipes to form the bottom layer 
of the floor. A platform was formed over the lock site 
between the enclosing walls, the upright pipes being 
used as the vertical supports. The cement grout was 
then poured down the pipes, commencing from one end 
of the lock, and the pouring continued until a float 
in an unoccupied pipe showed that the cement grout had 
risen 7 ft. from the bed. When this 7-ft. layer had 
set, the end walls were formed upon it by grouting, 
and the whole left for two or three days to set. The 
enclosed water was then pumped out in a few hours, and 
the lock was built on the grouted floor in the dry, all 
springs having been effectually excluded. The operation 
was perfectly successful in the case vf both locks. The 
author claims for this method that a perfectly sound floor 
is obtained, as no troublesome springs create defects by 
forming a way under or through the masonry while under 
construction. 

The quantity of cement used was at the rate of 3.67 
barrels of cement (of 360 1b.) per cubic metre, or 40 per 
cent. 

The weirs and their locks were constructed in a little 
over three seasons, each season being of eight months’ 
duration. The total cost was E.434,000/. The construc- 
tion of the weirs has not only relieved the barrage of 

art of the head of water it was called upon to hold up, 

ut it has increased the maximum holding-up permissible 
from 4 metres to 6.20 metres. 

The author concludes his paper by a reference to other 
instances of the successful employment of cement grout 
in Egypt, and calls attention to the experiments carried 
outin India by Mr. R. B. Buckley, C.S.I., M. Inst. C.E., 
when chief engineer of Bengal, comparing the cost of 
results in the two countries. 

The second paper describes the Asyit barrage, which 
was begun in 1898 and finished in 1902, at a cost, including 
subsidiary works, of 869,546/., and insures a constant 
supply of water to Middle Egypt and the Fayim. These 
parts chiefly receive their supply through the Ibrahim- 
iyah Canal, which leaves the Nile at Asyfit. The barrage 
was constructed across the river down-stream of the canal 
entrance, so as to be able to raise the river level during 
the spring and summer months high enough to allow of a 
sufficient supply entering the canal. 

This dam will serve Middle Egypt and the Fayfim in 
the same way as the one at the apex of the Delta serves 
Lower Egypt. Its construction has for many years been 
considered necessary by those who are acquainted with 
the requirements of Egyptian irrigation, independently 
of any decision to construct a reservoir at Asstian; though, 
of course, with an additional. summer supply available, 
the mene out of this project became even more advis- 
able. The work, as a general rule, will not be in use 
during flood, the sluice-gates being then generally drawn 
up out of the way, to allow of the river flowing freely 
through the sluice openings, the aggregate sectional area of 
which corresponds approximately with the water-way of 
the river at this point. During exceptionally low floods, 
however, it may be called upon to raise the river level at 
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such times also. The width of the river at the site of 
the work was 900 metres (2953 ft.), and the length of the 
dam is 833 metres (2733 ft.). The structure, in its manner 
of controlling the river, follows closely that of the Delta 
barrage, and is an arched viaduct resting on a broad, solid 
masonry floor foundation, laid at a suitable depth’ below 
the of the river. There are 110 piers, and the 
spaces between them can be closed when necessary 
by iron sluice-gates, which slide in vertical iron grooves, 
set in the sides of the piers. Two sluice-gates, 2.5 metres 
(8 ft. 2 in.) high each, are provided for each opening ; the 
gates are raised or lowered by overhead travelling winches, 
running on rails the whole length of the barrage. A lock 
16 metres (52 ft. 6 in.) wide, for navigation purposes, is 
provided next the left bank. . 

A subsidiary work undertaken was the construction of 
a regwlator across the canal at its entrance, similar in 
design to the barrage, for the purpose of not only con. 
trolling the canal in summer time, but also sometimes 
partially closing the canal during ordinary flood times 
The cost of this work was 136,000/. 2 

The river bed at Asyfit is composed of fine sand, and 
when any part of it is exposed by pumping, the surface 
exposed is alive with innumerable springs. As this kind 
of bed extends to a great depth, a comparatively shallow 
foundation of great width was considered the most 
suitable for such a place. As originally designed, the 
foundations consisted of a masonry platform or floor 264 
metres (87 ft.) wide, with shallow idx wells through the 
floor, and for a short distance beneath it under the sites 
of piers and abutments. The original design also included 
the sinking of a line of rectangular curtain-wells beneath 
both the upand down-stream faces of the floor, to prevent 
water from passing underneath. The consulting engi- 
neer, Sir Benjamin Baker, modified this design by 
increasing the thickness of the masonry floor founda- 
tion, and dispensing with the shallow wells under the 
bearing surfaces of the superstructure. The rectangular 
curtain - wells were also discarded, owing to the diffi. 
culty of making water-tight junctions between them; 
and cast-iron sheet piles, sunk to a greater depth, 
were substituted for these wells. The iron piles were 
made with tongued and grooved ends, the tongue 
being slightly shorter than the groove, to allow the 
joints being filled with cement grout, and thus made 
water-tight. The bottom of this platform or floor is 
about 5.1 metres (16 ft. 8 in.) below the low summer 
level of the river, or about 12 metres (39 ft. 4 in.) below 
the ordinary high river level. The river level at the com- 
mencement and termination of each season’s work was 
about 7.75 metres (25 ft. 5 in.) above the bottom of the 
floor. Both lines of iron-sheet piles are sunk 4 metres 
(13 ft. 14 in.) below the bottom of the floor, or 3 metres 
(9 ft. 10 in.) below the depth proposed for the up-stream 
curtain-wells, and 2 metres (6 ft. 7 in.) below the depth 
proposed for the down-stream ones. 

The bed of the river for a distance of 20 metres 
(65 ft. 7 in.) from the masonry floor, on both the up and 
down-stream sides of the barrage, is thickly paved with 
rubble pitching. At extreme low Nilea cushion of water 
about 2.1 metres (6 ft. 11 in.) deep exists on the floor on 
the down-stream side. A roadway for wheeled traffic 
is carried over the barrage, its surface being 41 ft. 
above the floor. The floor is of rubble masonry and 
concrete, the mortar for both being made with cement. 
The superstructure is of rubble masonry (dressed on 
the surface to a smooth face) the mortar being made 
with lime and burnt clay. Earthen dams, strengthened 
with sandbags and rubble-stone, were made round the 
sites taken in hand from time to time, the water from 
such enclosures being pumped out. The bed everywhere 
met with was sand saturated with water, necessitating 
the use of many pumps. At one time 28 centrifugals of 
various sizes were at work. The coal used in pumping 
amounted to 21,061 tons. : 

The foundation floor was laid under many difficulties, 
owing to the innumerable springs encountered in the ex- 
cavated trench: over 1000 large springs, 7 in. to 8 in. in 
diameter, being met with. The construction and main- 
tenance of the temporary dams had to be very care 
fully watched. The natural flow of the river during 
operations ranged from 2 to 3 miles per hour, but the 
velocity near the site of the work during construction was 
often in places as great as 6 miles per hour, owing to the 
obstruction caused by these dams. i ; 

The total number of men employed during the busiest 
part of the season averaged about 7500, though at excep- 
tional times as many as 12,500 were at work. _ 

The quantities for a few of the chief items in the bar- 
rage oat regulator are :— ; 
cubic yards. 
Temporary dams (a large number of 

rope nets, and a large amount of 

rubble - stone, and 2,697,000 sacks 


were used in this work) _.. 642,370 
Rubble masonry and concrete... 210,222 
Stone pitching sc a 147,152 


The chief difficulties in connection with the work lay 
in the foundations, the springs preventing any large por- 
tion of floor being laid at one time. ; 

The work was carried out by the Egyptian Govern- 
ment, who appointed Sir Benjamin Baker the consulting 
engineer. essrs. Aird and Co. were the contractors. 








Tue ‘‘ VouunTreR ANNUAL.”—This reference book, in 
its second edition, gives lists of all officers of Metropolitan 
corps, and other data useful to volunteers—hints on camp 
life, shooting, how to obtain a commission, and regula- 
tions for efficiency in the various branches of the 
service. It is edited by Lieutenant A. E. Johnson, of 
the Artists R.V., and issued by Messrs. A. and C. Black, 
Soho-square, London, W., at 1s, net. 
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Comeprep sy W. LLOYD WISE. 
SELECTED OTS OF RECENT PUBLISHED SPECIFICATIONS 
SOE DER THE ACTS OF 1888—1902, 
number i iven in the Specification Drawings is stated 


‘ions are communicated from abroad, the Names, 
rae? wae ¢ Communicators are given in italics. 
a of Si ifications may be obtained at the Patent mr Sale 
, 25; ramey ogg Buildings, Chancery-lane, W.C., at 
the uniform price of od. 
advertisement of the of a Complete 
The date Sone in each case, guven after the abstract, unless the 
has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
advertisement of the of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
atent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


J. Hetherington and the British Electric 
aleeegermer Company (1903), Limited, Hayes, 
Middlesex. Cut-Outs. [4 Figs.) April 1, 1903.—This inven- 
tion has reference to a fusible electric cut-out wherein the fusible 
conductor is held by wedge action in contact with the hard metal 
terminals that it is to connect. 1 is a slate base to which are 
attached the terminal blocks 4. These blocks also carry the| 
spring members 8 of knife contacts, whose knife members 9 are | 
integral with hollow externally-cylindrical hard-metal terminals 
10, of which each is open at both ends and which receive the ends 
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of a fusible conductor 11 upon their internal surfaces, which are 
flared towards and screw-threaded at their outer ends 12. 13 are 
truncated conical wedges that for a greater portion of their length 
correspond externally in form to the outwardly-flared portions of 
the interiors of the terminals 10, whilst their outer ends 14 are 
externally screw-threaded and screw into the outer ends of the 
terminals 12, and the wedges 13 consequently press the ends of 
the fusible conductor 11 against the interiors of the terminals 10, 


and so produce a good electrical contact between the two. | 


(Accepted February 10, 1904.) 


7790. G. W. Partridge, London. Fuses. [4 Figs.]| 
April 3, 1903.—This invention has for object to provide an elec- | 


trical safety fuse, such as shall prevent effectually the formation 


of a dangerous arc when the fuse is blown. In the construction | 


illustrated the fuse conductor 1—consisting, for example, of one 


or more lengths or pieces of fine wire—is arranged to extend | 


through a mass of good insulating material 5, such as the black 
insulating composition commonly used in junction-boxes. The 

















insulating material is held within a holder 2, and is normally of a 
solid, or practically solid, consistency, but is readily fused or 
liquefied by heat. Upon the rupture of the fuse conductor by the 


good electrical connection between the carbon and the carbon- 
holder is ensured in a simple and inexpensive manner, which will 
permit of the ready removal and insertion of the carbon. 
(Accepted February 10, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2162. Sir O. J. Lodge and A. M. Lodge, Birming- 
ham. Ignition Ap tus. [7 Figs.), January 29, 1903.— 


This invention relates to electric ignition for use in internal-com- | 


bustion engines, and has for object to render the effectiveness of 
the spark practically independent of the insulation of the points 
between which it is caused to occur. The figure shows an ordi- 
nary induction coil having primary windings @ and secondary 
windings b. Inthe primary circuit is a battery c, a switch d, 
a trembler c!, and a mechanical wipe contact e suitably geared to 











| 
| 
| 


the shaft f of the motor. Each of the secondary terminals k, 1 | 


is connected to one element of separate condensers m, 7, the 
other elements of which are connected by leads 0, p to earth and 
to the sparking plug B. The secondary terminals are also con- 
nected direct to the sparking-point A. The ordinary Leyden jar | 


| discharge occurs at A, and every time such spark occurs the 


contents of the condensers are liberated, and give rise to the 


| required spark in the ignition chamber. (Accepted February 3, 
904. 


6407. Sir J. I. Thornycroft, Chiswick. Carburet- 


tors. (4 Figs.] March 19, 1903.—A spray carburettor according | 


| to this invention is constructed with an endways movable air- 


inlet nozzle a, through which air is admitted to the interior of the | 


| carburettor at each suction stroke, and which is adapted to form, 
| or is connected with, a valve c arranged to control an additional 


| air-inlet opening d, the arrangement being such that when the 
| engine with which the carburettor is used is running at or below 


its ordinary speed, the air nozzle a will be held in a position in 
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which the supplementary air-inlet opening d will be partially | 


| closed by the valve c ; but when the speed of the engine is much | 


increased beyond the normal, and a greater demand is made on | 
the carburettor, the nozzle with valve will, under the action of 
the increased suction then set up at each suction stroke, be 


| caused automatically to move endways against the action of a 


passage therethrough of an excessive current, the insulating | 
material will act to effectually seal up the space caused by the | 


resulting arc, and quench or extinguish such arc without liability 
of its value as an insulating material being injuriously affected to 
any serious extent. (Accepted February 10, 1904.) 


8054. M. A. McLean, Stretford, Lancs. Com- 
mutator Brushes. [3 Figs.) April 7, 1903.—This invention 
relates to brushes of dynamo-electric machines, and more par- 
ticularly to brushes in which carbon is employed for making 
contact with and leading current to and from the commutator. 
The carbon of which the brush proper is made, as indicated at 1, 
18 preferably rectangular in cross-section, and is enclosed in a 
holder 2, through the lower portion of which it projects. The 
holder 2 is secured to the remaining portion of the brush- 
holder in any suitable way. The arrangement for securing 





& good connection between the carbon and the holder com- 
sere a flexible copper band 3, riveted to the holder. The 
exible band is placed along the upper surface of the carbon 1, 
able’. maintained in contact therewith by means of a suit- 

le spring 5. 6 is a plate or strip of metal of high resistance, 
preferably of the same size as the section of carbon, and adapted 


to slide within the holder 2. This plate is interposed between the | a luminous fiducial mark, 
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spring ”, and permit a supply of additional air, ample for the 
purpose stated, to be admitted through the supplementary air- 
inlet opening to the carburettor. (Accepted February 3, 1904.) 


25,389. A.G. Bloxam, London. (A. Schoeller, Frank- 
fort-on-Main, Germany.) eto-Ignition Apparatus. , 
{1 Fig.] November 20, 1903.—The present invention consists in 
so constructing magneto-electric apparatus that the revolving in- | 
ductor armature is stopped for a certain time during a revolution, 
and is then caused to make good the extent to which it has lagged 
behind by passing through that distance at an increased speed, 
and thereby producing a stronger current in the electric circuit. 
This action is done away with by hand or automatically, as soon as | 
the internal-combustion engine, and consequently also the arma- | 
ture, has attained its normal speed. M is a magneto-inductor, on | 
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the armature spindle W of which is loosely mounted a chain- | 
wheel A driven by the engine. D is a cam disc combined with the | 
wheel A, and so shaped that an arm K pressed against its peri- | 
phery by a spring B is caused to drop at one part of its rotation | 
and engage a lever N on the spindle W. This lever is spring- 
controlled, and the spring F! is stressed when the lever and, 
consequently, the armature are so held. The arm K is lifted | 
by the continued rotation of the cam, and the spring causes the | 
armature to be rapidly thrown forward until the lever has resumed | 
its original position relatively to the wheel A, in which position it | 
bears against a stop 8. (Accepted February 3, 1904.) 


GUNS AND EXPLOSIVES. 


Such an arrangement has not, however, proved successful, and 
| fiducial marks luminous in themselves have been pro . Such 
| amark will have many advantages. According to this invention, 
a fiducial mark is rendered luminous by applying thereto a radium 
element. A screen showing radioactivity, such as a screen of 
blende or zinc sulphide washed over with a solution of a salt of 
radium, or upon which radium or other radioactive element or 
compound has been deposited, is employed, or the cross-wires or 
the dark spot, or the tip of the pointer, may be coated with the 
radium or radioactive element. A simple mode of effecting the 
object of the invention is to cut from a sheet coated with radium, 
| or the radioactive element, a small portion thereof, which is 

secured in any convenient manner to the fiducial mark, or ina 

position to constitute the mark. (Accepted February 17, 1904.) 





MOTOR ROAD VEHICLES. 


6759. H. Smith and B. F. Wright, Coventry. Con- 
tro: “Devices. [4 Figs.) March 24, 1903.—This invention 
has for object to provide means for breaking the circuit of the 
electrical system employed for igniting the charges in a motor by 
operating the lever of the Bowden mechanism employed for 
applying a brake. In the end of the handle-bar A is a liner B, to 


| which is pivoted a lever D, one arm of which enters a slot in the 


liner, and is connected to one end of the Bowden wire E. The 
other arm of the lever serves as an operating handle. Within the 

















liner is a plug F, of insulating material, through the centre of 
which the Bowden wire ses. Sunk in the outer face of the 

lug F is a metal ring F?, to which is connected one end of an 
insulated wire F® that forms part of the primary circuit of the 
sparking coil, the other end of which is earthed so that it is in 
electrical contact with the lever D and sleeve G. Thissleeve G 
carries a contact piece F4. When the lever Dis operated, in manner 
known, to apply the brake, the contact piece F4 is withdrawn 
from contact with the ring F2, so that the primary circuit of the 
sparking coil is broken. (Accepted February 3, 1904.) 


2996. J.B. Dunlop and J. B. Suton Jun., Dublin. 
he object of this 


| Silencers. (2 Figs.) February 9, 1903.— 


invention is to produce an improved silencer for reducing the 
noise of the exhaust of the motor and allowing the exhaust gases 
to escape very freely. C isa box in the form of a cylinder which 
is divided into compartments B! by means of partitions D. A is 
a tube in connection with the exhaust pipe of the motor and 
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passing through the compartments B!. Within each compartment 
two holes a, a1 are cut in the tube. These holes are cut opposite 
each other, and a baffle F is di obliquely between the open- 
ings. The gases are deflected by the baffles and caused to pass 
out of the tube through one opening a, and after expanding in 
the compartment, enter the tube again in the same compartment 
by the opening a1, (Accepted February 10, 1904.) 


28,729. H. David, Paris, France. Tyre-Protectors. 
[5 Figs.| December 31, 1903.—A removable protecting device for 
preventing skidding and side-slip of vehicles shod with pneumatic 
tyres, such as automobiles, and also as a protection against per- 
forations by nails, &c., comprises, according to this invention, a 
number of thin metallic strips which are independent of each 
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Common, Ealing, Middlesex. Gun- other. These metallic strips 1 are fixed over the external part of 
29, 1903.—The object of the invention is to provide | the cover or tread of a pneumatic tyre by means of any convenient 
A fiducial mark is practically useless | and adequate fastening device made or caused to pass through 


phe and spring 5, so as to prevent any appreciable portion of at night, and it has been proposed to illuminate the mark by | holes 2 which are placed or formed for that purpose at both ends 
described th being passed through the spring. By the means | throwing the light of one or more electric lamps on to the wires | of each metallic strip ; they may be retained in place, for example, 
ed the use of screws, bolts, or the like is obviated, and a’ at their point of intersection, or on to the spot or pointer end. and secured together by a metallic rod or chain. An important 
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feature of the metallic se consists in internal flutings 3, which | 
h 


enable the said strips to ere perfectly to the external surface 
of the tyre, thus preventing them from slipping along or upon the 
surface of the tyre. (Accepted February 10, 1904.) 


SHIPS AND NAUTICAL APPLIANCES. 
W. D. Whyte, Glasgow. Compasses. [2 Figs.) 


5346. 
March 7, 1908.—The present invention relates to compasses in 
which the compass-card is lighted by means of an electric or other 
lamp arranged within the binnacle. In the arrangement shown, 
two compass-bowls are employed—an inner one, a, containing the 
oil and being made of metal, and the outer one, }, having a trans- 
parent window c at its bottom. A reflector d, in the form of an 
inverted truncated cone, is secured to the bottom of this outer 











bowl, and an electric lamp p is fitted within this reflector. The 
inner bowl is concaved at the top and is secured to the bowl l by 
arms 0. 7 is the compass-card and s the bezel glass. The rays 
of light from the lamp are thrown upwards through the glass c 
and round the bow! a and pass up the annular space between the 
bowl a and the bowl > so as to illuminate the rim of the compass- 


card. As a certain amount of heat is radiated by the lamp, a} 


free passage of air is permitted within the reflector by holes e. 
(Accepted February 3, 1904.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


28,416. O. Junggren, Schenectady, New York, 
U.S.A. Turbines. [5 Figs.) December 28, 1903.—This inven- 
tion has for its object to combine the nozzle and intermediate 
buckets in such a manner that they can be simultaneously 
adjusted to compensate in alignment for changes due to tempe- 
rature or other causes. The support 10 for the intermediate 
buckets 9 is provided with one or more projections 16 on opposite 
sides, with which engage adjusting bolts 17 that are carried by 
projections 18 on the wheel casing. The bolts are provided with 
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check-nuts to retain them in a given position. By rotating one 
set of bolts more than another, one end of the intermediate 
bucket support can be given a greater movement than the other. 
To adjust the nozzle and intermediate buckets independently of 
the conduit that supplies motive fluid to the nozzle, the conduit 
20 is provided with a slotted flange which is secured in position 
by retaining bolts 21. By slacking off these bolts slightly, the 
nozzle and intermediate buckets can be raised and lowered with- 


TEXTILE MACHINERY. 


5734. J. 
Machines. [4 Figs.) 
to hackling machines, such as are used in the preparation of flax, 
hemp, and the like, the object being to provide a ready means of 
adjusting the amount of motion or length of stroke imparted to 
the channel which carries the holders, and also regulating the 
period of dwell, or rest, of the said channel, at the same time 
reducing the friction between the operating cam or tappet and 
lever. 1 is a loop-shaped lifting lever mounted at one end on a 
stud 2 fixed in the end frame 3 of the machine. The connecting- 
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75798 
rod 4 is connected to this lifting lever 1 in the ordinary manner. 
On a stud 7, fixed in the loop lever 1, is mounted a small anti- 
friction runner 8, in such a manner as to be approximately directly 
underneath the connecting-rod 4 when about the middle of its 
stroke. Inside the lever 1 is a cam 9 mounted on the main motion 
wheel 10 and lying in contact with the runner 8, and when the 
| machine is in operation the lever 1 is actuated and caused to rock 
on its stud 2 by this cam 9. When it is desired to change the rate 
of speed of the rise and fall and rest, or dwell, of the channel 11, 
it is only necessary to change the cam 9 and substitute another of 
different contour. (Accepted February 3, 1904.) 


6120. C. Thompson, Eldwick, near Bradford. 
Yorks. ms. [5 Figs.) March 17, 1903.—This invention 
relates to various improvements in looms for weaving. The 
shuttle checking appliance consists of a bracket 1, to which are 
bolted a pair of blade springs 3, the open ends of which are 
directed towards the entrance of the shuttle-box, and are slightly 
curved outward. Between the springs 3 and in the face of the 
block 1 is a rubber buffer 7. When the shuttle enters the box, 
the picker is driven between the open ends of the springs 3, the 
pressure of which gradually eases its momentum, and it and the 
shuttle are finally stopped by the picker coming into contact with 








out interfering with the steam connection, after which the bolts | 


can be tightened up. (Accepted February 3, 1904.) 


4833. I. J. Morse and G. J. Shave, South Kensirg- 


ton, London. Steam-Generators. [2 Figs.) March 2, 
1903.—This invention relates to steam-generators of the flash 
type. The generator is constructed of backward and forward 
bent tubing B, each succeeding layer being practically at right 
angles to the preceding layer, the top layer being connected to 
the bottom of spirally-bent surrounding tubes C, of slightly 
larger diameter so as to form a species of reservoir, from the top 
































of which comparatively dry steam may be withdrawn. To limit 
the supply of fuel to the burner when little or no water is entering 
the generator, the throttle lever L is connected with the fuel 
valve M, so that as the steam to the engine is cut off, the supply 
of fuelto the generator is reduced to a minimum. This is done 
by providing a connection in the form ofa link L! which operates 
the full supply lever O. The lever O is carried by a sleeve P 


loose on the rod Q, Thesleeve P carries a crank R which opens 
or closes the fuel valve M through a connecting-rod 8. (Accepted 
February 10, 1904.) 
































| the buffer 7. When {the shuttle enters the springs 3, the latter 


' a 
lever 4 of each successive pair of levers, and is fi ; 

| each , and is finally ; 

| the opposite side of the frame 3. When one or moe of ¢ he healioe 
is or are lifted, the rope 11 between the levers which are connected 


Barbour, Belfast, Ireland. Hac - | 
March 12, 1908.This invention relates | such healds is shortened, but at the same time one or more of 
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the healds 2 is or are being lowered, consequently the rope 11 


| between the levers connected to the latter-mentioned heald or 


healds is correspondingly lengthened, and either slack or strain is 
prevented and an even tension is maintained on the healds 2, 


| (Accepted February 3, 1904.) 


10,752. Asa Lees and Company, Limited, and R, 
Clegg, Oldham, Lancs. Thread: : Guides. [3 Figs.] 
May 12, 1903.—This invention relates to improvements in thread 
guides for preparing and spinning machines. According to this 


invention, a horizontal guide, preferably a wire, is soldered or 


| otherwise secured at the back of the vertical slots in the thread. 





guide-plate at such a distance therefrom as to permit any dirt to 
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fall freely. The yarns from the bobbin on the creel, which are 
below the drawing-rollers, are led over this horizontal guide, and 
the yarns from the top rows are brought under tbe guide and 
then through the vertical slots to the nip of the drawing-rollers, 
which they all thus enter in approximately the same plane. 2 
are the drawing-rollers ; 3 the thread guide-plate with vertical 
slots 4 therein, and 6 is the horizontal guide wire secured to the 
back of the plate. (Accepted February 3, 1904.) 


MISCELLANEOUS. 


7644. J. W. Macfarlane, Glasgow. Cent 
Machines. [1 Fig.| April 2, 1903.—This invention relates to 
what are known as Weston suspended centrifugal machines, and has 
for its object to improve and simplify the means used for adjusting 
the centre line of the driving pulley, the height of the cups of a 





| water motor, or the height of the armature of an electric motor, 


| 
| 
| 
| 


are slightly opened thereby, and the pressure is removed from | 
the picker before the next pick. The improved picker-preserver, | 
Fig. 2, comprises a bent lever 9 pivoted in the bracket 10 to the | 


front of the shuttle-box, with one end 11 attached by a spiral 
spring to a fixed point on the slay, and the other end resting on 

the top of the picker spindle 8, and this end is covered or provided 
| with a pad of leather 18. When the shuttle is picked from its 
| box, the picker 14 comes into contact with the pad 13 on the lever 
| 9, andthe spring constitutes this into an elastic stop or preserver. 
| (Accepted February 3, 1904.) 


16,538. S. Butterwo 
worth and Dickinson, ted, Burnley. Looms. 
(2 Figs.] July 28, 1903.—This invention relates to improvements 
in top motions employed in looms for maintaining the tension on 

| the healdsas the latter are being continually raised or lowered in 
| the formation of the ‘‘ shed” during the process of weaving. The 
invention consists of a number of pairs of levers working in com- 
bination with a band or cord and controlled by the latter so as to 
compensate and allow for the various lifts of the healds, and at the 
| same time to maintain an even tension on the latter at all points 
| of the lift, thus avoiding any extra strain being put upon the 
| healds beyond the necessary stretch which is required to ensure 
| the proper working of the healds. On the loom frame 1 above the 
healds 2 is a frame 3 carrying a number of pairs of levers 4, 5, 
mounted on shafts, extending across such frame. The inner ends 
of each pair of levers 4, 5 are provided with toothed sectors 7, 
which gear together, the outer ends of the levers 4, 5 being con- 
nected to the healds by means of cords 8. 
levers 4, 5 has a projecting arm 9 carryinga runner 10, and the 
levers 4, 5 are alternately arranged so that a runner 10 is on the 


left-hand side of one pair of levers 4, 5, and on the right-hand | screwed into the spindle. 


Rochdale, and Butter- | 





| 


whichever of these methods of driving be employed, so that such 
mechanism can be made to assume the position best calculated to 








give the most effective drive. In the construction illustrated the 
machine is driven by a water motor A, which is directly attached to 
the hollow revolving shaft B. In order to obtain the desired adjust- 
ment of the cups A! of the motor, relative to the water nozzle A’, 


One of each pair of | the upper part of the stationary spindle C is made parallel to and 


fits within the stationary sleeve D,so that it can be moved 4 
and down within such sleeve by means of a flanged stud 
By turning the stud G the spindle 0 


| side of the next pair of levers. Secured to one side of the frame 3 | is raised or lowered, as is also the revolving shaft B, motor A 
| ib a rope 11, which passes under and over the runner 10 oneach andcups Al, (Accepted February 3, 1904.) 
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WEST RIDING RIVERS. 
TII.—BRADFORD. 

ase may fitly be considered next, 
raphical position above Leeds, 
Sheffield in population. Leeds, 
: readily be deduced from our pre- 
im ogi has momentous interest in’ the 
— Bradford in respect of the purification of 
yom ‘Aire—an interest transcending that of all 
a dory of the Bradford sewage problem is 
a remarkable one ; so much so, in fact, that it 
deserves special record. It is filled with instruction, 
and at the same time with diversion, containing 
not only the humours of local government, the 
law’s delay, the alarums and excursions of the official 
body-guard, and the ruin of a beautiful stream, but 
a solid contribution to the science—if such it may 
even now be called—of sewage treatment, both by 
chemical and by bacterial—that is to say, natural— 
methods; which yet, singular to say, it has never 
put into practical operation. For it, therefore, we 
reserve future consideration on a scale worthy of 
it, which we shall not attempt to aecord it in this 
brief review. In 1894 Bradford, with its 280,000 
inhabitants, mostly concerned in the woollen and 
worsted manufactures, petitioned, with Leeds and 
the rest of the county boroughs, against the Rivers 
Bill. We may remind those interested in this 
question that the West Riding of Yorkshire Rivers 
Act, 1894, was promoted by a Board constituted 
by a Provisional Order, under the powers of the 
County Councils’ Act of 1888, for the purpose of 
amending, extending, and applying the provisions 
of the Rivers’ Pollution Act of 1876, which were 
practically unworkable ; thus following the lines 
of the Mersey and Irwell Act of 1892. This Board 
consisted of 18 members of the West Riding 
County Council, together with members of the 
county boroughs, as follow :—-Leeds 4, Bradford 3, 
Sheftield 3, Huddersfield 1, and Halifax 1; 
Rotherham at that time being under the population 
limit of 50,000, which is the qualification of a 
county borough. A misunderstanding had arisen. 
The county boroughs assented to the promotion of 
the Bill, so they alleged, with the conviction that 
they themselves would not be subject to the juris- 
diction of the new Rivers Board, but that, while 
forming a part of it, and administering its powers 
over the non-county authorities, they would each 
retain the sole right of applying the same powers 
within their own boroughs. Finding out their 
mistake, they joined forces, fought the Bill, and 
were defeated. Had they succeeded, all present 
hope of West Riding Rivers’ reform would have 
disappeared. 

In 1866, the legal adviser of the Esholt Estate 
appeared before the Rivers’ Pollution Commission 
at Bradford, to protest against the ruin inflicted 
upon the River Aire by that town, and to em- 
phatically declare that, as soon as the main outfall 
sewer then being made to carry the sewage down to 
a single point below the town, was in operation, it 
would be his duty to apply to the Court of Chancery 
for an injunction to restrain the Corporations from 
discharging the sewage untreated. The sewers were 
completed, and the injunction obtained, and, as 
usual, suspended. Temporary expedients were 
resorted to in the shape of insignificant works, 
without avail. Instead of decreasing, the pollution 
increased with the prosperity of the Bradford 
trade, both the trade and the householders com- 
bining to poison the river. Further injunctions 
were got, without the least remedy ; two owners of 
the Esholt Estate died, closing their lives in fruit- 
less litigation. About 1880, 24 acres of land were 
purchased for sewage treatment, three miles below 
Bradford, which aroused hopes which came to 
nought ; nothing having been done with this area to 
this day. At last, in 1893, the year in which the 
West Riding Joint Committee was established, 
the Corporation applied for a Provisional Order to 
acquire additional lands for sewage purposes, which 
they ultimately got, together with the sanction of 
the Local Government Board to a loan of 125,5001. 
for the necessary lands and works, in the year 
1895. To get this sanction was no easy task, the 
scheme being one of chemical precipitation and 
sludge treatment without land filtration, or indeed, 
any possibility of it, except by tunnelling 1} 
miles or more ; 


BRADFORD'S © 
owing to its geog 
although far below 


that no land could be got, and that, further, if it 
could be got, land of any kind was absolutely use- 
less for filtering 


the tank effluent from sewage of the 


unique character of the combined domestic refuse 
and wool-combers’ refuse which Bradford had to 
deal with, that sanction was obtained. Influenced 
by Professor Dewar’s opinion to this effect, the 
Local Government Board yielded with great mis- 
givings. The remarkable evidence of Professor 
Dewar as to the solution of the difficulties attending 
Bradford sewage is one factor in the exceptional 
interest which attaches to the history of the Brad- 
ford problem. There was no opposition and no 
cross-examination. The scheme was sanctioned, 
and at last, 29 years after the sitting of the Rivers 
Commission at Bradford, it was thought that, so 
far at any rate as coercion and authority were con- 
cerned, the question was settled for a long time to 
come. 

Lands were acquired, roads and beck diverted, 
and the area to some extent prepared for the recep- 
tion of the works, at a very heavy cost, when, 
towards the end of 1898, a total reversal of policy 
was caused by the launching of a vast scheme of 
boundary extension. Seeing in the limited area 
embraced by their new sewage scheme at Frizing- 
hall an iusuperable barrier to the assent of the 
Local Government Board to their ambitious pro- 
ject, the Corporation decided to set that scheme 
aside in favour of an entirely new scheme in the 
main valley of the Aire, 4 or 5 miles below the 
city, at Esholt. This was to be reached by a 
tunnel nearly 3 miles in length, through difficult 
water-bearing strata, conveying the sewage to 
353 acres of land, which were to constitute the 
key to the assent of the Local Government 
Board to the great extension project. This stroke 
of policy as a matter of necessity gave a new turn 
to the whole affair. The views of experts under- 
went a sudden change; and the sanctioned scheme, 
from being the very best adapted to the unique 
demands of Bradford sewage, became the subject 
of ridicule to its authors. 

The extension scheme was sanctioned so far as 
the consenting districts were concerned, the op- 
posing districts being all excluded ; and the new 
sewage scheme was pressed forward. Although 
but 353 acres were required for the necessary works 
of precipitation, artificial filtration, land filtration, 
and sludge treatment and destruction, it was de- 
cided to apply for the entire estate of 1704 acres, in 
order to avoid the unknown and probably vast 
consequential damages to so beautiful and seques- 
tered an estate, situated midway between Leeds 
and Bradford, in the finest part of the Aire Valley : 
out of which the hall, parks, and gardens were to 
be acquired as an essential part of the undertaking. 
The Local Government Board did not grant this, 
but ultimately sanctioned an area of 529 acres. 
This sanction was not given without opposition ; 
on the contrary, the scheme was opposed in the 
strongest manner by the Misses Stansfield, in 
whose family the estate had been for 150 years. 
They recognised the needs of Bradford, and went 
so far as to offer 120 acres of land, which, with 
about 100 acres of small farm and other freeholds, 
easily to be acquired, formed an area of about 220 
acres, which, under the advice of experienced 
engineers, they put forward as an alternative and a 
better scheme. To avoid any semblance of oppo- 
sition, they took this step before the application 
for a Provisional Order was made. Their over- 
tures being rejected, they opposed the application, 
and were only partly heard by the Inspector, who 
did not report even the existence of an alternative 
scheme ; under which circumstances the Local 
Government Board could not but grant the order. 

In June, 1899, the order came before a Parlia- 
mentary Committee, the owners of the estate 
having been advised that the strength of their case, 
by reason of the alternative scheme, was such as to 
augur success. Their judgment was proved by the 
rejection of the scheme. Amongst other defects, 
the opponents pointed out that the bulk of the 
soil was a cold, wet, drift clay, full of springs and 
liable to landslips, and that the best of it would 
not be able to pass off anything like its proportion 
of the volume of effluent water necessary. They 
further advocated the separate treatment of the 
woolcombers’ soapsuds from the domestic sewage, 
in accordance with the Corporation’s own Act of 
1897, expressly got for that purpose, but as yet 
remaining a dead letter; and also the adoption 


; |of the bacterial method as at Manchester, which 
and it was only by representing | 


c.ty proposed to treat 26,000,000 gallons of sewage 
in an area less than that put forward in the 
alternative scheme in respect of Bradford’s daily 








dry weather flow of 12,000,000 gallons, At the 


close of the case the Chairman of the Committee 
ascertained that the Local Government Board had 
granted the order without knowing of the existence 
of an alternative scheme ! 

Two years elapsed, during which fruitless negotia- 
tions took place between the Corporation and the 
Misses Stansfield’s representatives ; and at the same 
time, under the pressure of the Rivers Board, 
temporary works, capable of dealing with a small 
portion of the sewage, were erected at Frizinghall. 
Tn 1900 the Esholt scheme was again taken up, 
and a Bill was deposited, coming before Parlia- 
ment in the session of 1901. Once more time had 
worked those changes which illustrate the elusive 
nature of sewage problems and their exponents. 
This time the land required was raised from 353 
acres to 819 acres, and included, as before, the very 
heart of the estate, with the hall, parks, &c. The 
level of the tanks was raised no less than 40 ft., 
and they were designed on a totally new site. 
The length, position, and size of the tunnel was 
altered. These changes indicated uncertainty of 
policy. Instead of the term ‘‘ artificial filter-beds,” 
that of ‘‘double-contact beds” was introduced ; 
apparently indicating that the bacterial method had 
been definitely chosen, to be supplemented, as 
before, by land filtration. 

A second stubborn contest followed, the opposi- 
tion still putting forward the alternative scheme un- 
altered. During the interval the Corporation had 
acquired several small freehold areas indicated in 
the alternative scheme, and now they had scheduled 
the whole of the rest: a tacit appreciation which 
was deemed favourable to the views of the oppo- 
sition. Most of the leading experts in sewage 
questions, chemical, biological, and engineering, 
took part in what may now be justly considered a 
cause célébre. Perhaps even ‘‘leading case” is 
the right term to use; so far, at any rate, as the 
relative merits of scientific filtration, by contact 
or otherwise, and land filtration are concerned ; and 
also in relation tothe power of various classes of 
land to purify a given volume of sewage per acre 
perpetually—that is, without becoming sewage- 
sick, or in any way losing its virtue. As already ex- 
plained, this is not the place in which to deal with 
these interesting principles of sewage purification ; 
and we must pass them by, aiming at no more than 
the succinct review premised at the outset. 

The Commons Committee’s decision was that 
only 310 acres of the 819 acres scheduled should be 
granted: cutting out of the scheme the hall, 
shrubberies, gardens, parks, avenues, &c. The 
area sanctioned was, in short, the 220 acres covered 
by the alternative scheme, with 90 acres in addition, 
of which, however, only 40 acres could be used by 
gravitation, owing to unsuitable levels ; thus leaving 
but 260 acres for all purposes, as compared with 
the 220 acres of the alternative scheme. It seems 
clear, therefore, that the Committee took the view 
of the opponents, that land filtration was not a 
necessary adjunct to bacterial treatment ; or, that 
if time proved it to be so, the necessary area could 
at any time hereafter be acquired, the whole area 
then available being commanded by the level of the 
outfall tunnel sewer. In points of fact, what the Com- 
mittee conceded, beyond the alternative scheme, 
was really the site of the promoter’s tanks, which 
were 124 ft. above those of the alternative site, and, 
as already said, 40 ft. above those of the Corpora- 
tion’s scheme of 1899, which was upheld by the engi- 
neers of the promoters as the best scheme then 
available for Bradford. 

Even this moderate compromise in favour of 
their alternative scheme was distasteful to the 
owners. Convinced, as it seems, that this conces- 
sion of the Commons was based upon a misconcep- 
tion as to the true value of the superior level of the 
tank site, and confident of the inherent strength 
of their case, they carried their opposition to the 
Second Chamber. 

Before the Lords’ Committee the interest culmi- 
nated. A more difficult case than that of the pro- 
moters’ counsel it is not easy toimagine. They 
had accepted the scheme from the Commons as an 
instalment. But committees in these matters do not 
care for the worrying of owners by instalments. As 
a rule, a scheme must stand upon its merits as the 
adequate solution of a public duty. 

To plead that their own scheine could not accom- 
plish its purpose was to give the best reason for its 
rejection ; while if they claimed it was sufficient 
for present needs, that was their opponents’ plea 





for the acceptance of their alternative area of but 
40 acres less—a difference of no importance- the 
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area being ample for tank and bacterial treatment— 
the sole method now open to them. 

As might be expected, the promoters fell between 
two stools. The earlier witnesses dealt with the 
mutilated scheme as an instalment ; and the later 
witnesses, warned by the probing queries of the 
Committee, dealt with it as a sufficient scheme ; 
some going so far as to say that it would yield a 
thoroughly good effluent for the river. 

This was the opinion of Dr. Wilson, chief in- 
spector of the West Riding Rivers Board, an im- 
partial witness ; who said that, if properly carried 
out on the reduced area, it would be the greatest 
sanitary improvement that had taken place in the 
West Riding for many years. 

There was but one result to be expected from a 
dilemma of this kind. Without calling upon the 
opponents to give evidence, the Committee threw 
out the scheme ; and so, thirty-five years after the 
sitting of the Commission in their town, the citizens 
of Bradford found themselves in statu quo, with 
this difference : that they possessed some 40 acres of 
land at Frizinghall, on which they mightstill carry out 
the scheme of 1895. Having convinced three sepa- 
rate tribunals that the scheme in its various forms 
was not necessary, the owners of Esholt were, as 
they thought, now assured of ultimate victory. 

This is now nearly three years ago, since which 
time other interesting events have happened. In 
the early part of 1903, the Council, appreciating the 
extreme difficulty of persuading any Parliamentary 
Committee that the destruction of the Esholt 
estate was necessary, looked a little more narrowly 
into the merits of the alternative scheme, and 
decided almost unanimously to adopt it. Nego- 
tiations were proceeding, when suddenly, as it 
were, the public were informed, to their great 
surprise, that family affairs had caused a com- 
plete change in the policy of the owners, who 
as a consequence were now as willing to dispose 
of the whole property as before they were deter- 
mined to retain it ; immediately after which another 
change in the policy of the Bradford Council 
was made, with the same unanimity as before, 
and the proposal was accepted under arbitration 
conditions embodied in an agreement. ‘here- 
fore, let us hope it may be said that now, thirty- 
eight years after the advent of Rawlinson’s famous 
Commission, the solution of Bradford’s sewage 
difficulties is at least in sight, no matter how re- 
mote the distance. How that may prove, it is safe 
not to predict ; but two things cannot be denied— 
first, that no matter what ambitions may have led 
the Bradford Corporation into this immense under- 
taking, they have steadfastly pursued their pur- 
pose ; and, second, that the records of sewage treat- 
ment do not exhibit an opposition more formidable 
than that successfully maintained for five years by 
the three ladies of Esholt against one of the power- 
ful corporations of England. 








THE PREVENTION OF FIRES IN 
THEATRES. 

Boras the London County Council and the Bir- 
mingham magistrates have recently issued regula- 
tions for the protection of theatres, which include 
a far-reaching order as to the non-inflammability of 
scenery and stage properties. Both these public 
authorities should be congratulated upon the action 
taken, for a serious endeavour will now, at last, be 
made to reduce that primary element of risk in play- 
houses that has too long been neglected. Nothing 
is more terrible in connection with the outbreak of 
fire in a theatre than the rapidity with which 
scenery ignites, and almost immediately spreads the 
flame to such an extent as to make the whole stage 
a sea of fire. This rapidity with which fire takes 
hold of the stage has, without doubt, been the prin- 
cipal cause of the many catastrophes associated with 
theatres in all parts of the world ; and we will go so 
far as to say that, no matter how excellent the con- 
struction of a theatre, and no matter whether ample 
exits are provided, a theatre fire must almost in- 
variably have fatal results as long as inflammable 
scenery is permissible. 

Those best informed on matters of theatre pro- 
tection have long advocated non - inflammable 
sceneryand incombustible stages, but their efforts in 
all countries have been looked upon sceptically, and 
in those few countries where an effort has been 
made in the direction of obtaining greater safety 
on stages, the improvements made have been rather 
with the object of giving the stage a more modern 





the treatment of the actual scenery. 


inflammable ; but pending the requirements of 


ment of the scenery from the fire point of view 
should be most heartily welcomed by all con- 


the building inspector, and the insurance official. 


inasmuch as licences will not be granted to any 
theatre, whether old or new, unless the scenery has 
been rendered non-inflammable, and an _ under- 


before, we believe that the bond fide adoption of 
this regulation by theatre-managers will also give 
them the benefit of a certain reduction in their 
insurance rates, which will thus discount any addi- 
tional expenditure in this direction. 

But it is mainly this question of meeting the 
requirements in a thoroughly bond fide manner that 
will give the managers a considerable amount of 
trouble in the earlier period of the enforcements of 
the new rules, for it will take time for them to 
understand what the official and technical world 
deems to be non-inflammable. 

From the engineer’s point of view, non-inflamma- 
bility as applied to ships or railway cars means a 
quality which prevents ignition and the spreading 
and maintaining of flame. For the stage this will 
mean that neither wood nor canvas must catch 
alight or spread fire. 

It has been proved over and over again in engi- 
neering practice, and in the laboratory, that the 
mere application of chemicals in the form of 
paint, either to a textile or to wood, is of prob- 
lematical value, and that the effect, such as it is, is 
of short duration. Nothing less than thorough 
impregnation will ever make a textile or wood non- 
inflammable in the true sense, and in such a manner 
that the management and the public authorities 
are not deceived by a false feeling of security. 

The practical question of non-inflammability 
thus resolves itself into the necessity of applying 
to scenery, and both its component parts—namely, 
wood and canvas—some process of impregnation, 
and this impregnation should be applied to the 
raw material—i.e., to the timber scantling, and to 
the canvas in bale before it is worked up into 
scenery. 

As far as canvas is concerned, the impregnation 
does not afford so very difficult a chemical problem, 
but experience and a considerable amount of 
practice, as to the method of applying the chemicals 
to the different classes of canvas, are required. 
Regarding wood, however, the problem is a very 
complicated one, and only one firm in this country 
seems, so far, to have mastered the process. The 
great failing of systems of impregnation of wood is 
the possibility of affecting the wood adversely as to 
its structure, and, further, the possibility of the 
wood, after treatment, being liable to corrode 
metalwork with which it is in contact, and not 
to take paint properly. That knowledge of, and 
skill in, the use of the process will rapidly in- 
crease as soon as a real demand has been created 
on underground railways, on board ship, and in 
theatres, may be safely anticipated, more parti- 
cularly when this field of work also extends, as it 
has lately done, to certain classes of general build- 
ings, as in New York. We are pleased to see 
that the spade work of the competent men who 
took up the question of treating wood some seven 
years ago will, at last, meet with the encouragment 
it has long deserved, and we trust that theatre 
work will not be considered too trivial compared 
with the extensive underground railway work which 
is being done both in London and in Paris. It has 
long been the fate of the stage not to receive 
that amount of engineering skill and scientific 
research work which has been given to so many 
other departments of modern work, and it is time 
that the stage should receive that careful atten- 
tion in all its departments, and, not least impor- 
tant of them, in that department which so seriously 
affects the risk to human life. 

Apart from the ordinary requirements of canvas 
and wood, several other problems will, no doubt, 
have to be met, such as hose of rendering non- 





the authorities as to a more modern form and a|e 
safer method of stage construction, the improve- | however, still requires considerable de 


| inaugurated in August. 


form of construction than of applying chemistry to | inflammable the stage gauzes and textiles of the 


/higher order, such as muslins, silks, and sating 


The best combination, as we have frequently | We were much impressed at a demonstration given 
indicated, comprises a metallic stage with hard-|at the Alhambra 
wood floors, and scenery rendered throughout non- | as to the efficiency with which these mat 


heatre some little time back, 


erials haye 
without  affectin 
This department, 
velopment 
! l ll known how 
curiously various forms of impregnation will affect 


_ been rendered fire-retardents, withou 
ither the colouring or texture. 


| and chemical research, for it is we 


cerned—by the play-goer, the actor, the fire chief, different shades of colouring and texture; and 


to make the non-inflammable process a commercial 


We are glad to see that the requirements, both in | success, even the finest ae tn must pass the 
Birmingham and in London, as to the non-inflam- | ordeal of impregnation without a stain. 
mability of scenery are practically retrospective, | 


As to the manner in which the regulations of 
London and Birmingham will be administered we 
| know not, for we have no “hall mark” of what 
is really non-inflammable in the eyes of the 
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taking be given to thus maintain the scenery. This | official world, or what tests or trials will be made, 
is entirely as it should be, and, as we have indicated | We can imagine that during the earlier stages of 


that administration the already very hard-worked 
officials of the departments concerned will have 
many curious problems to solve. As far as London 
however, is concerned, there should be an addi. 
tional zest in the careful administration of this 
question through the knowledge that an inestimable 
benefit will be thereby also accorded to the pre- 
vinces, for a very large majority of theatrical 
productions of the Metropolis are carried from 
town to town throughout the British Isles, 
and, as a matter of fact, at times also to the 
Colonies. By a careful regulation of the safety of 
our scenery in London a very great benefit will be 
immediately accorded to the safety of the public 
throughout the country and in the Colonies ; and 
if the example of Birmingham be followed by a 
few of the other large provincial cities, such as 
Glasgow, Edinburgh, Liverpool, Manchester, and 
Bristol, it will soon not be worth while for any 
theatrical manager to put scenery on the road that 
has not been treated in such a manner as to make 
it non-inflammable. But it will, of course, take 
some time till all the productions at present run- 
ning in London have been treated even in a make- 
shift way, and until all new productions have been 
properly and reliably treated; for there is sure 
to be a considerable amount of improper treat- 
ment to begin with in respect to the exist- 
ing stocks of scenery, and we have no doubt that 
it will be some time before the manager, in arrang- 
ing his provincial tours, grasps the necessity of 
absolute non-inflammability for his touring outfit, 
both as regards his woodwork, properties, and 
canvas. But now that the start has once been 
made, it is simply a question of months, or a year 
or two, until our theatres throughout the country 
have that increased protection which we have so 
long advocated. 

The next step, no doubt, as far as new theatres 
are concerned, will be a regulation to the effect 
that only metallic construction shall be allowable, 
with hard-wood floors and wire cables. Some years 
ago we dealt most exhaustively with this subject 
of metallic stages, with the result that Covent 
Garden Theatre led the way as an example of what 
can be done efficiently and economically to the 
commercial, as well as artistic, benefit of the manage- 
ment of this institution. The same principles can 
be applied in varying degrees to all theatres, to 
the economy of the wages-sheet, the insurance 
premium, and the repairs account ; and it is to be 
hoped that whilst modern stages will be made com- 
pulsory for new buildings, the managements will 
also see the advantage of applying new methods to 
the stages of many of the existing houses. 

As we have said before, the combination of non- 
inflammable scenery and a modern metallic stage 18 


‘the ideal which every local authority and theatre- 


owner should strive for, as far as the safety of the 
public is concerned. 








Tue CANADIAN Matis.—An improvement in the mail 
service between Canada and Great Britain is to be 
The Allan line is having two 
17-knot steamers built, and these, together with the 
Tunisian and the Bavarian, will be the regular mal 
steamers. Quebec is to be the terminal port in mg 
but the vessels may continue to Montreal. St. Solange ” 
be the regular winter terminal port, but Halifax wi F 
called at both ways. The 17-knot boats are to make t ; 
distance between Moville and Rimouski in six days, . 
between Moville and Halifax in 6} days, while ~ 
Tunisian and Bavarian are given seven days pc ir 
summer service, and 7} days for the winter. The subsidy 
to be paid is 2000/. for each round trip of the new steamens 
10007. for the Tunisian and Bavarian, and 500/. for t 





other vessels in summer and 750/, in winter. 
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/as they now stand, just briefly to touch upon a few 


LONDON AND N ORTH-WESTERN | historical and general facts relating to the place. 
CARRIAGE WORKS, WOLVERTON. | Ag fay back as 1838, Wolverton was chosen by 
How often it appears--we suppose to all of us—/the directors of the London and Birmingham 
. that the hand of Time is not impartial. There are | Railway Company as a suitable place whereat to 
laces which we can recall, perhaps through many | construct their locomotives. Works were, therefore, 
ears, that bear little or no impress of its touch, | built, and continued in operation as purely loco- 


| Saltley. 


In 1865, when the department was re- 
moved to Wolverton, Mr. Bore went with it, and 
remained in charge till 1886, when he was succeeded 
by Mr. C, A. Park, the present carriage superin- 
tendent. 

In order to give some idea as to how the works 
have grown we may say that in 1887 they covered 


whereas at the present time they occupy 
In 1872 the number of hands employed 
as follows :—In the carriage department 2000, 
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7 while others have in the same period been changed | motive works until 1865, when the manufacture of 37 acres, 

g beyond all recognition. To the latter class may be | locomotives was partially removed to Crewe. It 80 acres. 

; said to belong the once quiet little village of Wol- | was at this time also that the northern and southern | was 

t BS ow the great carriage works of the London | divisions of the line were combined. Originally and in the locomotive department about 500. At 
verton, 0 x oe “ee —— = ; 

v Jorth- Western Railway. | all passengers from London to Birmingham changed resent, when the works are on full time, the 
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1. Timber gantry, 18. Electrical shop. 38. Tool-room. . 
2. Timber hoist. 19. Smiths’ shop. 39. Testing-room. 


3. New paint shop. . Finishing shop. 
4. Timber-stores. 21. 
5. Lifting-shop. 

6. Carriage repairs’ shop. 
7. Wheel and axle shop, 
8. Timber-drying shed. . Bogie-shop. 

9. Power-station. . General stores. 

10. Horse-box shop. 27. Fitting-shop. 

11. Parcel cart and omnibus shop. 28. Wheel-turning shop. 
12, Finishing shop. 29. Forge. 

13. Body-shop. 30. Brass-foundry. 

14 Saw-mill. 31. Iron-foundry. 

15. Carpenters’ shop. 35. Gas-fitters’ shop. 

16. Underframe shop. 36. Brass-finishing shop. 
17. Underframe shop 37. Brake-shop. 


40. General offices. 

41. Laundry. 

42. Saloon shed. 

43. Washing-shed. 

44. Washing-shed. 

45. Paint-shop. 

46. Paint-shop. 

47. Trimming shop. 
48. Sewing-room. 

49. Paint-shop. 

50. Carriage-finishing shop. 
51. Electrical shop. 
53. Wolverton Station. 


Time-office. 
2. Dining-hall, 
Polishing-room. 
. Polishing-room. 
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Bor.er-Hovwse, 


How many people in these days, we wonder, | ata place called Denbigh Hall, about six miles from 
have any idea as they are whirled through the| Wolverton, and then took coach to Rugby, the | 
station of this busy little town that here, years ago, | reason for so doing being due to the difficulty of | 
in what was then a small Buckinghamshire hamlet, making the Kilsley Tunnel. This continued for | 
were established the locomotive works of the London | about a year. 
and Birmingham Railway Company, at atimewhen| In 1865 the carriage department of the com- 
Crewe—the Crewe of to-day—was not. Sixty-six| pany, which had until then been at Saltley, near 
years count for something, even in the life of a great | Birmingham, was transferred to Wolverton, and 
railway company, and they have left their mark|from then until 1877 the locomotive work was 
upon Wolverton, a mark that to the great majority | gradually, in three distinct instalments, pushed out, 
of people conveys no meaning, in that the history of | and was taken to Crewe. The carriage department 
the place is unknown to them. This being so, it may | was put on its own footing about 1860, when Mr. 
be of interest, before we describe the modern works | Bore was appointed carriage superintendent at 




















Fic. 10, Moror anp Startinc Switch; Group 
DRivine, 


number employed is about 4500 in the carriage 
department alone, the locomotive department hav- 
ing been taken to Crewe. During the time that 
the two departments were stationed at Wolverton 
together, up to 1865 the locomotives were in the 
hands of Mr. MacConnell; then came Mr. Peet, 
and after him Mr. Mumford and Mr. Kampf. 

On this page we give a general plan (Fig. 1) of 
the works as they at present appear. From this 
it will be seen that the shops extend roughly in 
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the form of the letter L. The part of the works | from the left, are generator panels ; then come six lea ee 
with which we are at present more particularly | feeder panels, one recording ammeter panel, and THE pai ig NAVAL 


interested is that which has been recently con- 
structed, for it has all been designed and laid out on 
modern lines by Mr. C. A. Park, the present 
carriage superintendent, and all the different shops 
are electrically driven. They are well arranged for 
carrying out the highest class of work economic- 
ally. The arrangement of the electric power station 
will be seen on reference to Figs. 2, 3, 4, and 5, 
yage 457. The following shops are driven from it:— 

he saw-mill, the carpenters’ shop, the smiths’ 
shop, the fitting and turning shop, the bogie and 
underframe shop, the parcel-cart shop, the wheel 
and axle shop, the crane-lifting shops, and the 
finishing- shops. Of these the lifting-shop, the 
wheel and axle shop, the carriage-repairing shop, 
and the finishing-shops have been built within the 
last five or six years; the paint-shop is also new, 
though no power is required in it. 

Commencing with the boiler-house, an internal 
view of which is given in Fig. 6, page 453, it will 
be seen that there are four boilers in all, two of 
which are rather larger in diameter than the others. 
The two larger ones are 30 ft. long by 8 ft. 6 in. in 
diameter, and the two small ones are 30 ft. long by 
7 ft. 6 in. in diameter. They are worked at a pres- 
sure of 180 lb. per square inch, and the two larger 
ones are fitted with Musgrave superheaters, in 
which the steam is heated to 460 deg. Fahr. At the 
back of the boilers there is a Green economiser, 
containing 448 pipes, the scraper gear of which is 
driven by a 4-horse-power motor. The boilers and 
pipes are lagged with Keenan’s patent non-conduct- 
ing composition, which is coloured and varnished. 
Two Weir feed-pumps, 5} in. by 7$in., with a 
stroke of 15 in., are used. 

Owing to the fact that the ordinary water is very 
hard, a Stanhope water-softening apparatus is em- 
ployed. As will be seen by the illustration, the 
boilers are automatically stoked, small slack being 
used as fuel. The coal is brought to the power 
station in bottom-hopper trucks, and is dropped 
into the coal-bunkers. From there it is taken by 
a Bennis chain conveyor, and carried along a trough 
over the hoppers, into which it is discharged through 
shoots. The ashes are taken away by a similar chain 
conveyor, and delivered into a wagon by means of a 
Bennis ash-hoist. The automatic stokers are also 
of the Bennis pattern, with hollow fire-bars, and 
steam forced-draught is employed. A Bennis patent 
automatic steam-regulator is also used, which, by 
means of a diaphragm in connection with the steam- 
pipe, controls the damper gear, and so regulates 
the steam pressure, which is 160 lb. per square inch 
at the engine stop-valve. 

A view of the engine-room is shown in Fig. 7, 
page 468, from which a good idea of the general 
arrangement may be obtained. There are two 
Belliss and Morcom triple-expansion condensing- 
engines, of 290 brake horse-power each, which 
run at 420 revolutions per minute. They are 
direct-coupled to two 200-kilowatt six-pole West- 
inghouse compound - wound generators, which 
supply current at 250 volts pressure. There are 
also two Belliss and Morcom triple - expansion 
condensing engines of 580 brake- horse-power each, 
which run at 360 revolutions per minute, and one 
Bumstead and Chandler engine ; the two former 
being coupled direct to two 400-kilowatt 8-pole 
compound - wound Westinghouse generators, and 
the latter to a 430-kilowatt Lancashire Dynamo 
and Motor Company’s compound-wound generator ; 
this machine being used for lighting the yard 
and any shops that might be working at night time. 
It can also be used for driving machines during 
holiday times. All the dynamos have a voltage 
of 250. 

The condenser pit, which may be seen in Fig. 8, 
contains two Admiralty-pattern Wheeler surface 
condensers, which have 1400 square feet of cool- 
ing surface. There is an oil-separator by Messrs. 
Craven Brothers, of Manchester, and a Lanca- 
shire Dynamo and Motor Company’s 1-horse-power 
motor-driven oil-pump. The steam-pipes are lagged 
with silicate cotton, under blued Russian iron 
casing, and the joints are covered with nickel-plated 
bands. This work was done by Messrs. Jones 
and Horsfield, of Manchester. The floor of the 


engine-room is covered with red tiles with an orna- 
mental bordering round the walls and engine beds. 
This forms a very neat and pleasing finish to the 
whole. 

The switchboard has 13 panels, and is shown in 
Fig. 8, page 468, The first five panels, counting 





one blank panel. The power and lighting currents 
are at present taken off the same bus-bars. The 
panels are composed of Italian marble. Each gene- 
rator has a recording ammeter and a wattmeter. 
The bus-bars are of aluminium, and the cables are 
painted red, blue, and black, to represent posi- 
tive, negative, and equaliser currents respectively. 
Opening out of the engine-room is the switch- 
board attendant’s office, and a small stores contain- 
ing oil, filters, &c. The engine-room has a 6-ton 
hand-driven overhead travelling crane by Messrs. 
Craven Brothers, and also a Blackman motor-driven 
fan for ventilation. 

The yard is lighted during working hours by 
means of arc lamps fixed upon posts, which posts 
also carry two incandescent lamps each, the latter 
for use in the night time, after work-hours, in order 
to enable the workmen to find their way about. The 
general lighting of the shops is by means of are 
lamps; in a few of the shops inverted arcs are 
used, but as a rule the ordinary pattern is found 
to give a better light. In the painting and repair 
shops incandescents only are used, pitched at 15 ft. 
centres. Incandescents are also used over the vices 
and benches, and one to each machine. There isa 
distribution board in each shop. 

The machinery in the various shops is motor- 
driven, but in the majority of cases the motors 
drive the shafting in sections, in order to save 
having a large stock of spare armatures ; these 
motors are usually of 10 or 20 horse-power. In the 
case of the larger machines, and of most of those in 
the saw-mill, there is a motor on each machine. The 
usual methods of driving when shafting is employed 
are clearly shown in Figs. 9 and 10, pages 456 and 
453; in the latter case the motors are placed on a 
platform about the level of the countershafting. 
The platform is provided with a ladder, so that the 
motor can be easily got at for purposes of cleaning 
and lubrication. 

Electric traversers by Messrs. Craven Brothers 
are used in the shops, and these have overhead 
trolley feed. The winch gear is put in by means 
of a clutch, and one lever works the traverse and 
winch gear. The overhead cranes are all elec- 
tric, and are of the three-motor type. They were 
supplied by Messrs. Craven Brothers, and are 
shown in Fig. 11, which is a view of the lifting- 
shop. In addition to electric power, hydraulic and 
pneumatic tools are largely employed in the works, 
the pneumatic being in the majority. Pneumatic 
hammers are used in the underframe and bogie- 
shops, pneumatic spanners and bolt-cutters in 
the wheel-shop, and pneumatic drills and saws 
largely in the body and repair-shop. Some of the 
lighter hoists are also of the pneumatic type, and 
a large number of 1-ton and 30-cwt. air- lifts 
are used in connection with the machines. Port- 
able pneumatic jacks are also used in the lifting, 
repair, and body shops. 

In the smithy there are four batteries of drop- 
hammers supplied by Messrs. Brett and Co., of 
Coventry, and these range from 8 ewt. to 20 cwt. 
The brakework, draw-gear, and much of the work 
in connection with the underframes is forged under 
these hammers. Fig. 13 is a view of the inside of 
the saw-mill. 

A good deal of electric welding is done in these 
works, the current being supplied by a generator 
separately excited The generator is driven by 
a belt from an Alley and MacLellan high-speed 
engine. The transformer is placed underneath the 
welder itself, which latter is on Thompson’s system ; 
the electric welder may be seen in Fig. 12. 

In large works like those we have just described 
it is of great importance that some efficient means 
of cleaning the carriage cushions should be adopted. 
This is very thoroughly done by means of a vacuum 
cleaner, supplied by the British Vacuum Cleaner 
Company. It is driven by a continuous-current 
motor, and is practically an air-pump with two 
suction hoses which have nozzles at the end. 
When these latter are passed over a cushion or 
carpet, all the dust is sucked out into a receiver, 
which can be emptied at intervals. To anyone 
who has not seen this apparatus in action, the 
amount of dirt and dust that one of these machines 
will extract from a cushion appears almost im- 
possible. 








WInnIPEG.— Winnipeg has now a population of 77,304. 
bene total shows an increase of 13,774 as compared with 





In our last issue we gave an account of the earlier 
part of the proceedings at the late meeting of the 
Institution of Naval Architects, which commenced 
on Wednesday morning, March 23, and was con. 
tinued through the two following days, and we now 
continue our report. 


MERCHANT CRUISERS AND STEAMSHIP Supsipigg 


Following Sir Edward Reed’s paper on the battle- 
ships Triumph and Swiftsure, a contribution by 
Lord Brassey on ‘‘ Merchant Cruisers and Steam. 
ship Subsidies” was read. This paper we print in 
full in our present issue. 

Professor Biles was the firstspeaker. He pointed 
out that the paper was a natural sequel to that read 
by the author in Glasgow, which resulted in the 
formation of an Admiralty Committee to consider 
the question of mercantile auxiliaries. The speaker 
was appointed a member of that Committee, the 
reference for which was confined to high - speed 
vessels, and an attempt was made to relate speed to 
subsidy. He had put a rider to the report, and con- 
sidered that the Committee had not interpreted the 
reference as widely as might have been done ; other 
vessels, having speeds short of the highest, such as 
16 to 20 knots, might, he thought, have been taken 
into consideration. He assumed that Lord Brassey 
had such vessels in his mind when he said that the 
fast line of communication was of imperial import- 
ance ; that, the speaker thought, was the key to the 
situation. The other view was that vessels which 
could maintain communication on our ocean routes 
would be able to act as scouts. The question arose 
as to what constituted a scout. Any vessel built 
for the Navy at present as a scout might be taken 
as useless for mercantile purposes; but it by no 
means followed that ships built for mercantile uses 
would be unserviceableas scouts. In 1894 he had read 
a paper at Southampton, in which he endeavoured 
to show that vessels which would be useful for 
earning money could be so built as to be of service 
in warfare. He had there indicated a system by 
which protection could be put on to mercantile 
ships for warlike purposes. [(See ENGINEERING, 
vol. lviii., page 402.) It will be remembered that 
Professor Biles proposed constructing the sides of 
vessels with recesses which could be filled with 
wood in time of peace, but would take armour- 
plates when needed for warlike purposes, coal 
bunkers being placed at the sides for increase of 
protection.] He would point out that if vessels 
of the very highest speed were needed, it would 
not be possible to carry portable armour ; ships of 
this nature were not used for cargo purposes, the 
whole displacement being required for the speed, 
and so there would be no margin for the addi- 
tional weight of armour. It would not be difficult, 
however, to translate ships of 18 to 20 knots, which 
carried cargo, into armoured cruisers. Lord 
Brassey had addressed to members of the Institu- 
tion two questions: ‘‘Is it possible to build ocean 
liners able to carry portable armour, and fitted 
with additional bulkheads, without increasing the 
cost unduly, or impairing efficiency for peace 
service? Is it possible to look for reduction in the 
cost of cruisers specially designed as vessels of 
war?” The problem of cost had been referred to 
in his paper. He would answer Lord Brassey by 
saying that what he asked was possible, and he 
thought that subsidies to meet the case on the lines 
which were referred to were desirable. The 
Government would be quite justified in paying 
such subsidies, in view of the advantages to be 
obtained. 

Admiral Sir Digby Morant pointed out that 
probably in war time most of the ships that 
were. now subsidised would be required to keep 
open the communications with foreign countries, 
and, therefore, they would not be available for 
scouts. These fast liners only carried coal for 
about six days at their highest speed, and 
there was no part of the displacement devoted to 
cargo which could give place to coal. He thought 
there would be very great difficulties in making a 
ship, fit for ordinary mercantile duties, suitable for 
portable armour. Some years ago he was ordered 
to fit out certain merchant ships for naval purposes. 
He provided protection by an arrangement of the 
coal bunkers, but in those times there were not 
in existence the fast cruisers we now have. That 
defect had been remedied, and we now had war- 
ships that were capable of very high speeds, and 
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special scouts were being built. Under these cir- 

cumstances he doubted whether any advantage 

would be obtained by taking mercantile vessels as 
additional cruisers for the Fleet. For war purposes 
no ship without protective armour could live 

a fight. 

ee al Fitzgerald was also one of the members 
of the Committee which had sprung out of Lord 
Brassey's paper, and his opinion was that ships fit 
for scouting purposes would not be suitable for mer- 
cantile work ; it would be far better to build ships 
specially for the purpose. It is true Lord Charles 
Beresford had said that no ship would form a better 
scout than an ocean greyhound, but at that time 
the fast ships we now have did not exist. There 
seemed to be some misapprehension as to what 
were scouting duties, and he would point out that 
it was only necessary for these vessels to go out and 
bring back news to the fleet, having sufficient 
armament to fight destroyers, or other ships smaller 
and faster than themselves. He considered the 
second-class cruisers of no use. He did not believe 
that the system of having portable armour was one 
that could be relied upon, as it would take a long 
time to put on the plates. The armour would be 
kept on shore, and at the outbreak of war it 
might not be near the ship for which it was in- 
tended. The introduction of wireless telegraphy had 
rendered it less necessary that there should be a 
large number of scouts, and it would be noticed 
that in Far Eastern waters the Japanese were 
working without scouts. On the whole, he thought 
it would be better to spend money on building 
cruisers than on subsidising merchant vessels. 

Admiral Sir Edward Freemantle did not entirely 
avree with some of his brother officers, but was 
inclined to take the side of Lord Charles Beresford. 
He considered no other ship so good as an ocean 
greyhound for scouting purposes. If Admiral 
Fitzgerald could get one of the scouts across the 
Atlantic and back again at full speed, then it might 
not be necessary to have recourse to these fast 
liners ; but he thought that could hardly be done. 
Supposing the Fleet were in the West Indies when 
war was declared, would it be possible for it to get 
back at 18 knots the whole way? Those who 
thought such a thing possible would do well to look 
at the report of the last manceuvres. The gallant 
Admiral did not appear to think favourably of the 
armoured cruisers. He pointed out that some 
years ago we were not building any, but now we 
appeared to have got them on the brain. He 
agreed with Lord Charles Beresford that if he were 
in command in the Atlantic, and wanted to send to 
the West Indies, he would have grave doubt if a 
cruiser could make the voyage satisfactorily ; but 
if he had such a vessel as the Campania, he would 
have confidence that she would make the voyage at 
21 knots. The man-of-war could not keep up the 
speed attained on the measured mile within 3 or 
4knots for a 1000 miles’ run. He would there- 
fore have ocean liners as long-distance scouts. 
He was not in favour, however, of arranging vessels 
for taking the armour in the way suggested by Pro- 
fessor Biles ; these portable arrangements did not 
work well. He remembered one case—that of the 
Shannon—in which the vessel had an adjustable 
ram which could be shipped or unshipped in times 
of peace or war. 

Professor Biles, referring to what had been said 
by the last speaker, thought that the discussion 
should not close without it being pointed out that 
vessels of the length of scouts should not be expected 
to cross the Atlantic at 20 knots. The Deutsch- 
land was 680 ft. long, and made a speed of 23} 
knots. It would be necessary to have a vessel at 
least 500 ft. long to make 20 knots continuously 
at sea. 

Lord Brassey, in replying to the discussion, said 
that the position of this country was perfectly 
plain. We had reached a scale of expenditure for 
the Navy which wasenormous. The last Estimates 
gave a total of not far from 37 million sterling, of 
which over 18 millions were in the shipbuilding 
vote. Yet it was not possible to cut down the ex- 
penditure on battleships, and the money devoted 
to armoured cruisers was not excessive. 
remained that we wanted more scouts. 


limit to the possibility of taxation, 


the reason he had offered a suggestion to make use| Scotch friends on the Clyde, but they had there a 
of auxiliary vessels in war time, 


The meeting was then adjourned until the next 
day. 

THE ANNUAL DINNER. 

On the evening of Wednesday, March 23, the 
annual dinner was held at the Hotel Cecil, the Pre- 
sident, Lord Glasgow, taking the chair. Among the 
guests were Lord Kelvin, Lord Inverclyde, Lord 
Brassey, Admiral Melville, Mr. J. H. Wicksteed, 
and Mr. G. C. V. Holmes. There were also present 
a large number of the vice-presidents and members of 
Council of the Institution, besides a large company 


private friends. Toasts of the usual character were 
proposed and duly responded to. Lord Inverclyde, 
in replying for the mercantile marine, pointed out 
that the shipping interests of this country were 
layge and very important. Nevertheless, there 
was at the present time a spirit of unrest, owing to 
the great competition among shipowners themselves. 
Beyond this, they were face to face with the com- 
petition which emanated from abroad, for every 
nation was now coming into the field, and striving 
more and more to take from us the carrying trade 
of the country. He questioned whether ship- 
owners would be able in future to keep pace with 
the changes that were going on in the mercantile 
marine. They recognised the very great service 
which naval architects were rendering to the ship- 





ping trade, but he could not help feeling sometimes 
that naval architects were leading them on at a 
greater rate than they were willing to go, for they 
were obliged to cast aside some of their best ships, 
as the naval architects wanted them to build better 
ones. Shipowners did not want ship-designers to 
go too fast. We wou!d venture to point out that if 
Lord Inverclyde could persuade the naval architects 
and shipowners of foreign countries to curb their 
inventive ingenuity and enterprise, it might be 
desirable to follow his suggestions; but so long as 
the competition between this country and abroad 
remains, we must progress, or abandon this field of 
industrial enterprise to others. 


AN EXPERIMENTAL TANK FOR RESEARCH WorK. 


On the second day of the meeting, Thursday, 
March 24, the members assembled in the room of 
the Society of Arts at 12 o’clock, Lord Glasgow 
again occupying the chair. The first paper taken 
was a contribution by Sir William H. White, and 
was on ‘*The Establishment of an Experimental 
Tank for Research Work on Fluid Resistance.” 
This paper we print in full on another page. 

Sir William White, at the conclusion of the reading 
of the paper, stated that Dr. Glazebrook had furnished 
him with a copy of the cost and maintenance of an 
experimental tank for research work on the lines 
suggested. For the construction and equipment of 
the tank the cost would be 15,0001., whilst the charge 
for maintenance, including the salary of a superin- 
tendent, would be about 1500]. a year. He would 
add that it would be of the very greatest advantage 
if shipowners would associate themselves with the 
undertaking. 

Mr. A. F. Yarrow was the first speaker. He felt 
that all would agree that Sir William White’s argu- 
ments were conclusive, and he thought it would bea 
disgrace to the shipbuilders and shipowners of this 
country if they did not come forward with funds for 
the construction and equipment of this tank, which 
was eminently necessary if we were to maintain our 
supremacy in shipbuilding. In no class of vessel was 
the need for scientific investigation more apparent 
than in the torpedo flotilla, more especially in 
regard to the action of screws of different shape 
and construction. He thought that every firm 
that had been engaged in the building of torpedo 
boats and destroyers had a very large stock of 
manganese-bronze propellers which they had tried 
and abandoned, and which could be sold very 
cheap indeed. Although there were books dealing 
with the scientific aspect of naval construction, that 
was not suflicient ; their study should go hand in 
hand with tank experiments. He could confirm 
what the author had said about the depth of water 
and resistances to propulsion, for he had had his 
attention called to the fact ina very expensive way. 





It yet! 
, Admiral | 
Fitzgerald said: ‘‘ Build more of these vessels” ; | this was quite exceptional ; and they found that on 
but that would mean an increase of expenditure | the Maplin mile, which was comparatively shallow, 
which it was difficult to contemplate. We were all|it was impossible to get the highest speed that a 
ready to vote large appropriations, but there was a| destroyer was capable of attaining. He did not 
and that was | wish to express any envious views in regard to his 





On some occasions they had got better results from 
the same boat in shallow than in deep water, but 


consisting of the general body of members and their | P 


He thought that the Admiralty should take steps 
to see that all vessels were tried under equal con- 
ditions in regard to this question of depth of water. 
He did not mean to say that a measured mile of 
sufficient depth should be dredged out off the 
Maplin sands, but he thought something should be 
done to equalise the conditions. As an example 
of this feature, he would mention that with one 
boat he had tried, at one state of the tide, when 
the water was 8} fathoms deep, the highest 
speed attained was 21.3 knots, with 6200 horse- 
ower. When the tide had risen 6ft., giving 
9} fathoms, the speed reached, under the same 
conditions, was 22 knots. This increase in speed 
of seven-tenths of a knot was entirely due to the 
additional 6 ft. depth of water. On another 
occasion they had tried a boat on the Maplin mile 
with 10 fathoms of water, and had made 24.6 
knots ; on the new Dover course, where there were 
16 fathoms of water, with the same boat, running 
under the same conditions, the speed was 25.2 
knots. He could quote other figures, but these 
were sufticient to show the immense importance of 
depth upon the performance of boats, and the 
matter was specially important in connection with 
the subject under discussion; because if some years 
ago research had been made, and experimental 
data had been secured, the Thames contractors 
would not have lain under the great disadvantage 
that they did on account of the shallowness of the 
measured course used by them. He felt sure that 
funds would come in; if they did not, it would 
show that the shipbuilders and shipowners of this 
country were not what they once were. He would 
therefore ask that steps be taken to carry out Sir 
William White’s recommendation in lieu of the pro- 
posal that had been put forward at a previous 
meeting. 

Lord Glasgow asked for a seconder for the motion, 
and Dr. F. Elgar rose in response. The motion 
was then put to the meeting, and carried unani- 
mously, that a committee be formed in accordance 
with the terms of the motion. 

Admiral Melville, late Engineer-in-Chief to the 
United States Navy, continued the discussion on 
Sir William White’s paper. He said he was 
delighted to testify to the great benefit that had 
been derived at Washington by the use of the tank 
there erected. It had cost four or five times as much 
money as the figure mentioned by Sir William 
White, and was well worth it. It was not only 
used for warships, but the shipbuilders of the 
country were able to send models to be tested. 
Unfortunately, the tank was not big enough to 
carry On one-tenth of the work that was required 
from it. It was not customary to charge: for the 
use of the tank, the shipbuilders having to pay only 
for the labour of the men employed, no time being 
charged for the officers. He did not see why there 
should not be a tank in every shipbuilding centre, 
because he was confident that the fees would pay 
for its support. 

Dr. Glazebrook said that Sir William White 
had put the subject so clearly and fully in his 
paper that very little remained to be said. The 
members of the Institution were well able to esti- 
mate the value and importance of the work that 
could be done by the experimental tank, whilst 
Admiral Melville and Mr. Yarrow had just told 
them of the value of the experience gained. Pro- 
blems of this nature fell well within the work that 
was to be done at Bushy, and what could be done 
they were glad to offer. At the experimental labora- 
tory there was an admirable site, with ample room 
for a tank of the larger size. The ground was level 
and solid, and the cost of construction would be as 
small as it could be anywhere. Those engaged on 
the tank experiments would have the advantage 
of all the resources of the Laboratory, and would 
be able to discuss with its various committees, en- 
gaged in scientific investigations, questions that 
might bear on the problems to be worked out. The 
Institution of Naval Architects was represented 
by Dr. Elgar, Mr. Yarrow, and Mr. Thornycroft. 
Other engineering research work was being con- 
ducted ; for instance, they were investigating the 
effect of wind pressure on surfaces, which was a 
matter of some importance; and in this way 
opportunities would be given of discussion with 
different people, the problems involved being looked 
at from various standpoints. It was hardly neces- 
sary to discuss the advisability of making the tank 
chiefly one for research work. The author of the 
paper had pointed out the advantage of engineering 





very fine measured course of splendidly deep water, 





industry having its roots in science, and he thought 
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that at Bushy that end would be secured. Lord | was to use a tank for the training of pupils, and | 
Inverclyde had pointed out how the finance of the | also for experimental work for builders. There | 
shipowner was affected by spending large sums of | was, however, to be in Japan another tank, for | 
money in improving ships. Perhaps they could | the Navy, if the proposals then under consideration 
persuade shipowners that the money spent would | were carried out; but the matter was not quite 
be of greater advantage to themselves if the prob- | settled ; he hoped, however, that that tank would 
lems were solved beforehand by scientific investi- 


be built in the course of a few years. Possibly 
gation, rather than by the enormously costly process! what he had said would show to English people 
of feeling their way by trial and error with the 


how their friends in Japan believed in the utility 
huge ships which now traversed the ocean. The! of scientific investigation for these subjects. He 
Laboratory had been established for purposes of! thought that the establishment of the tank at 
giving scientific knowledge to those engaged in| Bushy on the lines proposed would be a great thing 
industry ; and if the shipowning and shipbuilding | for this country, and it would be of much interest 
community would put into their hands an instru- | to his countrymen also, as many of the ships which 
ment by which they could make investigations, he| were owned by the Imperial Japanese Navy had 
was sure the reward would be a rich one, and the} been built in this country, and many more, doubt- 
advantage to the nation would be great. | less, would be constructed in the future. 

Sir Nathaniel Barnaby said that he had been} Sir Edward Reed said that the paper the meeting 
working with Dr. Elgar, Mr. Froude, Mr. Yarrow, | had just heard was one of the best examples of the 
and others, with a view to getting a tank built.| great services which Sir William White had 
At Glasgow they had tried to establish one at the| rendered to the Institution. The author kad sug- 
University, and it had seemed desirable that| gested that the shipowner should be interested in 
builders should have their models tested, and in| the matter. He remembered that when he pro- 
that way, by the fees they would pay, contribute; posed that they should assist the late Mr. William 
to the cost of the tank. It was, however, probably | Froude in the great work he was carrying out at 
the right solution of the problem to have a tank| Torquay, there was much opposition at the Admi- 
for research purposes solely, and he was glad to! ralty. He had then pointed out that it was the 
support the motion of Mr. Yarrow, that the pro- owner, who used the ships and paid for them, that 
posed tank should be specially devoted to research | would benefit by improvements in construction, and 


work at Bushy. |he had managed to bring this view home to the 
Board. The same thing might be said in regard to 
the private owner. He had further stated, in sup- 
port of his proposal that Mr. Froude’s work should 
be taken up, that it was strange that he should be 
employed to design ships and do so in ignorance of 
data essential to the satisfactory performance of 
the work. In regard to mercantile vessels, the 
owners of ships were now in the same position that 
the Admiralty was many years ago. It was true 
that there was the tank at Dumbarton, owned by 
Messrs. Denny, and the later one at Clydebank, 
owned by Messrs. John Brown and Co., but there 
was no tank in this country supported by ship- | 
owners. ‘The one now proposed was designed | 
to get out information useful to all engaged in 
shipbuilding. He fully supported the proposal to 
construct this tank at Bushy under the auspices of 
the National Physical Laboratory and the Institu- 
tion of Naval Architects. By it might be organised 
a vast mass of experiments which would be of the 
greatest value to shipowners and shipbuilders alike. 

Professor Biles, referring to the remarks which 
Sir Nathaniel Barnaby had made respecting the 
tank at Glasgow, said that when he was appointed 
to the chair of Naval Architecture at Glasgow 
University the scheme for a co-operative tank 
was brought forward. He saw from the first that 
this tank would be impracticable, for the occasions 
when shipbuilders want models tested are of im- 
mediate importance, and, moreover, the work was 
of such a nature that it could not be placed in the 
hands of students; for the:e reasons, any benefit 
from research in the tank would be done away with. 
The same phase had been gone through recently 
with regard to the proposals for this new tank. 


Mr. R. E. Froude spoke of the pleasant associa- 
tion he had had with Sir William White for many | 
years in the work done for the Admiralty at Haslar. | 
He perfectly agreed that a tank was greatly needed, | 
especially for research, and that it should be kept 
free from all work except of the nature of research. 
He called to mind the struggles that they had had 
at Haslar to fit in the research work with the 
necessary investigations on ships’ models for the 
Royal Navy. They would carry out a small part of 
an investigation, and perhaps by good luck would 
be able to resume the operations and do a little bit 
more in six months ; then the work would have to 
be dropped again. He thought the programme laid 
down by the author in his paper was a suitable one, | 
and he was of opinion that the estimate was reason- | 
able, and would cover the expenditure. He based 
this on his experience at Haslar. 

Herr Carl Busley referred to the experimental 
tanks that existed in Germany. Three of the 
oldest were on a small scale. One was established 
30 years ago, was then enlarged by the Govern- 
ment, and was engaged on research work for 
river steamers. Another was erected at Dresden, 
in connection with the Technical High School, 
and was about as long as the room in which 
the meeting was being held, and about 7 ft. or 
8 ft. broad. This was so arranged that one end 
could be lifted by screws, and in that way a stream 
of water could be made to run through it at a given 
velocity. This tank was used for the study of the 
action of water on bridge piers. At Bremerhaven, the 
North German Lloyd Company had another tank, in | 
which they proved mercantile steamers. There was | 
still another at Berlin, connected with the Technical | 





High School at Charlottenburg, and in five months | There seemed to have been considerable difficulty 
the Admiralty would have another tank, which|in persuading shipowners that a tank in London 
would be open for students carrying on investiga-| would be of sufficient use, but he thought that the 
tions ; this also would be for hydraulic work. The} proposal to have it erected in connection with the 
civic authorities had co-operated in supplying funds | National Physical Laboratory was to be supported. 
for the test station at Hamburg, where problems | There ought to be a tank at each college where 
in hydro-dynamics were dealt with. He wished | naval architecture was a subject, and there should 
every success to the proposal that had been put | be one at the yard of every shipbuilder of im- 
forward, and hoped it would be realised by the help} portance. One thing that had stopped the estab- 
of the shipowners and shipbuilders, and the} lishment of the Glasgow tank was the cost of run- 
registration societies. |ning it, which would have been too serious for 
Captain Matsuo, of the Imperial Japanese Navy, | the University to undertake. That would have to 
spoke of the great advance in the design of ships; be faced in this scheme, and the expenditure 
that was due to the work of the late Mr. William | capitalised would be three or four times the first 
Froude, and his son, Mr. R. E. Froude, now in| cost of the tank. The endowment was the most 
charge of the tank at Haslar. He had had an) serious part of the whole undertaking. 
opportunity of judging of this, as he had| Herr Otto Schlick said that the Bremerhaven 
seen the work done at the tank at Haslar, | tank had proved most useful to the North German 
as well as that at Denny’s and at Clydebank.| Lloyd Company; many experiments had been 
He had also seen the tanks at Washington and! made with models of new steamers, and a great 
Spezia, besides followmg the papers and discussions | deal had been learnt, especially, perhaps, in regard 
that hal been published in connection with this|to the bossing of the shafts—a feature which had 
matter. The result was that he came to the firm | great influence on the resistance of the vessel. In 
conclusion that there was gieat need for a scientific | regard to the other work in Germany which was 
investigation as to the forms of ships and matters of | proposed, he was not at liberty to state anything 
the like character. His naval friends in Japan had at the present time, but perhaps later he might 
a great beliefin establishing a tank in that country, , make a communication to the Institution. ; 
and Professor Purvis was now taking great pains, Mr. Stromeyer pointed out that the insurance 





to bring this enterprise to an issue, as was stated societies were interested in this question. Ship- 
paper. 





in Sir William White's The proposal | builders complained now that prices were cut down, 





and for that reason they did not feel inclined to 
spend money on a tank. But the large shipownin 
companies should help to carry out what would be 
for their mutual benefit. The educational autho. 
rities should also be approached, and would doubt- 
less contribute if allowed to send students to take 
part in the experiments. 

Mr. James Hamilton concurred in all that Sir 
William White had said. Sir Edward Reed and 
Professor Biles had referred to the tank at 
Bushy as for research alone, while Dr. Glazebrook 
had remarked that it would be chiefly for research 
That was a matter that should be clearly under. 
stood. He considered it advisable that the Institu- 
tion should have a tank which should be especially 
for research work ; but there should also be another 
tank to be used for making experiments for firms 
who wanted problems solved, the work, of course 
being confidential. j 

Mr. Philip Watts was glad that the question of 
establishing a tank was making such substantial 
progress, and he cordially supported the proposal. 
He had no doubt that valuable results would be 
obtained ; the programme laid down by Sir William 
White in his paper was excellent, and would supply 
sufficient work to keep the tank going for a number 
of years. It was a matter of great importance who 
should be the superintendent, and he understood 
that Sir William White had someone in view. It 
was very desirable that the superintendent should 
be associated with Haslar, and should keep in touch 
with actual ships’ performances. He thought the 
Admiralty might give permission to the superin- 
tendent to have confidential access to Admiralty 
records of trials. 

Sir John Thornycroft called to mind what the 
late William Froude had said to him in regard to 
experiments on real ships ; he had said that they 
were most valuable, but life was not long enough 
to carry them out. The economical way of making 
experiments was naturally with small models, and 
the process of trying new features in real ships in 
the way that was now done was altogether wrong. 
He had seen the experiments made at Torquay, and 
was aware that Mr. Froude had in view the prepara. 
tion of an apparatus by which trials could be made 
not only in smooth water, but in what would repre- 
sent the real sea. Mr. Froude saw his way to 
imitate the waves of the ocean ; that would be per- 
fectly feasible. The work that would be carried 
out at Bushy would be most valuable and econo- 
mical, and the site was very suitable. 

Dr. Elgar said that there were no means of sub- 
mitting to tests in this country models of suggested 
vessels, and he did not suppose that Sir William 
White proposed to exclude entirely tests of actual 
vessels to be constructed. 

Sir William White, in replying to the discussion, 
said that Froude had proposed model experiments. 
He was opposed by the scientific authorities of the 
country ; but they had had testimony before now 
that problems which shipbuilders considered in- 
soluble had been solved by the use of the tank. 
He thought Mr. Hamilton had misconstrued his 
intention. He had in his mind by the word 
‘*research ”’ something that was not to be applied 
to current designs of ships. There would be no 
bar to any shipbuilder suggesting prvblems 
of novelty for solution. He quite sympathised 
with the suggestion that the establishment should 
deal with many such problems; but it would be im- 
possible to experiment with designs of competing 
firms in one tank. During the last two and a half 
years he had had to study a problem of exceeding 
novelty in regard to the speed of large vessels, as 
no doubt many present knew ; but if it had not 
been for the use of the Admiralty tank he would 
not have been able to arrive at any solution. He 
thought that what was wanted was that someone 
should do for ship-design what the late Mr. Kirkaldy 
had done for the testing of constructive material. 
As to the fear that competing designers would 
obtain information as to each other’s procedure, he 
would state that during the 50 years that Mr. 
Kirkaldy and his son had run their testing establish- 
ment there had not been a single complaint of any 
breach of confidence. He valued very highly the 
sympathetic expressions that had been called 
forth, especially those from friends abroad. In 
regard to the appointment of a superintendent, 
everything depended on the judicious selection of 


those in charge ; but he felt that there would be no 
difficulty in getting the right man, who would work 
under the direction of Dr. Glazebrook and the 
Committee of the Institution. 


What was needed 
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ais a trained expert —a scientific naval architect. 
In regard to finance, the capital that was re- 
quired was 15,000/., as had been stated, and 
the upkeep would be 15001. a year. He would 
point out that a few days ago a great shipowner— 


Sir Donald Currie—had given 100,000/. to the | 
London University. If asingle generous donor like | 


Sir Donald Currie could not be found, surely ship- 
owners and shipbuilders would not shy at the sum 
now asked. He was sure, however, that there 
would be no difficulty about getting the funds if 
shipowners were once convinced of the real utility 
of the tank. In the saving of coal alone, by the 
application of improved models, the money ex- 
ended would be returned over and over again. 
Hle would take coal at 15s.a ton. Two thousand 
tons would represent 15001. In the cruisers of the 
County class they had managed by alterations such 
as would be suggested by tank experiments to save 
15 per cent. on the power required to propel the 
ships at a given speed. He would put the saving, 
however, at 10 per cent., and if 20,000 horse-power 
were exerted for sixty days, it would exactly 
balance the year’s cost of supporting the tank, 
which was 1500/. This single instance would give an 
idea of the enormous possibility of monetary saving 
there was to be obtained by tank experiments. 

Mr. J. Kirkaldy thanked Sir William White for 
the kind references that had been made to the 
work done by his father; and he would like to 
say how very much he was in sympathy with the 
scheme put forward for the establishment of a testing 
tank for ships. If he were not so fully occupied 
in his own work, he would like to have undertaken 
the tank himself on the lines suggested. His father 
had spoken with the greatest pleasure of the late 
Mr. Froude’s work, and especially of the instru- 
ments which he had devised for use at Torquay. 
It might be stated that his father, before starting 
the testing laboratory for constructive materials, 
had intended to devote his attention to such work 
as would be carried out by the tank proposed. 
But business did not go ahead fast enough, and he 
therefore had to turn to the problem of strength 
of materials instead. 


Move. EXveRiMeEN's. 


The next paper taken was a contribution by Mr. 
R. E. Froude, on ‘‘ Some Results of Model Experi- 
ments.” This valuable contribution to the practice 
of ship-design we print in full in our present issue. 
We regret, however, that the appendices are so 
voluminous that we have not space to reproduce 
them, and must refer our readers to the original 
paper in the Transactions of the Institution for the 
tables of offsets, which constitute long columns of 
figures, and for other technical details contained 
in these additions to the paper. The thanks of 
naval architects of all classes are due not only to 
Mr. Froude for the trouble he has taken in making 
these researches known, but to the Lords of the 
Admiralty, who have allowed such important par- 
ticulars to be published. This is a step in the 
direction which, as our readers will remember, we 
have constantly advocated, and we hope that it 
will be taken as an example for the future. If 
for no other reason, it is but fair to professional 
officers of the service that they should have the 
credit of the great deal of arduous research work 
they carry out, which, it must not be forgotten, is 
undertaken at the public expense. 

The first speaker jn the discussion was Mr. Philip 
Watts, to whom, as Director of Naval Construction, 
the thanks of shipbuilders are also largely due for 
Mr. Froude’s paper. He stated that the prepara- 
tion of data which would give the resistance at any 
required speed of a ship of good form and any 
desired size was part of the scheme of work con- 
templated by the late Mr. William Froude in 
building his experimental tank at Torquay. Mr. 
Watts had had the great advantage—for which he 
had to thank Sir Nathaniel Barnaby, who was then 
occupying the chair in the absence of Lord Glasgow 
—of being appointed an assistant to Mr. Froude, a 
post he occupied for several years in the early 
Seventies, almost from the commencement of the 
tank experiments. The nature of the experiments 
which would require to be made for the purpose 
was discussed on several occasions, and he believed 
the accumulation of data for the series of forms 
which had now been given to the Institution, and 
for other series, which he hoped would be given by 


- Froude at no very distant date, was commenced 
about the time he had referred to, or shortly after- 
wards. The information contained in Mr. Froude’s 


| paper was used at the Admiralty, and by others 
|who had the details, for determining the best 
' dimensions of a ship to fulfil the required conditions 
as to speed, and in determining the horse-power 
necessary for any given speed. The alternative 
method of obtaining these particulars was, as was 
well known, by means of Admiralty coefficients ; 
but the information thus obtained was not so com- 
plete, and could not be so directly obtained. The 
forms illustrated in the paper were all good forms 
for speed, and if, as would very often happen, the 
other requirements of the design made it impossible 
to approach any of these ships very closely, suitable 
allowances would have to be made. Forevery new 
design prepared at the Admiralty, a model was 
finally made and run at the experimental tank ; 
but we were so well informed by Mr. Froude that 
the departures recommended by him were, as a 
rule, not great. The results obtained from the tables 
gave effective, and not indicated, horse-power, and 
it would be necessary to select a proper propulsive 
coefticient for transforming the former into the 
latter. The value of that coefficient must be deter- 
mined from ships of generally similar type, already 
completed and tried on the measured mile. The 
coefficient would, of course, mainly depend on 
screw and engine efficiencies. Mr. Watts was sure 
that the data would prove of very great use to the 
members of the Institution, and it would provide a 
means of comparing other tank-work with that done 
at the Admiralty tank, and also for adjusting differ- 
ences due to surface friction, viscosity of the water, 
and other points of this nature. 

Sir William White was sure that all would agree 
that the paper needed close study. Those who, 
like Mr. Watts and himself, were familiar with the 
procedure at Haslar, would be able to grasp the 
bearing of the information put forward, whilst to 
others it would not be so immediately plain. The 
results recorded belonged to the Haslar experi- 
ments, and were entirely the work of Mr. Froude, 
and Sir William would testify to the immense im- 
portance on the design of ships exercised by the 
work done at the experimental tank. By means 
of the investigations there made, practical certainty 
was arrived at, and it was necessary before new 
designs were attempted that such investigations 
should take place. Formerly, naval architects tried 
to arrive at a form of least resistance ; but that was 
an impossible task, as the conditions that had to be 
met by a ship at sea were so various in regard to 
trim, stability, and other matters. The latter 
element—stability—-played a very important part, 
that was, perhaps, not well understood outside the 
domain of warship-designers. The paper would 
form an excellent example of the class of work to 
which the speaker had referred in his paper last 
read. The author dealt with ship work, but if de- 
signers could obtain further data on the mechanical 
features of ships, they would have a much easier 
task than at present. The experimental tank, how- 
ever, formed one great example of the use of re- 
search work for practical and industrial purposes, 
and it afforded also examples of the way in which 
the practical designer could be associated with the 
skilled scientific experimentalist. Although Mr. 
Froude’s paper might not be grasped at once, it 
was worthy of the most careful study, and would 
prove of immense value in time to come. 

Sir Edward Reed said that in the paper effective 
horse-power was referred to; it would be well if 
some information could be given as to the relation 
of the proportion which effective horse-power bore 
to indicated horse-power. 

Professor Biles wished to follow up what Sir 
William White had said as to the remarkable example 
afforded by the paper of the eifect of tank work. 
The Haslar tank had been established for a great 
many years, and how long it had taken to get to- 
gether the data contained in the paper he was not 
sure ; but if it took so many years to produce this 
single result with a single tank, it might be cen- 
turies before investigators were able to arrive at 
wider solutions; for that reason it was necessary 
that several tanks should be established. 

Mr. Alexander had been engaged in the design- 
ing department of two large shipbuilding firms, and 
in that capacity these problems were constantly 
coming before him. The body plans given in the 
paper would form a most useful basis of informa- 
tion, as the elements represented came forward. 
If he had had the information for much of the 
work upon which he had been engaged, it would 
have simplified the operations to a great extent, 
and a vast de:il of labour would have been saved. 








Most of the merchant vessels designed had a fuller 
prismatic coefticient than that of 0.6, given. He 
looked on the length of the parallel body as an un- 
desirable element, and in attaining such speeds as 
those indicated, much depended on this feature. 

Mr. Froude, in replying to the discussion, said, 
referring to the statemant of Mr. Watts, that 
almost the first experiments made at Torquay by 
his father were of the nature of those contained in 
the paper. When the establishment was started, 
it was not known what was to be obtained, or what 
would be required. But the earlier investigations 
led up to those which were described, and had a 
valuable influence as showing the line of improve- 
ment which might be pursued. In regard to the 
use made of the data, if they were supplied at the 
tank with the performance that was needed for any 
given design of ship under certain conditions, by 
the aid of these curves it was possible in an hour 
or two to get out a fair approximation, perhaps 
within about 1 per cent. of accuracy of what was 
required. Sir William White had well put forward 
the desirability of not banishing from tank experi- 
ments. shipbuilders’ work. The ratio of indicated 
horse-power to effective horse-power was taken 
roundly, for practical purposes, as 2 to 1. It 
seemed to be considered that the instances given 
were applicable to warships only ; but he considered 
this too restricted an interpretation to put upon 
the designs, for they would apply to any ships 
within the prismatic coefficients given, such as 
Channel steamers, &c. 

Sir Nathaniel Barnaby, in summing up the dis- 
cussion, said that it was fortunate for the meeting 
that there had been two or three illuminating 
speakers ; otherwise members present might not, 
perhaps, have been able to follow the subject. 


HeEELING AND Ro.iine or SHIPs. 


A paper by Professor A. Scribanti, of the Royal 
Italian Naval Reserve, was the next on the list. 
The author was not present, and as the paper was 
of some length and contained a great mass of 
mathematical formule that would not, perhaps, 
have been immediately grasped by the members 
present, Professor Biles gave a brief summary of 
its contents. In doing so, he commended it to the 
attention of all interested in the subject as a very 
elegant piece of work. There was no discussion on 
this paper. The sitting was then adjourned until 
the evening. 

Gyroscopic Errect on Boarp Suir. 

The first paper taken at the evening wieeting of 
Thursday, March 24, was by Mr. Otto Schlick, and 
was on ‘The Gyroscopic Effect of Flywheels on 
Board Ship.” The paper was read by the Secretary, 
and was afterwards illustrated by the author by 
experiments with models of vessels in a tank which 
had been placed in the theatre for the purpose, in 
which the effect of the gyroscope in reducing 
oscillation was well illustrated. This paper we 
print in full in our present issue. 

Mr. A. E. Seaton opened the discussion. He 
said that 21 years ago he was associated with Sir 
Edward Reed in the design and construction of the 
Bessemer saloon, which was to be established on 
board a steamer with a view of giving a steady 
chamber, which would be kept in a horizontal 
position by means of the gyroscope, and thus get 
over the evils of sea-sickness. It was originally 
intended that the chamber should be controlled by 
hand, but someone had come along and mentioned 
the word ‘‘gyroscope” to Sir Henry Bessemer. Mr. 
Macfarlane Gray had heard of this, and by means 
of communications to the Press had shown the im- 
possibility of the whole thing. The application 
which Mr. Schlick proposed was, of course, of a 
different nature, and it is possible that if there had 
been electric motors in Bessemer’s day, the result of 
his steamer might have been of quite another 
character, and success would have been attained 
instead of failure. The possibilities of Mr. Schlick’s 
invention were very great. The speaker had had 
some experience of the use of large flywheels on 
board ship, in applying them to single-crank en- 
gines which he had constructed some years before. 
Ships fitted with these engines made better voyages 
than those containing the ordinary type of pro- 
pelling machinery ; but the flywheel—no doubt due 
to its gyroscopic action—was very heavy on the 
thrust- shaft. 

Mr. Macfarlane Gray said that 50 years ago in 
Newcastle, at a conversazione of the Literary and 
Philosophical Society, he had seen a 6-in. disc, 
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DETAILS OF 6-HORSE-POWER MOTOR-CAR. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, BIRMINGHAM, AND CRAYFORD, KENT. 
(For Description, see Page 463.) 
o . = S a-------- ¢0%Tracklens --------—-------------—-~---~-- 
a Dl Sa a i aca ccch a I eens Tart gia er 3 
a divine St ee Spring Cen —~------~~-- 
Ri APE nda ies cee -< O10 DE oa 
tt 7% . 
Ke-—-—- g%e- ie ~——~- 9 Vg — ~-14----- 3 Yra--——>4 
| | 
i | 
é y | 
8 8! 
| a % | , 
{| } 
i SONS ia | | 
pa | ye 
 —— a 
Le dsaldeadaddddtdaddd ddddddldddldeatiddedgttxstz’ Ue \ a 
moon ean teeene aap assnsetssay pH l 
ly a eo NB es - \ ii 
ui | | 
F 
| ji 
1 | 
one to which he had given much attention. The 























osesinnesaaioniaest KOK KE KKK (a 
SS Yi, SWS WN S 
= 1@!\ 5 ANS = @..3 
vate me vn, N 

be 











|effect. He thought rather the steadying action of 
| paddle-wheels might be explained by looking on the 
| floats as bilge keels, and it would therefore be a 
| bilge keel effect, and not a gyroscopic effect. Mr. 
1, in. thick, revolving at a great speed. This was | Seaton here stated that the Bessemer saloon steamer 
the gyroscope first produced by Sir William Arm-| was half built before the gyroscope was suggested, 
strong (the late Lord Armstrong). It was a most | and that Bessemer himself lost only 10,0001. by the 
engrossing revelation to him, and he could think of | venture. The matter had passed through his 
nothing else. It seemed to destroy the action of | hands, and therefore he was able to speak with 
gravity. He was enabled to take it in his hand, | authority. 

and the impression it made remained in hismemory| Professor Lambert said he was not competent to 
for years. A long time after that he saw in ENct- | estimate the practical value of the author’s sugges- 


NEERING a proposal for the Bessemer saloon, and | tions, but he would congratulate him on having. 


he wrote a letter to that journal pointing out the | presented the clearest and most concise explana- 
futility of the design. He had been advised as to | tion of the gyroscope that he -had ever heard. It 
the prudence of holding that letter back, as it was | was given in language so plain that any one could 
considered that he might be mistaken. He, how-| follow it with ease. He was himself more in- 
ever, had constructed a model by means of which | terested in the academic side of the question, and 
he showed how a rotating disc might resist er|would draw special attention to the valuable 
not resist the influence brought to bear upon|part of the explanation in which a perfectly 
it to change its plane of rotation. (Mr. Gray | free motion of the gyroscope was referred to, and a 
produced a model by means of which he | third couple generated to damp the original couple. 
illustrated the action.) Sir Henry Bessemer had | Want of knowledge of these effects had led to the 
said that the idea of using the gyroscope had arisen | failure of the vessel which had been referred to. 
through his having bought a top for 6d., and out of | By the author’s paper there was given a very clear 
this 6d. had grown an expenditure of 250,000/. | explanation of the action of the gyroscopic top, 
There would be found in ENGINEERING of Novem- | which would spin on a horizontal axis, in spite of 
ber 1, 1901, a letter from him (the speaker) giving | gravity, whilst precessing round, a third couple 
an explanation, from an engineering point of view, | wiping out the gravity couple. ‘he failure to 
of the action of the gyroscope. Mr. Schlick’s paper | appreciate this action had led to considerable con- 
was quite justified by its scientific interest, and, | fusion of ideas amongst the general public, and the 
theoretically, the speaker agreed with him on the | disaster to the Cobra had been supposed by some to 
question of his calculations ; 650 ft. per second was | be due to the gyroscopic effect ; after Mr. Schlick’s 
equivalent to 400 knots, and that would mean a explanation it was possible to see how this was 
stress on the ring equal to 20 tons per square inch | entirely fallacious. The force effect of the gyro- 
of section, which was a possible stress. He ques- | scope was very small, although Mr. Seaton had 
tioned whether the gyroscopic effect of paddle-wheels | stated how it had affected the working of a shaft. 
had much to do with the action of the ship, as the It was also believed that shafts had given way 
shaft was fixed to the vessel, and therefore no owing to the gyroscopic effect of flywheels in very 
gyroscopic effect would have been exercised by the | fast-running engines ; but, as a matter of fact, the 
wheel in preventing tilting. In the same way, | stresses set up were not severe. 

Bessemer’s disc was fixed and could not move side-| Sir John Thornycroft said that the subject of 


| 
} 


ways, so there, too, there would be no gyroscopic | the author’s paper was of considerable interest, and 








subject was not entirely new, as it had been pre- 
viously worked out as a method of affording great 
resistance to the rolling of a ship. He was not 
prepared to accept Mr. Schlick’s proposition that 
the vessel would not roll to large angles. He 
agreed that more was attributed to gyroscopic 
action than should be; and he pointed out that 
this was often the case in regard to bicycle wheels, 
it being thought that the gyroscopic action pre- 
vented cycles from falling over sideways. It could 
be proved, however, that theoretically a bicycle 
could be ridden without there being any weight on 
the front wheel. He thought the author’s sugges- 
tion was a less direct way of damping the motion 
of a ship than the method he had devised, which, 
in effect, was that the ship had to lift a weight 
opposed to its roll, which weight would slip down 
on the return roll, and had to be lifted again. 

Sir William White suggested that Mr. Macfar- 
lane Gray should prepare an abstract of what he 
had written for ENGINEERING, as an appendix to 
the paper. He was sure that the proprietors of 
that journal would not object to that course. Mr. 
Schlick had consulted him in regard to the paper, 
and he (Sir William) had requested that it should be 
read before the Institution. He was sure members 
would feel that they were under great obligations 
to the author for coming over from Germany for 
the purpose. On the principle that prevention was 
better than cure, it was good to stop the rolling 
motion in very early stages, and the illustrations 
showed that if a wheel of sufficient weight were put 
in, it would be effective ; it would, however, be a 
serious thing on board ship if it broke loose. 

Mr. Schlick, in thanking the meeting for the 
attention given to his paper, said he would send 
his reply in writing, to be published in the Trans- 
actions. He would only emphasise the fact that 
his principal object was to arouse scientific interest 
in the phenomenon. 


Gas anp Ot Eneines ror Marine Propulsion. 

The remaining two papers, read on Thursday 
evening, were discussed together. The first was by 
Mr. J. E. Thornycroft, the title being ‘‘Some 
Advantages of Gas and Oil Engines for Marine 
Purposes.” The second paper was on ‘ Internal- 
Combustion Engines for Propelling Small Vessels, 
the author being Mr. A. F. Evans. This latter 
paper was largely taken up with an account of 





the early internal-combustion engines used for 
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bar to the application of the oil-engine to big 
vessels. 

Mr. J. E. Thornycroft also spoke of the difficulties 
of obtaining the necessary fuel for oil-engines. 
At present, the demand for hydro-carbon oils for 
illuminating purposes was very large, and if big 
ships were to take to using it, there would not be 
enough in the world to go round ; so far as larger 
powers were concerned, solid fuel would be the 
solution. Mr. Seaton had spoken of the difficulty 
of keeping a gas-engine at work, but he would 
state that there had been engines of this type 
running for six months without stopping. (Mr. 
Seaton here interposed, asking for instances, 
which Mr. Thornycroft gave.) Continuing, the 
speaker said that the great question before marine 
engineers, in the application of internal-combustion 
engines for heavy work, was, What form of pro- 
ducer could be used on board ship? He wished 
there had been some discussion on this subject. 
The gas-engine, with producer, had been worked 
with tug-boats on the Continent. 

At the conclusion of this discussion the sitting 
adjourned until the following morning. 


THe SteAM TURBINE FOR MARINE PROPULSION. 


On members assembling on Friday, March 25, 
the last day of the meeting, the first paper taken 
was a contribution by Professor A. Rateau, the 
title being ‘‘ Steam-Turbine Propulsion for Marine 
Purposes.” This paper we shall reproduce in full 
in an early issue. 

Mr. A. F. Yarrow opened the discussion, and 
said that the thanks of the members were due to 
the author for the paper which he had contributed, 
and which contained information of a nature not 
often given. They recognised that in regard to 
the steam turbine, the introduction of the subject 
was due to Mr. Parsons, so far as regarded marine 
propulsion. The torpedo-boat to which the author 
had referred as having been built by his (the 
speaker’s) firm was additionally interesting, as it 
was similar in hull, boilers, and all other equip- 
ment except the engines, to thirty torpedo-boats 
which had been built. It would be possible, 
therefore, to compare its performance accurately, 
and this would give data as to the efficiency 
of the different forms of machinery. His firm had 
also built a yacht for the late Colonel McCalmont, 
which was similar to this vessel, excepting that 
it was fitted with a Parsons turbine. The boat de- 
scribed in the paper was notable, inasmuch as it was 
efficient at slow speed. The reciprocating engine 
and the turbine were both badly off at low power 
in very high-speed vessels; but of the two the 
turbine was worse in this respect: for that reason 
the arrangement by which a reciprocating engine 
could be used at low powers was extremely bene- 
ficial ; moreover, it made a very convenient arrange- 
ment in the engine-room. Another advantage of 
having a reciprocating engine followed from the 
additional security that was obtained. In the 
introduction of a new system of propulsion for 
sea-going vessels, some nervousness might be felt 
as to its trustworthiness. In this case, however, 
there was always an engine of a well-tried type to 
fall back upon, and the engine-room staff would 
thoroughly understand the position. This matter 
was of importance at first, although possibly after 
a time it might not be looked upon as so essential. 
In regard to going astern, a reversing turbine 
involved extra weight and complication ; but with 
the arrangement described by the author it was 
only the reciprocating engine that would be used 
for going astern, and that gave all the power 
that was required. The design simplified the pipe 
arrangement ; and when using the turbine for 
going astern, time was required to alter the valves 
so as to admit steam in the opposite direction. 
With the reciprocating engine the action was much 
more rapid. 

Mr. E. M. Speekman was the next speaker. He 
said that in his extremely interesting paper Pro- 
fessor Rateau had dealt with a large number of 
debatable points with which several of the turbine 
builders might not altogether agree. The author 
had said that there was no need to further insist 
upon the advantages of turbines ; but in view of 
several criticisms which appeared later on in the 
paper, it appeared that these advantages are in 
danger of being undervalued when the respective 
merits of turbines and reciprocating engines for 
marine purposes came to be weighed up. In com- 
menting on lower efficiencies and increased con- 
sumption at low speeds, Professor Rateau had 





| percentage speed and power, were connected by a| power as the turbine at its maximum. 





given two curves which the speaker thought were | speed. Referring to the diagram, the speaker said 
somewhat elusive. As special importance had been | that at 65 per cent. and at full speed the turbine 
attached to the Viper’s trials at low speeds, he had | curve crossed the Seagull’s, whilst it crosses the 
re-drawn the curves to a different scale, and in a/ curves of the Hyacinth and Argonaut at 75 per cent, : 
diagram which he had placed upon the wall, and | although at the former point the consumption of 
which we reproduce below, he had included the | these vessels would be 16 per cent. less than that of 
steam consumption curves taken from the official| the turbine. At 90 per cent. of the full speed it 
records of a torpedo gunboat and two cruisers, | was 10 per cent. more, whilst at the full speed it 
as well as that of a 7000-horse-power turbine of | was about 7 per cent. The speaker had only added 
much lower respective speed than usual. The base | to the diagram the total consumption per hour of 
and vertical scales of this diagram, representing | the Hyacinth, and she was practically of the same 
It wov 

curve varying as V®. This might not be strictly | be seen, therefore, that above 75 per cent. of = 
correct, but it wassufficiently so for the purpose of full speed, and 33 per cent. of the full power, the 
locating the values of the steam consumption at turbine was distinctly more economical. The tur- 
various percentages of the speed. The steam con- | bine to which reference was made was not designed 
sumption of the 7000-horse-power turbine repre- | for special economy at light loads, and the curve 
sented theguaranteed performance of a machine built | he had given could be considerably improved in the 
by the Westinghouse Company at Pittsburgh, and | light of more recent experience. As it stood, how- 
was based on a long series of tests of similar machines. | ever, it formed a very much better comparison 
It compared even less favourably than that given by | with a modern marine engine than Professor 
the author. The revolutions were about 740, which | Rateau seemed to think. In view of the admitted 
enabled a reasonable comparison to be made with | greater economy of turbines at full speed, and of the 
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marine work ; the steam pressure was 170 1b., the advantages in regard to weight, attendance, vibra- 
vacuum 27 in., and the consumption given was tion, and other features, and at the lower position 
easily obtained without superheat. With super- | in the hull of this type of motor, he would be glad 
heat considerable improvement could be effected. | to hear some definite statement fromsome competent 
From the curves given in the paper it was seen that | member of the Institution, whether the extra con- 
Professor Rateau’s reciprocating engine was of | sumption at lowspeedsreally did outweigh the advan- 
great economy throughout a very large range of | tages in other directions ; for himself, he could not 
power. The Admiralty cruisers usually manifest | think that it would. It was certainly a greater con- 
their best economy about 35 to 65 per cent. of their sumption per unit, but the units were only about one- 
full power ; but in the case given by the author | third of the maximum ; and with regard to the total 
the economy was the same at 10 per cent. as it was | consumption at any power above 33 per cent. of 
at full load. He would ask, Was it a marine engine | the total, the turbine should be more economical. 
that the curve represented ? Professor Rateau’s A turbine designed for maximum efficiency at 85 per 
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turbine curve showed, at light loads, the superiority | 
the instance the speaker had given; but between | 
40 and 95 per cent. of full power it was less; a mean 


cent. of the full load would probably compare slightly 
more favourably with the Hyacinth than did the 
curve he had given, this curve being that of a 


of the two should be a good average for most tur- turbine designed for maximum power only. — If a 
bines. As to the comparison between the cruiser’s | turbine of such efficiency—viz., with a maximum 
curve and the 7000 horse-power turbine, he would efficiency at 85 per cent. of the full load—were 
say that no vessel except torpedo craft, and they | adopted, the need fora hybrid arrangement such as 
only rarely, can steam below 33 per cent. of their that advocated in the paper should largely dis- 
full speed, because steerage way could not be main- | appear. The comparison, however, should neces- 








tained. Very few vessels can get below 40 per 
cent.; it was therefore unnecessary to produce 
the curves below this speed. The author stated 
that this increase of consumption is immaterial 
in the case of merchantmen, but it became serious 
for warships at about 12 to 15 knots. Ex- 
cluding torpedo craft, 20 knots could be taken as a 
good mean speed for all larger vessels, such as 
battleships and cruisers; 12 to 15 knots—say 
about 13.5 knots—is about 65 per cent. of that 





| systems. 





sarily be based on an assumed equality in propul- 
sive efficiency for vessels propelled by the two 
The difference in this respect, however, 
would need to be fairly large to vitiate the com- 
parison the speaker had made. In regard to the 
question of reversing, a very small and compara- 
tively weak turbine had previously been fitted for 
this purpose ; good manceuvring could not be ex- 
pected without ample power for working astern, a0 
this disadvantage would largely disappear if a 
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rful astern turbine were fitted. The pro- 
ee eestion was too extensive for the speaker 
discuss in the time allowed ; but he would like 
to add his opinion that elaborate tank trials and 
actual experiments were absolutely essential at the 
resent time in order to solve the question of revo- 
utions. It was a question so vital to the success of 
the steam-turbine that it was barely possible to 
t. The difference in weight of a turbine 
working multiple screws and another working single 
screws Was enormous. He would ask if the ques- 
tion of thrust deduction had been gone into in the 
case of the Yarrow boat, and whether an increase 
or decrease might be expected from the use of mul- 
tiple screws. Professor Rateau’s conclusion as to 
the friction of the disc was so small as to be uninte- 
resting. Experience with the Laval turbine, where, 
though the velocity was much higher, the area was 
much less, had shown that the frictional resistance 
of the wheel might be very great. 

Sir William White said that the frankness of the 
paper merited the thanks of all interested in this 
new form of marine propulsion. ‘I'he author had 
not failed to admit the disadvantages of the system : 
he gave a complete view without prejudice. What 
everyone wanted was fuller information in regard 
to the steam-turbine as applied to marine propul- 
sion. Naval architects would therefore be addi- 
tionally grateful to the author for the trouble he 
had taken, and to Mr. Yarrow for his generosity 
in permitting the results to be published as 
soon as they were obtained. He regretted 
that Mr. Parsons was unable to be present. 
He hoped, however, on a future occasion Mr. 
Parsons would give his views as to the associa- 
tion of the reciprocating engine with the steam- 
turbine. There were certain points which had 
been set forth which would need careful considera- 
tion before being accepted, and the necessary infor- 
mation was not yet forthcoming. It was his view 
that there was no need to accept the economical 
limit of speed at 20 knots; he had come to the 
conclusion that the steam- turbine might be well em- 
ployed for lower speeds if it were so designed; in fact, 
he had been getting out designs for a yacht with tur- 
bine engines which would have an economical speed 
at 12 to 13 knots, the maximum speed being con- 
siderably above that figure. He thought too much 
importance had been placed on the power required 
with the engines reversed, as it was not possible to 
go astern at very high speed. In the case of the 
Viper, a speed of 14 knots was made going astern ; 
this was very high, and as the vessel was not then 
under control, a less proportion of power would 
have been sufficient for the backward motion. In 
regard to stopping, the Queen and other turbine 
vessels had shown a good performance. He had 
travelled on the Turbinia at a speed of 30 knots, 
going down Spithead with boats starting out on every 
side, and the need for reversing machinery had 
not been felt. Reference had been made to the 
time taken by operating steam valves with the tur- 
bine ; but he would point out that to reverse any 
machinery, steam valves would have to be operated. 
The details given by the author as to the working 
of three propellers on three shafts, with the re- 
ciprocating engine driving the centre shaft, were 
extremely interesting. Mr. Parsons had discussed 
such arrangement with the speaker some time ago, 
and had come to the opinion that it was better 
to have the reversing turbine—a conclusion with 
which the speaker was inclined to agree. The re- 
ciprocating engine has to be very carefully balanced ; 
and the feeling he had on the whole was, that if the 
rotary system was to be installed, it would be better 
to stick to it. The diagram which showed the use of 
steam at small percentages of power in the turbine 
and the reciprocating engine, was not in accordance 
with the speaker’s experience. It was a curious 
fact, Sir William White said, that this paper was 
read on the day the public announcement was made 
that the Cunard Company had decided to apply the 
steam-turbine to ships larger than any yet built. 
He was sure he would express the feeling of the 
Institution when he said that the course the 
Cunard Company had adopted was one of great 
liberality and enlightenment, and showed a courage 
in dealing with such a problem that was worthy of 
the best traditions of the country. 

Mr. Campbell Swinton, as ‘a director of the 
Parsons Marine Steam Turbine Company, said 
that no one could regret more than he did the ab- 
sence of Mr. Parsons. He had not been able to 
consult him as to what he should say, and his re- 
marks, therefore, sprang entirely from his own 
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initiative. Professor Rateau seemed to think’ that 
Mr. Parsons had never contemplated running 
reciprocating engines and turbines on different 
shafts in the same vessel. He (Mr. Parsons) had, 
however, patented such an arrangement in 1894, 
but as he had not used it, the speaker concluded 
he thought other methods better. The author 
also seemed to consider that he was the first 
to put the reversing turbine inside the main 
turbine. As a matter of fact, the first engine 
made for the Turbinia had reverse blades inside 
the exhaust cases. That was not the engine that 
was placed in the Turbinia, as it was designed for a 
single screw ; and it was ultimately found that one 
screw would not be enough for the purpose. A 
torpedo-boat 190 ft. long by 18 ft. wide, 1800 
horse- power, had lately been launched by M. 
Normand, and would be tried on the following 
day. 

Mr. James Hamilton endorsed what Sir William 
White had said about the frankness of the paper. 
The author had shown why his turbine was not 
effective at low speeds, and in this regard it 
seemed on a par with the large reciprocating engines 
working at a low number of revolutions. If it 
were a question of speed, why not enlarge the 
diameter of the turbine and thus make it more 
economical ? The Rateau turbine escaped the loss 
which took place over the tips of the blade; and as 
there was not this to fear, would the author ex- 
plain why the engine would not be more effective 
if the diameter were increased ? 

Professor Rateau, in replying to the discussion, 
expressed his warm thanks to the members for the 
reception given to his paper, and to Mr. Yarrow 
for his kindness and public spirit in allowing him 
to make known the interesting results of these 
trials with propellers of small diameter running at 
high speeds. In regard to Mr. Speekman’s 
criticisms, the author did not consider that the 
curve shown in Mr. Speekman’s diagram dif- 
fered very greatly from that given in the 
paper. The latter, however, must be taken as 
roughly approximate and illustrative only. He 
pointed out that in the paper reciprocating 
engines had been treated rather liberally ; for 
he, being an advocate of the newer method of pro- 
pulsion, wished to extend to its older rival every 
advantage that could be fairly claimed for it. In 
regard to Mr. Campbell Swinton’s remark that 
Mr. Parsons had in 1894 brought out an arrange- 
ment similar to that patented in 1898, the author 
explained that he was unaware of the fact. This 
referred to the fitting of the astern turbine in the 
casing of the main turbine. Professor Rateau, in 
conclusion, reiterated his opinion that the turbine 
could not be made economical at slow speeds, say 
40 per cent. to 50 per cent. of the maximum; and 
he compared the attempt to use them for such a 
purpose to putting a racehorse to draw a wagon. 


ELectton oF CounciL. 

The new Vice-Presidents elected were Mr. H. J. 
Cornish, Mr. Macfarlane Gray, and Professor J. H. 
Biles ; the new Members of Council were Messrs. 
H. J. Oram, H. H. West, and W. H. Whiting ; the 
Members of Council re-elected were Mr. G. B. 
Hunter, Mr. James Hamilton, Mr. W. J. Pirrie, 
Sir Theodore Doxford, and Mr. George Stanbury ; 
the Associate Members of Council re-elected were 
Mr. C. E. Ellis and Mr. J. H. Cotterill ; Admiral 
Fitzgerald was also elected a Member of Council. 

We must postpone until next week our report of 
the remainder of the proceedings on Friday last. 








THE WOLSELEY LIGHT SIX-HORSE- 
POWER MOTOR-CAR. 

THE increased use of the motor-car by doctors, and 
for other professional purposes, has given rise to a 
demand for a light car which would serve the same 
purpose, generally speaking, as the ordinary trap, 
having two seats and a fitted motor sufficiently power- 
ful to climb ordinary inclines at a fairly satistactory 
speed. One of the cars of this type, which has 
attracted much attention at recent exhibitions, is that 
made by the Wolseley Tool and Motor-Car Company, 
Limited, Adderley Park, Birmingham. This Wolseley 
car has attained a high degree of success, and the ex- 
perience gained has been utilised in the construction 
of a 6-horse-power car, which, while of minimum 
cost (175/. complete), would yet be thoroughly reliable, 
and so simple in its mechanism as to be managed, 
if not overhauled, by laymen. This aim at simplifica- 
tion is of first importance, but is not always recognised 
in the design of cars. The great effort to produce 
something new, with the avowed object, in most 








cases, of obviating possibilities of. a complete break- 
down owing to the collapse of any part, has created 
such a multiplication of detail as to appal the 
ordinary layman. Indeed, in many instances it 
defeats the main idea, as it tends to increase the 
possibilities of trouble. The most simple car must 
necessarily, in the long run, become the most popular ; 
and the drawings which we reproduce on our two-page 
plate and on page 460, of the new Wolseley 6-horse- 
power car, will, we think, for this reason appeal alike 
to the mechanic and the motorist. 

The car embodies most of the characteristic features 
of the ordinary Wolseley type. The frame consists of 
a steel channel in one piece, bent to rectangular form, 
the opening being in front, where the spring horns are 
carried for the front axle. The wheels are of 
“artillery” pattern, 28 in. in diameter, with 3}-in. 
heavy Voiturette pneumatic tyres, the wheel - base 
being 5.6 ft. and the track 4 ft. The carriage springs 
are semi-elliptical and of considerable length, and are 
of the laminated type. A transverse spring is also 
mounted at the rear of the car. The motor is, as 
usual, of the horizontal type, working a train of gear 
by means of a Renold’s ‘‘ Silent” chain, the rotation 
being transmitted to the rear axle from the gear-box 
by a roller chain. 

The cylinder,which is suspended from the two trans- 
verse members of the frame, has a bore of 44 in., with 
a 5-in. stroke; and running at a normal speed of 
800 revolutions per minute, it develops 64-brake 
herse-power. As shown in the detail, Fig. 4, it 
consists of a cast-iron liner placed inside an aluminium 
alloy barrel, the space between serving as a water- 
jacket. The aluminium casing is extended to form a 
complete chamber for the crank and for working 
parts, and the bearings are carried in the ends 
of this casing, as shown in Fig. 3. The lower 
part of the chamber may be removed without 
disturbing the shaft, and there is at the bottom 
a drain-cock to draw off waste lubricant. The 
cam-shaft and the spur-wheels driving it are, as shown 
in Fig. 3, carried within the lower part of the 
chamber. This shaft is fitted with a sliding-sleeve, 
which brings half-compression cams into play, to 
facilitate the starting of the engine. The motion of 
these cams is transmitted to the exhaust valve by a 
rocking lever, the pivot of which is fitted with half- 
bushes, so that no oil can flow from the crank-chamber. 
The end of this lever is held up to its work by a 
laminated spring. The valve-gear, which is accessible 
from the bonnet of the car, is of very simple con- 
struction. The inlet valve is placed immediately 
above the exhaust valve, and both work vertically. 
The valves are fitted with a special silencing arrange- 
ment, which prevents tapping action on the seats ; this 
further lessens the wear. As is shown by the sections, 
the-whole valve-gear can be lifted bodily from the 
cylinder, being secured toit by flanges and studs. The 
commutator is actuated by a worm-wheel fixed on the 
end of the crankshaft; ignition is high tension, worked 
by coil and accumulator, and the carburetter is of the 
float-feed type, with gravity feed from the petrol tank. 
The regulation of supply to the motor can be con- 
trolled by a hand-operated throttle. It should be 
noted that the connecting-rod is a stamped forging, 
connected at the small end to a hardened steel forked 
end, forged in one piece with the shank passing through 
the piston, and secured by an outside nut, slightly 
riveted to prevent any tendency to loosen. The piston 
is cast of a uniform thickness, in order to avoid any 
tendency to unequal expansion or distortion. 

The crankshaft is a solid forging. The system of 
lubricating the pins is as follows :—-Outside the crank- 
cheek and near to the bearings, there is a groove 
formed in the middle, and from it a hole is drilled to 
the centre of the crankpin. The oil which is splashed 
into the groove is thrown by centrifugal force into the 
large end of the connecting rod. The method of secur- 
ing the flywheel is shown in Fig. 3. It will be noticed 
that the wheel has a long boss, and on this the chain 
pinion is mounted. 

The transmission gear, which is shown in detail in 
Figs. 6 and 7, has the important advantage that all 
the shafts concerned are parallel to each other and to the 
crankshaft. . This obviates the loss of power involved 
in the case where the driving force has to be trans- 
mitted at a right angle by bevel gearing. Three 
speeds are provided for forward running, in addition 
to the reverse, these forward speeds being 7, 13, and 
20 miles per hour respectively, when the motor is 
running at its normal speed of 800 revolutions ; but it 
is possible to attain an accelerated speed of 25 miles 
per hour. The upper shaft, in Fig. 7, carries the 
fixed gear wheels, and runs in ball-bearings, being 
operated, of course, bya Renold’s chain from the crank- 
shaft. For this purpose there is an extension of the 
shaft through the gear-box, carrying a cone-clutch, 
which itself is entirely enclosed. On the outer portion 
of this clutch, between it and the gear-box, is a 
Renold chain wheel, which transmits the power from 
the motor to the gears. The clutch is actuated by a 
right-foot pedal, which, along with a second, a left-foot 
pedal, is placed conveniently for the driver, the second 
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one controlling a band-brake. 
the sliding gear, which is controlled by a hand-lever 
placed to the right of the driver, and operating 
through the sliding bracket shown in the section. The 
speed changes and reverse action are all controlled by 
the one lever. This sliding-gear shaft also runs in 
ball-bearings, and projects beyond the gear-box, in 
order to carry a sprocket wheel, over which there runs 
a roller chain, transmitting motion direct to the rear 
axle. The complete train of gear is encased in an 
aluminium-alloy casing, the lower part of which can 
easily be removed for examination. 

In connection with the rear axle, which is illustrated 
by Fig. 9, page 460, a departure has been made from 
the usual Wolseley practice. In view of the im- 
portance of reducing the weight of the car, and for 
economy in its manufacture, it was decided in this 
design to have a ‘‘ live” axle. A single driving-chain 
works over a sprocket wheel, mounted in a differential 
gear-box, which is clearly shown in Fig. 9. One por- 
tion of this box is extended to form a drum, on which 
a foot-operated band-brake works. The driving-wheels 
are keyed on to the axle on each side, and brake drums 
are mounted on the inner side of the hubs on which 
the band-brake operates. Hand-brakes are fitted with 
a compensating movement, so that equal braking effort 
is applied simultaneously to both wheels. 

The steering is effected by the usual inclined rod 
with a wheel on the top, as shown in Fig. 1. At the 
lower end a pair of bevel-wheels transmit the motion 

a Carden joint to the worm and quadrant which 
are fixed to the front axle, so that the latter have free 
vertical play according to the irregularities of the 
road, without causing any shock or vibration on the 
wheel itself. At the same time the gear is self-locking, 
so that no obstruction can affect the direction of 
the car. 

The car, which is usually arranged for two passengers, 
has a total weight of about 84 cwt., and has proved 
very popular ; so much so that the Vickers Company, 
who are the proprietors of the Wolseley concern, are 
now devoting the old Maxim gun works at Crayford, 
equipped with new and special machinery, to the con- 
struction of this special car, so as to enable the Bir- 
mingham works to be devoted to the larger and more 
expensive vehicles. At the Crystal Palace Exhibition, 
held recently, an opportunity was afforded us of testing 
the capabilities of the car. All who are interested in 
motor-work will appreciate the driving-power when 
it is stated that one of these cars, carrying a load of 
500 lb., easily worked up the inclines close to the 
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CLASSES OF ENGINES. 


Internal-combustion engines 
several classes, according to the fuel they employ :— | 
I In which the combustible employed will vaporise 
at atmospheric temperature. , 
II. In which the combustible requires vaporising by 
heat or by spraying. 
III. Gas-engines, using gas from some form of pro- 
ducer using solid fuel. 


I. Engines of the First Type.—The Daimler motor is 
representative of the first type, and practically all the 
engines working on the Otto cycle with this class of fuel 
are developments of Daimler’s original engines, and are 
the simplest and lightest of the different types, as the 
fuel, in the form of petroleum spirit, is drawn into the 
cylinder with the amount of air necessary to burn it by 
the suction stroke of the engine. The apparatus for 
mixing the spirit with the air is of a very simple 
character, and the class of fuel permits of a high degree 
of compression being employed without danger of prema- 
ture ignition; this high compression produces a high 


explosive pressure, and the cylinders of the engine are | 


— in proportion to the power, and so the engine is 
ight. 
to 300 brake horse-power, by several 
American builders up to 150 brake horse-power, and by 
Messrs. Vickers, Sons, and Maxim up to 300 brake horse- 
power for British submarines. 

Most of the leading motor-car builders, both on the 
Continent and at home, have built engines of considera- 


ble power of this type, which have been fitted to launches. | 
In America there are a number of firms building small | 


types of engines which do not follow the Otto cycle, but 
give an impulse at every revolution by using the under 


side of the piston and crank chamber for pumping the | 


charge of explosive mixture into the cylinder. This type 
cannot be run at a high speed, and is not suitable for 
large powers. 


Engines of the Second Type.—There is a much greater | 
of engines coming under the second heading, as | 
the difficult problem of vaporising the fuel has been | 


variet 


treated in a variety of ways by different builders. 

The stationary oil-engine has been made very 
for work where there are no very rapid or great changes 
of load ; but for marine purposes, where a considerable 
amount of variation takes place in manceuvring, the 
problem becomes much more difficult. “Most of the 


|engines work on the well-known Otto cycle, and the 


| the fuel and vaporising it. 


variations occur in the different methods of introducing 
In the case of the Priestman 


| and Griffin—two of the earliest—the fuel is sprayed by air 


Crystal Palace--a test of hill-climbing which was | 


pretty severe. 








GAS AND OIL-ENGINES ON SHIPBOARD. 


Advantages of Gas and Oil-Engines for Marine 
Propulsion.* 


By Joun E. THornycrort. 


pressure into a vaporiser heated by the exhaust products, 
and then taken into the cylinder on the suction stroke. 


In the Vosper and Roots engines it is either pumped or | 


measured into a vaporiser without being sprayed. 


In the Hornsby engine the oil is pumped directly into | 


| an extension of the cylinder, which is maintained at a high 


|only possible to work wi 


| 


Ir has been recognised for some time by engineers who | 


have to do with large power installations for land pur- 
poses that the reciprocating steam-engine has been 
developed to a stage that cannot easiiy be improved upon; 
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| 


temperature, and the air is introduced separately. This 
method has the advantage of great simplicity, as no 


| igniting device is required, as the heat of this chamber is 


sufficient to ignite the —— on compression ; but it is 
t 


engine is necessarily a heavy one. é 
The Diesel engine, which has, as yet, been only used in 

one or two cases for marine purposes, is a most interesting 

type. 


ENGINES 


may be divided into 


Engines have been made by the German Diamler | 


rfect | 


y ork | a very low compression, to | 
|avoid premature ignition, and therefore the type of 


It works on the four-stroke cycle, but sprays the! 


to form a pump to supply the air for the scaveng; 
stroke, and the necessary a for combustion. Wie 

It would seem that an engine of this type, not workin, 
| at too high a compression, so that it does not require to 
| be so very strongly built, and giving two impulses for one 
| of engines working on the Otto cycle, should have yer 
great advantages, as a high mean pressure can i 
obtained without danger of premature ignition, and no 
vaporisers are required for the fuel, the vaporisers bein 
always the part of the engine most difficult to design fe 
requiring the largest amount of attention. : 

Engines of the second type will always be more 
difficult to handle, in consequence of the vaporising 

difficulties, than the first and third; but it is probable 
that because of the portability, safety, and comparative 
cheapness of the fuel, they will be used very extensively 

Engines of the Third Type.—The gas-engine has hardly 
yet been tried for marine purposes ; but, owing to the 
recent great improvements in gas-producers, it is thought 
that they will soon be used extensively, 

An engine designed for working with gas from solid 
fuel consists essentially of the same parts as engines of 
the first and second classes without the apparatus for 

vaporising the oil or spirit, the gas producer taking the 
place of the vaporiser, but being necessarily much more 
cumbersome. But the gaseous fuel which is produced is 
essentially different to that produced by the vaporiser or 
carburettor of engines of the first two classes, as it is a 
stable gas, and can be stored if desired, and the vapour 
cannot ; so that when manceuvring is taking place, and 
the engine is being stopped and started, the producer is 
not entirely put out of action, as is the vaporiser, but to 
some extent can act asa flywheel and reserve of power 
like a steam boiler. ‘ 

The recent improvements, which have enabled the pro- 
ducer to be worked without the reservoir for the gas, the 
engine sucking the supply directly from the producer, 
makes the apparatus much less bulky, and therefore 
better adapted for marine pu " 

The first type of engine is necessarily the lightest, as 
there is no vaporiser or producer, the fuel being vaporised 
by the simple expedient of sucking the right amount of 
fuel in with the air to the cylinder. Engines of this class 
|are being made to weigh not more than 10 lb. or 12 1b, 
per brake horse-power. Comparing this figure with that 
| of the modern torpedo boats or destroyers, which is 50 Ib. 

per indicated horse-power, it is evident that the naval 
architect has great possibilities with this type of engine. 
There is every prospect that engines of the second class 
will be built, including the vaporiser, for not more than 
25 lb. per brake horse-power for moderate sizes. The 
engine of the third-class should not be heavier ; but, of 
course, there must be added the weight of the producer. 

Starting and Reversing.—The smaller types of engines 
for launches are very easily handled, it being possible to 
start them up by a few turns of the engine; but when 
the size gets too great to be man-handled, other means of 
starting have to be devised. In the large engines used 
in submarines, the engine is used in conjunction with 
electro-motors and dynamos, so that the motor can be 
| used for starting up the engine. 

In the case of the first and third classes, the starting is 
not very difficult, as the engine can be turned slowly 
with a suitable turning gear, and then, the cylinder being 
full of an explosive charge, they can be fired electrically 
at the right time, and the impulse is sufficient to carry 
the engine round for several revolutions, and set it in 
operation. 

In the case of the second class this is not practicable, 
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and that if greater economies are required, they must look 
either to the steam-turbine or the internal-combustion 
engine. Navalarchitectsand marine engineers have been 
quick to take up the steam-turbine; but although the 
internal-combustion engine has been developed to a high 
degree of efficiency on land, it has, up to the present 
time, only been used to a limited extent for marine pur- 
poses, and then only for driving launches and small craft. 

The advantages which oil and gas engines offer are so 

reat that it is difficult to understand why they have not 
a more largely used. They necessitate the employ- 
ment of some complications which steam-engines avoid ; 
but the one great advantage of their requiring neither 
boilers nor condensers will, it is thought, be found to 
more than compensate for these complications. Before 
making a direct comparison it will be well to consider 
the different systems, and the way in which they work. 

* Paper read before the Institution of Naval Architects, 
March 24, 1904, 








oil into the cylinder by means of compressed air at the | 


end of the compression stroke, the compression being so 
high (viz., about 500 lb.) that when the oil is sprayed it at 
once ignites owing to the heat of the compression, which 
is about 1000 deg. Fahr. There is no actual explosion, as 
the fuel is introduced into an excess of air, and burns as it 
is injected. A gradual and complete combustion of the 
fuel takes place, resulting in a very high economy. The 
power can be regulated to a great nicety, as the fuel is 
always burned at the same temperature, but in varying 
quantities. The engine is, however, necessarily a heavy 
one, to withstand the very high pressure, and the lightest 
type so far gives only about 10 horse-power per ton. 

The Strickland engine is designed on the same 
principle, of injecting the fuel at the end of the com- 
pression stroke, but does not compress to more than 
200 lb., and therefore has to use an igniting device. It 
is also arranged to work as a two-cycle engine, giving an 
impulse at every revolution, as some of the Diesel engines 
have done. It is fitted with a prolongation of the piston, 
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and it is necessary to have a reservoir of compressed air or 
gas of sufficient volume to give the engine several turns 
| working as a pressure engine ; this, of course, necessitates 
additional valves for the purpose. In smaller motors It 
is possible to reverse either by a reversing screw, or 10 
some instances it is accomplished by stopping the engine, 
and by having suitable cams for operating the valves and 
starting the engine in the reverse direction by hand ; but 
this has not been found very satisfactory, and the best 
practice seems to be to fit the engine with a suitable 
| reversing gear and clutches for throwing it in and out of 
gear. It is at present unknown to what sizes these 
reversing gears can be successfully built, but recent 
improvements in clutches made by Professor Hele-Shaw 
go to show that there should be no great mechanical 
difficulties in producing them up to several thousand 
horse-power. ’ 4 th 
The Bertheau engine has been specially designed wit 
a view to making it very easily handled. Reservoirs are 
| provided into which the engine compresses or delivers 
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: <\ | these appliances, it will be found better in the larger 
Fig. 3. \ me sizes than any reversing gearing. 
A comparison of the weights and space occupied by 
comparatively low-powered engines of the first class 
| fitted to launches in the place of steam engines and 
| boilers of the same power shows very greatly in their 
favour; but when petrol is used as fuel, it will be found 
more expensive than coal to do the same work. On the 
other hand, as the engines are practically automatic in 
action, and can be started at once (requiring no 
preparation like a steam boiler), an engine-driver can 
usually be dispensed with; and, as the steersman can do 
| all the work of controlling the vessel, it will frequently 
| be found cheaper to run with this class of engine than 
with steam. 

While there is very little danger from fire with 
properly - constructed engines, fitted with electrical 
ignition, and using spirit or oil of a low-flash point in 
open boats, the risk must not be disregarded where they 
are fitted in a closed engine-room below decks. 

Captain du Boulay has devised an arrangement by 
which only a small quantity of fuel is kept in the engine- 

: . 5 room, in a small tank, any leakage draining directly 
ee " !overboard. The main supply is stored in a tank in a 
sehen £0 est wrangony astern Si EL ar specially bulkheaded compartment, which also drains over- 
Sot remcaaricieatengeant tots aH sia board ; and in some cases the sea is allowed to flow into it 
SSP Poy. and around the tank, thereby avoiding any possibility 
oat SS \ _— b Sv Lp VF | of the leakage of oil into the bilge of the vessel. 
tezec) = \ Yj oe d SE TY PAS (SS | With engines of the second class, using oils having a 
j St ——tt Pea flash point of above 75 deg. Fahr., there is practically no 
; B danger from fire ; and when the engine will work with 
less than 1 Ib. of oil per horse-power hour, the cost of work- 
the b 5 , ; | ing will, as a rule, be found less than that with the equiva- 
= urnt products of combustion at a high pressure; the at the same time the engine is converted from a four- | lent steam machinery ; but, as yet, there has always been 
mpressed gases in this reservoir being used when cycle to a two-cycle, to better enable it to maintain its | the disadvantage of an objectionable exhaust. 
oe for starting up the engine, or giving it a few speed when it is being driven by the compressed gases as| The Diesel engine costs only one-tenth of a penny per 
aoe in a reverse direction when it is required togo a pressure engine. The author's firm are building | hour, as it works with unrefined oils, which can be bought 
Peso . the engine is provided with a double set of engines of this type of considerable powers, and he thinks | for 2d. per gallon, and uses less than half a pound of oil 
8, either of which can be thrown into operation, and that probably, although the engine is complicated by | per horse-power hour. Only the most economical steam 
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engines, —_— with coal at not more than 10s. per ton, 
can equal this performance. 

It is well known that gas engines of even small powers, 
supplied with producer gas, give considerably more 
power per pound of fuel than could be obtained with a 
steam-engiue and boiler ; and when large plants are used, 
a given quantity of fuel will produce about four times the 
power obtainable with ordinary steam-engines. 

Gas producers must be divided into two classes—those 
which work with non-bituminous coal, and those which 


work with bituminous. The former class working as a| 


suction producer is very simple, and weighs, as made for 
land purposes, considerably less than the ordinary type 
of steam-boiler to do the same work; but, owing to its 


being restricted to one class of fuel, its use must be very | 
limited for marine purposes. f 
The producer invented by Dr. Mond for using 


bituminous fuel has not yet been worked out suitably for 
marine purposes, and as used on land is heavier than 


boilers of the same power; but it seems probable that, | 


owing to the much greater economy obtained and the 
rapid development which is going on, it will soon be 
possible to employ producers of this type. 

Figs. land 2, page 464, show the relative space occupied 
by the machinery of a torpedo-boat destroyer fitted with 
the usual machinery, and an engine of the second class 
working on the Otto cycle at the same piston speed as 
the steam-engine. 

Figs. 3 to 8, page 465, show a 100 horse-power oil-engine. 

Fig. 9 is a section of a reversing clutch. 

Fig. 10, which appeared in ENGINEERING on Novem- 
ber 6, 1903, vol. Ixxvi., page 626, and is not reproduced 
here, shows the space occupied in a 27-ft. cutter by a re- 
versing engine of the second class. The engines of this 
cutter occur on page 627 of the same issue. 

Fig. 11 shows a 20-brake-horse-power Thornycroft 
petrol motor, and occurs on page 812 of our issue of 
June 19, 1903 (vol. Ixxv.). 








SOME RESULTS OF MODEL 
EXPERIMENTS.* 
By R. E. Frovupe. 
I.—Naturk OF EXPERIMENTS. 

$1. The model experiments which form the subject of 
this paper are resistance experiments, and (as will appear 
from the description) are a series of general experiments 
on systematic variations in form of hull. They were 
commenced many years ago, and were continued at inter- 
vals as opportunity was afforded by the course of work 
at the Experiment Establishment. 


Il.—CuARACcTER OF Forms TRIED, AND SYSTEM OF 
VARIATION. 

§2. The series of systematic variations of form of hull 
submitted to experiment consisted of six different sets of 
lines, simply varied in proportion by independent varia- 
tion of length, beam, and draught scales. 

§ 3. Thus the whole series of forms dealt with may be con- 
sidered as consisting of six families, each formed by mere 
variations in proportion, from one of the six parent forms 
—or types, as they have been called, for the purpose of 
this investigation. 


§ 4. The lines of these six parent forms or types are shown | 


in body plan in Fig. 1, and in part profile and half-breadth 
in Fig. 2, page 461; and caliaeelion tables of offsets are | 
givent in Appendix I. For convenience of description, the 
forms are here treated as representing shipsof a certain con- 
venient scale, similar to the models; and the figures used | 
in the tables of offsets, and the scales stated on the lines, | 
are computed in accordance with this supposition. 

$5. The six types may be detailed as follow :— 

Type 1.—A vessel 350 ft. by 57 ft. by 22 ft. ;t displace- | 
ment,} 6100 tons; block coefficient, { .4865; mid. sec. 
coetticient,t .8775; prismatic coefficientst—fore - body, | 
.5385 ; after-body, .570. The lines are very fine, as may 
be judged from the prismatic coefficients, and the curve | 
of cross-section areas approximates closely to a curve of | 
versed sines a little shortened at each end. 

Type 2.—The foregoing, simply shortened 10 ft.§ at the 
after end, the alteration not extending further forward 
than is necessary to give a fair finish. This type of modi- | 
fication of form is what at the Experiment Establishment | 
is commonly called ‘‘snubbing.” The reduction in dis- | 
placement is small. The change gives the following | 
altered particulars, viz. :—Length, 340 ft.; displacement, 
6083 tons; block coefficient, .500; prismatic coefficient, | 
after-body, .6015; other particulars as for Type 1. 

Type 3.—The foregoing similarly snubbed an additional 
10 ft. at the after end. ‘The alteration in Jines extends, 
of course, further forward than before, and the reduction 
in displacement is greater. The altered particulars 
become :—Length, 330 ft.; displacement, 6056 tons ; block 
coefficient, .514 ; prismatic coefficient, after-body, .6345. 
Other particulars as for Type 1. 

Tupe 4.—The foregoing snubbed 5 ft. this time at the 
fore-end, giving altered particulars :—Length, 325 ft.; dis- 


* Paper read before the Institution of Naval Architects. 

[t+ We regret that the demands upon our space pre- 
vent us from printing the Appendices to Mr. Froude’s 
paper.—Ed. E. 

{ Displacement includes immersed counter and ram; 
length for prismatic and block coefficients is measured 
from mid. sec. to perpendiculars; draught is that at mid. 
sec. ; mid. sec. is taken at No. 10 Station for all the six 
types. 

§ That is, as measured at the perpendicular, which is 
taken at the rudder-post. In this and the succeeding 


a 
ui 


change the water-line overhang was increased, following 
the designs of some actual cruisers built at the time of the 





commencement of the series of experiments. Hence the 
water-line shortening was less than the 10 ft. mentioned. 


placement, 6048 tons; block coefficient, .521 ; prismatic co- 
efficient, fore-body, .553. Other particulars as for — 2: 
Tupe 5.—The foregoing snubbed an additional 5 ft. at 
the fore-end, giving :—Length, 820 ft.; displacement, 
6037 tons; block coefficient, .528; prismatic coefficient, 
| fore-body, .5675. Other particulars as for Type 3. 
| Type 6.—The foregoing snubbed an additional 10 ft. 
| at the fore-end, giving :—Length, 310 ft. ; displacement, 
6008 tons; block coefficient, .541; prismatic coefficient, 
| fore-body, .508. Other particulars as for Type 3. 
§ 6. The variations in proportion (see § 2 above) to 
which these six types were subjected, consisted chiefly of 
| variations in length scale relatively to cross-section scale, 
the proportion of beam to draught remaining unaltered. 
This variation in length proportion may be represented 
| either as a variation in length scale, cross-sections remain- 
ing unaltered, or (the way in which the variation was 
actually effected in the models) as a variation in cross- 
section scale, length remaining unaltered. Using the 
latter mode of representation, the range of variation in 
proportion with which we are first concerned extended 
from 2500 tons up to 10,500 tons, for the 350-ft. length of 


| Type 1, the 6100 tons already specified for Type 1 (see § 5 


above), forming, of course, one of the intermediate grada- 
tions. 

§ 7. Stating this range of variation in length proportion 
in the form most convenient for general reference—viz., 
in that of the length constant M.* of my PY r of 1888 (on 
‘““The ‘Constant ’ System of Notation o sults of Ex- 
periments on Models,” &c.), the range is from an M value 
of 7.884, corresponding to the smallest displacement 
named, to one of 4.886 for the largest. (This coefficient 
M denotes the ratio of the length to the side of the cube 
containing the displacement. ) 

§ 8. As regards relative variation in vertical and hori- 
zontal cross-section scales, only two grades were tried— 
viz.:—The ratio of beam to draught of 57: 22 already 
specified, which we will denote A, for distinction ; and 
another, B, of 66: 19, giving 66 ft. beam and 19 ft. draught 
for the Type 1 form of 350 ft. length and 6100 tons dis- 


| placement. With this second cross-section proportion, B, 


the same six types of form were tried, also a wide range 
of variation in length proportion, just as was done with 
the first cross-section proportion A, and as specified above 
in §$ $6 and 7; but with somewhat different limits: the 
range of length proportion in this case being from 1250 “4 
to 7750 tons for the 350 ft. length of Type 1, correspond- 
ing to an M value range of from 9.933 to 5.407. 

§ 9. The entire collection of forms submitted to experi- 
ment may therefore be regarded as consisting of two 
principal series, A and B, respectively appropriate to the 
two proportions of cross-section ; each series embodying 
the sixfold variation in parent form or type, together with 
a suitable range of variation of length proportion. 

§ 10. The number of steps in which the total range of 
length proportion was covered was, for the A series, six ; 
giving for the 350 ft. length of Type 1, successive displace- 
ments of 2500, 3500, 4750, 6100, 8000, and 10,500; and for 
the B series, seven—viz., giving displacements of 1250, 
1750, 2500, 3500, 4750, 6100, and 7750. 

§ 11. It is important to notice, especially in regard to 
the mode of presenting the results (see § 14 below), that 
for convenience of construction, working with paraffin 
models, the actual models of Types 2, 3, 4, 5, and 6 were 
successively shaped from one actual model of Type 1, just 
in the manner in which their lines have been above repre- 
sented as being formed from the lines of Type 1—namely, 
by shortening back the ending, leaving the midship sec- 
tion and the greater part of the form unaltered and un- 
touched. Accordingly, if we are considering the actual 
models tried, which go to make up the series of steps 
included in the total range of length proportion, change 
in ‘‘type” always involves change in length, practically 
without change in displacement, and therefore change in 
M value. And it follows also that the M values limiting 
the range of varying length proportion are not the same 
for the several types. Thus, while the results for Type 1 
extend between 7.884 and 4.886 M value for Series A, and 
between 9.933 and 5.407 for B, those for Type 5 extend 
between 7.233 and 4.483 for A, and between 9.113 and 
4.960 for B. 

§ 12. It should be stated that not every type was tried 
at every step in the range of length proportion. Thus, 
beyond a certain range, Type 6 was dropped out as too 
unpromising, while in part of the B Series, Type 4 was 
omitted, as differing so little in result from Type3 that 
the results for it could be satisfactorily infoewedl y means 
of the other data. 


IIT.—Mope or PRESENTING RESULTS. 
§ 13. The results of the experiments are given, not in 


the form of E.H.-P., or of resistance for particular speeds 
for some particular size or sizes of ships, but in the far 
more generally convenient and instructive form of the 
resistance constant C, for given speed constant K of my 
ew of 1888, on ** The ‘Constant’ System of Notation,” 

c. For our immediate purpose here, it suffices to ex- 
plain that this resistance constant expresses resistance 
relatively to (speed)? x (displacement)%, and (for constant 
engine and propeller efficiency) is thus in effect propor- 
tional to the reciprocal of the Admiralty (displacement) 
constant ; while the speed constant expresses speed rela- 
tively to (displacement)4. For ships of the same model, 
at ‘‘corresponding” speeds, both expressions are inde- 
pendent of absolute size. t 

§ 15. Coming, next, to the way in which the complete 
series of C and KX values for the different forms and speeds 
should be arranged for convenience of use, it may be 
observed in the first place that one of the most obvious 





* In the diagrams, these constant symbols, here printed 
in italic capitals, are shown enclosed in circles. 

+ That is apart from what is called ‘‘ skin friction cor- 
rection” (see § 19 below). 





»urposes to which one would seek to put such j 
Pageant be to determine the effect of manda 
coefficient of fineness by variation of “type,” while re. 
taining fixed length and displacement, or, in other word, 
fixed M value. But. this is just what cannot be F ton 
directly from the results of the actual models, because 
as already pointed out ($11), in the actual sequences of 
models, change in type always involves change in M value 
also. It was therefore absolutely requisite, for this reason 
if for no other, that the results given by the models form: 
ing the successive steps in the range of varying length 
proportion, should, for each of the six types, be joined 
up by curves, so as to indicate the results continuously 
throughout the whole M value range. Thisis, of course 
desirable for general pur also, because there is no 
foretelling what precise M values may be entailed by the 
practical conditions for which designs have to be got out 

$15. Since, with this object, the results must be 
plotted to a base of varying M value, they cannot he 
plotted to a base of varying speed (or speed constant) 
also. The curves, showing C plotted to a base of 4 
must therefore be appropriate each to a fixed value of the 
speed constant, K; in other words, they must be what 
in my paper of 1888, on ‘‘The ‘Constant’ System of 
Notation,” &c., are termed ‘' Iso-K ” curves. 

§ 16. Forevery individual XK value, therefore, the results 
take the form of twelve ‘‘ Iso-K” curves (viz., one of each 
of the six types of each of the two series A and B), show. 
ing C plotted to a base of ‘varying M value ; and there 
will be as many such sets of curves as there are srradations 
of K value for which it is necessary or convenient to have 
the results explicitly shown.* As the ‘‘Iso-A” curves 
have been worked out for as many as twenty-nine dif. 
ferent values of K, it isof course necessary to appropriate 
a separate diagram to each K value. 

§ 17. Seeing that this number of sheets of diagrams, on 
the requisite scale, would overburden the volume of our 
Transactions, I content myself here witha single illustra- 
tive diagramt (Fig. 3) and tables (see Appendix IT.), fur- 
nishing ordinates to the curves forming the entire series 
of diagrams. 

§ 18. This illustrative diagram sufficiently indicates the 
general character of those for all the A values. The 
**Tso-A” curves are concave upwards, rising with decrease 
of M value, and this more sharply as M value decreases, 
The effect of prismatic coefficient increase by “ snub- 
bing” is to lower the M value at which this sharp ascent 
is found, whereby the curves for the several types tend to 
intersect, those for the snubbed forms being the highest 
for the higher M values, and the lowest for the lower 
ones. The curves for the B series are universally higher 
than those for the A series, by an amount seldom exceed- 
ing 0.1 C value. 

$19. The C ordinates of the ‘‘Iso-K” curves are not 
those for the models pure and simple, but have been given 
what is called the ‘‘skin-friction correction” for passing 
to ships 300 ft. in length. Curves are given showing the 
corrections for substituting any other lengths of ship. 

§ 20. To indicate the proportions between the principal 
ship dimensions which have to be associated with the 
results given by the ‘‘Iso-A” curves, an additional dia- 
gram is given (Fig. 4, page 461), also plotted to a base of M 
value, showing curves of half-beam and draught constants, 
according to the same ‘‘Constant” notation (viz., } B 
and D), for each type of the two series.t (The M value 
of the base scale is itself the corresponding length con- 
stant.) 

§ 21. To save the trouble of converting all the constant 
values into ship figures by the regular formule,|| curves 
of convenient interpretation coefficients are provided— 
viz., on each ‘‘ Iso-K” diagram (see specimen in Fig. 3), 
one for converting C into E.H.P., and another for con- 
verting A into speed, and on the dimension constant 
diagram (Fig. 4), one for converting the constants into 
actual ship dimensions—all three being plotted to a base 
of varying displacement of ship; so that as soon as the 
displacement which is to be worked to is decided on—an¢, 
of course, nothing can be given in absolute value till that 
is done—all the constants, whether expressing results or 
dimensions, can be quickly put into figures for ship, when- 
ever desired. 

§ 22. In computing the continuous ‘‘Iso-K” curves 
which have been described, and which, as noticed, show 
results continuously for the complete range of M value, 
the results of the individual models forming the steps in 
the M value range have had to be harmonised-—‘‘ faired,” 
so to speak—to eradicate minor anomalies arising, pre- 
sumably, from slight and unknown irregularities in con- 
ditions of experiment. A systematic analysis of the whole 
series of results, which was made with the purpose of 
controlling the process of fairing in accordance with the 


*For any selected M value, of course, the results for 
intermediate K values can always be obtained by plotting 
a cross curve of C toa K, thus making a resistance 
constant curve of the usual form. : 

}In this the entire range of each curve is given, so far 
as established, for use at the Admiralty works, each dia- 
gram is confined to a convenient size (as shown by dotted 
lines in Fig. 3), containing all information of practical 
value. 

+ The ordinates of the curves in Fig. 4 were computed 
by starting from the constants of the parent form of each 
type, asdescribed in Appendix I., and making 4 B and D 
vary inversely as M+. In the same way, of course, 1 
desired, anyone can start from the ship dimensions given 
for the parent form in Appendix L., and obtain ship 
dimensions for the same displacement and any desired M 
value by simply making length vary as M, and beam and 
draught vary inversely as M+. For other displacement’ 
and the same M value, the dimensions must, of course, 
vary as (displacement) }. 


"These were given in my 1888 paper, but appear als: 





in Appendix ITI. 
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best accessible 11 
and instructive 1 
bing” un 
sorsption of these data, t 
intricate for vird voce re 
IV. and V. 
1V.—PracticaL Usk or THE Data. 


¢ 93. The ordinary mode of using these data is as 
follows :—Presuming (what is the most ordinary case) | 


a certain approximate s 
selected for the 
to the intenc 
The displacement being fixed, not only dc 
of the ‘' Iso-A’” diagram belong to one fixed s : 
the ordinates, if interpreted to the proper scale, 
fect E. 
7 sal as we may say, all the 
a glance, since it Shows what E. 
any combin 
itself (simi 


length of ship. 


princi 
with t 
§ 24. 


e performance indicated by the ‘‘Iso- ” curve. 


10,1 Fig-3- 





H.-P. ordinates; the entire diagram therefore | rially increasing or decreasing the resistance at an 

ibilities of the case at | Thus, for example, if for the midship section o 
.-P. can be obtained from | series, of 57 ft. beam and 22 ft. draught, which appears in 
ination of ‘‘type” and M value; which latter | Fig. 1, reproduced assection A in Fig. 5, page 461, we sub- 
larly interpreted to the proper scale) shows | stitute X or Y, of the same beam and area, but greatly 
The dimension constant diagram (also | different shapes (midship section coefficients of 0.970 and 
similarly interpreted) correspondingly shows the other | 0.782 respectively, and draughts 19.87 ft. and 24.65 ft. re- 
ipal dimensions of a ship which must be associated | spectively); and if we then fair in the lines how we 
| please (in a ship-shape way), only preserving the curve of 
As a rule, of course, practical considerations | areas and fore-body surface water-line of, say, the Type 1 
negative so great a length as would correspond to the M | form ; then, either of these forms, or any intermediate 


| seem, absolutely tied to a given | 
| just at the ends in the change from type to type). 


lLtusrrarive Iso-(K) o1iacRram. (K)=2-:8) 









REFERENCES: 
The several types are disunquished by numerals. 


Sertes A 
Sertes B 









Diagrams. 


©) Vatues corrected for skan friction forships 300 Ft. 
; of correctiow for other lengths below 


uv length. 


\ 









Q 


” ” 


P. Interpretation Curve 


for speed. Shews speed to base of Displacement for R)-2-8. 
» BHP. Shews value of E.4.P.+Disp’x (©) to base of Disp’ for &)-28. 








Limits of Diagranvas drawn tor ordinary use. See teat, footnote to $17. 





























der different conditions, and the like. A de-/| tion of beam to draught just noticed, we are, it would | 
ether with other details too i 
ing, appears in Appendices 


ible information, afforded some interesting | using these data, the choice of form is inconveniéntly | Type,” as we may term it, can be found by the construc- 
nformation as to the effect of ‘‘snub-| restricted. Except for the power of variation in propor- | tion given in Appendix VI. 


§ 31. (6) Notwithstanding all that is effected, by the 


pody plan (varied — explanations under the preceding headings, to widen the 
And, 
| even granting, for argument sake, that we do not need to | 
| go beyond this limited range of variation in form, in order | 
| to secure the best obtainable H.P. result, still practical | 
| considerations often necessitate great varieties in shape of | 
cross-sections. It is important for it to be understood, 
that a design is wanted of a certain displacement and for | therefore, that in our experience, so long as no unfair 
i peed, the ‘‘Iso-X” diagram is | features are introduced, such as may cause serious eddy- 
value of K which most nearly corresponds | making, we may almost say that the resistance of a form 
led speed for the displacement in question. | is determined solely by the curve of cross-section areas, 
do all the curves | together with the extreme beam and the surface water-line of 
but | the fore-body ; and if these are adhered to, the lines may 
are in| be varied in almost any reasonable way without mate- 


the A 


application of these data, it remains that their accurate 
= is restricted to the series of particular curves 
of areas proper to the series of types. These provide, 
indeed, for a fair range of prismatic coefficient, and the 
results for any desired value intermediate in this range 
could be obtained by interpolation between the curve 
for the several types. The variation in prismatic co- 
efficient,. however, is entirely of one ticular kind— 
namely, that which is brought about by what has been 
described as  sashiog.” ‘ow, when it is a question of 
getting the best possible performance at high speeds in 
relation to length, as is commonly the case in warship 
designing, this is the only way of increasing the prismatic 
coefficient which can give good results; this line of inves- 
ba = rm which has been described was, therefore, the one 
which it was most important for the purposes of the 
Haslar Establishment to follow up, and it was adopted 
for this series of experiments for that reason. 

§32. (7) In the kind of modification of form just 
referred to, the change in prismatic coefficient is in truth 
merely a collateral result of a change of form adopted 
for the sake of its effect on performance. But increase 
in prismatic coefficient is not uncommonly an aim in 
itself--sometimes a very urgent one—in order to diminish 
the extreme dimensions requisite for the given displace- 
ment; and when this is so, and provided that ample 
length for the speed is available, the increase in coefficient 
should be given not by snubbing (or not largely so), but 
rather by yaar the middle, or, in other words, 
inserting parallel or something approach- 
ing it. This kind of variation of ferm 
was dealt with in experiments described 
in a paper read by my father before this 
Institution in 1877. We are therefore not 
altogether without experimental know- 
ledge on this subject ; yet the informa- 
tion, from this or other sources, which 
as yet we have, is not such as can be 
brought into the same form as_ the 
results dealt with in the present paper. 



















































































io : It therefore remains that the results in 
w the present paper are not directly ap- 
S 9 plicable to a large class of forms of ship, 
N including those of the great bulk of large 
merchant steamers, which have high pris- 
9 ss matic coefficients due to middle body. 
~ § 33. (8) But although, for the above 
reasons, there is a large field in ship 
ae design, in reference to which these results 
$ cannot be used in the way which has 
D 47 been described, that is to say, for selection 
of the best form, or to afford an estimate ° 
of performance; yet, even in reference 
10. to this field of design, the results are not 
altogether useless. If useful in no other 
e way, they serve as a standard of ideal 
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value, which gives minimum @ (or E.H.P.). In such 
case, the M value is in effect fixed by the practical con- 


siderations, and the question narrows itself to the choice | the Type 1 ‘‘ Iso-K” curves are correct. 








SCALE OF @) VALUE 


| variation, equally with the actual Ty 
deemed for practical purposes to be the form for w 


1 form, ——_ 
ic 


This proposition, 


of type; but here again the choice may often be hampered | it will be readily understood, increases the elasticity of 


by practical objection to a beam or draught so large as 
may belong to the type which gives minimum C ordinate. 


A compromise is then necessary; and, as a lesser evil | ing form of cross-section, we must notice that, although -aeags —_ may be supposed 
ppt m}by the high 
hibitive H.P. on the other, a greater length may be remain always correct, the D values must be considered | judgment to 


than excessive beam or draught on the one hand, or pro- 


| the data enormously. 
| § 28. 


the 4 B values of the dimension constant dia 


accepted than would otherwise be fixed ; and so M value as correct only for the midship section coefficient of 
| .8775 proper to the lines here given. For any other 
coefficient, the D values must be corrected in the inverse 


again becomes undetermined. But since all the elements 
of variation, and their effect, appear within the compass 
of the single ‘‘Iso-” diagram, such a compromise can be 
worked out by its aid with more ease and greater con- 
fidence than in any other readily conceivable way. 

$25. The problem, of course, may present itself in 
different forms from that above sup But, not to 
burden this statement by an attempt to deal with all such 
possibilities in detail, I shall be content to call attention 
to certain precautions to be taken and certain expedients 
whieh may be recommended, under various characteristic 
conditions which the problem may assume. 

§ 26. (1) The experiments, as we have seen, include 
only two grades of cross-section proportion—viz., those 
respectively appropriate to Series A and B. But, within 
the range of variation extending between these two grades 
(and probably a little beyond it either way), for practical 
purposes we may no doubt take the increase in C with 
increase in ratio of beam to draught* (for given K and M 
and given type), as being proportional to that increase. 
In other words, between the two series A and B, and a 
little beyond perhaps, we may treat the C variations as 
arithmetical. The power of doing this, of course, greatly 
imerenses the elasticity of applications of the data. 

§ 27. (2) But, even so, it may well be felt that, for 


* But see §§ 27 and 28 below. The question really is|a given degree of snubbing at one end of the ship is| than in 
| independent of the degree of snubbing already present at 


not of ratio of beam to draught, but of ratio of beam to 
Square root of midship section. 





ratio of the change in coefficient. 


§ 29. (4) Again, in thus losing sight of the actual line 
| of the six types, we must not also lose sight of the exact 


position, relatively to the curves of areas, of the per- 
| pendiculars between which the length for M value is 
|taken. However greatly our contemplated form may 
differ in lines and appearance from the ‘‘ type” form of 
the same prismatic coefficient, and wherever the per- 
| pendiculars would naturally be placed in the class of ship 
| considered, the M value for use with these data must corre- 
spond with the length, not between the proposed actual 
| perpendiculars, but between points corresponding to the 
| perpendiculars in the type in question. 

§ 30. (5) The order in which the successive snubbing of 
bow and stern were taken, in the successive changes of 
| type, has m such as to give, on the whole, the best 
obtainable performance for given length and prismatic 
coefficient. But for practical purposes, as, ¢e.g., in order 
to regulate fore-and-aft c.b. position, it may often be 
desirable (if necessary even at some sacrifice of perform- 
ance) to use some other combination of snubbing; as, for 
example, to combine the 5 ft. bow snub of Type 4 with 
the 10 ft. stern snub of Type 2, instead of with the 20 ft. 
of Types 3 and 4. On the assumption that the effect of 


the other end, the C values for such a ‘‘ Composite 
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| 
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| 


| 








performance; showing for every case what is the best that 
could be done for the given length and displacement, 
supposing that carte blanche were given in the matter of 
cross-section dimensions; and ccmparison of H. P. 
figures estimated from these results, with the results of 








(3) In availing ourselves of this power of modify- | actual ships on trial, may afford information as to how 


to be wasted in each case 
rismatic coefficient, and so may enable a 

formed as to whether or not, in future 
designs for similar conditions, it would be worth while 
attempting some approximation towards what we may 
call the ideal form for economy of propulsion. 








StuDENTs’ ENGINEERING AND METALLURGICAL Society. 


|—On Friday, March 18, a meeting of the Students’ 
| Engineering and Metallurgical Society was held in the 


Technical Department of the University College, Sheffield, 
when Mr. A. J. E. Wain read an interesting paper on 
‘*Gas-Engines.” Professor Ripper presided. Mr. Wain 
gave a short history of the gas-engine, and described some 
of the modern types in detail. The paper was illustrated 
by lantern-slides. A discussion followed, and after that 
hearty votes of thanks were accorded to Mr. Wain and 
the chairman. 





THe Rartway YEAR-Book ror 1904.—This annual, 
which has reached its seventh year, is compiled and 
edited by Mr. G. A. Sekon, and is issued at 2s. 6d. by 
the Railway Publishing Company, Limited, 30, Fetter- 
lane, E.C. In addition to much memorabilia, including 
record railway runs and statutory duties by railway 
officials, we have for each company in the kingdom a 
map, history, list of officers, and summary of results. 
More Indian and Colonial companies are similarly treated 

ree years. There is a railway officers’ 
‘* Who's Who,” giving biographical sketches of a number 
of the principal officials, 
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THE LONDON AND NORTH-WESTERN RAILWAY CARRIAGE WORKS AT WOLVERTON, 


(For Description, see Page 453.) 
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STEAM TURBINES FOR HIGH-SPEED 
CUNARDERS. 


OnE of the most important decisions of recent 
years in the history of marine construction is that 
taken by the directors of the Cunard Company to 
adopt steam-turbines in their two new high-speed 
liners. It is truethatthe steam-turbine has been fitted 
for the propulsion of quite a large number of vessels 
since its practicability was first demonstrated, with 
almost dramatic suddenness, by the performance of 
the Turbinia at the Naval Review of 1897. Two 
Clyde excursion steamers have worked for three or 
four years with remarkable regularity and striking 
success, the coal economy claimed being about 
25 per cent. for the same duty previously performed 
by the paddle-steamers. Turbine vessels have 
been built, or are in course of construction, for 
various Channel services -- between Dover and 
Calais, Newhaven and Dieppe, Dover and Ostend, 
Stranraer and Larne, Heysham and Belfast and 
the Isle of Man; a number of yachts have been 
built and fitted with turbines ; other vessels for the 
Australian and New Zealand trade and for the Cana- 
dian lake service have been ordered ; and, finally, 
the Allan line have placed orders for two ships, and 
the Cunard Company for one intermediate steamer, 
of moderate speed, to be constructed also for pro- 
pulsion with steam-turbines. But the two new 
Cunarders, owing to their size and the high rate 
of speed to be attained, far surpass any of these 
ships, the capital expenditure involved in the con- 
struction of each being something like ten times 
the cost of any of the vessels enumerated, 

The responsibility for determining the type of 
prime mover and other items in the design was thus 
a serious one. Of course, the success attained by 
the many turbine vessels already in service was a 
factor pointing the way to the courageous designer ; 
but, apart altogether from the much higher cost 
involved, there was the material difference that 
most of the vessels already run by turbines scarcely 
lose sight of land, because their trip is so short, 
and that the working of them.has not been for a 
sufficiently long time to afford data as. to cost of 
up-keep and durability. This is in part met by 
experience with land installations ; but there is no 
need here to exemplify the differences between the 
intensity of stresses on sea and stationary machi- 
nery, which most materially affect maintenance. 
The Cunard Company started with the resolve 
that the two vessels to be built under the agree- 
ment with the Government for carrying the Ameri- 
can mails and for service as mercantile cruisers in 





times of war should represent the highest possible 
attainment, alike in naval architecture and marine 
construction ; and if the negotiations in connec- 
tion with the design of the vessels have been 
more than usually protracted, full justification 
will be found in the many important innovations, 
making for reliability and success, likely to be 
introduced into their construction. In the first 
place, extensive model experiments were carried 
out to determine approximately the power neces- 
sary to attain the speed anticipated in the agree- 
ment with the Government, of from 244 to 25 knots, 
with different dimensions and varying lines. It is 
understood that the result was that a length of 
760 ft. was found to meet most of the requirements, 
but that the weights to be carried demanded a 
beam in excess of that hitherto found necessary 
for merchant ships, some of the models ranging up 
to 88 ft., so as to give a high prismatic coefficient of 
fineness to minimise the power necessary to give 
the speed required. 

At this stage the consideration of the question of 
reciprocating or turbine engines was entered upon, 
and here, again, Lord Inverclyde and the direc- 
tors of his company took a wise step in appointing 
a commission of experts to consider the whole 
question. His Lordship was equally felicitous in 
his selection of the experts. This Commission in- 
cluded Mr. James Bain, the Marine Superinten- 
dent of the Cunard Company, than whom no one 
knows better the engine duty of Atlantic liners ; 
Engineer-Rear-Admiral H. J. Oram, Deputy Engi- 
ueer-in-Chief to the Navy, who has intimate 
knowledge both of the scientific and practical sides 
of the steam-engine and turbine ; Mr. J. T, Milton, 
Chief. Engineer-Surveyor of Lloyd’s; Mr. H. J. 
Brock, of the firm of Messrs. Denny, of Dumbarton, 
who have built most of the mercantile ships 
hitherto. fitted with Parsons turbines; while the 
three: firms who will in all likelihood be concerned 
in the construction of the two new ships were repre- 
sented by Mr. T. Bell, engineer-director for Messrs. 
John Brown and Co., Limited; Sir William H. 
White, K.C.B., representing Messrs. C. S. Swan 
and Hunter, Limited, of Newcastle-on-Tyne ; and 
Mr. Andrew Laing, managing director of the 
Wallsend Engineering Company. This Commission 
entered upon their work in a thorough manner, and 
made tests not only with the two vessels running 
between Dover and Calais and Newhaven and 
Dieppe, but also with several turbines driving elec- 
tric generators in central stations; notably that 
of the Neptune Works on the Tyne. From the 
data thus accumulated they have prepared a report, 
upon which the decision of the board of directors 
of the Cunard Company has been founded. 

The report, it is said, reviews the turbine from 
every standpoint, and is probably the most care- 
fully-prepared judicial pronouncement on the sub- 
ject. yet made. When the turbine was first pro- 
posed, it was naturally anticipated that there would 
be a saving in weight per unit of power, and this 
became a most important matter in the case of a 
vessel that must develop something like 70,000 
indicated horse-power to get a speed of 25 knots. 
But it is now understood that the Commission place 
the economy in weight at nearer 3 per cent. than 
the 10 per cent. at one time thought possible. 
On the question of fuel economy there has always 
been difficulty in arriving at definite data; but 
here the trials of the Midland Railway Company’s 
new boats, which differ only in their propelling 
machinery, will yield valuable information: It 
has been stated that the trials of the Channel 
steamers showed an economy of 2 per cent. as 
compared with reciprocating machinery ; but there 
is an accumulation of reliable data to show that 
in electric light stations a much greater saving is 
realised. In such marine installations as have 
been the subject of comparative trials there were 
other variants influencing the issue. At low 
power there is now no question that the turbine 
is not so economical. But this disadvantage 
operates more in the case of naval ships, where 
the greater part of the steaming is at low power ; 
it does not affect the merchant ship—especially the 
Atlantic liner—which runs for 99 per cent. of her 
time at full power. The turbine machinery can 
therefore be easily designed to give the highest 
efficiency at full power ; and good results will thus be 
insured. Sir William White, who was a member of 
the Commission, spoke at the recent meetings of 
the Institution of Naval Architects on the question 
of reversibility and manceuvring, as these points 





had been raised by Professor Rateau. It was easy to 
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gather from Sir William’s remarks that he and his 
colleagues on the Commission advocated the in- 
stallation of turbine engines for driving the 
ship astern as well as ahead. The strong testi- 
mony borne by him: to the splendid manceuvring 
and stopping power of ships fitted with turbines 
shows that it is quite efficient from this point of 
view. 
turbine, viewed from every standpoint, should not 
prove highly satisfactory in the new ships. Little 
troubles may be met with—that is the fate of most 
new departures in science—but none need be serious. 
The perfecting of the reciprocating engine is the 
result of nearly a century’s experience and research : 


it is nearly twenty-five years since the triple-expan- | 


sion engine was first introduced. 

It is understood that four shafts will be fitted in 
the new ships, probably with one propeller and one 
go-ahead turbine on each. This is not the first 
installation of quadruple shafts to be carried out. 
Hitherto in British ships three shafts have been 
installed; but the first turbine-driven war vessel built 
for the German Navy, the Lubeck, launched on 
Saturday last from the Vulcan Works at Stettin, 
has four shafts. In this case the decision was doubt- 
less influenced by the question of economy at low 
power. When two of the shafts are run for low 
speeds, higher efficiency will be attained, because 
the two turbines will run faster than if three or 
four were in use for the same power: it is well 
known that steam loss increases as the revolving 
speed decreases. In the Cunard liners, however, 
the four shafts are almost a necessity, as it 
would be inadvisable to transmit the enormous 
power required through three shafts. While 
a sea speed of 24} knots may be got with 65,000 
horse-power, there must be something in reserve 
to ensure regularity in the hour of arrival. The 
adoption of the four shafts has the great advantage 
of increasing the duplication, so that there will 
be the minimum of delay consequent upon the 
fracture of a shaft or any breakdown of one of the 
four propelling units. There will likely be two 
distinct steam cycles, the two low-pressure turbines 
being placed on the two inside shafts, while the 
high-pressure turbines will be on the outside 
shafts. The two reversing turbines will also be 
placed on the inside shafts. The intention, we 
understand, is to minimise the revolutions of the 
propellers, as experience has shown that slow-run- 
ning, large-surfaced, coarse-pitched propellers give 
the best results. Some time ago it was found, in 
connection with a yacht built by Messrs. Stephen 
on the Clyde, that one instead of two screws on 
each shaft proved advantageous, and single screws 
for each shaft have since been adopted. Professor 
Rateau, in his paper already referred to, enforces this 
by comparative results of trials on a torpedo-boat 
with double and single propellers on each shaft. He 
found that the highest efficiency is obtained with a 
single propeller on each shaft; but in order that 
the slip should not exceed 25 per cent., which seems 
to be the maximum for a good duty, the propelling 
surface, and consequently the diameter, must 
increased. The question of propellers will, like 
most other points in connection with the ship, be 
the subject of further experiments before all details 
of design are fixed definitely ; and in this connec- 
tion it is especially appropriate that Messrs. John 
Brown and Co., who are likely to build one of the 
ships, are just completing an experimental tank at 
their establishment, titted in the most modern 
way, and to be utilised solely for testing models of 
the vessels that they themselves build. 

It will be seen from the general notes we have 
published as to the progress of investigation rather 
than from the results, more or less definitely stated, 
that, from first to last, the work of designing these 
two leviathans is progressing on a true scientific 
basis, and the profession will greatly appreciate 
the care which is being bestowed upon the solution 
of the various problems of detail which have been 
raised from time to time ; because, sooner or later, 
the success of the ships will enlighten naval archi- 
tects and marine engineers on many of the uncer- 
tainties which at present exist as to the steam 
turbine, yet in its initiatory stage. Lord Inver- 
clyde and his Board are therefore performing a duty 
not only to the company, but to science generally, 
and their work is worthy of the highest commen- 
dation. Everyone will hope that it may carry its 


full reward in the construction of ships which will 
not only embody all that is best according to pre- 
sent-day knowledge, but will anticipate many of 
the probable developments of the near future. 





There seems, therefore, no reason why the | 


STATE TELEPHONES. 


From the debate in the House of Commons last 
week, arising from the Postmaster-General’s request 
for a vote of 3,000,0001. for the extension of the 
various branches of the Post Oftice telephone busi- 
ness, it appears that the Post Office has begun 
negotiations with the National Telephone Company, 
looking to exercise of the Postmaster-General’s 
power to purchase the company’s undertaking at 
the end of the current year. This proposal 
/aroused much interest in the House, and it is 
| evident that any agreement arising from the 
negotiations — which, Lord Stanley subsequently 
explained, had at present not passed beyond the 
| stage of pourparlers—will be subject to searching 
| criticism when it reaches the House. Previous to 
| reaching the House, we learn, also from Lord 
| Stanley’s subsequent explanation, that the agree- 
ment is to be considered by a Select Committee. 
| Lord Stanley supported his proposal to enter 
| into these negotiations, as well as his request for 
| 3,000,000/. for the development of the present 
telephone fsystems of the Post Office, by numerous 
| figures relating to Post Office telephones. The 
| true bearing of most of these figures was, we fear, 
| little understood by the House, nor is it likely 
|to be understood by the general public from the 
| newspaper reports of the debate. Lord Stanley 
| said that the money asked for was for remunerative 
| purposes, thus giving the impression that the tele- 
| phone services of the Post Office are worked at 
|a profit, though it is well known that the telegraphs 
as a whole—including the telephones—are worked at 
aloss. As regards the London system, the Post- 
master-General said that the balance over last year’s 
working expenses was 615d/. (in one part of his 
speech he incorrectly gave it as 61,000l.), and that 
this year he expected it to jump to 48,0001. But 
the interest and depreciation charges to be met last 
year were 60,870/., and this year they will be largely 
increased over that sum. Lord Stanley further said 
that the Post Office was now furnishing telephones 
in London at just under 8l., which was much 
cheaper than had been expected. The County 
Council had asked for telephones at 101. In making 
this statement, Lord Stanley, no doubt quite un- 
wittingly, was drawing a comparison which was a 
trifle disingenuous. What the County Council 
asked for was a 10/. rate for unlimited service. 
What the Post Office provides is a toll service at a 
rate of 5l. a year, plus 1d. a call in Inner London, or 
2d. a call in Outer London. If the average revenue 
of the Post Office service is 8l. per subscriber, the 
average user must be very small—about two calls 
per day. To compare this with an unlimited ser- 
vice is to compare like with unlike. Where we 
think the Postmaster-General makes a grave mis- 
take—and one likely to have very serious conse- 
quences—is in putting forward this average revenue 
of 8l. per subscriber as if it were something to be 
satisfied with, and a figure at which the London 
public may expect to be supplied with telephone 
service. It is clearly an unprofitable rate, as the 
average capital cost per subscriber is 100/., and is 
unlikely for a long time to come to be much re- 
duced. If the London public is led to believe 
that the Post Office is satisfied with a rate of 81.— 
and the Postmaster-General’s statement clearly 
gives that impression—the public will object to pay 
' more, and this will create very serious difticulties. 

At the present time the whole telegraph and 
telephone business of the Post Office costs, on the 
}actual working, more than 100,000/. in excess of 
| what it bringsin. This is including in the revenue 
| 167,0001. in telephone royalties, involving no ex- 
| pense to the Post Oftice to earn. Deducting the 
telephone royalties, the annual loss on the actual 
| working of Post Office telegraphs and telephones is 
| over 270,0001. The capital value of the Post Office 
telegraph and telephone system has been put at 
30,000,000/. If interest were paid on this, as would 
occur, or would at least be aimed at, in the case of 
| private capital, the total annual loss would be in 
| the neighbourhood of 1,200,000/. It is true that 
| Parliament has dictated to the Post Office rates for 
| telegrams which do not pay, and perhaps cannot be 
;made to pay; but the telephone rates have been 
| fixed by the Post Office officials, and they do not 
| pay either. According to Lord Stanley’s statement, 
| the total investment of the Post Ottice in telephones 
| —trunk, provincial, and London—is 4,174,000/., 

and the total revenue from telephones, as nearly as 
| we can gather from the last Post Office report, is 
| about 450,000/. With this ratio of gross revenue 














to capital expenditure —less than 11 per cent. —it j 
not possible to meet all the charges entailed by the 
upkeep of an expensive and complicated plant, and 
the employment of a large amount of skilled labour 
such as is involved in the conduct of the telephone 
service, and to make a profit. Therefore, as far as 
we can judge from the information—neither as com- 
plete nor as precise as could be wished—furnished 
by the Post Office report, there is no basis for the 
view expressed by the Postmaster-General that 
capital spent on Post-Office telephones will be 
remunerative. 

Is not, therefore, the Postmaster-General jp. 
curring a grave danger in leading public opinion to 
believe that the present rates of the Post Office for 
telephone service are remunerative? A little con. 
sideration of what has happened in other countries 
and of what may be expected to happen here, will 
show that Lord Stanley incurs the risk of embark- 
ing on a policy which will result in an ultimate loss 
to the Post Office far greater than that now due to 
working the present telegraph and _ telephone 
systems below cost price. What is wanted by the 
public is a wide development of the service. At 
present the development of the telephone in 
British cities is not more than one-fourth of what 
it is in American cities. For several years past 
the officials of the National Telephone Company 
have stated that their business could not be de- 
veloped as rapidly as the public demanded, because 
the limited licence and the uncertainty of the ulti- 
mate disposal of the concern necessarily deterred 
capital from flowing into the business in sufticient 
amount to allow of rapid development. It is cer- 
tain that telephone development has been restricted 
by the conditions which have prevailed, and that 
public opinion will expect a rapid and wide de- 
velopment should the Post Office acquire the 
National Telephone Company’s undertaking. Fur- 
therthan that, public opinion, taking the Postmaster- 
General’s recent remarks into account, will also 
expect, and may imperatively demand, extensive 
reductions in rates. 

If a large development of the telephone service 
is made—and the Post Office wil! surely be urged 
to such a development should the whole service 
pass into the hands of the State—the capital 
invested in telephones will soon far exceed that 
invested in telegraphs. It must be remembered 
that the telephone plant is of a very different order 
from that of the telegraph. Each subscriber 
requires a pair of wires for his individual use, no 
matter how small that use may be, and the capital 
expenditure of large systems runs into prodigious 
sums. The total capital expenditure on telephones 
in this country, including trunk lines, is already 
nearly 15 millions, equal to about half the capital 
invested in telegraphs, although it is generally 
admitted that the telephone development is far in 
arrear of the demand. In the United States the 
capital investment of one group of telephone 
companies alone is now 70 million sterling, and so 
rapid is the development there that new capital is 
added at the rate of 8 to 10 million sterling a year. 
The capital invested in telephone systems in the 
United States is several times as large as the capital 
invested in telegraphs, and the same will doubtless 
come to pass here. 

The danger that we foresee, then, from the Post 
Office proposals, and from the manner in which 
they have been put before the public, is that the 
Government will be committed to an enormous 
expenditure on an unremunerative service. It 
will be impossible for the Post Office to take 
charge of the whole telephone service of the 
country, and refuse to develop it. If develop- 
ment is undertaken in accordance with public 
expectations, an expenditure of capital amount- 
ing to several millions a year for many years 
to come will be inevitable. It will be difficult 
for the Post Office to refuse lower rates in 
the face of official assurances that the present rates 
are lower than had been demanded originally, and 
are remunerative. We trust that these aspects of 
the question will be carefully considered as the 
negotiations proceed, and that due weight will be 
given to the probable future effect of State manage- 
ment of telephones. The question is by no means 
confined to the actual cost of acquiring the National 
Telephone Company’s system. It affects, besides 
that, the disposal of untold millions of the public 
money in the near future ; and in view of the 
enormous increase of national expenditure in recent 
years, such an obligation should be approache 








with extreme care. 
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oO 
AMERICAN IRON TRADE RECOVERY, 


Arrer more than a year of falling prices in the 
American iron market, the trade authorities are 
beginning to take a more hopeful view of the out- 
look, and claim that they see quite clearly signs of 
improvement. This seems to be indicated by the 
figures of iron production. On March 1 the weekly 
capacit of the furnaces in blast was 318,223 tons, 
as against 282,995 tons on February 1, and 195,558 
tonson January 1. Thus it is made apparent that 
since the beginning of the year there has been a 
decided resumption of work at the iron furnaces. 
Furthermore, the make of iron for the 29 days of 
February was actually 1,242,382 tons, as against 
only 964,251 tons for the 31 days of January, 
892,500 tons for the 31 days of December, 
1,078,628 tons for the 30 days of November, and 
1,462,193 tons for the 31 days of October. In 
other words, the output in February was 40 per 
cent. larger than in December, and in excess of 
that of any month since October last. The increase 
is chiefly due to the resumption of work by the 
steel companies and by outside furnaces supplying 
them. The Iron Age says that the steel companies 
have drawn heavily on their stocks during the past 
few months, and are now bare of metal. This 
explains, it says, the recent purchases of pig iron 
by the United States Steel Corporation, which 
purchases have amounted to 95,000 tons, with 
options on two blocks more of 40,000 tons each. 
As for steel production, the figures bear out the 
assertion of increased work by the steel companies. 
The plants reporting show a total steel production 
for February of 756,230 tons, which compares with 
502,994 tons for January, and no more than 406,730 
tons for December. When at the maximum, last 
May and June, these steel companies produced 
over a million tons of steel per month. The most 
significant fact of all, perhaps, is that in face of 
the larger iron production stocks of iron are 
diminishing. The figures do not include the hold- 
ings of the steel works producing their own iron ; 
but taking the total of the others, the amount of 
the stocks, sold and unsold, on March 1 was only 
638,638 tons, against 684,228 tons on February 1, 
and 688,615 tons on January 1. 

It is a question of much interest to this country, 
as well as to the United States itself, whether or 
not these signs of better conditions are genuine 
and likely to last, or only a temporary recovery 
which may prove as deceptive as the earlier indica- 
tions. In America they are disposed to take the 
former view. The reduction in the quantity of 
sock in hand has not resulted from any shifting 
of the supply from producers to intending con- 
sumers. A hand-to-mouth policy has been pur- 
sued by the latter throughout the country, and 
the supplies in the hands of consumers are 
said to be exceedingly small. Partly in response 
to these conditions, and partly as a natural 
reaction from the excessive decline in prices which 
has carried them actually below cost in some 
sections, the iron market has become firmer ; and 
in addition to such advances as have already taken 
place, there are suggestions of still further improve- 
ments in the immediate future. In the very fact 
that prices fell below cost there was a powerful 
factor making for the re-establishment of normal 
conditions. When furnaces begin to sell below the 
actual cost of production, the production is auto- 
matically reduced, because of the refusal of most 
manufacturers to work ata loss. When this contin- 
gency presents itself, the alternative is invariably the 
closing-down of furnaces and a sharp restriction of 
output. Under these conditions consumption, even 
though not on a very large scale, is very apt to 
catch up, and, in fact, to overtake production. 
Apparently, this is what has happened in the past 
two months. All these facts point to the 
conclusion that the signs of improvement have 
Something nore than temporary significance. 
It is pointed out on the other side, however, 
by a writer in the New York Times, that the dis- 
position to withhold funds from investment, 
especially from investment in new undertakings, 
134 serious drawback. Even railroads, the largest 
consumers of iron and steel, are having difficulty in 
securing funds; and vast improvements which have 
en planned, even to details, have, in recent months, 
been postponed, in many cases indefinitely, owing to 
the impossibility of financing them. This side of the 
case is one which presents many difficulties, and the 
solution of which does not yet seem possible. The 
writer referred to 


above is of opinion that, so far as 





trade conditions pure and simple are concerned, 
there is a great deal in the past record of the iron 
industry which seems to throw light on the present 
situation and on the immediate outlook. The record 
of the past few years in the American iron trade is 
a monument to the vast strides of the United 
States in material development. There is much 
in the record of very great interest, and, it 
may be, much that at the moment is of practical 
application. True to its reputation as a barometer 
of industrial conditions, the iron trade heralds both 
industrial activity and industrial depression ; and if 
it is true that the change in the tide has really 
come, the fact is one that may well give pause to 
those who have adopted calamity as their creed. 
It is scarcely worth while attempting a survey of 
the progress made in recent years. The fact and 
the figures given in the New York Times are quite 
well known. The violence of the fluctuations in 
production and consumption is regarded as, from 
one point of view at least, quite an encouraging 
factor in the situation. So rapidly does recovery 
come, that vast improvement often appears suddenly 
as a climax to conditions which may have appeared 
well-nigh hopeless. Conditions, it would seem, could 
hardly be worse than they were during the latter 
part of 1903, and yet the recovery has already been 
great. 

A peculiar feature of the American iron industry 
is that orders from customers cease, and are resumed, 
as if by common consent. The boom which 
reached its high-water mark in 1902 had carried 
prices so high that they checked consumption. 
When this point was reached, practically no new 
business came forward, and nothing but the orders 
previously received kept the mills from closing. 
It is the completion of orders received before 
enterprises are checked by high prices that explains 
the fact that pig-iron prices decline while the out- 
put is still increasing. Again, when prices have 
been falling for a long time, consumers are very 
apt to rush in and buy just as soon as they become 
convinced that the downward movement has gone 
as far as is possible. When this point is reached, 
orders are again placed in large quantities, and 
activity follows dulness as if by a wave of the 
hand. Has the point been reached now? Appa- 
rently it has. It is stated on high trade authority 
that orders are being received both by the United 
States Steel Corporation, and by independent 
manufacturers, in quantities which are surprising 
even to the managers of these concerns; and 
with an apparent sudden desire on the part of 
consumers to procure material, which is in strik- 
ing contrast with the apathy which has been 
displayed for months. Doubts have been ex- 
pressed as to whether the recent purchase of a 
large quantity of Bessemer pig iron by the United 
States Steel Corporation was purely legitimate, 
prompted by actual need of the iron; it being 
said that some ulterior motive was connected with 
the purchase, the most apparent reason being, of 
course, that it was made with the intention of 
giving tone to the pig-iron market by removing 
from it a considerable amount of pig which 
otherwise might lead to a further depression in 
prices. Upon this, however, all are not agreed. 
[t is known that, as stated above, the Steel Cor- 
poration is negotiating for further amounts of pig 
iron, and in quarters where, seemingly, no ulterior 
motive could reasonably be entertained. What- 
ever the purpose, the result has been to strengthen 
the market. There can be no doubt, if trade 
authorities are to be relied upon, that iron is moving 
more freely than it did only a short time ago, and 
that to all appearances the pessimism still found 
among producers is gradually disgppearing among 
consumers, 

An element of doubt is introduced by the delay 
in fixing ore prices for the coming season. The 
recent conferences between the producing consumers 
of ore and the merchant producers of ore have 
not ended in any general agreement. It is under- 
stood that, so far as an agreement has been formu- 
lated, it is proposed to cut down production this 
year by 40 per cent., making the 1904 production 
between 14,000,000 and 15,000,000 tons ; further, 
that the producing consumers should bring down to 
Lake ports only such ore as the furnaces repre- 
sented would consume. In other words, that they 
should not enter the market in competition with 
the merchant ore producers. Upon these two pro- 
positions there seems to be little, if any, difference 
of opinion ; but as to the amount of the reduction 
in prices the difference is considerable, as will be 








noted from the following data: In 1903 the 
price prevailing for old range Bessemer was 
4.50 dols. per ton; for 1904 the consuming interest 
propose 4 dols., and the merchant producers 
3.80 dols. ; in 1903 Masaba Bessemer was sold at 
4 dols.; the producing consumers propose 3.65 dols. 
and the merchant producers 3.50 dols. per ton for 
1904; in 1903 old range non-Bessemer ores were sold 
at 3.60 dols., and for 1904 the producing consumers 
propose 3 dols. and the merchant producers 2.85 
dols. ; in 1903 the Masaba non-Bessemer ores were 
sold for 3.20 dols., and for 1904 the producing con- 
sumers propose 2.80 dols. and the merchant ore 
producers 2.60 dols. per ton. The trade in general 
anticipate either that the proposals of the producing 
consumers, or a compromise between the two 
conflicting interests, will result before the April 
meeting. There are well-informed furnace com- 
panies, however, who believe that an open market 
will result. 





DIRECT-READING SWITCHBOARD 
INSTRUMENTS. 


Tae laboratory determinations of the various 
electrical quantities are among the most accurate 
measurements in physical science, but the methods 
are in many cases tedious and delicate, and quite 
unsuitable for commercial use. In ordinary switch- 
board measurements the same degree of accuracy 
as in the laboratory is not required, but, on the 
other hand, the instruments must have many fea- 
tures which are, at least, as difficult of attainment. 
Colonel Crompton has said that an instrument 
ought to be capable of being thrown across a room 
without injury; but though the conditions of switch- 
board use hardly require that degree of robust- 
ness, a good instrument must withstand the effects 
of heat, vibration, dust, and stray magnetic fields, 
as well as have a clear open scale and be compact, 
light, cheap, and reliable. These qualities are 
not to be obtained by the plentiful use of lacquer or 
nicely-moulded cases, otherwise some of the instru- 
ments on the market would be all that could be 
desired; but they call for askill, both in design and 
manufacture, that probably few of the users realise. 
The forces to operate the pointer are so small, and 
the possible disturbing factors so many, that to 
combine the necessary lightness and sensitiveness 
of the moving parts with a proper mechanical 
strength, is no easy task. In a paper on ‘‘ Direct- 
Reading Measuring Instruments for Switchboard 
Use,” read before the Institution of Electrical En- 
gineers on Thursday, March 24, by Messrs. Kenelm 
Edgcumbe and Franklin Punga, the authors con- 
sidered in turn the principles of action of the 
various types which have now become general, and 
described in each case their peculiar advantages and 
disadvantages under different conditions. 

The moving-coil instrument in which the pointer is 
attached to a copper or aluminium frame, which is 
wound with a suitable coil of wire, and pivoted so 
as to swing between the poles of a powerful perma- 
nent magnet, is, perhaps, the most favourite in- 
strument for continuous-current measurements. 
It may be built as a narrow edgewise reading 
instrument, is remarkably dead-beat, and as the 
fears of inaccuracy due to the weakening of the 
permanent magnet have proved groundless, it is 
coming into increased use for switchboard pur- 
poses. It has the advantage of possessing a 
perfectly uniform scale, and serves either as an 
ammeter or voltmeter, according to the winding 
of the moving coil. The same winding serves 
for all ranges of each type of instrument, the slight 
voltage drop across it being obtained by the use of 
a shunt in the case of an ammeter, or by having a 
high resistance in series when measuring voltage. 

The measurement of alternating current is by no 
means such an easy task as that of direct current. 
Instruments of the hot-wire type, in which the 
motion of the pointer is an enormous magnification 
of the extension of a wire heated by the current, 
are much used for this purpose on the Continent. 
They have the advantages of dead-beatness and 
freedom from effects of frequency and of stray mag- 
netic fields, and are easily calibrated by continuous 
current ; but, in general, the zero position of the 
pointer is very vague, and if the instrument is left 
long in circuit, the heat of the wire affects other 
parts, so that the reading gradually diminishes. 
Soft-iron instruments, in which a small piece 
of laminated iron is drawn into a coil, round 
which passes the current to be measured, may 





be used for both alternating and direct current, 
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though when, as usually is the case, the iron is| centre of which is a cylindrical recess connected to 
worked at a very high density, serious errors may | the exterior by a pair of grooves across the top 


arise, due to the difference in wave form of the | surface. : 
Owing to hysteresis effects this, as well as the block, being hooped by iron 


alternating current. 


The block is covered by a limestone slab ; 


these instruments should be calibrated with alter-| bands to prevent accidents, if the furnace should 


nating current of the frequency at which they are| split, owing to the intense heat. 


Carbon rods are 


intended to work ; and, moreover, it is difficult to| placed in the grooves, the ends of the rods oppos- 
make any simple damping device, as the use of per-|ing each other over the central recess. An arc 
manent magnets is inadmissible, because of the|is maintained between the carbons, and the heat 


demagnetising effect of the current, and the neces- 
sary disc adds a great deal to the weight and 
moment of inertia of the moving parts. 


1 
| 


The ten-| describes as a ‘‘ toasting action.” 


reverberated from the cover of the furnace subjects 
the crucible in the recess to what Mr. Swinburne 
This form of 


dency lately has been to make alternating-current | furnace is very convenient for laboratory experi- 
ammeters and voltmeters on the principle of an| ments, but is too costly to be used in operations 


induction motor, the armature of which is a disc | on a large scale. 


of aluminium mounted on a_spring-controlled 
spindle carrying the pointer. The rotary field is 
obtained either by ‘‘shading rings” on the pole- 
pieces, or by winding the poles with coils differing 
considerably in inductance, and in either case 
a powerful torque may be produced. This torque, 
however, depends on the frequency, so that varia- 
tions in the latter have a great effect on the read- 
ings. The resistance of the disc to the eddy currents 
by which it is driven also depends on the tempera- 
ture, so that errors may arise from this cause. 
Instruments of this type may be constructed with 
a fairly uniform circular scale extending round 
300 deg. or more, and are conveniently damped 
by a permanent magnet, through the air-gap of 
which the edge of the disc passes. 

For direct measurements of high voltages electro- 
static voltmeters are almost universally employed. 
They consume no current, and the scale may be 
made very open at the normal voltage. To prevent 
sparking between the vanes the latter are often 
thickly covered with mica, which in no way inter- 
feres with the action of the instrument ; though in 
all cases the latter should have a high resistance 
in series, to prevent a short-circuit across the bus- 
bars, in case of the internal insulation of the instru- 
ment breaking down. Electrostatic voltmeters have 
been devised in which all the high-tension parts 
were immersed in oil, which secured absolute 
dead-beatness, and the high specific inductive capa- 
city of the oil increased the forces acting ; but they 
have not come into general use. The usual method 
of damping is by a permanent magnet embracing 
the moving vane. High-tension ammeters, watt- 
meters, and power-factor indicators are almost 
always connected on the secondary side of small 
transformers, so that they work at a greatly-reduced 
pressure, but proportional to that of the bus-bars. 
This much simplifies the provisions to be made for 
insulating the instrument, and is a very convenient 
and accurate method. 








RECENT ADVANCES IN ELECTRO- 
CHEMISTRY. 

In the third, and last, of his series of Cantor 
lectures on electro-chemistry, before the Society of 
Arts, on Monday, March 21, Mr. Bertram Blount, 
F.1.C., devoted himself chiefly to the subject of 
electric furnaces and the products to be obtained 
in them. The chair was taken by Sir Henry 
Trueman Wood. The function of the electric 
furnace is to produce excessively high tempera- 
tures, which will fuse the most refractory sub- 
stances and allow reactions to take place which 
require a degree of heat far greater than can be 
obtained by any other known means. In addition 
to producing a temperature much higher than that 
of any form of fuel furnace, the electric furnace 
shows a considerable advantage over other kinds, 
because the heat is produced internally at the 
required place, and has not to be transmitted to 
the substance to be fused through the walls of a 
retort or crucible. It must be understood that no 
form of electric furnace can be so economical as 
the ordinary fuel-fired type, because the heat has 
first to be generated in a fuel furnace, and quite 
85 per cent. of it is wasted in the unavoidable 
losses in the boiler, engine, and dynamo ; but, in 
spite of its inefficiency, it is indispensable for all 
operations requiring extremely high temperatures. 

The products of the electric furnace may be 
divided into two classes, the first including sub- 
stances such as calcium carbide and carborundum ; 


and the second, phosphorus, carbon bisulphide,. 


and zinc. The structure and action of the furnaces 
also fall under two types, which may be called 
respectively the ‘‘arc” and ‘‘resistance” fur- 
naces. The arc type of furnace, due to Moissan, 


consists of a rectangular block of limestone, in the 





In the ‘‘ resistance” furnace the 
carbon electrodes are buried in a quantity of the 
substance to be fused, so that the arc is smothered, 
or, more correctly, there is no arc at all. To start 
the furnace, the electrodes are first bridged across 
with some badly conducting. material, such as gas 
carbon, and then covered in with the charge. 
When current is switched on, the gas-carbon heats 
and fuses, and soon the electrodes are surrounded 
by a pool of liquid or semi-liquid material, the 
resistance of which generates and maintains the heat 
necessary for the reduction of the surrounding 
charge. 

One noticeable feature common to all the pro- 
ducts of the electric furnace is that they are, 
without exception, bodies of a simple chemical 
composition : either elementary substancés in their 
most stable form, such as graphite, or compounds 
of not more than two elements, such as the car- 
bides, borides, silicides, &c.; complex and unstable 
bodies being never formed. 

On the walls of the lecture-room were hung 
diagrams illustrating the two commercial forms of 
electric furnace for the manufacture of calcium 
carbide—-a substance formed by the fusion of lime 
and coke. The better sort of carbide is produced 
in a furnace consisting of a pot-shaped cavity 
having a thick lining of magnesia. A carbon plate 
suspended in the centre forms one electrode, and 
the fused carbide, which collects in a pool at the 
bottom, makes the other, the current leaving the 
furnace by an iron plate embedded in the magnesia 
lining at that place. The charge is fed in at the 
top as required, and the fused carbide tapped off at 
intervals from an orifice in the lower part. The 
great difficulty with this class of furnace is to pro- 
cure a satisfactory lining which shall not be acted 
upon by the molten ‘carbide, and magnesia 
seems to be the only suitable substance for 
this purpose. The other method of manufacturing 
carbide is to have two carbon electrodes surrounded 
by the mixture of coke and lime in the centre 
of a large iron cell. The carbide is obtained in the 
form of an irregular lump surrounded by partially 
fused material, which has to be chipped off. This is 
the cheapest and simplest method of manufacture, 
and is now adopted on a large scale on that account. 
A brick furnace, to show the manufacture of carbide 
by this process, had been’ built on the floor of the 
lecture-room and had been working a few days pre- 
viously. It was now pulled down to look for the 
result of the trial, and although only about 30 
horse-power had been available, instead of about 
100 horse-power, which would have been used com- 
mercially, a large lump of carbide was found in the 
centre, much to the satisfaction of the audience. 

The commercial production of calcium carbide is 
now thoroughly understood, and its industrial success 
is only a matter of ordinary engineering. The 
greatest item of expense is the cost of power, but 
the amount of power required has recently been 
greatly reduced. A few years ago only one ton of 
carbide could be produced by the expenditure of 
1 horse-power year, whereas now the quantity has 
been increased by 50 per cent. 

The manufacture of carborundum, or silicon 
carbide, is now carried on at Niagara Falls on a 
large scale, more than 1000 horse-power being used 
for this purpose. The furnace is similar to that used 
for calcium carbide, and contains horizontal carbon 
electrodes buried in a mixture of coke, sand, saw- 
dust, &c. As soon as a sufficiently high tempera- 
ture is reached, the silicon attacks the carbon, and 
the result is the formation of silicon carbide—a fine 
dark crystalline substance, of which a beautiful 
sample from the Niagara works was shown on the 
lecture-table. Silicon carbide is one of the hardest 
substances known, far surpassing both emery and 
corundum, and approaching the diamond in that 
respect. It is for this quality that it is so valuable 
as an abrasive material. 


A furnace for the preparation of carborundum 
had also been built in the lecture-room, and worked 
a few days before the lecture. This was now dis- 
mantled in the presence of the audience, ang a 
certain quantity of carborundum was found in the 
centre, though the limited current available had 
prevented the formation of very large crystals, 

Graphite is used extensively for many metal. 
lurgical operations, and is made by a process 
similar to that used for corundum. It is the most 
stable form of carbon, and though the theory of its 
production from amorphous carbon is much debated 
the practice is simple and easily carried out. 

The fusion of quartz in an electric furnace 
appears likely in the near fnture to give rise to 4 
new industry. Professor Boys and others have 
given it some attention, and Hutton has demon. 
strated that quartz can be both fused and moulded 
electrically. Quartz may become a most valuable 
addition to our constructive materials, and would 
be especially valuable for making tanks, retorts 
crucibles, &c., for chemical operations ; in fact, the 
production of these articles seems almost to be in 
sight. 

Within the last ten years or so the preparation 
of carbon bisulphide and phosphorus by electric 
furnace methods has entirely supplanted the older 
method, which necessitated the use of costly and 
fragile retorts, externally heated. 

The manufacture of iron and its alloys by electric 
methods has engaged the attention of many inven- 
tors. The iron industry is so vast that any radical 
alteration of productive processes would have far- 
reaching results. De Laval, the inventor of the 
steam-turbine bearing that name, produced steel 
electrically as long ago as 1887 ; but there are many 
difficulties to be overcome before present methods of 
manufacture can be superseded. The blast-furnace 
is efficient in action, and pig iron is cheap, and as 
long as the latter can be produced at from 40s. to 
50s. per ton, even an electric plant driven by 
water power would have no chance of competing. 
In countries like Chili and Brazil, where iron and 
fuel are dear, and where there is plenty of cheap 
native ore and water power to be obtained, the 
electric extraction of iron has been proposed, and 
might, perhaps, be carried out with some chance of 
success. 

Steel might be produced, if necessary, in any of 
the ordinary steel furnaces, such as Siemens’, 
heated by electric means ; ora type of furnace such 
as that used for calcium carbide would be equally 
suitable. A modification of the latter, somewhat on 
the lines of Taylor’s carbon bisulphide furnace, has 
been devised by Keller, in which slack, ore, and 
carbon are thrown. The space between the elec- 
trodes corresponds to the fire-zone of an ordinary 
blast-furnace, and the fused slag and metal are 
tapped off beneath. This method of manufacture, 
however, has not yet attained the commercial 
stage. Heéroult has proposed an electric process 
for the manufacture of special steels, in which the 
metal is prepared in a shallow trough-like furnace 
which can be tilted on trunnions in the same way 
as a Bessemer converter. A smothered arc plays 
on a mixture of steel scrap, and when the metal is 
fused, the furnace is tilted and the metal and slag 
poured off. Various methods have been suggested 
for getting over the difficulty of procuring suitable 
electrodes, and of avoiding the combination of the 
electrodes with the molten metal in the furnace. 
Perhaps the most ingenious of these sugges- 
tions is to build an electrodeless furnace, in 
which pig iron and scrap wrought iron are 
placed in a circular brickwork channel which 
forms the secondary circuit of a transformer. As 
the metal corresponds to a short-circuited winding 
of one turn, enormous currents are induced in it, 
which quickly reduce it to a liquid condition. 
Another inventor places his charge in a narrow 
sinuous channel on the hearth of the furnace, the 
ends of the channel being closed by heavy water- 
cooled blocks of steel, which act as electrodes. 
The heat generated by the resistance of the metal 
in the channel soon effects its fusion, the elec- 
trodes remaining comparatively cool. 

The use of the electric-furnace method of manu- 
facturing metallic chromium was illustrated by an 
experiment. In the Moissan electric furnace on 
the lecture-table was placed a graphite crucible 
containing a mixture of chromic oxide and carbon. 
An alternating current of 200 amperes at 30 volts 
was used to produce the arc, and in a short time 
the crucible was withdrawn, and the contents, when 





cooled, handed round among the audience for 
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inspection. Metallic chromium was distinctly 
yisible at a fractured surface, although the current 
available was not sufficient to generate enough 
heat for a complete reduction. Afterwards a ferro- 
vanadium alloy was prepared in the same furnace 
by the reduction of vanadic oxide and iron oxide 
with carbon. A pool of the alloy was found in the 
crucible when it was withdrawn from the furnace, 
and the audience were given the opportunity of 
examining this also. } 

In conclusion, Mr. Blount desired to express 
his thanks for the assistance given him by 
the authorities at Owens College, amongst whom 
he would specially mention Mr. Foster and Pro- 
fessor A. Schuster, the former of whom had 

repared all the apparatus for the experiments. 

essrs. Cowper Coles and Co. had also been of 
the greatest help, and had kindly supplied samples 
of electrically - deposited rare metals, such as 
platinum, iridium, vanadium, &c., which were to 
be seen on the lecture-table. Mr. Morrison, of the 
British Aluminium Company, had sent some ex- 
cellent specimens of the company’s productions, 
and the Castner - Kellner Company, Crompton 
and Co., and Nalder Brothers, had also materially 
assisted him by the provision of electrodes, instru- 
ments, &c. 

The Chairman said he was sure every one present 
must have highly appreciated the course of lectures 
given by Mr. Blount, who, in addition to giving a 
most lucid explanation of principles, had gone to 
a great amount of trouble and labour in providing 
experiments, almost of commercial magnitude, to 
show the audience the practical working of several 
of the processes described. 

Mr. Blount replied briefly to the effect that it 
had been a great pleasure to him to give the lec- 
tures, and he had to thank Sir Henry Trueman 
Wood for the opportunity of delivering them. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 23. 

AUCORDING to statistics just published, it appears 
that the domestic production of copper of last year 
amounted to 319,000 tons ; consumption, 241,000 tons ; 
stocks at the opening of the year, between 95,000 and 
100,000 tons. About two-thirds of the copper pro- 
duced and imported into the United States is electro- 
litically refined, the process requiring about 50 days, 
which locke up for the time being about 40,000 tons of 
copper. About 30 days is taken up in its distribu- 
tion, therefore the stocks of copper in first and second 
hands at any given time is estimated to average about 
30,000 tons. In estimating the supply of copper on 
hand it is, therefore, necessary to deduct about 
70,000 tons from the stocks held at the first 
of the year, which brings the available supply of 
copper down to 30,000 tons. The production of 
copper last year averaged about 26,000 tons, but 
during the latter part of the year the average pro- 
duction was considerably greater. The exports of 
copper were, during January and February, about 
46,000 tons. The exports of March will probably 
reach 18,000 tons—total, 64,000 tons up to April 1. 
A reasonable estimate of domestic requirements is 
16,000 tons—total for first quarter, 38,000 tons; add- 
ing export requirements to these figures, we have a 


total of 112,000 tons, which amounts to 13,000 tons]. 


over production and imports. This brings reserve 
stocks available for immediate sale down to about 
17,000 tons ; which, under existing market conditions, 
is a very slim margin, and which accounts for the 
present upward tendency in copper. 

_American consumption of tin is now on the increase. 
Since the first of the month, Atlantic port arrivals 
foot up 2700 tons, and about 1000 tons is due for this 
month. Notwithstanding these liberal arrivals, tin 
is scarce for spot delivery. About 1900 tons were 
absorbed during the first half of the month, and the 
estimated March consumption 3550 tons, which prac- 
tically absorbs all available tin. 

The tone of the iron trade is stronger than a week 
ago. Quite a number of large transactions have been 
closed in pig iron. Sales of Southern pig for future 
delivery will absorb the production of Southern fur- 
naces for the next 60 days. Large requirements are 
in sight for iron castings, and a speculative movement 
for this particular kind of iron is among the early 
probabilities. Bessemer pig is also moving rt 
under recent heavy purchases by the United States 
Steel Corporation, who have been paying recently 
25 to 50 cents per ton advance. One large block of 
foundry iron was purchased on Saturday amounting 
to 25,000 tons in a Western market ; bar iron has 
edvenced 1 dol. per ton, and quite a satisfactory 
demand has developed. A moderate movement 
'$ In progress in structural and plate material, 
and quite a number of heavy engineering require- 


ments are now in sight, and have strengthened 


that branch of the trade. Nothing more has been 
done in steel rails, and no immediate business is in 
sight, though it is known that a great many 
railroad building requirements are held back for 
reasons which are not at present apparent. The 
rail-makers are satisfied with the course they are 
ursuing in maintaining prices at 28 dols. per ton. 
t is definitely settled that this will be the price 
for the remainder of the year. Railroad buildin 
is projected in many localities ; and as the financia 
conditions are favourable, and as banks have con- 
fidence in the enterprises which are being promoted, 
and are liberally loaning money, there is no reason 
for saying that there will be any falling-off in rail 
demand. There is a fair movement in coke, and some 
large contracts were placed this week for summer deli- 
very. Connellsville 72-hour foundry coke ranges from 
2.25 dols. to 2.50 dols. perton. The threatened bitumi- 
nous coal strike by voteof the miners will not take place, 
and work will be continued at the moderate advance 
offered by the coal producers. Reports from all sec- 
tions indicate increasing activity at furnaces and mills. 
All questions as to stability of prices seem to have 
been settled. There are no present probabilities of 
serious labour troubles in the steel industry, notwith- 
standing material reductions in the price of labour 
will be made. A great deal of new work calling for 
finished iron and steel will be presented during the 
coming thirty days. The chief demand will, as usual, 
come from railroads, but this demand does not appear 
to promise as well as had been considered early in the 
year. Railroad necessities may manifest themselves 
more favourably later on, and probably will. A vast 
amount of work is to be done, but as productive capa- 
city is ahead of visible demand, consumers of all kinds 
of material recognise that it is not necessary to take 
the chances of <altiing far in advance. 





STANDARD SCREW-THREADS AND 
LIMIT GAUGES. 

Tue Engineering Standards Committee have for some 
time past been considering the question of screw-threads 
and limit gauges, and a large amount of information has 
already been collected by the Committee. With a view to 
obtaining a more general expression of opinion on these 
subjects, it is proposed to hold a conference at the Insti- 
tution of Civil Engineers, on Tuesday and Wednesday, 
April 19 and 20, to give the Committee an opportunity of 
meeting the leading mechanical engineers of this country 
who are directly affected. 

It is proposed to ask for evidence on screw-threads from 
the following :— 

1. Users of screws. 

2. Makers of screws. 

3. Makers of tools for making or 

A series of questions has been dra 
heads, dealing with :— 

1. Whether the present Whitworth and B.A. screws 
are sufficient for all practical purposes. 

2. Questions affecting the interchangeability of screws. 

3. Questions affecting the angle, pitch, thread-form, 
&c., of screws. 

4. Systems of gauging screws. 

Evidence will also be taken as to whether it would be 
feasible to lay down a series of standard limits for various 
classes of work, and, if so, as to what these limits should 
be. The question as to whether the male or female gau 
should be taken as a basis for standardisation will aloo 5 
discussed. 

The committee are particularly desirous that the con- 
ference should be as representative as possible, and include 
representatives of all classes of mechanical engineering. 
Gentlemen willing to attend and give evidence are 
invited to communicate with the secretary, Mr. Leslie S. 
Robertson, 28, Victoria-street, Westminster, 8.W. Lists 
of questions have been drafted by the Committee to serve 
as a guide to witnesses giving evidence, and copies of the 
questions will be forwarded to those gentlemen signifying 
their willingness to be present at the conference. 


gauging screws, 
ted under these three 








BraADroRD CORPORATION TRAMWAYS.—The gross re- 
ceipts of the Bradford Corporation electric tramways for 
1903-4 amounted to 193,000/., as inst 173,0002. in 
1902-3. The expenditure amounted td 120,000. As a 
trading concern, there would have been 73,000/. left for 
dividend and depreciation, although maintenance of cars, 
permanent way, and overhead equipment come out of 
revenue, It is pro to apply 37,000/. to sinking fund 
and interest, and the balance will be allocated for depre- 
ciation and other purposes. 





NorTHern Coat Contracts.—A London firm of coal 
merchants has concluded the purchase of 500,000 tons of 
Durham gas-coal, to be shipped over the ensuing twelve 
months, at 7s. 6d. per ton, free on board. This is the 
price which the South Metropolitan Gas Com ny has 
paid for a large portion of its requirements. T North. 
umberland colliery has secured 30,000 tons of a War 
Office order for supplying barracks with house coal over 
the year. The coal will be shipped per steamer from the 
Tyne to the South Coast as required, and the free-on- 
board price is said to be slightly under 8s. 6d. per ton. 
Best Northumberland steam coal is reported to have been 
sold for delivery over the Baltic season at 10s. per ton, 








and smalls at 5s. per ton. 


THE ELECTRIFICATION OF THE NORTH- 
EASTERN LINES AT NEWCASTLE. 

TuE honour of being the first great British waliney: to 
= electric trains into regular service has been carried off 
y the North-Eastern Railway, as since Tuesday last the 
traffic between the Central Station and Benton—a dis- 
tance of four miles—has been worked electrically. The 
service is at present conducted by means of three- 
car trains, of which there are four each way per hour 
between 6 a.m. and 11 p.m., which is a great in- 
crease upon the number afforded by the previous steam 
service. Further, the time taken has been reduced 
from fifteen minutes to eleven, an acceleration which is 
in part due to more prompt station working. It is in- 
tended to make the stops at the stations of 20 seconds’ 
Sener e —_ — allowance, which may, 
perhaps, uced in the future, as passengers get 
educated in the courtesies of suburban pan The 
section opened to public traffic is but a small 
fraction of the total line electrified, which comprises 
37 miles of double and quadruple track, equivalent 
to 82 miles of single track. The whole of this is now 
practically ready for opening, but it is intended to make 
the change pane Hh When this is completed, the run- 
ning time of stopping trains between Newcastle and 
Tynemouth will be uced from 35 to 23 minutes, the 
distance being 84 miles; the express trains will make 
the run in 15 minutes, and there will bea train every 
quarter of an hour. 

It is not at present proposed to work goods trains over 
the tracks in question by electricity, though two electric 
oods engines have been provided. The current is taken 
rom a third rail set to the Clearing House standards, and 
maintained at 600 volts by current supplied from sub- 
stations fed at 6000 volts from the Neptune Bank and 
Carville power-houses of the Newcastle-on-Tyne Electric 
Supply Company. The railway company have found 
that it is cheaper for them to buy current than to gene- 
rate it, a factof some importance in connection with the 
attitude of municipalities to electric power schemes. 








H.M.SS. ‘‘TRIUMPH ” AND “SWIFTSURE.” 
To THE EpiTor or ENGINEERING. 

Str,—I much regret the necessity of asking you to be 
good enough to allow me. to correct a few of the figures 
given in my Bd read at the Institution of Naval 
Architects on Wednesday last on the battleships. Triumph 
and Swiftsure, which you have kindly published in full 
in your issue of the 25th inst. 

he necessity for these corrections is due to an error 
on the part of one of my technical officers in compiling the 
first of the tables inserted in the paper, which error, un- 
fortunately, was not discovered until after the paper had 
been read. 

In the table above referred to, under the heading 
‘*Guns,” and in the Triumph column, the weight of charge 
for the 10-in. and 7.5-in. guns should be 148 and 54.75 
(instead of 135.5 and 51 respectively). The muzzle velo- 
city should be 2722 and 2792 respectively; the muzzle 
energy should be 25,684 and 10,809 respectively. The 
‘‘muzzle energy of broadside” of the Triumph should 
be 127,032, which makes the Duncan’s, as compared with 
the Triumph’s, 82 per cent., instead of 75 per cent; 

Consequent on these alterations in the figures of the 
table, some corrections become necessary ip the text :— 
Towards the end of the first paragraph of the second 
column of page 427, the total muzzle energy of the seven 
7.5-in. guns on the broadside of the Triumph should have 
been stated to sum up to 75,663 foot-tons, which is more 
than 24 times that of the Duncan’s six 6-in. guns. 

In the third succeeding paragraph the total muzzle 
energy of the broadside of the Triumph, and the Duncan’s 

rceentage, require the same correction as has already 

m given for the table. 

Finally, on 248, where the King Edward VII. 
class is colantadt ts it should have been said that this 
class might almost be included in the remark just pre- 
viously e, as they are not very much above (not 
below) the Triumph and Swiftsure in the muzzle energy 
of the aggregate broadside. 

I am, Sir, your obedient servant, 
E. J. Rexp. 

Broadway Chambers, Westminster, London, S.W., 

March 28, 1904. 








PeRSONAL.~We learn that the business of Messrs. 
Allsup and Co., Limited, Strand-road, Preston, has been 
taken over by a company to be styled the Caledonian 
Engineering and Shipbui ding Company.—We regret to 
learn that Mr. James Hamilton, manager of the Hallside 
Works of the Steel Company of Scotland, Limited, has 
been compelled to resign his position owing to ill-health. 
—Messrs. R. and W. Teton Leslie and Co., Limited, 
Newcastle-on-Tyne, have completed important exten- 
sions of their Forth Banks Locomotive Works (established 
1817), which have been necessary to cope with this branch 
of their business.—Mr. M. H. Langlands, shipowner, 45, 
Hope-street, Glasgow, has joined the board of manage- 
ment of the British Corporation for the Survey and 
Registry of Shipping as one of the representatives of the 
Clyde Steam Shipowners’ Association, and the committee 
have appointed Mr. R. D. Cairns, formerly assistant 
superintendent for the China Navigation Company, as 
an exclusive surveyor at the head office, Glasgow, and 
Mr. Charles E. Roffey, 8, Cardiff’s-lane, as non-exclusive 
surveyor at Dublin, whilst they have appointed Mr. 
George A. Nicol as exclusive ship and engine surveyor 
for the Hull district, with an office in the Lancashire and 








Yorkshire Railway Buildings, Victoria-square, Hull. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—While business in the pig- 
iron market continued on a small scale, the tone remained 
zood last Thursday, and prices of Clevelayd showed a 
hol tendency. On Thursday morning the turn- 
over consisted of 500 tons at 43s. 74d. cash, and 500 
tons at 43s. 8id. thirteen days, with closing sellers 1d. 
above the quotations of Wednesday afternoon. In the 
afternoon Cleveland iron was steady and unchan 
at 42s. 10d. cash sellers and 42s. 114d. one month; but 
the market was completely idle. The settlement prices 
were :—Scotch, 51s. 6d. per ton; Cleveland, 43s. 9d.; 
hematite iron, 54s. per ton. The market opened on the 
following day strong in the morning, but the prices of 
Cleveland finished under the best paid. Opening at 
43s. 11d. cash, the values rose to 44s. cash and 44s. 1d. 
one month ; but there were sellers at the close at 43s. 11d. 
cash and 44s. $d. one month, and business was done at 
43s. 11d. seventeen days ; a moderate amount, aggregat- 
ing 5000 tons, was done at those figures. The tone in the 
afternoon was dull, and prices of Glovelend iron declined 
1d. to 43s. 10d. cash and 43s. 11d. one month. The turn- 
over, which amounted to 2500 tons, included one lot at 
43s. 94d. seven days. The settlement prices were :— 
51s. 6d., 43s. 104d., and 54s. A very small business at 
irregular prices was transacted in the market on Mon- 
day morning. Opening firm at 44s. cash, Cleveland 
warrants dropped to 433. 94d. cash, and at the close 
were quoted at 43s. 9d. cash and 43s. 104d. one month. 
The turnover was 1000 tons. A very firm tone prevailed 
in the afternoon, when Cleveland iron advanced 14d. to 
48s. 114d. cash, and 44s. fourteen days; but only a small 
business of 2000 tons was done at those quotations, and 
the settlement prices were :—5ls. 6d., 43s. 9d., and 54s. 
per ton. The market was firm to-day, but business was 
inactive ; Cleveland was dealt in at 44s. and 44s. O4d. 
cash, and 44s, 14d. one month, sellers in each case. ne 
turnover was about 4000 tons. The market was idle and 
easier in the afternoon, when Cleveland dropped to 
433. 11d. both cash and one month, and closed 1a. to 4d. 
down on the day. The business amounted to 1500 tons, 
the settlement prices being :—5ls. 6d., 44s., and 54s. 
The following are the quotations for makers’ iron 
No. 1:—Clyde, 58s. per ton; Gartsherrie, Summer- 
lee, and Calder, 58s. 6d. ; Langloan, 693.; Coltness, 
70s. 6d. per ton—the foregoing all shipped at Glasgow ; 
Glengarnock (shi ‘ at Ardrossan), 58s. 6d.; Shotts 
(shipped at Leith , 60s.; Carron (shipped at Grange- 
mouth), 60s. 6d. per ton. The pig-iron market has again 
been firm, but only a moderate amount of business was 
transacted—from 30,000 to 35,000 tons of Cleveland chang- 
ing hands—the prices showing a gain of 6d. to 8d. per 
ton on the week. Connal’s Glasgow stock has increased 
during the week 9628 tons. In hematite pig-iron there 
has again been no business done. 


Sulphate of Ammonia.—For sulphate the demand can 
only be said to be steady. The price is about 12/. 12s. 6d. 
per ton, but at one or two places lots have changed hands 
at 12/. 11s. 3d. As the makers are well sold for some time 
at 127. 10s., and middlemen are carrying purchases at the 
latter figure, it is in no one’s interest to depress the market. 
Business is less active than it was, and the highest price— 
12/. 12s. 6d.—is the ruling one at Glasgow and Leith, where 
the shipments last week amounted to 779 tons. 


Coal Shipments.—The improvement in the coal ship- 
ments has been maintained. The total for the week was 
27,652 tons above the shipments in the corresponding 
week of last year, and some 2600 tons short of the return 
for the preceding week. At Grangemouth there was an 
increase of over 10,009 tons in the exports, and better 
shipments are also reported at Leith, Glasgow, and Ayr. 

Wages in the Iron Trade.—The following intimation has 
been communicated to Mr. James C. Bishop and Mr. 
James Gavin, joint secretaries of the Scottish Manufac- 
tured Iron Trade Conciliation and Arbitration Board, by 
Mr. John M. MacLeod, C.A., Glasgow :—‘‘In terms of 
the remit, I have examined the employers’ books for 
January and February, 1904, and I certify that the 
average realised net price at works brought out is 
5l. 17s. 1.8ld. per ton.—(Signed) John M. Macleod.” 
This means a reduction of 24 per cent. in the wages of 
the workmen. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Hadfield Steel Foundry Company.—A special meet- 
ing of the shareholders in the above company was held at 
Sheffield on Wednesday to confirm a series of resolutions 
which were passed at a former meeting. The resolutions 
authorised the increasing of the capital of the company 
from 450,000/. to 500,000/. by the creation of 50,000 new 
shares of 1/. each, and the alteration of the articles of 
association to allow of the shares being quoted on the 
London Stock Exchange. The shares will be issued at 
30s. premium. The confirmatory resolutions were carried. 


Railway Stock for South Africa.—Extensive orders for 
rolling-stock have of late been placed with British firms 
by the Central South African Railway Company. No 
fewer than 1750 steel wagons of large capacity have been 
ordered, amongst which are a large number of steel trucks 
of over 35 tons capacity each. These trucks have been 
built by the Leeds Forge Company, and have patent 
pressed-steel underframes and bogies. They are fitted 


with side-doors, which can be automatically opened or | 
closed. One of these wagons, before being sent out, was | 
submitted to a test load of 107 tons without developing | 


the slightest defect. 





The Iron and Steel Trades.—Some members of the iron | and 4,013,630/. in the corresponding peri 


trade are of opinion that there will be a revival in the 
demand after the Easter holidays. A few makers are 
increasing their output, as stocks are low. In bar iron 
business is almost worse than it was a few weeks ago, and 
there is comparatively little to carry forward into the 
next quarter. In the last few weeks contracts have been 
pla for some thousands of tons of shipping with 
northern builders, and it is hoped that they will come 
here for some of their requirements. In all the lighter 
industries of the city, business remains without change, 
and in some it is quieter now than has been known at 
Easter for years. The Lord Mayor has decided to close 
the fund opened some months since for the relief of the 
distress. A second appeal to the public met with so 
little response that it was necessary to doso. There is 
still a great deal of chronic poverty in Sheffield. 


The South Yorkshire Coal Trade.—The coal market is 
characterised by considerable uncertainty with respect 
to the next shipping season. Whether it will be up to 
the average of recent years, or be a failure owing to the 
war, is the point in dispute. Those who take the latter 
view are booking contracts at low figures; but the majority 
of owners are holding off at present until they see more 
clearly what the immediate future is likely to be. There 
have come more inquiries into the market this week. 
The house-coal trade keeps up remarkably well owing to 
the cold, wet weather, and prices are steady. Owin 
to the state of the cotton trade in Lancashire the deman 
for common fuel is only quiet, and prices are weak. 
rather heavier tonnage of Need coal is going into some of 
the large works. 








ELEcrric POWER TRANSMISSION ON THE NORTHERN RalIL- 
WAY OF FRrANcE.—The Northern Railway Company of 
France are at present installing a transformer substation at 
the Amiens Railway Station. The direct current supplied 
by the power-house is to be transformed here into single- 
A alternating current, and transmitted over a dis- 
tance of 5 kilometres to Longueau, where it will be utilised 
for the lighting of the railway station. The Amiens sub- 
station will contain two 35-kilowatt Westinghouse rotary 
converters, which will be supplied with direct current at 125 
volts, and will give out single-phase current at 88 volts 
50 periods. By means of a 30-kilowatt Westinghouse 
transformer the alternating voltage will be raised to 3500. 
This transformer is fitted with multiple contacts, by means 
of which the number of secondary coils can be varied, sc 
that a constant pressure may be maintained at the con- 
sumption terminals. This will allow the primary voltage 
to vary 5 per cent. each way. At the Longueau Railway 
Station the pressure will be lowered to 115 volts by means 
of a 28-kilowatt Westinghouse transformer. All the 
electrical plant is being supplied by the French Westing- 
house Company. 


Our Coat Aproap.—The exports of coal from the 
United Kingdom in February amounted to 3,207,579 tons, 
as compared with 3,208,264 tons in February, 1903, and 
2,910,569 tons in February, 1992. The principal ship- 
ments were the following :— 





Country. Feb., 1904. Feb., 1903. Feb., 1902. 
tons tons tons 
Germany 311,774 316,544 286,826 
France 547,529 592,143 577,979 
Italy... 552,722 523,064 493,449 
Spain .. 219,181 219,701 192,602 


Our aggregate exports of coal to February 29 this year 
were 6,469,943 tons, as compared with 6,777,156 tons in 
the corresponding two months of 1903, and 5,937,729 tons 
in the corresponding two months of 1902. The following 
countries each took more than 400,000 tons of coal in the 
first two months of the last three years :— 








Country. 1904. 1903. 1902. 

tons tons tons 

vermany 595,814 642,739 569,330 
France 1,166,148 1,138,276 ,190, 

Spain .. 426,352 398,695 430,418 

Italy .. 1,033,858 922,413 939,069 

Egypt 418 571 283,928 334,317 


It is interesting to note that deliveries of British coal to 
the United States have not altogether ceased, having 
amounted in the first two months of this year to 27,761 
tons, as compared with 864,964 tons in the corresponding 
period of 1903, and 4292 tons in the corresponding period 
of 1902. Exports have increased this year to Russia, 
Norway, Denmark, Holland, Belgium, Portugal, Greece, 
Turkey, Brazil, Malta, and British India ; but they have 
decreased to Sweden, Algeria, Chili, Uruguay, and 
British South Africa. When account is taken of the 
coke and patent fuel exported, the shipments for the first 
two months of this year are increased to 6,784,968 tons, 
as compared with 6,985,638 tons in the corresponding 
period of 1903, and 6,199,137 tons in the correspond- 
ing period of 1902. The quantity of coal shipped in 
the first two months of this year for the use of 
steamers engaged in foreign trade was 2,589,559 tons, 
as compared with 2,578,357 tons and 2,300,375 tons 
in the corresponding periods of 1903 and 1902 respectively. 
In one way or another, accordingly, coal left our shores in 
the first two months of this year to the extent of 9,374,527 
tons, as compared with 9,563,945 tons and 8,499,512 tons 
respectively. It will be accordingly seen that we have 

n shipping coal this year at the rate of 56,247,162 tons 
perannum. The value of the coal, coke, and patent fuel 
exported to February 29 this year was 3,941,339/., as com- 
pared with 4,215,336/. in the corresponding period of 1903, 
of 1902. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesda 
The Cleveland Iron Trade.—Yesterday the attendance 
on ———— was only thin, and there was not very much 
business doing. At the opening of the market, however 
quotations were hy | strong, and a most cheerful tone pre. 
vailed. Later in the day affairs me rather dull 
owing to a drop in warrants, and though quotations for 
makers’ iron could hardly be said to be reduced, they were 
decidedly easier. At the same time, producers, recognisi 
that the statistical position of the trade was good, took 
little heed of the change, especially as they were in 
position to hold off for the present, most of them bein 
well supplied with orders. No. 3 g.m.b. Cleveland pig 
was quoted 44s. f.o.b., and it was not easy, even at the 
close, to find sellers below that rate. No. 1 was reported 
rather scarce, and the price was put up to 45s. 6d.; whilst 
No. 4 foundry was about 43s. 9d. The lower qualities 


were fairly steady. Grey forge was 53s. 6d.; mottled 
43s.; and white, 42s. 9d. East Coast hematite pig was 


somewhat easier, and was rather more freely offered than 
a week ago, but the leading firms were very reluctant to 
reduce quotations, and, in fact, several makers declared 
that cost of output warranted higher rates than were 
named. Second hands sold Nos. 1, 2, and 3 at 52s. 34. 
for early delivery, and No. 1 at 52s. 9d., but there were 
producers who adhered firmly to 52s. 6d. for mixed 
No. 4 forge hematite was 
in the neighbourhood of 51s. Spanish ore showed an 
upward movement, dealers asking, and reporting that they 
were able to obtain, 14d. to 3d. more than they could get 
last week. Rubio (50 per cent.) was thus 15s. 44d. ex. 
ship Tees. Middlesbrough warrants, after touching 44s,, 
eased, and by the close of the market the price was 
43s. 94d. cash buyers. 


Manufactured Iron and Steel.—There is not very much 
new to report with regard to the manufactured iron and 
steel industries ; but what slight changes are noticeable 
are for the better. Though prices all round are not 
y coma altered, they are undoubtedly firmer, and some 

escriptions may be advanced in the near future. The 
holidays will, as usual, interfere with work. Market 
quotations now stand :—Common iron bars, 6/. 2s. 6d. ; 
best bars, 62. 12s. 6d. ; iron ship-plates, 6/. 7s. 6d. ; iron 
ap 61. 2s. 6d. ; steel ship-plates, 5/. 12s, 6d. ; 
steel ship-angles, 5/. 5s. ; steel joists, 5/. 5s. ; steel 
sheets (singles), 77. 17s. 6d.; and steel sheets (doubles), 
81. 7s. 6d.—all less the customary 24 per cent. discount for 
cash. Heavy sections of steel rails still remain at 4/, 1%, 
net cash at works. 


Ironworkers’ Wages Reduced.—Mr. Edwin Waterhouse, 
the accountant to the Board of Conciliation and Arbitra- 
tion for the manufactured iron and steel trade of the 
North of England, has certified the average net selling 
price of rails, plates, bars, and angles for the two months 
ending February 29 last to have m 6/. Os. 6.17d., as 
against 6/. 3s. 10.75d. for the previous two months, and, 
in accordance with sliding-scale arrangements, a reduction 
of 3d. per ton on puddling, and 24 per cent. on all other 
forge and mill wages will take effect from March 28. 
Tionworkers’ wages are thus reduced after remaining 
stationary for two years. 

Coal and Coke.—Coal is steady. Coke is very strong 
and in good demand for local use. Average blast-furnace 
pees have been further raised to 14s. 3d., delivered 
nere. 








Conrracts.—A contract has been placed by the County 
Council of Lanark with Messrs. Meldrum Brothers, 
Limited, Manchester, for one of their three-grate ‘ Sim- 
plex” refuse destructors, with suitable boiler plant, to be 
erected at Cambuslang. 


Tue InstiTuTION oF Crvit ENGINEERS—MEETING OF 
StupENnTs.—A meeting of students of the Institution of 
Civil Engineers was held at the Institution on Friday 
evening, the 25th ult., Mr. A. H. Preece, M. Inst. C.E,, 
in the chair, when a paper on ‘“‘ The Relative Advantages 
of Continuous and Alternating-Current for Traction 
Purposes” was read by Mr. J. M. Kennedy, Stud. Inst.C.E. 
The following is an abstract of the paper :—From reasons 
of economy, electricity must be used for traction purposes ; 
and the question as to which is the most economical 
method of using it demands careful consideration. Tram- 
ways using continuous-current throughout are very 
efficient ; but where there are long lines the composite 
system has to be introduced, as it is not possible to use 
continuous-current at high voltages. For transmission 
purposes the composite system is discussed, and the 
relative merits of three-phase and single-phase installa- 
tions are considered. The simplicity of an alternating- 
current system is pointed out, and the use of extra hig 
voltage for transmission to feeding points is considered. 
The various three-phase railways now at work on the 
Continent are briefly described, including the high-speed 
Berlin-Zossen line. The possibilities of a single-phase 
line are then more fully discussed, and its limitations are 
defined. The Ward-Leonard system is then described, in 
which single-phase current is distributed to the cars or 
trains, on each of which there is a motor generator to 
supply continuous-current to the ordinary train motors. 
The advantages and efficiency of this system are ex- 
plained, and the apparent objections to it are snalyen 
and answered. A comparison is made between it and the 
ordinary combined system as regards efficiency and cost. 
The reading of the paper was followed by a discussion, 1m 
which Messrs. J. w. M. Topley, H. O. H. Etheridge, 
T. C. Ormiston-Chant, A. H. Smyth, and W. H. Shortt, 
Studs. Inst. C.E., took part. 
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NOTES FROM THE SOUTH-WEST. 

“,—Only a comparatively restricted business has 
Be in he The best Admiralty coal is scarce ; 
have been made at 16s. 3d. to 16s. 6d. per 


aeety not improbable that higher rates may prevail. 
The best secondary y noe have also been scarce for 
shipment. The best large steam coal has been quoted 
at 163. 3d. to 16s. 6d. per ton, while secondary qualities 
have made 15s. to 153. 6d. per ton. The house-coal trade 
has shown no & ypreciable change; No. 3 Rhondda large 
has been comer at 14s, 6d. to 14s. 9d. per ton. Foundry 
coke has made 18s. to 193. per ton, and furnace ditto 16s. 


to 16s. 6d. per ton. As regards iron ore, Rubio has been 
quoted at 14s. per ton; Tafna at 15s. per ton; and 
Almeria at 14s. to 14s. 3d. per ton, charges including 
freight to Cardiff or Newport. 


Welsh Iron Ore Imports.—The Cardiff Chamber of 
Commerce states that the imports of iron ore at Cardiff, 
Swansea, and Newport last year were 1,283,337 tons, as 
compared with 1,253,454 tons in 1902. In these totals 
Cardiff figured for 830,617 tons and 812,448 tons respec- 
tively, Swansea for 117,785 tons and 107,646 tons respec- 
tively, and Newport for 334,935 tons and 333,360 tons 
respectively. 

Welsh Coal. The production of coal in Wales last year 
was 34,665,991 tons, as compared with 34,303,240 tons in 
1902, and 32,686,832 tons in 1901. There was accordingly 
an increase of 1,979,159 tons in production in 1903 as 
compared with that of 1901. Uf the coal raised in Wales 
last year, 29,375,397 tons were contributed by the county 
of Glamorgan. 


The Coal Export Duty.—The Cardiff Chamber of Com- 
merce observes in its thirty-eighth annual report that the 
effect of the recently imposed export coal duty is shown 
in the reduced quantities sent to ports where there is a 
competition with foreign coal. is observation applies 
especially to the North of France, where the handicap 
influence of the 1s. duty has enabled German coal to find 
aready market to the detriment of South Wales coal. The 
Chamber adds that the price of small coal for export has 
had to be reduced from over 7s. to 5s. or under per ton, 
the latter figure being exempt from duty. 


Electris Light at Keyham.—The Admiralty recently 
decided to light the whole of the departments at the Royal 
Naval Barracks at Keyham electrically, and they have 
accepted a tender of Messrs. Lapthorn, Plymouth, for the 
erection of an electricity generating station. The work 
of installation has also been submitted to tender, and 
some of the largest firms in England have sent in prices. 
The contract for carrying out the whole of the installa- 
tion has been secured by Messrs. W. J. Corse, electrical 
engineers, Union-street, Plymouth. Messrs. Corse’s 
contract will occupy them about twelve months. As 
each department is finished, it will be immediately lit. 
The current will be derived at first from the Devonport 
Corporation generating station, but as soon as the 
Admiralty electricity works are completed, current will 
be taken from that source. 








Hotiow-SpinpLe Latue: Erratum.—In our last issue 
we described, on page 423, a 4-in. hollow-spindle lathe, 
manufactured by Giark’s Engineering Company, Limited, 
of Luton, and on page 417 we illustrated a lathe by the 
same makers and of a like nature. The machine illus- 
ee is a 3-in. lathe, and not a 4-in. lathe as stated in 

e text. 





H.M.S. ‘BELLEROPHON” AND ‘‘ TEMERAIRE” COoN- 
VERTED TO TRAINING SHIPS AND WorksHops. — In 
pursuance of their new scheme for the training of 
artificers for the Navy, the Admiralty last January 
placed the old battleships Bellerophon and Temeraire 
in the hands of Palmers Shipbuilding and Iron Company, 
Limited, Jarrow, for the purpose of transforming them 
into training ships and workshops. ‘The amount of work 
involved was very large and of a special character, but 
it has been completed with great rapidity. The Bellero- 
phon was to leave the Tyne on March 29, the Temeraire 
following about 10 days later. The Bellerophon has been 
turned into a training ship for boys. The conning tower 
has been removed, also the after funnel and the boilers in 
the after boiler space. A corrugated-iron house, about 
200 ft. long, 50 ft. wide, and 21 ft. high, has been erected, 
containing a machine-shop, with a large number of new 
machines, lathes, &c. In addition, there are a drawing- 
office, model-room, gymnasium, and cabins for officers and 
masters. On the main deck there have been placed a work- 
shop; reading, recreation, and mess rooms; and at the 
after end a school-room for about 100 boys. In the boiler- 
room there has been fitted a blacksmiths shop, containing 
sixteen forges and anvils, a motor hammer, and copper- 
smiths fires. In the Temeraire the lower deck has a 
Pega workshop, store-rooms, issue-rooms, offices, 

ec. ; while a large baggage port has been cut through the 
side armour and teak backing. Shipwrights’ and joiners’ 
shops, together with plumbers’ and fitters’ workshop 
ot € necessary machines, have been fitted on the main 
eck, where also are placed an electrical shop with lathes 
and other equipment, and various store-rooms. The for- 
ward barbette contains the dynamos which generate the 
current both for lighting and driving the various motors 
In this vessel and in the Bellerophon, which vessels, 
Hag with the Indus, are to be moored in tandem 
ashion at the dockyard, the connection between the three 
thee by means of bridges. The whole of the work on 
of Ee © vessels has been carried out under the supervision 

7 ngineer-Captain Haddy, R.N., and has been com- 
Pleted in the short time of eight weeks. 








MISCELLANEA. 


THE twelfth ‘‘ James Forrest’ lecture will be delivered, 
at the Institute of Civil Engineers, by Mr. Dugald Clerk, 
M. Inst. C.E., on Thursday, April 21, at 8 o’clock, the 
subject being ‘‘ Internal Combustion Engines.” 


The annual dinner of the students of the Institution of 
Civil Engineers will take place at the Trocadero Restau- 
rant on April 29, when Sir William White, the president 
of the Institution, will occupy the chair. Tickets can 
be obtained from the honorary secretary of the students’ 
dinner committee, Mr. Herbert E. Steinberg, 43, Parlia- 
ment-hill, N.W. 


The seventh International Congress for the Protection 
of Industrial Property will be held in Berlin from May 
4 to 30 next. The general secretary is Dr. Albert 
Osterrieth, Kongressbureau, Berlin, W., Wilhelm-str., 
57/58. Papers and reports dealing with each of the ques- 
tions on the agenda can be obtained from him some weeks 
before the meeting. 


An important sale of modern electrical mining plant 
will take place at the Frongoch mines, near Aberystwith, 
on April 11, 12, 13, 14, and 15, Mr. G. N. Dixon, of 
Liverpool, being theanctioneer. This sale will be of great 
importance to all colliery and mining engineers, and is 
worth special attention, inasmuch as the whole of this 
valuable plant, which has cost upwards of 68,000/., is to 
be sold without reserve. 


It is proposed to materially extend the harbour of 
Aarhus, Sees the plans entailing an expenditure of 
some 200,000/. In connection with the extension of the 
harbour are other schemes, including, in the first instance, 
the construction of a floating dock and a large shipyard. 
For repairs Aarhus is fairly well located, and the 
success which is attending the Flensburg shipyard has 
fired the people of Aarhus with a desire to do likewise. 


We note in the Street Railway Journal the statement 
that the bearings of the motor armatures on the Metro- 
politan (West Side) Elevated Railway, Chicago, do not 
require overhauling nearly so often as in the case of street 
railways or electric trams. In one case the bearings of a 
motor-car on the line stated have run nearly a year before 
needing an overhaul, whilst in American street railway 
service they need overhauling every two to six months. 


A system of gas distribution under high pressure is to 
be adopted for the city of St. Louis. The area to be 
served is 65 square miles. The gas pressure will be 5 Ib. 
per square inch in the medium-pressure feeders within 
the city proper, and from 20 Jb. to 80 1b. per square inch 
in the feeders for the outlying suburbs. The ordinary 
spigot and socket jointed cast-iron pipes will be used 
for the mains worked at 5-lb. pressure, whilst steel pipes 
with screwed fittings will be used for the high-pressure 
service. 


Messrs. Dodd and Dodd, civil engineers, Waterloo- 
street, Birmingham, have taken the prize in the com- 

tition for designs of a new bridge over the River 

Jedway at Aylesford, to take the place of the present 
bridge. The selected design shows the proposed new 
bridge will be of stone, with elliptical granite arch ; span 
of main arch, 150 ft., giving headway of 18 ft. above 
high-water mark of spring tides; width of bridge over- 
all, 40 ft., comprising carriage-way, 30 ft., and footpaths 
on either side of 5 ft. ; length of approaches and _ bridge, 
600 ft. The estimated cost is 33,000/. Only one prize, of 
100 guineas, was offered. Twenty-eight firms of architects 
and engineers took part in the competition. 


The report of Mr. H. de B. Parsons on the collapse of 
the Darlington Hotel building, during construction, at 
New York, has now been published. The disaster is attri- 
buted to the use of cast-iron columns, and of loose con- 
nections at all joints, owing to which the columns received 
no lateral support, and they were not provided with any 
other kind of lateral bracing. The building was to have 
been 150 ft. high. The columns used were square in sec- 
tion, and the metal was intended to be # in. thick. 
Flanges and brackets were cast on, and the girders were 
bolted to the brackets, so that the loads were applied eccen- 
trically to the columns. The metal was of fair quality in 
the body of the columns, but in many cases was honey- 
combed in the neighbourhood of the flanges. The floor 
members were of steel, and of good quality. 


It is a common practice in America to equip the large 
office buildings there with private plants for lighting, 
warming, and running the lifts in the building. In a 
recent issue of the Engineering Record we note a descrip- 
tion of a power plant of this kind erected in the Broadway 
Maiden-lane Building, New York. . This building is 
eighteen stories high, exclusive of basement and cellar. 
It has 104,000 square feet of office area, and there are 
six lifts in constant use. These have a total travel of 
250 ft., and run at a speed of 650 ft. per minute. 
They carry between 2000 and 2400 passengers per hour. 
The power-plant comprises boilers rated at 900 horse- 
power, and three electric generators aggregating 250 kilo- 
watts capacity. There are also three elevator-pumps and 
feed and house-pumps. The exhaust steam is used for 
heating purposes during winter, and storage is provided 
for 50 tons of coal. The total area occupied by the plant 
is 4785 square feet. It supplies 7800 electric lamps, only 
a portion of which are, however, running at one time. 
The plant is in charge of a staff of four men during the 
day and two at night. This staff also attends to all 
repairs or alterations, besides running the power-plant. 
The wages cost is 100/. to 110/. per month ; and the total 
cost, inclusive of this item, oil, fuel, and water, amounts to 
about 250/. per month, or about 74d. per square foot of 
office area perannum. Adding wages of liftman, watch- 
man, porters, and charwomen, the annual running ex- 








penses amount to 2s. 1}d. per square foot of office area 
per annum. 


In a paper read before the Canadian Railway Club, 
Professor A. Stansfield, of the McGill University, dealt 
with the hardening and tempering of steel. He stated 
that when pure iron was heated it underwent two changes, 
losing its magnetic power at a temperature of 730 deg. 
Cent., whilst at 870 deg. Cent. it gained the power of 
absorbing carbon. Below 730 deg. Cent. it was known 
as a iron; between 730 deg. Cent. and 870 deg. 
Cent. as 8 iron; and above this point as 7 iron. By 
adding carbon to the iron the temperatures of the 
change points mentioned were lowered. With all 
percentages of carbon one change took place at 
670 deg. Cent., and with a steel containing between 0.8 
and 0.9 per cent. of carbon all three changes took place at 
this single temperature. Above the temperature at which 
the absorption of carbon commenced, the carbon tended 
to nrg uniformly through the whole mass of metal, 
and by quenching it could be more or less maintained in 
this state of solution ; whilst if cooled slowly, the carbon 
had time to separate from the iron, the separate particles 
of the latter when cold being as soft as wrought iron, though 
a certain degree of hardness was attained in the mass due to 
the presence of the compound Fe3;C mixed mechanically 
with the iron particles. This compound, he stated, was 
known as cementite, and would scratch glass. Slowly-cooled 
steels were built up of ferrite, or pure iron, which was 
soft; cementite (Fe,C), which was hard ; and pearlite, 
which was a mixture of ferrite and cementite in the pro- 
portions in which they occurred ina steel containing 0.85 per 
cent. of carbon. In quickly-cooled steels the above con- 
stituents did not separate out, and the confused crystal- 
line structure then obtained was known as austenite. 
Incidentally Professor Stansfield mentioned that the 
Taylor-White steels contained from 3 to 4 per cent. of 
chromium, about 8.5 per cent. of tungsten, and from } to 
1} per cent. of carbon. They were subjected to a peculiar 
heat treatment, being quenched from about 1000 deg. 
Cent., and then air-cooled from about 600 deg. Cent. 


The enormous quantity of water supplied per capita in 
some American cities has long been a source of wonder- 
ment to British engineers, who have contended that such 
excessive supplies must really be due to waste. In Buffalo, 
N.Y., for instance, the consumption is 324 U.S. gallons 
per day, or 259 Imperial gallons, and extravagant tigures 
are returned from a number of other American com- 
munities. The claim that the largeness of the supplies re- 
quired was really due to waste has, however, been scouted 
by most American engineers, but some returns just pub- 
lished in connection with the Boston Metropolitan 
Supply appear to show that when waste is prevented the 
supply is not very different from that afforded in many 
English towns and cities. Last year the Boston Metro- 
politan Water and Sewerage Board took steps to meter 
the water furnished to each of the eighteen divisions of 
their area of supply. The first result obtained was 
that, of the water pumped, 24 per cent. was lost by 
leakage on its way to the meters. Figures obtained 
from areas in which the domestic supply was all metered 
showed that the true domestic consumption, including 
stables and gardens, did not exceed in American cities 
some 14 to 15 Imperial gallons per head per day. The 
trade supply in the Boston area is generally metered, 
and in all amounts to about 20.8 Imperial gallons per day, 
and the supply for public purposes, including schools, 
public buildings, street sprinkling, and fire service was 
found to be 5.68 Imperial gallons per day, making a total 
for water actually used of about 44.4 Imperial gallons 
per head per day. The actual supply has been, on the 
other hand, about 96 Imperial gallons per head per day. 
The meter observations taken showed, in accordance with 
European experience, that in districts in which the 
supply was large the night rate was excessive. Taking 
the district as a whole, the minimum rate of supply 
during the 24 hours is equivalent to nearly 62 Imperial 
gallons per head per day, at least three-quarters of which 
must be absolute waste. It appears, however, that much 
of this waste arises from defective mains, since in certain 
areas every supply is metered, and the amount used for 
street watering was also ascertained. The sum of these 
was only about two-thirds the total shown by the Ven- 
turi meter as having passed into the district. 








FRENCH WIRELESS TELEGRAPHY.—Wireless telegraph 
stations, established at various points of the French coast 
to meet the requirements of the French Navy, are to be 
transferred to the French administration of posts and 
telegraphs. 





Seii’s Dictionary oF THE Wortp’s Press.—In this 
dictionary, issued at 7s. 6d. by Sell’s Advertising Agency, 
Limited, 167 and 168, Fleet-street, London, E.C., we have 
historical and descriptive records of all the newspapers 
and periodicals published in the United Kingdom, with 
maps of counties and districts, indicating locale of pub- 
lication, &c., and also similar lists of foreign and colonial 
papers. The reader can find at once a paper dealing with 
any special subject, or circulating in any area, and he may 
obtain a good idea of the status of any given periodical. 
In addition, some 130 pages are given up to special 
articles, largely journalistic in their scope, but some of 
them of industrial importance. Thus we have articles on 
New Brunswick, by the Hon. C. A. Duff-Miller, Agent- 
General, and on Britain in the Pacific, by Mr. J. H. 
Turner ; and these complete a series on colonial subjects 
in successive volumes. e Annual contains 18,000 entries 
and upwards of 4000 separate newspaper announcements. 
The total number of papers published in the British Isles 
is 2558. Of these 654 are published in London. A list 
of the London offices of various colonial and foreign 
papers is specially useful. 
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INDUSTRIAL NOTES. 


THE most absorbing topic connected with labour 
during the past week was the Ordinance relating to 
the importation of Chinese labour into South Africa— 
that is, into our two newly-acquired Crown colonies. 
The debate in the House of Commons on the motion 
for a vote of censure was undoubtedly a mere party 
move, censure for things done—namely, the advice of 
the Government to the Crown not to disallow the 
Ordinance. In America and elsewhere it would have 
involved what is called the veto by the Head of the 
State, in a matter which did not commend itself 
to the responsible chief authority. Such a vote, if 
carried, would have destroyed the Government, but 
would not have revoked the Ordinance. That would 
have to be done, if done at all, by the new 
Government after a general election. The vote of 
censure was defeated by a majority of 57 in rather 
a full House, and therefore the country is committed 
to the Ordinance for the importation into the Transvaal 
of Chinese labour. In the House of Lords also the 
question was again raised by Lord Coleridge, when the 
Government found a sufficient majority in support of 
their action. In this more or less party fight two bodies 
outside Parliament joined—namely, the Liberal Federa- 
tion and the National Liberal Club; in the latter a 
great meeting of members was held, when the resolu- 
tion condemning the action of the Government was 
carried without a single dissentient. It is rather 
singular that neither in the House of Commons nor in 
the meetings referred to did a Labour member take 
part, for the interposition by the Member for Battersea 
was declared by the Speaker to be irrelevant. 

The voice of labour in this controversy relating to 
the importation of Chinese labour into the Transvaal 
was concentrated in the great demonstration in Hyde 
Park on Saturday last, at which, from the numerous 
platforms allotted, speeches denouncing the action of 
the mineowners, of the representatives of the Crown 
in the Colonies, and of the Government, were made, 
and a resolution condemnatory of the Ordinance was 
passed. The gathering was belated. Labour, if earnest 
in the matter, ought to have spoken before the Crown 
was committed to the policy of indentured Chinese 
labour. As it was, the action taken only involved 
a protest ; it did not, could not, undo the Act. It is 
true that all the chief bodies representing organised 
labour had already spoken out, such as the Trades 
Union Congress, the Parliamentary Committee, the 
General Federation of Trade Unions, and the Parlia- 
mentary Representation Committee ; various trades 
and labour councils and trade unions had already 
spoken, but there had been no combined protest. 





The House of Commons has taken a step forward in 
the matter of fair wages. The Government accepted 
without question the resolution proposed by the Member 
for Clitheroe, and even the addition moved by the 
Member for Battersea was not seriously challenged. 
The resolution not only re-affirmed the resolution of 
some years ago as to fair wages in Government con- 
tracts, but the necessity for adopting a standard rate 
for unskilled labour equal to that paid by the best em- 
ployers in similar trades under similar conditions. 
The idea is that the State shall be the ‘‘model em- 
ployer.” This would mean that State wages, or the 
rates paid in Government establishments, shall not 
only be equal to the best rates locally paid, but more 
if need be; for to be a model in the sense intended 
means to be a pattern to all and sundry. That any 
system of sweating should be resorted to by the 
official departments of the Government would be 
obviously wrong. Whether it is right to use the 
State as a means of leverage to lift up rates of 
wages in any industry is quite another matter. But 
the private employer need not be under any serious 
apprehension; the conditions of State employment 
are such that wages are not the sole test ; regularity 
of employment, in many cases a pension, in others 
shorter hours, go to make up the aggregate rate. As a 
general rule, these do not apply in the case of the 
ordinary private employer. He may be of the best, 
but he is not able to guarantee permanent employment; 
he is not able to provide pensions ; he is only able to 
keep abreast of others in the matter of hours of work, 
therefore wages with him and his workmen are the 
only test. In this “0 the private employer, as a 
general rule, pays the best rates. 





A case of considerable importance has been before 
the Courts in connection with the National Union of 
Boot and Shoe Operatives and a firm of employers at 
Leicester. The dispute arose over quantities and 
wages, and has a bearing upon the statement of wages 
list which has governed the trade for some years ame 
the operation of the Conciliation Board. The items in 
connection with the manufacture of a boot or shoe are 
so numerous, and often vary so much, that there are 
frequent disputes over some item or items. A large 
proportion of these are settled by the men’s repre- 
sentatives and the employers concerned ; others are 
referred to and are dealt with by the Conciliation 





Board. Now and again, however, the dispute ends in 
a stoppage of work. In the case before us it eo pe 
that the operatives were called out, or had tendered 
their notices. The firm applied for and obtained 
an injunction to restrain the union from interfering. 
The injunction was only interim, granted on an 
ex parte application. On a second application the 
interim injunction was continued until March 21. On 
that date application was again made, when the in- 
junction as against the union was dissolved, but it 
was continued as against the president and vice- 
president of No. 1 branch of the union until the trial. 
The effect of the injunctions granted in the first 
instance was that the union was restrained from 
exercising its functions in connection with the par- 
ticular dispute at the only time when they could have 
been effective. Now, however, the injunction, until 
the trial, is limited to the particular branch whose 
members presumably are directly affected, and then 
only to the two officials specified. 





The Royal Commission on Labour Disputes have 
obtained another witness, and his examination is suffi- 
cient to just keep alive the recollection of the existence 
of the Commission. So far as is known, all the trade 
unions and labour organisations of the country have 
refused to give evidence. No official of any kind 
seems to have givenevidence. An official—or officials, 
it may be—of the Free Labour Association—a trade 
union of non-unionists—would appear to have given 
evidence, but wholly ex parte. There has been no 
rebutting evidence. In such a case ‘‘ judgment may 
go by default,” asin a court of law; but in the case 
of an inquiry of the kind intended it could have no 
value whatever. No satisfactory settlement of the 
state of trade union law, or of the laws specially 
affecting labour disputes, can be made or suggested 
on such a basis. A properly constituted Commission, 
with a fair proportion of capable Labour representa- 
tives and of employers, together with some able 
lawyers, and, perhaps, one or two others, might have 
been able to suggest such a revision of the law as 
would meet with the approval of employers and 
workmen alike. 

The position of the iron trades in the Wolverhamp- 
ton district is reported to be more hopeful, the pro- 
spects are brighter, and the market tone has been 
stronger. Home consumers, who have been withholding 
orders, or only giving such as would cover urgent needs, 
have been giving out orders more freely for bars, plates, 
strips, best sheets, and angle iron, while inquiries from 
shipping houses have been more encouraging. Prices 
for marked iron have been firm, but for other qualities 
weak, though the better class of unmarked iron has 
been in fairly moderate request. In the engineering 
and allied trades there has been little change. The 
branches of the Amalgamated Engineers report trade 
as moderate—only seven out of 432 members were 
unemployed, while only four ironfounders were on 
donation benefit ; yet the report of trade by the branch 
secretary is bad. Boilermakers are moderately em- 
ployed, and so also are those engaged in bridge and 
girder construction. In the hardware and other iron, 
steel, and metal-using trades there is more variety in 
respect of reports on employment, but as a general 
rule trade is from fair to quiet rather than depressed, 
except in two or three industries. 





In the Birmingham district there was a quiet market, 
sparse attendance, little trade, with a tendency to 
weakness in prices. Makers of best finished iron are 
well off for orders, and are able to fully maintain 
their rates. Common iron is in poor request and 
prices are weak. The demand for pig iron was inactive. 
In the engineering and allied trades there has been 
little change. The seven engineers’ branches report 
trade as moderate. The proportion out of work is 
comparatively small. The ironfounders report trade 
as improving. The other iron, steel, and metal-using 
industries vary more, but the great majority are 
moderately employed. A few are quiet, one or two 
slack. Perhaps the worst off are the bedstead-makers. 

What will be the eventual result of the dispute in 
the Birmingham bedstead trade cannot yet be de- 
finitely predicted, but the operatives have resolved to 
resist the proposal to abolish the 15 per cent. bonus. 
They have, they say, carried out their undertakings 
in the matter, and until the collapse of the Metal 
Trades Alliance every manufacturer paid the bonus. 
In all 35 firms have given notices; of these four are, it 
is said, expected to withdraw them, whilst twelve 
others do not insist upon the proposed reduction. In 
any case some 2000 men are said to be affected, and 
some 3000 more will be indirectly affected if a 
stoppage of work is finally resolved upon. 

The position of the engineering and allied trades in 
the Lancashire districts continues about the same. 
Some branches of the machine-tool sections are fairly 
well supplied with work, but, as a general rule, orders 
are not coming in at all favourably, even though the 
days are lengthening, and the weather more suitable 
for all kinds of out-of-door work. In the iron trade 





there has been an upward move in respect of ra 

material, which implies a larger possible, not to ap 
aee demand for finished iron at no distant date 
3ut little will now be done until the Easter holidays 
are over, " 





It is reported that the miners in Barrow-in-Furness 
are ‘‘up in arms” against a proposal to introduce 
Italian and Spanish workmen into the Tindal Moor 
mines, though the local British miners have been 
working short time for some months. The exact 
reasons for this change of policy do not appear to have 
transpired, but some there must be. 





The strike of agricultural labourers and gardeners at 
Elne, near Perpignan, France, last week led to riotin 
and bloodshed, though as yet it is not reported that 
any lives were lost. The disturbance arose out of the 
attempts of the pickets of those on strike to compel 
the unwilling to leave work. For this purpose they 
accosted those on the roads, whether on foot or 
driving, in order to compel them to join. The first to 
resist was a baker, to whose assistance the gendarmes 
came, when a fight ensued with sticks and stones on 
the part of the strikers, while the gendarmes used their 
arms, including pistols. After the first dispersion the 
men rallied again, this time aided and abetted by their 
wives and other women; they had armed themselves 
with all sorts of rude weapons, such as pitchforks, 
pruning knives, and bludgeons. Then the mounted 
gendarmes again dispersed them. If strikers will resort 
to force and. intimidation, they must not complain if 
force is used against them, even to their own undoing, 





Further dock troubles arose at Marseilles last week, 
and there were frequent collisions between the police 
and the strikers—about 1000 strong—on the quays. 
The strikers endeavoured to persuade or force the men 
working on two steamers belonging to a boycotted 
company to cease work. Shots were fired, and about 
a score of workmen and two policemen were injured. 
Three British sailors who were sing at the time 
are said to have been injured, and were taken to the 
British Consulate. Later on an agreement was arrived 
at between the dockers and the boycotted shipping 
firm, and work was resumed at the end of the week. 


The miners belonging to the Yorkshire Miners’ 
Association have been somewhat exercised over the 
election of a successor to the late Benjamin Pickard. 
There were several nominations, but at last these were 
reduced to three. Of these, Mr. W. Parrott, M.P., 
has been finally elected. It is doubtful if a better 
selection could eon been made. Mr. Parrott is able 
and judicious; moreover, he is a strong man, and 
quite capable of speaking his mind on occasion. 





The auditors’ report upon the Bethesda Relief Fund 
has been issued. The income, it appears, amounted to 
46,763/. 13s. 1d. ; the expenditure was 46,568/. 14s. 9d.; 
the balance in hand was 194/. 18s. 4d. This balance 
will cover the expense of auditing and printing the 
balance-sheet and other expenses. It is stated that 
3000 copies are being printed; and that subscribers are 
to have copies sent them first. 





The National Workmen’s Exhibition which was 
held in the Agricultural Hall ten years ago ended in 
financial failure, though as an exhibition it was a great 
success. The creditors sued Mr. George Shipton for 
the amounts due, and the courts decided that, inas- 
much as he was not only the honorary secretary of the 
Exhibition, but also a member of the committee which 
organised it, he was responsible ; but they further 
held that he had a legal remedy against all his confreres 
on the committee; but they were all poor men, and 
he could not therefore sue. He paid by instalments 
all he could, but the demand for the balance he could 
not meet, and was: therefore in danger of bankruptcy. 
His old colleagues have now organised an effort to 
relieve him and to recoup his losses. Every Labour 
M.P. and members of the London County Council, and 
the chief trade-union officials, have signed the appeal 
on his behalf. 








Rosey anp Co., Limrrev.—The directors of this 
Lincoln engineering company report that, owing tosevere 
competition, general depression of trade, and other 
causes, the past year’s profit has not been satisfactory. 
The directors, however, have every confidence that the 
steps which they have taken for the future management 
of the business will produce better results. After writing 
off 5000/. for depreciation of buildings, machinery, and 
plant, and providing for directors’ and auditors’ fees, 
there remains a balance of 7641/. available for division 
among the shareholders. The directors recommend the 
payment of a dividend of 5s. per share, free of income 
tax, on both preference and ordinary shares, absorbing 
73682. In accordance with agreements entered into by 
the company with Mr. T. Bell and Mr. J. Richardson, 
and confirmed by the shareholders in November, those 
gentlemen ceased to be managing directors at the end of 
the past year, but they now offer themselves for re-election 
as ordinary directors, 
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coMPOUND LOCOMOTIVES IN FRANCE.* 


By M. Epovarp SavvacE, Chief Consulting Engineer, 
: Western Railway of France. 
(Concluded from page 448.) 

II.—Four-CYLINDER Compound LOCOMOTIVES WITH 
; THREE-COUPLED AXLES. 
g numbers of compound locomotives with three- 
Jes have recently been ordered in France, the 
in use or on order being 817 on October 1, 


LARG 
coupled ax 
total stock 
tives of this class ordered by the Northern 


e similar to the previous 50, with wheels 
diameter ; the dimensions will 


1903. 

The 55 locomo 

ilway are quite sim 
Ra m. (5 ft. 8% in.) 
be found in Table 
June, 1900, page 404), , ; oa 

The Western Railway _ ordered 15 locomotives similar 
to the previous lot, the diameter of wheels being 1.720 m. 
(5 ft. 7? in.). Working fast goods traffic in comparison 
with the old ordinary three-coupled engines Nos. 1541 to 
1575, the compounds have been found very economical in 
they could haul much heavier trains 

















Cylinders, H.P. : 


Diameter 350 mm. (133 in.) 

Stroke .. 640 mm. (254 in.) 
Oylinders, L.P. : 

Diameter 559 mm. (219 in.) 


640 mm. (254 in.) 


Stroke .. 
1,910 m. (6 ft. 3,'; in.) 


Driving-wheels— diameter 

Weight in working order : 
Total . > ° 
Adhesive Es 

Interesting tests have been made between Paris and 


Le Mans of one of these new locomotives (No. 2701) ; one 
six-coupled compound with smaller wheels, 1.720 m. 


63.5 t. (62.5 tons) 
45 t. (44.28 tons) 


II. of former paper (Proceedings, | (5 ft. 7} in.) (No. 2516); one four-coupled express com- 


— (No. 521), and an Italian six-coupled compound 
ocomotive (No. 3701), with the firebox at the leading end, 
which was exhibited at Paris in 1900. These four engines 
hauled successively the same express trains from Paris to 
Le Mans, the distance being 2175 km. (135.15 miles) and 
back. The profile of the line is given in Fig. 21, below. 
The principal dimensions of the four engines are given 









| 





(14,4; in, and 238 in. by 25$in.). The total weight in 
service is 73,800 kg. (72.63 tons, of which 53,400 kg. are 
adhesive. 

The Southern Railway made an important addition of 
48 engines to their stock of 27 six-coupled 4-cylinder 
compounds, without altering the type. The P.L.M. 
ordered 100 such new locomotives. 

Since January, 1900, the Eastern Railway, which 
had then 60 such locomotives (Nos. 3401 to 3460), ordered 
152 new ones. Of these, Nos. 3461 to 3500 were very 
nearly similar to the previous engines ; however, the fire- 
box was made deeper in front, to give room for a more 
inclined grate. For locomotives Nos. 3501 to 3520 (Fig. 3, 
page 432 ante, and Fig. 9, page 443 ante), and Nos. 3521 to 
3550, 3551 to 3580, 3581 to 3610, a new starting gear (the 
same as on the Northern Railway locomotives) was substi- 
tuted for the old one (shown in Fig. 24, Plate 50, Pro- 
ceedings of the Institution for June, 1900). The driver is 
on the left side of the engine. The bogie was modified, 
inside boxes being substituted for the outside ones. En- 
gines Nos. 3501 to 3520 and 3581 to 3610 have piston valves. 

The two six-coupled locomotives Nos. 3101 to 3102 of the 
Eastern Railway have large wheels, and are intended for 








































prolonged use, as , er be mand : y. : : 
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carried 1 km. (0.621 mile) has been reduced from 5.70 kg. TABLE XIV. 
(12.56 lb.) to 3.69 kg. (8 lb.), or from 1 to 0.65 (100 tons Tate Se eS 
carried 1 mile with a coal consumption from 204 lb. to Number of Locomotive .. 2701 2516 521 3701 (Italian) 
131b.). The oil consumption has been increased, but the - | = 
cost of lubrication is altogether very smal]. Table XII., Grate area .. 2.45 m2 2.45 m? 2.40 m2 3m? 
page 478, gives the result of this comparative working for , (265 sq. ft.) (268 sq. ft.) (2548 sq. ft.) (327, sq. ft.) 
one year. Heating surface a = m2 tt) (mest m? tt) cusea, cog ) a oh “4” ) 
ae ee . ay sin : 2174,°, sq. ft. 2088} sq. ft. 9,'; sq. ft. 7764 sq. ft. 
The principal dimensions of the locomotives used Working pressure 15 kg. per cm? 14 kg. per cm? 14 kg. per cm? 15 kg. per cm? 


(ordinary locomotives 1541 to 1575, and compounds 2501 
to 2525) are :— 

In addition the Western Railway ordered 20 six- 
coupled compound locomotives with diameter of wheels 
enlarged to 1.910 m. (6 ft. 3,%, in.) (Nos. 2701 to 2720), 
this enlargement being the only important difference 
with the preceding lot, Fig. 2, page 432 ante. The prin- 
cipal dimensions are given in Table XIII. :— . 


TaBLe XIII.—Principal Dimensions of Western Railway 
Biller: Compounds Nos. 2701 to 2720. 


Internal diameter 
Height of axis above rail 
Working pressure 


Tubes ; 


Length between plates.. 4.500 m. (14 ft. 9 4% in.) 

External diameter - - 70 and 45 mm. (23 and 1} in.) 

Number—4 of 45 mm. (1} in.) ; 
: 113 Serve of 70 mm. (23 in.).. 117 

ae area “ ae aa 2.45 m2 (26% sq. ft.) 
eating surface .. ; 202 m? (2174, sq. ft.) 


1.480 m., (4 ft. 10} in.) 
2.505 m. (8 ft. 28 in.) 
15 kg. per cm?. 
(213.3 Ib, per sq. in.) 


Engineers, March 18, 1904. 


(213.3 Ib. per sq. in.) 


(199 Ib. per sq. in.) 


Diameter of cylinders—H.P. .. 350 mm. 350 mm. 
(133 in.) (133 in.) 
Diameter of cylinders—L. P. 550 mm. 550 mm. 
(218 in.) (218 in.) 
Stroke of pistons .. 640 mm. 640 mm. 
(253 in.) (252 in.) 
Diameter of driving wheels 1.910 m. 1.720 m. 
(6 ft. 3, in.) (5 ft. 7}4 in.) 
456 41.5 t 


Adhesive weight .. 


It will be noticed that the production of steam per 


ot. 
(44.28 tons) 


me 
(40.84 tons) 


{service at the end of 1902. 


(199 Ib. per sq. in.) 


(6 ft. 73 in.) 
31 


31 t. 
(30.51 tons) 


(213.3 1b. per sq. in.) 
380 mm. 


(15 in.) 
570 mm. 


(6 ft. 43 in.) 
43.5 t. 
(42.81 tons) 


The principal dimensions 


kg. (Ib.) of coal is small with No. 521 engine, owing 


to its rather limited heating surface as compared to | 


the grate area, this surface being equal to only 56 times 
the grate area. The proportion is better in the other 


engines. 


The Paris-Orleans Railway has received from the 
Société alsacienne de Constructions Mécaniques 15 
six-coupled locomotives (Nos. 4001 to 4015), Fig. 6, page 
432 ante, with wheels of 1.800 m. (5 ft. 10g in.), fitted with 
cca: < : a large boiler identical to one of the new ‘‘ Atlantic” 

Paper read before the Institution of Mechanical | locomotives of the same company. The size of the cylin- 


are given in Table X VI. (page 478) :— 
It is interesting to mention here a tandem compound 


| locomotive which has been built recently by the Northern 
| Railway Company for a 


passenger trains on the 


Ceinture Railway of Paris. This railway is a circular 


line round Paris, with a length of 31.5 km. (194 miles), 
23 stations, and gradients of 1 in 100. In order to avoid 
an undue loss of time, ordinary locomotives must run in 
full gear until the regular speed 13 attained ;‘thence results 
a large steam consumption, and, in addition, the too- 
powerful blast disturbs the fire on the grate. : 

The use of a compound locomotive under these cireum- 


ders is also the same—360 mm. and 600 mm. by 640 mm. 
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TasLe XII.—Comparative Working of Compounds 2501 to 
2525 and Ordinary Locomotives 1541 to 1575 on Fast Goods 
Trains between Le Havre and Argenteuil or Batignolles. 


Ordinary 
1541 to 1575. 


Compounds 
2501 to 2526. 


Boiler : 
Internal diameter... 1.446 m. (4 ft. 8}2 in.) |1.300 m. (4 ft. 3,4, in.) 
Heightof axisabove 2.410 m. (7 ft. 10Jin.) 2.055 m. (6 ft. 844 in.) 

rail 
Working pressure. . 14 kg. per cm? 9 kg. per cm? 
(199.1 lb. per sq. in) (128 Ib. per sq, in.) 
Tubes : 
Length between 4.300 m. (14 ft. 1), in.) 4.300 m. (14 ft. 1), in.) 
plates 
External diameter 70 mm. and 45 mm. 
(23 in. and 1} in.) 
117 


49 mm. (1}% in.) 
Number 198 
4 of 45 mm. (12 in.) 
113 Serve 
2.38 m2 (258 sq. ft.) | 1.42 m? (15} sq. ft.) 
187.97 m2 (20232 139.50 m2 (15018 
sq. ft.) sq. ft.) 


Grate area 
Heating surface 


Cylinders, H.-P. : 


Diameter : 350 mm. (139 in.) 460 mm. (18} in.) 
Stroke ite ‘ 640 mm. (254 in.) 640 mm, (254 in.) 
Cylinders, L.-P. : 

Diameter 550 mm, (21 in.) 


Stroke oe = 640 mm, (254 in.) 
Driving wheels, dia- 1.720m. (5ft. 7{} in.) 1510 m (4 ft. 11, in.) 
meter 
Weight in working 
order : 
Total os . 58.4 t. (57.48 tons) 


» — 
Adhesive 41.5 t. (40.84 tons) | f 26-45 t. (85.87 tons) 





a re) Coal Consumed is 2 
3 : 2 
| — s 
a 2 & 
05 Ate fee are ; S 
¢ ,seies gas 8 - 
E aa 4 oe 
Month. Z = <5 = seal es 
= a8 | ee nons! 2 he 
a te: | £2 SSE a 
2 gg | SR BRAY oe | eS 
a BS i -S legeel 2s | oo 
= 2h | ZA 2 5 | em 
Ordinary Locomotives 1541 to 1575. 
May, 1899 .. $8,527 | 284 | 15.2 5.35 | 26.6 4,110 
: 23,940 2794 | 54 19.3 0.094 
June, 1809.. ..| 39,379 | 287 14.6 5.77 | 29.2 4,813 
24,470 2824 | 51.8 | 20.8 0,103 
July, 1899.. ..| 38,607 287 | 13.8 4.81 28.1 4,205 
. 28,990 2824 49 17.3 0.099 
August, 1899 .. 38,142 281 14.2 5.C6 30.5 4,219 


23,700 2764 £0.4 | 182 0.108 
September, 1899... 33,736 280 14.1 4.93 30.6 4,455 











20,962 | 2755 50 17.8 0.108 

October, 1899 41,193 288 15.6 5.42 30.6 6,687 
25,596 2834 55.3 19.5 0.108 

November, 1899 37,474 282 17.3 6.12 | 29.3 5,384 
23,285 2774 61.4 22 0.104 

December, 1899 ... 42,971 277 19.8 7.16 | 25.1 6,272 
26,701 , 2724 70.3 25.8 0.089 

January, 1900 41,055 283 18.3 6.48 | 25.3 4,648 
7 25,511 2784 65 23.3 0.090 

February, 1900 .. 40,082 291 183 6.27 25.1 3,922 
: 24,875 2864 65 22.6 0.089 

March, 1900 .., 45,983 284 | 16.1 5.65 | 24.2 4,606 
28,573 | 279} | 57.1 20.3 0.085 

April, 1900 -.| 35,617 | 272 15.8 5.80 26 4,614 
22,130 267% 56 20.9 0.092 

Totals and aver- 472,716 283 16.1 5.70 | 27.5 57,935 
ages 293,783 2784 57.1 20.5 0.097 


Compound Locomotives 2501 to 2525. 





May, 1899 .. ..! 26,503 , 445 16 3.61 | 50 1 3,763 
16,468 438 56.8 13 0.177 | 

June, 1899 .-| 28,758. | 442 | 14.9 3.37 50.7 | 3,886 
17,870 485 53 12.1 0.179 

July, 1899 .. ..| 37,847 | 409 11.3 2.76 ; 52.2 5,050 
23,516 4024 40 9.9 0.185 

August, 1899 ..| 40,702 410 | 13.9 339 | 51.5 6,547 
25,291 4034 | 49.3 12.2 0.182 

September, 1899.. 27,867 432 14.7 3.39 | 53 5,839 
23,528 425 52.1 12.2 0.188 

October, 1899 ..| 44,946 390 | 15 3.85 | 50 9,213 
27,928 383% | 53.2 13.8 0.177 

November, 1899 ..| 46,923 387 16.3 4.22 | 59.2 9,589 
| 29,157 | 380} | 57.8 15.3 0.178 

December, 1899 ..| 50,649 407 | 17.8 4.39 | 53.4 | 11,467 
31,472 4005 | 63.1 15.8 0.189 

January, 1900 ..| 39,611 449 | 17.8 3.98 | 47.1 5,399 
24,614 442 63.1 14.3 0.167 

February, 1900 ..; 37,629 455 17.6 3.88 | 46.2 4,877 
23,009 4473 62.4 14 0.164 

March, 1900 ..| 42,667 474 16.9 3.57 | 48.2 5,592 
26,513 4664 60 12.8 0.171 

April, 1900 39,335 472 16.4 3.47 48.2 5,236 
24,442 4644 58.2 12.5 0.171 

Totals and aver- 3 431 3.69 | 50.7 75,408 
ages 293,808 | 424 13.3 0.179 





Fig. 20, page 477, gives the profile of the Paris-Le Havre line. 


stances goes against the prevailing opinion that this 
class of engine is not fit for frequently-stopping trains. 
And really it seems that compounds, with cylinders of suit- 
able proportions, will give less trouble and consume less 
steam when worked in full gear fora prolonged time. This 





int is discussed at the end of the present age The new 
Eevenniion one of a lot of 15, is shown in Fig. 4, page 432 
ante. The principal dimensions are given in Table X VIT. 
The valves of both H.-P. and L.-P. cylinders are driven by 
the same spindle, with a play of a few millimetres at the 
spindle between the steam-chests of the two cylinders. 
Owing to this device, the L.-P. valve is always a little 
later in its travel than the H.-P. valve, thus producing 
more admission and less compression in the L.-P. cylinder. 


TABLE XVI.—Principal Dimensions of Eastern Railway 
Locomotives Nos. 3101 tv 3102. 
Boiler : 
Internal diameter 
Height of axis above rail 
Working pressure .. 


1.550 m. (5 ft. 1 in.) 
2.630 ,, (8 ft. 74 in.) 
15 kg. per cm? (213 lb. per 
sq. in.) 
Tubes: 
Length between plates 
External diameter 


4.200 m. (13 ft. 92 in.) 
70 mm. (2 in ) 
140 


Number .. as as 
Grate area.. : es é 2.857 m* (303 sq. ft.) 
Heating surface .. - . 228.94 m? (2410/, sq. ft.) 
Cylinders, H.-P. 

Diameter oe : 350 mm. (133 in.) 

Stroke .. : oe = 7) , @ » 
Cylinders, L.-P. : 

Diameter - oe nF 560 ( .) 

Stroke .. : 660 ,, (26 


‘i Se SES | 

Driving wheels, diameter 2.090 m. (6 ft. 10,% in.) 

Weight in working order: 
Total .. wae a ‘6 71.8 t. (70.66 tons) 
Adhesive - <n oy 51 1. (50.19 ,, ) 


TaBLE X VII.—Zank Locomotives Nos. 51 to 65 for the 
Ceinture Railway of Paris. 


839 t. (50 tons) 
Pr 3665 1. (807.9 gallons) 
. .3000 kg. (6613.8 Ib., or 2 95 tons) 
5000 1. (1102.3 gallons) 
63.198 t. (62.19 tons) 
47.763 t. (47 tons) 





Weight empty .. - se 50 

Water in boiler ; 

Coal in bunkers .. 

Water in tanks ne ' 

Total weight in running order 

Adhesive weight, maximum .. 

“< PP with half 

water and coal = 

Mean diameter of boiler 

Working pressure 


42.700 t. (42 tons) 
1.316 m. (4 ft. 3} in.) 
16 kg. per cm? (228 Ib. per 
sq. in.) 
Number of Serve tubes.. g 08 
Length of tubes .. a 3.500 m. (11 ft. 5}, in.) 
External diameter of tubes 70 mm. (2} in.) 
Heating surface : 
Firebox ee ss oe 10.23 m? (1103 sq. ft.) 
Tubes ‘o 27.70 m2 (13748 sq. ft.) 
Total * 3 m? (14847 sq. ft.) 
Area of grate... eis — 2.27 m? (244%, sq. ft.) 
Diameter of H.-P. cylinders .. 330 mm. (13 in.) 
L.-P. 540 mm. (21} in.) 
600 mm. (238 in.) 





” 4.°P. e 
Stroke of pistons “ 
Diameter of coupled wheels 
ae bogie wheels 
Extreme distance of axles 
Total length of engine .. 
Width of engine .. 
Tractive power : 

Working compound— 
Theoretical i ig 10,205 ky. (10.04 tons) 
Practical (70 per cent.).. 7,144 kg. (7.03 tons) 

With direct admission to 

L.-P. cylinders— 
Theoretical - os 
Practical (70 per cent.).. 


0.850 m. (2 ft. 95 in.) 
7.900 m. (25 ft. 11 in.) 
11.445 m. (37 ft. 6} in.) 
2.900 m. (8 ft. 6; in.) 


18,095 kg. (12.88 tons) 
9,166 kg. (9.01 tons) 


The first results obtained with these locomotives gave 
satisfaction. The whole circuit has been made in one 
hour and five minutes, stoppages included. The present 
schedule allows at least one hour and twenty minutes. 


III.—Fovur-Cy._inDER Compound LOCOMOTIVES WITH 
Four-CouPLED AXLES. 


Although in many cases the six-coupled four-cylinder 
compounds have replaced with advantage the old eight- 
coupled locomotives which were largely used in France, 
the P.L.M. system has a large number of such engines 
with four cylinders, and a new type of eight-coupled four- 
cylinder compound has been built by the Southern Rail- 
way and by the Eastern Railway. 

This last engine is represented by Fig. 7, page 432 ante, 
and Fig. 11, page 443 ante. A pony truck is used in front 
of the cylinders ; Fig. 12, page 443 ante, gives the details 
of this truck. The four cylinders are placed on a line 
under the smoke-box. The high-pressure cylinders are 
inside, and command the second coupled axle. The low- 
pressure cylinders are connected with the third axle. It 
is advisable, as far as possible, to put the low-pressure 
—o inside, under the smoke-box ; but in this case 
their diameter is too large, and they cannot be placed 
between the frames. 

The principal dimensions are as given in Table X VIII., 
annexed. 

A description, with drawings, of the eight-coupled loco- 
motive of the Southern Railway has been published in the 
Revue générale des Chemins de fer et des Tramways, April, 
1902, and in ENGINEERING, July 4 and 18, 1902. Tables 
of comparative experiments of these new engines and of 
old goods engines show an important economy in favour 
of the compound. The results of comparative working 
for 12 days are shown in Table XIX., opposite. 

The old locomotive (No. 2001) had a grate area of 
1.900 m? (20.4 square feet), a working pressure of 9 kg. 
per cm? (128 lb. per square inch), cylinders of 540 mm. 
(214 in.) by 610 mm. (24 in.), wheels of 1.210 m. (3 ft. 118 in.), 
and weighs 54 t. (53.14 tons). With the new ones, the 
weight of the train was increased from 120 t. (118.10 tons) 
to 170 t. (167.31 tons), the coal consumption being slightly 
reduced, and the quantity of water consumed remaining 
practically the same. 

The Paris-Orleans Railway has completed its stock of 
powerful locomotives with 12 engines of this class (four- 
coupled axles and a pony truck) ; the boiler is the same as 
_ the new ‘‘Atlantic” and six-coupled engines mentioned 
above. 








TasLe XVIII.—Locomotive with Four-( ‘oupled Axles 
wa Southern Railway. Eastern Railway 


Boiler : | 
Internal diameter 1.513 m. (4 ft. 11} in.)' 1.550 m, (5 i 
Height of axisabove mm Ge 1 in) 


rail - .-| 2.600 m. (8 ft. 6% in.) | 2.600 m. (8 ft 6Ri 
Working pressure 15 kg. per cm2 kg. viet 
(213 Ib. per sq. in.) (213 1b. per sq. in,) 
Tubes: Reis: 
Length between 
plates .. .. 4.300 m. (14 ft. 1), in.) 4.300 m. (14 ft. 1) in ) 
External diameter 70 mm. (2} in.) 70 mm. (23 in) : 
Number ; 148 ‘ 
Grate area 2.808 m? (304 sq. ft.) 2.707 m2 (294 sq. ft.) 
Heating surface 256.21 m2. 248.15m2. 
(2757j sq. ft.) (26714 sq. ft.) 


Cylinders, H.-P. : 
Diameter 390 mm. (153 in.) 


. 390 mim. (153 in.) 
Stroke aa -- 650 mm. (25, in.) 


650 mm. (25), in.) 


Cylinders, L.-P. 


Diameter .., 600 mm, (238 in.) 600 mm. (238 in.) 
Stroke ; -. 650 mm, (25,’, in.) 650 mm. (25,% in.) 
Diameter of driving 
wheels we . 1.400 m. (4 ft. 77; in.) 1.400 m. (4 ft. 7, in.) 
Weight in working 
order : 

Total Su .. 71.6 t. (70.46 tons) | 72.5 t. (71.64 tons) 
Adhesive -. 64.6 t. (63.57 tons) 65.3 t. (64.26 tons) 


IV. VALVE GEARS FOR Compound Locomotives, 


As regards valve gears, the Walschaerts system has 
been adopted for many of the French 4-cylinder com. 
pounds, as well as for ordinary locomotives* This system 
1s quite convenient when the valve is placed above or 
under the cylinder, and there is a distinct advantage in 
the use of one eccentric instead of two, for inside as well 
as for outside cylinders. The whole mechanism is simple 
and easily kept in order. The distribution of steam 
effected by the Walschaerts system is particularly good, 
and quite uniform on both sides of piston at different 
points of cut-off. The reason of this uniformity—greater 
than with the ordinary systems, where the whole motion 
is derived from two eccentrics—is obvious; with the 
ordinary systems the obliquity of the connecting-rod is a 
cause of inequality, the travel of piston, for a same 
angular displacement of the crank from both dead points, 
showing noticeable differences. With the Walschaerts 
gear, the motion of the valve is derived from one eccentric 
and from the piston itself; the obliquity of the con. 
necting-rod has no effect, and inequalities arise only 
from the small obliquity of the eccentric rod. 

Figs. 26 to 29, page 480, give details of the newest con- 
struction of this gear by the iété alsacienne de Con- 
structions Mécaniques. Fig. 29 shows the oscillating link, 
supported by trunnions on both sides; Figs. 27 to 29 show 
the way of guiding the valve spindles. With the ordinary 
design of the Walschaerts gear there is no vertical plane 
of symmetry for the whole mechanism, and that want of 
symmetry tends to produce lateral bending of the parts. 
Fig. 27 shows how the lever, worked from the piston 
crosshead and from the link, is connected to the valve 
spindle, the connection being made on the central axis of 
the spindle, which is guided in a straight line by a forked 
part. In Figs. 28 and 29 are seen the guides of this 
forked part for the high-pressure (outside) and low-pressure 
(inside) cylinders. 

Some contrivances are necessary to avoid excessive 
compression in compound locomotives. A much larger 
clearance than usual must be resorted to. On the Hastern 
Railway locomotives this clearance is about 18 per cent. 
of the cylinder capacity proper (stroke x surface of 

iston) for the high-pressure cylinders, and 12 per cent. 
or the low-pressure cylinders. On the Southern Railway 
locomotives the clearance is from 12 to 14 per cent. for 
the high-pressure and from 7 to 9 per cent. for the low- 
pressure cylinders. In addition, the valves have generall 
a negative lap of about 1.5 mm. (0.06 in. or ,/5 in.) on eacl 
side. On the Eastern locomotives this negative lap is 
given to the low-pressure valves only. It must be 
noticed that short cut-off is not resorted to, especially at 
high speed. When these precautions are taken, ex- 
perience proves that the highest speeds may be obtained 
with compounds as well as with ordinary locomotives. 

Experiments made on the Northern Railwayt have 
proved that it was useful to & a large diameter to the 
pipes supplying steam to the high-pressure cylinders ; as 
the regulator is not always wide open, and as the density 
of steam at very high pressure is great, it might be 
supposed that a small pipe would be sufficient ; but too 
small a pipe causes an important drop of pressure during 
the admission in the high-pressure cylinder, shown on the 
diagrams, and avoided with a large pipe. A diameter of 
90 mm. (34 in.) is advisable, the diameter of the cylinders 
being 340 mm. (133 in.) or 350 mm. (13{in.), and each 
cylinder being provided with a separate pipe. : 

Fig. 30, page 480, shows the — inside the boiler, of 
the steam-pipe, running from the regulator to a casting, 
where it branches into two pipes, giving steam to the 
high-pressure cylinders. On Fig. 31 is seen the sliding 
joint of one of these branch pipes. The way of making 
joints with very narrow annular portions of spheric 
surface is noticeable on these illustrations. 


V.—Startine DEvIcEs. > as 

In all recent four-cylinder compound locomotives it has 
been found advisable to provide a direct exhaust for the 

* An interesting history of the Walschaerts gear, by 
Mr. J. Boulvin, has been published in the Revue de 
Mécanique, February, 1902, p. 105. 

+ See Revue Générale des Chemins-de-Fer ct des Tram 
ways, June, 1898, page 431. 
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_CGONSUMPTION OF COAL AND WATER OF WESTERN RAILWAY ENGINES Nos. 2701, 521, 2516, 
ENGINE No, 3701, WORKING TRAINS Nos. 5 AND 30 BETWEEN PARIS AND LE MANS. 
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E = a ee s oe | as! 5 | Bq 85185! £  f!] & | esi ee | & |\Sagl & -4=) 2 sae} # | 8 
%, Zz, S B waive & is re | te. | Se ee Lee | | ee = < = - oa 
i: —$ || ——_— | | | | km. kg. H.-P. kg. | kg. | kg. kg. | litres litres 
“Tae \ | miles | tons | Ib. ie | ee | gals. gals. 
1st.—Train 5. Puris St. Lazare) to Le Mans. 217.5 Km. (135.15 Miles). 
ee ae ) | 8150 (14.48) 5.17 |23,217, 106.7 38.1 | 7.87 204 | 182 71.7 | 2106 ; 558 ) 386 | 432.6; 1.660 | 1.86 | 12.23 ; 13.63 18} Rain, light side 
April 22, 1902 ..) 2701 : : e760 6944.56 51.4 | 186 | 5,110) 37.8) 13.7 | 7:3 | 445 2.07 | 79.05 | 88.57 | 3.659 | 4.10 2.69 3.01 wind. 
2 Fi | | al 2 = 5, © 7 - « - rf 4 . 
99 9 22 3800 | 17.47! 7.94 19,668) 90.4 41.1 | 5°17 208 195) 66.7 1359 334 468 | 487.1 | 3.27 3.51 17.4 18.11 5 Somewhat strong 
January 28,1901 521) 160. ; 720, os 620 | 286 | 4820 $21 148 | 5.15 | 41.4 1.33 95.85 199.73} 7.20 7.73 | 383 3.99 side wind. 
sone beg cee : # EC sepseee paso eve Seen bees le gw 2 ; 7 : ; 
9 oF 3c.| 225 | 3350 15.40| 6.84 20,382) 93.7 41.6 | 6.084! 207 198) 65.9 1474 346.6] 396  414.3/ 2.79 2.92 | 168 17.81 i Somewhat strong 
January 25, 1901) 2516 | toe 92144 7385.4 54.67 24.6 4,446 33.2 15.0 | 6.06 (109° 1.45 81.10 '8479| 615 643 8.70 3.92 side wind. 
21,1901 3701 16c. 225 | 3550 | 16.82 | 7.25 |21,950) 100.9 44.8 |618 | 204 | 192) 67.9 | 1800 430.4| 343 369.7) 242 | 257 | 14.04 15.9 10 Rain & somewhat 
January 21, 0h en | gga | 221.44 7826.3 57.9 | 261 | 4,831 35.81 161/61 | [ 42.1 | 1.77 71.27 | 75.571 6.83 | 5.66 | 3.29 | 3.50 strong side wind. 
2Qnd.—Train 30. Le Mans to Paris (St. Lazare). 217.5 Km. (135,15 Miles). 
Fis. (peta niggdeen nag 2600 | 11.95. 4.78) 21,000 96.5 | 38.6 | 840 | 252 | 223 58.5 ; 1693 | 366 (237.9 2014) 169 | 101 ) 132 | 1542) 13 Fine weather, with 
Apell'ts, 1002 ..| 2702 | Tee | 248 e732 42421172 4621 342| 139 84 36.3 | 1.67 52.84, 59.69) 3.72 | 4.21 2.91 3.40 light side wind. 
si 521 | 230.| 2 3150 15.86 6.6 19,016 87.4 | 39.7 | 5.51 247 219 69.5 1693 320.3; 343 3038 258 | 295 144 1626 5 Fine weather, with 
January 24,1901, 52L Be.) oe 7608-5682 238 4185 B10 | 143. 5.5 36.9 1.66 71.27; 80.45 5.68 | 650 317) 3.58 frost. 
98 1901 951G  23¢c 245 $3300 15.17 6.2 20,948 96.2 | 39.2 6.34 248 218 59.8 16.15 305.3! 324 370.7 2.52 2.97 16.62 18.89 9 Fine weather, with 
» 26, 1901) 2516 | 28c. | | A 75.2 | 5885\ 223 | 4610| 86.1 | 141 68 | 87.1 | 1.58 66.36 75.78 6.53 | 6.54 | 3.66 4.16 frost. é 
9: 3701 240.) 3200 | 14.71| 5.66 23,015 105.8 40.7 7.19 244 211 618 | 1687 340 258 3033 2%8 | 267 1620 19.24 16 | .. |Fine weather. 
en er ae 05889 7054.7 | 62.221 204 | 5,065 $7.5 | 146 7.1 | 38.4 | 1.66 5284) 62.05, 5.02 | 6.88 3.57 4.24 | | 
i | | | | | | | | | | 
TABLE XIX. longed enough to decide the question with certainty from 
_____ ___ | # practical point of view; and experiments remain to be 
, : b < done on the effect of superheating on compound locomo- 
poe Consumption of Coal. Water Evaporated. tives. It is a question of great interest, but heyond the 
, W eight, of ; scope of the present paper. 
i "es rain (exciuslv r | 7 7 10 a 
Bites Distances ee Kg. me | Kg. perkm. Total Profile. VIII. Some DETAILS OF Construction. 
i a6 Miles. | and Tender). | TotalKg. | rain, | , per 100t. Cubic Per kg. The reversing gear more generally used is that shown 
t. Lb. Lb. per | LO: per Mile a of Coal. on Fig. 22, page 480 (Proceedings, 1900), with two screws 
Tons. Mile, | Pet 100Tons.| Gallons. in a line, which can be worked separately or together. On 
| | el os 4 _____ ___| the latest locomotives of the P.L.M. system, the design, 
——— ; Tee ‘ Fig.34, page 481, is such that the reversing gear of the 
Locomotive 4001 (Compound). ; low-pressure cylinders is always in full gear, forwards or 
AguessactoEngayresque, 15.2 170 4,676 51,271 30,159 26,472 Rise 33mm. perm. | backwards ; the position of the high-pressure gear alone 
oe, 9.4 167.3 10,308 182.0 108.8 ane Fall 38 er m, | C20 be altered at will. An oil cataract, seen on the right 
Engayresque to Sévérac 8.9 br , ‘ Ra — pe 1149 au ss tam. per ™. | of the drawing, is connected with the low-pressure bar, to 
: 5.5 : abet eats fork : avoid too rapid motion when the gear is reversed, as this 
: ‘1 agee 170 | 5,216 30,691 18,053 41,693 7.791. = bar is only pushed by the movable nut on the screw, but 
cea 14.9 167 3 | 11,499 109 65.11 9,176 7.78 Ib. not firmly connected with this nut. ; 
per lb. of coal For tasy working of the ordinary gear, the Société 
Locomotive 2001 (Non-Compound). alsacienne has recently provided two ball-bearings at the 
‘ : pes pay 87.080 forward end of the screw shaft (Fig. 35) ; these consist of 
Eguessac to Engayresque = = was ‘ pos 171.08 S162. | small balls between two grooved plates, of an ordinary type, 
y : : : 4162 | ; : : 
ee 39 320 450 8,426 7,022 4,782 | which can be easily and cheaply replaced when worn out.* 
ungayresq ' 55 118 992 59.8 25.29 1052.7 | The piston-valves of Est engines Nos. 3501 to 3520 have 
fae —| _ already been mentioned; Fig. 36 shows the valves for 
Totals and means .. 24.1 120 5,640 32,666 | 27,222 | 41,871 | a high-pressure cylinders, and Fig. 37 the valves on low- 
149 118 12,433 9215.7 | 7.13 Ib. pressure cylinders. Admission 1s between the pistons of 


115.9 | 93.16 


(4) with low-pressure cylinders only, in case of break- 
down of mechanism. 


[per Ib. of coal 





high-pressure cylinders, with an admission of steam from | 
the boiler (at a ——— to the a 
cylinders. The object of such device is principally to ¥ 5 : 
onald any difficulty in starting from rest, such as occurs | V I.—Serrine or CRANKS. : 
sometimes with the ordinary locomotives, and specially! In all recent designs the simple plan of setting at 180 
with compounds without such apparatus. In excep-| deg. the two cranks on each ade of the engine has been 
tional cases—for instance, in taking a heavy goods train | adopted ; thus the left-hand side outside crank and the 
ata slow speed up a grade—the separate working of the | left inside crank are at 180 deg., whilst the right cranks 
four cylinders may be resortéd to; but generally the! areat 90deg. with these. Of course, a more complete equili- 
adhesion would be found sufficient for such prolonged | brium, without the use of counterweights on the wheels, 
working. Ri Ass | might be obtained by setting the cranks after the Yarrow, 
The latest style of this device is shown in Fig. 32, | Schlick, and Tweedy system. The angles of setting are 
page 480, and consists of a revolving lantern on the side | very easily determined by the application of the method 
of the steam-chest of the low-pressure cylinder (one for | beautifully described before the Institution by Professor 
each cylinder). Steam exhausts from .the high-pressure | Dalby.* But as the outside cranks corrésponding to the 
cylinder through the pipe on the left of the drawing, and | high-pressure cylinders must be at right angles, owing to 
ge through L and O into the steam-chest of the| the coupling rod, the inside cranks would be at an angle 
low-pressure cylinder. In another position, the opening O | of about 70 deg.; as they correspond to the low-pressure 
is covered, and L!, communicating with O}, opens a/| cylinders, this would give an irregular exhaust, which 
direct exhaust to the high-pressure cylinder. At thesame | would not be very seilibisteny ah least, in appearance. 
time, a special valve (Fig. 33) on the back plate of | 
the boiler admits live steam to the low-pressure cylinder. | 
This valve need not be of large section, as the pressure | . 
of steam must be reduced, a safety-valve on the receiver | as regards the use of superheated steam on locomotives. 
(in communication with the low-pressure steam-chests) | In "aed, Mr. Aspinall’s superheater has been de- 
blowing off under a pressure of 6 kg. per cm?; the top | scribed in the Proceedings of the Institution (June, 1900, 
ipe, seen in Fig. 33, takes dry steam in the dome, the | page 409). In Germany, several applications of super- 
ttom one sends it to the receiver; the valve is a double cd steam have n made, and fully described by 
one, to allow a fine regulation of pressure; the small|Mr. Garbe.| Mr. Garbe’s conclusion is that fully as 
valve seen on the top of the casting is for heating | good results, as regards economy of fuel or increase of 
purposes. The revolving lantern is worked with the aid | power of locomotive, may be obtained by superheating 
of a compressed-air cylinder. as by compounding. The use of superheating is not pro- 
The starting device allows four different ways of using - =a 
the engine :—(1) Normal compound working ; (2) with 
four separate cylinders for rapid starting, used in very 
Special cases ; (3) with high-pressure cylinders only ; or 


VII.—SurERHEATED STEAM. 
Nothing worth mention has yet been done in France 


ee weee —— a 


* Proceedings, 1901, Part V., page 1157; ENGINEERING, 


vol. Ixxii., pages 726 and 755. 
+ Zeitschrift des Vercincs deutscher Ingenicure, 1902. 








the valves and exhaust outside. They have been found 
of advantage, principally as providing larger steam 
assages than flat valves, and thus reducing wiredrawing, 
both for admission and for exhaust. Compared with 
similar locomotives having flat valves and doing the 
same work during a po Boone period, these engines 
with piston-valves have shown an economy of 10 per cent. 
in coal consumption. The blast-pipe is generally of the 
French system, with two movable flaps, Fig. 22, page 480. 
In some cases, especially on the Est, a transverse edge, as 
shown on the drawing, has been added with advantage. 
For oiling the mechanism, the Midi and Est use the 
cups shown in Fig. 23, page 480, where the oil-flow can be 
regulated at will. This cup is designed for moving parts, 
such as rod-ends. On fixed parts, such as crosshead 
guides, the opening is at the bottom of the cup (Fig. 24), 
and a cock is provided to stop the flow whilst standing. 
Some railways have substituted compressed air for 
steam for working the sand-blast; the casting shown by 
Fig. 25 is provided at the bottom of the sand-box ; air 
comes through the pipe on the left, and divides in two 
branches ; one strikes the sand, and, with the addition 
of the second branches, carries it down to the rail under 
the wheels. It will be noticed in Fig. 8, page 483 ante, 
sand-boxes are provided, each with pipes for working in 
both directions. There is a tendency in France to revert 
to the old system of mpee,. sand-boxes on the top of the 
boiler, for keeping the sand dry. 
IX. Opinions OF FRENCH LocoMOTIVE SUPERINTENDENTS, 
The locomotive superintendents of some of the large 
French railway companies have kindly given to the 
author of the present paper their opinion on four-cylinder 
compound locomotives. These opinions run as follows :— 


* The tracings of the details, reproduced in this figure 
and in Figs. 26 to 33, have been kindly furnished to the 
author by Mr. A. de Glehn, General Manager of the 
Socicté Alsacienne de Constructions Mécaniques. 
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COMPOUND LOCOMOTIVES IN FRANCE 
(For Description, see Page 477.) 


Oil Cups. 
Pig .23. Fig. 24. 
For Moving Parts. Fer Fixed Parts 
Fig .22. emma 


Variable Blast Pipe 




















Walschaerls Valve Gear Fig 27. | 
Fig. 26. Oscillating Link. H.-P. Valve-Spindle Adjustment 
ee ae oe and Driving Connection. 
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| Fig. 30. Steam Pipe for Boiler: Fig. 31. 
Spherical Joint in Boiler T- pipe Joints in Smoke Boz. Fig.33. 
- wl 
Wisk — Auscalvary Steam Valve to Receiver and | 
Zz 4 pre: —— yo bronze al Heater Valve. . | 
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Fig.32. Starting Valve on top of L.P. Grinder. 


To Receiver. 
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M. Du 


usquet, pani ti Superintendent, North- 
n ‘System, says that :— : 
eae esto of pr tconnecl locomotives was taken 
+ 1884 by the Chemin de Fer du Nord. In that year 
UP par-cytinder compound locomotive was ordered from 
.  Bocists Alsacienne de Constructions Mécaniques ; the 
- was the same as on the ordinary express locomotives 
¥ > company, the working pressure was the same— 
i k per em? (156.55 lb. per square inch); the diameter 
, “4 cylinders of the ordinary locomotive—460 mm. 
(18h in.)—was preserved for the low-pressure cylinders of 
te compound. In fact, the only essential difference was 
that, in the compound, the steam passed at first through 
cylinders of 330 mm. (13 in.) diameter. 
“During a period of nearly eighteen years—from 1884 
to 1902—the coal-consumption of this four-cylinder com- 
und, compared with ordinary locomotives, has been 
Pematantly Jess, the average consumption being 8.6 kg. 
r km. (30.5.1b, per mile), against 10.4 kg. (36.92 lb. per 
mile) for the ordinary locomotives, saving 1.8 kg. per km. 
(6.39 1b. per mile). , a 
“The oil consumed was 2.4 kg. per 100 km. (8.51 1b. 
100 miles) against an average of 1.9 kg. (6.7 lb.) for 


ned But the extra expense result- 


the ordinary locomotives. 
ing from t 
owing to th 
per kg. (1.2 pence per Ib.). 

_ the cost of repairs did not vary much; still they 


were 2 centimes higher per km. (0.3 of a penny per mile) | 

|steam, special attention must be paid to the boilers. 

to obtain this well-proved saving | Copper does not stand well the high temperatures; will be quite suitable if they remain sufficiently 
With the use of | tight.” 


for the compound. _ 
Me Would A be possible 


of 1.8 kg. per km. (6.39 Ib, per mile) with single expan- | resulting from increased pressures. 


Fig. HA. Reversing Gear H P and LP 
; PLM. 
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it is still consumed, when running down from Survilliers 
to Paris. 

‘‘The average speed of fast trains has been greatly 
increased by the mere augmentation of speed on level and 
rising gradients without exceeding the limit of 120 km. an 
hour (74.5 miles per hour) attained on falling gradients 
for a long time. 

‘*The reduction in the duration of journey allows runs 
of 300 km. (186.4 miles) with one engine and one crew, 
although the weight of passenger trains attains and fre- 
quently exceeds 300 t. (295.26 tons), 

‘The results obtained with 4-cylinder compounds and 
6-coupled wheels of 1.750 m. (5 ft. 8f in.) diameter, work- 
ing _— trains, are not less satisfactory. Coal trains 
weighing 925 t. (910.3 tons), of which 600 t. (590 tons) 
useful weight, make in 7 hours the run from Lens to 
Paris, vid Ormoy, 230 km. (143 miles), with one engine, 
one crew and one train staff. With the old 8-coupled 
wheels of 1.300 m. (4 ft. 3,4; in.) diameter, the weight 
hauled was 675 t. (664 tons)—of which 400 t. (3934 tons) 
was useful weight—and the time was 14 hours for the 
same distance. 
| ‘‘The saving in engines, drivers, firemen, conductors, 
| brakemen, the increased tonnage, the better utilisation of 





his increased consumption was very small, | wagons, are such that the common objections against the 
e low price of the oil consumed—28 centimes | compound locomotives, such as complication of parts, 
| ineresed risk of breakdown, increased expenses of keeping 
| up, appear as of no value. 


“* However, owing to the greatly increased pressure of 
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Fig.36 Piston Valve for H.P. Gls 
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prove that, if expenses for repairs and for lubrication are 
a little larger with these engines than with simple loco- 
motives worked in comparison, they haul with a slightly 
less coal-consumption much heavier trains (by about 40 
per cent. ). 

M. Salomon, locomotive superintendent of the Eastern 
Railway, writes that :— 

‘*Compared to the ordinary locomotive, the compound 
locomotive has the important advantage of a coal 
economy which varies with the nature of the service, but 
which is, on an average, from 10 to 15 percent. With 
the use of four cylinders the symmetry of the engine is 
preserved, inertia forces are in better equilibrium, the 
turning force is more uniform, the total work is divided 
between two axles, and stresses are more evenly dis- 
tributed on the frame. As a consequence, the aimees 


| between two heavy repairs in the shops has been increased 


by 50 per cent. 

‘In my opinion, the use of these locomotives marks an 
important improvement, which has not been accompanied 
by any trouble in service ; the only objections which have 
been often made to the use of compound locomotives are 
want of elasticity in their power, and excessive com- 
pression of steam at high speed. As regards the first 
objection, the use of independent gears for the high-pres- 
sure and the low-pressure cylinders allows a satisfactory 
distribution of steam under very different rates of weight 
and speed. The second objection vanishes with large 
clearances and sufficient area of steam passages on the 
low-pressure cylinders. In this respect piston valves 


Fig.37. Piston Valve for L.P Gls. 
Est.. Nos. 3501-3520. 
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sion locomotives fitted with an improved mechanism of 
steam distribution, such as Corliss valves? I do not 
believe so, for the saving is mainly due, in my opinion, to 
the reduced condensations of steam in the cylinders 
resulting from the compound system. 

“The economy of coal for our company, which gets 
cheap coal on its lines, may appear of secondary impor- 
tance. But it must be observed, and that is of chief 
importance, that the economy is obtained only during a 
fraction of the total run. For instance, an ordinary 
goods engine, running down grade with steam shut off, 
does not consume more than the compound under the 
Same circumstances. 

“Tn fact, the saving is obtained on the level parts and 
chiefly on rising gradients. The mileage corresponding 
to the saving is much below the total mileage. This 
saving for each kilometre of level or rising line is 
far superior to the average. The result is that, 
instead of being kept in the tender, the coal so 
saved may be burned in the fire-box. Under these new 
conditions the same quantity of steam is generated, but 
the useful effect obtained is greater—the speed on rising 
gradients is Increased, or the weight hauled is larger, or 
speed and weight are both increased. 

“Tmportant results are thus obtained; the daily 
mileage of locomotives, drivers, firemen, train staff, is 
greater ; carriages and wagons are better utilised ; pilot- 
ing and supplementary trains are dispensed with. 

“This 1s well shown by the following examples. 

t ‘The present express compound locomotives haul a 

Tain of 200 t. (196.84 tons) from Paris to Survilliers in 


19 minutes, with a rising gradient of 1 in 200 for the | 
Survilliers, the speed on | 


oe art from St. Denis to 
this gradient being 100 km. an hour (62.13 miles per hour). 
at is exactly the shortest time that was consumed, and 





manganese bronze the breaking of stays has completely 
ceased, but we have no satisfactory material for tube 
plates. 

‘We had no trouble with the flanges of the front 
plate of the outside fire-box as long as they were made of 
wrought-iron; but frequent inconveniences result from the 
use of mild steel. We return to the use of iron plates, 
at least for the present.” 

M. Baudry, locomotive superintendent of the P.L.M. 
system, made a communication to the Société des 
Ingénieurs Civils, on October 7th, 1898, of which the 
conclusion is as follows * :— 

‘*Some people may be of opinion that the importance 
of the coal saving due to compound locomotives is small, 
and even vanishes when the prices of coal are very low. 
This. is a mistake, as the saving of coal means really an 
increased power of the locomotive. In fact, there is no 


saving of coal for a certain work performed, but there is | 
more work for the same coal-consumption ; thence result | 


other important savings: less locomotives, less drivers, 
less firemen, less trains are necessary for a given traffic. 
These aggregate savings, which do not depend upon the 
price of coal, greatly exceed, in the majority of cases, the 
saving of coal proper. If the weight of trains is not 
increased, then an acceleration in speed is possible, and in 
that way the construction of more economical locomotives 
has resulted, during the last few years, in an increase of 
speed on all French lines.” 

M. Moffre, locomotive superintendent of the Southern 
Railway, declares that he considers compound locomotives 
/as undoubtedly advantageous; the results in service 


* Consulted by the author of the present paper, M. 
Baudry referred to that communication as still expressing 
his actual opinion. 


CoNcLUSIONS. 

From prolonged experience with more than a thousand 
engines, and from the unanimity of opinion of all having 
experience of these engines, it may be taken for granted 
that the four-cylinder compound system SSESSES 
marked advantages, at least under the conditions of 
service prevailing on French main lines. Thanks to 
their use, French railways have been enabled to increase 
largely the weight and the speed of their trains, for goods 
as well as for passenger service, without any large 
increase of coal-consumption per kilometre run. In fact, 
it is rather under-estimating the merits of the compounds 
to say that by their use the weight of trains is increased 
by one-third, with the same cost of fuel, over what it 
was with the best simple engines used before ; or, if not 
the weight, speed is increased, and in many cases both 
weight and speed. 

In other words, the compounds would take a traffic 
equal to four, against a traflic equal to three, the number 
of engines and the expenses for fuel and wages remain- 
ing the same. The initial cost of the compounds is 
higher, the cost of repairs may be somewhat greater, 
but the increase of traffic is such that economy is obvious. 
As regards the expenses for repairs, there 1s still some 
doubt as to their exact amount, as a very large proportion 


| of the compounds have been running for a few years only ; 


but it must be remarked that the increase of expenses 
will very likely be due to the boilers working at a high 
pressure, and it seems that the same pressures would 


| necessary for simple engines, if they were to compete 


with compounds. 

To this must be added, specially for passenger service, 
the advantages of greater s , of more punctuality, and 
of dispensing in many cases with pilot engines or with sup- 








482 


ENGINEERING. 





[Apri 1, 1904, 














lementary trains. In a mere practical point of view the 
‘rench administrations feel satisfied with the great exten- 
sion they gave to the four-cylinder compound system, 
from which resulted economy as well as a large improve- 
ment in their services. 

A complete solution of the problem would require a 
proof that the same results might not be obtained in 
some other way. Available data are not sufficient to 
give such a proof in an incontestable manner; still, it 
seems difficult to build an ordinary locomotive quite 
equal in every respect to the latest compounds. 

It is clear that simple two-cylinder engines might be 
made with the same large boiler and work with the same 
high pressure, but it is nearly as clear that with the 
ordinary valve gear of the locomotive, steam at such a 
high pressure cannot be as well utilised as by compound- 
ing; there is little doubt that the simple locomotive 
would require more steam for the same work or give less 
work for the same quantity of steam. In addition, there 
sa real difficulty in making all the parts of the simple 
engine strong enough to stand without undue wear the 
great stresses resulting from the increased pressure on 
arge pistons, although this difficulty may be overcome. 

Another plan would be to improve the steam distribu- 
tion of the simple engine by ie use of systems such as 
Durant and Lencauchez’s or Bonnefond’s, which have 
been tried to some extent in France. In these systems 
separate valves are provided for admission and for exhaust 
on both sides of the cylinder. Although these systems 
have been used for several years on a few locomotives, 
and seem to have produced a certain economy in fuel, 
they remain as yet exceptions, and cannot be considered 
as a practical solution of the locomotive problem. For 
locomotives, as for marine engines, it is difficult to find a 
substitute for the simple slide-valve, flat or piston. 

According to some German engineers, superheating 
steam would be equal to compounding. Theory proves 
that the effect of superheating may be very pana and 
the results of experiments appear satisfactory. It is 
hardly necessary to recall here the very interesting trials 
of Mr. J. A. F. Aspinall in that direction. All locomotive 
engineers will watch with great interest the progress of 
that system, but as yet it may be considered as being in 
an experimental stage. It must be remarked that super- 
heating does not seem to exclude compounding. 

Until the question is solved, practical men in France 
will probably stick to the system of four-cylinder com- 
pounds, whose merits are firmly established. This, of 
course, does not include experiments of other systems, and 
no one to-day can boast that he has made an engine which 
will long remain without a rival. 

Compound locomotives, as any other engines, must be 
used under proper conditions of service to be economical. 
Powerful locomotives must have sufficiently heavy weights 
to haul, or else they become wasteful. It would be a 
mistake to start them on branch lines with light trains. 

3ut in practice a railway company is never deficient in 
old locomotives which are quite fit for this restricted 
traffic. 

An opinion which seems to prevail is that compound 
locomotives may be economical during long runs, but 
that their advantage is lost when they stop and start 
frequently, owing to the direct admission of steam to the 
low-pressure cylinders at starting. This opinion is rather 
too dogmatic, and the question requires some considera- 
tion. In many eases, with four-cylinder compounds the 
tractive power necessary for starting from rest is obtained 
without this direct admission, or steam is admitted in that 
way only for the very first revolution of wheels. The 
engine is then worked compound, but in full gear for all 
cylinders. Of course, steam is not so well utilised as 
with a proper degree of expansion in each cylinder, but 
even in that case the compound compares favourably 
with a simple locomotive working in full gear, 

Let us suppose a compound with two cylinders of 
340 mm. (13% in.) and two cylinders of 530 mm. (20 { in.) 
diameter, the stroke being 640 mm. (254 in.), and the 
effective pressure in the boiler 15 kg. per cm? (213 Ib. 
per square in.), and a simple engine with cylinders of 
480 (19 in.) 640 mm. (254 in.), working under an 
effective pressure of 11 kg. per cm? (170.6 lb. per square 
inch). This represents fairly what might be considered 
as equivalent in practice. The diameter of wheels is the 
same in both cases. With a full admission of steam—z.e., 
rectangular diagrams—the work of steam on the pistons 
during a revolution would be, in  kilogrammeétres, 
X ars x 0.64 x 12, for the simple engine ; this reduced 

ome 
to 85 per cent., on account of drop of pressure and rounded 
corners of diagrams, would be 44,500 kilogrammetres 
(321,868 foot-pounds). 

With the compound, working full gear, the effective 
pressure would be 5.5 kg. per cm? (78.2 lb. per square 
inch in the receiver), and the work exerted on the pistons 
during one revolution would 

249 m2 
ax © x 0.64x9.5+4x © 
273 1.27% 


x 0.64 x 5.5, 


be nearly equal to the simple locomotive as regards 
maximum tractive power, but with an important economy 
in steam when full-gear working is considered. 








A NATIONAL EXPERIMENTAL TANK. 


On the Establishment of an Experimental Tank for 
Research Work on Fluid Resistance and Ship Propulsion.* 


By Sir Wituam H. Wuirs, K.C.B., Lu.D., Se.D., 
F. 


At the request of the Council, I have undertaken to 
submit to the members of the Institution a proposal for 
the establishment of a national experimental tank, to be 
chiefly devoted to research work in connection with fluid 
resistance and ship-propulsion. 

It will be remembered that, about three years ago, at 
the Glasgow meeting, Mr. Yarrow proposed that an 
experimental tank should be established under the aus- 
pices of the Institution of Naval Architects; in which 
tank model experiments were to be carried out, not only 
for shipbuilders in this country and for members of the 
Institution, but for anyone willing to pay for the infor- 
mation obtained. 

A committee was appointed almost immediately to 
give effect to this proposal ; and in March, 1902, a report 
was submitted to the Council, and the latter authorised 
the committee to take the steps necessary to raise the 
sum of 15,000/., which, it was estimated, would suffice to 
build and equip a suitable experimental establishment in 
connection with the National Physical Laboratory in 
Bushy Park, where a suitable site could be found, with a 
highly-trained technical staff and a board of management 
of high standing, whose control, it was considered, would 
guarantee the treatment in strictest confidence of all 
questions submitted to them. It was proposed to make a 
free gift of this experimental tank to the National 
Physical Laboratory, in association with a guarantee that 
the tank would be worked in the best interests of the 
shipbuilders of this country in testing the resistance of 
models, and that the recommendations or suggestions of 
the Council of the Institution of Naval Architects would 
have all proper attention. 

Dr. Glazebrook, the director of the National Physical 
Laboratory, rendered great assistance to the committee ; 
and his personal interest in the scheme gave complete 
assurance that, if the tank were established at Bushy, it 
would be carried out on lines which would secure both 
scientific investigation and practical application of the 
results obtained. 

Before issuing a circular letter to the members of the 
Institution, soliciting financial assistance, the committee 
obtained provisional promises from a few of the leading 
firms. In October, 1902, the circular was issued to 
leading shipbuilding firms, with disappointing results. 
The Council then decided to ask the Admiralty to 
furnish a special report as to the value of model experi- 
ments in connection with the designing of ships, which 
report appears in the Transactions of 1903. 

The President summed up the situation in his address 
delivered on April 1 in that year, giving his opinion that 
the chief objections, which had prevented the appeal of 
the Council from being more favourably received, were to 
be found in the ‘‘difficulty of satisfying the requirements 
of a number of firms who might be requiring models to 
be tested at one and the same time. A single tank 
obviously could not suffice for the use of all shipbuilders 
for the testing of the resistance of ship models repre- 
senting proposed vessels.” 

Having regard to the enormous number of vessels 
building in all parts of the country, the only practical 
way of meeting the possible demand from shipbuilders 
generally would, in the President’s opinion, be found in 
the establishment of a number of experimental tanks 
in different parts of the country. Further, it was stated 
that in the opinion of the Council it was most important 
that the experimental method of inquiry should be more 
widely applied in this country, where it originated and 
where it was first proved to be such a powerful aid to 
progress in ship design. Finally, the President em- 
phasised the necessity for the establishment of an experi- 
mental tank for the purpose of systematic research into 
general principles, dee than the testing of ship models, 
and advised the location of this tank at the National 
Physical Laboratory. 

This brief narrative of the history of the question 
during the last three years may be supplemented by the 
statement that, from personal conference with leading 
members of the Institution, I have formed the opinion 
that, while the conclusions reached by the President and 
embodied in his report accurately represented the prin- 
cipal facts, there was in some quarters a conviction that 


if such a breach of trust took place, which ws , 
probable, those who were uilty of it could not cba on 
great advantage from the information respectin rm 
models taken alone. 8 the 

Having been intimately connected with the work of th 
Admiralty experimental tank for more than 30 years, f 7 
the time of its establishmeut by the late Mr. W., Woeett 
and having also full information as regards the nature ot 
the work which has been done at the experimental tank 
established by Messrs. Denny about 20 years ago, and th 
similar establishments founded by Dr. Tideman in 
Holland, by the Russian Government at St. Petershy “y 
by the Italian Government at Spezia, and the Unitel 
States Government at Washington, as well as knowin 
generally what has been done by the tanks established at 
later dates in Germany, and what has been done or is now 
contemplated in France, I am in full agreement with the 
view that it is not wise to contemplate the establishment 
of a single tank in any locality to be available for the 
testing of ship models in connection with designs, 

The inevitable consequence of a fuller recognition of 
the value of these tanks, as adjuncts to the designin 
departments of shipyards, must be the establishment by 
each of the great firms of its own experimental tank 
Messrs. Denny set the example 20 years ago. Messrs, 
Brown have lately done the same thing on a magnificent 
scale at Clydebank. Mr. Parsons, at an earlier date and 
in a simpler form, devised and carried out most ingenious 
arrangements for testing resistances of models of his 
turbine-propelled vessels. What these firms have done 
is what will almost certainly be done on a larger scale in 
the immediatefuture. There are openings, no doubt, and 
it is surprising to me that they have not as yet been 
availed of, for the creation in or near shipbuilding centres 
of experimental tanks, possibly of less elaborate and cost] 
nature, under the control of gentlemen of ability and high 
character whereat models may be tested of ‘ships pro. 
posed to be built by firms—not of the first rank, and whose 
needs in regard to novelties of form or propulsion are only 
occasional. Even in ordinary practice, cases occur where 
shipbuilders have to face new or critical conditions, and 
where model experiments would be of the greatest 
assistance. 

It is the fashion, I know, to treat the design of cargo 
steamers as a department of shipbuilding where only 
precedent and experience are of importance; but those 
concerned with that branch of construction realise how 
often, when difficult problems are propounded and there 
is little choice in the selection of some or all of the prin- 
cipal dimensions, they would be glad to turn to authentic 
experiments on resistance, and so to eliminate some of 
the features in designs which now have to be dealt with 
as best they may, without scientific guidance based on 
experiment. Many builders of small craft also, whose estab- 
lishments could hardly bear the burden of an experimental 
tank, would be glad to patronise such experimental estab- 
lishments as have been indicated. 

There seems to be no reason why a system such as this 
should not be successfully worked on confidential lines, 
and by local associations of shipbuilders. Experience 
gained in the great material-testing establishments of 
Messrs. Kirkaldy and others makes it practically certain 
that model experimental tanks might also be worked on 
commercial principles, with great advantage to the ship- 
building industry, under the management of capable and 
trustworthy heads. 

These are no new opinions of mine. Many years ago, 
when it was under consideration to establish at Glasgow 
an experimental tank in connection with the department 
of naval architecture in the University, I was asked for 
an opinion, and gave it in the form of a recommendation 
that, if such a tank were established, its main purpose 
and application should be in connection with the in- 
struction of students and performance of research work 
on fluid resistance and ship-propulsion ; while the testing 
of models representing actual ships should be the excep- 
tion, and not the primary employment of the establish- 
ment. Thisopinion I made known to the President when 
he was preparing his report for 1903. Personally, I was 
not surprised, therefore, that no more cordial or general 
response was made to the proposal to establish at the 
National Physical Laboratory, a tank for the testing of 
ship models. Nor do I regret that such an application 
of the system, which we owe to the genius and mechanical 
skill of the late Mr. W. Froude, has not been carried into 
practical effect. 

Having said this, may I add an expression of my pro- 
found conviction that, if the shipbuilders, marine engi- 
neers, and shipowners of this country are well advised, 
and desire to further to the utmost the maintenance of 
our supreme position in mercantile ship construction, they 
will not be slow in responding to the appeal which is now 
made, and in providing the funds necessary for the estab- 





it was preferable to have experimental tanks for testing 
ship models closer to the great shipbuilding centres, so as | 
to be easy of access to those interested in the results ; and | 
that, from this point of view, the National Physical 


Laboratory was not thought the most suitable locality. 





and, after a reduction to 80 per cent., the drop of pressure 
being somewhat larger in the compound, 42,000 kilo- | 
grammetres (303,786 foot-pounds), or nearly the same | 
value. 
The capacity of the high-pressure cylinder of the com- | 
pound being one-half of the capacity of the cylinder of 
the simple engine (48?=2 x 342), the volume of steam con- | 
sumed is one-half in the compound, but at a greater | 
density. The weights are as 0.6 in the compound to 1 in 
the simple engine. This proportion is altered by the 
condensations in steam on the cylinder walls; but this 
would be rather in favour of the compound. 

This approximate calculation, not far from the condi- | 
tions of practice, shows that without direct admission of | 


steam to the low-pressure cylinders, the compound may | March 24, 1904, 


Further, it was made clear to me that in some quarters 
there was a fear that in any establishment for testing ship | 
models, representing new designs or new ideas, there | 
might be a serious chance of leakage or improper use of 
information. Personally I do not concur with this view; | 
but it seems only proper to state that it is held by some | 
whose opinions are entitled to consideration, and whose 
belief in the merits of the system is assured. The practical 
reply to this objection seems to lie in the fact that, while 


‘model experiments on resistance are of the greatest 
|importance, their full value can never be realised until 
' they are associated and compared closely with the actual 


performances of ships represented by the models; so that, 


* Paper read before the Institution of Naval Architects, 
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|in the competition wit 


lishment and maintenance, in connection with the National 
Physical Laboratory of a tank avowedly devoted to 
research work on the general principles of fluid resistance, 
the efficiency of propellers, and other matters greatly 
influencing economy of propulsion. Generosity in this 
instance will undoubtedly result in a rich reward. 

The questions which might be dealt with in such an 
establishment are of universal interest to all classes con- 
nected with shipping. Shipbuilders and marine engineers 
no doubt would thus derive much benefit ; but the greatest 
gains would be realised by shipowners, whose working 
expenses would be minimised by improvements result- 
ing from experin:ental investigations conducing to lessened 
resistance or greater pore sive efficiency. Moreover, 

foreign designers, which grows 
more and more keen as their experience is enlarged, we 
cannot afford to throw away any aid to excellence in de- 
sign, and must apply scientific methods to the fullest pos- 
sible extent. It isa suggestive fact that a great shipping 
corporation like the North German Lloyd have thought 
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‘ ile to establish and maintain an experimental 
: ener Sicecherens and it is within my knowledge 
that very substantial improvements have been made in 


connection with the designs of their ships as the result of 
investigations there carried out. : 
Ne doubt, as the number of experimental tanks belong- 
‘ng to private firms is increased, the testing of methodic 
— of models (representing variations in form on certain 
ye? cipal dimensions, or alternative dimensions and pro- 
seins of given displacements), inquiries into the effi- 
oe of propellers, investigations of frictional resistance 
with different natures of surface, and other matters more 
or less belonging to general research, will be dealt with 
more exhaustively than has hitherto been possible. On 
the other hand, those of us who have watched the work- 
ing of these establishments for many years know that if 
they are enga ed, as they must be to a very great extent, 
in testing models for current designs—involving the trial 
of a number of alternative forms of different propellers— 
guch great demands are made upon the time and working 
capability of the staff that it is most difficult to carry to 
completion any elaborate investigation. More or less 
serious interruptions growing out of pressing demands 
continually occur. Theattention of the staff is frequently 
diverted from problems incidental to original research, 
involving close observation and thorough analysis, and in 
this way the results obtained are much less satisfactory, 
while the investigations are more prolonged. In not a 
few instances special apparatus has to be devised and 
installed for the conduct of experiments on special sub- 
jects ; and sometimes it has to be dismantled, to a certain 
extent, in order to permit ordinary model experiments of 
a pressing nature to go forward. . 

Mr. R. E. Froude can tell us how greatly unavoidable 
interruptions of this nature have interfered with methodic 
researches on ship forms and screw propellers, which 
were initiated by his father, and which have been con- 
tinued and greatly developed by himself during the long 
period that he has so ably directed the Admiralty experi- 
mental establishment at Haslar. The enormous develop- 
ment in the Fleet in recent years, and the great variety 
of designs of ever-increasing speed and size, have resulted 
in the practical absorption of the experimental staff in the 
current work incidental to the designs for His Majesty’s 
ships. Indeed, since the death of Mr. W. Froude, when 
the experimental establishment was transferred’ to Haslar 
from Torquay, it has become an integral part of the con- 
structive department of the Admiralty ; and it was my 
duty, as Director of Naval Construction, to consider its 
most effective organisation on that basis, 

May I add an expression of my most sincere acknow- 
ledgements for the loyalty and efficiency with which Mr. 
R. E. Froude and his assistants, throughout the long 
period that we were colleagues, assisted me and my staff 
at the Admiralty in dealing with the difficult problems 
which continually arose, and which had to be dealt with 
under great pressure; in view, not merely of the magni- 
tude of the programmes of construction, but the rapidity 
with which their execution had to be effected. 

Similar difficulties have been experienced at the other 
experimental tanks established in this country and abroad 
on the system introduced by Mr. William Froude. It is 
well known that all these establishments have been aided 
in their design and equipment by Mr. R. E. Froude, who 
has been authorised by the Admiralty to advise those con- 
cerned as to the best method of procedure, and the nature 
of the apparatus. This is a good illustration of the ad- 
vantages obtained by international interest and com- 
munity in the advancement of the science of shipbuilding, 
and the constitution and membership of this Institution 
has done much to promote this admirable feeling. 

I have been favoured by statements from gentlemen 
charged with the direction or familiar with the work of 
these establishments, in many of which special researches 
have been conducted at various times. There is universal 
agreement that the main employment of the tanks has 
necessarily been on experiments with models of ships and 
propellers, a actual construction, and that 
research has been relegated to a secondary place or 
seriously interfered with and delayed by the urgent 
requirements of work for current designs. 

Mr. William Froude proposed his system of model 
experiments in 1868, in connection with the report of a 
committee appointed by the British Association, and his 
experimental tank at Torquay was established in 1871. 
About fourteen years later this tank was closed, and the 
Admiralty tank at Haslar was established, Mr. R. E. 
Froude being the superintendent. Dr. Tideman, in 
Holland, was one of the first to follow this lead; and in 
this country Messrs. Denny, at the suggestion of my 
friend, the late Mr. William Denny, took similar action 
about 1882. The Italian Ministry of Marine established 
a tank at Spezia in 1890, and the Russian Admiralty, 
about the same time, established a tank at St. Peters- 
burg. Subsequently, similar experimental establishments 


have been created ‘at Washington by the United States’ 


Navy Department, at Bremerhaven by the North German 
Lloyd, and at the Technical High School at Charlotten- 
burg under the Imperial German Navy. The French 
Ministry of Marine have had an experimental establish- 
ment at Brest for about twenty-five years on somewhat 
different lines, and are now commencing a tank on the 
Froude system in Paris. M. Bertin informs me that it 
= be chiefly engaged on model experiments for warship 
esigns. In Japan, on the initiative of Professor Purvis, 
the erection of a tank is being considered. 
All these Government tanks are almost exclusively 
employed in testing models for warships. Inthe United 
tates and Italy arrangements are made for testing 
models for private shipbuilders at certain rates of pay- 
ment, and work of this nature is done to a limited extent. 
t Haslar occasional experiments have been made on 
mercantile models, when they have represented ships in 





which the Admiralty were directly interested, because 


of their possible use as mercantile auxiliaries, or for- 


other purposes. As a rule, however, for many years past, 
the pressure in connection with warship designs has 
been too great to permit much to be done in this direc- 
tion. 

As to purely research work, much has been done at 
Torquay and Haslar, numerous papers published in our 
Transactions affording evidence of the valuable results 
obtained ; but neither staff, appliances, nor time permit 
of much being done. At Gakuen many special 
problems have been dealt with, and Messrs. Denny have 
expressed their _- appreciation of the benefits resulting 
to the designs of special classes of ships. At Spezia, 
Colonel Rota and other Italian officers have done similar 
work. Colonel Rota has communicated to this Institu- 
tion an important research on the influence of depth of 
water on resistance of ships, and in a valuable book has 
compiled a great mass of experimental facts. Naval 
Constructor Taylor, who ably directs the Washington 
tank, informs me that as yet he has been so fully occupied 
with ship-model experiments that it has been impossible 
to devote much time to research. In Germany something 
similar has been done. Professor Riedler informs me 
that at Charlottenburg the tank will be chiefly used for 
model experiments connected with the design of warships, 
or for investigations in connection with inland naviga- 
tion. Use will also be made of it for the instruction of 
students. 

From this brief summary of facts it will be seen that 
the great practical value of the Froude system of model 
experiments is now universally admitted, and, if space 
permitted, numerous examples might be given of the 
economies that have thus been effected. It will also be 
obvious that in this country there is a great need for an 
———— tank specially devoted to research. 

t may be well for me to outline briefly the general 
nature of the research work which might be advan- 
tageously devolved to the experimental tank of which I 
advocate the immediate establishment, on a scale which 
shall secure not merely its complete efliciency, but its 
capacity for dealing with new problems which already 
loom on the horizon of shipbuilding practice, and of 
others which must undoubtedly arise. 

First.—Exact information, in a shape which would be 
of service in the selection of the forms of ships most suit- 
able to fulfil varying conditions, is greatly needed by 
naval architects. Much has been done in this direction 
at the Admiralty tank, and, no doubt, Messrs. Denny 
have also investigated the matter; but, for general 

ractice, this information is not available as yet; and, I 
Salipee, it still required considerable extension and 
systematic arrangement and classification. 

As instances of my meaning I may refer to cases which 
commonly occur where a designer wishes to approximate 
rapidly to the variations in resistance and engine power 
which would result from variations to the coefficient of 
fineness, the principal dimensions of the ship remaining 
practically unaltered. In other cases, it is required to 
know how resistance will be influenced by changes in the 
longitudinal position of the centre of buoyancy, which 
become necessary in connection with alterations in the 
distribution of weights and the attainment of a desired 
trim. In still other cases, it may be desired to vary the 
beam, or the draught, while keeping practically to the 
same curve of transverse sections ; or it may be necessary, 
in connection with the attainment of a desired ‘“‘stiff- 
ness,” to increase the beam and fine the ends, or vice 
versd. These and many other problems which arise in 
practical ship-design would be dealt with in a much 
more rapid and certain manner if the results of methodic 
series of model 1p nape gate were available for general 
use. There could be no posssible objection to the publi- 
cation, which would be of a general character, and in no 
sense related to particular designs or infringing confiden- 
tial conditions. 

Secondly. —Frictional resistance seems still to require 
fuller investigation. Experiments made in the Admiralty 
tank, and by other investigators, are of great value; and 
the classic researches of the late Mr. W. Froude still 
furnish the best information we have on the subject. 
Personally, I am convinced, however, that in connection 
with the interpretation of model experiments and their 
application to full-sized ships, it is in the highest degree 
desirable that still further experiments should be made ; 
and particularly that a closer test should be applied to 
the comparison of the actual frictional resistance of ship- 
shaped forms and of plane areas of equal length. On 
previous occasions I have expressed the opinion that 
while our knowledge of this frictional factor of resistance 
may be roughly adequate to ordinary requirements, it is 
by no means complete ; and that, in connection with the 
performances of vessels of exceptionally, high speed in 
relation to their dimensions, our present approximations 
to the ‘‘ coefficients of propulsion” are open to question, 
because of possible inaccuracy in estimates of frictional 
resistance. Again, recent experience with actual ships, 
and tank experiments on plates, indicate the great prac- 
tical importance of more complete information in regard 
to the frictional resistances of different kinds of composi- 
tion applied to the bottoms of steel ships. Mr. Hol- 
zapfel, in his paper on the subject of compositions, to be 
read during the present session of the Institution, refers 
to this matter; and shipowners have a deep interest in 
this subject, seeing that apparently small differences of 
condition in the surfaces of the bottoms of ships—even 
when clean and free from fouling—may, and do, involve 
very serious increase in the expenditure of power and 
coal, and so affect working expenses. 

The trials of His Majesty’s ship Kent, to which I 
alluded in the discussion on Admiral Fitzgerald’s paper 
last year, furnish a startling illustration of what may 
happen owing to the employment of compositions which, 





however effective as protectives and anti-foulers, involve 
greater roughness of the immersed surface of bottoms of 
shi In this respect alone shipowners may well find 
such resultant economies as ce fully repay them for 
the moderate contributions which wan suffice to esta- 
blish a tank where these and other matters may be 
thoroughly investigated and trustworthy information 
obtained as to the nature of the surfaces which give the 
minimum friction in association with proper protection 
to the steel. 

Thirdly.—There is a consensus of opinion that only ex- 
perimental investigation can enable the question of the 
efficiency and design of screw-propellers to be dealt with 
in a satisfactory manner. Here, again, recent experience 
in ships of high speed and new types has given illustra- 
tions of a most remarkable nature of the economies or 
waste of power which may be involved in the use of 
unsuitable propellers. This experience is not limited, by 
any means, to warships or to Admiralty practice, 
although these are the cases which attract most public 
attention, and for which the facts are available. Pro- 
bably no class of vessel has given more striking illustra- 
tions of what may be done by changes and improvements 
in screw propellers than the vessels of the torpedo 
flotilla—gunboats, destroyers, and torpedo-boats. In all 
of these cases there have been numberless instances where 
am economies in power and large advances in speed 

ave resulted simply from changes in the forms or areas 
of the blades of screw propellers. In the Drake and 
County classes of cruisers in the Royal Navy we have 
recent and notable examples of the same fact. It is well 
known that in both these cases, by simple increase in 
blade area, while practically maintaining the same dia- 
meter and pitch, great economy in power has been 
secured at the highest speeds ; and that, with the same 
maximum development of power, an increase in speed 
of ? knot to 1 knot has been obtained. In the Drake 
class the alteration of propeller blades raised the speed 
from 23 to 24 knots. It is within my knowledge, 
although I am not free to give details of facts which have 
been stated to me in confidence, that equally striking 
economies have been realised in merchant steamers, 
respecting which I have been asked to advise when 
difficulties have occurred. It may, of course, 
said that there is little hope of model experiments 
of screw propellers giving information of practical 
value in a quantitative form: seeing that, in Ad- 
miralty practice, screws which had to be changed were 
selected on the basis of model experiments. This, how- 
ever, is a very incomplete statement of the case. No 
doubt, up to the present time, the most valuable informa- 
tion obtained from model experiments with screw-pro- 
pellers has had relation to the influence of diameter and 
pitch ratio upon efficiency. The question of blade area 
has not been so satisfactorily dealt with. Indeed, it can 
hardly be expected that it should be so dealt with, when 
the model screws used for experimental purposes are on 
so small a scale, and the Se are of these models, in 
relation to frictional, edge, and eddy resistance, are 
almost unavoidably atfected to a serious extent by the 
smallness of scale. The correct deduction from the un- 
satisfactory experience, is, obviously, not that experi- 
ments on model propellers should be abandoned, but 
that experiments on a larger scale should be carried out 
in a systematic fashion, and arrangements made with the 
assistance of shipbuilders and shipowners for the com- 
parison of these amended and extended model experi- 
ments with actual performances of ships fitted with 
similar screws. There can be no question that in this 
manner, enormous economies, benefiting shipowners, are 
to be obtained ; but, apart from systematic experiments 
and comparisons of results in models with those of full- 
scale propellers, such economies will lrardly be realisable. 

Another section of inquiry which presses for thorough 
investigation, more particularly in view of the introduc- 
tion of turbo-motors running at high speeds, is the 
relative efficiency to be obtained with multiple propellers 
—probably triple or quadruple —in the immediate 
future. | a of the Institution will be familiar 
with the beautiful experimental inquiry which Mr. 
Charles Parsons conducted in connection with the Tur- 
binia, on which he based the final arrangements of shafting 
and propellers which gave to that remarkable vessel an 
unprecedented speed and very considerable economy of 
power. This is only an object-lesson of what must be 
done if, in the step onward in complexity of propeller 
arrangements essential to the application of quicker- 
running rotary engines, it is desired to secure the greatest 
possible economy. It may happen that the results 
obtained from the model experiments will not com- 
plete or absolutely representative of the conditions of the 
full-scale performance. On the other hand, it is abso- 
lutely certain that, by means of model experiments, many 
important particulars can be determined, and designs 
for ships can be prepared with much greater certainty of 
success. Experience with the earlier vessels fitted on the 
new system will, no doubt, suggest further improvements 
in later vessels, just as has ose with both single 
and twin screws in the past. In this connection, too, the 
important subject of the best shape for the stern, the 
best arrangement of supports for shafting (either by 

ing or by brackets), the most suitable relative posi- 
tions for adjacent —— (both longitudinally and 
transversely), and other matters of importance, can be 
investigated at comparatively small cost, instead of having 
to make costly trials in actual ships, and possibly to carry 
out alterations at very great cost in order to obtain im- 
proved performances. In this connection it may be 
interesting to say that Messrs. Denny inform me that 
they have derived the greatest benefit in their designs 
for paddle steamers of exceptional speed, and in designs 
for the turbine steamers built by the firm, from experiments 
made in their tanks, 
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Fourthly.—The question of air-resistance is becoming 
increasingly important, especially in passenger steamships 
with enormous superstructures and with multiplied 
shelter-decks. The late Mr. Froude made use of the 
Torquay tank fully a quarter a century ago to determine 


air-resistance, and permitted me to embody the valuable | 


results obtained in the earliest editions of my ‘‘ Naval 
Architecture.” Since that time similar experiments have 
been made in other tanks; and there can be no doubt that, 
with increase of speed, the question must receive more 
attention than it has hitherto done in connection with the 
designs of ships. 

Fitthly.—The influence of depth of water upon the re- 
sistance of ships is also becoming more and more impor- 
tant as speeds are increased. Here, again, Mr. William 
Froude led the way, by experiments on models, in obtain- 
ing definite information. Colonel Rota, who was so long 
the director of the Italian tank at Spezia, has contributed 
to the Transactions a most valuable paper, giving im- 
portant results on the same subject, and, in other experi- 
mental tanks, similar investigations have been made. 
Recent experience in connection with torpedo - boat 
destroyers has directed attention once more to ie subject, 
and here is a field where there is room for much more 
complete investigation, such as could be well made at the 
proposed establishment, and might be conducted on lines 
which would admit of direct comparison with trial results 
for actual vessels. Captain Rasmussen, of the Danish 
Navy, has contributed to the Transactions the results of 
some important trials of this nature made for the Danish 
Navy; and I have full confidence that the builders of 
destroyers and other fast vessels in this country would 
willingly associate themselves in the effort to add to our 
information by the comparison of the results of actual 
trials with model experiments. 

Sixthly.—There is a need for more thorough investiga- 
tion of all questions relating to the manceuvring powers 
of ships, either under the action of their rudders or of 
their propellers. Here, again, is a field for which model 
experiments are peculiarly adapted, because, in the trials 
of actual ships, the results are often confused by adventi- 
tious circumstances, some of which may escape observation 
or record. To this matter, as is well known, I have for 
many years given close personal attention; and, so far as 
opportunities have offered, the Admiralty tank has been 
used for experiments intended to clear up obscure points 
on this important subject. It still remains true, however, 
that we are lacking in accurate and complete information 
as to the fluid pressures on rudders attached to the sterns 
of ships of different forms with different arrangements of 
propellers. In our estimates of the power of steering- 
engines, or of the effect of rudders of different areas and 
forms, we are consequently proceeding on more or less 
empirical methods. It is important that this unsatisfac- 
tory condition of things should be amended ; and it is 
peculiarly a section of inquiry which could be dealt with 
at the National Physical Laboratory, seeing that it is 
applicable to all classes of ships, and involves only general 
principles. In this connection I may refer to a very 
interesting investigation made some time ago in the Ad- 
miralty tank, on the influence of inward or outward turn- 
ing of twin screws on the manceuvring power of ships 
when turning on their centre, practically without head- 
way, one of the screws being reversed. It is unnecessary 
to enter into details of the results, further than to state 
that it was conclusively shown by these model experi- 
ments, and has been independently confirmed by trials in 
many ships, that, by suitably adjusting the relative 
rates of revolution of the propellers so that ‘‘sternway” 
should be prevented, ships with inward-turning screws 
could be kept as well under command as ships with out- 
ward turning screws. It was very obvious that in many 
cases where difficulty had arisen in ships with inward- 
turning screws, the revolutions given to the reversed pro- 

lier had been such as to produce “ sternway,” although, 
1ad they been outward-turning screws, the same revolu- 
tions would not have had that effect. Here was a case in 
which a problem which, when attacked on the full scale in 
actual ships, was very difficult of solution, could be com- 
pletely solved by means of model experiments conducted 
in a tank, where automatic records could be taken of the 
movements of models at each instant from the commence- 
ment of the experiments. It may be proper to add that 
this subject has since been investigated in Italy, and a 
very valuable paper on the subject has been published by 
Captain Pecoraro. 

Seventhly.—Experimental tanks furnish the only satis- 
factory method of dealing at moderate expense with novel 
proposals for radical changes in the forms of ships. With 
models such investigations can be made in a manner that 
is practically conclusive. One classical example of this is 
to be found in the late Mr. William Froude’s report on 
the Ramus form for ships, proposed by a gentleman of 
that name, and asserted to be peculiarly adapted for 
economical propulsion at very high speeds. During the 
last 30 years the Admiralty tank has been used for many 
such investigations for novel forms of ships or for pro- 
pellers of new patterns. The popular idea is that the 
officials of the Admiralty are averse to the consideration 
or adoption of novel inventions. Asa matter of fact, all 
schemes which contain elements of promise are not merely 
considered, but frequently subjected to experiment. Here, 





again, other tanks have been used for similar purposes. 
Eighthly.—Special cases arise, especially in connection 
with warship design, which can only be dealt with by 
means of model experiments in a satisfactory or conclusive 
manner; and, at present, private shipbuilders or ship. | 
owners have practically no means of dealing with such | 
pees. To illustrate what is meant, reference may | 
be made to the most interesting experiments carried out | 
at Torquay in connection with the once famous contro- | 
versy in regard to the Inflexible type, and its behaviour | 
when the ends were riddled in action and water freely | 





admitted above the protective deck. The results obtained 
from these experiments, which were arranged and con- 
ducted by the late Mr. William Froude, conclusively 
disposed of certain features in the controversy, and indi- 
cated the nature and limits of the risks which were 
involved in the adoption of the central-citadel system of 
protection. In no other way could similar satisfactory 
results have been obtained. Model experiments have 
also been made to illustrate and confirm, for the benefit 
of those who could not follow mathematical investigations, 
the effect of bilging compartments and admitting water 
to certain s in the interior of ships. In the experi- 
mental tank at St. Petersburg I was interested to see a 
model of the Victoria, which had been made at the 
instance of Admiral Makharoff for the purpose of illus- 
trating my report on the causes which led to the founder- 
ing and capsizing of that vessel after her collision with 
the Camperdown. Rolling experiments in still water 
have also been made to determine the steadying effect of 
bilge keels, water chambers, and other arrangements for 
increasing steadiness at sea. 

These are some of the principal directions in which, in 
my judgment, the proposed national experimental tank 
could be employed with great advantage to shipowners 
and shipbuilders in the immediate future. It has not 
been attempted to make this list exhaustive, but simply 
to illustrate, for the information of those who may not be 
familiar with the subject, the large possibilities afforded 
by such an establishment for effecting improvements and 
great economies in the design and working of all classes 
of ships, and to justify the recommendation with which I 
would conclude this paper—viz., that, without further 
delay, steps be taken to secure the establishment, in con- 
nection with the National Physical Laboratory, of a tank 
which shall be of service to the whole shipping community, 
and especially devoted to research. 

The establishment of this tank, and the provision of 
funds for its maintenance and working, are commended 
to the notice of the shipping interests with the assured 
conviction that the expenditure will be amply repaid by 
beneficial results, and by large savings in expenditure of 
power and coal which will be obtained in all classes of 
ships, and particularly in ships of novel design or excep- 
tional speed. 

I venture to hope that, in the discussion which it is 
anticipated may follow the reading of this paper, this 
recommendation will be generally approved, not merely 
by naval architects, but by the eminent shipowners who 
honour the Institution by eine Associates. 








THE GYROSCOPIC EFFECT OF FLY- 
WHEELS ON BOARD SHIP.* 


By Herr Orro ScHLick. 


Ever since our forefathers first began to navigate the 
seas, the tossing to and fro of vessels in disturbed waters 
has made itself unpleasantly felt. It is not only that the 
ng welfare of the passengers and crew have to suffer 
vy it, but it detracts considerably from the precision of 
aim of the guns of war-vessels, and interferes with the 
rapid performance of the daily work on vessels of all 
kinds. In view of this it has been the constant endea- 
vour of shipbuilders so to design their vessels that they 
may be as steady as possible in stormy weather. In 
general, the attempts made to prevent pitching, or as far 
as possible to reduce it, have, by reason of the magnitude 
of the momentum involved, proved unsuccessful. 

The rolling motions, on the other hand, may be 
successfully combated in various ways, the chief of which 
are, firstly, the inerease in the period of the vessel’s 
transverse oscillations; and, secondly, the adoption of 
various means for rapidly reducing their magnitude, when 
set up by waves. The attainment of both these ends by 
one and the same appliance has not hitherto proved 
feasible. The means ordinarily employed to obtain along 
period of oscillation consist in an increase of the moment 
of inertia and a reduction of the metacentric height. The 
limits within which these means can be employed are, 
however, very narrow, and their success is therefore only 
moderate. The appliances employed to reduce the angles 
of heel consist principally in the fitting of bilge keels and 
rolling chambers. Allusion may also be made to a very 
ingenious device employed by Mr. Thornycroft, and 
described by him at the spring meeting of 1892. 

If you will allow me, I will now bring to your notice an 
appliance proposed by myself, the employment of which 
makes it possible, not only considerably to increase the 
period of oscillation of a vessel, but at the same time 
effectively to lessen her angle of heel. It depends, in 
principle, on the gyroscopic action of a flywheel, which 
is set up in a particular manner on board a steamer and 
made to rotate rapidly. 

To enable what follows to be better understood, a 
statement of the fundamental principles of the theory of 
the top, in so far as this is possible without a resort to 
abstruse mathematical investigations, may be here al- 
lowed, this being a field with which practical engineers 
are not, as a rule, very familiar. I must at the outset, 
however, point out that the following explanations make 
no pretence to completeness, and that, as already 
observed, only the more important points can here be 
touched upon. 

Fig. 1 (page 485) shows the front view, and Fig. 2 the 
side view of a flywheel A, which may be assumed to be 
revolving about a horizontal axis a in the direction 
indicated by the arrows. The axis a is borne in a ring 77, 
which can revolve in the journals z z, about an axis 
which is first assumed to be vertical. A particle of 
mass m on the circumference of the flywheel has for an 

* Paper read before the Institution of Naval Architects, 
March 24, 1904, 





instant a velocity in the vertical upward direct; 
has, according to the law of fesetle, the pote and 
preserve both its speed and its direction of motion’ i 
may be assumed that by the action on the system of : 
extraneous couple M M’, the ring r r is turned in itnoon 
slane through a certain angle, so that the axis a a of ie 
y-wheel becomes inclined, and takes the new positi ¥ 
shown in Fig. 3. ” 

While the particle M of the flywheel periphery j 
aie : : —? os in 
Fig. 1 is making for n, the inclination of the axig a 
occurring simultaneously would compel it to go to a 
But, since we have assumed that the ring r r can revoly ' 
in the journals z z, and consequently that the axis a . 
also can turn in a plane that is at right angles to the aa 
in which the turning was first brought about by the 
couple M M’, it thus becomes possible for the point m 
see Fig. 3) to reach n instead of 0, the axis a a turnin 
the while in the plane lying at right angles to that of the 
diagram in Fig. 3. In this the end of the axis q q 
marked N’ will move towards the spectator, and the 
end N away from him, and the whole will assume a 
position such as is shown in perspective in Fig. 4, 

A particle of mass lying on the back of the flywheel at 
the point farthest removed from m, is, as may readily be 
seen, subject to the action of exactly similar forces, which 
also tend in the same manner to produce a turning of the 
axis a a. If the flywheel, assumed in the position 
illustrated in Fig. 4, be viewed in the direction of the 
large arrow, it appears as illustrated in Fig. 5. The plane 
of the flywheel is caused to turn by a second couple Q 
or N N’, and is brought into the new position X X, In 
view of this, the direction of motion of a particle of mass p 
of the periphery will also be diverted, and instead of 
reaching q¢ will be forced to move tos. By this another 
(third) couple O O' is produced, in the same manner as 
was above illustrated, acting almost in direct opposition 
to the first one M M’, which produced the turning rr’ 
of the ring, and having the tendency to prevent the 
latter from turning. 

It is important that we should keep before us the fact 
that this third couple O O’ cannot come into existence if 
the inclination of the axis of the flywheel can take place 
only in one single plane. If, that is to say, the ring rr 
were not made capable of being turned about the journals 
2 2, and the imparting to the flywheel of the deviation 
illustrated in Fig. 5 became impossible, no obstacle to the 
action of the original couple M M’ would present itself, 
The rapidly revolving flywheel would allow itself to be 
brought into the position illustrated in Fig. 3 with the 
same ease as if it were at rest. 

The above described properties of the gyroscope are 
familiar to us in a somewhat different form in connection 
with the well-known toy known as the Archimedean Top, 
The latter consists essentially of a small flywheel K (see 
Figs. 5a and 5b), which is borne in journals in a ring R in 
such a manner that it can easily rotate about the axis a a, 
If the flywheel be made to rotate rapidly and the ring be 
supported at the point S by means of a ball-like projection 
resting in the cup-shaped head of a stand C, the ring does 
not respond to the influence of the force of gravity by 
falling from the stand, as it might be expected to do, but 
remains poised in the horizontal position, and turns 
slowly in the horizontal plane round the point 8. 

The same phenomena are here observable as were 
illustrated above. The force of gravity in the first place 
acts on the ring bearing the flywheel and resting on a 
support at one side, so as to try to move ring and flywheel 
downwards, which action causes a turning of the axis in a 
vertical plane. 

This turning (or twisting) movement produced by the 
first couple in this case also brings a second couple into 
play, which produces the clearly observable rotation of 
the ring about the point S in the horizontal plane through 
the latter. This rotation in its turn brings the third 
couple into play, which neutralises the first one resulting 
from the action of gravity, so that the weight of the ring 
with the flywheel apparently disappears altogether. 

On the principle just explained, depends, as we know, 
the possibility of using the bicycle. As soon as the 
latter (viewed from behind) leans in the slightest degree 
to the right, a turning (or twisting) motion of the driving 
wheel takes place, of such a nature that the bicycle turns 
slightly to the right, and the common centre of gravity 
thereby moves over to the left-hand side of the point of 
support. An essential condition of this is that a certain 
degree of speed should be developed, and that the posi- 
tion of the point of support should be removed at a more 
rapid rate than that at which the sideways movement of 
the common centre of gravity due to the inclination of the 
bicycle takes place. A slight inclination of the bicycle to 
the left then ensues, which, in a manner analogous to the 
first case, also produces a movement of the bicycle, this 
time to the left, followed by a slight movement of the 
common centre of gravity to the right. An oscillation, in 
fact, takes place about the position of equilibrium, the 
bicycle the while describing a long-drawn-out serpentmé 
path. It is, moreover, impossible for a bicycle to be made 
to travel in an absolutely straight line. ; 

After the above preliminary remarks it will be possible 
to make clear the effect of a rotating flywheel on a ship. 

An ordinary paddle steamer possesses two wheels of 
equal weight, Moxey it is true, turn at a comparatively 
small velocity, but the influence of which must, according 
to what has been said, to some extent make itself felt. 
Their effect, so far as the conditions above illustrated 
come into play, is exactly the same as if two flywheels 
were hung one on each side of the vessel, having the same 
angular velocity and the same moments of inertia as the 
paddle wheels. The effect produced by these two fly- 
wheels S S (see Fig. 6) would be in nowise altered if they 
were replaced by a single wheel R (see Fig. 7) within the 
vessel, having a moment of inertia equal to the sum of the 
moments of the two, 
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If these assumed flywheel 


inclinat 
vessel—W 
which we vege 
In Figs. 6 to 5 the a 
to be viewed from the stern. Further, we may suppose 
rotation of the flywheels takes place in the 


the : : 
- , shown by the arrows, which corresponds with 


studied in connection with Figs. 1 to 5. 


irectior \ . 
ogg which paddle-wheels turn when a vessel is going 
us assume that the vessel is, by the action of a 


| 


cross-section of the vessel is supposed | then make any desired change of course without her 
pposed | y g 


| 
| 


ave or from some other cause, inclined over to starboard, | 


wi . 
so as to take # posi 
the explanations al 


tending to turn the 
starboard side ; and, as a matter of fact, a slight turning 


tion as shown in Fig. 8. 


According to | 
ove given, a couple will now be found, | 
bow of the vessel round towards the | 


movement of this nature actually does take place, as care- | 


ful observations made on a paddle steamer, the side of 


which is exposed to a high-running sea, will always| bearings. | Set § 
Thus turning motion in a horizontal plane, as | flywheel being made to rotate, it will be found to move | 
a third couple that acts against! to and fro with a certain definite period. 


prove. 
already shown, produces 


ion of their axes—t.e., an inclination of the whole | plane; or, in other words, by alterations of her course. | 
il] produce phenomena exactly similar to those | This may be effected by placing the axis of the flywheel, | 


when in its normal position, vertically. The vessel can | 


influencing the flywheel, or the latter influencing her. 

The phenomena which present themselves in connec- | 
tion with an arrangement of this kind may _ best be | 
studied by the help of a model, such as that illustrated 
in Fig. 9. This shows a pendulum which is able to| 
swing to and fro on an axis at n. Above, the pen- 
dulum takes the form of a semicircular fork-piece B. A | 
ring R is hung on the point of the screw-pins p p, in such 
a manner that it can turn about a horizontal axis through | 
the centre of the fork-piece. In the ring itself, which is | 
so weighted at the point S that, when inclined by any | 
means, it will always return to the upright position, a | 
vertical spindle a, carrying the flywheel F; is set in 
If the pendulum be set swinging without the 


The frame in 


the first inclination of the vessel, and in so doing partly | which the flywheel is borne may first be allowed to move | 
removes the cause of the first inclination. In this way | as easily as possible—‘.e., with a minimum of friction. If 
the well-known fact that paddle steamers roll less than} the flywheel be then set spinning and the pendulum | 


serew steamers may be explained: a phenomenon for | receive a push, the latter will, in the first place, show a 
which, so far as I am aware, no satisfactory explanation | considerably increased period of swing. 


has to this day been given. 


From these observations it follows that in the case of a }of the pendulum with a so-called phase difference of 
paddle steamer to which a turning motion of the bow ! 90 deg.—that is to say, the swings of the axis of the fly- 














towards the starboard side has been given by the rudder, 


port, and vice versd. According to this, it is also evident 
why a paddle steamer inclines considerably to one side 
when the rudder is put over. 

An experiment made with a small model of a vessel, 
having a flywheel set on a horizontal axis at right angles 
to the direction of the length, shows the effects here 
described in a very clear manner, as soon as the flywheel 
1s set in rapid motion. The influence tending to lessen 
the relling motion would show itself still more clearly if 
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| remain exactly as great as before. 


The flywheel oscillates with its frame during the swings | 
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wheel keep lagging behind those of the pendulum by a} 
quarter of a swing. While the pendulum is passing its | 
central (vertical) position, the axis of the flywheel will 
show its greatest inclination ; and when the pendulum is | 
in the outermost position of its swing, the axis of the fly- 
wheel stands exactly in its middle position. The 
amplitude, or extent of the swing, of the pendulum will, 
as theory tells us, not be influenced thereby, but will 
i That this is the case 


| will also be readily apparent, since no consumption of 


the vessel, during a roll, could turn through a greater | 


angle in the horizontal plane. Since, however, it must 
always keep an approximately straight course, the 
turning motion remains very small, and the effect of the 
third couple produced by the latter motion also remains 
small in amount. 


The peculiar behaviour of paddle | 


steamers ina seaway, which differs materially from that | 


of screw steamers, is 
been said above. 
When, be it observed, a paddle steamer heels to star- 


completely explained by what has 


board, and the starboard wheel in consequence dips | 


further into the water, a turning of the vessel ensues, not 
to port, as one would expect, but to starboard, and 
vice versi. The gyroscopic influence of the paddle- 
Wheels on the steering, in fact, in part counterbalances 
the influence exerted by them on the water. Otherwise 
it would be still more difficult than it now is to keep a 
straigh® course with a paddle steamer in stormy weather. 

If it be desired more effectively to control the rolling 
motion, a greater deviation of the flywheel must be 


energy takes place in the apparatus, the period only 
being influenced by the increase which takes place in the 
swinging mass. 

Were it possible to fit a flywheel of this kind, able to 
swing in its frame without experiencing friction, into a 
vessel, this would be advantageous in so far that, to begin 
with, the rolling motions would become slower, and 
therefore less unpleasant ; and then, on account of the 
great difference thus produced between their period and 
that of the waves, they would cease to be of any 
consequence. The rolling motions of the vessel would 
then become considerably less in extent. If the frame 
which bears the flywheel be screwed tight on the model, 
so that it can no longer turn, the effect hitherto produced 
by it will cease, and the pendulum will swing with the 
same period as it would if the flywheel were not rotating. 

It will readily be seen that the effect produced upon 
the swings of the pendulum by the rotating flywheel can 
be of greater extent only so long as the plane of the frame 
bearing the flywheel remains approximately vertical. 

Tf the axis of the flywheel be inclined at an angle a to| 


rendered possible without the latter being too much! the vertical, the moment thus produced, acting against | 





s be made to revolve, an | influenced by the motion of the vessel in the horizontal | the motion of the pendulum, will be proportional to the 


value of cos a. Should the axis of the flywheel 
momentarily become horizontal, a position which with a 
pendulum in violent motion it may almost reach—that is 
to say, should a equal 90 deg. and cos a equal 0—the 


| influence of the flywheel will disappear altogether. 


Since, as already stated, there is a phase difference of 
90 deg. between the swings of the pendulum and those of 
the axis of the flywheel, the gyroscopic influence on the 
pendulum must be least in amount when it is passing the 
middle position—i.e., at the very position at which it has 
its greatest angular velocity, because at the same 
moment the inclination of the axis of the flywheel is at 
its greatest, while the velocity with which it is changin 
its inclination has. become very small or csaled 
altogether. When, on the other hand, the pendulum 
has reached its outermost position, and is changing 
the direction of its motion, thus for an _ instant 
reaching a state of rest, the axis of the flywheel then 
proceeds with its greatest angular velocity through the 
middle position, the flywheel thereby exerting its greatest 
influence. It will thus be evident that the conditions 
for the exertion of the greatest possible influence of the 
eer 5 aa action of the pendulum are not present here. 

n order that the motion of the pendulum may 


| effectively influenced, the oscillation of the frame with 


the axis of the flywheel will have to be reduced in a 
suitable degree. In the model illustrated in Fig. 9, this 
may be most simply effected by tightening the screws 
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to a suitable extent, so that they act as a brake on the 
motion of the flywheel. The swings of the flywheel 
frame are thus reduced in extent, and the phase difference 


| between the two swinging movements here described now 
| becomes less than 90 deg. 


If the experiment be made of setting the pendulum 
swinging with the brake thus applied to the flywheel 
frame, a very different phenomenon will be observed. 
The pendulum will indeed still swing with a very 
considerable period, but the maximum angle attained 
becomes considerably reduced with each successive swing, 


| So that a state of rest is reached even after two complete 
| swings. 


In scientific language, the oscillations of the 
pendulum experience a damping, in that the energy 
stored up in it is destroyed by the friction applied to ro 
flywheel frame. 

The gyroscopic action of a rotating flywheel has in the 
above been illustrated as applied toa pendulum. It will 
readily be seen that it may be applied in a similar 
manner to retard the rolling motions of a vessel. In 
Figs. 10a and 106 the vertical axis of the flywheel W is 
set in bearings in a large frame F F, which can turn on 
the journals P P, about a horizontal axis lying at right 
angles to that of the vessel. It may be made to rotate 
rapidly by means of an electromotor or a steam turbine. 

Fitted to the frame is a journal p, which is connected 
with the piston-rod of one or of two hydraulic brake- 
cylinders C, and, by the throttling of the area of the 
communication tube, enables the swings of the frame F F 
to be braked at will. The frame is ballasted at its 
lower side by a weight G, as was done on the pendulum 
model, or the journals P P may be fitted somewhat above 
the position of the centre of gravity of the whole frame. 
As soon as any outside influence begins to heel the vessel 
over in a direction at right angles to its length, the 
flywheel frame will incline considerably, with the result, 
as in the case of the pendulum model, that moments are 
produced which not only render the oscillations of the 
vessel considerably slower, but also very considerably 
reduce their extent. But these two conditions are exactly 
the ones which alone are calculated to destroy the rolling 
motions caused by the waves. A vessel fitted with the 
appliance illustrated would, according to this, only be 
subject to insignificant rolling motions. On the other 
hand, the frame, with its flywheels hung up within the 
vessel, would swing violently to and fro. 

In addition to the hydraulic brake, it will be necessary 
to fit one or two powerful band-brakes, which will enable 
the flywheel to be held at large angles of, say, more 
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Moment at brake in kilogramme-metres for an angular 
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Period of steamer for a double roll .. a“ oa = 21.8 21.5 21.1 20.6 19.0 18.5 17.6 
Co-etficient of damping p, in e-»t in equation (6) of the 

Appendix os pis oe as = ay io 0.0185 0.026 0.041 0.058 0.079 0,020 0.0415 
After a double roll, the angle of inclination is reduced to | 
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Period in seconds = 2.8 3.5 With this brake moment, | 3.8 Aperiod 
Secondary oscillations made | { the secondary oscilla- ically 
by the flywheel : | tions are aperiodically damped. 
Laintating After 1 sec. After 1 sec, | damped. Considerably 
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than 45 deg., or prevented from exceeding these. In very 
stormy weather, in which considerable inclinations of the 
flywheel are to be expected, a man will have to be told off 
to attend to this band-brake. 

In view of the model here exhibited, the conclusion 
must be come to that the energy communicated to the 
vessel by the action of the waves can be transferred to the 
flywheel, and may, x! means of the brake fitted to the 
latter, be destroyed. The hull of the vessel only transfers 
to the flywheel the energy produced by the waves; and, 
according to the theory of the top, a very small inclina- 
tion of the vessel will enable it to do this. In the 
appliance described we have an excellent means, if not 
of preventing the motions of the vessel, of at least 
reducing them to a minimum. 

In the case of a vessel the effect of a flywheel will not, 
of course, show itself in such a striking manner as in that 
of the model. In the latter the conditions are, in regard 
to dimensions, exaggerated ; for the diameter and weight 
of the wheel are greater in proportion than they could be 
in a real case. 

On the other hand, it must be remembered that the 
circumferential speed of the flywheel on the model is 
only about one-tenth of that which, in view of the scale of 
the model, it ought to have, since the electro-motor 
cannot make it go faster. The exaggeration, then, in the 
model of the action in question is not so very great as 
at first sight it may appear. 

The question may now be asked, whether the action of 
a flywheel of the dimensions that may fairly be adopted 
in a vessel will really be sufficient to exercise a marked 
influence on her rolling motions ; and, again, whether the 
diameter of a flywheel that can exercise a markedly 
damping influence on the rolling motions of a vessel is not 
so great that the whole arrangement becomes practically 
impossible or unsuitable for the purpose intended. 

Before this question could be satisfactorily answered. it 
was necessary that the system should undergo scientific 
examination. This difficult work was undertaken by 
several professiona_Imen—viz., by Professor Sommerfeld, 
Professor H. Lorenz, and Professor Féppel. The last- 
mentioned gentleman went very carefully into the 
question, and worked out the elaborate calculations for a 
definite example. The calculations went to show that 
even with large vessels a considerable effect may be 
produced by the apparatus. The mathematical investi- 
gation of Professor Féppel, which underlies the calcu- 
lations, is given in the Appendix to this paper. 

In order to render the following ae intelligible, a 
circumstance must now be referred to which has hitherto 
been disregarded. 

The motions of the axis of the flywheel are not con- 
fined to the swings which it makes in a period equalling 
that of the rolling motions of the vessel, but comprise, 
also, small oscillations of very short period, which, in 
connection with the theory of the top, are called ‘‘ nuta- 

ions.” When the speed of rotation is great, both the 
amplitude and the period of these oscillations are very 
small, but as the speed decreases these both increase. 
The nutations may be clearly observed in the spinning of 
every top after its speed has considerably lessened, in the 
shape of the well-known reeling motions that it goes 
through shortly before its fall. The periods of on 
small secondary movements are given, amongst other 
particulars, in the above table. 

In order to show the effect of the installation of a fly- 
wheel on board of a medium-sized steamer, the results of 
calculations made for a particular vessel will now be given. 
The steamer chosen is one of 6000 metric tons (5905.5 
English tons), which has a metacentric height of 0.5 metre 
(172 in.) and a period of 15 seconds (for the double roll) 
when not fitted with a flywheel. On this vessel let a 
flywheel 4-metres (15.12 ft.) in diameter, weighing 10 
tonnen (9.842 English tons), be installed, having a speed 
of rotation, measured at the periphery, of 200 metres 
(656 ft ‘per second. At this speed of rotation, a wheel 
that is carefully designed and made of the best material 
may be worked without danger. 

he total weight of the flywheel, with its swinging 
frame and motor, is taken at about 20 tons, and the 
arrangement of the axial trunnions of the flywheel frame 
is assumed to be such that the distance r of the centre of 
gravity is, according to one design, at a point 0.5 metre 
(198 in.) below the axis of motion; while, according to 
another one, this point is at 1 metre (393 in.) below the 
axis. The moment due to the oscillations of the flywheel 
frame, and which must be overcome by the hydraulic 
brake, is taken for an angular velocity equal to 1, and is 
denoted in the table by the letter k. The angle of phase- 
difference, by which the swings of the frame lag behind 





those of the vessel, is denoted by y. The figures given 
in the table show that the effect of the flywheel on the 
rolling motions of the vessel is a very pronounced one. 
For instance, when r = 0.5 metre and k = 26,300 kilo- 
gramme-metres, the angle of swing is reduced after one 
oscillation to 0.3 of the starting angle, while for k = 39,000 
kilogramme-metres it falls to 0.22. 

hen, therefore, the vessel has by some means been 
inclined to an angle of about 4 deg. from the upright, it 
will with the next roll reach an angle of inclination of 
only about 1 deg., and with the second roll have come 
almost to rest again; while the same vessel without the 
flywheel would probably come to rest after from six to 
seven rolls. The table further shows that the period of 
oscillation of the vessel is materially increased, by which, 
of course, the influence of the waves in the production of 
transverse oscillations is considerably weakened. It will be 
seen that, in order to obtain as large a period as possible, 
it is necessary to keep the value of r within certain limits. 

In the calculation from which the results here given 
were taken, the damping effect of the resistance of the 
water was disregarded. The ship will then, in reality, 
come to rest stillmore quickly than was assumed here. A 
further result of the calculation is that the secondary 
oscillations are, on the application of the brake, in nearly 
all cases aperiodically io , and are therefore of no 
consequence. There need then be no apprehension that 
the flywheel will produce shocks. 

The moment to be taken by the brake depends upon 
the angular velocity with which the flywheel frame 
swings through the vertical position. In the present 
example this amounts to about 0.16, and if the value of k 
be taken at 26,300 kilogramme-metres, the brake moment 
will amount to 4200 kilogramme-metres. When, there- 
fore, in our examples the trunnion on which the brake- 
cylinder is to act is taken at a distance of 2 metres from 
the axis of motion of the flywheel frame, the brake- 
cylinders must exert a pressure of 2.1 tons. 

Since the flywheel frame makes, as the table shows, 
inclinations about from ten to eleven times as great as 
those of the vessel herself, the flywheel frame might, in 
the case of very extensive rolling motions, turn right 
over, which would not be admissible. An appliance 
must therefore be fitted, taking the form either of a 
brake-strap or of a buffer, whiclt will prevent the frame 
from attaining a greater inclination than about from 
30 deg. to 45 deg. 

Let it now be assumed that the vessel has been inclined 
over by some outside influence to an angle of 18 deg. to 
starboard—an angle which, in the case of a vessel fitted 
with a flywheel, is scarcely admissible. The vessel will, 
in the course of a half-roll to port, reach an‘ nclination of 
13 deg., and in the course of the next half-roll to star- 
board one of 8 deg., while after the third half-roll she 
reaches an inclination of only 3 deg. During this time 
the swings of the flywheel frame will be so violent that 
they will have to be stopped by means of the band-brake 
or buffer, at an angle of inclination of about 45 deg. 
From the moment when the oscillations are damped 
down to about 3 deg. they will play themselves out in 
the manner shown in the table; that is to say, after 
two more swings the vessel will practically come to rest. 
Such large inclinations, however, of vessels fitted with 
flywheels will not occur at all, for the object of the 
apparatus is that vessels fitted with it shall never attain 
to considerable angles of heel. 

In the case of a vessel not fitted with a flywheel, a 
wave gives a vessel a certain inclination, which is 
increased gradually more and more by the following 
waves. This rapid increase of inclination, after the 
passing of several waves, is only rendered possible by the 
circumstance that the damping resistance of the water 
remains very small (even if bilge keels are fitted) so 
long as the angle of heel has not me considerable 
in amount; or, in other words, the work consumed by 
the damping resistance does not become equal to the 
energy communicated to the vessel by the succession of 
waves until a very large angle of heel is reached. The 
violent rolling motions, then, of a vessel not fitted with a 
flywheel are the accumulated effect of a whole series of 
waves. When, however, a vessel is fitted with a flywheel, 
the conditions become very materially different. In this 
case the first small inclinations themselves are subject to 
a powerful damping action, so that an accumulation of 
roll can never take place. Herein lies the principal 
work of the apparatus, and at the same time the 
guarantee for its success. 

It will be of further interest to have for a given vessel 
a general guide as to how large the flywheel will have to 
be made, in order that its effect may be suffic’ently 





great. The same lettering will here be used as in the 
Appendix,* and is as follows :— 


J is the moment of inertia of the flywheel about 
its axis of motion. 

w is the angular velocity of the flywheel. 

9 is the moment of inertia of the vessel about its 
horizontal longitudinal axis passing through 

_ the centre of gravity. 

uo is the greatest angular velocity with which the 
vessel without flywheel attains the middle 
(upright) position, when the angles of roll are 


equal to dp. 
For the attainment of a powerful effect it is necessary 

that— 
Jw ey 
Ou 5 

but even if— 
ge 
Ou 10 


the power of the appliance will, in many cases, be 
sufficient. 

J, it is true, will always be very small in comparison 
with @; but, on the other hand, the angular velocity w of 
the flywheel can be very considerably greater than that 
reached by the vessel in its rolling motious during 
stormy weather; and it will. therefore be possible to 
bring the ratio just mentioned within the n 
limits. It is, indeed, to be expected that the carryi 
out of the arrangement here outlined will meet wit 
many and perhaps unexpected difficulties, but in the 
present state of engineering science it may also be 
confidently expected that these will be overcome. So 
far as can at present be judged, it is to be expected that 
the arrangement may be successfully applied to steamers 
of moderate dimensions, such as canal lenan steamers 
and others serving similar purposes, and that the 
disagreeable effects which, for very many passengers, 
attach to a sea voyage may be ten Pema i alleviated. 
However this may be, I wish to emphasise that in the 
can agree of the present paper my "gpa aim has 

n to create interest in the scientific aspects of the 
proposal, while leaving to the future the question of the 
putting of it into practice. 








AMERICAN BortER Expriosions.—The total number of 
boiler explosions in the United States in 1902 was 391, as 
com with 423 in 1901, 373 in 1900, 383 in 1899, and 
383 in 1898. The number of persons killed in 1902 was 304, 
against 312 in 1901, 268 in 1900, 298 in 1899, and 324 in 
1898. The number of persons injured was 529, as compared 
with 646 in 1901, 520 in 1900, 456 in 1899, and 577 in 1898, 





THe “N.S.” Srorace Bartrery. — Niblett’s solid 
storage batteries are made with a porous diaphragm 
between the positive and negative plates, so that short- 
circuiting from the falling off of active material is im- 
possible. The positive electrode is contained within a 
porous cell. It is a rod of lead, with many grooves 
formed round it to increaseits surface. The space between 
it and the pot is filled with active material in the form 
of pellets about ;5; in. in diameter by ,; in. long. These 
pellets are stated to be very porous; so much so, that if 
the electrolyte should leak away, the battery will con- 
tinue to act for a considerable time. The negative plate 
is the lead lining of a wooden or celluloid box, and the 
space between the lead and the porous pot is packed 
with spongy lead and pellets. Naturally this construc- 
tion does not make a light cell, but it is claimed that it 
produces one that will stand a great amount of hard 
usage, and one that is particularly well adapted for 
ignition pur in motor-cars. The battery 1s manu- 
factured by the N. S. Electric Storage Company, Limited, 
Horton Kirby, Kent. 





AGRICULTURAL Encings.—The value of the agricultural 
steam-engines exported from the United Kingdom in 
February was 60,063/., as compared with 41,601/. in 
February, 1903, and 20,2362. in February, 1902. Our 
exports of agricultural engines take an entirely different 
course to that observable in the case of locomotives. It 
is the Colonies which are the best customers for British 
locomotives, while British icultural steam-engines find 
their way principally to European countries. These 
observations apply also to the exports of agricultural 
engines to February 29 of this year, which amounted to 
102,737/., a8 compared with 75,3637. in the corresponding 
period of 1903, and 36,7177. in the corresponding period of 
1902. In these totals the engines exported to European 
countries figured for 45,876/., as compared with 46,5077. in 
the first two months of 1903, and 22,682/. in the first two 
months of 1901. The colonial demand for the first two 
months of the last three years was represented by the 
following figures :— 














Colonial Group. 1904, 1903. 1902. 
aaa ae £ | g £ 
British South Africa - 2,7! 4221 1389 
British India = oa 1,804 1050 1526 
Australasia .. 20,766 | 5540 4266 


In the engines forwarded to Australia in the first two 
months of this year, Australia, properly so-called, figured 
for 10,578/., and New Zealand for 10,188/. It will be 
observed that the Australasian demand showed a con- 
siderable improvement for the first two months of this 
year. 


* [We 
the Appen 


t we are obliged from want of space to omit 
ix.—Ep. E.] 
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NT CRUISERS AND STEAMSHIP 
MERCHA SUBSIDIES.* 
By the Right Hon. Lord BrassEy, K.C.B., D.C.L. 


itution of Naval Architects is essentially a pro 

sean al organisation, It sometimes deals with adminis- 
trative questions, and such questions are pressing at the 
resent time. There will be little — to naval 
expenditure on the ground of excess, But we are incon- 
‘tent. There may be murmurs at increase of taxation. 
In the conditions with which we have to deal—public 
revenues less elastic, and Consols showing a heavy fall in 
for those who are most — convinced of the 
taining a powerful Navy carefully to 

s by which efficiency can be combined 


price—it is ) 
necessity for main 
consider every mean 

i ny. 
sy aml auxiliary cruisers, or scouts, at Glasgow. 
Then, as now, the need for care in the application of 
pesources, however ample, was recognised. Such care is 

imperative to-day. ? 
The. heey Pistimates, lately laid before Parliament, 
have reached an unprecedented figure. Looking back 
over ten years, the votes have grown from 19,031,000. in 
1895-6 to 36,880,000/. for 1904-5, To this total we have to 
add the cost of works and fortifications, in part provided 
for by loan, in part charged on Army Estimates. _ 

Let us trace the comparative growth of expenditure as 
given in the columns of ENGINEERING, in a recent issue. 
Our total Navy votes for 1893-4 were 14,500, 000/., as 

ainst a total for France, Russia, and Germany of 

19,750,000/. The votes for the three Powers are now 
35,000,000. The three Powers have increased their votes 
by 15,000,000/..a year. The British expenditure has 
increased by over 22,000,000/. Our expenditure for 
manning and the maintenance of ships in: commission 
far exceeds that of the three Powers. As our Reserves 
grow we may reduce our numbers for active service. 
If we turn to new construction, the branch of our 
subject with which this Institution is alone in any way 
concerned, we have barely maintained a two-power 
standard. Expenditure on shipbuilding has largely in- 
creased in Russia and Germany. In France it has not 
diminished. Between 1897 and 1902 the expenditure in 
shipbuilding for the British Navy was barely equal to the 
combined expenditure of France and Russia. 

The amounts to be voted must be determined by 
Parliament upon the advice of the Admiralty, and with 
adequate information as to the policy of foreign countries. 
In the appropriation of expenditure administrators re- 
sponsible to Parliament must depend on the advice of 
experts. 

et us see how we stand in the relative strength of 
our battleships and cruisers. The well-known ‘Taschen- 
buch des Kriegsflotten,” compiled by Lieutenant Brenco 
Weyer, gives a forward statement for 1908 :— 


Battleships ; Less than 25 Years from Date of Launch. 








. Aggregate 

Ships. onnage. 
Great Britain ... or 3 59 880,000 
Russia ... a ae ee: 29 348,000 
France ... ve ss eu 29 325,000 
Germany oe i its 23 265,000 
Total ... ak = 81 938,000 
Cruisers: Less than 20 Years from Date of Launch. 

ay: Aggregate 

Ships. Tonnage. 
Great Britain ... be ies 71 686,000 
Russia ... a ed is 17 131,600 
France ... us Sa 5 35 28 251,900 
Germany fed is ee 12 91,500 
Total ... es 57 475,000 


The tables show that our shipbuilding should be con- 
centrated more largely on battleships, and their indispen- 
sable auxiliaries—the destroyers. Armed cruisers are 
necessary for the protection of commerce. They must be 
regularly-built vessels of war. Ships for scouting should 
be obtained as far as possible from the mercantile marine. 
Speed and coal endurance are the essential qualities. No 
vessels of war have as yet been equal to the ocean liners. 
The German ships have an ocean speed of 234 knots. 
The Lucania and Campania of the Cunard, and the 
Oceanic of the White Star Line, steam 21 knots. The 
Teutonic and Majestic steam 20 knots; the Umbria and 
Etruria 19 knots. 

For keeping open lines of communication, Lord Charles 
Beresford told the Select Committee on Steamship Sub- 
sidies that the ocean liners are absolutely wanted. There 
were no other ships which could do the work required as 
well as the ocean greyhounds, built for speed in any 
weather. 

Foreign countries look on their fleets of postal vessels 
as indispensable auxiliaries to their navies. hey are 
liberal in subsidies. In proportion to the tonnage of their 
mercantile navies and the requirements of their fleets, 
they are more liberal than the British Government. The 
total annual payments, as reported by the Committee on 
Steamship Subsidies, are as under :— 


"ae £ 
British mail subsidies ... ae. -. 756,589 
Additional payment to Cunard Com- 

pany pe “oe ie -» 150,000 
Admiralty subsidies 77,813 

984,393 


*Pa seniihiadal imei namie 
ia aie the Institution of Naval Architects, 





French subsidies (including bounties 


for shipbuilding and navigation) 1,787,271 
Russian subsidies... oe ae 364,756 
Austrian subsidies ee ts 318, 983 
Japanese subsidies (approximate) 750,000 


Passing from subsidies for the ocean mails to payments 
for mercantile cruisers, the latest information is given in 
a return recently presented to Parliament, on the motion 
of Earl Spencer. The total amount which had been paid 
for subventions is 712,376/., the earliest ment being 
dated May 14, 1888. The total number of ships subsidised 
is twenty-eight, including the City of New York and the 
City of Paris, which have since passed under the flag of 
the United States. The original agreements with the 
Admiralty did not provide effectively against the transfer 
of the subsidised vessels to forei Nine ships 
only in the list have a speed of 19 knots and over. The 
ships employed as the scouts or look-out vessels of the 
fleet should, it is reasonable to assume, have a speed at 
least equal to the sea-speed of a first-class cruiser. 

If the engagements had been such as to secure that no 
subsidised vessel could hoist a foreign flag without the 
consent of the Admiralty, and all the ships hada sea- 
speed of 20 knots, the pene might not be regarded 
as unduly onerous. The expenditure on subsidies for the 
twenty-eight ships does not exceed the cost of a single 
cruiser of the County class, of 9800 tons, with a speed 
of 23 knots on the measured mile, but with a coal capacity 
of not more than 800 tons. The cost of a second-class 
cruiser, of 5880 tons, measured mile speed 21 knots, and 
coal supply 500 tons, rises as high as 437,000/. For the 
four first-class cruisers of the Black Prince class, recently 
designed by Mr. Watts, the estimated cost has advanced 
to a total of 1,138,606. The number of ships of this for- 
midable type must be limited 

It is essential that the Admiralty should have at their 
disposal auxiliaries for scouting duties. Ships of excep- 
tional speed are necessarily costly, und the return to the 
shipowner is doubtful. The fast and powerful liners 
under the German flag belong to fleets far exceeding in 
numbers and tonnage those under the British flag. The 
Cunard Company’s fleet consists of ten ships only, of 
which four are the well-known Campania, Lucania, 
Etruria, and Umbria. The Hamburg-American Com- 

any, to which the Fiirst Bismarck and Deutschland 
eoedald are the owners of no less than thirty-two ships, of 
which two only can be described as small vessels. The 
Norddeutscher Lloyd, owners of the Kaiser Wilhelm IT., 
Kronprinz Wilhelm, Kaiser Wilhelm der Grosse, and 
Grosser Kurfiirst has a fleet of seventy-two ships, of 
which five only are small vessels. These German com- 
panies have powerful resources. It may be for their 
advantage to run some ships at a loss, with the view to 
give a name to the entire fleet under their flag. This, 
therefore, is a point of consideration whenever we come 
to deal in a practical way with the requirements of the 
British Navy in regard to mercantile auxiliaries. 

It is desired in the present paper to urge a more liberal 
expenditure on subsidies to fast ocean services, and thus 
to provide the fleet, at the lowest cost, with a reserve of 
ships for scouting duties. Such ships may serve another 

urpose. Practical instruction in engine-room and stoke- 
Rold duties for newly-entered men in the Royal Navy 
was formerly obtained in the transport service. It may 
be given, and at less cost, in the auxiliary vessels of the 
Navy. 

We have already established mail services to the Cape, 
to the Kast, and to Australasia. We may improve those 
services. The ships may be capable of higher speeds. 
They may be fitted with portable armour, and with bulk- 
heads for more minute internal subdivision when employed 
as scouts. We may establish new lines, such as those so 
much desired in Canada, to connect the Dominion with 
Australia and the United Kingdom ; and while fostering 
trade, providing scouts for the fleet, and increasing the 
means of training for the engine-room complements of 
the Navy, and more especially for men on whom we may 
rely as reservists, we may do something effective in a 
cause which we all have at heart. Swift communications 
area bond of Empire. The establishment of a fast ser- 
vice between the nearest British port and Halifax was 
recommended to the Select Committee on Steamship 
Subsidies by Senator Drummond, of Montreal, on the 
ground that he considered a fast line of communication 
of Imperial importance. 

Addressing the Institution of Naval Architects, I may 
once more ask theso questions: Is it possible to build 
ocean liners, able to carry portable armour, and fitted for 
additional internal bulkheads, without increasing the cost 
unduly, or impairing efficiency for peace service? Is it 
feasible to look for reduction in the cost of cruisers, 
specially designed as vessels of war ? 








THE FARADAY SOCIETY. 
- AN ordinary meeting of the Faraday Society was held 
on Monday, March 21, at the Institution of Electrical 
Engineers, Dr. O. J. Steinhart in the chair. 

A paper by Dr. F. M. Perkin and Mr. W. C. Prebble, 
on Pathe Electrolytic Analysis of Gold,” was read in 
abstract by Dr. Perkin. 

The object of the researches described was to arrive at 
an electrolytic method of estimating gold which should 
be perfectly accurate and yet far more rapid than the 
ordinary double cyanide method, which the authors, 
differing from Classen, consider inordinately long, even in 
hot solutions. Solutions of sodium thiosulphate, cyanide, 
sodium sulphide, potassium, thiocyanate, and ammonium 
thiocyanate were all tried and the results compared. 
The first-named was useless. Of the others, which are 
all accurate, the thiocyanates gave the best results, and 
the ammonium salt was better than the potassium. With 
currents of 0.2 ampere per square dem. the deposition 





of 0.05 to 0.08 gramme of gold was complete in 5 hours 
or 6 hours. With a current of 0.4 to 0.5 ampere, 14 hours 
to 2hours sufficed. The presence of a little persulphate 
considerably reduced the voltage required. Experiments 
were also made to determine the best method of removing 
the deposited gold. Chlorine or bromine water were 
satisfactory, but slow ; aqua regia was risky. The authors 
recommended a 2 per cent. solution of potassium cyanide, 
containing a little hydrogen peroxide, or a cl hate. 
One or two minutes then sufficed to remove the gold. 

An improved form of basin electrode for working with 
hot solutions was described. A lamp-wick syphon, from 
a small reservoir, supplies water to compensate for 
evaporation. 

Mr. Charles R. Darling then read a paper on ‘‘Thin- 
Film Electrolysis, and a Pro Application to 
Printing,” which was illustrated by experiments. 

While investigating a process for letter-press printing 
by electrolysis without the use of ink—an extension of 
Bain’s_ well-known telegraphic printing—the author 
found that the final results of electrolysis, when the 
electrolyte forms only a thin film—often differ materially 
from those observed in an ordinary cell. In these experi- 
ments a carbon or metal plate (it was immaterial which) 
formed the anode, on this was placed an impression pad, 
consisting of some sheets of moist blotting-paper, upon 
this was the trial sheet, carrying the electrolyte film, and 
on this the cathode type or coin. 

Voltages from 6 to 200 were employed, To obtain a 
clear image of the type a certain minimum strength of 
solution is requisite. The first experiments were made 
with saline solutions; silver nitrate gave a clear, per- 
manent black image of the type, but the paper, of course, 
darkens on a copper sulphate and nitrate 
yielded images that faded after a time; the same unex- 

ected result occurred with lead, mercury salts, and 
jismuth. The best images were obtained with 
manganese salts. These, consisting as they did of the 
oxides or hydrates, were quite permanent; all purely 
metallic deposits, excepting silver, disappeared after a 
time. In the case of non-saline solutions the paper, 
which — consist of asbestos or pure Swedish filter- 
paper soaked in distilled water, acquired the properties 
of an ex photographic plate, and on treating with a 
silver salt and developer a perfect image of the cathode 
was obtained, even after a long interval. Reproductions 
of such ‘‘electrographs” are given in the paper. The 
latent images are not due to hydrogen peroxide, nor to 
metallic compounds, as they occur with carbon electrodes; 
but they reside in the surface of the paper in contact 
with or towards the cathode. The author ascribes them 
to a class of phenomena that have been investigated by 
Bose and termed ‘‘the response of inert matter to 
electrical stimuli,” and thinks they are probably the 
result of some state of strain set up in the film by the 
current. 

As —- the fading of the metallic images, this may 
be simply due to recombination, although that explana- 
tion is not entirely satisfactory. 








GeRMAN MerTatiureicat Inpustry.—At the close of 
last year there were 313 blast-furnaces in existence in 
Germany, of which 297 were in activity. The production 
of pig in Germany last year was 10,085,634 tons, as com- 
pared with 8,402,660 tons in 1902, and 7,785,887 tons in 
1901. The increase observable last year was attained 
nearly all along the line, the output of casting pig having 
been 1,798,773 tons, as compared with 1,512,107 tons in 
1901 ; that of Thomas pig, 6,277,777 tons, as compared 
with 4,452,955 tons ; that of spiegel pig, 703,130 tons, as 
compared with 563,014 tons; and that of puddling pig, 
859,253 tons, as compared with 793,780 tons. The pro- 
duction of Bessemer pig declined, however, last year to 
446,701 tons, as compared with 464,036 tons in 1901. It 
will be seen that the general advance in 1903, as com- 
pared with 1901, was about 30 per cent. The contribu- 
tion made by each German metallurgical district to the 
production of 1903 and 1901 was as follows :— 


District. 1903. 1901. 

tons tons 
Rhenish- Westphalia ms «. 4,009,227 3,014,844 
Siegen, Lahn, and Hesse-Nassau 718,1 »712 
Silesia ae we Wa 134,780 640,199 
Pomerania 134,770 122,644 
Saxony a oe 5 Nil. 20,942 
Hanover-Brunswick ae me: 357,779 341,985 

Bavaria, Thuringia, and Wur- 

temburg a “ ze 159,403 113,813 
Sarre .. va x a 735,968 618,317 
Lorraine and Luxembourg 3,217,328 2,278,431 


It will be observed that the production of the Rhenish 
rovinces now exceeds that of Lorraine and the Luxem- 
urg. The great progress made by German metallu 
during the last ten years is forcibly illustrated by the 
following table, showing the annual output since 1894 :— 


Year. Tons. 
1894 .. ~e pe. aa a aa aa 5,380,088 
1895 .. ‘ ea xe os és ne 5,464,501 
1896 .. ee *. ee os x ee 6,372,575 
1897 .. wa ee SS “ a oa 6,881,166 
1898 .. ae Re ee on aa a 7,312,766 
1899 .. ie hy “ ie ne “ 8,143,132 
1900 .. “ = re a ais va 8,520,540 
1901 .. te ve oa aa sp <a 7,880,081 
1902 .. = a aa 5 me . 8,402,660 
1903 10,085,634 


1t will be observed that the output has nearly doubled 
during the ten years. If we extend the comparison back 
somewhat further, the progress made is shown to be still 
more remarkable, as in 1890 Germany only produced 
4,658,451 tons of pig, and in 1885 3,687,433 tons. Thirty 
years since—in 1873—the production of German pig stood 
at only 2,240,574 tons, 
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CATALOGUES. 


Messrs. Croft and Perkins, Great Northern Works, 
Bradford, have forwarded us a copy of their catalogue of 
power - transmitting machinery, including shafting, 
pedestals, hangers, fixings, &c., as well as rope and belt 
pulleys, and moulded and cut gear of all descriptions. The 
catalogue is very comprehensive and fully illustrated, 
and the makers have increased its usefulness by the addi- 
tion of many useful tables and formule. We have also 
received their catalogue of friction clutches and couplings, 
of which over 250,000 horse-power are in use. 

The Lahmeyer Electrical Company, Limited, 109-111, 
New Oxford-street, W.C., have forwarded us their list of 
controllers and other apparatus for electric hoists, cranes, 
&c. In addition to a large number of controllers for 
both continuous-current and polyphase motors, the list 
includes brake magnets and liquid starters. 

We have received an addition to the catalogue of the 
Electric and Ordnance Accessories Company, Limited, 
consisting of a price-list dealing with their British-made 
intercommunication telephones of various types. One 
battery only is needed fora system, and the instruments 
are neatly designed and the price is moderate. 

‘* Bimetallic wire” for overhead lines, consisting of a 
steel core with a sheathing of electrolytic copper, forms 
the subject of a pamphlet sent us by Fernand Espir, 3, 
Fast India-avenue, E.C. High tensile strength, freedom 
from corrosion, and good conductivity, are claimed for 
this wire, of which there are now over 30,000 miles in use. 

Messrs. Jessop and Appleby Brothers, 22, Walbrook, 
London, E.C., have issued a catalogue containing illus- 
trated descriptions of their electric cranes, hoisting, and 
contractors’ machinery. Transporters are also included, 
and comparisons are made between the cost of electric and 
other methods of handling materials. We regret that in 
a recent issue we gave the above address as that of Messrs. 
Pethick Brothers, whose offices are at 157, Grosvenor- 
road, S.W. 

We have received from Messrs. Beanland, Perkin, and 
Co., of the School Close Works, Leeds, a circular calling 
attention to their No. 0 machine hack-saw, which they 
have introduced to compete with certain types of foreign 
manufacture, to which they claim it is superior in quality 
whilst less in price. 

An “extender” for use on files when the latter are 
being employed in ‘‘getting-up” large flat surfaces is 
described in a circular just received from Messrs. H. 
Heap and Co., of Paradise-street, Bury. 

Messrs. John Newton and Co., of Verney-road, Old 
Kent-road, S.E., have sent us samples of different 
varieties of hair-felting made by them. In addition to 
roofing-felt the firm also make a soft felt, in thickness of 

in. up to 1in., suitable for clothing boilers and steam- 

pipes. 
Messrs. Henderson, Blanchet and Co., of 19, Old Queen- 
street, S.W., have issued a new price-list of electrical 
fittings for country houses and the like, included in which 
are — estimates for the complete wiring and fitting- 
- of such premises either with or without a generating 
plant. 
. Messrs. Holden and Brooke, Limited, of the Sirius 
Works, West Gorton, Manchester, have sent us a circular 
describing a new type of expansion steam-trap they have 
recently brought out, in which, by a simple arrangement 
of multiplying levers, they get a comparatively large 
motion of the valve from a small motion of the expansion 
tube. The valve is so constructed that excessive expansion 
does not force the valve on to its seat—a fruitful source of 
trouble in the earlier types of expansion traps—and _pro- 
vision is made for blowing through by means of a foot- 
lever when desired. 

Messrs. Kirting Brothers, Limited, of 53, Victoria- 
street, Westminster, have sent us a pamphlet describing 
their system of heating buildings with low-pressure 
steam. They state they are now able to work a steam 
heating-plant with temperatures considerably below the 
steam temperature ina hot water system. 

Messrs. David Rowell and Co., of 31, Old Queen-street, 
S.W., have sent us a copy of their new price-list of cor- 
rugated iron buildings, and of their iron railings and 
gates, and wire fencing. 

The National Electric Company, of Milwaukee, U.S.A., 


have issued a new catalogue of alternate - current 
machinery. The construction of the alternators, which 


they make in standard sizes, running from 374 kilowatts 
up to 1500 kilowatts, being described in some detail. 

A catalogue of pumping machinery, specially designed 
for use in beet sugar factories, has been sent us by the 
Knowles Steam Pump Works, of New York. 

Hamblet’s Blue Brick Company, Limited, of West 
Bromwich, have sent us circulars describing a number of 
their productions of interest to sanitary engineers. 
Amongst them we note sewer inverts, channel troughing 
for bacteria beds, and also false floors for such beds. 








AUSTRALIAN Rattways.—The revenue of the railways of 
South Australia, Victoria, New South Wales, Tasmania, 
Western Australia, and Queensland in the year ending 
June 30, 1903, was 10,459,289/., as compared with 
11,231,103. in 1902-3, and 11,021,791/. in 1901-2. The 
working expenses in 1902-3 were 7,207,444/., as compared 
with 7,545,525. in 1901-2, and 7,110,867/. in 1900-1. The 
ratio of the working expenses to the traffic receipts was 
accordingly 68.91 per cent. in 1902.3, 67.11 per cent. in 
1901-2, and 64.51 per cent. in 1900-1. The net earnings 
in 1902-3 fell short of the interest charges of the year by 
1,447,334/., as compared with 952,970/. in 1901-2, and 
632,799/. in 1900-1. It is right to observe that the six 


states suffered considerably from drought during the 
three years; with more favourable conditions better 
results would probably have been attained. 





LAUNCHES AND TRIAL TRIPS. 


Tue s.s. Christianssted, built to the order of the West 
Indian Company, Limited, of Copenhagen, was on Satur- 
day, the 5th ult., successfully launched at the yard ot 
the Elsinore Iron Shipbuilding and Engineering Com- 
pany, Elsinore, Denmark. This steamer is built of steel, 
and measures 140 ft. by 24 ft. 6 in. by 9 ft. 114 in. depth 
of hold. The engines are of the triple-expansion type, 
with surface condenser indicating 300 horse-power. 


On Wednesday, the 9th ult., the steel screw 
steamer Atlantic, built by Messrs. William Gray and 
Co., Limited, West Hartlepool, for Messrs. W. H. 
Cockerline and Co., of Hull, left the builders’ yard for 
her trial trip. Her principal dimensions are :—Length 
over all, 336 ft. ; breadth, 47 ft. ; and depth, 24 ft. 10 in. 
Trip!e-expansion engines from the Central Marine Engine 
Works of the builders, having cylinders 24 in., 38 in., 
and 64in. in diameter by 42 in. stroke, have been fitted, 
together with two large steel boilers to work at a pres- 
sure of 160 lb. The boilers are fitted with a superheater 
of the latest type, made by the Central Marine Engine 
Works ; and in anextended trial between Hartlepool and 
Portland, using superheated steam, the coal consumption 
was found to be 13 tons per day, as against 15 tons using 
saturated steam. This economy was secured with from 
80 deg. to 90 deg. Fahr. of superheat, and is expected to 
be considerably increased by the use of 500 deg. of super- 
heat, as intended. In conjunction with this superheater 
a special type of rotor, called the ‘‘central rotor,” has 
been fitted, which drives a small fan for the purpose of 
inducing the passage of the hot gases between the tubes. 
The rotor is supplied with steam from the second cylinder 
receiver and exhausts into either the third receiver or the 
condenser at will, thus developing its power in the most 
economical manner, The average speed on the trial was 
104 knots, the behaviour of both ship and engines being 
entirely satisfactory. The Atlantic proceeded to Penarth, 
where she loads for Taranto. 





The s.s. Burnholme was successfully launched on Tues- 
day, the 15th ult., from the North Sands Shipbuilding 
Yard of Messrs. Joseph L. Thompson and Sons, Limited, 
of Sunderland. She has been specially constructed to the 
order of Messrs. Rowland and Marwood’s Steamship 
Company, Limited, of Whitby, and is the tenth vessel 
Messrs. Thompson have constructed for these owners. 
The principal dimensions are :—Length between perpen- 
diculars, 345 ft.; extreme breadth, 47 ft. 2 in.; an 
moulded depth, 27 ft. 8 in. The engines and two large 
boilers have been constructed by Messrs. John Dickinson 
and Sons, Limited, of Sunderland, the sizes of the 
cylinders being 24 in., 40 in., and 66 in. in diameter 
by 45 in. stroke, steam being supplied at 180 lb. pressure. 


On Thursday, the 17th ult., Messrs. Ropner and 
Son, Stockton-on-Tees, launched from their yard a steel 
screw steamer of the following dimensions :— Length, 
311 ft. 6 in. ; breadth, 43 ft. ; depth, 22 ft. The engines 
will be of the triple-expansion type, by Messrs. Richard- 
sons, Westgarth, and Co., Limited, Hartlepool, of about 
1000 indicated horse-power, steam being supplied by two 
steel boilers measuring 14 ft. by 10 ft., and designed for 
180 lb. working pressure. The vessel has been built to 
the order of the Steamship ‘‘Whinfield” Company, 
Limited, of Newcastle, and is named the Whintfield. 





On Thursday, the 17th ult., Messrs. Craig, Taylor, 
and Co. launched from their Thornaby Shipbuilding 
Yard, Thornaby-on-Tees, a single-deck screw steamer 
measuring 291 ft. by 42 ft. by 20 ft.7in. Her engines 
have been constructed by the North-Eastern Marine 
Engineering Company, Limited, Sunderland, the cylin- 
ders being 21 in., 35 in., and 57 in. in diameter by 39 in. 
stroke. There are two large steel boilers working at 
160 lb. pressure. She has been built to the order of 
Messrs. Sanders, Wake, and Co., of London, and is 
named the White Sea. 





H.M.S. Sapphire, launched on Thursday, the 17th ult., 
is a third-class cruiser of the latest type, specially designed 
to obtain a high rate of speed on a moderate horse-power. 
Her dimensions are 360 ft. by 40 ft. by 21 ft., the dis- 
placement Leing 3000 tons on a draught of 144 ft. She 
is fitted fore and aft with a protective deck 2 in. thick, 
under which the boilers, engines, and steering gear are 

In a capacious poop accommodation is fitted 
for the captain and officers of the ship, together with 
ward-room. The crew is berthed in the forecastle and in 
the ’tween decks, both of which are large and well venti- 
lated. The magazines are placed underneath the protec- 
tive deck, and consequently below water-line. The arma- 
ment of the vessel comprises twelve 4-in. guns, ten of 
which are placed on the upper deck ; the foremost pair 
and the aftermcst pair are capable of fore and aft 
fire. On the forecastle and on the poop are the usual bow 
and stern chasers. There are eight three-pounders, 
four of which are placed on the upper deck amidships, 
and two are in the forecastle and in the stern, to be used 
as bow and stern chasers. Two above-water torpedo- 
tubes are fitted on the upper deck. On the forecastle 
deck there is an armoured conning tower of nickel steel 
3 in. thick, from which the manceuvring of the ship is 
controlled. There are also the usual navigating bridge 
and searchlight platforms. The vessel has three funnels 
and two schooner-rigged masts fitted with semaphore 
signalling and spar for wireless telegraphy. She will 
carry nine boats, including a 32-ft. steam cutter. The 
vessel is to be fitted with twin-screw engines, each having 
four cylinders, capable of developing 9800 horse-power, 
and there will be ten boilers of the Reed water-tube type. 








The vessel has a total bunker capacity of 750 ¢, a 
will give a large radius of action at a moderate en 


A steamer built at the Neptune Works 

Swan, Hunter, and Wigham-Richardson, Lint ee 
the Cork Steamship Company, Limited, of Cork’ foe 
launched on Thursday, the 17th ult. The atéamer in 
270 ft. in length by as ft. beam. She is intended to 
trade between Liverpool and Dutch and Belgiuny ports 
and is very completely fitted and conveniently a i 
for that purpose. The propelling machinery and "bok 

are also being built by the same firm. As the vege] left 
the ways she was named the Dotterel. ’ 

On Saturday, the 19th ult., Messrs. Day, Sum 

Co., Limited, of Northam Ironworks, Southampeas 
launched a new single-screw steam water-tank vessel of 
405 tons displacement and 300 horse-power, which the 

have built to the order of the Admiralty, which 4 
leaving the ways, was named Pelter. The vessel is 115 ft 
in length between perpendiculars, with a breadth of 
21 ft. 3in., and contains tanks of sufficient size to hold 
140 tons of water. The propelling machinery consists of 
triple-expansion engines, with cylinders 114 in., 18} in 

and 30 in. in diameter, with a stroke of 21 in. The boiler 
is 11 ft. 6 in. in diameter by 9 ft. 3 in. long, having two 
corrugated furnaces 3 ft. 4 in. in diameter inside, and 
3 ft. 8 in. in diameter outside, and is designed for a work. 
ing pressure of 140 lb. per square inch. 





On Saturday, the 19th ult., the s.s. Hillbrock was 
launched from the = of the Northumberland Ship. 
building Company, Limited, Howdon-on-Tyne, built to 
the order of Messrs. Hugh Evans and Co., Liverpool, 
This vessel measures 350 ft. over all by 48 ft. breadth, ex. 
treme, by 30 ft. depth, moulded. She carries about 6400 
tons dead weight. The machinery will be supplied by 
Messrs. Richardsons, Westgarth, and Co., Limited, of 
Hartlepool, with cylinders 24 in., 39in., and 66 in. in 
diameter by 48 in. stroke. There are two boilers 
measuring 16 ft. 3in. by 10 ft. 9in., and designed for 
180 lb. working pressure. 

On Saturday, the 19th ult., Sir Raylton Dixon and 
Co., Limited, launched from their Cleveland dockyards, 
Middlesbrough, a mail and passenger twin-screw steamer, 
built to the order of Messrs. Elder, Dempster, and (o., 
of yee and intended to run between this country 
and the West Coast of Africa, She measures 390 ft. by 
47 ft. by 26 ft. moulded. Twin-screw triple-expansion 
engines will be fitted by the Wallsend Slipway and Engi- 
neering Company, Limited, of Newcastle, having cylin. 
ders 214 in., 36 in., and 59 in. in diameter by 42 in, 
stroke, supplied with steam by four large single-ended 
boilers working at 180 lb. pressure, and fitted with 
Howden’s system of forced draught. On leaving the ways 
she was named the Zungeru. 








Nortu Sea AND Battie CANAL.—The number of vessels 
which passed through the North Sea and Baltic Canal in 
1902-3 was 32,010. The corresponding number in 1901-2 
was 30,161; in 1900-1, 29,045; in 1899-1900, 26,270; in 
1898-9, 25,816 ; in 1897-8, 23,108; and in 1896-7, 19,960. 
The traffic of the canal is accordingly steadily growing. 





Tue Unitep States Navy.—The United States Annual 
Naval Appropriation Bill for 1904-5 provides for an ex- 
penditure of 96,388,038 dols. The amount originally 
proposed to be expended was 105,962,844 dols., so that 
economies have been enforced to the extent of 9,574,806 
dols. Even with this reduction, however, the naval 
expenditure of the United States for 1904-5 will show 
a considerable advance upon that for 1903-4, which 
does not exceed 81,876,791 dols. The totals given 
for each year represent the actual appropriations made 
or proposed to made by Congress for each period. 
The reduction effected in next year’s appropriation was 
secured by cutting down the displacement of two first- 
class armoured cruisers authorised, from 16,000 tons each 
to 14,500 tons each, while the displacement of three 
scout cruisers was also reduced from 4000 tons each 
to 3750 tons each. The reduction in the displace- 
ment of the armoured cruisers was made in deference 
to earnest recommendations on the part of Adamiral 
Dewey and the United States Board of Construction. 
These authorities contended that if vessels of equal ton. 
nage and cost with 16,000-ton line-of-battleships were 
authorised, it would be better policy to complete them as 
line-of-battleships rather than as cruisers. In the case of 
scout cruisers the reduction was made as it was decid 
to aim at speed rather than tonnage ; and in view of a pro- 
posed installation of turbines, it was believed that better 
speed results would be obtained with vessels not exceed: 
ing 3750 tons each. The 96,388,038 dols. representing the 
appropriation made by the United States Congress for 
naval purposes for 1904-5 includes 29,885,000 dols. for 
new construction, the vessels to be built compris 
ing one first-class line-of-battleship, two first-class 
armoured cruisers, three scout cruisers, and two steam 
colliers capable of accompanying a fleet, each carrying 
5000 tons cargo, and each costing 1,250,000 dols. 
The line-of-battleship will cost 7,775,000 dols., the two 
cruisers 6,505,000 dols. each, and the two scout cruisers 
2,200,000 dols. each. The steam colliers are to have : 
speed of not less than 16 knots per hour. The hull and 
machinery of the line-of-battleship will cost 4, 400, 000 dols.; 
the armour, 1,800,000 dols. ; and the armament, 1,525, 
dols. ; the hull and machinery of each of the two ." 
class armoured cruisers will cost 4,400,000 dols. ; a 
armour, 1,180,000 dols. ; and the armament, $80,000 dois.; 
the hull and machinery of each of the three scout a 
will cost 1,800,000 dols. ; and the armament, 37 5,000 dos. 
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ae ‘Town Hall. Mint machinery was another branch 
; ‘ _ ; 

THE NAPIER MOTOR-CAR_ WORKS. | of engineering construction that occupied the atten- 

Amonest the many engineering firms that have tion of Messrs. Napier in the early days, and 
taken up the motor-car industry in this country, | continues to do so to the present time. Coining 
one of the most prominent is that of Messrs. D. | presses have been made by them for most of the 
d Son, whose works at Acton we now! important mints of the world, and they are working 
propose to describe, illustrations being given on | now for those in Russia, Bombay and Calcutta. A 
this page and on page 504. The firm is, | very beautiful piece of work under construction at 
perhaps, best known to the general public as the! the time of a visit we recently paid to the Napier 
makers of the motor-car which bears the name of | Works is a coin-blank equaliser, which automatically 
the founder and present proprietor. — But although | weighs the blank, and, according to the weight, 
the works at Acton are new, the firm is of con-| sets the cutter so as to produce exactly the right 
siderable age, the business having been established | size of blank. : 
in the year 1818, at Lambeth, by the late Mr. D. By far the largest field of operation of the estab- 
Napier. He was succeeded by his son, the late} lishment at the present day is, however, the 
Mr. J. M. Napier, whose son is the present owner | manufacture of motor-cars. Somewhat more than 
of the works. The business was started for general | three years ago, Mr. M. S. Napier turned his 
engineering, and some notable work was carried out | attention to this subject, at the old Lambeth 
at the old Lambeth — Amongst the early! Works. The rapid strides that were made soon 
operations, cannon were yored for the Tower of | necessitated more commodious premises. As 
London, and Mr. Napier now owns a model of a’ land could not be obtained in Lambeth, a move 


Napier an 


jroof. Fig. 2, page 504, shows part of the fitting- 
| department, with men at work on various sections 
|of the motors. Fig. 3 is the erecting-department. 
| Fig. 4 is a corner of that part of the machine-shop 
' which contains some of the heavier tools; a Bullard 
| mill, it will be seen, is in the foreground. Fig. 5 is 
| one corner of the testing-house. The large engine 
shown suspended in the slings in the background is 
a marine motor, which was under construction for 
a racing-boat at the time of our visit. The testing- 
pits, with two engines in place, are shown on the 
right. 

We now pass on to give a brief description of 
the arrangement of the shops, at the same time 
making some reference to a few of the chief 
|machine-tools and the principal operations. The 
first to be noticed is the boring of the cylinders; 
this is effected by a special horizontal boring- 
machine of the planer type, having a rising bridge, 
which takes the ends of the boring bars, the guide 
‘being ona table. A jig is bolted to the table, and 





Fic. 1. A Part or THe Principat Macuine-SHor. 


breech-loading smooth-bore gun of very early date. |was made into the more open district of Acton, 
Printing machinery also engaged the attention of | where the present works are situated. No doubt 
the firm from early days, they being amongst the | many of our readers will remember the success of 
first to make the original type of platen machine, | the Napier car driven by Mr. S. F. Edge in the 
although before that they manufactured gripper | Gordon Bennett race of 1902. This competition 
and tape machines. Another notable piece of work | was run over an heroic course from Paris to Inns- 


carried out, and one of much larger dimensions, was | bruck—a distance of 380 miles. Amongst other | 


the weigh-bridge used in the construction of the | obstacles that had to be encountered was the Arl- 
Portland breakwater, and by which all the stone | berg Pass, one of the stiffest over the Alps. The 


used was weighed, and a record made. ‘This | Success attained by the Napier car under this test 


weigh-bridge, with another of similar design, was|gave a great impetus to the demand for these | 
erected about fifty years ago, and was powerful | vehicles. It wasa Napier car also that won the | 


enough to take a railway truck laden with stone. | first 1000-miles reliability trial in England of the 
Another machine of the same class was constructed | Automobile Club, the vehicle going straight out 
by Messrs. Napier for the Great Western Railway | of the shop to the competition, having only just 
Works at Swindon, and was used for weighing been finished in time to take part in the contest. 
locomotives. This machine was built to the order | It gave the best record, going through without a 
of Brunel, about fifty years ago, at a time when | repair. Other hill-climbing trials in different com- 
passengers were in the habit of getting out of the | petitions have been also won by Napier cars. 

— at the entrance to the Box Tunnel, togo round| Ourillustrations on this page and on page 504 give 
y — if their nerves were not equal to the ordeal | a good idea of the Acton Works. Fig. 1 shows part 
of the passage. Some big clocks were also made by | of the principal machine-shop. It is all on the 
the firm, a notable one being that of the Bombay | ground-Jevel, and has a light and well-designed 


in this way all cylinders are bored exactly alike, so 
that they may be interchangeable for different cars. 
The jig is fixed to the table by slots, so that the 
bore is always axially true. Two roughing cuts 
and one very fine finishing cut are taken, great 
care being paid to this part of the work. The 
table is fed up by a screw arrangement, to get the 
cut over different-sized cylinders, the boring bar 


| being stationary. The motor body casting and the 


oil base are bored together on another boring 
machine, accuracy of work being secured by the 
use of jigs. The jointing surfaces are planed to 
gauge on ordinary planing machines. Crank-shafts 


‘are turned and ground, limit-gauges being used. 
; One-hundredth of an inch is left on in turning for 


grinding off. On the occasion of our visit we 
noticed some aluminium castings for four-cylinder 
engines, the body of the cylinders being cast in 
one. This constitutes a difficult piece of work, 
which was very well executed. 

The work in these shops is largely done on the 
limit-gauge system, there being a very large stock 
of gauges of this description in the tool-department. 
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All wheels are keyed on to shafts on a Morse 
taper to standard gauges. The whole work is 
carried on so that there may be interchangeability 
between different parts, in order to supply new 
components with a certainty of fit. 

Amongst other machine-tools in this department 
inay be mentioned a group of gear-wheel cutters 
and a number of automatic and semi-automatic 
machines ; a prominent one among the latter being 
a large machine which was engaged in forming 
steering sockets. There are also Gisholt lathes, a 
double head-stock vertical lathe for turning brake 
drums, and a Bullard boring-mill. The latter two 
machines are shown in our illustration, Fig. 4. 
In a gallery attached to the main machine-shop 
there are many smaller machine-tools. 

Power is supplied for driving the machine-shop 
by two Westinghouse vertical gas-engines, one 
of the three-cylinder type, and one _ having 
two cylinders. 
work, the other being used as a stand-by. The 
electric generating plant for lighting is also situ- 
ated in the power-house. The testing-house, a 
part of which is shown in Fig. 5, is in a sepa- 
rate building. All motors are tested on the brake 
before being put into the car, being run for a 
considerable period at the maximum horse-power 
that can be obtained. The test is intended to 
represent a long journey under as nearly as pos- 
sible actual conditions. Running down one side 
of the test-house is a long bed, to which are fixed 
the cast-iron bedplates for taking separate motors, 
as shown. The motors are tried by a Prony brake, 
or by a plate brake, careful records of each motor’s 
performance being kept. There is accommodation 
for testing ten motors at once. A system of circu- 
lating water is laid on for the purpose. 

In a future article we hope to describe some of 
the Napier motor-cars, and also motor-boats. 








WEST RIDING RIVERS. 
IV.—SHEFFIELD. 


Tue case of Sheffield next claims attention. In 
1901 the population was 380,717, with a dry weather 
tlow of 15 million gallons of sewage. Its original 
scheme, such as it is, was not completed until 1886, 
under the advice and supervision of the late Mr. 
Gustav Alsing. The process consisted of chemical 
precipitation, 7 grains of lime per gallon being used ; 
with a tank capacity of 3,000,000 gallons, or one- 
fifth of the daily flow. 


Rotherham. The sewage of Sheffield contains a 
good deal of mineral matter, chiefly fine sand and 
iron from metal-grinding and polishing ; and also 
much diluted sulphuric and muriatic acid, in which 
sheet iron and wire are steeped or, as it is tech- 
nically termed, ‘‘ pickled:”’ which process is used to 
dissolve oxide of iron from the surface of the metal. 
This not only makes the sewage destructive of 
organic life in the streams, and also of sewer brick- 
work, but to a great extent sterilises the sewage. 
Owing to the presence of these sterilising acids, and 
probably to the large influx of ochrey waters from 
coal-workings in the valleys above Sheftield, and 
also to the almost entire absence of textile works, 
the Don below Sheftield does not present a case of 
extreme pollution. Complaints from Rotherham 
have neither been bitter nor persistent ; possibly 
for the excellent reason that its inhabitants, until 
recently, thought it best to let sleeping dogs lie, 
not having even a pretence of sewage treatment 
themselves. Nevertheless, as already said, the Don 
is highly polluted; and so far the effect of the 
Rivers Commission, which dealt with Sheftield in 
1872, as set forth in the fourth report, has been 
practically nil. 

In 1897 the sludge difficulty suggested the adop- 
tion of improved methods. The bacterial method 
was just entering into vogue, and experiments were 
tried on what was deemed a substantial scale, 
2? acres of beds being used. On this area, in the 
year 1901, it was found that coke-breeze filters, used 
at the rate of 300,000 gallons per acre per day, gave 
a uniformly good result, without any accumulation 
of sludge. This was with untreated sewage, with 


a sedimentation of probably 24 hours’ flow. 
In the same year, satisfied with the experience 
so far gained, the borough surveyor reported in 


One engine is sufficient for the | 


lveyed by gravitation to certain land at Aldwark, 
| proposed was tank settlement and artificial filtra- 


| were to be further purified by land filtration. 
| the coal deteriorated (which, indeed, would seem to 
|require no if) and became useless, it was to be 
The effluent discharged | 
over aerating weirs into the River Don in a very | manner by no means peculiar to Rotherham, nor, 
unsatisfactory state, highly polluting that stream ;|indeed, to drainage or sewage undertakings, the 
and the works, which occupied a total area of | estimated cost has been largely increased. 
22 acres, lay wholly within the borough of! much delay the works are now in operation ; and 





favour of a scheme for the gradual construction of 


|674 acres of bacteria beds on the double-contact 
principle, and the raising and conversion of the 
settling tanks into septic tanks at a total estimated 
cost of 158,000I. 

If carried out as then proposed, the process will 
consist of :— 

(a) Silt or other inorganic substances intercepted 
in pits. 

(b) Raw sewage subjected to anaerobic action in 
septic tanks. 

(c) Bacterial treatment by double contact. 

In (a) the expert in these matters will recegnise 
the ‘‘catch-pit” proposal mooted in the early 
stages of bacterial treatment by Mr. Dibdin, and 
will consequently expect a considerable amount: of 
sludge from the septic tanks, especially from a 
sewage containing much mineral matter. The 
capacity of these tanks does not appear in the in- 
formation at our command. 

The total area of land acquired for the purposes 
of the new and old schemes is about 1225 acres. 





| RoTHERHAM. 


| This, although the least important as well as the 
|newest of the county boroughs, having only quali- 
tied at the last census, may fitly be considered here, 
llying as it does on the Don immediately below 
| Shettield, whose sewage works, as we have already 
| said, are wholly within Rotherham. 

| In 1901 its population was 54,348, almost en- 
tirely engaged in steel and other metal trades and 
coal-mining. The daily dry weather flow of sewage 
was about 14 million gallons, of a similar character 
to that of Sheftield. The rest of the county 
boroughs had some slight share of sewage treat- 
ment, even before the establishment of the West 
Riding County Council in 1888; but Rotherham, 
| down to 1902, had none; and it wasonly in 1897, after 
/much persuasion and kindly remonstrance by the 
| Rivers Board, in the presence of the borough 
| justices, that application was made to the Local 
Government Board for power to carry out a scheme 
| of intercepting sewers and sewage treatment, at an 
| estimated cost of 55,0001. The sewage was to be col- 
|lected at four intakes by the main outfall, and con- 





with an area of about 90 acres; the treatment 
tion through coal filters ; after which the effluents 


If 


burnt. The sludge was to be pressed. In a 


After 


inasmuch as .no charge was laid against Rotherham 
in October last, at a meeting of the Rivers Board, 
when all the other county boroughs were indicted 
for their slow progress in the path of sewage reform, 
it may be presumed that the sewage is being treated. 
Whether the land will effect any material improve- 
ment on the artificial filtrate is open to doubt. Its 
naturally low level has been lowered still further by 
coal-getting, and has increased its liability to floods. 

Like most other towns, Rotherham has had its 
attack of megalomania, or itching for size, and an 
ardent desire to add to its difficulties by adding 
largely to its sewage. In 1879 it obtained some 
increase of territory by the inclusion of small areas 
of urban population close to its frontiers. The 
principal reason alleged for this extension was the 
danger of epidemic from a low-lying, undrained, 
neglected district—practically within the precincts, 
but without the control of the authorities—-which 


it was all-important to drain and cleanse. In 
1900 the Council were more ambitious. Having 


taken an inch, they wanted an ell, and now pro- 
posed to add to a small manufacturing borough, 
whieh is one of the most thinly populated in 
England, 3500 acres of almost purely agricultural 
jand, by means of which addition the area 
would be increased to about twice that of Liver- 
pool. The Rotherham Rural District Council, at 
whose expense this area was to be taken, opposed 
with such effect that at the first hearing in the 
Commons Committee the Bill was summarily 
thrown out on their own showing, the case being 
broken down in cross-examination. Amongst other 
things, it was proved that the works of drainage 
and cleansing, to effect which were the all-important 
motive of the 1879 extension, had never been 
carried out, nor had the great outfall scheme of 


status quo in other matters often accompanies the 
itch for great areas. 


HUDDERSFIELD, 


The population of Huddersfield in 1901 was 
95,000, having slightly decréased during the past 
decade. The staple trade is the manufacture of 
woollens, the refuse from which, chiefly woo}. 
washing suds and dye-water, largely enters the 
sewers. In 1894, when the Rivers Act was passing 
through committee, it was stated in evidence on the 
part of the promoters that the borough possessed 
magnificent sewage works, perhaps equal to any in 
England, based on the international process of 
ferrozone and polarite ; but that these works, re- 
cently constructed on the river, only dealt with one. 
tenth part of the sewage, or 500,000 gallons out of a 
total daily dry-weather flow of 5,000,000 gallons; the 
reason alleged being that the Huddersfield Corpora- 
tion were not going to be at the expense of treat. 
ing their sewage so longas the river was allowed to 
come down to them in so filthy a state. Whether 
the means admitted of further treatment or not, the 
witness regarded the reason given as very sugges. 
tive. With concurrent power given to authorities 
imbued with this spirit, and each willing to find a 
plea for saving its rates in the default of its neigh- 
bour, the concurrent power sought by the opponents 
of the Bill would end in certain failure. 

Since 1894 Huddersfield has done practically 
nothing, its works being admittedly vastly inade- 
quate to their duty. Throughout the whole of its 
94 years’ existence the Rivers Board, established 
for the purpose of coercing such authorities, has so 
far failed to alter the status quo. In the report of 
a meeting of the Rivers Board, held on October 16 
last, we read a complaint that ‘‘the delay in carry- 
ing out the Huddersfield Sewage Scheme seemed 
almost interminable ; and the Committee recom- 
mended that the Huddersfield Corporation should 
be informed that the Rivers Board expected them 
to take all necessary steps for the acquisition of 
land compulsorily during the next Session of Par- 
liament, unless it should he acquired by agreement 
forthwith.” It is clear from this that the courteous 
importunity of the Board had not wearied the Cor- 
poration, and that they would willingly have put 
up with a good deal more of it, so long as it 





was not pushed into business-like action. It is 
difticult, however, to refuse some little sympathy 
with a borough which, in hard times and bad trade, 
finds itself confronted with an unprofitable tramway 
system, a bottomless reservoir, and a large part 
of its sewage problem, which at present is the sad 
position of Huddersfield. 


HALiFrax. 


The ancient town of Halifax derives its mild 
prosperity from many trades, and its peculiar 
position, deep-sunk in a winding gorge, offers no 
facilities attractive to outsiders. It contents itself 
with the natural growth of old industries, and has 
had no conspicuous era of leaping and bounding 
advance. In 1901 its population was 105,000, 
engaged for the most part in textile manufactures, 
chiefly of woollens, worsteds, and carpets, together 
with a sprinkling of metal-workers. Owing to 
physical difficulties of the site, not only is the 
Hebble Brook, on which it stands, a black sewer, 
but the sewers receive a large share of trade 
effluents. Such is the value of clean water, that 
Messrs. Crossley, at the great Dean Clough Carpet 
Works, have acquired mills and rights a long way 
above their intake, and have constructed a conduit 
a mile long in order to secure their stream water 
from contamination. 

The daily dry-weather flow of sewage is about 
3,000,000 gallons. For nearly twenty years before 
the date of the Rivers Act, Halifax had what may 
be termed an apology for settling-tanks at Salter- 
hebble. Treatment with chemicals was disused, and 
no ineans were provided for dealing with sludge. The 
works fell into total neglect; and when the Rivers Act 
was before Parliament, the sludge might have been 
seen at almost any time rising above the surface of 
the sewage in the tanks, while the sewage, passing 
over the putrefying mass, left the tanks worse than 
it entered. In 1899 some tangible progress was 
made, tanks being built with a capacity of 4,500,000 
gallons, or 36 hours’ flow. Practically, however, 
these are not used, there being no sludge treatment, 
nor means of treatment for even 20 per cent. of 
what would result from full treatment. There 1s 
no filtration of any kind, artificial or otherwise. 





1897 made provision for it. <A fine regard for the 


The sludge is allowed to fill the tanks to a depth of 
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and then may be cleaned out. As may 
ye understood by the expert, no material 
accrue from works so incomplete ; nor 
does there seem to be any present intention of 
extending them. Like its neighbour, Halifax has, 
so far, done little towards purifying the rivers. 

To sum up: the outcome — of the nine years 
labours of the West Riding Rivers Board in their 
effect upon the county boroughs is, so far, good 
intentions, if we except the case of the smallest of 
them—Rotherham. We do not suggest for one 
moment the proverbial pavement of the evil road 
which leads anywhere rather than to a haven of 
we merely state the bald fact so far as any 

Jpable effect on the purification of the rivers is 
concerned. For this, some blame the Rivers Board, 
arguing that, after a reasonable delay—and some 
consider that the delay has been unreasonable—a 
strong hand should not only have been laid upon the 
great defaulters, but should have closed with a force 
and resolution not to be denied, even before the 
lesser were taken in hand. Let us remember Mr. 
Gladstone’s reply to Mr. Gaskell: ‘‘ Parliament 
has been very lenient to the manufacturers.” 
“Say, far too cowardly.” But while we are 
pound to distinguish between words and things, 
equally we must remember the difficulties, the 
jower, and the elusive policy of corporations ; 
and, further, the impossibility of penalising 
a gigantic wrong-headed community in such wise 
that, in search of relief, they will face the cost. 
The nine years have not been vainly spent. They 
have created the beginning of an operative public 
conscience, in place of the pious opinions quoted by 
Mr. Gaskell; and the settlement of Bradford’s 
scheme may possibly create between the two neigh- 
bours which dominate the Aire a noble rivalry as 
to which shall be the first to cease the pollutions 
which have poisoned its pure current, in place 
of an ignoble rivalry for mere bigness. We shall 
see. 
In 1893 we recorded the attempt of Leeds and 
Bradford toconstitute themselves a joint committee, 
representing all the administrative counties and 
county boroughs through which the Aire passes, 
with the powers of a sanitary authority, under the 
Rivers’ Pollution Prevention Act of 1876. That 
attempt failed, by reason of the opposition of 
the West Riding County Council. Again, in 
1894, the county boroughs united, in opposition to 
the Rivers Act, to secure concurrent jurisdiction in 
administrating that Act within their own boroughs. 
That attempt also failed ; and the whole of the 
West Riding Rivers were put under a single 
“strong, central, independent and dominant autho- 
rity” to use Mr. Mansergh’s words as a witness for 
that Act. Had this not been so; had concurrent 
jurisdiction been put into the hands of the county 
boroughs, to be used or not as they saw fit, who can 
doubt the result ? For ten years we have witnessed 
zeal for great extensions of boundary ; for new 
roads, widenings, and corporation tramway under- 
takings worthy of a great railway company ; 
for parks and recreation - grounds, for isolation 
hospitals, exhibitions, art-galleries, and many 
other things necessary or otherwise, to be dealt 
with by city authorities ; but none of this exces- 
sive zeal has been spent in cleansing the rivers. 
Concurrent jurisdiction would not have wiped out 
the ‘‘scandal of civilisation,” which has made the 
rivers of the West Riding a byword in the richest 
country in the world. 


8 ft., 
readily | 
benefit can 


purity ; 








CANADIAN RAILWAY EXPANSION. 
Durinc the last few years the Dominion of 
Canada has been in the enjoyment of excellent 
harvests, which have been reflected in all-round 
prosperity, good trade being, in a large measure, 
dependent upon good crops. And naturally the 
railways which carry the agricultural products to 
the seaboard have shared to the full in this pleasant 
condition of things. It is not to be expected that 
the crops will be bumpers down to the end of time, 
and therefore it would be unreasonable to antici- 
pate that the pace of, say, the last three years 
will be maintained. But one is justified in looking 
for a generally large volume of traffic for the 
railways, for the reason that the immigration 
movement has caused a great increase in the 
population, and has brought an enormous area of 
virgin ground into cultivation. Therefore, even 


in moderately good, or even somewhat indifferent, 
Seasons, the quantity of traffic to be handled will 


seasons six or eight years back, and the earnings 
of the railway companies promise to be progressive 
and profitable. The immigration movement is 
almost as-active as ever, and another factor to be 
kept in mind is the progress made in manufacture, 
the growth of the towns and the expansion of busi- 
ness generally, which all conduce, in the case of a 
country which has nearly everything before it, as 
Canada has, to the increase of the national pro- 
sperity. Last year was almost phenomenally 
successful for the railways. The annual report 
of the Minister of Railways says that the length 
of completed line of steam railways at the end 
of the calendar year was 19,077 miles, as against 
18,868 miles in 1902. The mileage in operation 
was 18,714, which compares with 17,657 miles in 
1900, 15,977 miles in 1895, and 15,020 miles 
in 1893. The reports of the two principal 
companies—the Canadian Pacific, which operates 
over 7000 miles, and the Grand Trunk, which 
operates 3556 miles—have prepared us for striking 
figures of gross revenue for the country’s lines asa 
whole. It appears that the gross earnings for the 
twelve months reached 96,064,527 dols., compared 
with 83,666,503 dols. in the previous year—an in- 
crease of 12,398,024 dols. The working expenses 
were 67,481,524 dols., compared with 57,343,592 
dols. in 1902. The net earnings were 28,583,003 
dols., compared with 26,322,911 dols. in 1902. 
The passengers carried were 22,148,742, against 
20,679,974 in the previous year, and the freight 
conveyed reached 47,372,417 tons, compared with 
41,376,537 tons in 1902. By the aid of the Official 
Year-Book we have prepared a little table showing 
how traftic has grown during the past decade :— 














Miles in Gross Working Passengers | Freight 
Operation. Earnings.| Expenses. Carried. | Tonnage. 
dols. dols. tons 

1893 15,020 52,042,397! 26,616,033 13,618,027 22,003,599 
1895 15,977 46 785,487; 32,749,669 13,987,580 21,524,421 
1897 | 16,550 52,358,277 35,168,666) 16,171,338 25,300,331 
1900 17,657 70,740,270! 47,699,798 21,600,175 35,946,183 
1902 18,200 83,666,503 57,343,592, 20,679,974 41,376,537 
1903 18,714 96,064,527 67,481,524) 22,148,742 47,372,417 


The explanation of the heavy increase in expen- 
ditures last year is found in the fact that the chief 





companies embraced the opportunity afforded by 
handsome gross earnings to make judicious outlays 
on betterments and equipment, and although they 
did this, they were still able to increase their divi- 
dends, the Canadian Pacific raising its shares to 
the 6 per cent. basis, and the Grand Trunk paying 
2 per cent. on its third preference stock. It is 
worth while adding, as indicative of the improved 
status of this last line, that as recently as June, 
1898, it was unable to meet the charges on its 
guaranteed stock. Ontario is best provided with 
railway track, having over 7000 miles ; but in the 
matter of accommodation Prince Edward Island is 
best off, with 1 mile of railways to 94 miles of area, 
New Brunswick coming second with one mile to 194 
miles of area, Nova Scotia third with one to 22} 
miles, and Ontario fourth with one to 32} miles. 
The country has 170 railways, of which 25 have 
been consolidated to form the Grand Trunk, and 
28 to form the Canadian Pacific. The Dominion 
Government has been in the past a generous sup- 
porter of railway projects —a wise policy, seeing the 
scarcity of population in many parts and the neces- 
sity of opening up the country in order to attract 
farmers and permit them to carry their produce to 
market. The Dominion Government has contri- 
buted at the rate of 8952 dols. per mile constructed. 
The provincial governments and the municipalities 
have also helped, the former’s share averaging 
1756 dols. per mile, and the latter’s, 891 dols. per 
mile. Railway aid has consisted of (1) money grants 
(a) by the Federal Parliament, (b) by the Provin- 
cial Legislatures, and (c) by the municipalities ; (2) 
loans ; (3) Government guarantees of interest ; (4) 
Government issue of debentures by way of loan to 
railway companies ; (5) Government guaranty of 
railway bonds; (6) direct issue of Government 
bonds to railways with a first mortgage on the 
companies’ properties; (7) Imperial Government 
guaranty of capital; (8) share capital locally dis- 
tributed ; (9) land grants ; (10) release of Govern- 
ment loans by replacing them behind other loans; 
(11) composition of Government claims ; (12)assump- 
tion by Government of liabilities ; (13) direct con- 
struction by Government ; and (14) combined land 
and money grants. The Government lines include 
the Inter-Colonial and its branches of 1400 miles, 


The construction of electric railways continues to 
make good progress. There are now 759 miles of 
these, as compared with 681 miles in 1900 and 583 
miles in 1897. The gross earnings last year were 
7,233,677 dols., as against 6,486,438 dols. in 1902 
and 5,422,539 dols. in 1900 ; while the net earnings 
amounted to 2,760,819 dols., as against 2,683,383 
dols. and 2,154,500 dols. respectively. The number 
of undertakings is thirty-seven. ‘That their ser- 
vice is appreciated is a fair inference from the fact 
that last year 155,662,800 passengers were carried, 
this total going against 137,681,400 in 1902 and 
118,129,800 in 1900. 

At the recent general meeting the Grand 
Trunk Railway accepted the terms offered by the 
Dominion Government in return for its co-opera- 
tion in the construction of the extension to the 
Pacific at Fort Simpson. This huge undertak- 
ing, which was recently described by us in detail, 
will add 3400 miles to the country’s length of 
railway track, and the Grand Trunk will construct 
1500 miles of the total. The portion of the 
railway between Moncton and Winnipeg, to be 
called the Eastern Division, will be constructed 
at the expense of the Government, and leased to 
the Grand Trunk Pacific Company for fifty years 
from date of completion on favourable terms. 
The portion between Winnipeg and the Pacific 
Coast, to be called the Western Division, will 
be constructed and owned by the Grand Trunk 
Pacific Company, and will be divided into two 
sections, called the ‘‘Prairie Section” and the 
‘* Mountain Section,” the time allowed for con- 
struction being eight years. The undertaking is 
manifestly one which involves not a little risk, but 
the line will run through rich country ; and we 
have the experience of the Canadian Pacific to 
show what can be done by the provision of railway 
facilities for tapping promising agricultural districts. 
There seems to be room enough for both the Cana- 
dian Pacific and the Grand Trunk Pacific. 








ARGENTINE Rartways.—The Buenos Ayres and Rosario 
Railway Company, Limited, has been authorised to unite 
its lines to those of the Buenos Ayres and Pacific on the 
Villa Maria and Rufino section, near Chazon Station. 
The company is also authorised to enlarge its Rosario 
workshops, and to build grain sheds at various points. 
The Argentine Great Western Railway Company is pro- 
jecting a loop as far as the department of Riva Davia. 
The line is to start from Palmira Station, crossing the 
department to Junin, and connecting again with the 
main line at Alto Verde. 





Go.Lp.—Although there are still great complaints of 
the scarcity of available labour in the Transvaal, South 
Africa has once more acquired a commanding position as 
regards gold deliveries to the United Kingdom. The 
principal sources from which gold has been derived of 
late are British South Africa, British India, and Austra- 
lasia, and the receipts in February compared as follows 
with the corresponding receipts in February, 1903, and 
February, 1902 :— 





Colonial Group. Feb., 1904. Feb., 1903. , Feb., 1902. 
£ £ £ 
British South Afric: 1,158,603 781,613 258,907 
British India ae 720,180 205,357 654,875 
Australasia .. 430,091 | 843,245 147,511 


We received in February gold from Germany to the value 
of 147,410/., but this represented an adjustment of trade 
balances. Our imports of gold from all quarters in Feb- 
ruary were 2,631,550/., as compared with 2,214,097/. in 
February, 1903, and 1,232,576/. in February, 1902. The 
aggregate imports to February 29 of this year were valued 
at 5,604,0192., as compared with 3,683,601/. in the first 
two months of 1903, and 2,651,5027. in the first two 
months of 1902. To these totals the three colonial groups 
to which we have just referred made the following con- 
tributions :— 





* Colonial Group. 1904. 1903. 1902. 
£ £ £ 
British South Africa 1,968,757 1,538,672 582,447 
British India a 2,459,595 433,312 869,90) 
Australasia .. 677,597 1,109,900 | 761,879 


South Africa has again become the largest gold producer, 
the total representing the receipts from British India 
comprising a somewhat large amount of gold to adjust 
trade balances. The imports of gold from Germany in 
the first two months of this year were 148,510/., and from 
Mexico and Central and South America (except Brazil) 
128,251/. The value of the gold exported from the United 
Kingdom in February was 3,231,320/., as compared with 
1,031,7702. in a 1903, and 901,8287. in February, 
1902. The value of the aggregate exports of gold from 
the United Kingdom for the first two months of this year 
was 6,372,751/., as compared with 2,238,557/. in the cor- 
responding period of 1903, and 2,018,708/. in the corre- 
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very much greater than in highly favourable 





and the Prince Edward Island Railway. 
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TOOL-GRINDING MACHINES.—No. IT. 
By JoserH Horner. 

Macurnes for tool-grinding are made, much as 
those for commercial grinding are, in a large range 
of designs, from those of very simple to those of 
complex design. The smallest are made to bolt on 
a bench, the majority go on the floor. We will 
notice first a few of the simplest types. 








a3. 


SISEA 


extension in the form of a lug, in which the screw 
B turns, this moving the stem C vertically in A. 
C terminates in a boss, which receives the guide- 
bar D. On the ends of the latter the centres are 
carried in crank-shaped arms, one of which, a, is 
adjustable along the bar. The figures show a 
cutter E being ground on a mandrel pivoted between 
the centres. The ‘tooth-rest and its supporting 
bracket are seen at F. Cylindrical cutters up to 


of work, and for little shops of limited rec 
ments. 

Figs. 38 to 41 illustrate another example, by th 
same firm, of one of the smallest and plainest ty “ 
of tool-grinder, also suitable for bolting to a heath 
The height of the machine to the centre of the 
spindle is 25}in. The total weight is 2 ewt., and 
the emery wheels used are from 2 in. to 5 in in 
diameter. , 


[Uire. 
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BencH-MacuIneE ; CONSTRUCTED BY THE LONDON 
Every Works Company, Lonpon. 
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Fic. 38 To 41. 


3ENCH-MACHINE ; CONSTRUCTED BY THE LONDON EMERY 


Works Company, Lonpon. 


Figs. 36 and 37 illustrate a small and very 
plain bench machine by the London Emery Works 
Company, Clerkenwell, the height to centre of 
the spindle being 18? in., and the weight of 
the machine 1 ewt. The main casting isa plain 


pillar, with two bosses, one forming the bearing 
for the emery wheel spindle, the other receiving 
the stem of the boss A, within which vertical 
adjustments are made. 


boss carries an 


This 


6 in. in diameter by 6 in. long can be ground thus, 
and with spiral as wellas straight teeth. 


One hand | 


maintains the teeth of the cutter in contact with | 


the tooth-rest, while with the other the traverse 
movement is imparted to the guide-rod and work. 


This is an example of one of the simplest machines | can be used either for long or short cutters. 


made, from which all superfiuous fitting is elimi- 
nated. 


fine adjustments, but it is suitable for one class | centres. 





It is a parallel grinder only, and has no| 


| feeding in and for traverse respectively. 


——==jqy Fics. 42 to 45. FLoor-MAcHINE ; CoNSTRUCTED BY THE 
Lonpon Emery Works Company, Lonpon. 


The main frame is one casting, bosses in which 
serve to support the slides, and to afford a bearing 
|for the emery-wheel spindle, A being the pulley 
‘for the latter. The table-slides are raised and 
| lowered on the screw B, going down into the base, 
| the boss of the hand-wheel C forming its nut. The 
|large diameter of the screw insures stability. In 
some designs which have a general resemblance to 
this, the tables are carried on a plain stem which 
is adjusted and clamped through a split boss, with 
lug. 

The other movements for effecting adjustments 
of the cutters are provided for as follows :—The 
tables can be adjusted bodily around the boss a, 
which is graduated round into degrees. In this 
way both parallel and tapered cutters can be ground. 
Two table-slides, a lower and an upper, provide for 
On the 
latter slide a bossed work-head D is bolted, a 

e 
illustrations show the rig-up for the latter, com- 
| prising a round guide-bar E, carrying ends for 
One end is adjustable along the bar, 
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the table-slides, which is accomplished by a stem 
of large diameter sliding in a split boss cast with 
the main pillar. Its mass necessitates the intro- 
duction of a rack operated by a worm-gear and 
|hand-wheel. Another interesting feature is the 
| means for providing for vertical angles, which is 
effected by hinging the table, or bed (see Figs. 42 
and 45), at a. The top portion A is set to vertical 


atter can be slid along ae | = D. 

‘n a vertical plane are provided for by a 
on a hes F, - which the bar E pivots. If 
the guide-bar is taken out of its socket, cutters for 
vear wheels, facing cutters, &c., can be inserted 
on a mandrel. The capacity of the machine be- 
tween centres provides for cutters up to 34 in. 
in diameter and 11] in. long ; and in the socket up 
to 6{ in. in diameter. Two tooth-rests are fitted — ¢ 
ne, G, fastened on the cross-s'ide for work between | zontally. A hand-wheel and screw |} is the means 
ot the other, H, attached to the socket for| by which the angular adjustments are effected. 
| In this way tapered cutters with straight teeth are 


and the | 





centres ; th 
work held in the latter. | | 
When work is held between centres, or in the| ground with the wheel situated above. 


socket, it is, as in all machines, moved from tooth | spiral cutters can be ground by setting the tables 
to tooth by hand, the fixed tooth-rest adjusting the | to the plan angle of the spiral by means of a circular 
tooth pitches. If the teeth are of spiral form, the plate at C. For conical spiral cutters this and the 
cutter teeth have to be held down on the rest as previous adjustment are combined. 

the table is traversed past the wheel. The wheel Plain centres are carried on the bed, along which 


grinds exactly over the tooth-rest, so that the dif-| they are adjustable in a central tongue. One of 
to) 
















































































Fics. 46 ro 51. Curren GRINDER FOR CYLINDRICAL AND ANGULAR CUTTERS; CONSTRUCTED BY 
Messrs. JAMES ARCHDALE AND Co., Limitepv, ENGINEERS, BIRMINGHAM. 


ferences in pitch of spirals do not interfere with | these carries a double driving pulley, Fig. 45, 
correct grinding. driven from the long drum overhead. For grinding 


Figs. 38 and 39 show the machine arranged for | milling cutters on arbors a headstock is fitted— | 
not shown—having an arbor-holder that can be | 


grinding with an edge-wheel on the edges of the 
teeth, transversely to the axis of the cutter. Figs. | rotated in a vertical plane. Cutters can be ground 
40 and 41 show another arrangement, the tables | thus in vertical, horizontal, or angular positions. 
being set for a wheel to grind by its face on the| A self-contained cutter grinder for cylindrical 
faces of the teeth of cutters. A cheap and simple | and angular cutters carried between centres is the 
machine such as this is able to cover a large range subject of our next illustrations, Figs. 46 to 51, being 
of work. It is an advance on the previous one, | one by Messrs. James Archdale and Co., Limited, 
because it permits of the grinding of tapered cutters; of Birmingham. It is controlled by a foot belt- 
and those of larger dimensions than the other. shifter, so that no countershaft is necessary. 

Figs. 42 to 45 illustrate a still more advanced| The fast and loose pulleys are seen at A, the 
design—one of ordinary dimensions for bolting to | three-stepped driving cones at B and C, whence 
the floor. It differs in many of its details from | the pulley D drives to the pulley E on the emery- 
what we regard as usual types. One of the prin- | wheel spindle. F is the foot-lever by which the 


| 


angles, while the sliding portion B remains hori- | 


Cylindrical | 


| The knee is moved vertically by its screw, by 
bevel- wheels, from the handle-shaft H. The 
handle-shaft J operates the cross, or transverse 
slide, and the hand-wheel K the longitudinal, or 
traverse slide. The latter swivels horizontally on 
its graduated base L, provided for grinding any 
angle in the horizontal plane for work carried 
between centres. For short cutters with their 
own shanks, or held on arbors, an attachment is 
used (Fig. 48) which permits of angular adjust- 
ments in the vertical plane. The headstock, at 
the right of Fig. 46—adjustable along the table— 
embodies provision for the expansion of the work, 
and for adjustments in a vertical plane. Its 
mandrel (see the enlarged detail, Fig. 49) is 
pushed along in its barrel, and clamped with a 
set-screw above. A spring at the rear of the 
mandrel neutralises the effects of temperature. 
|The head is made in two portions, A and B, the 
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| former sliding vertically on the latter, and adjusted 
| by means of a small rack and pinion actuated by 
| the knob C, and clamped by the handle D. The 
|return of the centre to its normal position is in- 
|sured by the spring-pin EK entering by its tapered 
| end into a hole in B. 

| Former work is done in this machine. The tail- 
| stock at the left-hand end of Fig. 46 is seen to have 
a plate « clamped against it. This receives a 
|former plate, such as that shown in Fig. 50. The 
| head M (Figs. 46 and 47) which carries the emery- 
| wheel spindle can be clamped fast by the handle 
| N, or allowed a limited amount of vertical move- 
| mame on its slides nearly counterbalanced by the 
|weight O. For form-grinding the handle N is 
| loosened, and the mass of M follows the movement 
of the tracer-pin round the form, effected by the 
longitudinal sliding of the table. The vertical 
|slide is made extremely sensitive, so that a mini- 
|mum amount of resistance is offered to the longi- 
tudinal movement of the table when form-grinding. 
| A tooth-rest is shown at P (Fig. 47), besides which 
|there is another (Fig. 51), to bolt to the table to 


| receive P, and having vertical adjustment. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

WeE now conclude our account of the recent 
meeting of the Institution of Naval Architects com- 
mencing with the second paper read on the morn- 
ing of Friday, March 25. This was a contribution 
by Dr. J. Bruhn, the title being 


‘*Some Pornts IN CONNECTION WITH THE 
TRANSVERSE STRENGTH OF SHIPs.” 

This paper we shall print in full in an early 
issue. 

The discussion was opened by Mr. Stromeyer, wha 
explained the system of drawing a thrust curve round 
the section in the case of the effect of the weight of 
earthwork on bridges, and who said that practically 
the same result was obtained if for the thrust curve 





cipal differences lies in the method of elevation of | belt-shifter is thrown over. 





there was substituted the stress curve. There were 
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considerable difficulties connected with the subject, 
the question being complicated in its application to 
ship work, and it was desirable that the subject 
should be further inquired into. The sharp corners 
of ships, as the bilges, constituted the difficulty in 
the application of the system. It was fairly easy in 
regard to straight beams ; the bending of beams at 
the builder’s yard ought to be the subject of con- 
sideration. In regard to one end of the ship being 
loaded and the other end light, the force had to be 
transmitted through one part of the ship to another, 
and thus, in considering theshearing stress, he did not 
see how Dr. Bruhn made his calculations. Another 
serious difficulty was that the columns in ships 
complicated the problem, and where they were 
present one-half of the ship’s section should be 
dealt with. Further, the compound stresses were 
a very complicated subject, the only experiments 
he knew bearing upon the matter were made with 
bicycle tubes by Mr. Guest, of Birmingham, the 
tubes being subjected to internal pressure. 

Mr. Thearle would not call in question the 
soundness of Mr. Bruhn’s conclusions, and con- 
gratulated him on his very able paper ; it contained 
a great deal of work, and showed much clearness of 
understanding. The author had taken up the 
principle of least work in stresses of ships, and it 
was surprising how simple the methods put forward 
appeared to be. He thought they might have found 
their way into British text-books ; as it was, they 
were only in Continental works. The author’s 
results accorded with what practical men would 
have supposed to be the case, and this showed that 
his principle might be relied upon. At Lloyd's 
they were constantly having brought before them 
new problems, and it was a great help to have 
some one on the staff who could take up these 
questions mathematically, and show how methods 
worked in a scientific manner could be compared 
with practical experience. Beyond this, the 
anthor’s methods touched cases which experience 
alone would not be able to elucidate. 

Mr. Foster King said that the paper was most 
illuminating, and showed a great amount of skill. 
It might be said that Bruhn’s results had been in- 
corporated in Lloyd’s rules in a simplified manner. 
It would satisfy shipowners that the alterations 
now shown by the author were not made simply for 
the sake of reduction of weight, but as advances in 
naval construction. He did not question the value 
of this contribution to science, but it was necessary 
to remember that the results obtained were only 
absolutely true if the conditions on which they were 
based were also true. 

Professor Dalby said that one speaker had 
stated that none of the English text-books used 
methods such as the author had described, but he 
(the speaker) was under the impression that there 
was some reference of this nature in Rankine’s 
work ; he would, however, like to refer to the 
matter, and would put his communication in writing. 

Mr. Bruhn, in replying to the discussion, stated 
that it had been said that curves of bending 
moments, if they went right round the section, 
would reach zero. That was the condition upon 
which the principle of least work was based. If 
the construction was not symmetrical, it was neces- 
sary to go right round the section in order to 
apply the principle. He agreed that compound 
stresses were indeterminable. The principle of least 
work was in Lord Kelvin’s ‘‘ Natural Philosophy.” 
Beam knees and floor ends would not be continuous 
strictly according to mathematical investigation. 
The addition ofthe frame to the double bottom 
would be reasonable if the inner skin strengthened 
the whole structure. 


PressurE ON Tuin Movine Piares. 

A paper by Mr. A. W. Johns, on ‘‘ The Normal 
Pressure on Thin Moving Plates,” was next read. 
This paper we shall print in full shortly. 

The discussion on Mr. Johns’s paper was opened 
by Mr. E. L. Attwood, of Greenwich, who ex- 
pressed his great appreciation of the patience the 
author had displayed in collecting and placing 
together so many experimental facts. The memoir 
might be called an historical research paper, and 
Mr. Johns had done what no ordinary person 
could do, as he had been able to explore all sorts 
of old ‘* Transactions,’’ and had gathered isolated 
results, putting them together in a form for com- 
parison. The important fact pointed out was that 


results from planes moving in air could be applied 
to results from planes moving in water by a simple 
alteration in density, and so a vast mass of accumu- 





lated data was laid open for use. On the Continent 
and in America there were now continually being 
published papers and investigations of a most im- 
portant nature, and to the ordinary man these were 
absolutely unknown. In the Transactions of the 
Institution of Civil Engineers abstracts of such 
papers were given, so that members might be 
aware of what was going on, and would be able to 
follow up any particular subject in which they 
might be interested. The speaker submitted that 
such a course would be highly desirable to be fol- 
lowed by the Institution of Naval Architects. 

Mr. Stromeyer said that, as Mr. Johns’s paper 
was chiefly an historical summary, Mr. Calvert's and 
Professor Hele-Shaw’s experiments should be men- 
tioned. Reference should be also made to some 
experiences by American aeronauts, published in 
the last Report but one of the Smithsonian Insti- 
tute, on the influence of curving aeroplanes. Appa- 
rently the centre of pressure on flat planes travelled 
more and more towards the leading edge as the 
angle of inclination decreased ; but with curved 
planes the centre of effort first moved forward and 
then backward. This, it was suggested, was the 
cause of Herr Lilienthal’s death, the centre of 
pressure having moved too far back for him to 
adjust himself to it. Mr. Stromeyer thought 
that the apparent discrepancies between the 
various experiments might have been reconciled 
if the author had not accepted as_ established 
truths the formule of Newton and Euler. His 
own inquiries had led him to the conclusion 
that the normal pressure was not a function 
of the angle of inclination and the square of 
the velocity, but that it was a function of the 
component velocities, the normal pressure in- 
creasing both with the increase of drift and with 
the increase of water or air acted on, depending, 
of course, on the speed of gliding. This view, he 
believed, was shared by Professor Langley, and 
the formula which he had worked out on this 
basis had enabled him to calculate with close 
approximation to the actual results the thrust of 
the propeller experiments made by Mr. Barnaby, 
the results of which were given before the Insti- 
tution of Civil Engineers. 

Mr. Holzapfel was the next speaker, and referred 
to an account of similar experiments which had 
been made in Germany, a description of which 
would be found in the last volume of the Trans- 


actions of the German Institution of Naval 
Architects. 
Mr. J. Smith said that before making any re- 


marks upon the technical side of Mr. Johns’s paper, 
he would ask to be allowed to express a personal 
disclaimer. In the last paragraph of his paper 
the author had been good enough to mention the 
name of the speaker, and to say that he was indebted 
to the latter for suggestions and help in the arrange- 
ment of the paper. The word ‘‘arrangement” 
should not be taken as including in any way the 
word ‘‘ preparation.” As Mr. Attwood had truly 
said, the paper represented a very great amount 
of labour and historical research, and it was only 
fair to say that all that labour and research had 
been the author’s. What little the speaker had 
had to do with the preparation of the paper 
amounted to not much more than a few verbal altera- 
tians, and in his opinion did not deserve mention. 
An additional reason for making this disclaimer 
was that it established the speaker’s freedom to 
comment upon the paper without bias in either 
direction, though he had, of course, no desire to 
comment adversely upon anything that had been 
put forward ; in fact, he was in entire agreement 
with all that was expressed. There were, however, 
one or two points which he thought would bear a 
certain amount of elaboration. It had been said 
that the effect of the paper was to knock over the 
formula in general use by naval architects for 
rudderhead calculations—namely, P = 1.12 AV? 
sin 6. He did not think that was quite a fair 
statement of the case. It was true that the curves 
shown by Mr. Johns for pressures on the free 
plane were not even approximately sine curves, 
but it was necessary to distinguish between the 
case of the free plane and that of the rudder, 
particularly when the rudder was hung behind a 
deadwood. In this case Mr. Johns distinctly said 
that from Professor Bryan’s results of mathematical 
investigation the sine law is very clearly approxi- 
mated to; and that in the experiments which he 
himself made with two such jointed planes he 
failed to notice any hump such as occurs in the 
case of the free plane. Even with a free plane, it 








would be seen by Fig. 2 in the paper that the 
curves of Beaufoy and Dines follow very oleae 
indeed the curve 1.12 A V? sin 6 between the anges 
60 deg. and 90 deg., the spot on the 90 deg. ordi- 
nate marked 100 per cent. corresponding to 1,16 
A V*. Unfortunately, this part of the curve win 
of little practical use to naval architects for rudder. 
head calculations, but there would be little diffi- 
culty in taking any other part of the curve, and 
fitting it, approximately at least, by a sine curve 
if the constant, corresponding to 1.12 in the formula 
1.12 A V* sin 6, were suitably chosen. Supposing 
for instance, that there were taken that part of the 
curve between 20 deg. and 30 deg., and it were 
continued upward as a sine curve, it would cut the 
90 deg. ordinate at a point much higher than the 
spot marked 100 per cent., indicating that for this 
range of angles the nature of the formula was cor. 
rect enough, but it would be necessary, in order 
to be correct, that the constant chosen should be 
much greater than 1.12. Between 0 deg. and 
30 deg. the curves were very nearly straight lines 
and the formula P = K AV? @ would be more 
applicable than the sine formula, but there was no 
difficulty in expressing the whole of the curve from 
0 deg. to 90 deg. by means of a Fourier’s series, 


P=AV?(asiné + bsin2@ + 3sin 36 +. &e.), 


though the practical difficultics would be very great, 
as the constants a, h, c, &c., would have to be de- 
termined empirically by a large number of experi- 
ments, and the result would hardly be of sufticient 
value to justify the labour. For the rudder hinged 
at the back of the deadwood, it would appear that 
the ordinarily accepted formula was not very far 
wrong ; but it did not apply nearly so well to the 
case of the underhung rudder with the deadwood 
cut away, which resembled more nearly the free- 
plane motion. But even in this instance, as Mr. 
Johns had pointed out, a modifying influence came 
in when the ship once started her swing. To see 
how this would act, he would take, first of all, the 
case of the square rudder hinged vertically to a 
longitudinal plane representing the deadwood, and 
consider that the stream-line which passed along 
the deadwood reached the hinge, and was deflected 
along the rudder. The direction of motion was 
suddenly changed at the hinge, and _ therefore 
the particles of water at that point must be 
brought to rest, so that by the ordinary laws of 
hydrodynamics the hinge was the point of maximum 
pressure. This acted alike upon the rudder and 
upon the deadwood, the effect diminishing in pass- 
ing forward along the deadwood, and as the after 
edge of the rudder was approached. The total 
pressure upon the deadwood was probably as great, 
or greater, than the pressure on the rudder, and it 
acted at a greater distance from the pivoting point. 
If these conditions held throughout, then the ship 
with the deadwood would turn quicker, and in a 
smaller circle, than a ship without the deadwood. 
This, however, was known not to be the case. It 
was therefore essential to distinguish between the 
initial conditions when the rudder was first put 
over, and those that prevailed after the ship had 
accumulated a certain amount of angular velocity, 
and settled down on her circle. When the stern of 
the ship began to swing outwards, a counter- 
balancing pressure was set up on the outside of the 
deadwood ; this would nullify, and eventually out- 
weigh, the stream-line pressure on the inside, and 
thus resist the swinging of the ship. Therefore 
the presence of the deadwood enabled the ship to 
start quicker when the rudder was put over, but 
imposed upon the vessel a lower limit to the angular 
velocity that could ultimately be reached, with a 
consequently slower turn and larger circle. The 
stream-lines on the inside of the deadwood were 
probably almost unaltered in character when the 
ship was swinging, and the sine law applied very 
approximately throughout. 

Mr. Smith next considered the case of the under- 
hung rudder and cut-away deadwood. It would be 
seen, he said, that when the stern was swinging 
outward, the effective angle which the rudder would 
make with its line of motion through the water 
was less than the helm angle, and, in view of the 
slower starting action of this class of ship, it was 
of interest to know whether the swing of the stern 
became appreciable before the full helm angle was 
reached when the rudder was first put over. He 
had only had one opportunity of making such an 
observation, and on that occasion there was a very 
distinct motion of the stern by the time the full 
helm angle was reached. This, however, was only 
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and no general deduction could be 
but if it were true generally, then 
a time in the life of the ship 


an isolated case, 
drawn from 1t ; 
there would never be 
when the re: 
large as the helm a 
35 deg. 





al angle of the rudder would be so} 
ngle ; and, therefore, if the full | windward side diminished continuously as the in- 
helm angle were taken in the formula} 


we reproduce below. In these are shown roughly 
the variation of intensity of pressure at a céntral 


| section for different inclinations, and it would be 


seen that although the normal pressure on the 


clination diminished, the pressure on the leeward 


1.12 AV® sin 6, there would be an error which, to side increased, until, in the neighbourhood of the 


someexten 


in taking the constant 1.12, which was known to be | 
Whether the action referred |causing the ‘‘ hump” in the curve of resultant 
above was generally true or not | pressures. 


less than the truth. 
to in the case cited 


was a matter on which commanding officers of ships, | 


and others having opportunities for making the | 
necessary observations, and also possessing experi- | 
ence in the handling of ships with and without 
deadwoods, could give valuable information. | 

Sir William White stated that the paper prepared | 
by Mr. Johns was a very useful compilation of | 
experimental results, and would be valuable for | 
reference. It was well known that he, the speaker, | 
had given considerable attention to the subject, | 
and had traversed much the same ground as was | 
covered by the paper; the results being sum- | 
marised in the chapter of his work, ‘* Naval | 
Architecture,” in which he dealt with propulsion by 
sails, and the manceuvring of ships. Sir William 
pointed out that Dr. Stanton had recently con- 
ducted a most beautiful research on air pressure on 
thin plates, at the National Physical Laboratory, 
and, in many particulars, had gone beyond all 
previous experimentalists. The only criticism he 
had to offer on Dr. Stanton’s investigation was, 
that he wished the scale of the experiments had been 
larger, although he had no doubt that, with the 
beautiful measuring instruments employed, the 
results were trustworthy. Dr. Stanton had deter- 
mined not merely the total normal pressure on 
thin plates upon which a current of air impinged, 
but had shown also the distribution of the pressure 
at various points on both the front and back of the 
plates ; in this way he had furnished explanations 
of phenomena hitherto obscure, some of which 
were mentioned in Mr. Johns’s paper. That paper 
contained no allusion to Dr. Stanton’s experiments, 
and probably was compiled before the results had 
been made public before the Institution of Civil 
Engineers. Much had been said in the course of 
the discussion as to the bearing of these experi- 
mental results on thin plates upon the effect of 
rudders. This matter had been closely investigated 
by the speaker, who had drawn attention to the 
influence upon effective helm angles of the swing- 
ing motion of the ship in turning, and the change 
in the direction of the flow of the stream-lines 
relative to rudders consequent thereupon. With 
reference to the passage in Mr. Johns’s paper giving 
the results of observations made on turning trials 
of the Cassini and other French ships, Sir William 
White desired to caution members against accept- 
ing such results as exact measures of what it was 
desirable to provide in determining the dimen- 
sions of rudder -heads. In addition to the 
question of effective helm angle, there were also 
the questions of the influence of friction wake 
upon stream-line motion and rudder pressure, as | 
well as the influence of the propeller race. In all 
matters affecting the sizes and strength of steer- 
ing gear it was undoubtedly desirable to have a 
large factor of safety. 

Dr. Stanton said that Sir William White had 
spoken in such a complimentary manner of the 
work on air-pressures which they had been carrying 
out at the National Physical Laboratory that per- 
haps members might. care to know of some of the 
results which bore directly on the points raised in 
Mr. Johns’s paper. The author had called attention 





to the peculiar ‘‘hump” in the curve of normal | 
pressures which occurred in the neighbourhood of | 
the 45 deg. inclination. It was certainly remark- 
able that the normal pressure on plates of certain 
forms when inclined so considerably should be 
greater than the pressure caused by normal im- | 
pigement of the current; but the phenomenon had 
been noticed by so many observers using totally 
different experimental methods that there could be 
no doubt of its truth. For the purpose of deter- 
mining its cause, they had measured the intensity 
of the pressure at a considerable number of points, 
both at the back and front of a plate, for varying 
inclinations, and had found, as was perhaps to be 
expected, that the “‘hump” was due to the increase 
of the negative pressure on the lee side of the 
Plate, as the inclination of the plate to the direction 
of the current diminished. The speaker illustrated 





his remarks by sketches on the blackboard, which 





t, wouldcompensate for the error involved | 45 deg. inclination, its increment was greater 


than the diminution on the windward side, thus 


Mr. Johns had stated in his paper that 
this was only noticed in the case of square plates ; 
but the speaker had found the same effect in rectan- 
gular plates with a ratio of length to width of 2 and 
3 tol. Dr. Stanton also mentioned that he had 
compared the normal pressures on the windward 
side of the plate, as reduced from the curves of 


«| 


} 
J \ 





(8335) 


pressure plotted from the experiments, with Lord 
Rayleigh’s formula, and had found the agreement 
very close indeed throughout the whole range of 
inclination. <A further interesting feature brought 
out was the instability of the resultant pressure at 
small inclinations. This was due to the fluctuations 
in the intensity of pressure on the forward leeside 
of the plate. These fluctuations were found to 
take place with extreme rapidity and to be of con- 
siderable range. The consequent rapid displace- 
ments of the centre of pressure of the plate would, 
perhaps, the speaker said, explain some of the 
difficulties which had been encountered in the use 
of such slightly inclined planes in flying machines. 

Mr. Macfarlane Gray remarked that the hump in 
the diagrams was probably due to there being a 
critical condition of the air similar to that which 
marks the critical pressure in the efflux of steam 
and gases. The steam blowing through a safety- 
valve expands in volume and falls in pressure until 
the pressure of the escaping steam at the least 
section of discharge is about 59 per cent. of the 
inner pressure ; below that there is no reduction 
of pressure or increase of volume at the least sec- 
tion. The steam in efflux assumes that pressure 
and that volume which is consistent with maximum 
discharge and minimum energy. No doubt the air 
streaming over a resisting-plate will observe the 
same economy of energy, and the hump will mark 
the occurrence of just such a critical relation of 
pressure, volume, velocity, and energy. 


Suipvs’ CoMPosItIons. 


At the Friday evening sitting, the last of the 
meeting, there were two papers on the list, the 
first being by Mr. A. C. A. Holzapfel on ‘‘Ships’ 
Composition,” and of this paper we commence 


|the publication in our present issue. 


The discussion of Mr. Holzapfel’s paper was 
commenced by Mr. James Hamilton, who was in 
the chair. He said he was sorry that the author 
did not like the water of the Clyde, but he could 
say that there was one thing worse than builders’ 
pete and that was no paint atall. His firm had 

uilt two ships, one of which was not to be painted, 
and they had a great deal of trouble to get the 
speed with her on account of the rough bottom. 

Sir William White had written a letter which 
was read by the Assistant Secretary. The writer 
stated that the paper had been written at his 
request, and as he could not be present at the dis- 
cussion, he wished to submit some remarks on the 
subject. The author’s summary of facts as to com- 
positions now in use in this country, their con- 








stituents, modes of application, relative advantages, 
and protective qualities, as well as their anti-foul- 
ing properties, was of the greatest interest, and 
gave a record of the present condition of this 
important subject. Mr. Holzapfel’s statement as 
to experimental investigations of the relative fric- 
tional coefficients of the various compositions 
was of the greatest importance; and further 
experiments on a large scale were obviously neces- 
sary. Trials of destroyers and other high-speed 
vessels would supplement tank results. The writer 
had given close personal attention to this subject 
for mapy years; and while he agreed that there 
had been considerable improvement in compositions, 
and greater uniformity in results than formerly, he 
also endorsed the view that there was a necessity 
for care in the maintenance of quality if the results 
of special trials were to be repeated in common prac- 
tice. The recommendation that chemical analyses 
should be made a test of quality was a good one, but 
there must be dependence to a large extent on the 
integrity of the manufacturer ; and there ought to 
be close inspection and careful records of results if 
the greatest economy was to be realised. He con- 
sidered that first cost of composition was not the 
chief item that was worthy of consideration ; nor, 
in his judgment, should the mere increase in the 
length of time that a ship could be run without 
being docked to be repainted be taken as the sole 
standard of the merits of a composition. Without 
serious fouling it was quite possible that the rough- 
ness of surface with certain compositions might 
involve an increase in coal consumption far ex- 
ceeding in cost that of docking and re-coating to 
give reduced frictional resistance. The writer was 
in favour of frequent docking of warships of high 
speeds as likely to promote economy, and as making 
it much more probable that ships would be found 
in good condition for long-distance steaming if the 
emergency arose. He did not agree with all Mr. 
Holzapfel said in regard to the behaviour of wood 
and copper sheathing on steel ships; cases had 
come under his notice where the fouling of such 
ships had occurred, especially when they had run 
for long periods in foul waters, and absolutely no 
practical deterioration had taken place in the steel 
structure. Similar fouling was not unknown on 
the wood ships which were copper sheathed. When 
once a growth of a coralline nature had established 
itself on copper sheathing, it was very diflicult to 
remove it entirely. The extension of dock accom- 
modation throughout the world had, however, made 
this matter less important to copper-sheathed steel 
ships in war fleets. The expenditure on this feature 
was great, and the system was likely to be less 
applied in the future. This fact enhanced the 
importance of having good compositions for ships’ 
bottoms, and increased the value of the paper. 

A long letter from Professor Lewes was next 
read, in which the writer traversed certain state- 
ments made in the paper. Professor Lewes stated 
that he had received from the author a copy of the 
paper, in which the author said that some of the 
theories contained in his paper of 1889 were 
attacked, but he (Professor Lewes) had searched 
carefully through the paper, and had failed to dis- 
cover that any of his theories had been assailed. 
Probably, however, what the author had referred 
to was the statement in which he said that Pro- 
fessor Lewes, in 1889, had already referred to the 
large quantities of mercurial and copper prepara- 
tions which were being used by manufacturers at 
that time, and he expressed himself sceptical as 
to the practical necessity of their presence in an 
effective composition. The writer pointed out that 
in speaking of the fouling of a ship by animal and 
vegetable growths he had stated that ‘‘ it was only 
in the early stages of their growth—the germ 
period—that metallic poisons could affect them.” 
And again he had said, ‘‘metallic poisons un- 
doubtedly did exert an influence on the germs in 
their earliest stages.” In summarising his views 
at the end of the paper he had added :-—‘‘If 
a vessel is to remain at rest for a con- 
siderable period, an anti-fouling composition 
which exfoliates rapidly, and which also contains 
poison known to act on germ life, must be used, 
the amount of such poison depending upon the 
season, and the waters in which the ship is to be; 
whilst if a vessel is to be continually running, 
then a slowly-exfoliating poison must be employed; 
a very small percentage of poisons is all that is re- 
quired, as skin friction and the comparative 
absence of germs and spores will do the rest.” 
From these quotations it was evident, the writer 
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said, that Mr. Holzapfel entirely misunderstood | 


his meaning, and he would reiterate that when 
the vessel is at rest in a harbour, especially in 
warm climates, there must be either copper or 
mercury paints in order to kill germs of animal 
and vegetable life ; but when the vessel was under 
way, then the metallic poisons played no part in 
keeping her clean, except in so much as they 
might help the decay of the composition. Mr. 
Holzapfel preferred to speak of disintegration rather 
than exfoliation with regard to varnishing com- 
positions : in this he was quite justified, but the 
term ‘‘exfoliation ” better expressed the effect to 
be produced in the minds of those who worked 
with this substance; it was equivalent to the 
skimming off of the tilm of copper oxychloride from 
copper. It would have been interesting if the 
author could have given particulars of the com- 
positions used in his Genoa experiments. It did 


not follow from these, however, that the poison- } 


ing effect was doing the whole of the work, 
as the larger the percentage of mineral poison 
the quicker would be the disintegration, which 
may also have helped to keep the vessel clean. 
That would not bear upon the composition if 
fitted to a liner, as the disintegration would be 
so rapid, when aided by skin friction, as to lead to 
the total destruction of the composition in a very 
short space of time. Referring to the application 
of a quick-drying paint, the author had raised the 
question as to whether evaporation took place 
owing to the cooling of the metal and the further 
deposit of moisture on it. Referring to his 
paper, the speaker found that he had stated 
that ‘‘the rapid volatilisation which is going 
on cools the hull of the ship, and causes the 
deposition of moisture on the drying varnish 
with most disastrous results.” The only difference 
between his view and that of Mr. Holzapfel was 
that the latter considered a film of moisture on the 
protective varnish over which he was to paint his 
anti-fouling composition incapable of causing any 


damage ; whilst Professor Lewes looked upon it as | 


fatal to the copper coating of the ship. Referring 


to the galvanic experiments which Mr. Holzapfel | 
had made, the writer considered his conclusion, 
that whilst metallic copper gave a fairly strong 
action, the compounds gave very little, was an ob- 
vious deduction. 


































































































nade it perfectly clear that the only risk of galvanic 
action was when the iron of the hull had been 
exposed by abrasion, aud mercury or copper in the 
form of metal had been deposited upon it. 
looked on it as an extraordinary theory which was 
advanced by Mr. Holzapfel, that if metallic copper 
did deposit on the iron, it would, on the next 


docking, be covered by a priming-coat, and be | 


thereupon isolated from sea-water, and it would 
thus be unable to exert its destructive effect upon 
iron. He would have considered that the author's 
thirty years’ experience of ships’ bottoms must 
have shown him the way in which rust cones will 
grow under the priming coating with the formation 
of pits in the plate. 
again proved that the cones were the result of the 
action set up either by a small piece of mill scale or 
an almost microscopical deposition of copper. He 
agreed with Mr. Holzapfel in his preference for a 
good varnish composition over those applied hot, 
both in regard to the skin friction and anti-fouling, 
as well as in protective results. 

A communication from Captain G. Hodgkinson 
was also read. Considerable experience of this 


He | 


It had been over and over | 


suitable to one water was unsuitable in another ; 
jand he was further of opinion that a composition 
suitable to one water at one season was quite use- 
less in the same water at another season. Some 
|few years ago he had a ship coated in patches of 
|two different compositions, after which she made 
|a@ voyage to East Africa, and on her return was 
docked, examined, and repainted as before. One 
| composition had shown very excessive fouling, whilst 
|the other was almost clean. At the end of the 
|next and exactly similar voyage the ship was 
jagain docked, and the conditions of the two com- 
positions were found to be absolutely reversed. It 
was further found that some compositions suffered 
much more than others through the ship going into 
fresh water. The writer considered that many 
conditions had to be taken into consideration, as 
almost every trade required a special composition. 
It was to be hoped that Mr. Holzapfel would con- 
tinue his investigations till he discovered a com 
| position that would suit all. 

| Mr. Balfour, speaking as an engineer who had 
| had experience on board ship, said that he noticed 
|animal and vegetable substances applied to metal 


In his paper of 1889 he had | matter had shown the writer that a composition | led to deterioration. Tallow used at one time to be 
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engine-room, which was obviously bad for the with in the fouling of ships was enough to drive | 


March, 1903, the two engines indicated together 3(60 


engines. In these he had had air trunks fitted anyone mad. The same composition might be put horse-power. 


leading from the boiler bulkhead to the fan, as on for one voyage and give excellent results, whilst 
shown in dotted and sectioned lines in Fig. 1 sub- on another occasion the results would be just as 
joined ; with this arrangement the fan was made| bad. He thought, perhaps, that the time of germi- 
to draw its air from the boiler compartment, thereby | nating for some of the growths that attached 
tending to draw the air from the engine-room into | themselves to ships’ bottoms varied, and also the 
the boiler - room, and it> would be seen that | compositions might have alternating periods of 
this trunk was connected with the spaces above | activity: if the period of activity did not coincide 
and below the wooden platform, thereby tending | with the germinating period, there might be failure. 
to reduce the temperatures in both. Mr. Edwards | Compositions had been very much improved of late. 
gave an instance in which the oil from the engines | He knew of one instance where formerly ships could 
in a steamer had found its way into the bilges| never be kept clean in a certain port, notorious for 
under the boilers, and had effectually stopped the | its foulness ; with the present compositions, how- 
corrosion up to the level of the bottoms of the | ever, it was quite possible to obtain a reasonable 
manholes in the floors, this particular steamer | amount of success. He was much interested in 
under the boiler having been constructed similar to | what Mr. Edwards had said. He himself had pro- 
atank, but the compartment was not either designed | posed the use of non-conducting cements. He had 
or intended for ballast purposes. Above the level of , tried their effect with about a dozen different boats, 

and he had very encouraging results; they were 


| perfectly heat-proof, and adhered to the tank top. 


[ 
| | Fire-PrREVENTION ON Boarp Surv. 


Fig.t. 


The last paper taken at the meeting was by Mr. E. 
i BOER O. Sachs, and was entitled ‘‘ Fire-Prevention on Ship- 
i board.” This we shall print in fullin an early issue. 
The discussion was opened by Lieutenant-Colonel 
Fox, who, in a speech of some length, referred to 
statements the author had made in his paper, and 
described the fire-extinguishing appliances on pas- 
senger steamers generally as being beneath con- 
tempt. He compared a ship to a building with 
only one exit, and stated that if a fire occurred in 
a cabin near the bottom of the staircase, passengers 
would be cut off from escape. 

Mr. Evans said that subdivision was expensive, 
and he had looked through the list of fires given, 
but had not seen one case in which a fire arose 
from acabin. Therefore it was necessary to look 
to cargoes. He advocated the use of inert gases to 
be introduced into the hold of a vessel on fire for 
checking combustion. It was necessary, however, 
to decrease the temperature, or the fire would be 
sure to break out again. The Clayton system was 
on this principle : sulphur was burnt, and the gases 
evolved were driven into the compartment on fire. 
The air was taken from the top of the hold and 
the manholes considerable depreciation had taken conveyed to the generator, where the gases were 
place, thereby showing that the water-level had at produced, and then was cooled down. 
times been up to these holes, and that the grease Mr. T. W. Hughes said that the author seemed 
floating on the water had effectually coated to have lost sight of the fact that the naval 
and preserved them ; consequently he gave orders authorities of all countries had had the question 
for the water-level to be raised whenever the of fire-extinguishing before them for many years. 
ship was light, and for oil to be poured into each Mr. Canning advocated methods of subduing fire 
space, a small hole being drilled in each for this by means of gases, preferring sulphur dioxide to 
purpose. The result proved most satisfactory. The carbonic acid gas. 
rolling of the vessel effectually distributes the grease Mr. James Hamilton, in bringing the discussion 
all over the surfaces, and it has this advantage, to a close, said that some points in the paper were 
that if any of thé grease comes off, the water cannot worthy of attention, although the author, being a 
fail to replace it. Previous to this, depreciation of land architect, did not perhaps fully recognise the 
tanks under boilers had been so great that he, like difticulties with which naval architects had to con- 
many others, gave up this form of construction; the tend. Much was being done at the Admiralty, and 
results, however, “obtained from ~ the foregoing! it needed quite an army of light platers to make all 
methods of preventing depreciation had proved the lockers, drawers, and cabin fittings fireproof. 
so thoroughly efficient that no object was now, Mr. Sachs having replied to the discussion, the 
gained by not building the vessels with ballast) proceedings were brought to a conclusion with the 
tanks under the boilers, but, on the contrary, | usual votes of thanks. 
there was a loss owing to the reduction of 
water ballast,- which was an important point. 


The constant flow of air from the boiler-room | THE TWIN-SCRE Ww CABLE-LAYING 
tended to collect soot in the air-trunk leading to | STEAMER “STEPHAN. 

the fan, and this soot should be periodically removed. | (Concluded from page 425.) 

The enormous expense which had been: incurred in! ~THE main engines, illustrated in Figs. 9 to 17 on 
renewing these tanks on board-many steamers, to Page 496 and ort our two-page engraving this week, are 
say nothing of the vesseéls~having to be laid up for | triple-expansion engines of the following dimensions :—- 






























long’ periods, made such an efficient and cheap | High-pressure cylinder — dia- 
method of effecting économy of great value. meter... ..  _... _... 600mm. (193% in.) 
In replying to the discussion, Mr. Holzapfel said | Intermediate cylinder — dia- ? 

that he had stated he was not sure how far it was | Seer .. ve acs e800, (31k ) 

é am ; < : | Low-pressure cylinder — dia- 
possible to launch vessels into the Clyde without | OS iil eae iatemamenemaee°S (51yy ,, ) 
paint. He had seen barnacles on copper as long as | Stroke... ¥, ss ... 1000 . (393° ) 
his finger in a port that was very bad for fouling. Steam pressure = ... 13 atmos. (185 Ib. per 


As soon as the barnacles began to grow, no poison ; ; square inch) 
Revolutions per minute a 105 


would stop them, as Professor Lewes had pointed Chen ean li 

out. He knew by experience that if a varnish im pincer ser 185 sq. m. (1990 sq. ft.) 
paint were put on, and a bucket of water were sea ‘ +m Hi 
thrown over it, no substantial damage would be 
done through the cooling of the surface. As to 


The following data relate to the pumps mounted on 
the back of the main condenser :— 





metallic copper depositing, he 2 sertai Air-pump—diameter oe -» 400 ,, (15% ,, ) 
. PI I 1 s . e referred red certain Two feed-pumps—diameter ... 80 ,, (34 ,, ) 
experiments made by a friend at Trieste, which Sanitary pump ... ‘ "430 ( 5s ) 
showed that copper was not deposited; but if it] Bilgepump .. .. ... 150 (6 2) 
were, it would be covered by the paint next | Stroke, common ss) ae, Eg, AUIZ 9 
put on it, and would not do any harm. In re- | Each engine is combined with a centrifugal circula- 


gard to what Captain Hodgkinson had _ stated, | ting pump, sufficiently powerful to serve both con- 


he well knew that the variety of conditions met'densers if necessary. At the trial runs made in 





The boilers, Figs. 2, 7, 8, and 10, are arranged in 
two holds, and are three in number, one being double. 
ended, and two single-ended. The pressure is 13 


| atmospheres, equivalent to 185 lb. per sjuare inch 
s waghe vasy 
}and the total heating surface amounts to 705 square 


metres (7589 square feet), the grate being 22.8 square 
metres (245 square feet). The boiler-room is provided 
with four ventilating pipes, two ejectors for the ashcg 
and one steam-hoist for the ashes. There is one 
common funnel, the external diameter of which is 2.€0 
metres (8 ft. 63 in.), and which rises to a height of 
23.5 metres (77 ft.) above the keel. 

The feed-water is preheated and circulated by a 
pair of duplex Weir steam-pumps, of which each 
could alone maintain the supply for both the engines 
The capacity of the water-filter, also installed, would 
suffice for the maximum demand of the engines. The 
vessel carries 700 tons of coal. 

The two propellers have four blades, which turn out- 
ward. The diameter is 3900 millimetres (12 ft. 9} in.) 
the pitch 4400 millimetres (14 ft. 5} in.), the deve. 
loped area twice 4.13 square metres (twice 44.46 
square feet). 

We conclude with a brief summary of the results of 
the trial runs, conducted on March 14, 1903 :— 


Draught of the ship... sts 4.877 m. (16 ft.) 
Speed ... ces ae = 13.80 knots 
Indicated horse power... 3060 


Coal consumption per indi- 
cated horse-power perhour 0.60 kilog. (1.3 1b.) 








MARINONI PRINTING MACHINE. 

MARINoNI printing machines of various types have 
for many years been well known in this country, where 
a great number of them are now at work. Of late 
years the chief machines supplied by the Paris firm 
have been of the rotary type for printing from the 
web, but Messrs. Marinoni first made their reputa- 
tion in this country as constructors of ‘‘ perfect- 
ing” machines, and they have lately brought out a 
new high-speed form of this class of machine, which 
we illustrate on page 497. The type has long been 
known, but it has recently been much improved and 
strengthened, so as to enable it to run at higher 
speeds, and turn out from 1250 to 1400 sheets per 
hour. The mechanical arrangements for effecting the 
travel of the table have not been altered in prin- 
ciple, but have been considerably modified and im- 
proved. Each quadrant which governs the turn of 
the table has its own separate tumbler, and the 
motion for the rise and fall of the cylinders has been 
strengthened; the swing cam-frame has been done 
away with, and the gripper motion improved. 

A marked advance on the older machines is to bo 
found in the introduction of two air-cylinders, which 
are fitted at each end of the machine, in place of the 
springs hitherto used. They very materially reduce 
shock when the table is at each end of its travel, 
and they can be automatically cut out of action when 
it is required to move the machine by hand. The frames 
also of the machine, as well as the runners and ways, 
have been considerably strengthened. 

Double flyers are fitted, one for the printed sheet and 
one for the set-off sheet ; but we understand that the 
machines are now being built with the set-off working 
from the reel. The inking rollers and the distributing 
rollers can be geared when desired. 

Messrs. A. Sauvée and Co., Limited, 60, Park-street, 
Southwark, London, 8.E., are the sole agents for these 
machines. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London held 
on March 25, Dr. R. T. Glazebrook, F'.R.S., President, 
in the chair, a paper entitled ‘‘ Note on the Measurement 
of Small Inductanees and Capacities and on a Standard 
of Small Inductance” was read by Professor Fleming. 
The author referred to a paper read before the Society 
last year by himself and Mr. W. C. Clinton, in which a 
motor-driven commutator was employed to measure small 
inductances. It had since been found that very good 
results could be obtained in the measurement of small 
inductances by Professor Anderson’s method by using @ 
telephone in place of a galvanometer, and a buzzer in the 
battery-circuit. The author had found that for lon 
solenoids, at least 50 diameters long, the inductance coul 
be calculated with an accuracy of about 1 per cent. by the 
rule :—Inductance in centimetres = (length of wire in one 
unit length of solenoid) x (total length of wire in the 
whole solenoid, in centimetres). Numerous measure- 
ments were given showing the agreement between the 
measured inal predicted inductance of various solenoids 
and the limits of the dimension-ratio within which the 
rule was valid. It was also shown that by means of such 
a predetermined inductance, small capacities, such as 
those of Leyden jars, could be easily measured. A stan- 
dard of inductance graduated in microhenries suitable 
for electric resonance experiments and Hertzian wave 
telegraphy was exhibited. The standard consisted of a 
spiral of copper wire with special means for producing 
gradual variation or definite variation in the inductance 
thrown into a circuit. 

Mr. A. Campbell said that they had lately measured 








Aprit 8, 1904.] 


ENGINEERING. 





499 








self-inductances of the order of 100 microhenries 


ed i i Jational Physical Laboratory. 
entimetres) at the Nationa ysical Laboratory 
ged used was practically that of Max Wien as 


“6 - Dolezalek. In the original method two con- 
modified by 1 of a Wheatstone bridge consist of (1) the 
sjuotive coil (under test) shunted by a known non-in- 
Juctive resistance, and (2) an unknown (preferably vari- 
abl ») inductance with an adjustable resistance in series. 
The other two arms are non - inductive resistances, 
with aslide-wire between them. The indicating instru- 
ment (either an optical telephone or a vibration galvano- 
meter) is tuned to respond only to a particular frequency, 
and the source of current is worked at this frequency. 
Thus, although the source may give a quite irregular 
wave form, the instrument practically ignores all but one 
sine-curve component, and the formula can therefore be 
easily obtained. The product and the quotient of the in- 
ductances in the network are given in terms of non- 
inductive resistances and p, where p = 27n, n being the 
frequency of the current source. From these equations 
the inductances can be separately determined. The 
modification described by Dolezalek consists in using a 


current source giving a nearly pure sinoidal wave and an 


ordinary telephone as an indicating instrument. The 
current generator is a ** microphone hummer.” In this a 


sphone-plate (P) carries a microphone (M). A current 
nage Frecumulators is passed through M and the 
primary of an induction coil, the secondary being con- 
nected with a polarised magnet ee: on P. Dole- 
yalek states that, by the use of a “‘ hummer’ and a 
variable inductance Standard, inductances of about 0.1 
microhenry (100 centimetres) can be readily measured to 
within 1 or 2 per cent. For obtaining frequencies above 
1000 periods per second, Mr. Campbell has found it 
desirable to replace the telephone-plate by a steel bar 
2.5 centimetres in diameter. In order to make the note 
in the detecting telephone pure, the latter is tuned by 
means of a small screw pressing against the ferrotype 


a od . . . 

“7 W. Duddell expressed his interest in the paper, 
and asked what precautions were taken to ensure that the 
resistances and connections used were free from self- 
induction and capacity. He thought that some of the 
variations in the figures given in Table I. of the paper 
might be due to these effects. : ; 

Dr. Fleming, in reply, said that in connection with all 
measurements of small inductances it was essential to 
continually check the measurements by the aid of a small 
known inductance made as he described. We were all 
apt to forget that the ideal ‘‘ bridges” drawn on paper 
were not identical with real ‘‘ bridges,” in that the latter 
had small inductance and capacity in all the arms and 
connections, and hence formule obtained on the assump- 
tion that certain branches were absolutely inductionless 
and non-capacious were not strictly correct. In some 
experiments he had found that great errors were intro- 
duced merely by using ordinary flexible twin wires for 
connections, as these had quite a sensible capacity per 
metre. In all methods employing the telephone as a 
detector we were testing the observer quite as much as 
the method ; and not only a perfectly quiet room, but a 
very acute ear, were necessary if good results were to be 
obtained. It was becoming important to possess methods 
of measuring accurately inductances of less than one 
microhenry. The author sketched a plan which he said 
he had not yet put into practice, but which seemed pro- 
mising. It involved the use of a Hertz rectangle, and 
the measurements were made to depend upon the identity 
in time-period between two conducting paths connecting 
the same points. 

“A Hot-Wire Ammeter for Measuring Very Small 
Alternating Currents” was exhibited and described by Pro- 
fessor Fleming. Theauthor said that in alternating-current 
work, particularly in taking the power-factor of small 
transformers and of short lengths of cables, the need had 
been felt for an ammeter, not involving the use of iron, 
capable of measuring currents as small as 0.01 or less of 
anampere. He exhibited an ammeter capable of being 
made to read currents as small as 0.002 with fair accuracy. 
The arrangement was as follows :—Two very fine platinoid 
or constantin wires, about 1 metre long and 0.05 or even 
0.02 millimetre in diameter, are supported on a wooden 
rod, with arrangements for adjusting their tensions. 
These wires are 5 millimetres apart, and are held down at 
the centre by delicate spiral springs. The two wires are 
embraced at the middle by a small loop of paper carrying 
avery small plane mirror. These wires are enclosed in 
a box, the lid of which carries a lens. By this means the 
light of a straight carbon filament ofa glow-lamp, or of 
a slit illuminated by an arc lamp, reflected by this small 
mirror can be focussed on a screen of ground glass. If a 
current is pissed through one of these wires it sags down 
slightly, and the square root of the displacement of the 
mage on the screen is almost exactly proportional to the 
current passing. The instrument can be quickly calibrated 
by applying a known voltage to the ends of the wire, the 
resistance having previously been measured corresponding 
to the range of current used. Examples were given of 
the use of such an instrument. Suitable very fine wires 
of pure metals and alloys are now prepared by Messrs. 
Hartmann and Braun, of Frankfort. These fine wires 
Tequire ‘‘ageing” before use by intermitting a current 
through them for 12 hours or more. 

Mr. W. Duddell expressed his interest in the paper, 
and said it was difficult to make a satisfactory instrument. 
The author had said that with a fine constantin wire it 
was possible to measure currents as small as 2 milli- 
amperes. He asked if this was calculated or observed. 
There should be a standard method of comparing these | 
Hoag ea and he suggested using the current necessary 





author the order of magnitude of the currents which it 
was necessary to measure in aerial conductors. G 

Dr. W. Watson exhibited and described a form of 
ammeter for small alternating currents. The current to 
be measured flows through a piece of iron wire bent into 
the form of a right angle. This is linked with a similarly 
shaped piece of nickel wire forming part of a galvanometer 
circuit. The thermo-electromotive force at the junction, 
produced by the heating effect of the current, sends a 
current through the galvanometer which can be measured 
in the usual way. The current to be measured is practi- 
cally proportional to the deflection of the galvanometer. 

Mr. A. Campbell described a form of ammeter by 
Rubens; and Mr. W. A. Price referred to an instrument 
similar to that shown by the author, in which the sag of 
the wire is measured by the movement of an aluminium 
pointer. 

Dr. Fleming said he was quite aware that electro- 
dynamometers had been designed for measuring very 
small alternating currents, but they were more difficult 
to make and calibrate than the simple form of hot-wire 
instrument he now exhibited. He had no doubt that the | 
use of aconstantin wire of 0.02 millimetre in diameter | 
would greatly increase the sensitiveness of the instrument, | 
though he had not tried it for want of time. As regards 
Mr. Duddell’s question about the magnitude of the cur- | 
rents flowing into a wireless telegraph aerial, that, of | 
course, depended upon the size of the aerial. In the case 
of an ordinary 180-ft. single aerial the average value was | 
about 0.5 to 1 ampere; but that depended, of course, on | 
the frequency of the groups of oscillations. The author | 
said that although in the ammeter he exhibited the sag | 
of the working wire was indicated by a mirror, yet he 
had also used an index-needle; and he had no doubt a 
good commercial instrument might be made on this plan. 

A paper on ‘‘ Eneragy of Secondary Rintgen Radiation” 
was read by Mr. C. G. Barkla. To measure the intensity 
of radiation electroscopes were placed in a primary beam 
of Rontgen rays and in a secondary beam proceeding 
from air in a direction perpendicular to that of propaga- 
tion of the primary rays. By comparison of the two 
rates of leak when no absorbing plates were used and 
when similar aluminium plates were placed before each 
electroscope, it was found that the absorbability of the 
secondary rays differed -from that of the primary by less 
than 5 per cent. of its.value. It was, however, lent 
that a secondary beam of the same intensity as the 
primary would produce a slightly different number of 
ions in a given volume of air, consequently the radiations 
differ slightly in character. The difference in what may 
be called the ‘‘ionising powers” was evidently greater 
when the primary beam consisted of more penetrating 
rays. The fraction of energy lost in secondary radiation 
was very nearly, if not entirely, independent of the 
character of the primary radiation. The law which the 
author had previously found to govern the intensity of 
radiation from gases was found to be equally applicable 
to those light solids which are the source of a radiation 
differing little in character from the primary—i.e., the 
energy of secondary radiation from these substances 
situated in a beam of definite intensity is proportional to 
the quantity of matter through which the primary beam 
passes. In the passage of X-radiation through air under 
norma] atmospheric conditions, the diminution of intensity 
due to secondary radiation is of the order of magnitude 
0.02 percent. percentimetre. This isa large fraction of the 
total loss of energy for penetrating rays passing through 
air. Applying experimental results to .J. J. Thomson’s 
calculation of the loss of energy per centimetre due to the 
passage through a medium containing ions, and consider- 
ing the electrons as the source of radiation, the number 








south side of the basin, and another, 500 ft. long, on the 
north side, had to be constructed. The contract was let 
on the understanding that these quay-walls were to be 
completed before the lock was closed for the lowering of 
the sill. The main object with which the work was 
undertaken was to allow large battleships being built by 
Messrs. Vickers, Sons, and Maxim, to have access to the 
docks, as there was only 24 ft. of water on the existing 
sill, and the battleship then being built for the Japanese 
Navy had a draught of 27 ft. 3 in. 

Sections of the quay-walls are given in the paper, and 
the work in connection with their construction is de- 
scribed. On the completion of these walls, cofferdams 
were built across the ends of the Ramsden Dock lock, and 
the water was pumped out, so that the work on the sill 
might be done in the dry. The operations involved in 
this work were :—Removing the old gates; cutting away 
the old gate-floor ; rebuilding the floor 6 ft. lower, so as to 
take a sliding caisson in place of gates; building a caisson 
recess ; and providing and installing a sliding caisson. 

Shortly after the lock had been pumped dry, and the 
removal of the sill begun, an accident occurred through 
the water breaking under the pier-head on the north-east 
side of the lock, whereby the work was considerably de- 
layed, as the cofferdam at the north end of the lock had 
to be lengthened before the water could be again pumped 
out. In consequence of this accident, which damaged 
the pier-head and showed the unreliability of the bottom, 
special precautions were taken in carrying out the re- 
mainder of the work ; these consisted of driving cast-iron 
sheet piles in front of the old sill, and taking out the old 
floor in small squares. No further trouble was met with, 
and the new sill was completed on April 21, 1901. The 
pier-head, which had been damaged by the water break- 
ing through, was removed, and a timber head was built 
in its place. The cofferdams were now removed, the 
sliding caisson was launched and floated into the recess 
prepared for it on the west side of the lock, and the lock 
was reopened for traffic on May 17, 1901. 

The sliding caisson, which takes the place of the old 
gates, was designed to take a head of water on either 
side, thus doing the duty of two pairs of gates; it also 
serves as a roadway, 12 ft. wide, across the lock for 
heavy vehicular traffic. The caisson is tank-shaped, 


103 ft. long, 12 ft. wide, and 39 ft. Gin. deep. It has 
four water-tight compartments, so arranged/that the 


caisson just does not float, thereby reducing to a minimum 
the friction when the caisson is being drawn across the 
lock. Hydraulic machinery is used for hauling the caisson 
to and fro, and also for working the sluices in the 
caisson. 

The second paper begins with a short historical account 
of the harbour of Burntisland, with special reference to the 
development of the town as a port for the shipment of 
coal. 

The construction of the new East Dock involved the 
reclamation of 374 acres of land from the sea, and included 
the following work :—A rubble-mound sea-wall, 2343 ft. 
in length, with 10-ton concrete bag-work forming the toe 
for the pitching ; two concrete entrance-piers, 640 ft. and 
412 ft. long respectively, built by deposition of concrete 
between sheet piling below low water, and between 
timber profiles above low water; embankment works 
behind the sea-wall, formed with sand pumped from the 
sea-bottom ; a dock entrance 60 ft. wide, provided with 
dock and sea-gates, with 12 ft. 9 in. over the sill at low 
water and 28 ft. Gin. at high water of ordinary spring 
tides ; the construction of west, north, and east dock walls 
on shale and whinstone rock, and of pitched slopes on the 
south side of the dock, with concrete hoist-jetties ; the 
construction of a new ferry-pier in place of the old one 


of these per cubic centimetre of air under normal condi- 
tions is of the order of 10°. 
radiation from cop 
same fraction of t 


By using the secondary 
ras the primary, approximately the 
energy was lost in secondary radia- 
tion; hence we have quantitative results showing that 
this radiation from copper, though differing in character 
from the primary radiation producing it, is of the same 
“vidence was also found pointing to the conclu- 
sion that even from metals which are the source of a 
secondary radiation differing greatly from the primary, 
the energy of secondary radiation is of the order of magni- 


tude given by gases and light solids of the same mass. 








RAMSDEN DOCK AND BURNTISLAND 
HARBOUR. 

At the ordinary meeting of the Institution of Civil 
Engineers, on Tuesday, March 29, Sir William H. White, 
K.C.B., President, in the chair, two papers were read— | 
namely, “Lowering the Sill of the Ramsden Dock, | 
Barrow-in-Furness,” by Mr. L. H. Savile, Assoc. M. Inst. | 
C.E.; and ‘‘ Burntisland Harbour: ‘Construction of the 
East Dock,” by Mr. R. Henderson, M. Inst. C E. The 
following are abstracts of the papers :— 





are too shallow to take the largest vessels of the present 





day, and consequently the best means of making these 


neers and others concerned with the management of 
docks. The work now being undertaken in Liverpool is 
cited as an instance of the importance attached to the 
matter by the authorities of that port. Increased depth 





removed. The methods of carrying out the foregoing 
works are described, and also the materials used. 

A short account is then given of the erection of the new 
pumping-station ; also of the hydraulic machinery, con- 
sisting of three coal-hoists with 40-ft. lifts. One of these is 
a high-level hoist for return of empty wagons, the other 
two are low-level hoists. 

During the construction of the dock some trouble 
arose from the percolation of sea water through the con- 
crete walls, and the cracking of the north wall ; the plan 
of dealing with this difficulty, by putting in a clay puddle 
wall across the line of travel of the water down to the 
rock, is described. 








ConTracts.—Messrs. Lobnitz and Co., Limited, Ren- 
frew, have received orders to proceed with a complete 


set of gold-dredging machinery for the Ankobra (Taquah 
and Abosso) Development Syndicate, Limited, to be 
built under the direction of Messrs. Inder and Hender- 
son, their engineers. 





GERMAN STEAM NAVIGATION.—The gross receipts last 


| year of the great steam shipping company known as the 
The first paper begins by pointing out that the entrances | North German Lloyd were 1,400,556/., from which 
to most of the docks constructed more than 20 years ago | 67,7257. was deducted for insurance and 785,176/. for 

general expenses, interest, taxes, and sinking fund. The 

| balance remaining admitted of the payment of a dividend 
entrances deeper becomes an important question to engi- | for the year at the rate of 6 per cent. per annum, as com- 

| pared with nil in 1902. 
carried last year was 374,972. The trans-oceanic move- 
ment of goods in 1903 was 3,292,881 cubic metres, as com- 
pared with 3,172,098 cubic metres in 1902. 
on the entrance to a dock is usually obtained either by | German Lloyd sold two of its steamers last year. 


The number of ocean passengers 


The North 
Five 


building a new entrance alongside the existing one, or by | cargo boats were also transferred to the Hamburg- 


lowering the sill of the existing entrance. 
of the No. 4 sill of the Ramsden Dock lock at Barrow-in- 
Furness is an instance of the second method. 





The deepening | American Line last year by virtue of an agreement con- 
cluded with that company with respect to the traffic 
service in the Extreme Kast. ] 
| The contract for the work was let on June 8, 1899, to inter-oceanic fleet of the North German Lloyd was in- 
give a deflection equal to } of the scale distance. | Messrs. John Aird and Co., Mr. Frank Stileman being | creased last year by six steamers with an aggregate burthen 
Mr. Duddell pointed out that many dynamometers were | the chief engineer. Besides the lowering of No. 4 sill of | of 49,897 tons, fitted with engines representing altogether 
More sensitive than the instrument shown, and asked the | Ramsden Dock by 6 ft., a quay wall, 900 ft. long, on the | 63,900 horse-power. 


On the other hand, the 
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500 
EIGHT-COUPLED TANK LOCOMOTIVE FOR NEW SOUTH WALES. 
CONSTRUCTED BY THE AVONSIDE ENGINE WORKS, BRISTOL. 























We give above a perspective view of a powerful 
8-wheel coupled saddle tank locomotive, which has 
been recently designed and constructed by the Avon- 
side Engine Company, of Bristol, to the order of a large 
colliery company in New South Wales. The Avonside 
Engine Company, before building the engine to which 
we refer, had supplied several locomotives to the same 
company, the last being a tank engine, with cylinders 
16 in. by 22 in., but owing to the rapid development 
of the colliery it was found that something more 
powerful was required, as it was desired to haul a 
net load of 260 tons up an incline of 1 in 40 ata 
speed of 9 miles per hour, the line being about 9 miles 
in length. 

The engine is shown in longitudinal sectional eleva- 
tion and in half-sectional plan in Figs. 2 and 3, page 
501, and its leading particulars are as follow :— 


Gauge of railway . 4 ft. 84 in. 
Diameter of cylinders 174 in. 
Stroke of piston 24 ,, 


13 ft. 74 in. 
3 ft. 104 in. 
ab 23 in. 
160 1b. per sq. in. 


Wheel-base 
Diameter of wheels 
Thickness of tyres 
Boiler pressure 
Heating surface : 


ubes 928 sq. ft. 


Fire-box ... 
Total 1019 


Grate area 

Weight in working order... 
Tractive force at 70 per cent. cut: off 
Tank capacity 


16.8 sq. ft. 

494 tons 
20,430 Ib. 
1100 galls. 


Bunker capacity : : 30 cwt. 
Diameter of driving axle journals ... 74 in. 
Length of driving axle journals au: 
Diameter of other axle journals 63 ,, 
Length of other axle journals Te ai 


Fia. }. 


NOTES FROM THE UNITED STATES. 

PHILADELPHIA, March 30. 
Tue price of Bessemer and non-Bessemer ore will 
soon be fixed, and then calculations can be made for 
the season. The week has passed without any im- 
portant movements in any branch of the trade. The 
Pennsylvania tunnel under the North River calls for 
52,000 tons of iron castings, and as pig iron has 
advanced a dollar a ton within the past two weeks, 
it is intimated that the English contractors may erect 
temporary foundries and import English iron and make 
their own castings cheaper notwithstanding the duty 
of 7.84 dols. per ton on pig iron. 
that this course will be resorted to, but it will serve as a 
hint tothe pig-iron people to get off their high horses. 
The railroad situation is improving; the weather 
is mild, and freight is once more moving more freely. 


| There is an enormous tonnage, and congestion is still 


complained of at many points. A great deal of 


machinery is being contracted for, particularly for | 


power-house and machine-shop equipment. There is 


|a good deal of buying of that kind of material used in 
| the manufacture of generators, motors, and electrical 


| machinery. 
The engineering plants have booked some very heavy | 


| Maine. 


The electrical people are extremely busy. 


orders during the past week. A Mexican contract has 
just been placed for ties which will amount to 500 car- 
loads; the ties will be of white pine, and cut in 
American electricians have secured an im- 


| portant contract for an electric traction system in 


| shops. 
|asked for to be installed in Tiflis, Caucasus. 


The horn blocks are all fitted with adjustable | 


wedges and all the springs are compensated. 

The boiler is fed with two No. 7 Gresham and Craven 
automatic combined injectors. There isa steam brake 
which is fitted with a Gresham and Craven’s patent 
steam-reducing valve. 

All the motion is made of best Yorkshire iron, and 
the whole of the parts are particularly easy of access, 
and have large wearing surfaces. Efticient means are 
also provided for lubrication. As will be seen by 
Fig. 1, the engine is of a very neat design. 








ARGENTINE TELEG RAPHS. —'The revenue of the telegraph 
department of the Argentine province of Buenos Ayres 
last year was 307,399 dols. from private messages, and 
335,019 dols. from official telegrams, The expenditure of 
the year was 589,280 dols., so that the profit realised was 


| improving in all American markets. 


New Zealand, and another for American machinery 
for the New South Wales Government locomotive 
Material for brick-making plants is being 
The 
machinery branch of the business is much stronger 
than even a week ago, because of the placing of 
considerable orders. The demand for billets is 
The standard 
quotations are at mill 23 dols. for Bessemer and 
open-hearth. The steel industry is quieter than 
usual, but it is known that the railroad com- 
panies may become heavy buyers at any time. 
At the same time it cannot be overlooked that 
low prices are likely to prevail throughout the year 
for the repeatedly assigned reason of excessive pro- 
ducing capacity. Home requirements are gradually 
expanding, but it must not be supposed that this 
expansion will be of such proportions as to do 


;much in the way of hardening prices; one lot of 4000 


tons of structural material was sold in Chicago last 


| week, and about as much more was contracted for this 
| week. Steel bars have advanced a trifle in price ; 
| heavy orders are coming in for all diameters of mer- 


53,138 dols. The number of telegrams despatched last | 


year was 1,742,090 ; the length of line worked was 3068 


chant pipe iron in Western markets., A big bunch of 
cast-iron pipe orders is likely to be thrown on the 


miles, over which 4524 miles of wire were stretched. The | Market this week because pipe-makers are threatening 
revenue for 1903 showed an increase of 11,892 dols., as | to advance on account of Nos. 3and 4iron having been 
compared with 1902, 


|marked up. The iron-ore people will settle prices 








No one believes | 





Bars, hoops, and 


about April 1; a cut is looked for. 
bands have been marked up about | dol. per ton, but the 
orders are not very heavy; plates and bars, especially 
in Western markets, are bringing more money than 
two weeks ago, and other material is likely to follow 


upward. The plate-iron people meet in New York 
next week to talk things over. The sheet-iron 
workers have accepted a 20 per cent. reduction, 
which has helped business, as a large block of business 
was taken as soon as this reduction was accepted. 
Tin-plate is very active in all Eastern and Western 
markets for the same reason. Cotton ties have 
advanced 5 cents a bundle, and there is a great deal of 
business in sight. It may be stated that nearly all 
iron and steel products have hardened in price just 
a little, but this generally occurs at this season of 
the year. The railroad companies are not placing 
as much business as was promised a month ago, 
but our manufacturers have patience, and look for a 
movement among railroad people before very long. 
The locomotive builders are catching enough business 
to keep the volume of unfinished work at the same 
limit. The shipyards have added nothing new to 
| their order-books, and the managers are very cautious 
buyers. The car-building plants are also hanging 
back, and think that is the right thing to do. Crop 
|conditions are favourable, and high prices are in 
sight. New England railroad companies are planning 
a great deal of improvement for the latter part of the 
year. There is great industrial activity in the State 
of Mexico, and American capital seems to have taken 
afresh start to chase up opportunities of profitable 
investment in that wonderful country. The producers 
of wire nails are accumulating orders. Building 
activity has set in, which accounts for it. The agri- 
cultural requirements for barbed wire are very heavy, 
and smooth fence-wire cannot be shipped fast enough. 








YorksiureE Iron anp Coat Company.—The report 
of the directors of this company states that the profits 
for the year ending December 31, 1903, amounted to 
10,521/., making with the reliquat brought forward 11,072/. 
The directors regret that the business of the year has not 
yielded better results. During the whole year the coal 
trade was dep and unremunerative. For the first 
half of the year the iron trade was fairly satisfactory, but 
subsequent conditions were disappointing. As none of 

| the improvements and extensions referred to in previous 
|reports had been fully completed, the advantages ex- 
pected from them were not realised in the period under 
| review ; but, on the contrary, as the ordinary operations 
| at the collieries and iron works have had to be. conducted, 
| subject to interferences due to the alterations in progress, 
the results of the year’s working have been adversely 
affected. From various causes, the completion of the 
improvements at the iron works has been considerably 
|delayed. Alterations and extensions at the collieries 
still require several months for their completion. The 
| directors have pleasure in stating that during the current 
| year the new coke ovens and by-product plants have been 
rought into operation. 
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AUSTRALIAN COMMONWEALTH PATENTS 
ACT, 1903. 
To THe Eprror oF ENGINEERING. 
Srr,—Although this Act, under which one patent will 
be granted covering the States of South Australia, New 
South Wales, Queensland, Victoria, Tasmania, and West 
Australia, has not yet come into force, we are advised 
that temporary arrangements have now been made for the 
tiling of applications for patents thereunder, and that such 
applications will be dated as of the date of the commence- 
ment of the Act, which it is expected will take place 
about two months hence. Until the proclamation of the 
Act, patents for the separate States may still, if desired, 
be applied for, and such applications may later be con- 
verted into menmanele applications, or the patents 
obtained extended to Commonwealth patents. Existing 
State patents may also be extended to cover other States 
where the invention is novel. 
Yours, &c., 
E. P. ALEXANDER and Son, 

Chartered Patent Agents. 

19, Southampton- buildings, London, W.C., 

March 30, 1904. 








AN INVENTION NEEDED. 
To THE Eprror or ENGINEERING. 

Srtr,—A reservoir drawing pen, or a drawing pen that 
will make a line, say, } in. broad and 3 ft. to 4 ft. long, 
straight away without requiring to be retilled, would be a 
great boon to those who have to make large drawings, 
such, for instance, as diagrams for lecture purposes. 

The ordinary three-tongued bordering pen does not 
meet the requirement. Firstly, it does not hold enough 
ink, so that at every few inches it has to be refilled ; 
secondly, it has not sufficient control of the ink to prevent 
it running out with a rush where the joining of lines takes 
place, and into a blob or little pool at the termination of 
the stroke; and, thirdly, it deposits too much ink all 
along the line, and thus is very wasteful of both the ink 
and the draughtsman’s time, waiting for it to dry. 

The main difficulty met with in the consideration of a 
reservoir drawing pen is that Indian or carbon ink must 
be used, and this necessarily contains so much solid 
matter as to render it quite unsuitable for use with the 
fountain or reservoir pens made to hold writing ink. 

There are four main conditions that must be borne in 
mind in its design—viz.: 1. The reservoir must be open- 
able, so that it can be thoroughly cleaned out, as mere 
washing out is not sufficient for Indian ink. 2. It must 
hold at least a drachm or two of ink. 3. Theink must be 
under thorough control. 4. The pen must be capable of 
drawing a line at least ;'; in. broad. 

Dovetas McNag, Draughtsman. 

Royal Indian Engineering College, Cooper’s 

Hill, Surrey. 








AIR-LIFT PUMPS. 
To THE Eprror or ENGINEERING. 

Srr,—I have only recently read the correspondence 
on the above subject that has been appearing in your 
columns, and which latterly has been reduced to a duel 
between Mr. Hanssen and Mr. Mason. 

It is certainly difficult to get at Mr. Hanssen’s meaning, 
but I think his balloon illustration gives the clue, and 
hence the following explanation, in which the symbols 
used have the same meanings as assigned to them by 
Mr. Hanssen in ENGINEERING, December 18, 1903. 

If 1 quantity of air at a pressure of p,, and at, say, the 
water level in a well, is caused to expand isothermally 
to the pressure py, the work done by it is equal to 


py Vo (loge ”'\, but for it to do work and expand isother- 


0 
mally, heat must be given to it. This heat, in the case 
of an air-lift pump, is derived from the water, and 


the equation py Vy loge Pi = Qp (hy + f), given by Mr. 


0 

Mason, takes no account of this heat, though it is 
true this in most cases would be a small quantity, 
and would, therefore, not cause much error. The next 
item, however, is not a small one. We have seen 
that at the water-level the quantity of air at p, had 
a definite amount of energy. Now energy may exist 
in various forms, and one of these is known as poten- 
tial energy. Suppose we take the quantity of air at 
pi, and hermetically seal it in a strong, but weightless, 
and very thin vessel, and place this vessel at a depth hy 
below the water-level, then the quantity of air will have 
(in addition to its previous energy) an amount of potential 
energy, the measure of which will be the weight of the 
water displaced by the vessel multiplied by hk}. This is 
readily realised if we imagine the weightless vessel con- 
taining the air at the pressure p, to be a 1 ft. cube; then 
the pressure on the top horizontal face is p (h, — 1) +144 pp 
pounds, and on the bottom face h, p + 144 p») pounds, 
and the difference or flotation capacity is p pounds (7.e., 
neglecting the weight of the air), p being the weight in 
pounds of 1 cubic foot of water. This force of p pounds 
being exerted for a distance of h) feet does ph, foot-pounds 
of work. Or we may consider it thus :—For simplicity, 
suppose the cross-section of the compressed-air pipe to be 
1 square foot, then the length h, feet will contain h, cubic 
feet of air at a pressure p;. Imagine a weightless and 
frictionless piston placed in the air-pipe at the water- 
level ; then, in order to expel the h, cubic feet of air from 
the lower end of the air-pipe, the piston must be driven 
down a distance h, feet against a force of 144 (p; — po) 

unds—i.e., 144 (7 — po) x hk, foot-pounds of work must 
9e done to expel h, cubic feet of air at a pressure 7, ; 
therefore, the work done per cubic foot of air expelled 13 


pe + po; therefore, 144 (p; — py) = p hy foot- 
pounds, as before. The equation given by Mr. Mason 
takes no account of this potential energy of the air, and 
is therefore incorrect. Hence the equation more nearly 
representing the facts of the case is 


But p; 


PQ (hy + f) = po Vo loge Pi 4 Po Vo phy 
Po Pi 
= Po Vo (log. PM + p *) 
€ MY P\ 
where /” Vo is the volume in cubic feet of air at pressure 


) 
Py the a expression representing the total 
energy of the compressed and submerged air, and the 
left ed the maximum quantity of work that can be 
done by the air. 


_ pQ (he + f) 
° g> 
Po (og .”" +p ) 
Po Pi 


In conclusion, I hope that if the explanation here given 
is not clear or correct, that Mr. Hanssen and Mr. Mason 
will point out to which parts they do not agree. 

Yours very truly, 
A. 8. E. ACKERMANN. 

47, Victoria-street, Westminster, March 28th, 1904. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was again very 
firm in tone on Wednesday, and there was a fair turn- 
over of Cleveland warrants, the price of which advanced 
3d. per ton, and the settlement prices were quoted at :— 
Scotch, 5ls. 9d.; Cleveland, 44s. 14d.; Cumberland 
hematite iron, 54s. per ton. There was but little 
change on the following day, the tone being steady 
round the previous day’s closing prices. A moderate 
business in Cleveland warrants was done, amount- 
ing to 4500 tons, including several lots at odd dates, 
which varied from 44s. eight days to 44s. 04d. fourteen 
days, and 44s. 24d. seventeen days. Opening easier 
at 43s. 114d. cash and 44s. 1d. one month, the values 


month buyers. A good business was done in the after- 
noon in Cleveland warrants at firm prices, which advanced 
21d. to 44s. 34d. cash and 44s. 5d. one month, and the settle- 
ment prices were : 51s. d., 448; Cumberland hematite iron, 
54s. 3d. Owing to the occurrence of the Easter holidays the 
market was closed on Good Friday and Easter Monday, 
which just happened on the spring holiday, the market 
opening again on Tuesday. Business was resumed yes- 
terday, but the turnover was small, and did not exceed 
3000 tons. The tone, however, was firm, and in sym- 
pathy with favourable reports from America, and the 
better feeling in other markets, the price of Cleve- 
land warrants advanced 3d. per ton to 44s. 85d. one 
month, and hematite iron was quoted nominally at 
54s. 14d. cash buyers. In the afternoon the tendency of 
prices continued to improve, Cleveland warrants being 
dealt in up to 44s. 8d. cash and 44s. 105d. one month—a 
rise of 44d. on the day. The settlement prices were :— 
52s., 44s. 74d., and 54s. 3d. per ton. A business aggre- 
gating 5000 tons was done this morning at a decline of 
1}d. on yesterday’s close. Cleveland warrants were dealt 
in at 44s. 9d. one month and 44s. 8d. cash, while cash buyers 
of hematite iron were quoted nominally at 54s. 3d. Sellers 
of Scotchiron were in the market at 52s. 6d. cash. Cleveland 
warrants declined 2d. further in the afternoon to 44s. 5d. 
cash and 44s, 64d. one month. <A couple of lots were 
done at 44s. 54d. three months, making a turnover of 
2500 tons. The settlement prices were :—52s., 44s. 74d., 
and 54s. 6d. per ton. The pig-iron market closed for the 
past week, or for the Easter holidays, on Thursday 
afternoon, with quite a hopeful feeling, engendered partly 
by better German and American trade reports, by heavy 
Middlesbrough shipments, and by considerable stock 
reductions; but the heavy influx of shipbuilding orders 
to British shipyards certainly led the way in this improved 
feeling, which has been represented by a rise in Middles- 
brough warrants from 41s. 74d. cash, which was touched on 
January 22 this year, to 44s. 34d., which was touched on 
Thursday, and in other sorts in proportion. <A feature 
that may, however, have considerable bearing on the 
future of Middlesbrough warrants is the endeavour on 
the part of the German syndicate to make the importa- 
tion of British pig iron to their country impossible. The 
following are the prices asked for makers’ No. 1 iron; but 
makers are barely steady at their recent advances :— 
Clyde, 57s. 6d.; Gartsherrie and Summerlee, 58s. ; 
Langloan, 70s.; Coltness, 703s. 6d.—the foregoing all 
shipped at Glasgow ; Glengarnock (shipped at Ardrossan), 
57s. 6d. ; Shotts (shipped at Leith), 62s. ; Carron (shipped 
at Grangemouth), 60s. 6d. per ton. 


Institution of Civil Engineers.—The eighth general | 
meeting in session 1903-4 of the Glasgow Association of 
Students was held in the Institution Rooms, 207, Bath- 
street, Glasgow, on Monday night. The president, Mr. 
J. E. Harrison, M. Inst. C.E., was in the chair, and Mr. 
William Jackson read a paper on *‘ Works on Lochearn- 
head Railway.” The paper was illustrated by diagrams 
and lantern views. A discussion followed, and, on the 
motion of the chairman, a hearty vote of thanks was 
awarded to Mr. Jackson for his interesting paper. 


Clyde Shipbuilding : Launches in March.—This branch 
of local trade is fairly well off with orders or work in 
hand ; indeed, there are said to be new orders secured 
which amount to nearly 140,000 tons. These have been 





144 (p, — po) foot-pounds, this, of course, being in addition 








booked since the beginning of the year 1904, and the 


to the work done in compressing the air to the pressure 7). | 


hardened at the close to 44s. 04d. cash and 44s. 8d. one | 





[SS 
contracts are distributed very evenl over the Clyde 
| During the past month there were pow. doaelial vs 
| senting 65,000 tons of new shipping ; in February 50000 
tons; and in January, 17,190 tons. The contracts closed 
|include only the vessels that were made public Th 
following are a few of the leading vessels that were ze 
into the water during last month :—The Argyll, a Pan 
class cruiser of 10,700 tons displacement, built’ for the 
British Government by Messrs. Scott and Co., Greenock : 
the Geelong, 7850 tons, a twin-screw steamer built by 
Messrs. Barclay, Curle, and Co., Whiteinch, for Pd 
| Blue Anchor Line ; the Highland Harris, screw steamer 
| 4800 tons, built for Messrs. H. and W. Nelson’ 
Liverpool, by Messrs. Russell and Co., Port Gilasgow : 
tons, built 


the Trafalgar, a screw steamer of 4000 
by Messrs. William Hamilton and Co., Port Glasgow 
for Messrs. Glen and Co., Glasgow; the Tuck Wo, 4 
twin-screw steamer of 3850 tons, built for the Indo-China 
Steam Navigation Company by the London and Glas. 
| gow Company. The other vessels in the month’s launches 
ranged from 2300 tons down to 10 tons. The launches 
| during March included 27 vessels, of a total of 42.69 
| tons, and during the three months there were 6 vessels 
| of a total of 109,388 tons. 5 


Arbroath Water Supply.—There is a Parliamentary 
Commission sitting in Edinburgh, the hope being that 
economy will be effected. One of the subjects con. 
sidered is the water supply of Arbroath, which hag 
for a number of years been unsatisfactory. One pro- 
| posal is that the River Noran be resorted to, which 
would yield four millon gallons per day, according to Mr, 
| C. P. Hogg, C.E., of Crouch and Hogg, Glasgow. He was 
| willing to allow 14 million gallons for compensation, and 
| that the promoters should take the rest. Of course, opposi- 
| tion was threatened by the owners of mills and salmon 
| fishings upon the stream. On the second day of the hear. 
| ing an agreement was come to, under which the supply to 
| Arbroath is to be 14 million gallons daily, and the com. 
| pensation is to amount to 625,000 per diem. There wag 
|also opposition on the part of the local traders, The 
| order is passed, but it is doubtful if ever it will be put in 


| force on account of the great expense to the community, 





| Scotch Steel.—There were fears expressed at a meeting 
| last week that the demand for steel warranted an in. 
crease in price, but judicious counsels prevailed. While 
orders for ships had been plentiful, and the majority of 
works were very busy, it was recognised on all sides that 
specifications were not coming forward with the alacrity 
| which was desired, and which the business done had war- 
| ranted makers in anticipating. One or two inquiries 
| have come from Canada, and there is a prospect of busi- 
| ness following the opening of navigation. But not much 
hope of any great Canadian boom. 


Sulphate of Ammonia.—Sulphate of ammonia is quiet, 
at prices ranging from 12/. 11s. 3d. to 12/. 12s. 6d. for 
prompt delivery ; but the demand for manure both here 
and on the Continent is exceptionally late this year, so 
that the demand does not show itself. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Iron and Steel T'rades.—The usual practice was 
followed this year of working up to the end of Easter 
week and having the holidaysthis week. At a few places 
operations were resumed on Tuesday, but it was later 
before they became general. The quarter has opened 
with a much more hopeful feeling in some branches. 
Houses who supply the best qualities of Bessemer and 
Siemens steels are angling for very fair lines that are 
about to be placed. The material is required for the 
execution of contracts that have been recently secured 
from both home and foreign railway companies, and 
include springs, tyres, and axles. Amongst the largest 
buyers are the Japanese and Chinese. Prices for Bessemer 
steel of guaranteed temper are from 6/. 10s. per ton as a 
bottom quotation. Siemens steel is quoted 7/. per ton 
and upwards, according to quality. The rolling mills 
have started with better prospects, and instead of working 
three or four days a week, are making full time. The 
activity is confined mostly to the merchant mills. In the 
lighter industries there are complaints of scarcity of em- 
ployment, but in many departments it arises rather from 
improved methods of production than from lack of orders. 


The South Yorkshire Coal Trade.—Most of the collieries 
were laid off until Wednesday, and at others it was Thurs- 
day before work wasresumed. A feature of the trade has 
been the sustained demand for house coal, and there is 
every prospect of its continuing. For many years it has 
been the practice to put up prices in October and to lower 
them in April. The last ivaiie was so small and the 
| current demand is so good that it has not been thought 
| necessary to make any all-round reduction so far. In the 

steam coal branch there is little change to note. Con- 
| tracts for the next shipping season are still being kept 
back, although there is a prospect of its soon opening, 
Other classes of fuel are moving off fairly well. 











Tue SIBERIAN Rartway.—The passenger traffic between 
Irkutsk and Chiliabinsk comprised in the year 1898 
860,662 persons; in 1899, 919,782; in 1900, 966,551 ; 
and in 1901, 840,641 persons; the decline being owing to 
the famine, which for a couple of years existed in some 
of the Siberian provinces. ‘The goods traffic by the fast 
trains rose from 410,421 poods in 1898 to 2,500,000 poods 
in 1901, and the goods traffic by the goods trains in the 
same period from 37,027,117 poods to 53,293,134 poods. 
The receipts for the passenger traffic in 1901 were 
2,755,704 roubles, for goods traffic by fast trains 801,181 
roubles, and by goods trains 12,021,578 roubles. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
Tron Trade.—The Royal Exchange was 
after the Easter holidays, but few of the 
1, and little business was recorded. The 
as rather difficult, but they appeared 
No. 3 g.m.b. Cleveland pig varied 
6d. f.0.b.; No. 1 was about 45s. op 
- No, 4 foundry, 44s. to 44s. 3d.; grey forge, 43s. 9d. ; 
de 43s. 3d.; pa white, 43s.; Hast Coast hematite 
pig iron was steady on the basis of something like 52s. 9d. 
for early delivery of mixed numbers. Middlesbrough 
warrants closed 44s. 5d. cash buyers. 
ufactured Iron and Steel.—There does not appear 
PR nm change of note in the manufactured iron and 
steel industries. In several branches producers are fairly 
well situated. Prices stand at about :—Common iron bars, 
6]. 2s. 6d. ; best bars, 62, 12s, 6d.; iron ship-plates, 
6.7. 6d. ; iron ship-angles, 6/. 2s. 6d. ; steel ship-plates, 
bl, 12s. 6d. ; steel ship-angles, 5/. 5s. ; steel joists, 5/. 5s. ; 
steel sheets (singles), 7/. 17s. 6d. ; steel sheets (doubles), 
gi. 7s. 6d. ; and heavy sections of steel rails, 4/. 10s.—all 
Jess the customary 24 per cent. discount, except rails, 
which are net cash at works. 
Bell Brothers, Limited. —Sir Lowthian Bell, Bart., who 
resided at the annual meeting of shareholders of Bell 
3rothers, Limited, held here to-day, in moving the adop- 
tion of the report and balance-sheet, already published, 
said that in 1903 they made at Port Clarence 362,243 tons 
of iron, as against 345,320 tons in 1902—an increase of 
18,923 tons. Of coke they made at Port Clarence 
last year 68,698 tons, as against 66,457 tons—an increase 
of 2241 tons. The coals worked reached 782,781 tons, as 
against 788,714 tons—a decrease of 5933 tons. The coke 
made at the collieries amounted to 302,400 tons, as com- 

ared with 298,734 tons in 1903—an increase of 3666 tons. 
The ironstone worked amounted to 1,145,028 tons, as 
against 1,131,848 tons—an increase of 13,180 tons. The 
limestone worked amounted to 239,726 tons, as compared 
with 242,027 tons—a decrease of 2301 tons. Mr. C. L. 
Bell had prepared for the 50th anniversary of the 
blowing in of No. 1 furnace at Clarence Iron Works, 
which took place on January 21, 1854, an interesting 
statement showing the progressive increase in periods 
of ten years of the average weekly make perf blast- 
furnace. Mr. Bell showed that for the years 1854 to 
1863 the average make per furnace was 269 tons, and 
he traced the rapid increase of make till he showed 
the present make to be 850 tons. The report was 
adopted. Mr. Maurice Bell and Mr. Charles Dorman 
were re-elected directors, and Messrs. W. B. Peat and 
Co. were re-appointed auditors, 

Shipments of Iron and Steel.—Shipments of iron and 
steel from the port of Middlesbrough for March reached 
the respectable total of 128,190 tons, of which 97,046 tons 
were pig iron, 10,494 tons manufactured iron, and 20,650 
tons steel. ‘lo this should really be added 7533 tons 
of pig iron from the neighbouring little port of 
Skinningrove. Scotland, as usual, took the most pig— 
viz, 35,963 tons; Germany received 19,733 tons; Italy, 
10,577 tons; France, 7185 tons; Sweden, 4793 tons; and 
Holland, 4783 tons. India bought 1755 tons of manufac- 
tured iron and 9409 tons of steel, and was thus the best 
customer for both those articles. 


The Cleveland 
re-opened to-day 
habitues attendec 
fixing of prices Ww 
to be pretty firm. 
from 44s. 3d. to 44s. 








NOTES FROM THE SOUTH-WEST. 

_ Cardif.—Business has been, of course, considerably 
interfered with by the Easter holidays. There have, 
however, been numerous inquiries for best and second- 
class steam-coal for shipment after the holidays; and the 
market has been generally firm, while higher prices are 
anticipated in the early future. It is stated that 18s. 6d. 
per ton has been paid for a large cargo of best Admiralty 
coal for prompt shipment. In the house-coal trade prices 
have ruled firm. The best large steam coal has made 
17s. to 17s. 6d. per ton, while secondary qualities have 
brought 15s. 6d. to 16s. 6d. per ton. The best ordinary 
house coal has made 14s. to 15s. per ton, while secondary 
gs have ranged from 10s. 6d. to 13s. per ton; 
No. 3 Rhondda large has brought 15s. to 15s. 3d. per ton. 
Coke has shown scarcely any change ; foundry qualities 
have made 18s, to 193. per ton, and furnace ditto 16s. 
to 16s. 6d. per ton. As regards iron ore, Rubio has been 
quoted at 14s. per ton; Tafna at 15s. per ton; and 
Almeria at 14s, to 14s. 3d. per ton, including freight 
charges to Cardiff or Newport. 


The Swansea Valley.—A blast-furnace at Landore which 
had gone out in consequence of labour difficulties has 
nre-lit. By the resumption of work at this furnace 
the output of steel at five adjacent smelting furnaces will 

increased. The various departments of the steel trade 
exhibit generally a healthy tone. Three additional tin- 
plate mills have restarted, and the prospects of the coal 
trade are considered to have improved. 


The Forest of Dean.—The Forest of Dean at present 


affords employment for about 5000 colliers, but owing to | P& 


the ra id exhaustion of the seams of coal now being 
worked, it is felt that the district is threatened with 
extinction as regards its colliery interests, unless the 
eeper measures are developed. During the past ten years 
Sal eeation has been going forward, but nothing prac- 
: oe oa resulted, although it has been ange felt 
poet! ancient, and in some cases antiquated, rules 
ae ing in the district uire amendment. To this 
id the Office of Woods has drafted a Bill, and the free- 


miners, under the chairmanship of M q 

: p of Mr. 8. J. Elsom, 
attended at the Speech House on Good Friday morning 
Some 500 men were | 


to consider the draft of the Bill. 


present. They were assured that Mr. Stafford Howard, 
of the Office of Woods, was deeply sympathetic towards 
them, and that the Bill was the outcome of a serious 
attempt on his part to so amend the old-fashioned and 
out-of-date rules and regulations governing the workin 

of Forest of Dean mineral properties as to bring moneye 

men into the locality, with a view to the opening up of 
the lower measures. The Bill was feomali approved, 
A recommendation was also adopted, that in future the 
freeminers’ share in the coal properties should be realised 
on the principle of a royalty on the mineral won, and 
that in no case should such royalty go below 1d. per ton. 








MISCELLANEA. 

WE are asked to state that Professor Seeley, of King’s 
College, London, will conduct ten geological excursions 
to examine the main channel of the Thames and some of 
its tributaries, to begin April 23, at Purfleet, where the 
Thames flows over the chalk. 


We note that our contemporary the Timber Trades 
Journal has issued a special number, a prominent feature 
of which is a long and ‘capitally illustrated article b 
Mr. Stafford Ransome, MLCGE, dealing with South 
Africa as a market for timber and building materials. 
Mr. Ransome, we note, thinks highly of the possibility 
of South Africa becoming ultimately independent of out- 
side supplies of timber, but states that at least half a 
century must elapse before this is possible. Nothing has 
yet been done towards afforesting the Karroo, though it 
is stated that the water supply, deficient as it is, is, 
nevertheless, greater than in Westralia. 


In a paper recently read. before the Leeds Section of 
the Society of Chemical Industry, Mr. W. J. Dibdin ex- 
pressed his preference for treating sewage, where possible, 
entirely by aerobic methods and dispensing with the 
septic tank.. He stated that the ‘‘ coarse beds” put up at 
Alton, Hampshire, where one-third of the dry weather 
flow was brewery refuse, required to have the material 
changed only after three years’ work. The cost of labour 
was ls. 2d. per square yard of filter area, equivalent to 
about 5s. 10d. per million gallons treated. At Devizes he 
had adopted slate detritus for his coarse beds. The slates 
were about }in. thick and measured from 1 ft. to 3 ft. 
super. Each layer was separated from the one below 
by slate blocks lin. thick, so that the water capacity of 
the coarse bed thus formed was 80 per cent. of the total 
volume, which could therefore be made only half that of 
the fine beds. The slates at the top of the bed are laid 
overlapping each other by about 1 in., thus screening out 
any fibrous or coarse matter, which could then readily be 
brushed off when necessary. Theslate did not break down 
and the bed could not be choked, the spaces between the 
layers of slate being so great. Both the upper and the 
lower faces of the slates become coated with the purify- 
ing bacteria, and when the normal régime is established a 
purification of from 50 to 60 per cent. is effected, as esti- 
mated by the reduction in albuminoid ammonia. 


A writer in the Times gives the following table as 
representing the present and past cost of insuring under 
the Workmen’s Compensation Act :— 


Rates of Premiums per 1001. of Wages Bill. 
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Brass founders 2s, 10s. tolls. | 10s, 28, 
Cement workers 3s. 10s. ,, 12s. 10s. 5s, 
Corporation servants 
(ordinary, exclusive) 
of tramway, electric! 
light, or gas em- 
ployés) --| 1s. 6d. 7s. 6d. 2s. 6d. 2s. 6d. 
Gas workers .. a lie 1(s. 6d. 10s, 5s. 
Jewellers (manufac- 
turing) te ., 1s. 6d. 4s. to 7s, 6d. 3s. 1s. 6d. 
Paper makers 28. 6d. 10s. 7s. 6d. 3s. 
Printers = 1s. 6d. ‘From 4s, 3s. 6d. 2s. 
Saw-mill workers 4s. 20s. to 30s. 26s. 7s. 
Screw and rivet 
workers itu 9s. 7s. 6d. 3s. 
Stevedores | lds 40s. to 70s. 358, 20s. 
Tin-plate workers 
(making up tin-plate)' 1s. 6d. 7s. to &s. 6d. 7s. 2s. 
Wood truck workers 
(with circular saw) 4°, 73. to 18s. 6d.} 7s, to 12s. 5s. 
Farm labourers 6s. 5s. 3s. 


| | 





It will be seen that the rates which it is now found 
necessary to charge are very much greater than was 
anticipated when the Bill was in progress through the 
House of Commons. The competitive rates shown in 
column 4 have resulted in very serious loss to the com- 
nies who were sanguine enough to adopt them. It is 
stated that the average cost of compensation is steadily 
increasing, but that the clause of the Act giving no com- 
pensation for injuries causing less than 14 days’ disable- 
ment has proved a great safeguard against unfair claims. 
If this clause is abolished, it is stated that the premiums 
will have to be raised at least 50 per cent. 


The annual general meeting of the Iron and Steel 
| Institute will be held in the Institution of Civil Engineers 
on Thursday and Friday, May 5. and 6 next, when the 
Council will present their report for the past year, and 
the new officers and council will be elected. At the 
meeting the Bessemer Gold Medal for 1994 will be! 








presented to Mr. R. A. Hadfield, and the awards of 
the Carnegie Gold Medal and Research scholarships 
will be announced. There will also be an_ exhi- 
bition of pyrometers suitable for metallurgical use. 
The following papers will be read and discussed :— 
‘““On Pyrometers Suitable for Metallurgical Work ;” 
Report of Committee. ‘‘On Coke Ovens,” by Mr. C. 
Lowthian Bell (Middlesbrough). ‘‘ On Troostite,” by 
Mr. H. C. Boynton (Harvard University). ‘‘ On the 
Range of Solidification and the Critical Ranges of Iron- 
Carbon Alloys,” by Mr. H. C. H. Carpenter, M.A., 
Ph.D., and Mr. B. F. E. Keeling, B.A. (National 
Physical Laboratory). ‘‘On Explosions Produced by 
Ferrosilicon,” by Mr. A. Dupré, Ph.D., Chemical Ad- 
viser to the Explosives Department, Home Office ; and 
Captain M. B. Iloyd, R.A., H.M. Inspector of Explo- 
sives. ‘‘ On the Thermal Efficiency of the Blast-Furnace,” 
by Mr. W. J. Foster (Darlaston). ‘‘ On the Production 
and Thermal Treatment of Steel in Large: Masses,” by 
Mr. Cosmo Johns (Sheffield). ‘‘On the Manufacture of 
Pig Iron from Briquettes at Herriing, Sweden,” by Pro- 
fessor H. Louis, M.A., Assoc. R.S.M. (Newcastle-on- 
Tyne).. Reports on research work carried out during the 
past year will also be submitted by Mr. C. O. Bannister 
(London), by Mr. P. Breuil (Paris), by Mr. K. A. Gunnar 
Dillner and Mr. A. F. Enstrém (Stockholm), by Mr. 
J. C. Gardner (Middlesbrough), by Mr. F. H. Wigham 
(Wakefield), by Mr. A. Campion (Cooper’s Hill), and b 

Mr. P. Longmuir (Sheffield), Andrew Carnegie Research 
Scholars. The annual dinner will be held in the Gran 

Hall of the Hotel Cecil at 7 p.m. on May 6. : 





Lreps Corporation TramMways.—The revenue of the 
Leeds Corporation Tramways for the financial year ending 
March 25 shows an increase of 15,221/., as compared with 
the amount acquired in 1902-3, Last year not only was 
the same length of line worked, but fares were also re- 
duced upon some routes, while overlapping stages wére 
introduced. Further, the weather was generally wun- 
favourable during the year. Notwithstanding all this, 
the entire population of Leeds was carried no fewer than 
136 times uote the year. The net revenue also worked 
out at 12s. 5d. per head of the population of the city. 
The agggregate distance run by cars in 1903-4 was 6,091,437 
miles, as compared with 5,773,651 miles in 1902-3. The 
number of passengers carried was 60,739,234, as compared 
with 57,239,779. The average receipts per mile run were 
10.94d. in 1903-4, as compared with 10.90d. per mile run 
in 1902-3, 





Danisu State Rartways.—According to the last re- 
port of the Danish State Railways, the aggregate mileage 
now amounts to 1140 miles, which represent a cost of 
186,330,800 kr., or about 10,350,000/. The number of 
passengers during the last financial year amounted to 
19,377,974, and the receipts from this source amounted to 
13,428,877 kr. (746,0002.), or 1.2 per cent. less than during 
the previous year. The number of fortnightly and season 
tickets shows an increase all round. The aggregate 
weight of goods carried was 3,850,508 tons, yielding 
receipts of 13,938,013 kr., or 774,000/.,. which‘ shows 
an increase of between 12.1 and 12.2 per cent: The 
average price for rails was 5/. 0s. 2d. per ton, or about 
4s. less than the previous year, and the price for coal 
1J. 1s. per ton, or about 2s. 4d. less than the previous 
year. ‘The traffic has increased greatly during the last 
twelve years, and more especially during \the last six 
years ; but whilst the period 1891-6 showed much financial 
progress, the opposite has been the case since then, the 
cause of increased expenditure being :—Fuel, oil, heating, 
electric lighting, new locomotives, higher pay to the 
officials, and increased expenses for pension and sick 
funds. During the last five years the expense has risen 
27 bre (34d.) per train kilometre—an increase in the ex- 
penditure which represents a sum of some 800,000/. for. 
the period of five years. 





New Frencu Ports.—Important grants have recently 
been voted in France ‘Gauele the completion of the old’ 
plan, conceived not long after the Franco-German war, 
for providing the country with a number of good ports 
and navigable canals for the advancement of its shipping, ~ 
agriculture, and industry. The plan was originally worked 
out by M. Freycinet, who, in the year 1879, gave the 
impulse to a series of large works being taken in hand, the 
most important of which were the East Canal, the. 
canalising of the Seine, and the harbour works at 
Boulogne and Marseilles. These have entailed an ex- 
penditure of about 240,000,000 francs, or close upon 
10,000,000/., and. are now approaching their completion. 
The new works which are now to be taken in hand, and 
which have had their warmest advocate in M. Pierre 
Baudin, Minister of Public Works in the Waldeck- 
Rousseau Ministry, are divided under three heads :—(u) 
Improvement of already existing canals ; (b) Building of 
new canals; (c) Harbour works. The aggregate expendi- 
ture was calculated at 611,000,000 francs, a sum which the 
Legislature reduced to 292,950,000 francs, about 29,000,000 
francs coming under head (a), 177,000,000 francs under 
head (b), and 87,000,000 francs under head (c).” M. 
Baudin’s plan has, however, been followed in its main 
features, and subsequent votes will no doubt be given. 
Of the sums granted for new canals, 71,000,000 francs are 
intended for a canal from Marseilles to Rhéne, and 
60,000,000 francs for the *‘ North” canal, intended to 
connect the coal deposits in Northern France with the 
sea. To this latter undertaking the town of Douai con- 
tributes 30,000,000 francs; and, altogether, ' the Senate 


made it a condition that local authorities or bodies should 
contribute 50 per cent. of the Government..votes. The 





works. in question. are expected to be completed withiu 
ten years, os Se a 
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ENGINEERS.—Saturday, April 9, at 2 p.m., in the Wood Memorial 
Hall, Newcastle-upon-Tyne. The following papers will be open 
for discussion :—‘‘ The Occurrence of Gold in Great Britain and 
Ireland,” by Mr. J. Malcolm Maclaren (Trans. Inst. M.E., vol. xxv., 
page 435]. ‘The Electrical Driving of Winding Gears, by Mr. F. 
Hird [Trans. Inst. M.E., vol. xxv., page 592]. The following 
papers will be read or taken as read :—‘ Electrical Winding in 
Germany,” by Mr. W. C. Mountain. ‘‘ Some Silver-Bearing Veins 
of Mexico,” by Mr. Edward Halse. 

Society or ENGINEERS.—Monday, April 11, at 7.30 p.m., at the 
Royal United Service Institution, Whitehall. A paper will be 
read entitled ‘‘The Latest Practice in Sewage Disposal,” by Mr. 
H. ©. H. Shenton. 

Society or CuEMICAL INDUSTRY.—Monday, April 11, at 8 p.m., at 
the Chemical Society’s Rooms, Burlington House, Piccadilly. The 
following papers will be read and discussed :—(1) ‘‘ The Volatili- 
sation of Lead Oxide from Lead Glazes into the Atmosphere of a 
China Glost Saggar and its Effect upon the Leadless Glaze-Ware 
in the same Saggar,” by Mr. W. Thomason. (2) ‘The Preparation 
of Lead Glazes of Low Solubility and Some Points to be Observed 
in the Proeess,” by Mr. W. A. Thomason. (3) ‘‘The Action of 
Certain Solutions upon Aluminium and Zinc,” by Mr. Watson 
Smith. 

Tue INSTITUTION OF MECHANICAL ENGINEERS: GRADUATES’ 
AssociaTion.—Monday, April 11 A paper will be read by Mr. E. 
J. Stevenson (Graduate), on ‘‘ The Manufacture of Linoleum Floor- 
Cloth.” Mr. William H. Maw, Past-President, in the chair. 

Tue INSTITUTE OF MARINE ENGINEERS.—Monday, April 11. Ad- 
journed discussion on ‘‘ Petrol Motors.” 

Tue Institution oF Civit ENGINEERS. — Tuesday, April 12, at 
8 p.m. Paper to be submitted for discussion :—‘‘ Recent Deve- 
lopments in Cargo and Intermediate Steamers,” by Mr. Edwin 
William de Rusett, M. Inst. C.E. At this meeting a ballot for 
members will be taken.—Students’ visit, Wednesday, April 13, at 
2.380 p.m., to the works of the Great Northern, Piccadilly, and 
Brompton Railway, in course of construction. (Assemble at the 
Brompton-road Station site, adjoining the Oratory.) 

THE INSTITUTION OF ELECTRICAL ENGINEERS (GLASGOW SECTION). 
Tuesday, April 12, at 8 p.m., at the Institution of Engineers and 
Shipbuilders in Scotland. ‘‘ Corporation Telephones,” by Mr. A. 
R. Bennett (Member). 

INSTITUTE OF SANITARY ENGINEERS, LimiTED.—Wednesday, April 
13, at 7 p.m., when a discussion will be opened by Mr. A. A. H. 
Scott (Fellow) on ‘‘ Combined Drainage.” 

THE FarapDay Socrety.—Wednesday, April 13, at 8 p.m., in the 
Library of the Institution of Electrical Engineers, 92, Victoria- 
street, S.W. The following papers will be read:—‘“‘ Alloys of 
Copper and Arsenic” (illustrated), by Mr. Arthur H. Hiorns. ‘‘A 
New Primary Battery,” by Mr. E. G. P. Bousfield. ‘‘ Note on 
Determining Accurately the Percentage of Ozone in Gases not 
Dissociated by Moderate Heat, by Mr. E. G. P. Bousfield. 

THE INSTITUTION OF ELECTRICAL ENGINRERS.—Thursday, April 14, 
at 8 p.m., at the Institution of Civil Engineers. ‘‘ Direct-Reading 
Measuring Instruments for Switchboard Use,” by Mr. K. Edg- 
cumbe, Associate Member, and Mr. F. Punga. (Continuation of 
discussion.) ‘‘ Eddy Currents and Eddy Current Losses in Cable 
Sheaths,” by Mr. M. B. Field, Member. 

RoyAL INSTITUTION OF GREAT Britain.—Friday, April 15, at 9 p.m. 
The Right Rev. Monsignor the Count Vay de Vaya and Luskod, 
D.P.R.N., K.C.J.C., on ‘‘ Korea and the Koreans.” Afternoon 
lectures next week :—Tuesday, April 12, at 5 p.m. Professor L. C. 
Miall, F.R.S., on ‘‘ The Transformation of Animals.” (Lecture I.) 
—Thursday, April 14, at 5 p.m. Professor Dewar, M.A., LL.D., 
D.Se., F.R.S., M.R.I., on ‘‘ Dissociation.” (Lecture I.)—Satur- 
day, April 16, at 3p.m. Mr. Cyril Davenport, on ‘‘ Mezzotints.” 

THE INSTITUTION OF MECHANICAL ENGINEERS.—Friday, April 15, 
at 8 p.m. An ordinary general meeting will be held in the Insti- 
tution House, Storey’s-gate, St. James Park. Paper to be further 
discussed :—‘‘ Compound Locomotives in France,” by M. Edouard 
Sauvage, Member, Chief Consulting Engineer, Western Railway of 
France. 
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ADMIRALTY v. PRIVATE WARSHIP- 
DESIGN. 

THE trials last week of H.M.S. Swiftsure, which 
were looked forward to with considerable interest, 
have assisted in establishing the high character 
of the design of the two ships which were bought 
by the British Admiralty from the Chilian Govern- 
ment, and should put an end to the oft-repeated 
innuendoes which have taken the place of logical 
argument in the controversy that has arisen in con- 
nection with the fighting qualities of these vessels, 


as compared with those of ships schemed at the 
Admiralty. Designed by Sir Edward Reed, 
K.C.B., these ships were built, the Libertad 
by Messrs. Vickers, Sons, and Maxim, and the 
Constitucion by Sir W. G. Armstrong, Whit- 
worth, and Co.; and it was recognised by 
many naval authorities that they embodied a 
most admirable combination of fighting qualities 
on moderate dimensions. Those concerned with 
them, however, have had to pay the penalty of 
success. Since they were bought by the British 
Government, and re-named the Triumph and Swift- 
sure, they have been the subject of much comment 
—some of it capable, much of it captious. Instead 
of meeting the contentions in favour of superiority 
by a clear analysis of the facts, statements have 
from time to time been published in the Press— 
notably in the Times—emanating from a source 
which Sir Edward Reed, at least, considered inspired. 
These cast reflections on the bona fides of some of 
the claims made, notably on the trial results of the 
Vickers’ ship, the Triumph. This vessel was tried 
in December last under the charge of the Chilian 
Naval Commission, who attested the excellent 
speed and other results achieved, as reported fully 
in our columns (see page 91 «nte). The British 
public, however, were cautioned by anonymous 
writers against the acceptance of the data until the 
British Admiralty had themselves tried one of the 
vessels. The specification tests of the Swiftsure have 
now been conducted in the presence of a large num- 
ber of Admiralty officials, and of representatives of 
the Chatham Fleet Reserve; while Captain White, 
Superintendent of the Tyne and Thames district, 
was present on behalf of the Controller of the 
Navy. The ship thus tried by the Admiralty has 
given almost exactly the same results as were 
attained by the Triumph under the charge of the 
Chilian Naval Commission. To begin with, both 
vessels were loaded with coal, water, &c., to their 
full displacement, or rather in excess of the dis- 
placement ; the Triumph steamed 20.17 knots, the 
Swiftsure 20.05 knots--a difference of 0.12 of a 
nautical mile, which is immaterial. This is due 
probably to the difference of 520 indicated horse- 
power in the power developed; but there is no 
reason to suppose that the Swiftsure could not 
equal the Triumph in this respect. Here are the 
figures in parallel columns for readier comparison :— 


“Triumph.” ‘‘ Swiftsure.” 
Draught of water ... 24ft.8in. 24ft. 74 in. 
Revolutions of engines 158 151 
Indicated horse-power .. 14,090 13,470 
Speed of ship on measured 
mile ps 3s nh 20.17 20.05 
Air pressure in stokehold 1 in. 1 in. 


The difference in performance might, indeed, be 
due to weather conditions, although both ships ex- 
perienced heavy squalls during their run over the 
measured course. Both vessels ran for six hours at 
the full power, and as the Swiftsure developed during 
this period a mean of 14,018 indicated horse-power, 
the six hours’ speed quite equals the 20.12 knots at- 
tained by the Triumph, which maintained 14,000 in- 
dicated horse-power throughout the corresponding 
run of this duration. Although no one questions 
the opinion expressed during the discussion at the 
Institution of Naval Architects that a six hours’ 
trial at full power is not so severe a test of 
the engines as one of eight hours’ duration, 
it is quite another matter to assume that these 
vessels could not maintain the results stated 
for eight hours. On the 30 hours’ trial the Swift- 
sure ran at 8700 indicated horse-power, when the 
engines were inaking 130 revolutions, and during 
this test four runs were made over the measured 
mile, the speed attained being 17.5 knots for 8670 
indicated horse-power.. This agrees almost exactly 
with the performance of the Triumph, and the 
results in both cases indicate a high propulsive 
efficiency. There cannot therefore be any question 
whatever as to the admirable speed results attained 
by these ships. The engines of the Swiftsure, by 
Messrs. Humphrys, Tennant, and Co., Limited, 
London, like those by the Vickers Company in the 
Triumph, gave no trouble. 

A second point in the controversy had reference 
to the structural strength of the vessels, and here 
again what we said about the trials of the Triumph 
has been borne out by the tests of the Swift- 
sure. Both vessels have a powerful armament, 
their fourteen 7.5-in. guns constituting a strong 
secondary battery, in addition to the four 10-in. 
guns mounted in barbettes. An, Elswick crew, 








with a trained captain of the turret from H.M.S. 
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Excellent, carried out the actual shooting on the 
Swiftsure, and, alike as regards rapidity of firing 
and accuracy, the Admiralty inspectors were well 
satisfied. One of the 7.5-in. gufis and two of the 
10-in. weapons were selected for testing the rate of 
fire at a target, and during these special tests the 
ammunition service and other loading arrangements 
were exactly as they will be in action. Three 
rounds were also fired from the pair of 10-in. guns 
when trained directly over the forecastle deck ; and 
7.5-in. guns were fired forward and aft in the 
line of the keel, in which position the muzzles of 
the guns are quite close to the ship’s structure. 
In spite of this severe test, the only damage done 
was the breaking of a small water-pipe. The tor- 
pedoes were fired from the submerged tubes when 
the ship was running at speeds of 15 knots, 16 knots, 
and 17$ knots. These are the first trials with the 
Elswick submerged torpedo tubes in a British ship, 
and the results were regarded as quite satisfactory. 

We do not propose to enter anew into a detailed 
consideration of the offensive and defensive quali- 
ties in the design of these two vessels as compared 
with those of other British ships as raised in the 
discussion at the Institution of Naval Architects 
(see pages 425 and 438 ate), but we cannot refrain 
from expressing regret that the main issue was 
then obscured. To our thinking, the question of 
primary importauce has reference to the influence 
of Admiralty tradition upon warship-design. When 
we fully described these ships three months ago 
(see page 71 ante), we contended that the Admiralty 
practice was notonly conservative, but involved need- 
less multiplication of parts, with a resultant increase 
in the displacement, or a forfeiture of some part of 
the fighting quality where displacement was fixed. 
In the past we have had admirals supporting this 
view—probably having in mind the adoption in 
other ships of items suggested by other admirals 
with which they were not in sympathy. We have 
had a Chief Constructor of the Navy pointing out 
the cost in displacement of dispensable details. 
We have had designers beyond Whitehall control 
contending in favour of less regard to trivial demands 
of the officer afloat. Sir William White in the 
recent debate inferentially claimed that he did much 
when removed from the Admiralty practice, for did 
he not remind us—with just right, too—that he had 
‘*done things at Elswick?” We would have pre- 
ferred, however, had the discussion been conducted 
ina broader spirit, and if, instead of confining the 
consideration of the warship design to two types, 
there had been a concentrated effort to ‘‘ nail to the 
counter” specific instances in which Admiralty 
methods are at fault. If the system involves even 
the slightest loss of efticiency in any direction, 
then naval architects are responsible to the nation 
for enforcing the need for reform, if not also for 
finding the remedy. As no one knows the system 
better than Sir William White, and as it is doubt. 
ful if any are more capable of refurming it, we hope 
he will benefit the nation by ‘‘ stating a case.” 








BRITISH ENGINEERS’ VISIT TO 
AMERICA. 

Ir is not our intention to enter into any academic 
discussion on the advantages of travel. These 
are fully realised, and it is not, therefore, surprising 
to know that, under the auspices of the various 
engineering institutions which have decided to hold 
meetings in America this year, from 1500 to 2000 
British engineers will visit the States, apart 
altogether from the many who will travel inde- 


pendently. That these engineers will find much 
to interest them goes without saying. We 


are not of those who consider that everything 
American is superior, or that her methods 
should be at once extensively adopted in this 
country on account of the high place she has 
so quickly won in mechanical engineering ; for 
this reason, amongst others, that differences in 
fundamental principles preclude such comprehen- 
sive application. But we are certain that the 
visits by British engineers to works similar to those 
in which they are interested on this side will dis- 
close many adaptable lessons. No literature can 
completely cover such details, and thus intelligent 
personal observation is necessary. With a desire 
to make the most of the experience gained, the 
general result, we expect, will be an adaptation of 
much that is good in American practice. Even 
America will gain by the interchange of views, and 
by the addition of British experience to the repro- 
duction of items originated by American ingenuity. 





It has ever been thus with international exchange 
in mechanics ; but this leads us again to academic 
discussion, and our main purpose is to review the 
arrangements made, and the prospects for the 
success of the various visits. 

The Institution of Mechanical Engineers will be 
the first of the organisations to cross to New York. 
It is the first American meeting held by the Institu- 
tion, though they have met at Paris and at Liege in 
former years. The arrangements made, so far as 
visits to works are concerned, are highly com- 
mendable ; there is no intention to prepare a pro- 
gramme of visits to which the members collectively 
are expected to conform. The field is too exten- 
sive ; the widely-differing branches of mechanical 
sciences, and the variety of interests of the members, 
make it impossible to have a programme of such 
alternative excursions as are usual in British pro- 
vincial meetings : such would undoubtedly prove 
confusing. The procedure rather is that the 
members shall themselves decide upon the works 
which they desire to visit ; and Professor Hutton, the 
Secretary of the American Society of Mechanical 
Engineers, has generously offered to provide 
facilities to each member, who may thus suit 
his own convenience as regards choice of works 
and time of visit. The proceedings will therefore 
be much more businesslike ; members making 
the selection of works will have determined upon 
acquiring definite information and gaining advan- 
tage; and proprietors of establishments in the 
States are, as a rule, more pleased to show 
their novelties to intelligent seekers after know- 
ledge than to the dilettante excursionist. There 
is at least the sympathetic bond of similar me- 
chanical interests, if not also the sharpened wit 
of competitive intellects, tending to mutual inte- 
rest throughout the visit of inspection. The 
Mechanical Engineers will travel by various lines ; 
several of the steamship companies are affording 
special facilities as regards accommodation and 
return fares. The members, of whom over 
;two hundred have already notified their intention 
to be present, will meet together at Chicago on 
Tuesday, May 31, and there will be sessions each 
day until the end of the week. Some half-dozen or 
more papers are being prepared. These deal with 
refuse-destructors, by request of the American 
Society ; with hydraulic and electric cranes, also 
tool dynamometers, effects of strain and of anneal- 
ing, steam-turbines, and locomotive-testing. The 
meeting will be held in conjunction with the 
American Society of Mechanical Engineers, who 
will in this respect stand as hosts to the Institu- 
tion. The papers by Americans will deal princi- 
pally with the development in America of the steam- 
turbine and the gas-engine, also with locomotive- 
testing plant, and long-distance electric haulage. It 
is, perhaps, interesting to note that the member- 
ship of the American organisation has now reached 
the total of 2573. The President this year is 
Mr. Ambrose Swasey, who is well known in 
this country as a partner in the firm of Warner 
and Swasey, manufacturers not only of machine 
tools but of the most delicate dividing engine for 
astronomical instrument work yet constructed. 
Mr. Swasey is fifty-eight years of age, and com- 
menced business with Mr. Warner in 1870. It 
is a notable fact that Mr. Warner is a prede- 
cessor of Mr. Swasey in the presidential chair of 
the organisation ; it is almost unique in the history 
of an Institution for two partners of one firm to 
have thus been honoured. They have built up a 
business of international repute, one special de- 
partment being the designing and constructing of 
the mechanism of astronomical instruments, some 
of which are of exceptional size and importance— 
notably the mounting of the 36-in. telescope for 
the Lick Observatory, and of the 40-in. tele- 
scope of the Yerkes Observatory at Williams Bay. 
Some members of the Institution may be able 
to visit this latter observatory, which be'ongs to 
the University of Chicago, and they would find 
there many matters of interest from a mecha- 
nical as well as a scientific point of view. The 


Following upon the meeting, the members will 
proceed to St. Louis, and subsequently visit Cin- 
cinnati. There are three alternative routes from 
Chicago to St. Louis, the distance by these varying 
from 283 to 293 miles. 
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The fact that it takes instead of taking the northern tour. 
eight hours to accomplish the distance in the fastest three nights will be spent in sleeping-cars. The 
train does not suggest that high train speed of | approximate cost 


$=" 
which we have heard so much in connection with 
American railway travelling : for even excluding the 
stoppages, which absorb half-an-hour, the speed of 
the fastest train is only 38.80 miles per hour. The 
train service is frequent. 

The programme of the Institution of Civil 
neers differs in practically every respect from that 
of the other organisation. In the first place, the 
members will travel together in the Cunard liner 
Etruria, leaving on September 3. On arrival 
at New York, they will pay a visit of courtesy 
to the American Society of Civil Engineers, but 
their reception by that Society, and such pro- 
ceedings as may ensue thereon in New York, will 
be of an entirely social character. The American 
Society has a membership of 2954, and the Pre. 
sident this year is Mr. Charles Hermany, who, it 
may be said, has been for nearly forty-seven years 
associated with water-works engineering in the 
United States. The works in connection with Louis- 
ville are probably his most notable undertaking, as 
here he had to contend against very remarkable 
conditions, as the supply is taken from a river with 
a variation of more than 40 ft. between high and 
low water. He has also devoted much of his time 
to the development of water purification, and in this 
connection has done some original research work, 
After spending a few days in New York, the mem- 
bers, at their convenience, visit various places in the 
United States. Many of them will doubtless take the 
opportunity to see something of Canada also, the 
Canadian Society of Civil Engineers having invited 
them to pay a visit to Montreal, where they will 
be received by the president, Lieut.-Colonel Wi. P. 
Anderson, who has done so much for the improve- 
ment of Canadian navigation by his work in connec- 
tion with lighthouses, beacons, fog-signals, and life- 
boats. Arrangements will be made so that members 
may return from a Canadian port, if they so desire, 
It is not proposed, however, to keep the party 
together as an organisation beyond New York; 
but probably the wishes of members who desire to 
travel together subsequently will be facilitated to 
some extent. 

The French Société des Ingénieurs Civils also 
contemplate a similar visit, and here the members 
will travel together, not only to New York, but 
throughout the whole trip. They leave Havre on 
Saturday, August 30, and their itinerary includes 
New York, Buftalo, Niagara Falls, Chicago, Pitts- 
burgh, St. Louis, Washington, Baltimore, Phila- 
delphia, Boston, and’ New York; the estimated 
expenditure for the round trip being from 96l. to 
1081., according to accommodation in the trans- 
Atlantic steamer. 

The Society of Chemical Industry will hold their 
meeting at New York, beginning on Wednesday, 
September 7, and continuing until Saturday, when 
various works will be visited. The meetings are 
to be held in the Columbia University, and the 
annual dinner will take place at the Waldorf- 
Astoria on Thursday ; on Sunday the members 
proceed toan excursion up the Hudson River. On 
Monday, September 12, they will leave New York 
for a tour, which will include Philadelphia, Wash- 
ington, Pittsburgh, St. Louis—where four days will 
be spent—Chicago, Detroit, Niagara Falls, Buffalo, 
and Boston. The estimated cost per member is 
stated to be about 50/., not including the trans- 
Atlantic voyage. . 

The Iron and Steel Institute will meet at New 
York on October 24, 25, and 26. Very complete 
arrangements have been made, and special fares 
fixed by the leading steamship companies. Already 
nearly 600 members have signified their intention 
of being present. There is a special appropriate- 
ness in the Institute meeting in the States this 
year for a second time, as the president 1s 
Mr. Andrew Carnegie, LL.D., who was chairman 
of the reception committee at the previous meet- 
ing in 1890, and has done so much for the de- 
velopment of the iron and steel industries of 
the United States. The itinerary includes Phila- 


Engi- 





delphia, Pittsburgh, Washington, Cleveland, Niagara 
Falls, and Buffalo, returning to New York on 


probabilities are that the visits of members of |November 10. Night travelling is to be avoided, 
the Institution of Mechanical Engineers to works | and the two Sundays will be spent at Washington 
will be paid before the meeting at Chicago. | and at Niagara Falls, an arrangement which will com- 
mend itself to most members, as it will afford time 
for leisurely sight-seeing. 
to visit the St. Louis Exhibition will proceed east- 
| wards from Pittsburgh to Chicago and St. Louis, 


Such members as desire 


In this case 


for the tour, including St. Louis, 
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js 351.; for the general trip, 25l., 
instances steamship fares. 

It may be 
general idea of the 


the m : 
il] do well in passing 


to take the trip up the 


scenic beauties, as well as of 


the ancient cap! 
if possible, to make 
dack Mountains. _ 
from New York City 
five different routes, varying 
to 445 miles. The principal 
the highest speed is : 
New York Central Railroad, which passes 
the shores of the Hudson River, through Albany. 


This route is 439 miles long, and there is one| 
train in the day which makes the trip in 8 hours | u juarte 
inutes, including stoppages. The speed, there- | at a speed of 51 miles an hour ; the 96 miles 
excluding the station stops, is 54.40 miles | between Philadelphia and Baltimore in about two 


15m 
fore, 


per hour. This is one of the trains de luxe; the 


others on the same railway have speeds varying 
from 49.83 miles to 32.80 miles per hour. From 
Buffalo to Niagara Falls is, of course, a very short 
run, and will, doubtless, be made by all the excur- 
sionists, especially as at the great cataracts there 
are to be seen examples of high-power modern 
electric generation, transportation, and application. 
Many of the visitors, especially members of the 
Institution of Mechanical Engineers, will prefer to 
take Pittsburgh on the way to Chicago, as they 
will require to proceed direct from the latter city 
to the Exhibition. Between Buffalo and Pitts- 
burgh there are three alternative routes varying 
considerably in length: that of the Pennsylvania 
Railroad Company’s is the shortest—207 miles ; but 
the Lake Shore route of 260 miles is covered in the 
shortest time, and offers scenic attractions. The 
scheduled time on the latter is 7 hours 5 minutes 
by express train, the running speed being 39.39 
miles, whilst the Pennsylvania Railroad time is 
8# hours, the running speed being 34 miles 
per hour. We have in this case a remarkable 
instance of one of the disadvantages of travelling in 
America—the long station stops. It seems sur- 
prising that in a trip of 260 miles these stoppages 
should consume, even with slow trains, 105 
minutes, while with the fastest train 29 minutes are 
lost. The distance between Pittsburgh and Cleve- 
land is from 135 to 150 miles, according to the four 
routes available, and the best trains take 3 hours 
30 minutes, including 10 minutes for stoppages, 
giving an average speed of 42 miles per hour. 
There are several of these trains, so that the distance 
between these two important engineering centres 
can quickly be covered. Between Cleveland and 
Chicago there are again four routes, the distance 
varying from 339 to 407 miles. The Lake Shore 
route again offers the fastest line of communication, 
the 342 miles being covered in 7} hours, including 
only eight minutes for stoppages, so that the 
running speed is just over 48 miles per hour. 
Other trains take from 9 to 12} hours. From 
Pittsburgh to Chicago direct there are three routes, 
varying from 468 to 507 miles, and the best time 
by the Pennsylvania Railroad is 12 hours 40 
minutes, giving a running speed of 37.83 miles per 
hour. 

St. Louis will naturally be the focus for all the 
traffic, and we tabulate the range in mileage 
of alternative routes from various centres to St. 
Louis, with the best speed attained by trains, the 
shortest time occupied, and the company which 
attains this performance. 


Distance and Train Time from Various Engineering 
Centres to St. Louis. 


. Company 
, Dir- Jour- | « F 7 " 
From tance. | ney. Speed. a 








minjmls. per 


excluding in both | 
as well for the visitor to gain some | 


scturing activities, of the States, and he | 
aarp from New York to Buffalo | ton, which, to those who have not visited these 
River Hudson to Albany, | centres, will offer attractions. 
ital of the State of New York, and, | Philadelphia the Pennsylvania route is 353.7 miles 
a detour here to the Adiron- | 
The complete railway journey |8 hours 40 minutes, attains an average running 
to Buttalo can be made by | 
in length from 410| whose running time is between nine and ten hours, 
route—where also| but it cannot fail to be noted that, even in this busy 
attained —is that of the} route, and on one of the best American roads, the 
along | time taken is very much in excess of that on the 





our 
Chicago to St. Louis. 284t0293| 8 0* | 38.80 
uffalo , 4 .. 741 | 1815 | 42.03 |Wabash R, 
Cleveland,, ,, .. 548t0600| 14 20 | 40.53 
Pittsburgh to St. Louis 635,,697' 17 5 39.44 P. RR. 
Baltimore to Pitts i 
burgh .. 382,,342 9 0 | 38.96 ||P. R. R. 


Cincinnati to St. Louis 342/385 825 41.45 |B. & 0.8. W.R. 
* All three companies—Illinois Central, Wabash, and Chicago 
and Alton—cover the distance in 8 hours ; the names are given in 


the order of their distances, the first being longest. 


Some members may travel to the Far West, and 





in this connection it is probable that special ex- 
cursion rates will be available ; but it is too wide a| 
field for us to enter upon. Son:e of the members of ! 


the Iron and Steel Institute again may care to 
travel south to the new iron-ore fields in Alabama; 
but even in such case the majority will probably 
return to the Eastern States by Pittsburgh, as it is 
the most direct route to Philadelphia and Washing- 


From Pittsburgh to 
long, and the best train, doing the journey in 


speed of 41.69 miles. There are several trains 


London to Glasgow and Edinburgh journeys. The 
90 miles between Philadelphia and New York are 
traversed, as a rule, in an hour and three-quarters, 


hours, at a speed of 49 miles an hour; while 
Washington is reached by as short, although not 
quite as fast, a journey. The 235 miles which 
separate New York City and Boston are covered 
in from five to six hours, running at speeds ranging 
up to 48.38 miles. The members may thus take 
any of their journeys in comparatively easy stages. 

It is, perhaps, to be regretted that none of the 
visits of the British institutions will coincide with 
the International Engineering Congress under the 
auspices of the American Society of Civil Engi- 
neers, which is to be held at the St. Louis Exhibi- 
tion from October 3 to 8. This Congress has been 
arranged as one of a series under a new system, 
which will include fifteen different congresses, em- 
bracing all departments of scientific activity. From 
September 12 to 17 there will be one on electri- 
city ; another will deal with aeronautics. For all 
of these congresses, men distinguished in their 
respective departments of science, philosophy, 
literature, art, agriculture, trade, or labour, Lave 
been specially invited to inaugurate a discussion, 
such members having all their expenses paid. 
This seems a most reasonable proceeding in such 
cases, and it will be interesting to watch the 
result. In such instances there is a tendency 
for the place-seeker to assert himself by bringing 
influence to bear on those responsible for selection ; 
but, under careful administration, men of un- 
doubted eminence will be secured for the inaugu- 
ration of important discussions. The Engineering 
Congress, to which we have specifically referred, 
will have 23 subsections, and it would be difficult 
to find a branch of engineering work not repre- 
sented in the programme: one section is devoted 
to steam-turbines, another to naval architecture, a 
third to marine engineering, a fourth to ordnance, 
a fifth to fortifications, a sixth to mining engineer- 
ing, and others to steel manufacturing, fortifica- 
tions, education, harbours, natural waterways, 
artificial waterways, lighthouses, shipping traffic, 
water purification, irrigation, railroad terminals, 
underground railroads, locomotives, live loads for 
railroad bridges, refuse disposal, tunnel ventila- 
tion, highway construction, concrete steel construc- 
tion, deep foundations, We. 








THE RIGHT OF PROPERTY IN SHIP- 
BUILDING MATERIALS. 

A casE of considerable interest and importance 
to shipowners and shipbuilders was heard and 
decided in the House of Lords on March 4. The 
question under discussion was the determination 
of the time when the right of property in the 
materials, which are used in the course of building 
a vessel, passes to the person who orders the vessel 
to be built. It might seem at first sight that this 
is a problem which can only appeal to the legal 
mind ; as a matter of fact, however, it is one of 
vast practical importance when considered in rela- 
tion to the possible insolvency of a shipbuilder 
whose stocks are filled with vessels in the course 
of erection. 

The facts of the case under notice may be shortly 
stated as follows:—A firm of shipbuilders in 
Glasgow—-Messrs. Carmichael, Maclean, and Co.— 
were under contract to build a vessel for Messrs. 
Macbeth and Gray, to whom we shall hereafter 
refer as ‘‘ the shipowners.” In order to carry out 


their contract, they entered into an arrangement 
with Messrs. Young and Alexander, iron mer- 
chants, of Glasgow, by which the iron merchants 
were to supply the stecl necessary for and to be used 








in the construction of the vessel. The contract 
between the shipbuilders and the shipowners con- 
tained the following clauses :—‘‘ The vessel as she 
is constructed and all her engines, boilers, and 
machinery, and all materials from time to time 
intended for her or them, whether in the building 
yard, workshop, river, or elsewhere, shall imme- 
diately as the same proceeds become the property of 
the purchasers, and shall not be within the ownership, 
control, or disposition of the builders; but the 
builders shall at all times have a lien thereon for their 
unpaid purchase money.” By Article 5 it was de- 
clared that ‘‘in the event of the builders making 
default in the prosecution of the construction of the 
vessel, engines, boilers, and machinery, or making 
default in her delivery by the date stipulated, it shall 
be competent for (but not incumbent upon) the pur- 
chasers to take possession of the vessel in her then 
state, and of all her engines, boilers, and machi- 
nery, and all materials intended fur her or them, 
as before mentioned,” and to complete the vessel. 
Under the contract between the shipbuilders and 
the iron merchants, the place of delivery of iron sup- 
se was stated to be ‘‘ free on trucks, Greenock.” 

ntimation of the arrival of the goods at Greenock 
was given to the shipbuilders, whose storekeeper 
went to the station and selected the portions which 
were immediately required. These were sent on 
to the shipbuilding yard, the remainder being 
allowed to remain in the station yard until they 
were needed. The superintendent engineer em- 
ployed by the shipowner went to the shipbuilders’ 
yard and saw the materials there. The ship’s 
number and the place which they were to occupy 
in the ship were also marked upon them. The 
shipbuilders having got into difficulties, the ques- 
tion arose whether the iron materials which had 
been delivered at the yard were the property of 
the shipbuilders, or whether they had become the 
property of the shipowners under and by virtue of 
the agreement above set out. The Lord Ordinary, 
sitting at the Court of Session, held that the 
property had passed to the shipowners, and gave 
judgment accordingly. When the case reached the 
House of Lords this decision was overruled, the 
Lord Chancellor saying, in the course of his judg- 
ment :—‘‘The difficulty in the way of the conten- 
tion put forward on the part of the respondents is 
that there was no sale except of a complete ship ; 
there was no sale of these’ materials required for 
the ship. The case is governed by the decision of 
this House in Seath v. Moore (1886), 11 A.C., 
350, where Lord Watson said :—‘ There is another 
principle which appears to be deducible from these 
authorities, and to be in itself sound, and that is 
that materials provided by the builder, and portions 
of the fabric, whether wholly or partially finished, 
although intended to be used in the execution of 
the contract, cannot be regarded as appropriated 
to the contract or ‘‘sold” unless they have been 
affixed to or in a reasonable sense made part of the 
corpus.’ The facts of that decision are virtually 
identical with those in this case, except that in 
‘Seath v. Moore’ there were five contracts, whereas 
here there was only one.” 

It will be observed that the above case was de- 
cided in accordance with principles of law which 
are applicable in Scotland ; but it is stated that the 
law of England is similar to the law of Scotland in 
this respect. The Mercantile Law Amendment 
(Scotland) Act (19 and 20 Vic., ch. 60, s. 1) pro- 
vides that:—‘‘ Where goods have been sold, but 
the same have not been delivered to the pur- 
chaser, and have been allowed to remain in the 
custody of the seller, it shall not be competent 
for any creditor of such seller, after the date of 
such sale, to attach such goods as belong to the 
seller by any diligence or process of law, includ- 
ing sequestration, to the effect of preventing the 
purchaser or others in his right from enforcing 
the delivery of the same.” It has been decided 
that this section imposes no limitation upon 
the right of the seller’s creditor or trustee until 
the contract of sale is so far completed as to 
confer a proper jus ad rem upon the purchaser. 
Lord Watson has also decided that the same cir- 
cumstances which in England sustain the inference 
that a chattel has been ‘‘sold” to the effect of pass- 
ing its property to the vendee will, in Scotland, 
generally be sufticient to give him a jus ad rem 
under the above Act. 

Thus, Lord Watson, in giving judgment in Seath 
v. Moore, said :—‘‘ So faras I understand the laws 
of the two countries, the same circumstances and 
considerations which, in England, sustain the in- 
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ference that a chattel has been ‘ sold’ to the effect 
of passing its property to the vendee, will, in 
Scotland, generally be sufficient to sustain the 
inference that it has been ‘ sold’ to the effect of 
transferring the risk to the purchaser, and giving 
him a jus ad rem, enforceable against creditors of the 
seller under the Act of 1856.” 

We must confess, however, to a feeling of doubt 
whether the case under notice would have been 
decided in this way in an English court of law. 
The English law upon the question is now to be 
found in Section 17 of the Sale of Goods Act, 
1893, which provides that (1) where there is a 
contract for the sale of specific or ascertained goods, 
the property in them is transferred to the buyer at 
such time as the parties to the contract intend it 
to be transferred. 

(2) For the purpose of ascertaining the intention 
of the parties, regard shall be had to the terms of 
the contract, the conduct of the parties, and the 
circumstances of the case. In other words, the 
contract may include a conveyance : ‘‘ Where, by 
the contract itself,’’ says Lord Wensleydale, ‘‘ the 
vendor appropriates to the vendee a specific chattel, 
and the latter thereby agrees to take the specific 
chattel and to pay the stipulated price, the parties 
are then in the same situation as they would be 
after a delivery of goods in pursuance of a general 
contract. The very appropriation of the chattel is 
equivalent to delivery by the vendor, and the assent 
of the vendee to take the specific chattel and to pay 
the price is equivalent to his accepting possession. 
The effect of the contract, therefore, is to vest the 
property in the bargainee.” Certain rules are also 
laid down in the Sale of Goods Act which enable 
the question to be determined whether the property 
in the goods has passed. Thus it is provided by 
Section 18 (2) that unless a different intention 
appears where there is a contract for the sale of 
specific goods, and the seller is bound to do some- 
thing to the goods for the purpose of putting them 
into a deliverable state, the property does not pass 
until such thing be done, and the buyer has notice 
thereof. The question in the case under review 
was whether the terms of the contract between the 
shipowners and the builders were such as to give 
the owners an immediate right to all materials as 
soon as they were brought to the premises. The 
material words are printed above in italics. 

It has been decided in numerous cases that a 
right of this kind may be conferred if the proper 
words are inserted in the agreement. This point 
has frequently been discussed in building cases. 
In a well-known case (Reeves v. Barlow, 1884, 
12 .B.D., 436) an ordinary building agree- 
ment contained the following clause :—‘‘ That all 
building and other materials brought by the in- 
tended lessee upon the land shall, whether aftixed 
to the freehold or not, become the property of the 
intended lessor. It was decided that the moment 
the materials were brought on the premises the pro- 
perty in them passed in law to the building owner. 

In the case of ex parte Barker ((1884)26Ch. D. 510) 
it was provided ina shipbuilding agreement, with the 
ordinary clause for payment of the first instalment, 
that the steamship and engines, and all belonging 
to her and them, or so much thereof as should be 
then built or bought or ordered for her or them, 
should be and remain the absolute property of the 
buyers, subject only to the lien of the builders for 
any unpaid purchase money. After the payment 
of the first instalment on which this vesting clause 
took effect, the shipbuilder committed an tact of 
bankruptcy on February 7, and on February 9, 
Smith, the agent of the purchasers, a Portuguese 
company, went into possession of the ship and 
materials under the seizure clause. It was decided 
that the materials were the property of the 
purchasers as against’ the shipbuilder’s trustee in 
bankruptcy, and by the Court of Appeal, after con- 
sidering and interpreting both the vesting and cer- 
tain seizure and user clauses, that the seizure clause 
was either equivalent to the vesting clause or less 
exclusive, and that, therefore, Smith, in seizing as 
he did, only took possession of property already 
belonging to the Portuguese company. 

In the above cases it will have been noticed that 
the use of the specific words had the effect of pass- 
ing the property, and the decision in the House of 
Lords’ case may be explained by the fact that the 
words which we have printed in italics are not 
nearly so comprehensive as those discussed in 
ex parte Barker. There is plenty of authority for 
showing that if no such words are used, the Court 
will regard the sale as the sale of a ship simpliciter. 


In the case of Woods +. 


Russell (5 B., and | There was first a serious railway strike which 


A. 942), which was decided in 1822, the plaintiff, a| involved not only very great inconvenience to th 
shipbuilder, undertook to build a ship for the de-| general community, but considerable expense — 


fendant. Before completion he committed an act | 


of bankruptcy, as a result of which the defendant 
decided to seize the ship. He also seized a 
rudder and cordage which had not yet been 
attached. In deciding that the defendant was 


entitled to the rudder and cordage, Abbott, C.J., | 


| 


said :—‘‘ As to the rudder and cordage, as they 
were bought by Paton specifically for this ship, 





loss of revenue to the railway manageinent. Th 
drought experienced was unparalleled in sovesiie 
and in the extent of area affected, and involved the 
carriage of water, fodder, and other necessities to 
sustain stock, at only about a quarter the ordinar 
rates. The Government agreed to pay 46,388) fon 
the carriage of grain to keep stock alive, but a art 
from this, there was a very serious loss to ‘the 


though they were not actually attached to it at the| department. It is noted in the report that there 


time his act of bankruptcy was committed, they 
seem to us to stand upon the same footing with 
the ship, and that if the defendant was entitled to 
take the ship, he was also 
rudder and cordage as parts thereof.” 


entitled to take the| conduct of the traftic. 
| greatly reduced. 


have been many spontancous expressions of satis. 
faction received from the people interested, bear. 
ing testimony to the zeal and care displayed ‘in the 
The traftic receipts were 
The Commissioners had deter. 


This decision, however, was questioned by Lord| mined to carry out what are called in the report 
Chief Justice Jervis when, in delivering judgment | *‘ belated repairs,” as it was found that much of the 
in Wood v. Bell (6 EK. and B., 355), he stated the| permanent way and rolling-stock was in a very 


real question to be ‘‘ What is the ship ? not, What | unsatisfactory condition. 
| past financial year it was decided to spend under 


is meant for the ship,” and that only the things 
can pass with the ship ‘‘ which have been fitted to 
the ship and have once formed part of her although 
afterwards removed for convenience.” 

A correspondent has very properly drawn atten- 
tion to the fact that if a contract of this kind were 
capable of the interpretation put upon it by the 
shipowner, the merchant who supplies goods to a 
shipbuilder might find himself ina very undesirable 
position if the builder went bankrupt. As we have 
pointed out that it is possible for an agreement to 
be framed which will have this effect, every mer- 
chant who wishes to protect himself should apply 
to see the contract for the building of the ship 
before he forwards any materials. 











VICTORIAN RAILWAYS. 

THE capital expenditure on Victorian railways is 
close upon 41 million sterling, and the average 
rate of interest payable on the loan is 3.86 per 
cent. The amount for interest to be earned by the 
working of the lines was, for the past year, 
1,473,532/. As a matter of fact, the net revenue 
resulting from the year’s operations only totalled 
1,108,278/., showing an apparent deficit of about 





365,0001. There falls, however, to be deducted 
from this seeming loss certain allowances which 
have been granted by other departments and by 
the Government of the Commonwealth—first, for 
services rendered to departments for which no pay- 
ment was received ; and second, for the carriage of 
grain to relieve distress, for which the Government 
became responsible. These allowances make up 
61,1611. But when pensions and gratuities granted 
by the railway department are reckoned—and their | 
inclusion seems only reasonable, as the annuities 
have been incurred on behalf of the service—then 
the year’s deficit becomes nearly 400,000/. Too 
much importance should not be attached to such 
deficits in a progressing colony, as they may be 
partly the result of concessions which bring their | 
profit indirectly in the development of the colony | 
at a faster rate than might otherwise be the case ; 
but there is no evidence in the report of the 
Victorian Railway Commissioners, such as we have 
in some other colonial railway returns, to show 
that the average rates charged for the conveyance of 
the staple agricultural and mineral products are 
exceptionally low. Such assurance would be 
specially welcome in view of the fact that the 
amount of the deficit continues large. The appa- 
rent loss, excluding pensions and annuities, has for 
several years averaged between 200,000]. and 
300,000). per annum. The amount paid in pen- 
sions is, it should be noted, steadily increasing : 
in the second half of the decennial period ending 
with 1900 the average was about 30,000/. per 
annum ; during the past five years it has advanced 
from 81,0001. to 93,5001., and averaged 90,0001. 
Lapse of time tends to seriously increase the pen- 
sion payments in any undertaking, and one may 
anticipate that there will be no decrease under this 
head. This is a point of special significance in 
view of the increase in Government and muni- 
cipal projects, and the significance of the Victorian 
railway charge, which to-day equals 8} per cent. of 








At the beginning of the 


this head one-half of the required sum of 260,000). 
but, chiefly owing to the authority to proceed with 
the work not having been issued until half the year 
had transpired, only 78,9131. was expended, and 
the whole of this has been added to the working 
expenditure, raising the cost per train-mile by 
1.84d. Among the results of this expenditure jt 
may be noted that 90 miles of new rails, Weighing 
80 lb. and 100 lb. to the yard, were laid, while 
13$ miles of unserviceable rails were replaced and 
328,000 new sleepers provided. Various other 
improvements have been made. 

This increased cost of maintenance, in association 
with a diminution in the traftic due to the strike, 
the drought, and the failure of the grain crop has 
caused the ratio of expenses to gross revenue to 
advance to 63.63 per cent.—the highest proportion 
for ten years. Train-mileage was reduced pro rata 
with the diminution in the volume of traffic and in 
therevenue. A million less miles were run by trains, 
because the tonnage of goods and live stock con- 
veyed showed a decrease of 370,000 tons, and the 
number of passengers of 2,700,000. The gross 
revenue of 3,046,8581. was, therefore, 320,000I. less 
than in the previous year. In other words, the 
gross revenue per mile of railway open has dropped 
to 9131., as compared with 1030/1. in the two pre- 
ceding years; this is the lowest for five years, 
But, owing to fewer trains, the revenue per train- 
mile continued about the same as in the preceding 
year—bds. 11d., from which it has not varied much 
during the past five years. 

Apart from maintenance, under which heading 
‘‘belated repairs” increased the charges, the working 
expenses have been reduced. The actual amount 
spent per average mile of track open was only 
5811., as compared with 6351. and 615/. in the two 
preceding years. The cost per train-mile has not 
increased to any material extent, being 3s. 9.234d., 
as compared with 3s. 8d. in the previous year, not- 
withstanding that the cost of maintenance was 1s. 
as compared with 10$d. per train-mile. This is the 
result of stringent economy. ‘‘ In order to meet the 
exigencies of state finance,” a scheme was evolved 
to achieve a substantial reduction in the amount re- 
quired to coverordinary working expenses. The work 
of a large proportion of the staff is now limited to 
an average of five days per week. The train-mileage 
has been reduced, and employés whose services are 
not actually required have been granted extended 
leave, while the annual leave has been reduced by 
half, and the payment of increments to employes, 
who are in receipt of over 125]. per annum, was 
stopped ; various other privileges and concessions 
hitherto enjoyed by the staff have been considerably 
curtailed or entirely abrogated. These reforms 
have been in force during part of the past year, and 
have had their effect in reducing the cost of the 
transport, which, but for the increased expenditure 
on maintenance of way, works, and buildings, 
might have shown a decrease. It is possible, there- 
fore, that, notwithstanding the heavy amount to be 
spent on ‘‘belated repairs,” the current years 
operations may not prove so disastrous, especially 
if the crop is good, as seems probable. The 
improvements involved in the undertaking now of 








| fluence the trend to which we have just referred. 





renewals may result in lessening expenditure in the 
future; but continued vigilance in maintenance, 
courage to meet ever-recurring requirements, and a 
thorough businesslike policy, recognising the claims 
of the future rather than the profits of the moment, 
can alone place colonial railways in a sound financial 
position. 


the net earnings, as compared with 5 per cent. 
fifteen years ago, should not be lightly passed 
over. 

So far as the results of the working of the lines 
during the past year are concerned, exceptional 
conditions were met with; but these do not in- 
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—=—=———_— 
THE LAMME SINGLE-PHASE MOTOR. 


of the many attempts being made at the 

resent time to devise a satisfactory single-phase 
iro for traction purposes, it will be interesting 
to give an account of the principle of the Lamme 
motor, which has been adopted by the American 
Westinghouse Company for the equipment of the 
Fort Wayne-Springtield and Indianopolis-Conners- 
ville lines. ‘These lines are respectively 110 and 53 
miles in length, and will constitute the first ex- 
amples of the use of single-phase alternating current 
on a traction scheme of any magnitude, so that the 
results of the experiment will be of great interest 
to those who look to this system of power trans- 
mission for the solution of the problem of the 
electrification of main railway lines. | j 

The Lamme single-phase motor is of the lami- 
nated-field series-wound type, and bears a_very 
close resemblance to that developed by Dr. Finzi, 
at Milan, the results of tests of which were given 
on page 431 ante. The difficulties common to 
all motors of this type are the excessive sparking 
at the brushes and the low power factor, and Mr. 
Lamme claims to have overcome them ‘‘not by 
merely modifying the arrangement of parts of the 
ordinary series-wound motor, but by providing that 
certain definite proportions and relations shall 
subsist between such parts, together with various 
novel features in the construction of the motor” 
(Patent No. 26,746, 1902). The relation between 
the self-induction of the field-magnets and the 
armature reaction in a motor depends upon the 
relative number of ampere-turns on field and 
armature, the speed of rotation of the arma- 
ture, and the frequency. As long as the flux in 
the iron is kept below saturation point, the mag- 
netisation both of fields and armature will increase 
almost directly as the current, and, consequently, the 
torque will vary as the square of the current—a 
most valuable property in motors for traction pur- 
poses. The self-induction, however, of the field 
increases with the strength of the latter, and at 
high values would cause a considerable decrease in 
the speed of rotation, whilst, on the other hand, if the 
strength of the field be kept constant, the speed 
will remain constant unless the self-induction of 
the armature should be very great. 

The first case--i.c., when the field is proportional 
to the current—provides, as noted above, favourable 
conditions for traction work; but under certain 
circumstances the maximum torque obtainable may 
be insufficient, whilst with a constant field the 
torque is not so limited, but other disadvantages may 
ensue. If, however, the two cases can be combined 
so that through a certain range of working the field 
strength is approximately proportional tothe current, 
and yet the motor can develop the required torque, 
the advantages of both systems may be gained. 

To procure the benefits of increased torque due 
to a field strength proportional to the current, some 
means must be adopted of limiting the self-induc- 
tion of the fields, so that the current is not choked 
back ; and the same reasoning applies to the arma- 
ture, the cross-induction of which exercises a similar 
choking action. It follows that the electromotive 
force of self-induction of the motor as a whole must 
be small, as compared with the impressed electro- 
motive force, at all loads. The relation between the 
electromotive force of self-induction of fields and 
the counter electromotive force of armature may 
be expressed by the following equation, which 
further shows the relations which must exist 
between the elements of the motor, the motor 
itself, and the external conditions :— 


K. M. F. of field self-induction Frequency 

Counter E. M. F. of armature ~ Poles ~ 

Field ampere turns Constant 
Armature ampere turns Purse 


The ratio of the field ampere turns to those of the 
armature will depend a great deal upon the design 
of the motor, but for good commutation the mini- 
mum value will range from 0.5 to 0.75 ; and when 
a definite value has been assumed for the left-hand 
side of the equation, the only other unknown ratio 
—that of the frequency to the poles x revs.—may 
be determined. An average value for this ratio 
may be taken as 0.625, and as the value of the con- 
stant in the equation is approximately 3.2, these 
terms cancel out. The limits of the other two 
ratios being now known, we see at once what are 
the necessary conditions for securing a relatively 
low self-induction of the motor field. 

The method of designing the elements of the 
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motor to obtain this result will now be described. 
The self-induction of both field and armature may 
be reduced by slots cut across the pole-faces parallel 
to the shaft of the motor, the teeth left between 
the slots being so proportioned that they approach 
saturation rapidly as the field current rises above 
the normal. This method is used also in the Finzi 
motor. It is, of course, not advisable to work at a 
high induction throughout the entire magnetic 
circuit of the tields, because of the large hysteresis 
losses and the amount of leakage which such a 
method would involve. The cross induction of the 
armature may be further limited by a secondary 
circuit formed of a closed coil or copper plate 
embedded in the slots, which will oppose the 
passage of the flux across the pole-face. If a con- 
ductor placed in the middle slot is continued round 
the back of the yoke, so as to form a closed circuit, 
it will then oppose the passage of the flux through 
the iron at the back of the slots. 

The armature winding is of the closed-coil type, 
the coils being connected to the commutator 
through comparatively high resistance strips, as 
in the case of the Finzi motor. These resistance 
strips are of German silver or some similar material, 
and may either be placed between the armature 
and the commutator, or inserted in the armature 
slots, beneath the winding. This disposition of 
them is both good from a mechanical point of view, 
and effects some saving in the over-all length of the 
motor. The function of the resistance strips is to 
prevent the relatively enormous currents which 
would be induced in the coils at the moment each 
is short-circuited under the brush, and thus to 
prevent the consequent destructive sparking at the 
commutator. The total resistance in the short- 
circuited coil should be suflicient to prevent the 
current induced in the coil from rising to more 
than twice the value of the full-load current ; 
but as the working current in the armature 
only passes through those resistance strips con- 
nected to the bars in contact with the brushes, the 
ohmic loss due to the strips has a very small effect 
on the efficiency of the motor. 

It will appear from the formula that the condi- 
tions for suitably low self-induction and the proper 
ratio of field ampere turns to armature ampere 
turns practically determine the number of poles the 
motor should have with a given speed and frequency 
in the line circuit. The motor will require a larger 
number of poles than a continuous-current motor of 
corresponding size, and, furthermore, for good com- 
mutation the armature circuits must be connected in 
parallel, and the number of turns in each coil must 
be small. It follows from this that the voltage is 
definitely limited, and must be lower than can be 
used for ordinary continuous-current motors. This 
is no great disadvantage, as the terminals of the 
motor may be connected to the secondary of a 
transformer which will reduce the line pressure to 
whatever may be required. If the transformer is 
wound to give a variable ratio of transformation, it 
will serve as a very eflicient speed-regulator, for the 
rheostatic losses in other systems are avoided, and a 
large starting torque may be economically obtained. 








RUSSIAN TRADE IN SIBERIA. 

THe military aggrandisement of Russia in the 
Far East has received so much attention at the 
hands of critics and observers generally, that the 
commercial expansion, which has gone along with 
it, has been dwarfed, and is very imperfectly 
realised. The building of Kharbin, ‘‘the Moscow 
of Siberia,” is the ultimate expression of this part 
of the policy, just as the building of Port Arthur 
and Dalny demonstrated the country’s purpose to 
rule the great domain of which she took possession 
in 1900. The rise of Kharbin is declared by the 
American Consul at Newchwang to be one of the 
greatest achievements in city construction the world 
has ever witnessed. Here, in the heart of Manchuria, 
Russia ‘‘ is asserting her intention of becoming an 
active industrial force in the affairs of the Orient, 
and her people are already giving the place the 
title of the Moscow of Asia.” It was only in 1900 
that Kharbin began to assume importance as the 
centre of the railway administration of the three 
Eastern provinces ; but by 1901 the population had 
grown to 12,000; in 1902, to 20,000; by May, 
1903, to 44,000; and in October, 1903, a census 
showed a population of 60,000, exclusive of soldiers. 
The city is located on the Sungari River, at the 
crossing of the Siberian Railway on its way to 
Vladivostok, 350 miles to the eastward. From 





Kharbin there runs south 600 miles to Port Arthur 
the Chinese eastern branch of the Great Railway. 
It is the geographical centre of Manchuria ; but it 
is more than that. It is the flour-milling centre— 
with a daily output of 4000 barrels—of a country 
which for hundreds of miles on either side pro- 
duces all kinds of cereals, tobacco, hemp, vegetables, 
and some fruits. Minerals, particularly coal and 
iron, are found on all sides, and immense forests 
of timber surround it. It is distinctively a Rus- 
sian city, and none but Russians and Chinese are 
permitted to own land, build, or engage in perma- 
nent enterprises. There were 40,000 Chinese there 
before the outbreak of the war, and the remainder, 
except about 700 foreigners, were Russians. It is 
the principal railway centre of Manchuria, the head- 
quarters of the civil courts, and the chief military 
post. Three million sterling have been spent in 
building what is called an administration city. In 
addition, there is the old city and the new, or busi- 
ness, city, all built of brick manufactured on the 
spot. Elegant residences and a theatre are among 
the structures now under construction. Flour- 
milling, brick-making, liquor and beer manufactur- 
ing, meat-packing and saw-mills are the leading 
industrial enterprises. The country around is 
said to produce the cheapest wheat in the world, 
and is also rich in all other farm products : 
cattle, sheep, furs, hides, and wool. Kharbin really 
seems a fitting place from which to manage and 
supervise Russian investments in Manchuria— 
valued at 52,000,000/. sterling, all made within the 
last three years. 

If the beginning of Dalny were unpromising, here 
at least seemed to be an opening for legitimate 
commercial expansion likely to yield highly profit- 
able results. In the Russo-Chinese Manchurian 
Convention of April, 1902, an understanding was 
reached under which this expansion might have 
gone on undisturbed, and the economic develop- 
ment of Manchuria have remained in the undis- 
puted control of Russia. In the second article of 
that Convention, the Chinese Government, in 
resuming possession of governmental and adminis- 
trative powers in Manchuria, confirmed the en- 
gagement strictly to observe the stipulations of 
the contract concluded with the Russo-Chinese 
Bank in regard to the construction of the railroad, 
and assumed the obligation to protect the railroad 
and its personnel by every means, besides pledging 
itself to guarantee the security in Manchuria of all 
Russian subjects who reside there, and the enter- 
prises established by them. In view of the assump- 
tion of these obligations by the Emperor of China, the 
Russian Government consented on its part to with- 
draw, in the course of six months from the signing 
of the convention, the Russian troops from the 
south-west portion of the province of Mukden ; in 
the course of the six months following to withdraw 
from the remaining portions of the province of 
Mukden and the province of Kirin ; and to with- 
draw in the course of the third six months from the 
province of Hei-lung Kiang. We all know that 
in the end the convention was thrown to the 
winds, and the work done by the establishment of 
Kharbin is in danger of being nullified, unless 
Russia emerges victorious from the present 
struggle. In other words, the two forces by which 
the empire has been ruled, and which have made 
it at once the greatest business enterprise, and 
the most perfect military despotism in the world, 
have at last demonstrated the impossibility of 
their acting in concord, and their collision 
threatens to bring about the ruin of the work 
of both. Only a few months ago there seemed 
no reason why Russia might not become a domi- 
nating factor in the commercial development 
of the Far East. Knowing the steps taken to 
press the sale of Russian goods, the methods 
adopted by the Russian railways to find a market 
for native products, and the interest displayed in 
developing the resources of Manchuria for the 
profit of Russians only, one is naturally driven to 
the conclusion that our trade had very little to hope 
for under a Russian régime in these provinces. 
Moreover, taking into consideration the fact that 
the Russian Government—by subsidies and boun- 
ties, and through its banks and railways—was 
engaging in industrial and commercial pursuits as 
a Government, and calculating on the cheap food, 
cheap and reliable labour, and the vast mineral 
resources that she would have at her command on 
the Pacific, the question of the Manchurian market 
became comparatively insigniticant, compared with 
the great problem of the markets of all Asia. 
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NOTES. 
Tue German SteEL Trust. 

AttnoucH the great German Steel Trust has 
only been such a short time in existence, it is 
claimed that its beneficial effects upon the German 
steel and iron industry are already distinctly 
perceptible. In the matter of regulating supply 
and demand the Trust is pushing ahead with 
deliveries of pig, as the stocks of this com- 
modity have been greatly reduced of late; the 
production in Upper Silesia is far below that 
of last year, and with the approaching spring the 
demand is likely to increase. The Phoenix 
concern has not yet joined the Trust, as it 
is holding out for another 50,000 tons, partly 
its own production and partly that of others, 
beyond the extra 24,000 tons already conceded ; 
this demand may stand in the way of the Phoenix 
joining the ring, which otherwise comprises almost 
all the large iron and steel works in Germany. 
The headquarters are at Diisseldorf, and the form 
of the Trust is a limited company, with rules to 
remain in force for 34 years. Amongst the twenty- 
seven works which form the ring are Thyssen 
and Co., Miilheim, Krupp, Essen, Gebr. Stumm, 
Neukirchen, the Bochumer Company, Laurahiitte, 


Oberschlesiche . Eisenbahnbedrarf, Rombacher 
Hiittenwerk, Hasper Eisen und Stahlwerke, 


Hoerder Bergwerks und Hiittenverein, Hoesch at 
Dortmund, the Deutsch-Luxemburgsche Bergwerks, 
Hiitten, &c. The Board comprises such men as 
Dr. Schmidt, from the Krupp firm : Mr. August 
Thyssen, Geheimerath Kirdorf, Commercienrath 
Gécke, &c., and numbers sixteen members. The 
many small cartels will be absorbed by the Trust 
and further tend to increase its importance, and in 
all probability the Phoenix will also join in the 
end. The Steel Trust is expected to do as well for 
the German steel and iron industry as has the Coal 
Syndicate for the German coal industry. 
Typr-PrintInG TELEGRAPHS IN BERLIN. 

The new kind of telegraph printing apparatus, 
which was introduced in Berlin last winter, com- 
bines the advantages of the exchange ticker with 
the telephone service facilities for intercommunica- 
tion of the subscribers with one another and with 
the exchange. Dr. Mantler, director of Wolff's 
telegraph oftice in Berlin, has taken the matter up, 
and the apparatus used represents improvements on 
instruments constructed by Dr. Raps, of Messrs. 
Siemens and Halske, in 1899. Dr. Kaps wished to 
devise apparatus which would enable large firms to 
communicate their telegraph messages direct to the 
nearest chief office, and to receive them likewise 
direct from there without the waste of time which 
the use of messengers involves. The mechanical 
power for his printing apparatus was derived from 
springs, to be wound up at intervals. This is now 
got from an electric motor. When the spring is 
wound up sufficiently, two carbon discs are sepa- 
rated from one another, and the motor is thereby 
cut out. The discs are themselves turned, so that 
the contact surfaces are kept clean. The instru- 
ments are type-printers of simple construction ; 
the printing magnet does not respond to the 
alternating currents which turn the type-wheel, 
and the latter is arrested when the current remains 
steady for a little while. By 1901 the apparatus 
had so far been improved by Stechern, as we 
see from the description which Adolf Franke 
gave before the Elektrotechnische Verein in 
December, that the telegraph department granted 
a concession. According to the agreement, the 
subscribers of the company enjoy the facilities above 
explained, and the company may further send group 
messages, as by the telegraph tickers. Since the 
apparatus must always be ready to receive and print 
a message, special switches had to be devised for 
these group messages. These switches interrupt 
any private communication which happens to pass, 
and, as long as the group signals continue, a small 
incandescence lamp glows in every instrument. 
Messrs. Wolff circulate their political news and 
the stock quotations in this way. The tele- 
graph department is by privilege empowered to 
take its wires along the public roads ; the company 
has, however, to come to terms with the authorities 
as regards this point. Originally, currents of 4 volts 
and of 8 milliamperes proved sufficiently strong to 
work the relays, but as the earth potentials amount 
frequently to several volts, the batteries of accumu- 
lator cells had to be strengthened to 12 volts, 
giving currents of 12 milliamperes, Metallic loop 


circuits are applied only when indispensable. The 
new instruments compete, of course, with the 
telephone, and the central oftices are arranged like 
telephone exchanges. 


Liverroo, TRAMWAY FINANCE. 

Liverpool is one of the few cities where the 
tramways are expected to yield a profit for the 
relief of the rates. There are 103 miles of track 
electrically equipped, for the construction of which 
the credit of the ratepayers has been pledged to 
the amount of 1,863,485/., and during the past 
year they were rewarded by a sum of 32,0801. 
being transferred to the general rate account. This 
is barely equal to 1l. 15s. per 1001. of capital; but 
there is still room for doubt as to whether this result 
has been realised by sound financing. The working 
expenses include certain allowances-——equal to 34 
per cent. on the capital—for maintenance and re- 
newals, which in ordinary businesses would be 
charged to revenue. There is a sum of 106,916. 
put aside for interest and sinking fund, but as we 
have time and again pointed out, while this item 
will pay off capital in a period of years, the rate- 
payers will be left—perhaps before the capital is 
paid off—without any tramway or equipment, unless 
adequate provision is made for renewal and 
depreciation. Sound business demands that present 
gain should be partly utilised to provide sufti- 
ciently for future emergency, and thus a large 
reserve fund is required. It may be true that 
every generation should depend upon itself; but 
our successors will have enough to do to main- 
tain the necessary creations of their own era, with- 
out having to renew facilities which have become in- 
dispensable. After providing for the redemption of 
capital, the Liverpool Corporation have put aside 
64,1611. for reserve, renewal, and depreciation. This 
barely equals 35 per cent. of the capital, and is 
quite inadequate in view of the short life of electrical 
equipment. The time must therefore come when 
renewals out of revenue will be very heavy, and 
trouble may result if any reduction on the allowance 
for the relief of the rates has to be made. There 
are no $d. stages on the Liverpool tramways, and the 
average length of the ld. stage is 2} miles. With 
an increase in the year of 2 per cent. on the length 
of the track, the number of passengers has been 
augmented by 3.3 per cent. to 113 millions, and the 
gross receipts by 35 per cent. to 524,468/. The ratio 
of operating expenses to total revenue has slightly 
decreased to 64.24 per cent. ; but this does not in- 
clude sinking fund, depreciation, or reserve. The 
receipts per car-mile are 10.733d., the operating 
expenses, 6.983d.; interest and sinking fund, 
2.188d.; leaving 1.562d. for depreciation and relief 
of rates. Nearly 90 per cent. of the passengers 
pay 1d. fares; but the routes extend to over 10 
miles, and there is now through booking over the 
Lancashire line to St. Helens. Speeds have been 
increased as a result of the experience of the 
drivers, and on 10 per cent. of the track 14 miles 
per hour is now permitted, while on 54 per cent. 
more a 12 miles rate is authorised. A year ago 
10 miles was the maximum rate ; and the increase 
is partly justified by the statement of the chief 
constable, who says that the higher speed of tram- 
cars has educated all classes to be more careful, 
and that there are now fewer accidents. As it was 
found that cars with the top covered in earned 
180/. per annum more than those with the top open, 
an arrangement is being introduced on all cars to 
form at will a complete enclosure in inclement 
weather ; but with windows on all sides, which 
can be lowered, while the greater part of the roof 
is made up of sliding frames which can be housed 
in the central fixed part of the roof, extending 
| the full length of the car. 











GERMAN CoaL-MininG.—The production of coal in the 
Zollverein, in the first two months of this year was 
19,688,031 tons, as compared with 18,811,156 tons in the 
corresponding period of 1903, showing an increase of 
876,875 tons. ‘he production of lignites was 8,084,706 
tons, as compared with 7,558,730 tons, showing an increase 
of 525,976 tons. 


Prrsonat.—The Committee of the British Corporation 
for the Survey and Registry of Shipping have promoted 
Mr. Benson Taylor, Principal Shipwright Surveyor at the 
Head Office in Glasgow, to the position of Assistant 
Chief Ship Surveyor.—Messrs. Green and Boulding, of 
105, Bunhill-row, E.C., have been appointed sole European 
agents for the Star Brass Manufacturing Company, of 
Boston, Mass., and all communications on their business 
should be addressed to them as above, since their late 
office in Queen Victoria-street is now closed. 





ELECTRIC GENERATING STATIONS, 


Ow Monday, March 28, before the Royal Institute 
of British Architects, Mr. Stanley Peach read an j 
teresting paper dealing with electric generating 
stations, principally from the architect’s point of view 

Twenty years ago, power stations as we know them 
to-day were non-existent, and it is within the last 
fifteen years that the evolution of the enormous struc 
tures devoted to the supply of electric power has bbe 
accomplished. YT oreign countries took the lead in 
this development, and they still hold the first position 
as regards central stations of size and importance, go 
that we, in this country, may, to some extent follow 
their lead in construction, of course avoiding their 
errors by the light of the experience since gained 
The buildings which come within the scope of this 
paper fall roughly into three classes—power stations 
substations, and direct-supply stations, the latter 
being either simple or composite. 

The nature of the initial source of power must exert 
a preponderating influence on the design of the power 
station. As far as this country is concerned, water. 
power stations may be neglected, though abroad they 
are important in size and number. Illustrations of 
the plant and buildings at Cheévres, Niagara, Tivolj 
Geneva, Rheinfelden, &c., were projected on the 
screen, and Mr. Peach pointed out the principal 
architectural features of each in turn. The (Con. 
tinental stations were particularly noticeable for the 
harmony of the design with the surroundings, whether 
buildings or landscape. The construction of steam. 
power stations was more complicated than in the case 
of water-power stations, as provision had to be 
made for boilers, coal storage, &c. A large number 
of steam-power stations were shown on the screen, 
including all the most notable examples of European 
and American practice. Many fine chimneys were 
also shown to illustrate various ways of ornamen- 
tation and construction, the chimney of the Munich 
Corporation causing considerable amusement by the 
extent to which the designer had carried the 
craze for ornamentation. The arrangement of the 
large modern American stations was almost identical 
with that proposed by Mr. Ferranti for Deptford so 
many years ago, and Mr, Ferranti’s extraordinary 
prescience might be realised by a comparison between 
that gentleman’s original drawings, which were framed 
on the walls, and a drawing of the Manhattan Station 
which hung beside it. The chimney shafts of the 
American stations were now frequently made of steel, 
standing on a brick pedestal of about the same height 
as the buildings. As this type of construction was 
likely to become common in this country, the author 
gave the following data of the chimneys of the Water- 
side Power Station, New York. The brick pedestal is 
80 ft. high, and above it there are three lengths of 
steel shell, each 44 ft. long and 8 in., 4 in., and 3 in, 
thick respectively. The joints of the shell-plates are 
riveted, and internal angle-irons carry the brickwork 
lining. This is of firebrick for about three-eighths of 
the height, and then of good ordinary brick, an air- 
space of about 4 in. being left between it and the shell. 
Serious trouble may occur owing to the expansion of 
the lining, which is about 6 in. in 100 ft. The headers 
may thus be snapped and the unsupported lining fall 
down. 

In stations built as compactly as those in New York 
the question of foundations was of the utmost im- 
portance. The weight was distributed unsymmetri- 
cally over a very small area, and if the subsoil was 
wet or soft, even the use of piling or retaining walls 
could hardly be relied on. In England we were not 
limited to an area of the size of a city block as in 
America, and it was mistaken economy to cramp the 
dimensions too much. [Illustrations of the stations at 
Philadelphia, Bristol, Chelsea, Grove-road, Berlin, 
Vienna, and many others were projected on the 
screen and commented upon by the author, who then 
turned to the question of sub-stations. 

These, by their very nature, must be placed in the 
centre of crowded localities, and formerly a vault 
under the street or a cellar was considered suitable 
for the purpose ; but their importance is now better 
recognised, and more attention is paid to their design. 
The provision of moderately handsome buildings, even 
at a slightly-increased expense, would often go a long 
way towards removing the objections of neighbouring 
property-owners and ingratiating the supply com- 
pany with its prospective customers. The sub-station 
at Bennett- street, Manchester, was an excellent 
example of internal arrangement. The high and low- 
tension switchboards were kept separate, but were 
placed on adjacent walls of the gallery, so that each 
was in full view of the engineer at the other, who also 
had an uninterrupted view of the whole of the running 
machinery beneath. The most satisfactory buildings 
for industrial purposes of any sort were those in the 
designing of which there had been a friendly co- 
operation between the architect and the engineer. 
The latter had to provide all the plant to be housed, 











and to see that it is arranged suitably for easy and 
economical working. He could not be expected to 
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ye the same minute attention to the building which 
=. tocontain it ; that was the province of the architect, 
a if he had an intelligent general knowledge of the 

‘ he plant, and kept in touch with the 


netions of th ; 2 
requirements of the engineer, would not fail to produce 


itable building. vl 
# rhe discussion was opened by Professor A. B. W. 


Kennedy, who said he was glad to seeso many people 

resent, and took it asa sign that the profession was 
becoming really interested in the question of suitable 
buildings for central stations. Af architects would not 
take the matter seriously, then it would have to be done 


by the engineers, for it was a pressing question and 
could not be shelved. 


gi 


He thought that Mr. Peach had 

been too modest in his paper, for no one could have 
messed from it that he had been professionally con- 
nected with many of the most perfect examples of 
central - station architecture in this country. The 
question of the vibration set up by the running machi- 
nery was one of the most serious that engineers had 
to face. The foundations, of course, must be separate 
from the walls of the building, and should be so de- 
signed as to have a long period of natural vibration. 
The shape of the foundations was very important, 
and their proportions should be more like those of a 
tile laid flatwise than, as usually, those of a brick 
set on edge. By suitably shaped foundations of 
sufficient area, all chance of rocking could be 
eliminated, and it was this rocking which was 
at. the bottom of most of the trouble experienced. 
The interposition of sand below the concrete block 
would also have a beneficial effect, and Mr. Peach had 
succeeded in-avoiding all vibration in the Central 
London Station by this method. Another point of 
importance in central-station design was the absence 
of all combustible material, for however confident the 
engineer might be that no fire could originate in the 
station, there was always the chance of danger from 
a burning building in the neighbourhood. 

Colonel Eustace Balfour remarked that the absence 
of water-power in this country involved the erection 
of chimneys which should constitute handsome and 
striking features of generating stations. Mr. Peach 
deserved much credit for the attention he had paid to 
the design of chimneys, and he might mention that 
Lord Wemyss had compared the first chimney of the 
Carnaby-street Station very favourably with the 
Campanile of St. Mark’s, at Venice. He endorsed 
Mr. Peach’s remarks about the necessity for close rela- 
tionship between the engineer and the architect. This 
need for co-operation began in the early days of rail- 
ways, and many famous stations bore evidence to the 
advantages to be gained from the mutual assistance of 
the two professions. 

Mr. Slater called attention to the advantages of 
water-power stations on the score of cleanliness, and 
maintained that whatever power was adopted, the 
best method was to have a large power-station in some 
place where it did not interfere with the neighbour- 
hood ; the small sub-stations caused little annoyance, 
and could easily be made to harmonise with their sur- 
roundings. The vibration from a large power-station 
was almost impossible to prevent. Vibrations, both 
of the earth and the air, were set up, and engineers 
did not seem to understand the matter; it was a 
common experience for a very unpleasant vibration to 
be felt a considerable distance away, although it could 
hardly be detected at points much nearer the running 
machinery. 

Mr. 8. Z. de Ferranti considered the paper most 
interesting and instructive to both engineers and 
architects. As a full and accurate record of the pro- 
gress made in the design of central stations, it was a 
very valuable contribution. He would like to know 
how the difficulties of the expansion of the firebrick 
lining of steel chimneys could best be met, as it was a 
very important matter. 

Mr. Arthur Wright called attention to the advan- 
tages of dividing risks in stations, so that the bursting 
of a steam-pipe, for example, should not cause the 
shutting down of a whole station. 

Mr. A. Gay said that, as regards vibration, there 
had been no difficulty whatever at Islington. The 
foundations of the buildings were taken below those 
of the engines, and were made wide at the bottom. 
There had been a slight vibration due to some pumps 
which were situated adjacent to a church, but it was 
found to be due to the suction-pipe having been em- 
bedded in one of the walls of the building. The addi- 
tion of an air-vessel at once stopped the annoyance. 
At another time the church authorities had complained 
of the air concussion caused by the exhaust from an 
engine, but the turning of the exhaust into the chimney- 
stack removed this cause of complaint. 

The author, in reply, thanked those present for their 
kind reception of the paper. The question of vibration 
Wasa very large subject. Aerial concussion from exhaust 
steam could be avoided by exhausting into a silencing 
chamber or carrying the outlet higher up. Other 
Vibrations could be minimised by paying attention to 
the foundations, and seeing that they were sufficiently 
large and wide at the base. The foundations should 
bear on their edges, as the tendency to rock is then 





minimised. Chambering the foundation block is a 
good way of ensuring that the full width of the base 
is efficient. As regards the expansion of the brick 
lining, sufficient space must be left above it to allow 
the elongation to take place. The largest amount he 
had ever measured was 9 in. in 100 ft.; and there was 
no doubt in the case, because the chimney had been 
cooled down for repairs, and the position of the lining 
when heated was clearly visible. 








THE WORLD'S PIG IRON. 

THE production of pig throughout the world showed 
an enormous increase during the 20 years ending with 
1902 inclusive, the yearly output during the two 
decades coming out as follows :— 


Year. Tons. 

1883 21,36",000 
1884 25,146,000 
1885 19,563,000 
1886 20,532,000 
1887 22,553,000 
1888 23,503,000 
1889 25,295,000 
1890 27,641,009 
1:91 25,723,000 
1892 26,493,000 
1893 24,781,000 
1894 25,861,000 
1895 29,275,000 
1896 30,795,000 
1897 33,270,000 
1898 26,506,000 
1899 40,394,000 
1900 40,837,000 
1901 39,936,000 
1902 43,502,000 


It will be observed that the output was doubled 
during the 20 years. (Great, however, as the advance 
has been, it becomes less imposing when the com- 
parison is extended back for another 30 years, the 
world’s output of pig in 1850 having been only 
4,671,000 tons ; in 1860, 7,400,000 tons ; and in 1870, 
11,900,000 tons. One substantial—and at the same time 
one grave—fact, which is established upon a further 
review of the production of the last 20 years, is 
the distancing of Great Britain as a pig-producing 
country by both Germany and the United States. The 
annual outputs of the three countries between 1883 
and 1902, inclusive, were as follow :— 








Year. Great Britain. Germany. United States. 
tons tons tons 

1883 8,490,224 3,469,719 4,595,510 
1834 7,575,604 3,600,612 4,097,868 
1885 7,297,295 3,687,434 4,014,526 
1886 6,870,665 8,528,658 5,683,329 
1887 7,441,927 4,023,953 6,417,148 
18838 7,898,634 4,337,121 6,489,738 
1889 8,245,336 4,524,658 7,603,642 
1890 7,904,000 4,658,451 9,202,703 
1891 7,406,000 4,641,217 8,279,870 
1892 6,709.255 4,937,461 9,157,000 
1893 6,976,990 4,986,003 7,524,502 
1894 7,427,342 5,380,039 6,657,388 
1895 7,703,459 5,064,501 9,446, 30. 
1896 8,659,681 6,372,575 1 
1897 8,796,365 6,881,466 
1898 8,631, LAL 7,312,766 
1899 9,421,000 8,143,132 13,620,703 
1900 8,968,570 8,520,540 13,789,242 
1901 7,929,820 7,880,087 15,878,354 
1902 8,517,695 8,529,900 17,821,307 


The great lead formerly taken by the United Kingdom 
is explained by the peace and security enjoyed by 
Great Britain while European nations were devas- 
tated by exhausting wars. _Our insular tranquillity 
led to a great accumulation of capital, and a vast 
development of industries of all kinds. Since, how- 
ever, the problem of German unification has been 
solved, and since Germany has proved her ability to 
defend herself, if need be, by arms, the industrial 
supremacy of Great Britain has been lost, although 
the lead obtained by Germany must be regarded at 
present as indecisive. With regard to the United 
States, it will be observed that they began to leave 
England behind in 1890, but during the next seven 
years their metallurgical production made no further 
very marked advance. Since 1897, however, the 
progress achieved has been simply stupendous. This 
is, no doubt, due to the fact that the heavy immigration 
into the United States has so considerably increased 
the population of the American Union that labour has 
become fairly abundant. During the last twenty years, 
also, there has been a vast accumulation of American 
capital. The Americans have also practically illimitable 
reserves of iron minerals in some of the Northern and 
Southern States, while their supplies of coal and lime- 
stone are almost equally inexhaustible. Nature has ac- 
cordingly marked out the great American Republic as 
pre-eminently an iron-making region. While there is 
also every facility for production on a great scale in 
the United States, the demand appears never to fail, 
as the Americans probably use iron and steel for 
building purposes more freely than any other people. 








A SPANISH EXuHIBITION.—An agricultural and indus- 
trial exhibition is to be held at Cordova next month. 
Agricultural machinery from 
admitted to the exhibition. 


all countries is to be 





CATALOGUES. 


A number of small electric fittings, such as dentists 
motors, water-level indicators, and lamp-testers, are 
described in circulars just published by Siemens’ Electric 
Aeeheneens Limited, of 61, Watling-street, E.C. 

We have received from the Fairbanks Company, 
78-80, City-road, London, E.C., a price-list of weighing 
machines for the use of shopkeepers, stores, and other 
purposes, a handy conversion table for English and 
American money, also leaflets describing their ‘‘ B and 
A” combination union-elbow valve for controlling hot- 
water warming apparatus, &c. 

Messrs. Fleming, Birkby, and Goodall, Limited, West 
Grove Mills, Halifax, and 39, Lime-street, E.C., have 
sent us their catalogue of leather and textile beltings, 
fasteners, &c. It includes a large variety of articles, and 
is well indexed and thumb-sectioned. The final section 
contains much useful information about belting and other 
matters. Adjustable drawing-boards, T-squares, &c., 
manufactured by A. G. Thornton, King-street West, 
Manchester, are described in a pamphlet they have sent 
us, which also contained a leaflet with particulars of the 
‘*Etna” india rubber, specially introduced for drawing- 
office use. 

Messrs. Ernest Newell and Co., Limited, of Misterton, 
Gainsborough, have published a new edition of their 
catalogue cf crushing and grinding machinery for rock 
ore, clay, or other minerals. 

Messrs. A. and J. Main and Co., Limited, of 44, Can- 
non-street, E.C., have sent us a copy of their catalogue 
of structural steelwork and of corrugated iron buildings. 
Amongst the illustrations we note one of the tranship 
sheds ae for the North-Eastern Railway Company at 
Carlisle. 

Messrs. Cloud and Nichols, of Strand-on-the-Green, 
Chiswick, London, W., English agents for the *‘ Buffalo” 
marine motors, have sent us a copy of their new price-list 
of such motors, the sizes Jisted ranging from 2 horse-power 
up to 40 horse-power. 

Messrs. Bolling and Lowe, of 2, Laurence Pountney 
Hill, E.C., have sent us a copy of their section-list of rails 
and steel sleepers. The sizes listed include tramway rails 
up to 1001b. per yard ; and bull-headed rails up to 951b. 
od ju ; and flange rails from 85]b. down to 81b. per 
yard. 








BrrMINGHAM.—In view of the general complaint of the 
growth of municipal rates, it is satisfactory to find that 
Birmingham is an exception to the almost universal rule, 
and that its rates are scarcely, if at all, increasing. 
The rateable value of Birmingham for 1904-5 is 2,858, 0002., 
showing an increase of 69,000/. as compared with 1903-4. 
The borough rate expenditure for 1904-5 is estimated at 
519,000/., as compared with 500,100/. in 1903-4, and a 
borough rate of 33. 7d. in the pound per annum is recom- 
mended for 1904-5, as compared with a corresponding rate 
at the rate of 3s. 6d. in the pound per annum for the tirst 
half of 1903-4. As regards the improvement rate, the 
amount required for 1904-5 is 248,000/., as compared 
with 241,650/. in 1903-4. The improvement rate recom- 
mended for 1104-5 is at the rate of 2s. 2d. in the pound per 
annum, as compared with 2s. 3d. in the pound per annuma 
year since. This reduction neutralises the increase of 1d. 
in the pound in the borough rate. The finance committee, 
in making its estimate for 1904-5, relied upon a contribu- 
tion of 35,000/. from the profits of the gas committee, 
instead of 30,000/. derived from the same source in 1903-4. 
The increase in the rateable value of Birmingham is 
attributable in great part to a re-valuation which has 
been carried out in the parishes of Edgbaston, Harborrre, 
and Balsall Heath, forming part of the King’s Norton 
Union. The previous valuation was made as far back as 
1872. The normal increase of rateable value in these 
parishes, due to the erection of new buildings, &c., is 
about 6000/. per annum:; but under the re-valuation the 
increase this year over last is 40,000/., showing that the 
ratepayers in this part of Birmingham have not for some 
years contributed their fair share to its local burthens. 


Water Suppty or Carpe Town.—The last stone of the 
reservoir wall of the Hely-Hutchinson reservoir has just 
been laid by his Excellency the Governor of Cape Colony. 
Mr. T. Stewart has been the engineer concerned. The 
reservoir is 2453 ft. above the sea level. It is situated on 
what is known as the lower plateau of Table Mountain, 
and it is intended to collect a portion of the water which 
flows off the mountain by the Hout Bay stream. The 
catchment area above the dam extends to about 500 acres, 
and is capable of yielding over 500,000,000 gallons in the 
driest years. The reservoir is designed to hold about 
200,000,000 gallons. It was filled to the extent of 100,000,000 
gallons at the close of the last wet season ; at present the 
quantity in store is about 68,000,000 gallons. The area 
covered by water when the reservoir is full is 40 acres. 
The dam which forms the new reservoir stretches across 
the valley immediately above the Woodhead reservoir. 
When the latter is full, the water just washes the base of 
the new dam. The top water level of the new reservoir 
is 49 ft. 6 in. above that of the Woodhead reservoir. The 
dam is built of masonry and concrete ; it is 1745 ft. 
long and 57 ft. high at the deepest point of the 
reservoir. The depth of the water which can be drawn 
off is 50 ft. The width at ground level of the dam is 
37 ft., and at the top 64 ft. ‘The dam is founded entirely 
on rock. Generally this was found at a depth below the 
surface of between 8 ft. and 12 ft. ; but at one point the 
excavations had to be carried to a depth of 69 ft., making 
the total height of the wall at this point 107 ft. The 
total quantity of masonry and concrete in the dam is 
about 47,000 cubic yards. The whole of the stone used 
was Table Mountain sandstone. . 
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LAUNCHES AND TRIAL TRIPS. 


On Saturday, the 5th ult., a cargo steamer, built for 
the German Steam Navigation Company ‘‘ Hansa,” of 
Bremen, was launched from the yard of the Flensburg 
Shipbuilding Company. ‘The chief dimensions of the 
vessel are :—Length over all, 405 ft.; breadth, extreme, 
51 ft. 6in.; depth, 31 ft. 4 in.; witha carrying capacity of 
about 6900 tons. On leaving the ways she was christened 
Trautenfels. 





On Saturday, the 5th ult., the steel-screw steamer 
Nicolas, built by Messrs. Craig, Taylor, and Co., Stockton- 
on-Tees, to the order of Sehor Ramon de Madariaga for 
the Sociedad Espanola de Navegasion, of Bilbao, pro- 
ceeded to sea for her trial trip, which proved very satis- 
factory. The leading dimensions of the vessel are 278 ft. 
by 40 ft. 8 in. by 20 ft. 6 in. moulded depth. She is con- 
structed to carry about 3000 tons deadweight on a light 
draught of water. The machinery has been constructed 
by the North-Eastern Marine Engineering Company, 
Limited, Sunderland, the cylinders being 20 in., 33 in., 
and 54 in. in diameter by 39 in. stroke, with two large 
steel boilers working at 160 lb. pressure. During the 
whole of the trip everything worked with the greatest 
smoothness, and a speed of 104 knots was maintained. 





On Sunday, the 13th ult., the steamer Axenfels, built by 
the Flensburg Shipbuilding Company for the German 
Steam Navigation Company ‘‘ Hansa,” of Bremen, left the 
Flensburg Harbour for her official trial trip. This passed 
off most satisfactorily. Her chief dimensions are as 
follow: — Length over all, 405 ft.; breadth, extreme, 
51 ft. 6in.; depth, 31 ft. 4in.; with a carrying capacity 
of about 6900 tons deadweight. 


On Friday, the 25th ult., the steel-screw steamer 
Gisella Groedel, built by Messrs. William Gray and Co., 
Limited, for the Groedel Brothers Steamship Company, 
Limited, of London and Budapest, had her trial trip in 
Hartlepool Bay. The vessel has the following principal 
dimensions :— Length overall, 324 ft.; breadth, 44 ft. 3 in.; 
and depth, 23 ft. 1 in. The engines, which are of the 
triple-expansion type, have been supplied from the Cen- 
tral Marine Engine Works of the builders, and have 
cylinders 23 in., 364 in., and 62 in. in diameter, with a 
piston stroke of 39 in. Steam is generated in two large 
steel boilers, designed to work at a pressure of 180 lb. per 
square inch. After adjustment of compasses, the vessel 
was put through the usual manceuvring to test her capa- 
bilities and the running of the engines, when everything 
went to the entire satisfaction of those on board. 





On Friday, the 25th ult., the steel- screw steamer 
Hieronymi, built by Messrs. W. Dobson and Co., Low 
Walker-on-Tyne, to the order of the Hungarian Levant 
Steamship Company, Limited, of Budapest, left the 
Tyne for her trial trip. The vessel is of the following 
dimensions:—Length between perpendiculars, 300 ft.; 
breadth, 45 ft.; depth, moulded, 22 ft. 1 in.; with a dead- 
weight carrying capacity of 4000 tons on a light draught 
of water. The propelling machinery, which has been 
supplied by the North-Eastern Marine Engineering Com- 
oany, Limited, at their Northumberland Engine Works, 
Vallsend-on-Tyne, consists of a set of triple-expansion 
engines, having cylinders 22 in., 36in., and 60 in. in 
diameter by 39 in. stroke, steam being supplied by two 
large steel boilers working at a pressure of 180 lb. to the 
square inch. On a four-hours’ full-speed trial and over 
the measured mile the machinery worked without the 
slightest hitch, and gave every satisfaction to all con- 
cerned. 





The Cornwall, one of the armoured cruisers of the 
County class, built at Pembroke Dockyard, and engined 
by Messrs. Hawthorn, Leslie, and Co., Newcastle, returned 
to Plymouth on Saturday, the 26th ult., from her 30 hours’ 
trial at one-fifth power. The average indicated horse- 
power was 4800, and the mean results attained were :— 
Steam at engines, 210 lb.; revolutions, 92.3 starboard and 
91.8 port ; coal consumption, 1.71 lb. per indicated horse- 
power per hour; mean speed on measured mile, 15.4 
knots. 





There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Wednesday, 
the 30th ult., a steel-screw herring drifter, measuring 
82 ft. by 18 ft. by 9 ft. moulded. The vessel has been 
built to the order of Messrs. Harrison and Dawson, 
engineers, Cheapside, Cleveland-street, Hull, who are 
fitting her with suitable engines. As the vessel left the 
ways she was christened the Lady Molly. 

On Wednesday, the 30th ult., Messrs. R. Craggs and 
Sons, Limited, launched from their Tees dockyard, 
Middlesbrough, a steel cargo steamer measuring 
340 ft. 6 in. long by 46 ft. beam by 24 ft. 4 in. deep. 
The machinery will be fitted by Messrs. Blair and Co., 
Limited, of Stockton-on-Tees, and will have cylinders 
234 in., 38in., and 64in. in diameter by 42 in. stroke, 
steam being supplied by two large single-ended boilers 
15 ft. 6 in. in diameter, working at a pressure of 180 Ib. to 
the square inch. The vessel has been designed to afford 
a very large cubic capacity, and is expected to lift about 
5200 tons deadweight on alight draught. She has been 
built to the order of Messrs. Morel, Limited, of Cardiff, 
and on leaving the ways was named Cyfarthfa. 


Messrs. Hawthorn, Leslie, and Co., Hebburn-on-Tyne, 
launched on Wednesday, the 30th ult., the first turbine 
nger steamer for service on the Canadian lakes. 

he vessel has been built to the order of the Turbine 
Steamship Company, Limited, of Hamilton, Ontario, 
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and has been named the Turbinia. The vessel has been 
specially designed for the new service between Hamilton 
and Toronto, and her dimensions, which enable her to 
pass the various locks between the sea and Lake Ontario, 
are:—Length, 260 ft.; breadth, 33 ft.; and depth, 
20 ft. 9 in. There will be accommodation for nearly 
2000 passengers. The vessel will be driven by three 
Parsons compound steam turbines, and a_ speed of 
21 knots will beattained. The Turbinia will begin running 
in the middle of the year, and considerable interest is 


being displayed in the venture by American and Canadian | 


shipowners. 





On Thusday, the 31st ult., there was launched from the 
yard of Messrs. William Doxford and Sons, Limited, 
Sunderland, a turret steamer named the Andros, a single- 
deck turret, built to the order of Messrs. Dryden, 
Davison, and Co., of London and Cardiff. Her capacity 
is 5400 tons deadweight on 20 ft. 6 in. draught. She is to 
have triple-expansion engines of 1200 horse-power, to drive 
her at 94 knots loaded. 





Messrs. Harland and Wolff, Limited, launched on 
Thursday, the 31st ult., the large twin-screw steamer 
Dunluce Castle from the south end of the Queen’s Island. 


| service of the Union-Castle Mail Steamship Company, 
Limited. The new vessel will have unusually complete 
accommodation for first, second, and third-class passengers, 
and will be fitted throughout with electric light. She 
will have large cargo-carrying and refrigerating capacity. 

|The steamship Norman, one of the mail steamers of the 
Union-Castle Line, which has undergone a thorough 

| overhaul and been brought up to date by Messrs. Harland 

| and Wolff, left Belfast on the same day for Southampton, 
to resume her place in the mail service. 


On Thursday, the 31st ult., the steel-screw steamer 
Lucy Anderson left the Tyne for her official trial trip. 
'This vessel, which has been built by Messrs. Wood, 
Skinner, and Co., Limited, Bill-Quay-on-Tyne, to the 
order of Messrs. Nielsen, Anderson, and Co., New- 
castle, is of the following dimensions :—Length, 220 ft.; 
| breadth, 35 ft.; depth, moulded, 16 ft. 2in. The propel- 
ling machinery, which has been supplied by the North- 
Eastern Marine Engineering Company, Limited, from 
their Wallsend Works, consists of a set of triple-expan- 
sion engines, having cylinders 17 in., 28 in., and 46 in. 
| in diameter by 33 in. stroke, steam being supplied by 4 
large steel boiler working at a pressure of 180 Ib. to the 
|square inch. During the trial the machinery work 


The vessel is 475 ft. long by 56 ft. 6 in. beam, and about | without the slightest hitch, and gave satisfaction to all 
8380 tons gross. She is destined for the intermediate | concerned. 

















Aprit 8, 1904] 


ENGINEERING. 513 








———————— 
THE 


Fug./. 




















2 





SOI 





























TION OF re 
| 4.P. HOURON 


= 














COMPARATIVE SPEED 
(o_ OF VESSEL | 
05 7 





o 
6-708) 


Revolutions 


INDUSTRIAL NOTES. 


THE question of fluctuations in employment was 
recently dealt with in a paper read before the Royal 
Statistical Society from the standpoint of ‘Trade 
Union Expenditure on Unemployed Benefit.” The 
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lof life. In reality, fluctuations in employment affect 
‘ the social and material welfare of the masses of the 
| people to a greater extent than most people seem to be 
|aware of. The money rate of wages is of less import- 
| ance than regular work. The family that can depend 
| upon a steady income is better off in the end than a 
|family whose earnings in the aggregate would be 
equal—or, indeed, a little more. It is difficult to 
| appraise the difference in figures, because of variable 
| circumstances and conditions ; but on a rough average 
| it might be said that a mechanic whose wages amount 
| to 27. per week, but who lost in time 20 per cent. of 
| the total, would not be so well off in the home as a 
|}man in regular employment at wages 25 per cent. 
less. That is one reason why the Engineers and other 
great unions try to minimise the loss in wages by the 
out-of-work fund—or donation benefit, as it is usually 
termed. There need be no accusation of wastefulness ; 
each family may be equally thrifty, but the results 
would be the same. 

.The writer of the paper declares that the results of 
investigations into fluctuations of employment show 
that the general statistics as to lack of employment 
” and unemployed benefit in trade-union returns practi- 
cally agree. Just so. The fractional differences are 
| of no great importance. The facts remain to all 
| intents and purposes. Out-of-work benefit in certain 
|trade unions representing great industries, like the 
| engineering and allied trades, building trades, textile 
| trades, and others, indicates the state of trade ; when 
|the amounts paid are large, they show that trade is 
| bad, not only in the particular industries represented, 
| but in others not directly included ; and lack of em- 
|ployment in a few important groups of industries 
writer maintains that ‘‘ whether the prosperity of the | would have far-reaching effects upon trades not even 
working classes is tested by the ites in money | remotely connected, for consumption shrinks as soon 
wages, or by lack of employment, or by the power of | as depressionin trade sets in. The writer thinks that 
consumption, or by the marriage rate, or by pauper-|the cost per member of out-of-work benefit as now 
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‘ism, a wonderful similarity of result is obtained.” | calculated—that is, the total cost divided by the 


This shows. how largely dependent are the conditions | aggregate membership—is less satisfactory than a 
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plan whereby the cost was divided by the total 
number of recipients. It might be desirable to have 
this aspect of the case made clear, but the divi- 
sion of total expenditure for this one benefit by the 
aggregate membership enables us to estimate the pro- 
portions in a trade who may be out of work at any 
given time, and generally the average for the whole 
year. From a national point of view, the effects of 
the unions’ out-of-work benefit upon the pauperism 
returns deserves more attention than is ever bestowed 
upon the subject. It saves the rates, and it preserves 
the self-respect of the workers. 

The report of the Independent Labour Party, 
presented at the twelfth annual conference, held at 
Cardiff this Easter week, is peculiarly unsatisfactory 
as regards the relationship subsisting between the 
trade unions of the country and the body represented 
by the conference. The report condemns the policy 
of the Government in respect of the fiscal question 
and Chinese importation into South Africa. But with 
that modesty for which the body is remarkable, it 
draws the conclusion that both political parties are 
helpless and hopeless: only the Independent Labour 
Party can set things right. The report states that 
it is gaining in numbers and in financial strength. 
It seeks by and through the Labour Representation 
Committee to control the situation. But its first 
attack, on the Member for Derby, has so far failed 
that only two dissentients were found in the meeting 
at which Mr. Bell’s position was canvassed and de- 
tined. It also has had the effect of causing the Member 
for Battersea to condemn the tactics pursued. The 
success of the Independent Labour Party seems to con- 
sist in the discord it throws into every movement 
which it touches. If it captures anything, that thing 
becomes of no value in its hands. It is autocratic in 
its action, methods, and plans. It wants all candidates 
for Parliament to submit to a test which neither 
Tories nor Whigs, Conservatives, Liberals, nor 
Radicals would ever submit to. 





The strike of textile operatives at Roubaix has led 
to severe measures on the part of the State and the 
Communal authorities. he operatives had organised 
an imposing demonstration on Maunday Thursday—on 
the eve of the day when the Millerand ten-hours law 
came into force ; but the Prefect of the Nord forbade 
the demonstration, and threatened to disperse the 
gatherings by force if the operatives attempted any 
kind of procession or open-air meeting. For this pur- 
pose all the open spaces were occupied by troops. 
Delegates from the meeting-place at the ‘‘ Hall of 
Peace” tried to arrange for a peaceful procession, but 
this was refused. The object of the gathering ap- 
pears to have been to protest against a reduction 
in wages consequent upon the application of the 
ten-hours law. The operatives demanded the same 
wages for ten hours as for the longer day. Well, 
after all, when the price of a quartern loaf is raised, 
the size and the weight remain the same, and vice 
versd. It was no serious offence to demand eleven 
hours’ pay for ten hours’ work. It is often done in 
this country, in the Colonies, in America, and else- 
where. ‘The total number said to be out of work on 
strike was 16,000 by Good Friday. The refusal to 
allow a peaceful protest against the effects of the law, 
otherwise good in itself, will be to create a feeling of 
distrust in the Government, and promote a more vio- 
lent socialism. We do things better here—in some 
respects at least. 





In no part of the world is the industrial ferment so 
active as in New York at the present time. Whatever 
the cause, or causes, strike after strike has been 
organised, and the Civic Federation has had its hands 
full of negotiations to appease the growing discontent, 
and to avert where possible an extension of the strike 
policy. The strike of building operatives has been 
going on for some time; it is said that 15,000 brick- 
layers are out on a question of wages. Last week 
some 27,000 labourers were on strike, and others were 
in a mood to follow suit. It is said that three-fourths 
of the building trade in New York is paralysed. The 
non-union element is to the fore, and this will, perhaps, 
add more friction to the disputes than even questions 
of wages. How overpoweringly strong that feeling 
may be was seen in the strike of the Brotherhood of 
Carpenters and Joiners against the members of the 
Branches of the British Society--the Amalgamated 
Society of Carpenters and Joiners—in which the latter 
was victorious. And yet all those men talk about the 
‘* solidarity of labour,” about brotherhood, socialism, 
and the like. It would seem that fire and sword 
represent the policy of the newer labour men, rather 
than peace and goodwill. But ‘those who use the 
sword shall perish by the sword,” and this seems not 
unlikely to be the result in New York. It is said 
by some friends of labour in the American States 
that the men are going too fast and too far, and are 
inviting a bad smash up. Some even suggest that the 


labour war is not a mere industrial contest, but that it 
is promoted for other purposes and ends. The leaders 
will doubtless reap their reward; but what of the 
victims ? 

The Colonies and British possessions in various parts 
of the world are so vast, and their resources so immense, 
that there is a danger of overlooking certain propor- 
tions and circumstances that determine their immediate 
value. The Dominion of Canada, Australia, South 
Africa, and the Empire of India are all striking ex- 
amples ; but, for the present, Canada claims attention 
as an instance not unworthy of careful and anxious 
thought. For many years there has been a growing 
desire to attract to Canada immigrants from the United 
Kingdom ; recently the impulse in that direction has 
accentuated. It is stated that 12,500 persons have 
passed through the Canadian Pacific Railway from the 
eastern to the western points of Canada during the 
last three months, 3000 of whom have arrived during 
the last three weeks. This news comes from Montreal. 
The great influx has aroused not only the attention, 
but the alarm of Canadian workers, and arrangements 
are now being made to send a delegate to Britain to 
explain to the working classes here the state of things. 
| They fear the effect of such an influx upon wages and 
the conditions of labour generally. There is room ; but 
| if the immigrants arrive too soon, there will be over- 
crowding. There is, indeed, overcrowding already. 
The reports of the engineers, carpenters and joiners, 
and other unions with branches in Canada frequently 
0int out the over-stocked state of the labour market ; 
but still others come. There is room, but there is need 
of regulation, so as to accommodate. The unfit might 
be excluded, and sent back; but the fit will soon 
become unfit if the conditions are overpoweringly bad. 
This is the immediate danger. 





It is a little strange, perhaps, that British industry 
should be so greatly affected, as it is, by holidays. 
For a time the three chief holidays—Christmas, 
Easter, and Whitsuntide—were the only ones that 
had to be seriously considered ; but now August Bank 
Holiday comes in for its share. Not that it is of itself 
of the same importance, but the holidays now mean 
the exodus of the more wealthy to the Continent, to 
the moors, or to the seaside. Trade has to fit itself in 
with those breaks in our industrial life. In the Mid- 
lands, represented by Wolverhampton and Birmingham, 
the iron and steel trades were quiet on the eve of the 
holidays, and during the past week very little of im- 
portance has been done. When trade is active the 
holidays are curtailed, but when it is slack they are 
apt to be extended. This year they have been rather 
extended. There was no great anxiety to resume 
work, as orders were not pressing. The same is true 
of the engineering and allied trades, and all the multi- 
farious hardware and other iron, steel, and metal-using 
industries. 


The same remarks apply to the engineering and 
allied trades, and the iron and steel trades in Lanca- 
shire, accentuated by the fact that the cotton trades 
are dull and on short time. Perhaps in no part of 
the country, or of the world, are the operatives so 
ready to enjoy a holiday as in Lancashire. If trade 
is good, the usual holiday in August constitutes a 
break which is enjoyed without stint. But enforced 
idleness is quite another matter. There is nothing 
to indicate any change for the better in the state of 
trade, but possibly when the people again settle down 
there may be a revival in some branches of trade. 
The feeling is more hopeful, and the tone of the markets 
has been a little better. 





The miners in the United States seem to have con- 
tinuous and continual differences with the ‘‘ operators,” 
the very term implies something different from em- 
ployers as we use the term here. At Des Moines, 
Iowa, work is suspended in every mine in the State, 
some 13,000 men being on strike owing to disagreement 
upon terms of employment. 


The quinquennial valuation returns of the assets and 
liabilities of friendly societies from 1891 to 1903 
have been issued as a blue-book by the Government. 
These show that 1071 societies, with 6,424,165 mem- 
bers, have a surplus of 1,500,852/. On the other hand, 
there were 2638 societies, with 1,539,087 members, 
having a deficiency of 5,739,941/. This is deplorable. 
The one grain of comfort is that the larger societies 
have, with a supreme effort, brought themselves within 
the pale of solvency. It would be a national disaster 
if those great aids to thrift were to come to grief by 
reason of insolvency. 





The Shop Assistants’ Annual Conference met this 
year at Glasgow in Easter week. The union has grown 
during the last few years until its membership has 
reached about 14,000. In Glasgow they will have a 
sympathetic public, for the Glasgow employers seem 
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to be ahead in their desire to make the iti 
t @ Cc ; 
favourable for this class of workers. Snititions 





The threatened strike in the bedsteac 
Birmingham has been averted. The goth =: . 
unanimous vote, resolved to resist the proposed with. 
drawal on the part of the employers of the 15 per 
cent. bonus agreed to when the metallic bedst i 
makers combined some years ago. The attitude of 
the men was so determined that the employers with 
drew their notices, so that there was no cessation of 
work. The collapse of the threatened strike was 
facilitated by the want of agreement among th 
employers. At Warrington they held aloof: * 
Birmingham many did not seriously intend to go into 
the contest; those outside the combine did not 
risk notices ; some inside did not agree. In the end 
the whole proposal was abandoned. 


The Admiralty, it appears, has made provision for 
a large increase in the number of established workmen 
during the current financial year, which began on 
April 1. The number sanctioned last year in the 
Royal Dockyards was 6136 of all trades; arrange. 
ments are now made fop 7000—an increase of 864 
There is a reduction in the staff of hired workmen : 
but the total of hired and established workmen is 
increased from 34,950 to 35,340. The wages vote for 
the year is 2,469,932/.—increase, 16,001/. 





A firm of Macclesfield silk - manufacturers hag 
secured an annual order for the Navy silk handker- 
chiefs to the number of 160,000 squares. The contract 
will give employment to a large number of hands in 
the silk trade for some months to come. Silk weavers 
like others in the textile trades, have not had a good 
time of late; this order will give a fillip to the 
industry. 





There is a peculiar cleavage between the mine- 
owners and the miners’ representatives on the Welsh 
Conciliation Board. The former claim a reduction of 
5 per cent., the latter have given notice of a further 
2} per cent. advance, making a total of 5 per cent. 
advance, or just equal to the claimed reduction. 
Perhaps the move is intended to counteract the pro- 
posed reduction, and keep the wages as they are. 

At a meeting of the Northumberland Coal Concilia- 
tion Board, held on Saturday, April 1, it was agreed 
to reduce miners’ wages 24 per cent. ; this re- 
duction only leaves the wages 18} per cent. above the 
standard of 1897. 

The fear that the coal tax may be increased has 
been set at rest. The Chancellor of the Exchequer 
declares that there will be no increase. He has con- 
sented to receive a deputation of Welsh coalowners 
upon its unequal pressure. 

The shipwrights report that trade is improving, 
after a time of rather severe depression. The total 
membership of the union is 19,367; the income for 
1903 was 40,644/.; the total expenditure was 33,900); 
the reserve fund has now reached 127,416/. The gain 
last year was a substantial one—6744. 





The losses in wages and in profits owing to the 
shortage of the cotton supply, and the consequent short 
time worked at the mills, is computed to be 150,000/. 
per week—wage-earners losing 110,000/. ; employers, 
40,0002. The losses fall upon a total of 1,000,000 
—. The aggregate loss this year is computed to 

equal to 1,375,000/. The effort to establish a 
colonial cotton-growing fund is said to have realised 
150,000/. to date. But it will require a much larger 
fund to meet the emergency. 








New York Susways.—A great subway will be opened 
in New York in June or July—probably on Indepen- 
dence Day, July 4. The work completed is as follows: 
—From Park-row Station to Canal-street, track laid, but 
not ballasted ; from Canal to 42nd-street, all four tracks 
laid and ballasted ; 42nd-street to 47th-street, rails laid 
down, but ballasting not complete ; 71st-street to 103rd- 
street, rails all down, but ballasting not finished; upper 
west side from 103rd-street as far as 139th-street, tracks 
laid, but not ballasted ; 97th-street to 112th-street, on 
each side double track laid, but only partially ballasted. 

he rock-work at Fort George is giving trouble to the 
men working southward, because of frequent collapses. 





THE Cost oF THE ADMIRALTY YACHT “ ENCHAN- 
TRESS.”—Mr. Pretyman, Parliamentary Secretary of the 
Admiralty, has informed Mr. A. Taylor that the tender 
accepted for the Enchantress, Admiralty yacht, was the 
lowest, but, like other Admiralty tenders, it was not 
accepted solely on that ground, but after full considera- 
tion of the offers from all points of view. It was not usual 
to state the amount of an accepted tender, but in view of 
the special circumstances, and the fact that this vessel 
will be completed in June next, there was no objection im 
this case to stating the price, which was 124,583/. 0s. 4d. 
As shown by the Navy Estimates for 1904-5, pages 230 
and 231, the expenditure on this vessel up to the 31st 
ult. is expected to be 93,036/., and 33,924/. is provided for 
the completion of the vessel in 1904-5. 
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<tKAM-TURBINE PROPULSION FOR 
STEAM MARINE PURPOSES.* 


| 
By Professor A. RaTrav, of Paris. 
ed, in a country which has given birth to | 
ne, to insist upon the interest attached to | 
f the steam turbine to the propulsion of | 
results which the distinguished | 


THERE is no ne’ 
the Parsons turbi 
lication 0 
tips. The remarkable ’ 
‘aventor of that engine has obtained are matters of 
in mon knowledge, and the author is one of those who 
ea most admired and appreciated the methodical 
manner in which these results have been achieved. 
Mr. Parsons has himself set them forth in the paper 
which he read before the Institution at the last summer 
meeting. 


This important question has also attracted much atten- 
tion in France for several years past, and I propose, 
therefore, to give the results which have been, so far, 
attained there. If these results are but slender, it is due 
to the fact that the means at our disposal have not been 
sufficient to enable more progress to be made. : : 

There are, at the present time, two ships fitted with 
our turbines—namely, the French torpedo-boat No. 243, 


and a first-class torpedo-boat built by Messrs. Yarrow and | 


(‘o. The latter alone has been constructed according to 
authorities upon the French bao agg aoe and the con- 
ditions laid down for its propel k 

difficulties that it has been impossible up to now to 
obtain a satisfactory speed with this vessel. It was, 
however, only a trial boat, and the speed was not required 
to exceed 20 knots; in point of fact, we have obtained 
over 21 knots. With Messrs. Yarrow and Co.’s boat, on | 
the other hand, the conditions are such as to utilise the 
full value of the turbines, and the latter have been 
further supplemented by a small reciprocating engine for 
economical working at reduced speeds. The trials with 
this boat are, therefore, of considerable practical interest, 
and I have much pleasure in acknowledging our debt to 
Mr. Yarrow for the breadth of view which he has shown 
in dealing with these new conditions. 

Another small vessel, the Libellule, was to have been 
fitted with a turbine of our manufacture, and the engine 
has been completed for some time past; but the trials 
have not yet taken place, as the special boiler with which 
it was desired to make the experiments was not ready, 

Before going into the details of each of these applica- 
tions of our system of turbine it may be well to set forth 
some of the obstacles which arise in using turbines for 
the propulsion of vessels ; obstacles which, in the author's 
opinion, can only be satisfactorily overcome by a joint 
use of reciprocating engines and steam turbines. 

As to the advantages of turbines, these are well 
known: absence of vibration, great reduction in weight, 
ease in handling, absence of wear and tear, &c. There is 
no need further to insist upon them. 

The three principal difficulties in applying turbines to 
the propulsion of ships are as follow :— 

1. Design and arrangement of propellers for a high 
speed of rotation. 

2. Efficiency of turbines at low speeds. 

3. Reversing and manceuvring powers. 


| 


1.—ARRANGEMENT OF PROPELLERS FOR A HiGH SPEED 
or ROTATION, 

When the turbines are not restricted to any particular 
speed of rotation, a very high efficiency can be obtained, 
certainly higher than that of the best reciprocating 
engines. 

The author’s experiments confirm this fact, which had 
already been shown by the published trials of the Parsons 
turbine. Unfortunately, the best speed for turbines is 
usually much too great for screw propellers. In high- 
speed vessels, by some give and take between engine and 

ropeller, a working arrangement can be arrived at ; but 
it is not easy to do. The gearing of the rings has to be 
higher than with a turbine for other purposes, and the 
turbine itself must be divided up into several sections in 
series ; and, further, it is necessary to devise some arrange- 
ment for the propellers by grouping them either singly, in 
pairs, or in threes on several shafts, and to so increase 
their surfaces that the extreme outside diameter shall be 
greater than the pitch, all of which tends to reduce the 
total efficiency of the engine and propellers. 

If, therefore, the turbine is theoretically superior to 
the reciprocating engine as regards consumption of steam 
at full speed, it is not by any means certain a priori that 
the joint efficiency of both engine and propeller is better, 
or even as good. 

The sractical difticulties, moreover, increase as the 
speed diminishes, for in the first place the total surface 
{and consequently the size of the propellers) is mainly 
determined by the principal cross-section of the ship, 
whereas, on the other hand, the size of the turbines is 
limited only by the speed of rotation, and not by the 
power developed. The speed of the turbine must be 
reduced in proportion to the speed of the ship, so that the 
dimensions of the former are increased, either by the 
number or the diameter of the moving rings, whilst the 
power diminishes approximately as the inverse of the 
cube of the speed. ‘There is, therefore, a lower limit of | 
speed, below which the use of turbines cannot be 
recommended. The author has already expressed the 
opinion (in a paper read before the Association Technique 
Maritime in 1902) that this limit is in the neighbourhood 
of 20 knots. The author is aware that certain ships now 
under construction for trans-Atlantic service, and of a pro- 
speed of 17 knots, are being fitted with turbine 
8; but the future will show how these will turn 





engine: 
out. 


= Paper read 
March 25, 1904 


before the Institution of Naval Architects, 





our ideas, as the restrictions imposed by the naval | 


ers, have created such | 





2.—Errictency at Low Spgxp. ; 

If the steam turbine is capable of giving good results at 
the maximum power, it cannot be gainsaid that the 
results are certainly unsatisfactory at reduced speeds, not 
so much on account of the reduction of power, as on 
account of the reduction in ‘the speed of rotation, which 
involves a lowering of what is termed the ‘* hydraulic 
efficiency ” of the turbine. The curves in Fig. 3, page 513, 
show the general behaviour of the steam consumption 
| per horse- power of a turbine compared to that of a 
reciprocating engine, in terms of the speed of the ship, 
| assuming that this consumption is about the same in 
| both cases at the maximum speed. In these approxi- 
mate curves, it will be seen that at reduced speed the 
| consumption of steam per horse-power for the turbine 
is much higher than for the reciprocating engine. This 
drawback does not signify in the case of merchant 
vessels that keep at about their maximum speed. On 
the other hand, it becomes a serious one for warships that 
are rarely working at full power. The increase in the 
c»al consumption at speeds of, say, 12 to 15 knots, at 
which they are usually working, would, however, greatly 
diminish their radius of action. A partial remedy, as 
used by Mr. Parsons, may be effected by adding a supple- 
mentary turbine for cruising purposes, into which the 
steam first enters when proceeding at low speeds. This, 
however, does not improve the hydraulic efficiency of 
the turbine, and the steam consumption nevertheless 
remains high. 
The author considers that under no circumstances can 
turbines alone be economically worked at low speeds, and 
that the only satisfactory solution is the employment of a 
reciprocating engine of more or less power, according to 
the circumstances, in conjunction with turbines. With 
this combination, economical results can be obtained at 
all speeds, and an example of this will be given later. 


| 
| 
| 
| 


3.—REVERSING AND MAN@UVRING PoweERs. 

With a reciprocating engine, stopping and reversing 
are effected in the simplest possible manner, whereas the 
very principle of the turbines is essentially opposed to 
this. Various inventors have tried to solve this problem 
by means of special blades to enable the same rings to be 
used for both directions of motion, but these attempts do 
not appear likely to come to anything, as one can only 
obtain reversibility by a considerable sacrifice of efficiency: 
in forward motion. It is therefore necessary to supple- 
ment the turbine by special engines for going astern, and, 
as it is obviously impossible to have the latter as powerful 
as the former, one must be satisfied with a very much 
lower speed astern than ahead. This difficulty in freely 
going astern makes manwuvring very awkward. The 
engine for going astern may be a reciprocating one, which 
would also be of use for going ahead, but it can just as 
well be a steam turbine. From the very start, Mr. 
Parsons used in his vessels special turbines for going 
astern, and these were attached to the same shafts as the 
main turbines; but this arrangement has the incon- 
venience of taking up a good deal of space lengthways. 

In my patent of 1898 J have indicated how these can 
be fitted so as to be, as it were, hidden inside the main 
turbines on the low-pressure side, and without taking up 
any additional space. When they revolve frerly, the 
astern rings offer no appreciable resistance while the 
main turbine is at work, and, conversely, the latter is 
idle when the astern turbine is in motion. This is the 
arrangement we have got in torpedo-boat No. 243 and in 
the Libellule, and it has the advantage of great simplicity. 
I think that Mr. Parsons has also e use of a 
similar arrangement in a certain number of his recent 
vessels, 

According as the astern turbine is more or less 
developed, so the astern speed is more or less increased. 
With a single live ring, as on torpedo-boat No. 243, and 
for the same expenditure of steam, the stern speed will be 
about 40 per cent. of the speed ahead, but with two rings 
it can be increased to 50 per cent. Adding more rings, 
however, adds very little to the speed, unless the number 
it so greatly increased as to make this engine almost as 
important as the principal one. 

For quickly stopping a vessel, turbines are apt to be 
inconvenient. After steam is cut off, the propellers con- 
tinue to revolve by the action of the water, and they 
usually carry around with them the live rings, for the 
resistance to rotation is very slight. One can, however, 
increase this resistance by admitting steam in the opposite 
direction on the astern rings. 

This question of stopping, reversing, and manceuvring 
is one oh in the author’s opinion, may prove a serious 
hindrance to the extensive use of turbines for ship pro- 
pulsion. It is particularly important for warships to be 
able to manceuvre with ease, and it will necessarily lead 
to the adoption of a combined system of turbines and 
reciprocating engines. 


¢ 


ComBINED USE OF TURBINES AND RECIPROCATING 
ENGINES. 

For the various reasons given above, the best solution 
appears, therefore, to be the simultaneous employment of 
a reciprocating engine and turbines attached to inde- 
pendent shafts, inorder that the reciprocating engine 
may be used at any speed. Each kind of engine is thus 
adapted to the work which suits it best. The recipro- 
cating engine does for slow speeds, while the turbines 
come into play progressively as the higher speeds up to 
the maximum are required. They can, moreover, be 
equally well arranged for going astern, and the com- 
bination of the two then makes manceuvring almost as 
easy as with ordinary twin screws. An effective horse- 
power astern of 75 per cent., or more, of that when going 


Rateau turbine. 
Messrs. Yarrow’s boat. The figure only shows two rings 
and one diaphragm, as all the others are similar. 
turbine there are 15 moving rings. 


of turbine is extremely economical in steam consumption. 
Here are a few of the principal results obtained :— 


less than one-sixth of the total, and it can quite well be 
increased to one-third or even to one-half of the maximum 
horse-power. It may be urged that this arrangement is 
complicated, and that if such an important reciprocating 
engine is to be retained, it is better to stick to the present 
system. In reply to this objection, however, the feliowing 
advantages may be shown :— 

1. Reduction of weight, although rather more space is 
taken up in plan. 

2. Easier working and maintenance, and subsequent 
saving in personnel. 

3. Reduction of the vibration due to the reciprocating 
engines. 

4. Increased efficiency, as the turbine is particularly 
suited to utilise the expansion of steam up to its extreme 
limit. It may be estimated that the increase in power 
for the same consumption of steam would amount to 
15 to 20 per cent., or, in other words, that 5 or 6 per cent. 
increase of speed would be obtained by the arrangement 
here proposed. 

Moreover, this arrangement will make it possible to 
bring the turbines advantageously into play at a lower 
limit of speed. With turbines alone this limit is about 
20 knots, whereas with the combined system it is 
possible to begin at 15 knots or, perhaps, even less. 

Mr. Parsons, in a paper read before the Institution of 
Shipbuilders and Engineers in Scotland, on ‘‘ The Marine 
Steam-Turbine and its Application to Fast Vessels,” 
spoke of the speed of rotation of turbines falling when at 
reduced speed within the limits of those at which reci- 
procating engines can work, and he proposed to attach 
the latter on the same shafts as the main turbines, and 
have both work side by side. At reduced speeds these 
triple-expansion reciprocating engines would receive 
steam straight from the boilers, and expand it to, say, 
atmospheric pressure. The steam would then pass into 
the high-pressure turbine, and thence into the low- 
pressure turbine before reaching the condenser. When 
the power and speed are such that the speed of rotation 
rises above the limit for reciprocating engines, the steam 
will be cut off from the latter, and the turbines alone will 
propel theship. With this arrangement the reciprocating 
engines would, therefore, be useless at the very time when 
the greatest power is required ; and there would, further, 
be a chance that the engineers might not throw the 
engines out of gear at the right time, and so cause an 
accident. This direct coupling of engines, essentially 
adapted for very different speeds of rotation, is obviously 
unsound. The only rational arrangement, in the author’s 
opinion, is to make the reciprocating engine mechanically 
independent of the turbine, by having it act on a shaft 
and propeller of its own. But as regards the supply of 
steam, this can be combined in various ways with that of 
the turbine, either side by side, as in Messrs. Yarrow’s 
boat, or in series, by having the steam begin on the 
reciprocating engine and complete its expansion in the 
turbines. A special combination of this kind, quite 
different to those suggested by Mr. Parsons, is what the 
author advocates. 


RESULTS OBTAINED WITH THE RATEAU TURBINE. 


Description of the Engine.--The author's design of 
turbine has already been described in several publica- 
tions. It need only be stated that it consists of a series 
of flat moving rings, varying in number according to the 
requirements, and fitted on a single shaft. These rings 
are placed between circular discs whose rims fit into 
grooves on the inside of the casing. The shaft traverses 
these diaphragms through bushes, which allow but little 
play. Elsewhere, the clearance between the moving and the 
fixed parts generally exceeds 3 millimetres, and may even 
be as much as 5 or 6 millimetres without causing trouble. 
With this arrangement, and by using the work by 
‘“‘impulse” instead of work by ‘‘reaction,” we have 
sought to obtain an engine using as little steam as 
possible, simple in construction, needing but little care in 
working, and capable of running for a long time with but 
little wear and tear, which, though inevitable, can yet be 
reduced to a very small amount. The loss of steam is 


entirely confined to the clearance allowed around the 


shaft. Moreover, the live rings are so constructed as to 
be very light, and this is of advantage in reducing the 


gyroscopic effect which comes into play when the vessel 
pitches. 


Fig. 1, page 513, shows a longitudinal section of the 
It is taken from the one installed on 


In this 


It has been said that with this system, supposing one 


could reduce the loss of steam to a minimum, it would, 


om the other hand, greatly decrease the efficiency by 


the friction between the rings and the steam contained in 
the chambers in which the rings rotate. 
fact, however, the friction in our engines of 1000 to 2000 
horse-power amounts to only 2 or 3 per cent. of the maxi- 
mum i 

turbines without diap 
steam reaches 10, 15, and even 20 per cent. of the maxi- 
mum horse-power, directly the clearances increase at all. 


As a matter of 


insignificant proportion; whereas in 


power—an 
ommen the loss by the escape of 


All the trial results so far obtained show that our system 


Turbines of Torpedo- Boat No. 243.—These were 


the first multicellular turbines which have been con- 
structed from our designs by Messrs. Sautter-Harlé and 
Company, in Paris. i 
five years ago, and several improvements have been 
since effected which considerably diminish the consump- 
tion of steam. 


hese turbines were designed some 


A turbine exactly similar to the one installed in torpedo 





ahead can thus be obtained. 


boat No. 243 was tried, under the direction of the French 
The power of the reciprocating engine should not be| Admiralty engineers, in the workshops of Messrs, 
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: curs at from one-half to two-thirds of full power, | obtained with reciprocating engines. In point of fact, 
which 0c ey of powerful reciprocating triple-expansion 21 knots only was the speed obtained, whereas it should 
the efficiencs much as 62 per cent. (this is net efficiency; have been 24 knots, as the turbines themselves gave 
Cg ay, the ratio between the work performed on | rather more power than had been estimated; and this 
that he eed the work that the same amount of steam | difference is principally attributable, as already stated, 
the Mt ive with no loss). But this is not the case when | to the steep angle of the propeller shafts. : : 
woul aed are working at full power, for then, in order| At the first trials we had some trouble with oil 
the yg salle the weights too much, especially on | getting into the condenser. This arose from having 
= hi “ one must increase the admission to the cylinder | designed a joint of oil under pressure at the point 
seo uaa even beyond 70 per cent. From an investiga- | where the shaft enters the turbine on the low-pressure 
Sig me by Mr. Lelong, a French Admiralty engineer, | side. This joint effectually prevented the ingress of 
Lot lished in the Transactions of the Association Tech-|the air, but caused a considerable flow of oil to the 
Poe Maritime (1899), the efficiency in work delivered on | condenser. To remedy this we put the low-pressure 
ani stons of several engines of from 3600 to 8400 horse- | bearing completely outside the turbine, and used a novel 
the sag varies from 51.7 per cent. to 57.8 per cent., or an | system of packing. As to the other bearings—one at the 
cori of 5D.2 per cent. (Carnot, Charles-Martel. du| middle of the shaft and the other at the high-pressure 
Chaya Galilée, Lavoisier). Deducting therefrom 8 per end—they both remained inside the turbine. Lubrication 
cent. for internal friction losses, this would leave 51 per | was effected by pumping in oil from the outside, and the 
cent. for the net efficiency; whereas, from what has been | excess oii was afterwards collected, 
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Boat Burtt py Messrs. YARROW AND Co, 

Figs. 6 to 12, page 516, represent the vessel of Messrs. 
Yarrow and Co. on which the author’s system of turbines 
has been installed. She isa sister-ship to the Tarantula, 
which, as is well known, was fitted with a Parsons tur- 
bine, and is similar, apart from the system of propulsion, 


to the first-class torpedo-boats of the British Navy. 
Displacement... “a % wwe 140 tons 
Length ... 5 ae ... 152 ft. 6 in. 
Breadth ... pm sd ; 18;,. &., 


The boilers, of the well-known Yarrow type, are the 
same as are usually fitted on first-class torpedo-boats, and 
are capable of giving a maximum speed of from 26 to 27 
knots with ordinary reciprocating engines. 

The boat here described was fitted with three propeller 
shafts, actuated simultaneously and separately by turbines 
and a reciprocating engine ; the latter (of 250 horse-power) 
works the central shaft, and is quite independent of the 





Fic. 14, 





said above, steam-turbines can easily yield over 
60 per cent. net efficiency when working at full 
wer. 
I will now give a few details of the application 
of these turbines to ship-propulsion. * 


Torpepo-Boat No 243. 

Five years ago—in 1898—the French Admiralty 
began to experiment with steam turbines for the 
propulsion of warships. Knowing that we had 
already given attention to this question, the Ad- 
miralty invited Messrs. Sautter-Harlé and the 
author to supply engines of this kind for a torpedo 
boat of 92 tons. The object of the experiment 
was also to investigate the working of combina- 
tions of propellers. In order to reduce expenses, 
it was laid down that the hull of an ordinary tor- 
pedo-boat should be used, and that the turbine 
should be installed in the space usually occupied 
by the reciprocating engines, in order to allow the 
latter to be replaced in position if necessary, at 
the end of the experiment. This arrangement 
caused a great deal of inconvenience in the in- 
stallation of the turbines and propellers, and it 
ultimately resulted in the trial not being so con- 
clusive as it should have been. It was naturally 
very difficult to adapt turbines to a hull designed 
for a reciprocating engine, as the cross-section of 
the boat has a distinctly V- shaped outline in its 
lower part ; whereas for the turbines, which have 
to be arranged one on each side of the centre 
line, the cross-section should have been much 
flatter on the floor. Hence the impossibility of 
sufficiently lowering the main shafts where they 
enter the turbines, which involved their being very 
steeply inclined—namely, 11 per cent. off the hori- 
zontal. Each shaft carried three propellers, and 
was supported at two points by long brackets fixed 
to the hull, as shown at Fig. 5, annexed. 

These conditions were very unfavourable, the 
steep inclination of the shafts operating against 
the efficiency of the propeller, and this was fully Fic. 5. 
brought out in the trials; while the excessive 
length of the brackets aft considerably increased the| After the alteration in the low-pressure bearing, the 
total resistance of the vessel. As regards the turbines | engines worked very satisfactorily ; and, although each 
themselves, they have given very satisfactory results, turbine now has two internal hearings, the leakage of 
as shown in the reports of the trials. The two turbines, | oil to the condenser is very slight, and compares favour- 
of 900 horse-power (nominal) each are quite indepen- | ably in this respect with a reciprocating engine. Since 
dent of one another. On the exhaust side they enclose | July, 1902, there have been a large number of trials with 
asingle moving ring for going astern, and in this first | this boat in the presence of French Admiralty engineers, 
attempt, we voluntarily sacrificed power in going astern. | and no less than six different arrangements of propellers, 
The chief object, as has been stated, was to see if the | distributed in pairs, or by threes, on each shaft, have been 
combination of turbines and small propellers could | tried. The speeds obtained have varied greatly accord- 
give the vessel anything like the speed she would have | ing to the arrangement of the propellers ; but at full power 

. ee - | the highest speed varies from 18 to 21 knots, corresponding 

There are, at the present time, either in use or in| to a variation of efficiency of 40 per cent. The full details 
process of construction, over 50 turbines of the Rateau | of these trials cannot be given here. I will, however, 
design, with an aggregate of 25,000 horse-power, of which | give the results of two trials made with propellers of 

orse-power are used for ship propulsion, 950 horse- | 23.6-in. pitch and 20.9-in. diameter in one case, and 19.7-in. 
power for turbine pumps, and 760 horse-power for tur- | pitch and 23.6-in. diameter in the other. The first trials 
ine fans, | are summarised in Table A (page 518). 











turbines, receiving steam directly from the boilers, 
and exhausting directly into the condenser. This 
central shaft only carries one propeller, which is 
4 ft. in diameter. 

The side shafts, which are arranged to carry 
either one or two propellers each, are worked by 
a turbine in two sections, arranged in series, and 
rotating in opposite directions. Fig. 1, e 513, 
shows the longitudinal section of the high-pres- 
sure turbine, and — 13 and 14, above, give per- 
spective views of the two turbines. It will be 
seen that the supports for the thrust bearings 
have been increased in order to take the full thrust 
of the propellers. This thrust being nearly bal- 
anced by that of the steam on the drum inside 
the turbine, it would have been quite possible to 
reduce the bearings by one-fifth. 

The combination of reciprocating engine and 
turbine, as adopted by Mr. Yarrow, had already 
been advocated by Mr. Nabor Soliani, Director of 
the Ansaldo Works, Genoa (see ENGINEERING, 
March 28, 1902). But this is not the only pos- 
sible arrangement; and an even better one, in 
the author’s opinion, is, instead of letting the 
reciprocating engine exhaust directly into the con- 
denser, to lead the exhaust steam into the low- 
pressure turbine, or even, under certain circum- 
stances, into the high - pressure turbine. The 
author had previously arrived at this conclusion, 
as being the only rational arrangement for econo- 
mical working at slow speeds. 

The turbines were built at the Oerlikon Works 
in Switzerland. 

he total weight of the turbines, which are cap- 
able of giving upwards of 2000 horse-power, is 
17,200 lb., or 8.6 lb. per horse-power; and this 
could be reduced by dimihishing the thickness of 
the turbine casings, which have been made un- 
necessarily heavy, and by suppressing the sup- 
ports of the thrust-blocks. 

At the point where the shafts pass through the 
ends of the casing, water-tightness is obtained b 
the same system of packing that is employed with 
land turbines. A special regulator governs the pres- 
sure on the four glands so as to prevent any access 
of air. With this arrangement it is easy to obtain a good 
vacuum in the condenser, and one of the two air-pumps 
originally installed has consequently been suppressed. 
As will be seen in the table, the vacuum has, with 
a single air-pump, been kept constant at 27 in. at all 
powers. 

Several trials have been made with this boat from 
October 13, 1903, up to quite recently ; and the author 
was present at some of these trials, which were under the 
immediate supervision of Mr. Marriner, chief engineer to 
Messrs. Yarrow and Co. 

First Trials.—The tirst trials were made on October 13, 
1903, each propeller carrying a single screw of three bladgs 
of 32in. in diameter and 30-in. pitch. The following 
table (Table C, page 518) gives a summary of the results 
obtained by progressively increasing the pressure of steam 








518 





ENGINEERING. 





[Apri 8, 1904, 











TaBLE A.—Torpedo-Boat No. 243. Trials of 
January 22, 1903. 


22, 
Six propellers : Diameter, 23.6 in. ; pitch, 19.7 in. 





Number of Trial I. Il. Ill. IV. 
Speed of vessel (in knots)— 

mean of three runs . : 17.07 19.59 20.94 
Rotation of turbines—revolu- 

tions per minute 1348 1572 1748 1774 
Effective pressure of steam on 

admission to turbines—lb. 

per square inch ; ; 68.26 100.98 | 129.42 1382.26 
Condenser vacuum—in. 28 28 27 27.5 
Mean slip of propellers 0.217 0.230 | 0.260 0,260 


With the other arrangement of propellers 
sults were obtained :- 


Tas_e B.—Torpedo-Boat No. 243. 
1902. 
Propellers :— Diameter, 20.9 in. ; pitch, 23.6 in. 


Number of Trial .. I Il. IIL. IV. ¥, 
Speed of vessel (in knots)- 

mean of two runs m -. 14.90 16.59 18.73 18.83 20.89 
Rotation of turbines—revolu- 

tions per minute 1051 1213 1386 1392 1556 
Effective pressure of steam on 

admission to boilers—pounds 

per square inch sis . 104.5 80 99.5 115 
Condenser vacuum—inches 26.4 26.4 26 «26.4 | 26.8 
Mean slip of propellers . 0.279 0.304 0.311 0,311 | 0.316 


* Owing to the failure of the gauges, the pressures in the tur- 
hines could not be taken on this trial. 

The torpedo-boat No. 243 was built by the Société des Forges et 
Chantiers de la Méditerranée at Havre, where its trials were run. 


TaBL_e C.—Messrs. Yarrow and Co.’s Torpedo- Boat. 
Trials of October 13, 1903. 


Wind rather strong. 





Number of Trial I. i. | SL. | v. 
Number of runs on measured 
mile is a i ; 3 2 2 2 3 
Effective pressure of steam on 
admission to high-pressure 
turbine—lbs. per sq. in, ' 5.0 50 100-145 
Condenser vacuum—inches 268 28 28 | 27.2 
ro se en | onan. ore 
Speeds attained in various | ye 17.39 | 20.06 23 is 
=r 3.50 13.70 | 16.76 20.00 
runs—in knots 10.40 
Mean speed of vessel—in knots 11.98 15.54 18.71 21.92 
Rotation of reciprocating engine 
Revolutions per minute 3co 411 441 475 «516 
Rotation of high-pressure tur- 
bine—revolutions per minute 993 O88 95H 1172) s:1455 
Rotation of low-pressure turbine 
revolutions per minute. 395 | 687 994 1857 1657 
E.H.-P. developed on shaft of 
reciprocating engine .. .. 239 260, 261 235 232 
Reciprocating engine 
“1 percent. .. . 9.5 | 29.7 | 21.0 | 14.0 9.7 
sg | High-pressure turbine 
pellers -percent. .. . 8.9 206 24.5 30.5 
” | Low-pressure turbine 
* —per cent. : 8.9 24.0 | 35.0 39.0 
The E.H.-P. developed on shaft was arrived at by deducting 


10 per cent. recorded by the Watt indicator. 


TasLe D.—Messrs. Yarrow and Co.’s Torpedo-Boat. 
Trials of January 19, 1904. 


Number of Trial .. = e ih oe Il, 


III. 


Effective pressure of steam on admis- 


sion to high-pressure turbine—lb. 
_ per square inch.. ei 
Condenser vacuum—in. . . = 
Speed of vessel (two runs)—-knots 4 





Mean speed of vessel—knots .. 2 
Rotation of reciprocating engine 


revolutions per minute : -. 468 508 555 576 
Rotation of high-pressure turbine- 

revolutions per minute -- $36 1052 | 1267 1258 
Rotation of low-pressure turbine —- 

revolutions per minute , 836 1065 1232 1307 
Reciprocating engine—pcer 

=; cent. .. sie “ 8.7 6022.4 17 15.3 
stip ot | High-pressure turbine—per 

ve, NG oo os. es. 99/0 ARO), 17544) aba) ale 
‘ | Low-pressure turbine—per 

cent... > os --| 24.0) 282) 27.8 


supplied to the high-pressure turbine. In the first run 
no steam was supplied to the turbines, the reciprocating 
engine alone being employed, and the turbines turning 
idly by the action of the water on the propellers. 

In the diagram, Fig. 7 (page 516), the mean speed of 
the vessel in knots is given along the base line, and the 
diagram shows 


Curve A Steam pressure in the 
turbines. 

B Slip of the screw with 

reciprocating engines. 

wines Slip of the screw with 

high- pressure turbines 

oat A Slip of the screw with 


low-pressure turbines. 


It will be seen from the above diagram that the esti- 
mated speed of 25 knots was obtained at the first trial, 
although the turbines were never working at the full 
etfective pressure allowed for in the design—viz., 156 lb. 
The curves of the slip of the screws shows that at 21 knots 


| 
| 


speed the propeller surface is sufficient ; but above this | ing ; but ths drawback can quite well be remedied e 


speed it is rather too small, and it was consequently | combining turbines with a reci 


rocating engine, worki 


decided to increase its surface by adding a second pro- | a special shaft and mechanically independent of the tur- 


peller to each of the shafts. 


bines. Another arrangement, different from that in the 


It is interesting to follow the variation in slip of the | Yarrow boat, whereby the reciprocating engine would 


different screws as the power of the turbines is increased. 
With no steam in the turbines, and the vessel being pro- | : q 
91,94 | pelled by the reciprocating engine alone at a speed of | with a reciprocatin: 2 a 
“| about 12 knots, the slip of the central propeller is about | general advantages characteristic of turbines, 


| 40 per cent., while the water causes the wing propellers | 
' to turn the turbines at the rate of about 400 revolutions | 


the following re | 


per minute. As the power of the turbines increases, the 
slip of the middle screw is reduced to about 7 per cent., 
while the slip of the turbine propellers, on the contrary, 
beginning at zero, increases progressively to upwards of 
30 per cent. for the high-pressure turbine and 39 per 
cent. for the low-pressure turbine propeller. The differ- 
ence between these two figures arises from the fact that 


Trials of December 6, | the low-pressure turbine gives notably more power than | 


| the high pressure turbine, owing to its condenser being | 


better than was expected. ee, é 
Owing to the considerable reduction in the slip of the 


| central propeller, as the wing propellers come more and | 
| more into play the speed of rotation of the reciprocating | 


| vessel. 





| 
| 


97.3 | horizontal. 





engine does not increase in proportion to the speed of the 
By referring to the table it will be seen that at 
the reduced speed of 12 knots the speed of rotation of the 
reciprocating engine is 369 revolutions, and at 25 knots 
(or double the first speed) only 516 revolutions per minute. 
On examining the curves of the turbines, it will be seen 
that their speed of rotation rises from 393 to 1455 revolu- 
tions for the high-pressure turbine, and from 395 to 6157 
revolutions for the low-pressure turbine ; while ‘the speed 
of rotation allowed for in the design was 1500 to 1600 
revolutions per minute. As regards the steam consump- 
tion, with the combined system of engines, this is very 
moderate at a speed of 10 knots, and probably consider- 
ably less than when reciprocating engines, equal to the 
full power required, are worked at very low powers. 
Second Trials. 
January 19, 1904, after the propellers had been altered, 


| 
| 


A second series of trials was made on | 


the middle one being reduced to 3 ft. 6 in. in diameter, | 


the pitch being kept at 5 ft. 6 in. The high-pressure 
turbine was fitted with propellers of 2 ft. 4in. and 2 ft. 8 in. 
in diameter respectively, but both of the same pitch ; 
while the low-pressure turbine was fitted with propellers 
of 2 ft. 4in. and 2 ft. 10 in. in diameter, and 2 ft. 6 in. 
and 2 ft. 10 in. pitch respectively. The results obtained 
are summarised in Table D (annexed). 

It will be seen that a speed of 26.39 knots has been 
obtained by giving the turbines rather more steam than 
they had been designed for. For thesame steam pressure 


at admission—that is, for the same steam consumption— | 


the speed is less than in the first trials, except at the 
maximum speed, when it is about the same. The slip of 


| 


the screws is much reduced, as also the speed of rotation | 


of the turbines. It may therefore be inferred that two 
screws give better results than the single screw originally 
employed; for, the speed of rotation of the turbines 
having been greatly reduced, their efficiency is much less. 
To increase this speed and obtain the estimated efficiency, 
the propeller surface must be reduced, and this was done 
for the third series of trials. 

A point of interest is that the addition of a screw re- 
volving in the neighbourhood of the hull gave rise to con- 
siderable vibration, whereas in the first trials the complete 
absence of vibration was specially noteworthy. 

Third Trials.—A third set of trials was made on 
March 4, 1904, with propellers all of the same pitch 
(2 ft. 6 in.) and rather smaller diameter (2 ft. 6 in., 
2 ft. 4 in., and 2 ft. Lin.). The speeds obtained were 
approximately equal to those of the second trials, for the 
same steam pressures in the high-pressure turbine, but 
the speeds of rotation of the turbines were increased by 
16 percent. The increase in the efficiency of the engines 
was therefore balanced by the reduction in the efficiency 
of the screws, the slip of which rose to 24.6 per cent. for 
those of the high-pressure turbine, and 33.1 per cent. for 
those of the low-pressure turbine. It seems to be diffi- 
cult to obtain more than this with propellers grouped in 
pairs on each shaft. This arrangement of two propellers. 
one in front of the other, is defective in so far that the 
second propeller works in water already disturbed by the 
first propeller. The highest efficiency is certainly obtained 
with a single propeller on eack shaft ; but in order that 
the slip should not exceed 25 per cent., which seems to 
be the maximum for a good duty, the propelling surface, 
and consequently the diameter, must be increased. 
This can be easily done when the shafts are nearly 
On Messrs. Yarrow’s boat the inclination 
of the shafts is rather steeper than it should be with 
sto having a diameter greater than the pitch. 
Nevertheless, the speed of 26.4 knots, which has already 
been obtained, is no doubt capable of being improved 
upon ; and the maximum obtained with reciprocating 
engines can, no doubt, be easily reached. 

In conclusion, it will be seen from what has been said, 
that steam-turbines can be made practically equal to 
reciprocating engines for propelling ships at high speeds ; 
but in order to obtain their full effect they must be 
mounted upon shafts very slightly inclined, and, if pos- 
sible, with only one propeller on each shaft. The neces- 
sity for having horizontal shafts leads to a more sudden 
rise in the hull aft than is usual when reciprocating engines 
are installed. Hence, hulls constructed for reciprocating 
engines are not generally suitable for steam-turbines, 
It must not be concluded from the fact that, ceteris 
paribus, a higher speed is not obtained by merely sub- 
stituting turbines for the reciprocating engines, that the 
former are therefore inferior to the latter. A new form 
of propelling engine obviously calls for new lines of hull. 
At reduced speeds the turbines are not. economical, and 








supply about 40 per cent. of the total power, would gj 
an increase of 15 to 20 per cent. of the power obtalned 
engine alone, besides having the 








SHIPS’ COMPOSITION,* 
By Mr. A. C. A. Hozapren. 

Since Professor Lewes read two lectures before this 
Institution in 1887 and 1889, no further paper has dealt 
with this subject, which has, however, in the meantime 
owing to the very large increase in the number and size 
of iron and steel ships, and the large adoption of com. 
positions for their protection, greatly increased in impor- 
tance. Starting first with the sabtect of anti-fouling 
compositions, I may mention that during the year 1909 
at the ports of London, Liverpool, Leicester, Newcastle. 
on-Tyne, and Cardiff there were eighty different com- 
positions applied to ships’ bottoms, seventy of which were 
of British and ten of foreign manufacture. 

Ordinary paints and coal tar are now only used ona 
small number of coasting and river craft, and practically 
every ocean-going steamer and sailing vessel has her 
bottom coated with composition of some sort or other, 
The reason why oil paints have proved unsuitable for 
iron and steel ships is a double one: firstly, the usual 
pigments, such as white lead, red lead, zinc white, and 
iron oxide, possess very little capacity to prevent fouling ; 
and, secondly, the oil with which they are mixed is 
quickly saponified by the action of the sea water, which 
converts the paint into a spongy mass, and enables 
corrosion to take place. Moreover, the drying of each 
coat of oil paint takes about a day, so that a vessel would 
have to remain in dry dock for several days in order to 
obtain a proper coating of oil paint. On all these points, 
however, practically all the compositions now used 
possess a superiority over oil paint ; they may be divided 
into two classes: firstly, the varnish or enamel composi- 
tions ; secondly, the greasé compositions. The former are 
generally applied in two coats, the first being called anti- 
corrosive, and also serving the purpose of insulating the 
second coating from the metal of the vessel. This first 
coating consists of some suitable quick-drying varnish and 
some pigment, mostly oxide of iron. The second coating 
consists of a similar varnish, some little colouring matter, 
and various preparations of mercury or copper. As 
regards the grease compositions, these consist of a quick- 
drying, anti-corrosive varnish paint, being manufactured 
similarly to the first coating of Class No. 1, and of an 
anti-fouling coat, manufactured mostly from tallow, 
stearine, resin, and various copper preparations. This 
last coat has to be heated before it is applied. It is 
applied to a considerable thickness, and the cost of appli- 
cation is greater than that of varnish paints ; moreover, 
on re-docking, the vessel requires a considerable amount 
of scraping before she can be re-coated—a process not 
generally necessary in respect of varnish paints. 

The manufacturers of compositions generally keep the 
ingredients they use, and the process of manufacture, as 
a trade secret ; patents, which formerly have been a basis 
of manufacture, have now expired. The name of the 
manufacturer is practically the only guarantee which 
shipowners and naval authorities have for the quality of 
their supplies. The processes of manufacture of all success- 
ful compositions have, however, narrowed down into 
limits well known to the trade, and possess a great deal 
of similarity. The expiry of the various patents has 
made these processes common property, and the time has 
therefore arrived when they may be discussed without 
either advertising or depreciating anyone’s property. By 
a scientific exposition of this subject I consider the 
interests of both consumer and manufacturer may be 
served, and a feeling of confidence established on the 
part of consumers, who hitherto were left almost se 
in the dark in regard to the nature of the goods whic 
they bought. £ 

The large majority of the seventy compositions 
manufactured in the United Kingdom are made 
on a very small scale, and they were mostly called 
into life during the evolutionary period of compo- 
sitions by people who thought they had invented a 
new process, when, as a matter of fact, they were only 
repeating a process already in use by other makers. 
With two or three exceptions they are varnish, paints, 
manufactured according to methods hereinafter described. 
Over sixty contain large or small quantities of copper, 
and some of them also arsenic; only eight or nine contain 
mercury or mercury and copper, and these latter are the 
compositions made by the larger firms in the trade. 
Many of the smaller makers sell their goods at a price at 
which a bona fide composition, made so as to give g¢ 
results in trying trades, cannot be produced. They are 
mostly used on tramp steamers in the Black Sea, North 
Atlantic, and also the home coasting trades, where, under 
favourable circumstances, they may keep a ship clean for 
six or nine months, or even more. But, were they 
exposed to a-real test—i.e., if a ship coated with such 
compositions were lying in a fouling port for a few weeks— 
they would utterly fail. For special tests some of these 
compositions may be made extra strong—that is, a largely 
increased percentage of anti-fouling material may 
added, and in such cases they may give good results, 
But an analysis of the quality usually supplied would 
prove to a shipowner conversant with the composition 
trade that some of these compositions are by no a 


* Paper read before the Institution of Naval Archi- 





they are inconvenient for going astern and for manceuvr- | tects, March 25, 1904. 




















ENGINEERING. 





519 








Se 


en w prices at which they are sold ; that, in 
cheap at tne a shipowners to buy them at any 
fact, } In order to have some security for the quality of 
Fre goods they are purchasing, the larger consumers 
the 1 should say, eventually study this question, fix 
their own analysis for the type of composition they require, 
and invite makers to compete for their supplies on the 


: h analysis. ‘ , 
bee te wish 40 suggest that the analysis will prove 


psolute guarantee of quality, for the same 
pec aan be oa of a better or of an inferior quality, 
a substances like compositions containing many organic 
ingredients cannot be so clearly defined by analysis as 
in nic chemicals. Still, I think the time has come 


jer manufacturers and consumers should combine to 
standardise these goods with a view to insuring a uniform 


liable article. ee te 
the few manufacturers in Great Britain who 


rmish paints with mercury and copper, as 
pir Sescribed, are the largest firms, who not only, 
between them, supply the large bulk of the home trade, 
but also some 80 per cent. or more of the world’s export 

of compositions. Lp 

4 omen some eight or nine compositions are made, 
all of them varnish paints, and most of them with copper 
and mercurial compounds. In Holland there are two 
firms making compositions of good quality on the same 
basis. In France some five or six compositions are made, 
all varnish paints, nearly all containing large quantities 
of copper compounds, one or two of them also with mer- 
cury snd copper compounds combined. In Italy some 
seven or eight local compositions are made. almost all on 
the basis of copper oxide. These are reliable for four to 
six months for vessels trading in the Mediterranean. I 
refer later on to the use of copper oxide. In Austria-Hun- 
gary compositions are manufactured by two or three firms, 
whose principal product is a heavy grease composition, 
referred to later on. snkeet 
In America the three principal British firms have branch 
factories and affiliated companies, who supply at least 90 
per cent. of the iron and steel abinerne docking in the 
United States; but the States are the home of the so- 
called copper compositions for wooden vessels, yachts, 
&e., and aed latter compositions are sold all over Europe 
and largely used on wooden fishing vessels. They are, 
however, unsuitable for steel and’ iron ships. Several 
other countries have branch factories of British firms, 
others small local undertakings, all of which, however, 
were only started during recent years. 

Before I go into further details of manufacture, and 
the chemical processes upon which the efficacy of these 
compositions is dependent, it may be well to refer to the 
process of sheathing iron and steel vessels with wood and 
copper or yellow metal plates. This latter process was 
never adopted to any extent in the merchant marine, but 
it was favoured by the navies of various countries, par- 
ticularly in respect of vessels which were stationed at 
distant ports were no dry-dock accommodation was 
available. Sir William White read a paper some seven 
years ago before this Institution, in which he explained 
the latest and most perfect process adopted by himself 
in regard to our own Admiralty. At best, however, 
this process of protecting ships’ bottoms was expensive, 
and not uniform in its efficacy. Asa result it has now 
been practically abandoned by most of the navies of the 
world, particularly as the manufacture of compositions 
has, in the meantime, made considerable progress, and 
asdry dock accommodation in various ports of the world 
has been extended. The inefficacy of the sheathing 
process was, no doubt, due to the great difficulty of ob- 
tuining a permanent effective insulation with the aid of 
wood, which a few months after immersion becomes 
saturated, and loses in some measure its insulating 
capacity. I may here refer tosuch an instance in the 
Rassian cruiser Pamyat Merkurija. This vessel, some 
SIX Or seven years ago, was stationed on the coast of 
Siberia, and it was found that her bottom fouled much 
more quickly than that of vessels coated with composi- 
tion. As a result, when in dry dock, a large patch of 
composition was applied over the copper sheathing. 
Some time later the vessel again entered dock on 
account of a foul bottom, when it was found that the 
copper sheathing was covered with marine growth, while 
the part coated with composition was perfectly clean. 
This result was probably due to insufficient insula- 
tion. The galvanic current which had been set up 
between the metal sheathing and the ship’s hull pre- 
vented the former from forming oxychloride of copper 
solution, and the effect was that the disintegration, 
which should have taken place on the copper sheathing by 
the contact with sea water, concentrated itself upon the 
iron and steel parts of the vessel. I believe ourown Ad- 
miralty have had some experiences not very dissimilar. 
As soon as the disintegration of the copper stopped, there 
Was nothing to prevent the fouling of the copper-plates ; 
similar results have been shown when, some 30 or 40 
years ago, it was tried to economise copper sheathing on 
wooden vessels by fastening some zinc plates to the bottom.’ 
Until these zine plates had been destroyed the copper 
ed Were preserved, and there was nothing to prevent 
— acorn shells, and seagrass from attaching them- 

T might here also refer to an attempt which was made 
aren. years ago to protect an iron vessel by electro- 
epositing copper on her bottom. A syndicate was 
ormed in America for the purpose of exploiting this 
Process. As they failed to persuade the United States 
naval authorities and private shipowners to place a vessel 
this purpose, they bought a tug 


at their disposal for 
called the Assistance, and placed her in dry dock, com- 


Bietely removed all paint and rust, and constructed coffer- 
- 8 which were fitted to various parts of her hull; these 
cofferdams were filled with 


a copper solution which was 


electro-deposited on the vessel’s bottom. The result of 
this experiment was, that after three years the vessel’ 
was found to be severely damaged by corrosion. A friend 
of mine sent from America large flakes of copper 
which had been removed from her bottom, and which 
showed thick layers of rust on the inner side. The ex- 
periment was then ae, and the Assistance was sold 
to one of the Southern States, where she was soon after 
condemned. 

Coming now to the question of the manufacture of 
compositions, Professor Lewes, in his paper of 1889, 
pointed out many of the strange ingredients with which 
some inventors have tried to prevent fouling. A great 
many people, even among those connected with shipping, 
who have had a little practical experience, do not even 
now understand clearly the actual cause which pre- 
vents fouling. Some have thought that an exceedingly 
smooth surface would have this effect ; others have tried 
to obtain it with organic poison ; others, again, by a sup- 

process of exfoliation, which in reality should be 
disintegration, for, so far as my experience goes, no paint 
or composition has ever been successfully applied which 
possessed the capacity to exfoliate, or, so to say, shed one 
of its coats after it had commenced to foul, thereby clean- 
ing the bottom of the vessel. Professor Lewes, in 1889, 
already referred to the large quantities of mercurial and 
copper preparations which were being used by manufac- 
turers at that time, and he expressed himself sceptical as 
to the practical necessity of their presence in an effective 
composition. Since that time the efficacy of nearly all 
compositions has been considerably increased, so that, for 
instance, many of His Majesty’s naval vessels at the 
home stations, which formerly had to be docked every 
six months, are now docked only once in twelve months. 
This increased efficacy is, however, due to the fact that 
since Professor Lewes read his paper the percentage of 
copper and mercurial compounds in compositions has 
been further largely increased. 

My experience of compositions extends to personal 
observations over a period of nearly thirty years, and I 
have thoroughly satisfied myself that the principal cause 
of the efficacy of compositions is due to the fact that 
the mercuriai and copper compounds they contain form, 
by contact with sea water, a very thin lies or film of 
chloride solution of the respective metals, and that these 
chloride solutions are destructive to the organisms which 
try to attach themselves to a ship’s bottom. These 
a rrr consist chiefly of spores, larve, &c. The 
chloride solutions of copper and mercury have the 
effect of coagulating albumen, and it is probably this 
which causes the destruction of the organisms at the 
moment they try to attach themselves to the bottom of a 
vessel coated with an effective composition. If a plate 
covered with such a composition is left for a few days in 
sea water near the shore where these organisms abound, 
and is then lifted out of the water, and the water is 
allowed to drip from it into a vessel, it will be found by 
microscopic examination that all the organisms which are 
contained in that water are dead. The same result is 
—— by the immersion of a plate of copper or yellow 
metal. 

During the years 1896 and 1897 I proceeded to Genoa, 
and remained there for seven months, carrying on ex- 
periments on the effect of various materials used in the 
manufacture of compositions. In this connection I 
obtained permission to put experimental patches on the 
large fleet of vessels—about 120 in number—owned by the 
Navigazione Générale Florio Rubattino, most of which 
dock regularly in Genoa, and are employed in the Medi- 
terranean trade, where they foul so rapidly that they 
have to dock every four to six months. I applied patches 
of about one hundred different compositions to some 
eighty boats in such a way that each vessel received about 
half-a-dozen patches 2 yards wide from light line to keel. 
I also painted a large number of plates with various com- 
positions, and immersed these plates about a yard below 
the water-line in a part of Genoa Harbour where fouling 
was very rapid. I must here mention that in these ex- 
periments I used only varnish paiuts, and none of the 
grease paints which are applied hot. The compositions 
which I tried were made with various varnishes, capable 
of offering various degrees of resistance to the action of 
sea-water—that is, some varnishes were made so as to 
enable the paint to disintegrate very rapidly ; others were 
made so as to give the maximum resistance. The results 
were clearly discernible on re-docking the vessels, as some 
of the patches were found covered with marine growth, 
which grew quite up to the next patch, and others were 
clean or comparatively so. On going into details I had 
ample corroborative evidence that the efficacy depended 
almost entirely on the percentages of copper and mer- 
curial compounds contained in the paint—that is, the 
larger the percentage, the higher thé ‘effect and the 
cleaner the patch. These results coincided with a long 
personal experience which I had of various compositions, 
and through other experiments, and are corroborated also 
by the experience of many friends and collaborators. I 
can therefore express my firm conviction that, with the 
knowledge of manufacture so far familiar to the compo- 
sition trade, it is not possible to make effective anti- 
fouling compositions with small percentages of copper 
and mercurial compounds, as advocated by Professor 
Lewes in 1889. 

Coming now to the question of disintegration, I would 
like to point out how far this may be effective for preven- 
ting any fouling which may form on a ship’s bottom, and 
of removing fouling which Ties already attached itself. If 
chloride solutions are to be continuously formed by the 
combination of sea water with mercurial and copper com- 
pounds, the body of the paint must be capable of bein 
gradually dissolved in sea water, and this may be calle 
the primary disintegration by which fouling is prevented. 








In regard to the grease compositions, Lowever, it is 


ern owing to the soft nature of their body, that 
ouling, which has already attached itself, may be removed 
or stripped off by surface friction as soon as the vessel 
begins to steam through the water: this I would call 
secondary disintegration. Varnish paints, however, 
do not allow the removal of fouling by this 
secondary disintegration, and at best the same is 
only effectual in special cases. For instance, a balana or 
acorn shell may attach itself to one of these grease com- 
positions, and if it is allowed to grow for a few weeks, its 
shell would penetrate through the layer of composition to 
the bare iron—a phenomenon I frequently observed at the 
time when zinc white and tallow were largely used for 
the protection of ships. In such cases surface friction 
would not remove such a growth. Asa matter of fact, 
the grease compositions now in use contain considerable 
percentages’ of copper, and in some instances also mer- 
curial compounds, and they therefore rely much more 
on their poisonous effect than on their capacity to dis- 
integrate, 

In comparing the two classes of composition—that is, 
the varnish compositions and the grease compositions— 
with one another, it may be desirable to offer a few 
remarks. As regards grease compositions, there are 
again two classes, one of which contains only copper 
compounds, and is applied in a comparatively thin layer ; 
and the second of which, besides copper preparations, 
also contains lead and mercurial compounds, and is applied 
to more than double the thickness of the first. In com- 
paring the two types with varnish paints, I regard the 
earlier and lighter type as about equal to the varnish 
paints for protection against rust, but the heavier type is 
probably superior, As regards fouling, they are about 
equal to the best varnish paints, though in some trades 
the latter have shown better results; while in others, 
—— the Mediterranean, these grease compositions 
1ave given most excellent results. But there are several 
drawbacks connected with their use: Firstly, the surface 
which they present causes greater surface friction than 
is caused by first-class varnish paints. I may here men- 
tion that Professor Schuette, naval architect of the North 
German Lloyd, and in charge of the North German 
Lloyd experimental tank, painted perfectly smooth 
paraffin models with a varnish paint, and obtained an 
increase of speed of 2 per cent. The Admiralty have also 
made comparative trials of the speed obtained with 
torpedo-boat destroyers coated with varnish paint as com- 
— with a heavy grease composition, and these, I 

lieve, have shown considerable advantage in favour of 
the varnish paint. The second drawback is, that on 
re-docking, vessels previously coated with grease com- 
position have to be scraped, so as to remove all grease 
composition before they can be recoated, which causes 
additional expense and loss of time. The third drawback 
is, the great additional cost of the heavier type of grease 
composition. I believe the scraping and painting of a 
battleship with this heavy grease composition costs at least 
three times asmuch as scraping and painting with a varnish 
paint. Against these disadvantages it is claimed that 
on re-docking after, say, twelve months, this heavy type 
of grease composition can be cleaned and patched where 
necessary, and that it will then last for a second year ; 
this, however, is not realised in every instance. Takin 
everything into consideration on the score of economy an 
of speed, I consider the varnish paint will, in the long 
run, prove to have the advantage; moreover, the dry 
dock accommodation in all parts of the world is increas- 
ing, and the cost of docking is diminishing, so that the 
tendency is to dock vessels frequently, and to spend as 
little on each docking and painting as possible. 

In northern climates grease compositions have found 
little favour; in the mercantile marine they are used 
only to a very small extent, one of the reasons being that 
a vessel cannot be properly scraped and cozted with them 
during the twenty-four hours generally devoted to this 
process. 

(To be continued.) 








Ruopestan GOLD-Min1ne.—The quantity of gold pro- 
duced in Rhodesia in 1903 was 232,872 oz. The cor- 
responding output in 1902 was 194,261 oz.; in 1901, 
172,150 oz. ; and in 1900, 91,850 0z. There has accord- 
ingly been an increase of about 150 per cent. in the 
production during the last three years, and it is satis- 
factory to note that the expansion of the output continued 
month by month throughout last year. On the other 
hand, there has been some falling off in the production 
during the last six months. The monthly output attained 
its maximum last year in July, when it amounted to 
23,571 oz.; in December the corresponding production 
was only 18,750 oz. 





TRRIGATION IN ALBERTA.—The Canadian Pacific Rail- 
way Company has called for tenders at once for the con- 
struction of a main canal in connection with its irrigation 
work in Alberta. The canal will be 35 miles long and 60 ft. 
wide at_the bottom, and it will have a depth of water of 
10 ft. This canal will carry the water to supply a secondary 
canal, which will be (when ultimately pn 115 miles 
long. To make the main canal 250,000,000 cubic feet of 
earth will have to be removed, and the work will have to 
be done by power plants, such as steam-shovels, railways, 
&c. The project is designed to make useful for agriculture 
and grazing some 3,000,000 acres of land now lying waste 
owing to lack of moisture, the region being cubdeet to 
periods of extreme drought. Of the tract to be reclaimed 
it is estimated that 1,500,000 acres will be rendered fit for 
growing cereals of all kinds; the balance will be devoted 
to grazing and the cultivation of grasses. At present, 
however, the company’s plans are to bring only 300,000 
acres under irrigation ; and after colonising this area, to 
extend the works gradually until the system covers the 
entire tract. 
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Compitep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902, 

The number of views given in the Specification Drawing: 
~ — as where none are mentioned, the Specification is not 
illust \. 

Where inventions are communicated from abroad, the Names, 
éc., of the Communicators are given in italica. 

Copies of Specifications may be obtained at the Patent ~ Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the adverti of the tance of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 

AGRICULTURAL APPLIANCES. 

6821. J. W. Hornsby and D. Roberts, Grantham, 
Lincoln. Sheaf-Binding Harvesters. [2 Figs.) March 24, 
1903.—In machines wherein the binder arm and knotter mecha- 
nism are actuated by a clutch and chain drive from the packer- 
arms crankshaft it is usual to interpose a set of spurwheel gear 
and a spindle to give the proper direction of motion to the 
mechanism. The object of this invention is to simplify this 


actuating mechanism, and to this end the spurwheel gear herein- | 
before referred to is dispensed with, and the chain wheel /, which | 


i 


pa 


‘SQ 






actuates the mechanism, is operated from aclutch J and sprocket 
wheel ¢ on the packer-arms crankshaft c. To give the requisite 
direction of motion to the chain & it is carried round the driven 
wheel /; and the driver sprocket wheel ¢, instead of being arranged 
within the chain as usual, is placed on the outside of the chain, 
and the chain made to engage with the driver sprockets by an 
idle wheel h, preferably adjustable to give the requisite tension to 
the chain ; or the driver sprocket wheel may be placed inside the 
chain, and the driven wheel outside. (Accepted February 17, 
1904.) 


ELECTRICAL APPARATUS. 


8883. H. L. Dixon, London. Fuse. [13 Figs.) April 
20, 1903.—This invention relates to fuses or cut-outs, and has for 
object to utilise the vapour generated by the fusion of the wire 
for instantly breaking the circuit and extinguishing the are. 
The fusible conductor A is threaded through and held in one or 
more discs b. 
combustible material, and are enclosed in a tube C, within which 
they are free to slide when the fuse goes. The tube C is provided 
with suitable terminals D to which the fuse wire is attached by 
being passed through holes d and then held by screwed plugs E 
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and washer d!. When the device shown is used in a vertical 
yosition, the fusion generally occurs above the discs b. These 
instantly separate the broken ends of the fuse wire by dropping 
to the lower end of the tube C. The movement is expedited by 
the presence of the confined heated air and vapour generated by 
the are. In this manner the arc is cooled, and any possible con- 
tinuance thereof prevented by the discs covering ms» the end of 
the fuse and the bottom terminal. If the apparatus be employed 
in a horizontal position the discs are driven to the end of the 
tube by the expansion of the confined heated air and the vapour 
generated by the are. (Accepted February 17, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


3331. C. Westphal, Wilmersdorf, Berlin, Ger- 
many. Retort rnaces, (4 Figs.) February 12, 1903.— 
This invention relates to a retort furnace having a vertical retort 
closed above and below. The retort a of the furnace is made taper 
or conical, its lower part s serving as a cooling shaft. The material 
to be burnt is raised to the top of the furnace by a chain of 
buckets p, and continually fed, through the medium of a con- 
veyor t, to the hopper provided with a rotary charging device /, 
through which it passes to the material already collected in the 


a is stated | 


| 
| 


These discs are made of non-conducting’ and in- | 


ducted away to a chain of buckets p!, which raises the coke to a 
truck for further transport. 
drical, as heretofore, but slightly tapering or conical, so as to 
gradually widen from the top to the bottom, the material is 
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enabled to descend uniformly without liability of its adhering 
tothe walls in its descent. Further, the retort being closed at 
both top and bottom, and a rotary charging device employed, 
the retort can be worked continuously. (Accepted February 24, 
1904.) 


LIFTING AND HAULING APPLIANCES. 


9455. G. Dalton, Leeds. Bucket-Elevators. (3 Figs.) 
April 27, 1903.—This invention relates to improvements in bucket | 
elevators, and has reference more particularly to the loading and | 
emptying of the buckets. The invention consists in passing or 
lapping the chain of buckets d round a lower receiving drum / and 
round an upper drum /, which latter is attached to and forms one 
end of a screening drum i. The chain of buckets d and the 
drums i and fare driven by sprocket-wheels j attached to the 
drums, and connected by driving chains e. The drums are pro- 
vided on their circumference with openings i of the same size as, 
or of a smaller size than, the mouths of the buckets d, the pitch 
of the said openings and the said buckets being such that they 
have the same angular pitch when the buckets are passing round 


| reverting to the use of expensive gas regenerators. 
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| the drums, and the axes of the drums are placed at such a dis- 





retort. At the lower end of the cooling shaft s is a cast-iron pipe 
i which dips into the water in the well w, thus forming a water 


6004. 
seal for keeping the retort closed at the bottom. By an endless Cc. G 
chain k, provided below the pipe 7, the coke is continually con- | [2 Figs.) 





tance apart that the mouths of the buckets coincide with or 
entirely cover the said openings when the buckets are passing 
round in contact with the drums. The crusher « and elevator | 
are carried on a wheeled platform ). The material treated in the 
crusher a is delivered by a shoot g to the interior of the drum /. 
The invention may be modified by placing angle-iron or other ribs | 
on the outside of the elevator drums along the longitudinal sides | 
of the openings between which the buckets fit, thereby dispen- 
sing with the sprocket-wheels j and chains e. The buckets are | 
connected together by links. This arrangement allows of the | 
drums f and / being made considerably narrower. (Accepted | 
February 17, 1904.) | 


MINING, METALLURGY, AND METAL- 
WORKING. 


s298. T. J. Tresidder, Sheffield. Steel. April 9, | 
1903.—This invention has for its object to provide steel of such a | 
character that, while readily receptive of a fibrous structure under | 
suitable treatment, it can retain that fibrous structure under | 
conditions that would ordinarily produce a crystalline structure, | 
such, in particular, as the sudden chilling from a very high tem- | 
perature necessary in the process of face-hardening after super- | 
carburisation. The steel, according to this invention, has the 
following composition—namely, iron, carbon, manganese, nickel, | 
and tungsten, in or about the following proportions in each ten | 
thousand parts by weight of the steel mixture :—-Carbon, from | 
28 to 32 parts by weight ; manganese, from 25 to 30 parts by | 
weight ; nickel from 225 to 250 parts by weight; tungsten, | 
from 28 to 32 parts by weight ; the remainder being iron with 
such impurities as usually cannot be avoided in practice, such 
as silicon, sulphur, phosphorus, cobalt, arsenic, copper, and the | 
like. In other words, the average composition of this steel is as 
follows :—Of carbon, manganese, and tungsten, each about three | 
tenths of 1 per cent., and of nickel 2} per cent., the remainder | 
being iron, as aforesaid. Silicon may be present up to 10 or 15 
parts by weight without detriment, while the others, if their 
presence cannot be avoided, should be present in as small a| 
quantity as is possible. (Accepted February 10, 1904.) 


Regenerative 


we 


Atha, Glasgo 
March 16, 1903,— 





By making the retort not cylin- | 


| are in the position shown, the current 


William Beardmore and Co., Limited, and | is allowed to escape from the space b. 
eS. a secondary coil i, which opens the valve 


This invention relates to what are! corek, (Accepted February 10, 1904.) 


known as water-sealed reversing valves for reg iv 
and has for object to improve and simplify Seeman — 
operation of the carrying and operating mechanism of 
valves. The valve for controlling the passage of the en 
arch-shaped piece of metal D forming a hood of a sins oul ua 
to cover two of the three ports A2, A3, A4 at onetime anu 
ing to this invention it is carried on a frame D1, having axles on 
side of the ted. 
when the valve 
into the water 
the gas, The 


| which are wheels D4 running on rails along each 
late A. These rails are of such a height that 
ge dips 
akage of 


Goes is covering two ports, the lower ed 
seal and prevents the possibility of le 














rails are also made with raised parts, so that when 
to reverse the direction of flow of the gases, 
is shifted, the wheels will encounter and ride 
raised parts on the rails. This will lift the valve hood out of th 
water seal, and above the level of the ports. The raised parts =~ 
the rails are of such a length that the valve hood will be kent 
| in this raised position until it has almost reached its sna 
position, when the wheels will pass down the other side of the 
raised parts on the rails, and the valve hood will be lowered 


it is desi 
and the valve ree 
up one side of the 





oe) into the second sealing position. (Accepted February 17 
1904. ‘ 


5866. F.Siemens,London. Regenerative Fur. 
naces. [12 Figs.) March 13, 1903, Tie Peo to 
improvements whereby the most modern type of Siemens regene. 
rative gas furnace is made suitable for burning producer gas or 
blast-furnace gas, which has been subjected to a treatment in 
which it is completely deprived of its sensible heat, without 
The cool 

is conducted to the furnace through a flue or flues C, prefera y 


| of considerable length and size, to properly expand or reduce the 


velocity of the gas, and so shaped towards the furnace chamber E 
that they expose a large surface to heat directly radiated there. 




























F ug Pi y re 
™~“G LT 
y hed “4 
Bae © W/o 
BZ pag Hy, Us 
za} a ee 
a | ate 






nee thas 





from ; for example, the flues may be coned outwardly towards the 
furnace as shown. The gas flues may get hot by radiated heat from 
the furnace chamber, become regenerators, and serve alternately 
to heat the combustible gas. The part of the regenerative gas 
flues exposed to the heat of the furnace chamber may be provided 
with any known device for better absorbing the radiated heat, 
such as chequer work B. Gas regenerators, according to this 
invention, are thus not heated at all by passing the gaseous 
combustion products of the furnace through them, nor have 
they any direct connection with the chimney, as in furnaces at 
present constructed for using cold producer gas, (Accepted Feb 
ruary 17, 1904.) 


RAILWAYS AND TRAMWAYS. 


28,769. W.E. Evans, London. (Allgemeine Elektricitits 
Gesellschaft, Berlin, Germany.) Electric Brakes. [1 Fig.) 
December 31, 1903.—In electric brakes an electric current is 
passed through a coil, magnetising thereby a core of soft iron ; the 
power with which the coil attracts the core is employed for exer- 
cising pressure on the brake-rods, and thereby on the brake-blocks. 
With such constructions it is obligatory to pass current through 
the coil the whole period the brake is in action. To prevent the 
waste of current the core is either constructed in the form of a 
piston, or is connected with a piston, and is so actuated by a 
current passing through a solenoid that the brakes are operated 
and can be retained in any desired position for any desired length 
of time, even after the current is interrupted, by a gas or liquid 
which is drawn in by the piston and exercises a pressure against 
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ed when the gas or liquid 
s constructed as a piston 

chamber. In its 
he bottom of the 


the piston. The brakes are only releas 
has been allowed toescape. The core @ is co! 
and moves in a space }, serving as a suction 
normal position the core is in contact with t t 
space b, and is so maintained by a spring d. On passage of — 
through the coil e the core is attracted, and, overcoming at 
resistance of the spring, applies the brakes. In consequence b 
the movement of the core @ a vacuum is created in the 
and liquid from a reservoir g is caused to flow therein. ~ 
liquid is prevented from returning by a valve h. W hen the pa 

through the coil e can > 

operative until the liquid 
This is done by means of 
by its action 9n 4 


interrupted and the brake maintained 














Apri 15, 1904] 


ENGINEERING. 


521 








——— 


LITERATURE. 


Navigation. By Joun H. 
W. F. Sametz and Co. 





History of American Steam 
Morrison. New York: 


ice 4.25 dols. , ‘ 
se tock is ; full and painstaking account of 


the development of steam navigation in America, 
compiled froin manuscripts and records extending 
over a period of more than a hundred years. The 
author has dealt very minutely with his subject, 
and has collected an amount of detail, more interest- 
ing, perhaps, to anyone investigating the history 
of some particular vessel than to the general reader. 

The account of the early experiments of Fitch, 
Fulton, Livingston, and other pioneers of steam 
navigation is not without interest, and the same 
may be said of the description, quoted from con- 
temporary sources, of the first navigation of the 
Mississippi by the s.s. New Orleans. In claiming 
for Fulton the credit of having designed ‘‘ the first 
successful steamboat of the world,” the author 
omits all mention of Symington’s Charlotte Dundas, 
whose successful trip on the Clyde Canal was wit- 
nessed by Fulton himself in 1801, when he was 
shown the whole of Symington’s arrangement. 
Much as the art of steam navigation owes to 
Fulton’s ability and enterprise, it is but fair to 
assume that his success was in some measure due 
to his acquaintance with the design of the Scotch 
boat. 
In following the history of the principal lines 
of steam vessels, the author has, perhaps unavoid- 
ably, included long lists of boats, which distract 
the attention from the main narrative. The accounts 
of rivalry between opposition lines, resulting in 
violent fluctuations in fares and foolhardy racing, 
with its consequent disasters, make interesting 
reading, but detract from the consecutiveness of 
the work. In fact, the construction of the book 
militates against its usefulness as a history of the 
evolution of marine engineering, such items of 
mechanical interest as it contains (as, for instance, 
the adoption of iron hulls, compound engines, and 
screw propellers) being scattered disconnectedly 
throughout the volume. By far the greater part 
of the book is devoted to river vessels, the ocean 
steamship lines being disposed of in a few pages. 
There is an interesting chapter on steam ferry- 
boats, and a somewhat lengthy notice of light- 
houses and fog-signals, also an account of the 
steamboat inspection service. After a description 
of the blasting operations undertaken by the 
United States Government to improve the naviga- 
tion of Hell Gate Channel, the book closes with a 
notice of the distinctly American invention—the 
steam organ, or Calliope. 

It is regrettable that the author has not confined 
himself to the use of standard English. Such ex- 
pressions as ‘‘ a howling success” are out of place in 
a work of this nature. The book throughout is 
very deficient in literary style, many of the sen- 
tences absolutely defying analysis, and in other 
respects falling far short of grammatical perfection. 





Congrés de la Howille Blanche. Grenoble-Annecy-Cha- 
monix. 7-13 Septembre, 1902. Compte rendu des Tra- 
vaux du Congrés, des Visites Industrielles et des Excur- 
sions. Deux Volumes. Grenoble: Syndicat des Pro- 

rietaires et Industriels possédant ou exploitant des 
orees Motrices Hydrauliques ; Place du Lycé, 2. 
In this country we are only now witnessing the 
birth of schemes for the distribution of electrical 
power over large areas. Although much has been 
done for the general introduction of electricity for 
lighting and power in the large manufacturing 
centres, this has been accomplished by the installa- 
tion of independent systems of modest dimensions, 
each supplying a comparatively small area, and 
while some of these have been fairly successful, the 
conditions on the whole have not been such as to 
secure the highest economy that can be obtained in 
electrical distribution. The situation, however, 
18 now changing, and since the first Power Acts 
were passed in 1900, whereby four schemes cover- 
ing large areas in different parts of the country 
were authorised, and are even now being carried 
out, fresh schemes have been promoted every 
year, and several have received the sanction of 

Parliament. In one respect, however, there is a 

notable distinction between these British under- 

takings and those now in common use in foreign 
countries—namely, that steam-power is almost ex- 
clusively used here in generating the electricity, 


while abroad water-power stations are numerous. 
This is largely the 


result of natural conditions, 





although it may safely be said that there is much 
water-power available in this country for use in the 
industries if only proper advantage could be taken 
of it. Coal is plentiful and fairly cheap, and the | 
manufacturing centres are therefore found in or 
close to coal areas, and far from waterfalls, so that 
it would be impossible to make economical use of 
water-power to any extent under present conditions. 
But if the mountain cannot come to Mahomet, 
Mahomet can go to the mountain; and, in the 
future, we may see manufactories arise in regions 
where water-power is available, and places now 
known principally as resorts of the tourist may 
become centres of industry. To many such a 
change will seem undesirable ; but if it leads to a 
fuller use of the natural resources of our country, 
sentiment must give place to expediency. 

In any case, even if the state of affairs we have 
imagined be still very distant, it is well that our 
engineers should study what has been achieved in 
that direction in other countries, and we therefore 
commend to their notice the two volumes now 
before us. They contain a report of the proceed- 
ings of a congress of French electricians, in- 
terested in water-power development, who met at 
Grenoble on September 7, 1902, and during the 
ensuing week visited the principal electricity 
generating stations in the surrounding districts 
where water-power is used. With these visits 
were combined meetings for the discussion of 
technical and economic questions bearing upon the 
subject, and a full report of the papers read and 
the resolutions adopted is given in the first of these 
two volumes, while the second gives interesting 
descriptions of the places visited. 

The name of the Congress—Congrés de la Houille 
Blanche—is an excellent illustration of the French 
genius for happy and apt phraseology, expressing 
in one word what would otherwise require a long 
and cumbersome phrase. To quote from the admi- 
rable speech of M. Hanotaux at the opening of 
the Congress :— 

‘* Votre nom, ce beau nom, la Howille Blanche, 
est connu de tous. I] coule, sij’ose dire, si fraiche- 
ment et si légerement sur les lévres des hommes, 
qu'il a séduit les imaginations et les a charmées— 
comme la vivante expression d’une nouvelle con- 
quéte du génie humain, qui unit le travail et la 
poésie, la science et la nature.” 

Grenoble is in the centre of this pays de la 
houwille blanche, and therefore it formed the natural 
rendezvous for those desirous of seeing what has 
been already accomplished in France in the adapta- 
tion of the energy of this ‘‘ white coal” to the 
service of mankind. Meetings were held at 
Grenoble, at Annecy, and at Chamonix, where the 
congress proper ended, but arrangements were 
made for an extension of the tour to Switzerland 
for all who desired to see the water-power schemes 
on the Upper Rhone, at Lausanne, and at Geneva. 

The Congress met in two sections, one occupying 
itself with technical questions, while the other dealt 
with economic and legislative problems. It is not 
necessary for us to deal here in detail with all the 
discussions ; but we may consider shortly some of 
the communications. In the technical section the 
most interesting papers dealt with electrical ques- 
tions; but others dealing with climatology and 
hydrology, and with some hydraulic problems, 
such as the testing and the regulation of turbines, are 
also worthy of study. The paper by Mr. Henry 
Gall on the French electro-chemical industry gives 
a valuable sketch of the position of France among 
European countries in this matter, and contains 
many interesting suggestions which deserve the 
attention of our manufacturers of chemicals. A 
study of the conditions prevailing in France is 
instructive, even if only for purposes of com- 
parison with those found in our own country. The 
chief obstacle to the progress of the electro- 
chemical industry in France, according to the 
author of this paper, is found in the expense of 
transport of the products from the place of manu- 
facture to the place where they are required. 
Although France is rich in water-power, these 
natural resources are mostly far removed from 
‘*centres of consumption,” and as freights are dear, 
the result is that the French products are dearer 
in the markets in some cases than the same pro- 
ducts produced in other countries, whose disadvan- 
tage on the item of cost of power is more than 
balanced by the more fortunate position of their 
manufactories with regard to markets. As this 
same question of freights has frequently been raised 





here the resolution passed unanimously by the 
Congress as a result of the discussion of this paper. 
It is in these terms :— 

‘* Te Congrés dela Houiile Blanche, considérant 
les difticultés que rencontre |’utilisation des forces 
motrices hydrauliquesetla fait que desindustries nées 
en France se trouvent privées ainsi des débouchés a 
l’exportation qui en auraient assuré le succés, émet 
le veeu que la question des tarifs de transport des 
produits électro-chimiques soit suivie avec atten- 
tion par les administrations compétentes et qu'une 
assimilation libérale applique aux nouveaux produits 
les bases fixées pour les anciens produits chimi- 
ques.” 

The paper by M. Godinet on electric lighting 
shows in an interesting manner the difficulties with 
which this industry has had to contend, and still 
contends, in France, and in many respects the case 
he puts forward would apply equally well to this 
country. His general conclusion is that if full 
advantage is to be taken of water-power for gene- 
ration of electricity, the industry must be protected 
more adequately by law, and the regulations 
imposed upon it ought to be liberal and such as 
will encourage development and allow of an adequate 
return on the capital involved. Those who are 
familiar with the history of the electrical industry 
in this country will recognise how justly the same 
plea may be urged here. M. Godinet insists that 
in view of the large capital expenditure and the 
immense labour required for the development of 
water-power schemes, it is necessary that these 
undertakings should be assured of a peaceful and 
undisturbed existence, to allow them to make 
proper recompense for all the expense and trouble 
involved : and we hope that ere long the same view 
may be successfully impressed upon the authorities 
in this country, and that the industry may be 
allowed to enjoy its natural growth instead of suf- 
fering artificial checks on every hand. 

The only other paper we need mention in the 
technical section is that on ‘‘ Electric Traction,” 
by M. Joseph Petit, who passes in review the dif- 
ferent forms in which electric energy is applied to 
traction, indicates the results already achieved and 
the probable lines of development in the future, 
and finally discusses the conditions as to price, &c., 
at which traction systems may become customers of 
the large water-power stations. Numerous resolu- 
tions were adopted at these sectional meetings, and 
afterwards passed by the full Congress. One of 
them we have already given, and another may be 
now mentioned without comment, as it has a 
special interest in view of certain political ques- 
tions now before the country. It runsas follows :— 

‘* Tie Congrés de la Houille Blanche émet le voeu 
que les industriels s’addressent de préférence aux 
constructeurs francais pour le matériel dont ils ont 
besoin pour l’installation des usines.” 

The Economics and Legislation Section had an 
exceedingly interesting programme. The main 
theme of discussion was the proposal for a new law 
to regulate concessions for water-power schemes, 
but as to what the terms of that law should be 
there seems to be considerable diversity of opinion. 
Among those actually interested in such schemes 
there is fair agreement, but it seems to be as difti- 
cult for them to persuade the Government to accept 
their view as it is for electricians here to persuade 
the British Government to alter our electrical 
laws. Thus it has come to pass that, although 
a Commission was appointed to consider the sub- 
ject, and to draw up a measure which might be 
passed into law, the Government finally dis- 
regarded that measure and introduced another, 
based on quite different principles, and in reality 
involving the nationalisation of sources of water- 
power and of all schemes making use of that 
natural energy. This measure had passed the 
first reading when the Government dissolved. The 
congress was fortunate in its speakers in this 
section, as nearly all the persons whose names 
have been most prominent in France in connec- 
tion with proposals for legislation on this sub- 
ject were present, and took part in the pro- 
ceedings. As we are bound by different laws, we 
need not discuss here these different proposals, but 
we would recommend all who are interested in the 
subject of electrical legislation to read the papers 
presented to the congress by eminent French 
lawyers and engineers, and to study the text of 
the rival measures which are all set out at length. 
These have more than a purely academic interest 
for British electricians, as they are very suggestive, 





in this country, it may be interesting to record 


while the explanations of the different proposals by 
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their authors are very forcible. We would also 
draw the special attention of our municipal autho- 
rities to the text of the agreement between the 
Municipal Council of Grenoble and the Société 
Electro-Chimique de la Romanche, whose power- 
station is situated at Livet, whereby the com- 
pany is authorised to supply electric energy 
in bulk to the town for public and _ private 
lighting and for power. The concession is for 

5 years, and the terms of the agreement secure 
at once a most advantageous arrangement for 
the town, and a good customer for the company. 
Along with this agreement there is set out the 
report of M. Capitant, a member of the municipal 
council and Professor in the Faculty of Law at the 
University of Grenoble, in which he explains the 
circumstances which led the council to make this 
agreement, and analyses its terms from the point 
of view of the municipality. It should be specially 
noted that when this agreement was made the 
Council was at liberty to buy out the local company 
then supplying electric light in the town, and M. 
Capitant discusses the considerations which made it 
preferable that the town should take supply in 
bulk from the electro-chemical company, g2nerating 
on a large scale, rather than become itself the 
undertaker for the municipal area. By the agree- 
ment the town will have a complete network for 
the supply of power and lighting without any 
capital expenditure, as the company undertakes 
to instal the plant, cables, &c., at its own cost, 
receiving interest from the town on this expen- 
diture at 4.4 per cent. per annum. The price 
charged for supply, again, is very low, and allows 
the Council to make a good profit while charging 
its consumers at the rate of 0.60 france per kilo- 
watt-hour. The arrangement cannot fail to be 
advantageous to the town of Grenoble; and we 
hope that our municipal authorities may exercise 
the same prudence and foresight now that power 
companies are being established in this country. 
It is interesting to observe that the company’s in- 
stallation was originally planned for the manufac- 
ture of calcium carbide and of other electro-chemical 
and metallurgical products ; but the power avail- 
able leaves an ample margin for the supply of 
Grenoble in addition. 

Judged by the contents of these two volumes, the 
‘*Congres de la Houille Blanche” has amply 
justified itself. To those who were members it 
must have brought both pleasure and gain, and 
this record of its proceedings will be to them an 
interesting souvenir, while to others less fortu- 
nate, and especially to citizens of other countries, 
it gives an insight into French methods and French 
enterprise. And as we admire and pay homage to 
the scientific genius of France, so we envy her that 
faculty of facile expression which seems to be the 
heritage of her sons, no matter in what sphere their 
duties lie. Few, indeed, are the British engineers 
who could make such happy speeches as those we 
find printed in these volumes—couched in imagina- 
tive and poetic language, and yet full of that con- 
vineing logic which is another feature in the French 
character. It has been a pleasure to us to read 
these volumes, and we commend them to our 
readers. 
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CANADIAN MINERAL PropuctTion.—The Canadian Geo- 
logical Survey estimates the value of the mineral produc- 
tion of Canada last year at 63,226,510 dols. Of this total 
23,707,403 dols. was represented by metallic products, the 
remainder being classed under the heading of non-metallic 
minerals. Gold was the largest item in the first list, and 
coal in the second, the value of the gold raised in Canada 
last year having been 18,834,490 dols., and that of the 
coal 15,957,946 dols. 





Our Locomotive Exports.—The course taken by our 
locomotive exports in March was discouraging, the value 
recorded for the month showing a large falling off, as 
compared with March, 1903, coming out as it did at only 
100,830/., as against 180,741/. and 144,259/. twelve months 
previously. The value of the shipments of British loco- 
motives to the three principal colonial groups in March 
compared as follows with the corresponding values in 
March, 1903, and March, 1902 :— 








Colonial Group. 1904. 1903. 1902. 

£ £ 
British South Africa ¢ 32,280 12,161 
British India 22,247 55,254 51,575 
Australasia .. 3,710 42,992 28,219 


Our locomotive experience in Australasia has been dis- 
tinctly discouraging this year; it had been hoped that 
the break-up of the protracted drought in Australia 
proper would have been productive of much better re- 
sults, but, no doubt, a good deal of financial leeway has 
still to be made up by the Australian Commonwealth. 





Betc1an Inpustry.—The value of the production last 
year of the Belgian mechanical and metallurgical under- 
taking known as La Métallurgie was 315,959/., as com- 
pared with 320,284/. in 1902, 362,890/. in 1901, and 
447,600/. in 1900. The gross profit realised by the com- 
pany’s works last year was 45,093/., as compared with 
45,3062. in 1902, 37,4112. in 1901, and 25,880/. in 1900. 
The amount of the orders in hand at the close of 1903 
was 202,183/., as compared with 232,781/. at the close of 
1902, 276,853/. at the close of 1901, and 326,000/. at the 
close of 1900. The amount paid in wages last year was 
72,932/., as compared with 70,1467. in 1902, 68,950/. in 
1901, and 80,4247, in 1900. The average number of work- 
people employed by the company last year was 1710, as 
compared with 1664 in 1902, 1555 in 1901, and 1887 in 
1900. The company made last year 40 locomotives at its 
Tubize works. It also made 264 trucks, seven tenders, 
six turntables, and eight turning-bridges at its Sambre 
works, and 234 carriages, eight vans, and 250 trucks at its 
Nivelles works. After providing for all its ordinary 
charges for 1903, the company Saad a net balance of 
15,0682. for the year. It had, however, to make large 
allocations for contingencies and depreciation of securities ; 
and when these allocations had been made, the net profit 
of 15,0682. was converted into a net loss of 55,911/. 
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LIQUID FUEL BURNERS. 

3y J. S. V. Bickrorp. 
ners divide themselves naturally 
> lasses: (1) Those in which the fuel is 
re ieee gat Moco it reaches the point at 
completely vapc “ d (2) T . 
which combustion takes lace ; and (2) Those in 
which the fuel is vaporise and burnt more or less 

ne time. 

ye oo Burners.—This class of burner, as a rule, 
can only be used with such fuels as petroleum, 
which are completely va risable without residue, 
as, if they are used with heavier oils, a hard coke is 
left behind in the vaporiser or retort, and chokes 
it. There are burners, of course (such as the Wells 
light), which use the heavy oil ; but they are so 
arranged that the deposit can be easily removed 
from the vaporiser. I propose to confine my atten- 
tion in dealing with vapour burners to that class of 
burner more especially designed for the use of 
petroleum lamp oil. The first operation in connec- 
tion with a burner is the making of the vapour, and 
the second is to burn it, and there are somewhat 
unexpected difficulties in both. 
The Production of the Jet of Vapour. —In all the 
vapour burners, with few exceptions, the oil is 
supplied to the burner under pressure, the most 
convenient method being to pump air into the oil- 
container, or to have the container at a considerable 
altitude above the burner. LKither method will 
serve the purpose, but where it is possible it is, of 
course, more convenient to use a gravity feed. It 
makes no difference to the action of the burner 
which method is adopted. 

The usual arrangement first tried by experi- 
menters--myself amongst the number—for the pro- 
duction of a jet of oil vapour is to use a heated coil. 
For the convenience of coiling this is usually of 
small bore, and if properly built and designed, it 
will work; but it will usually be found that it 
surges badly ; the flame isapt to pulsate. I believe 
that this is due to the oil running forward on to 
a heated part of the tube, and, being suddenly 
vaporised, producing a pressure considerably in 
excess of the reservoir pressure. This stops the 
supply of oil, and forces some of it back into the 
supply tube. The pressure then falls below the 
normal, and another rush of oil takes place, result- 
ing in another miniature explosion and another 
pulsation. The trouble can, to a great extent, be 
checked by having the coil only just large enough 
to vaporise the oil; in other words, having only 
just heating surface enough for the production of 
the necessary amount of oil-steam, so to speak ; 
but this is by no means easy to do, for if the coil 
be cut down to this extent, the burner is apt to 
prime liquid oil, and will in that case not recover 
itself, but gradually get worse and worse, till only 
liquid oil is passing. If, on the other hand, the coil 
is just hot enough to keep things going, it is very 
apt to get hotter, and as the nipple will only pass a 
definite volume of vapour, it will obviously not pass 
so much oil in the form of a superheated vapour as 
a saturated one, and the coil is then too great for 
the amount of oil being passed. It is, therefore, 
very difficult, if not impossible, to keep the exact 
dimensions required. Another method of prevent- 
ing pulsation is to have the supply-valve only just 
open far enough to pass the necessary amount of 
oil, and this is a good and essential rule for all oil 
burners, but the observance of it does not always 
ensure success for a coil burner. On the whole, I 
do not like coil vaporisers, but prefer something 
having a greater diameter compared with its length; 
for instance, a 9-in. length of j-in. steam-pipe, 
having a supply pipe at one end and a vapour-de- 
livery pipe provided with a nozzle at the other end, 
and arranged so that the supply end is slightly 
lower than the other end. 
this will give a perfectly steady supply of vapour 
so long as the oil-supply cock is only just open far 
enough to supply the oil. It may be well to men- 
tion here that the oil supply to almost every oil- 
vapour burner is regulated by the ability of the 
outlet nozzle to pass only a certain definitely limited 
quantity of oil vapour, depending on the size of the 
nozzle and the temperature and pressure of the 
vapour. The oil-cock is always sufficiently open 
to keep the vaporiser supplied with slightly more 
oil than the nipple or nozzle will pass. Now, 
having arranged the experimental vaporiser men- 
tioned, which is illustrated diagrammatically in 
Fig. 1, another experiment can be tried. Instead 
of inclining it as shown, with the vapour-delivery 


LiquiD fuel bur 


end higher than the supply end, let it be inclined | 





It will be found that | 








the other way. It will be found to pulsate wildly, 
and to be quite useless. This gives a second rule 
for preventing pulsation. The vaporiser must be 
held in such a way that that part of it at which 
vaporisation takes place is on a rising gradient ; 
the inclination of the rest of the vaporiser does not 
matter. For instance, the burner shown in Fig. 2 
would work quite well provided the oil were all 
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vaporised between the points A and B: but if the 
liquid oil reached the top of the curve C, and over- 
flowed on tothe downward portion, the flame would 
pulsate, unless the whole of the downward part C D 
were full, and the oil were vaporised in the last up- 
ward portion D E. The third rule for preventing 
pulsation is to have the vaporiser of considerable 
diameter compared with its length. A vaporiser 8 in. 
long should be at least }in. bore, and probably will 
have to be } in. to work smoothly. It is sometimes 
found that when all these rules have been attended 
to the burner will still pulsate, in spite of anything 
that can be done to prevent it in the way of 
manipulating the supply cock. I have known a 
burner which worked quite steadily in the open air 
pulsate wildly in a furnace, and it was some time 
before I traced the cause. It is usually as follows :— 
In a furnace the radiation from the walls, &c., will 
warm up the supply pipe till a part of the vaporising 
is done in it, and then rule No. 2 is no longer being 
fulfilled. The remedy is to wrap several turns of 
asbestos yarn round the supply pipe. I have yet 
to meet a case of pulsation that the observance of 
these rules will not cure. (1) Let the supply 
cock be only just open far enough to supply the 
necessary oil ; (2) Let the vaporiser be of consider- 
able diameter compared with its length ; (3) Let the 
vaporiser, at that portion where vaporisation takes 
place, be inclined upwards, the inclination being 
at least 1 in 8; (4) Lag the supply pipe if there is 
the least chance of it getting hot enough to vaporise 
any oil. Even if only a very small amount of oil 
vapour is produced in the supply pipe, it will cause 
pulsation, as the bubble of vapour formed will carry 
a spray of oil on into the red-hot vaporiser, causing 
an instantaneous high pressure, which stops the 
flow of oil temporarily. 

These are the rules for the production of a jet 
of oil vapour, and I will proceed to consider the 
rules which control its combustion. 

The first thing that will surprise the experimenter 
is that the jet of vapour as from A, Fig. 1, will not 
burn by itself. If a vaporiser be arranged as 
described (Fig. 1), heated (we will suppose) by a 
gas flame, and producing a steady: jet of vapour 
through a nipple say 0.065 in. diameter (burning at 
about 10 lb. per square inch—roughly, one gallon 
per hour), as soon as a light is applied to it, it 
will take fire and burn with a roaring noise like a 
blacksmith’s fire, but the moment the light is taken 
away it will go out, leaving nothing but a jet of 
evil-smelling white smoke. This is a surprising 
fact when first met, and one which has required 
much trouble to overcome. I am not sure of 
the reason, but believe it to be as follows:—The 
velocity of propagation of flame through petroleum 
vapour and air mixtures is very slow. Petroleum 
vapour is very heavy, and I have often seen it ignite 
when lying like wool on the bench (having leaked 
from the apparatus in use), and the flame travel 
over the surface with a sluggishness which is abso- 
lutely surprising. I am almost afraid to guess at 








the velocity, but I should hardly think it can ex- 
ceed, at atmospheric pressures, 1 ft. to 5 ft. per 
second. Of course, such conditions as I have men- 
tioned are very inimical to the rapid combustion of 
the vapour, because it is not mixed with air except 
at the surface, and the velocity of propagation in a 
perfect mixture would, of course, be higher ; but as 
a rule it may be assumed that a jet of oil vapour 
issuing from a nozzle at a velocity in excess of that 
due to about $1b. per square inch above the atmos- 
cree will not remain alight unless some artificial 
ight is in contact with it. There are several ways 
in which the jet can be kept alight. The most 
usual is to interrupt the flow of a portion of it, so 
that its velocity is reduced below the critical point 
when it will remain alight and communicate its 
flame to the rest of the jet. This is the principle 
of action of the ‘‘air-cone” shown at B, Fig. 1, 
which is used in about nine out of ten oil-vapour 
lamps in existence, either in the form of an inde- 
pendent piece of metal or as part of the vaporiser 
itself. This cone slows down the _ outside 
portion of the jet to such an extent that it will 
burn and keep a flame playing about inside the cone 
all the time ; in this manner the rest of the jet is 
caused to pass through a sort of ring of flame, 
which keeps it burning. 

Many interesting experiments can be tried with 
the jet when it has been produced. One is to hold 
a sheet of coarse wire gauze about 6 in. away from 
the jet, and normally to its path. If the jet be 
now lighted, it will not burn between the nipple 
and the gauze, but will remain alight at the gauze, 
the jet appearing between the nipple and the gauze 
in the form of a column of whitish-blue smoke. 
The gauze will get red hot, and the flame will be 
perfectly blue and very nvisy, making a deafening 
roar. This has nothing to do with the effect pro- 
duced by holding a sheet of gauze above a gas flame 
and lighting the gas above the gauze, when the gas 
will burn above the gauze, but not below it. That 
fact depends on the same principle as the Davy safety 
lamp, whilst the phenomenon just described appears 
to depend only on the checking of the velocity of 
the jet sufficiently to permit of combustion. As 
far as I know, this fact has never been turned to 
use in the arts, but I believe that a furnace for 
tool-tempering, &c., could be constructed on the 
principle, which would be effective. 

Bunsen Petroleum Burners.—When I had got 
this far in my experiments a call arose for a Bunsen . 
burner for certain purposes, and I set to work 
lightheartedly to produce one, not anticipating any 
difficulties whatever. I was surprised at the results. 


I coupled-up two pieces of ?-in. iron gas-pipe, 
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about 12 in. long, as shown (Fig. 3). Each of 
these tubes had ten ,';-in. holes in it, 1 in. apart, 
just like a gas Bunsen burner. Into the end 
I turned the jet from a ,4-in. nozzle at 10 lb. 
per square inch. To my surprise, the issuing 
stream of vapour and air would not burn. I turned 
the apparatus upside down on an iron plate, and 
then the jets burnt all right, but with a very yellow 
though not smoky flame, which was practically 
silent. I next turned it over again, and proceeded 
to try various interrupters held over the jets. The 
first was a sheet of coarse gauze, + in. mesh 
with } in. wires. The result was a blue flame, 
without a trace of colour, and the gauze got, of 
course, red hot. On this principle I made my 
first Bunsen petroleum burners. The noise pro 
duced was by no means as much as with the same 
jet without the Bunsen attachment, as already 
described, but was still considerable—quite as much 
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as that produced by a smith’s forge of ordinary size. 
I next tried saw cuts milled in the top of the tubes 
instead of the holes, and found that the issuing 
stream of vapour would burn unassisted, and, of 
course, with a luminous flame. After this I had 
great difficulty to reproduce the first result without 
copying the burner in all details. The distance 
apart of the holes appeared to have a marked effect 
on the character of the flame. If the holes were 
too close together, the result was a yellow flame ; 
if they were too far apart, some of them would not 
burn at all unless the interrupter was so close down 
that the flame from some of the others was yellow. 
I now know that the character of the tube A, 
Fig. 3, has a great effect on the result. If this be 
simply a tube of the same size as the rest of the 
tubes, the result is not nearly as satisfactory as if 
it be a sort of mixing chamber or box, as shown at 
A, Fig. 4. The character of the flame is quite 
different. In the case of Fig. 4 the flame is per- 
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fectly blue, and not so noisy as with the apparatus 
shown in Fig. 3, where there will always be traces 
of colour in the flame. I believe the cause is that 
the box A, Fig. 4, acts as a mixing chamber for the 
vapour and air, resulting in a much more in- 
flammable mixture than in the case of the simple 
tubes shown in Fig. 3. It is not necessary to use 
the gauze as an interrupter; almost anything will 
do, and I now always use a solid rod, or the vapor- 
iser itself, for the purpose, as iron wire gauze will 
not last any time in this place. The final arrange- 
ment I adopted, and have adhered to ever since, is 
shown in Fig. 5, which represents a complete burner. 
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The oil is supplied by the pipe A, and enters the 
base of the vaporiser B ; the resulting vapour is 
led to the nipple C, and the jet issuing from this 
entrains air into the mixing-tube D, and in the 
chamber E the vapour and air are thoroughly 
mixed, and issue together from the holes in the 
burner-tubes F. The resulting jets strike the bars 
G, where they take fire, and burn with a blue flame 
and comparatively little noise. The size of vapor- 
iser shown, } in. by 9 in., will easily supply two 
;\;-in. nipples if a superheater be added over the 
vaporiser. This may be a simple piece of solid- 
drawn steel tube, and its diameter does not matter 
so long as it is large enough to readily pass all the 
vapour required without causing undue friction. 

A very simple form of burner, closely allied to 
the one used in the Gardner-Serpollet autocars, 
is shown in diagram in Fig. 6. I have shown it as 
I have used it myself, not as it is used in the above 
cars. It will be noted that it has the inclined 
vaporiser already recommended. The Serpollet car 
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uses simply acoil of pipe zig-zagging about above the 
burners, and the flame is apt to pulsate considerably. 
The pulsation does not seem to exercise any effect 


annoying to passengers, producing as it does a 
moan something like the surf on a beach in the dis- 
tance. The advantage of this burner is that it will 
burn a great deal more oil per square foot of grate 
per hour than a Bunsen, such as Fig. 5, the indi- 
vidual jets entraining air and injecting it into the 
furnace. With a Bunsen burner about 14 to 2 gal- 
lons per square foot of grate per hour is the utmost 
that can be burnt in an automobile boiler ; but with 


Fig.6 

















(8200F) 
the jet, or ‘‘ Etna,” burner, Fig. 6, this quantity can 
be doubled without smoking, which is a great ad- 
vantage in these small boilers, where draught is 
conspicuous by its absence. The Clarkson burner, 
a rough sketch of which is shown in Fig. 7, over- 
comes this difficulty of insufficient combustion in 
another way. Mr. Clarkson uses a much larger 
induction tube than I do, as will be seen from 
the sketch, Fig. 7, where A is the induction 








tube and B the vapour jet. For clearness I have 
omitted the vaporizer, which is a simple coil of 
tube over the dish-shaped vapour outlet C. In 
passing I may mention that in some of these 
burners there is an arrangement for blowing the 
vaporiser through with steam, to clean it (an 
arrangement something similar to the Sinclair light, 
in which the burner is so arranged that the air in 
the oil vessel may all be blown through the vapour 
pipes when finished with). Projecting into the 
vapour jet is a taper needle D, on the end of a bell- 
crank lever E, and over the mixing-tube outlet is a 
mushroom valve F, the foot of the stem of which is 
carried by a leverG. Both the end of the bell- 
crank lever E and the end of the outlet valve lever G 
are controlled by the motion of the rod H. The 
action is as follows :—When it is desired to reduce 
the power of the burner, the rod H is pushed up. 
This simultaneously inserts the needle D into the 
vapour nozzle, and pulls down the valve F on the 
gas outlet, thus at the same time restricting the flow 
of vapour and the induction of air (by creating a 
back pressure in the mixing-tube). It is necessary 
to do both these things at once, for if the vapour jet 
only be reduced, too much air is entrained, and the 
mixture will not burn. I hear on good indepen- 
dent authority that these burners practically never 
light back. My reason for adhering to the small 
induction tube is that it is quite impossible to make 
the burner light back. Ifa light be applied to the 
inlet end of the mixing-tube D, Fig. 5, even 
when the whole apparatus is red hot, the jet 
will only burn inside the apparatus as long as the 
flame is held there ; immediately it is removed the 
flame goes out. This is an advantage for auto- 
mobile work, and makes the burner practically 
‘*fool-proof.” The American steam-cars are not good 
in this particular ; if by any chance they do light 
back inside the burner—and some of them are very 
apt to—the whole burner must be extinguished 
to save its existence, as an internal flame will 
very soon destroy the burner, which is practically 








on its steaming capacity in a boiler, but is rather 


a complete little tubular boiler. The shell is a 


shallow hollow drum of metal, with an induction 
pipe in one side. Through this drum, the heads of 
which constitute tube-plates, are expanded a num 
ber of small tubes, and around each tube the 
head is perforated with a number of very small 
holes. These holes being, preferably, inclined to. 
wards the axes of their respective tubes, the air 
enters through the tubes, and the mixed vapour 
(petrol vapour in this case) and air issue from the 
small holes, and burn (without an interrupter) in 
the form of a number of Bunsen gas-burners, 

Silent Burners. — The production of a really 
satisfactory silent petroleum burner for heavy oils 
is a problem not yet solved, as far as I know. A 
silent burner can be easily produced; but, as a 
rule, it is liable to back-fires and other troubles 
In a burner like Fig. 4, instead of }-in. tubes, let 
the tubes be all of 2-in. bore. Let the two tubes B B 
be perforated with ten g-in. holes each (these tubes 
BB will be about 2 ft. long, and the inlet pipe 
about 8 in.). Now if a pair of flat bars 1 in, 
wide be laid horizontally above the above-men- 
tioned 2-in. holes, and about } in. above them, 
this burner will work with a practically silent blue 
flame, but is very liable to back-fires. 

In addition to the back-firing difliculty, the space 
occupied is very great for the power, as the burner 
will not burn much in excess of 20 Ib. of oil per 
hour, and it occupies a grate space of nearly 
2 square feet. I have recently tried a device 
which gave indications of success for a silent blue- 
flame burner, but I did not follow it up. The 
arrangement consisted of a large central mixing- 
tube, with a number of lateral burner-tubes, one 
of which is shown in section in Fig. 8. It will be 














noted that the lateral tube A has a slit all along 
the bottom. Over this tube is slipped another 
tube about } in. bigger than A, and having a slit 
cut all along its upper side. The result is to make 
a narrow annular passage B_ between the two 
tubes, the underlying notion being to cause the 
gases to travel through a passage so narrow as to 
prevent back-firing. I found that if a piece of 
half-round iron ?in. wide were laid over the 
upper tube as shown, it was impossible to make the 
burner back-fire, either by turning it low or by 
blowing air at it with a fan; but in the form in 
which I made it it did not burn with a blue flame, 
and a subsequent experiment showed that it would 
be necessary to have a greatly increased area of 
burner, compared with a noisy burner, in order to 
burn the same amount of oil per hour. I am still 
of opinion, however, that it would be possible to 
produce a satisfactory burner on these lines. 
Another plan which also showed indications of 
success is somewhat as follows :—I had built an ex- 
perimental burner of tinplate, into which were sol- 
dered several hundred little copper pipes radiating 
from its upper half. All these tubes turned upwards, 
and terminated with their open mouths in a plane 
about 2 in. above the mixing-chamber. The burner 
only lasted a few minutes, till the solder melted ; 
but it burnt blue whilst it lasted, and gave indica- 
tions of silent running. The objections to this 
arrangement are that small tubes, such as it would 
be necessary to use, are found in practice to furr up 
rapidly in the heat of a furnace, and would not 
last long, whilst the burner would be expensive to 
make. 

Another experiment I tried was to mix steam 
with the oil vapour and air in the’ mixing-chamber. 
I first tried steam at atmospheric pressure, and 
found that if I added about 8 lb. of steam per hour 
to a burner burning 10 ]b. of oil, that it burnt 
silently, with a blue flame. The arrangement was 
one of my ordinary burners, as shown in Fig. 9, 
but with the interrupter bars GG close down over 
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a 
the burner-holes. When this is lighted in the 
ordinary way, it burns with a yellow flame, but 
without noise. On introducing the steam the flame 
becomes blue. The great objection is the quantity 
of water it uses. It could, in practice, be arranged 
in Fig. 9. 
Wares there is a small retort A arranged in the 
furnace, with a jet B of the burner playing on it. 
The water would be arranged so that the water 
level in the retort would remain constant, and 
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Fig.9 



































obviously the amount of steam made would 
depend solely on the temperature of the retort. 
The simplest way of keeping the water level in the 
retort constant would be by the arrangement 
shown, which is on the principle of the ordinary 
chicken water feed, where a closed water vessel C, 
having one outlet for water and inlet for air D, is 
so placed that this outlet is at the desired water 
level ina second vessel E. As soonas the water level 
rises to this point, the ingress of air into the water 
reservoir is stopped, and the flow of water stops 
also. The arrangement works quite successfully 
so long as the water reservoir is not too large ; but 
where this condition is not fulfilled, there is too 
much spring about the air, and the water feeds in 
gulps. 

I next tried the introduction of the steam under 
pressure. A difticulty here is that if the pressure 
of the oil varies, as it must do in working a 
boiler at variable output, the steam will, if at 
constant pressure, be sometimes too much and 
sometimes not enough. To overcome this I decided 
to try the effect of keeping the steam and oil 
pressures constant and always the same. This can 
readily be done either by having the water and oil 
chambers in communication as to their air space, 
or by making the oil, on its way to the burner, pass 
over the surface of the water, the only difficulty 
being that, of course, the water vessel in the latter 
arrangement will, when all the water is used up, 
be full of oil, which has to be drained off before 
more water can be introduced. The apparatus 
works with a blue flame, but the noise is not 
much, if at all, less than that of an ordinary 
burner of the blue-flame Bunsen type. My method 
of testing the relative noisiness of burners has 
usually been to set them running one after the 
other, and to then note, on a still day, how far off 
they could be heard. I believe this is the only way 
in which this point can be experimentally tested, as 
relative degrees of noisiness are difficult to express 
in language or figures. 

(To be continued.) 








COLLIERIES UNDER HIGHWAYS. 

THE mineowner whose underground workings 
extend to within a dangerous distance of a highway 
must always be on his guard to prevent anything 
in the nature of a letting-down of the surface. As 
we shall presently see, the highway authorities have 
power to institute proceedings to restrain any 
interference with their rights, and inasmuch as 
they, in their turn, are responsible to the frontagers 
along the road for keeping the road in a good 
state of repair, they are not slow to enforce their 
nights against a colliery company whose operations 
are causing the trouble. 

A local authority, in whom the highway becomes 
vested under the Public Health Acts, takes it sub- 
ject to the right of working mines reserved by the 
Highways and Locomotives Amendment Act, 1878 
(41 and 42 Vict., c. 77, s. 27), which provides that 
‘notwithstanding anything contained in Section 68 








of the Public Health Act, 1848, or in Section 149 
of the Public Health Act, 1875, all mines and 
minerals of any description whatsoever under any 
disturnpiked road or highway which has, or shall, 
become vested in any urban sanitary authority by 
virtue of the said sections, or either of them, shall 
belong to the person who would be entitled thereto 
in case such road or highway had not become so 
vested ; and the person entitled to any such mine 
or minerals shall have the same powers of working 
and of getting the same or other minerals as if the 
road or highway had not become vested in the 
urban sanitary authority ; but so nevertheless that 
in such working and getting no damage shall be 
done to the road or highway.” This section extends 
both to the Isle of Wight and South Wales. 

In the case of the Attorney-General v. Conduit 
Colliery Company ((1895) 1 Q. B. 301), it appeared 
that a railway company constructed a railway on 
the level across a highway in the district of which the 
relators were the urban sanitary authority Subse- 
quently the defendants worked coal-mines in a 
propef and usual manner beneath the highway, 
with the result that a gradual and uniform subsi- 
dence, to the extent of about 10 feet vertically, 
took place of the highway, railway, and surrounding 
land. No actual damage was done to the highway 
thereby, nor was it rendered less convenient ; but 
the railway company placed ballast under the rail- 
way so as to maintain it at its original level, with 
the result that an embankment was formed, 
obstructing the use of the highway. It was decided, 
in an action against the defendants for damage for 
the obstruction to the highway, that the defendants 
were not liable; but it was held also, by Mr. Justice 
Collins (as he then was), that, assuming the highway 
to be repairable by the inhabitants at large, and 
therefore vested in the relators under Section 149 of 
the Public Health Act, 1875, the subsidence of the 
highway having been substantial, the relators, not- 
withstanding that they had suffered no appreciable 
damage by reason of such subsidence, were entitled 
to judgment with nominal damages for the injury 
to their proprietary rights. 

This section places the road authority in the 
same position as an ordinary surface-owner. In 
the case of the Attorney-General v. Logan ((1891) 
2 (. B. 100) it was decided that a local authority 
may act as relators in an action brought by the 
Attorney-General for the purpose of abating a 
public nuisance, and may themselves maintain an 
action for damages for a nuisance affecting property 
of which they are actual owners. It was contended 
in that case that because a local board is a corpora- 
tion existing for statutory purposes, it has not the 
ordinary proprietary rights in respect of property 
which belongs to it. Mr. Justice Wills upon this 
said :—‘‘ This is a very novel proposition, and it 
has been candidly admitted that, if it is well 
founded (to put an extreme case), the Corporation 
of Liverpool, who are the owners of St. George’s 
Hall, would have no right of action against a 
private person who, in working his coal, under- 
mined the Hall, and let it down and destroyed it. 
But in such a case the Corporation have, it seems 
to me, the ordinary common law rights attached to 
the possession of real property.” Further, the 
action can be sustained. 

In giving judgment, he said :—‘‘I have no 
doubt whatever that such an action would lie with- 
out proof of pecuniary loss. I think the principle 
at the root of the matter is that the owner is 
entitled to have his land ‘remain in its natural 
state, unaffected by any act done in the neighbour- 
ing land’; and that as soon as the condition of the 
plaintiffs’ land has been in fact changed to a sub- 
stantial extent by the withdrawal of lateral support, 
the plaintiff has sustained an injiia, for which he 
may maintain an action without proof of pecuniary 
loss. . That such is the true principle—that 
is, that it is the subsidence, and not the pecuniary 
loss, which grounds the cause of action—is, I think, 
apparent from those decisions, which establish that 
on proof that the weight of a newly-erected house 
has not contributed to the subsidence, its value 
may be recovered by way of damage, consequent on 
the original injury, in an action against the adjoin- 
ing owner who has withdrawn the support of the 
adjacent land.” 

But apart altogether from their liability to the 
highway authority, the proprietors of a mine may 
be held answerable by the frontagers themselves. 
The rules laid down in the case of the Denaby Main 
Colliery Company v. Mitchell (14 Q. B. D., 125), 
were that (1) The owner of the surface has a 








natural and legal right to the undisturbed enjoy- 
ment of that surface in the absence of any binding 
agreement to the contrary ; (2) When, in conse- 
quence of (the owner of the minerals) not leaving 
or providing sufficient supports, a disturbance ot 
the surface takes place, that disturbance is an 
invasion of the right of the owner of the surface, 
and constitutes his cause of action. 

From the cases above dealt with it would seem 
that nothing short of leaving the coal intact will 
avail to protect the colliery owner from an action 
for subsidence. No system of -shoring, unless 
absolutely perfect, would have the desired effect. 
This is because the authorities declare that it is the 
subsidence itself which is actionable, and not 
merely the damage caused by the subsidence. 








BORSIG’S WORKS IN GERMANY. 
(Continued from page 44.) 
SreamM-ENGINE PRACTICE. 

Tae engine department of the Borsig Works has 
always been of great importance. All types of hori- 
zontal and vertical engines are built, including those 
for the direct driving of electric generators, and for 
driving shafting in manufactories, various classes of 
pumps for water works and for drainage, and also 
winding and blowing-engines, air-compressors, ce. 
We illustrate a typical horizontal engine on our 
two-page plate this week, while a perspective view 
on page 538 shows one set of several vertical 
pumping-engines supplied to the Hamburg Water 
Works. On pages 526 and 527 we give detail draw- 
ings explanatory of the steam valves adopted by the 
Borsig firm in some classes of engines, both piston- 
valves and triple-ported flat valves being shown. 

Borsig was one of the first engine-builders who 
took advantage of the compoundsystem, and who also 
adopted triple expansion in three and four cylinders 
in combination with increased boiler pressure. In 
the Paris Exhibition of 1900 he showed a vertical 
triple-expansion engine of 2500 horse- power working 
on a two throw crank, the cylinders being arranged 
tandem fashion. This engine, which was illustrated 
in ENGINEERING, vol. lxix., pages 710 and 711, 
was awarded a ‘‘Grand Prix.” The low-pressure 
cylinders were placed directly over the standards, 
and the high and intermediate-pressure cylinders 
on the top of the low-pressure cylinders. 

The Hamburg Water Works engine, page 538, 
is of the two-cylinder compound type, with fly- 
wheel, and jet condenser. The cranks are set at 
an angle of 180 deg., and the weight of the re- 
ciprocating parts is balanced. The pumps are 
single-acting, and placed beneath the floor-level, 
being driven from the engine cross-heads by tubular 
steel rods, fitted with internal tie-rods to ensure 
rigidity. The engine bed-plate rests on cast-iron 
girders, bedded in the foundation at the back of the 
engine, and carried at the front on brackets cast on 
the pump bodies, additional stiffening to the bed 
being afforded by columns fixed under each crank- 
shaft bearing. 

The pumps, which are of the plunger type, and 
have spring-loaded valves, force the water from the 
well through a pipe, common to both pumps, inte 
the main air-vessel, whence it passes into the mains. 
The gauge pressure in the air-vessel reaches as high 
a head as 183 ft., the head of water which the 
pumps supply being 174 ft. The theoretical capa- 
city of the pumps at 40 revolutions per minute is 
nearly 39,000 cubic feet per hour, and this is 
capable of being increased to 48,700 cubic feet per 
hour when running at a speed of 50 revolutions. 
The steam pressure at the boilers is 130 lb., and 
the steam is superheated, so that the temperature 
on reaching the engine is about 300 deg. Cent. 
The main dimensions are as follow :— 


High-pressure cylinder, diameter 22.25 in. 
Low m * mi 39.37 ,» 
Plunger, diameter 23.32 5, 
Stroke ae 43.31 ',. 
Diameter of air-pump 19.69 ,, 
Stroke ue a 19.69 ,, 


The engine standards are of cast iron, of the 
hollow, forked type, and are braced by box castings, 
which carry the bearings for the valve gear shaft, 
and also support the receiver by means of a bracket. 
The slipper guides, which are fixed to the standards, 
are adjustable. The upper guides for the pump- 
rods are also bolted to the lower part of the 
standards, while the lower guides are fixed to the 
girders under the engine bed-plates. The high- 
pressure cylinder is built up of three parts; the 
low-pressure cylinder, with its valve chests, is in 
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CYLINDERS WITH PISTON-VALVE AND HOCHWALD TRIPLE-PORTED SLIDE, 
CONSTRUCTED BY MR. A. BORSIG, TEGEL, NEAR BERLIN. 





one piece, and provided with a liner. Both cylinders | latter has two spiral coils of solid-drawn steel tubes | (1.73-in.) auxiliary injection-valve is connected with 
are fitted with drop valves, the admission valves of | with 8.4 square metres (90.42 square feet) of heat-|the delivery chamber of the pump on the high- 
the high-pressure cylinder being of the trip-gear|ing surface. The steam supply enters the coil at| pressure side of the engine for emergency purposes, 
type, with oil cataract, as shown in the general|one end through a pressure-reducing valve, con-|and the connecting-pipe is controlled by a cock 
view on page 538. Each valve is actuated by an | nected with the high-pressure steam-chest ; the other | placed on the starting platform. 
eccentric from the common lay shaft placed before | end being connected to the low-pressure cylinder} A boiler-feed pump and an air-forcing pump are 
the cylinders, and driven from a vertical inter-| jacket. The weight of the receiver is carried by | also worked off the air-pump rocking-levers. ‘These 
mediate shaft by two pairs of screw-wheels, each |a spring connection to a cast-iron column fixed on| are fixed to the engine foundation plate on the 
pair of which is enclosed in a casing filled with oil. | the bracing of the engine standards. | high-pressure side, and the air forcing pump is con- 
On this intermediate shaft is placed the governor,; The crankshaft revolves in cast-iron bearings, | nected to the main air vessel and to the delivery 
which closes the main steam-valve should a speed of | provided with white-metal liners. The flywheel, | chamber of the pumps above the valves. 
60 revolutions be exceeded. The trip-levers of the | 10 tons in weight, has a diameter of 14 ft. Teeth| All moving parts of the pumps are supplied with 
high-pressure admission valves are fitted with an | are formed in the rim to gear into a barring ar-| Stauffer lubricators for ‘‘ solid” grease. The steam 
arrangement by which the cut-off can be varied | rangement fitted with countershaft and worm-| cylinders have a Lentz patent oil- pump. The 
from the starting platform, a graduated scale in- | driver. | self-closing spring-loaded pump valves are of 
dicating the length of the admission. It is thus; The air-pump is single-acting, and is driven from phosphor-bronze, with flat seats arranged in five 
possible by means of a hand-wheel to regulate at! the high-pressure crosshead by means of a rocking-| rings connected with the guiding bush by ribs. 
will the speed from 20 to 60 revolutions per lever and links. The pump-body is of cast-iron;The suction-valve seats in the valve chambers are 
minute. with a gun-metal liner, and is bolted with the con-| held down by bolts and washers ; the delivery-valve 
The receiver, which is placed in front of the | denser to a base-plate. The pump-rod guides are | seats are fixed by bolts from outside, which pass 
cylinders, consists of a steel tube fitted with cast-| cast in one piece with the upper cover. The injec- through bosses in the valve chamber and are kept 
iron end covers ; the high-pressure exhaust passes |tion-valve is of the conical type, and by means / tight by closed nuts and lead washers. The oiling- 
from a chamber fitted to the high-pressure cylin-| of screw-wheel gearing can be adjusted from the | platforms of the engine are fitted with perforated 
der through a stufting-box into the receiver. This| starting platform. In addition, a 40-millimetre | foot-plates 0.3 in. thick. A 10-ton overhead tra- 
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velling crane is fitted above the engine to facilitate 
overhauling. 

The horizontal four-cylinder triple-expansion 
engine illustrated on our two-page plate was 
supplied for the electric central station at Borsig- 
werk, in Upper Silesia. This set is capable of 
giving off 1500 to 2000 horse-power. fave the 
ow-pressure cylinders are bolted direct to the 
main frames, the high and intermediate-pressure 
cylinders respectively being placed at the back ends 
of the two low-pressure cylinders. By this means 
the temperature of the higher pressure cylinders 
is kept from unduly heating the crosshead guides. 
This engine works with a boiler pressure of 170 Ib. 


and runs at 90 revolutions per minute. The main 
dimensions are :— 
Diameter of high-pressure cylinder 24 in. 


Diameter of intermediate-pressure cylinder 51} in. 
iameter of each low-pressure cylinder... 514 in. 
Stroke of pistons eRe Marke 2 in. 
The rotor of the generator serves here as a fly- 
wheel. All four cylinders have drop-valves. Those 
for the high-pressure, driven by the Collmann gear, 
are fitted with oil dashpots directly above the 
valves. The principle of this gear is clearly 
shown in Figs. 84 and 85. The valves are 
actuated by the combined action of springs and 


an oil piston which come into play simultaneously | 
to prevent the valve from striking on its seat. | 


€ governor is vertical, and of the Hartung 
type 3 1t is mounted on the distance-piece ‘between 
the high and low-pressure cylinders, and is driven 
y spiral gears from the shaft working the trip- 
gear. It is of a very sensitive nature, and regulates 
the speed with precision. An arrangement is also 
provided by which the speed of the engine when 
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|running can be adjusted to raise or lower the elec- 
| tromotive force. 


All the cylinders are steam-jacketed, but no 
liners are employed. The steam which drives the 


They are fitted with white-metal liners 
throughout. Sight-feed lubricators are employed 
for lubricating the main bearings, the crank and 
crosshead pins, the crosshead shoes and eccentzic, 


indeed, for all moving parts. The cylinders are 


piston of each cylinder passes beforehand through 
lubricated by oil-pumps. 


its jacket, The pistons are hollow, and fitted with 
cast-iron rings, which are adjustable. At present| For turning the engine by hand, the rotor has 
an improved form is being introduced, in which aj an internal toothed ring, the barring arrangement 
‘considerably larger bearing surface is provided, | being driven by worm gear and cranks, so that 
without making the piston itself longer. These | four men can turn at the same time. 
are kept steam-tight by a cast-iron ring, made in| The engine illustrated was so designed that the 
three sections, which is pressed against the cylinder | intermediate and low-pressure cylinders would be 
walls by a number of flat springs. In order to| of the same size. There is an advantage in this, as 
ensure an equal pressure, these springs are cali-| a large number of parts are exactly alike. The 
brated by an ingenious testing apparatus | Borsig firm attach great importance to this, and they 
The piston-rods for each pair of cylinders consist | are consequently able to manufacture most of the 
of a single forging, and work in stufting-boxes fitted | details in large quantities, in spite of the large 
with metallic packings. They have also an addi-| number of designs which are carried out. For such 
tional guide placed in the distance-pieces, which | standard parts special, and in some cases costly, 
can be easily removed when taking off the low-/| appliances have been introduced. These, in com- 
pressure cylinder covers for repairs or inspection. | bination with practical, well-worked-out designs, 
The connecting-rods have crank ends of the marine| render all hand-finish unnecessary, so that, in 
type. The crosshead ends have solid heads, fitted | spite of the expensive tools, the cost of production 
with gun-metal bearings, and can be adjusted by | is moderate. A further advantage is obtained by the 
means of a wedge and bolt. The crank-end bear-| reduction of the number of spare parts required 
ings are also of gun-metal, but are fitted with white- | for each installation. One result of this striving for 
metal liners. The crossheads are hollow steel | simplicity has led the firm to standardise consider- 
castings, and are turned bright all over. The | ably the details of the valve gearing. Forexample, 
crosshead shoes are of cast iron, with large bearing | in vertical engines the lay shafts for the trip- 
surfaces. gear are now placed in front of the cylinders, 
The main frames are of the bayonet type, and | as will be seen by referring to Fig. 81, page 538, 
are cast in one piece with the crankshaft plummer|and the same trip-gear details can then be 
blocks, the connection with the cylinders being care-| used as for horizontal engines. The lay shaft 
fully arranged so as to ensure the crosshead guides |is driven by an inclined vertical intermediate 
|and pistons being exactly coaxial. The main bear- | shaft from the crankshaft by bevel or screw gearing, 
| ings are made in four pieces, and are adjustable by | which serves, at the same time, for driving the 
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governor. In order to employ the same crossheads 
as for the horizontal engine, the vertical types are 
now carried out with double cast-iron standards, 
the guides being bored out co-axially with the 
cylinders. This makes the work of erecting much 
easier and more accurate than when single stan- 
dards and an outside column are used. 

In order to meet the demand for increased 
smoothness of running, combined with a high 
number of revolutions, the exhaust-valves are now 
no longer worked by cams and rollers, but by 
hinged rolling levers (see Fig. 86). The same 
arrangement is being used for the admission valves 
for the intermediate and low-pressure cylinders, 
thus again reducing the number of different parts 
for admission and exhaust gear. The rolling levers 
for both the valves at both ends of the cylinders 
are milled to exactly the same templates. In order 
to eliminate the effect of the angularity of the 
connecting-rod the eccentrics for the valves at 
the two ends of the cylinders have different 
throws. As, however, these parts are made on the 
lathe, this is of less importance than the work 
involved where the rolling levers are different. 

In a like manner care is taken to make the slide- 
valve gears, which this firm employs to a great 
extent for their smaller types of engines, as similar 
as possible. For high-pressure cylinders in such 
cases the Rider expansion valve is almost invariably 
used, having been first adopted by Borsig some 
thirty years ago, the valve being light, cylindrical, 
and perfectly balanced. Latterly the use of higher 
pressures and superheating has led to the use of 
main valves of the piston type, while in order not 
to expose the stuffing-boxes to the high tempera- 
ture of the superheated steam these valves are of 
the internal-admission type Figs. 87 to 93, pages 
526 and 527, show the general arrangement as 
well as details and development of ports of valves 
of this class, as well as of the Hochwald patent 
triple - ported slide- valve used for low - pressure 
cylinders. This valve gives a triple admission, 
triple exhaust, and also intercommunication between 
both sides of the piston just before the end of the 
stroke. Being compact, it does not take up much 
room, and as the resultant pressure is small, it 
absorbs but’ a small amount of power, while its 
small stroke is also an advantage. 

A short description may here be given of the 
winding - engine at the ‘*‘ August” shaft at the 
Borsigwerk colliery of the firm as typical of those 
manufactured at the Tegel works. These cross- 
coupled winding-engines have two cylinders 238 in. 
in diameter and 47} in. stroke, and work at 
50 revolutions per minute, with a paying load of 
3 tons, the depth of shaft being 290 yards. The 
cylinders are fitted with double-beat valves driven 
by cams from a lay shaft. This valve gear was 
selected as it can easily be arranged for reversing 
and for varying the cut-off within certain limits, 
while it is at the same time very simple in its 
details, and easy to handle. 

The cylinders and driving gear are similar in 
construction to the four-cylinder triple-expansion 
engine already described; the relief valves on the 
cylinders do not blow off into the engine-room, but 
into the exhaust. The main frames are of the 
‘* bayonet” type, but are more massive than in the 
case of the engines already described, and rest upon 
the foundations for the whole of their length. The 
winding-drums are placed between the frames, and 
are cylindrical in form, with a diameter of 15 ft. 
and a clear width of 47} in. each. The bosses are 
keyed rigidly to the crankshaft, and the spoke 
discs run loose on these bosses, driving-pins being 
inserted for connecting the two parts. 

The engineman has his stand between the 
cylinders, so that he can easily overlook the whole 
engine when working, and has within easy reach 
the levers controlling the reversing gear, cylinders, 
drain-cocks, and steam-brake. The latter is so 
designed that the brake power gradually increases 
after application. The brake discs are fitted to the 
outer side of the drums, and have powerful blocks. 
In addition, a hand-brake, actuated by a hand- 
wheel and screw, is fitted. A throttle-valve is 
arranged in the main steam-pipe, with a lever 
which can be at once closed by the driver in case of 
emergency. A vertical indicator shows the position 
of the cage in the shaft, a bell being automatically 
rung when the cage nears the pit bank. Theze is also 
a connection with the steam-brake, so that the latter 
is automatically applied in case of over-winding. 
An additional safety gear ensures the steam-brake 
being put on if the maximum winding speed is 





exceeded. On the same standard as the cage- 
indicator is a recording speed-indicator, showing 
the velocity of winding. 


(To be continued.) 








WEST RIDING RIVERS. 
V.—Trape Erriuents : A PROBLEM. 

Havina dealt with what usually assumes the first 
place in the consideration of river purification— 
namely, town sewage—we now approach the most 
difficult branch of this question. Were it not for 
one thing, the treatment of trade effluents would 
unquestionably take the first place in the scale of 
pollution in the district of which we treat. That it 
does not is due to the fact that in all the county 
boroughs, as well as in a large number of non- 
county boroughs and urban districts, trade effluents 
form a large percentage of the contents of the 
sewers. The difficulty, then, does not lie in the 
predominance of volume of the noxious liquid 
poured into the rivers by the manufacturers ; 
neither does it lie in the character of those liquids. 
It is threefold : First, the immense number of the 
polluters, and the privacy and complication of their 
works ; second, want of space for adequate treat- 
ment in many cases ; and third, which is by far the 
greatest, the difficulty of putting the law into 
force. 

The discharge of ‘‘ liquid sewage pollution ” into 
a stream is, by Section 7 of the West Riding of 
Yorkshire Rivers Act, 1894, an absolute offence 
against that Act, there being no exception pro- 
vided. But when we come to ‘‘ liquid manu- 
facturing pollution” the case is altered. The dis- 
charge of such liquid pollution into a stream is 
indeed an offence ; but by Sub-Section 2 of Section 
9 it is provided that it shall not be an offence 
if the person causing the discharge can show 
‘*to the satisfaction of the Court having cogni- 
sance of the case that he is using the best prac- 
ticable and reasonably available means to render 
harmless the poisonous, noxious, or polluting 
liquid so falling or flowing or carried into the 
river or stream.” Asa further protection to the 
offender, or hindrance to the objects of the Act, as 
we may see fit to view it, no proceedings under this 
part of the Act (Part V., Liquid Manufacturing 
Pollution) can be taken against any person without 
the consent of the Local Government Board. A 
still further restriction in proceeding under this 
part of the Act is that the Local Government Board 
shall not give their consent to such proceedings 
unless both they and the Rivers Board are convinced 
that, having regard to all the circumstances, the 
means for rendering harmless the polluting liquid 
are reasonably practicable and available, and _ will 
not entail material injury upon the interest of the 
trade affected. 

Napoleon stigmatised England as a nation of 
shopkeepers. So we are, and the great nations of 
the world are striving to take our place, be it 
honourable or otherwise. ‘‘ Moneys is their suit,”’ 
and in these jealously drawn-up restrictions the 
spirit of the nation is reflected. To come between 
the trader and his trade sometimes rouses even the 
‘patient beast of the English people.” ‘‘Some- 
times ” we say, for he is by no means quick to see 
into the hidden meaning of things. His trade 
may slowly wither as under a blight from decade 
to decade into premature old age and decay, by 
the operation of the deep-laid policy of men in 
distant countries, the effect of which he may not 
fully comprehend until it is too late. This he will 
bear philosophically, and at the last will turn his 
face to the wall with scarce a murmur at what 
he thinks are the inscrutable dispensations of 
Providence. 

But to get an Act of Parliament to molest his 
trade directly; to question his absolute right 
to ruin his own stream—that is, the stream in 
which he possesses an insignificant share; and 
finally to compel him, at his own cost, to do his 
share in restoring it to its natural condition, so far 
as it can be restored, by purifying his foul liquid 
effluents ; this he is apt to call persecution and the 
destruction of English trade interests. Fortu- 
nately, all are not of this mind. Many there are 
who set an example, and by a wise research, 
patience, and perseverance, work out the problem 
finally to their advantage, turning offensive waste 
into a twofold profit ; and it is this example which 
assures the Rivers Board of the sure and certain 
success of their task in the long run, although the 





run will indeed be very long. But the malcontent, 
on receiving his notice, instead of consulting his 
engineer, or his chemist, consults his lawyer, who 
we may be sure, does not always turn a deaf toes to 
his plea, and when once the spirit of litigation iy 
stirred up, and the assistance of combination is 
called in, the strife generally goes on to the bitter 
end. The experience of two striking precedents in 
the history of what may be called ethical trade legis- 
lation may here be recited as an illustration of the 
two methods of enacting laws exemplified in the 
Sections of the West Riding Rivers Act relative to 
liquid sewage pollution and liquid trade pollution 
These precedents are the Factory Act and the 
Smoke Prevention Act, both of which have been in 
existence about half a century. 

The F actory Act, passed chiefly by country gen- 
tlemen ignorant, as a body, of the details of manu- 
factures and trading interests, contained no provi- 
sion for exception, but went straight to the point, 
and at a single bound accomplished its work. The 
offences were absolute, and were not contingent on 
profit, material injury, or other restrictions. Injury 
or no injury, a trade which could not be carried on 
under the Factory Act was not to exist within the 
realm. The vast manufacturing interest bitterly 
resented this innovation on free trade. They said 
it would ruin the great staple industries of the 
country, and even that it was intended to ruin 
them, in order that the country squires and the 
farmers should get cheaper labour. The tribune of 
the people, Mr. John Bright, was one of the 
strongest opponents of what is now called the 
people’s charter. But the Act was passed, and not 
only has there been no ruin wrought, nor a trade 
injured, but after the experience of nearly two 
generations it is the fashion to speak of the ‘ unex- 
ampled prosperity” and the ‘‘ leaps and bounds” 
of trade during that period. In every sense the 
Factory Acts have been a success, and Mr. Milnes 
Gaskell has shrewdly observed that it was fortu- 
nate no such proviso (as to non-injury to trade) 
appeared in these Acts, and that, in spite of the 
outcries of the traders, protection was accorded to 
the victims of the mills, as now itis sought for the 
riparians. 

On the other hand, the Smoke Prevention Act 
was clogged with the restrictive provision by which 
the use of the ‘‘ best practicable and reasonably avail- 
able means ” of consuming smoke did away with 
the offence. If, in the opinion of the magistrates, 
there was no practicable and reasonably available 
means, there was no conviction. In one word, 
the spur of necessity was needed; there was no 
obligation to invent the means, such as an absolute 
law would have created; and so black smoke still 
goes on, and the Smoke Prevention Act is practi- 
cally a dead letter. 

In contrasting the opposite results of these two 
old Acts, passed in the interest of public health 
and cleanliness of living, justice requires that due 
weight should be given to the influence which the 
method of administering the law undoubtedly had. 
The factory inspectors were not appointed by ill- 
owners or the town councils, as generally was the 
case with the office of smoke inspectors in manu- 
facturing towns. Yet the jurisdiction was the 
same, and with the best goodwill in the world to 
oftenders under the Factory Act, the magistrates 
were, under an absolute law, bound to convict on 
proof. 

In like manner we see the effect of qualification 
of the offence in the law relating to the two great 
divisions of liquid pollution—sewage and trade 
effluents. In the one case the obligation is ad- 
mitted. Time is asked for, granted, and often in- 
definitely extended without leave ; inquiry, exper!- 
ment, and due (or undue) deliberation may follow ; 
and even whena scheme is before the Local Govern- 
ment Board, something left out may have excellent 
virtue in postponing the evil day without entailing 
a charge of obstruction or coercion. But of real op- 
position, litigation, and all the shifts and delays of 
the law, there is little, and in the end the work of 
purification is bound to go forward. In the other 
case, the offender does not see the necessity where 
the offence is craftily qualified with restrictions. 
These may prove to be a will o’ the wisp ; but hope 
arises, and he islured on. The restrictions, too, 
are couched in terms incapable of exact definition. 
Who shall determine the values of ‘* reasonable 
cost ” and ‘‘ material injury?” They vary according 
to the standpoint, whether of bias or self-interest, 
or of justice ; and the varieties even of the same 








trade, and the physical conditions under which it 
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ed on, often render precedents doubtful. 
te the important—all-important, we may 
hat the prosecution of the law lies in 
a powerful, united, and representative 
West Riding Rivers Board, the re- 
eir action work against the quick 
appalling evil they were created 
and suggest, as has been put 
that it would have heen best to lay 
Sl eadarde on the lines of the Rivers’ Pol- 
lution Commission as set forth in their fourth 
report, 1872, and make compliance absolute. 
“These standards,” say the Commissioners after 
reciting them, ‘‘have been framed with the most 
careful regard for the interests of both towns and 
manufacturers.” . ‘* We believe that the adop- 
tion of none of them will inflict any injury at all 
upon manufacturers ; indeed, we have every reason 
to conclude that the adoption of these standards 
will save the manufacturers of this country from 
inflicting considerable injury upon themselves ; 
whilst by preserving the whole course of rivers in 
a comparatively clean and usable condition, they 
will tend powerfully to the extension of manufac- 
tories upon the banks. One of the most crying 
evils in manufacturing districts is the want of clean 
water, and therefore every successful effort to make 
dirty water again usable is a direct gain to manu- 
facturers.” ; 

These are the views of the able and practical 
members of the 1868 Commission, after an investi- 
vation extending over four years and several dis- 
tinct areas ; and, lest they may be thought to be 
tinted by the reformer’s zeal, we may again cite 
the view of the Mayor of Huddersfield at the con- 
ference held in that town on December 21, 1891—to 
wit, that the value of the purer water in the 
streams thus cleansed would far outweigh the cost 
of treatment, in addition to the benefit to public 
health. Hence it seems to follow that the difti- 
culties of enforcing the Act of 1894 being proved, 
the way is clear for seeking in Parliament such 
extended powers as will better enable the Rivers 
Board to cope with the problem. 

We have thought fit to explain at some length 
the essential distinction between the processes of 
extinguishing liquid pollution arising from sewage 
and trade effluents respectively, for a purpose 
which the reader will presently see. We now 
propose to consider the status quo, so as to form 
some estimate of the progress in this direction in 
the West Riding. 

In 1893 liquid pollution was discharged from 
1944 mills, factories, or works, including bleachers, 
breweries, coal-washers, chemical works, maltsters, 
nillers, paper-makers, silk-spinners, tanners, wire- 
works, and woollen and worsted manufacturers. 
Of these, 966 discharged their untreated effluents 
direct into the stream, and 823 discharged them 
into public sewers. The remaining 155, after some 
treatment more or less eflicient, discharged into the 
stream. 

In 1902 the total of polluting works had only in- 
creased to 1983, of which 422 were discharging 
untreated effluents into the stream, while 542 had 
adopted some kind of treatment before discharging 
into the streams. Thus, since the passing of the 
Rivers Act, the increase of treated trade effluents 
flowing into the streams was from 155 to 542, or 
no less than 387. Many of these treatment works 
being inefficient, the progress in this direction 
cannot be classed as other than slow, especially 
when we learn that in a large number of cases trade 
polluters have had to sever their connection with 
the sewers. At the same time several districts 
which have carried out their sewage works since 
1893 receive a large number of trade effluents. 

It will give some idea if we enumerate some of 
these towns. First, as we have said, all the county 
boroughs may be included ; also the boroughs of 
Batley, Bingley, Brighouse, Dewsbury, Keighley, 
Morley ; while a large number of urban districts; 
amongst which may be instanced Elland, Heck- 
mondwike, Horbury, North Bierley, Queensbury, 
Soothill Nether, Soothill Upper, and others have 
provided for the admission of the whole of the 
trade refuse of their districts; to which may be 
added the borough of Ossett, which, so far back as 
1873, decided by special resolution to receive all 
trade effluents which mill- owners might choose 
to connect with their sewers, but have declined to 
catty out special sewers and pumping works to 
accommodate certain factories which lie below 
the gravitating level. Thus at one stroke Ossett 
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numerous small becks from gross pollution, and 
blended the sewage of one of its two outfall works 
with such an infusion of sulphuric acid—-used in 
the form of vitriol for carbonising the vegetable 
fibre in rags for the production of shoddy—as has 
to a large extent crippled its sewage treatment for 
the last generation. Such a lesson inculcates cau- 
tion in laying down conditions for the reception of 
trade effluents into sewers, as well as tirmness in 
enforcing them. 

Having thus made a general review of what has 
been accomplished, it will be useful to devote a 
brief space to the consideration of the facilities 
afforded by the law for the discharge of liquid 
manufacturing pollution into the sewers. 

The Rivers’ Pollution Commissioners of 1865 and 
1868 had not the good fortune to see their most 
soundand excellent work bear direct fruit ; but itmay 
be stated that they clearly saw the practicability of 
admitting to the sewers a large proportion of trade 
effluents without increasing the difficulty of treat- 
ment, except in so far as increased volume was 
concerned. In this category they placed the 
efHuent from wool-washing works, if in moderate 
volume, and also all that from the process of re- 
covery of waste materials in such eftluents ; also 
from cotton, linen, and jute works, and, in fact, 
from most of the textile processes. That their 
conclusions were right we have proof from the ex- 
perience at Manchester, where, upon the largest 
scale yet known in the world, the use of the bac- 
terial contact principle has practically succeeded in 
the treatment of a sewage containing a large admix- 
ture of trade effluents as follows :—Ammonia reco- 
very liquors, benzol washings, waste liquors from 
breweries, dye and bleach works, galvanising works, 
grease refineries, tanneries, rubber goods works, 
tripe-dressing works, and mineral-water factories. 
Most of the above effluents, it will be noted, are 
non-putrefactive. Over 20 acres of single-contact 
beds have dealt very satisfactorily with this sewage 
mixture, some of them for over two years, and the 
Corporation seem now assured of ultimate success. 

It may be added that the conditions under which 
the Corporation admit trade effluents are among 
the most complete and stringent in the kingdom. 

As a further incentive to the policy of admitting 
trade effluents, the practice of other great cities 
outside the West Riding may be cited—for instance, 
Birmingham and Leicester, which possess complete 
works of sewage treatment; and many smaller 
towns, such as Bolton, Rochdale, Eccles, Swinton, 
Nuneaton, Yeovil, Exeter, &c., all of which take 
a large proportion of trade liquid pollution, and deal 
with it with more or less efficiency. 

Indirectly, however, the Commissioners’ views 
bore fruit. In 1876 the Rivers’ Pollution Preven- 
tion Act was passed. Section 7 runs thus :— 

‘¢ Every sanitary or other local authority having 
sewers under their control shall give facilities for 
enabling manufacturers within their district to 
carry the liquids proceeding from their factories or 
manufacturing processes into such sewers.” 

‘*(1.) Provided that this section shall not extend 
to compel any sanitary or other local authority 
to admit to their sewers any liquid which would 
prejudicially affect such sewers, or the disposal by 
sale, application to land, or otherwise, of the 
sewage matter conveyed along such sewers, or 
which would, from its temperature or otherwise, be 
injurious in a sanitary point of view.” 

**(2) Provided also that no sanitary authority 
shall be required to give such facilities as aforesaid 
where the sewers of such authority are only sufti- 
cient for the requirements of their district, nor 
when such facilities would interfere with any order 
of any court of competent jurisdiction respecting 
the sewage of such authority.” ms 

A statute thus clogged with restrictions takes 
away with one hand what it gives with the other, 
and can only result in failure. Such provisos are 
trifling with the law, and, after much repetition, 
must needs bring its statutes into contempt. This 
time the restrictions are against the offenders, 
but whether for or against, delay, obstruction, 
strife, and expense follow in their train. But in- 
asmuch as we shall have to consider the in- 
superable difficulties they present to the mill- 
owner whose dilemma forces him to seek the aid 
of a reluctant authority, in connection with the 
report of the Royal Commission on trade effluents, 
it is not needful to enlarge upon them in this place. 
As-Sancho says, ‘‘ there goes reason to the roast- 
ing of eggs ;” and there goes reason even to the treat- 


not likely that a burden too heavy to be borne will 
be laid on a local authority by the compulsory 
reception of trade effluents under proper safe- 
guards ; neither, on the other hand, is it likely 
that a Rivers Board will fail to administer practical 
justice by holding its hand should the impossible 
case arise in which the strict enforcement of the 
statute would destroy a valuable industry. One 
thing is needful—namely, that some competent 
skilled authority should lay down the conditions 
under which it is proposed to hand over the treat- 
ment of trade effluents to the local authority. This 
brings us to the most critical and interesting phase 
of the problem we are considering—that caused by 
the recent action of the Royal Commission. 








HEATING AND VENTILATING SMALL 
WORKSHOPS. 

AT the meeting of the Junior Institution of Engineers, 
held at the Westminster Palace Hotel, on April 8, the 
chairman, Mr. Samuel Cutler, Jun., M.I. Mech. E., pre- 
siding, a paper on ‘Heating and Ventilating Small 
Workshops” was read by Mr. Kenneth Gray, M. San. 
Inst., member. 

Employers of labour, he said, are beginning to pay 
attention to the ventilation and warming of their shops. 
Experience shows that, apart from the benefit which the 
employés derive from healthy and comfortable surround- 
ings, a real economy is effected where a large quantity of 
fresh warmed air is continually passing through the shops. 
The breathing of impure air, charged to excess with car- 
bonic acid, and laden with all kinds of animal, vegetable, 
and mineral impurities, greatly reduces the bodily vigour 
of the peo: oa and so contributes to slackness. It 
is unreasonable to expect that they can perform hard and 
arduous work when the air they have to breathe is such 
that they cannot obtain from it the nourishment which 
their exertions demand. 

A close investigation of the changes which take place 
in air in the process of breathing seems to show that 
expired breath, although at the moment of leaving the 
lungs no doubt tends to rise, yet is probably rapidl 
cooled, and, being a heavier mixture than fresh air, falls 
again almost at once. The fact that air at 32 deg. Fahr. 
is raised through 60 deg. Fahr., although in contact with 
the lungs for but 2 or 3 seconds, shows how rapidly its 
temperature is changed. And as in breathing out, it is 
emitted through the nostrils in a downward direction in 
two attenuated streams, it seems probable that an equally 
as i cooling takes place. 

Jnder these circumstances, if the ventilating outlet re- 
gisters are placed near the floor level, and the fresh air 
inlets above head level, and some mechanical power is 
used to drive the air into the shops, a continual stream 
of fresh air will be passing into the building, while the 
expired, vitiated air is safely carried away through the 
extraction shafts. 

With all systems of ventilation it is necessary to pro- 
vide means to warm the incoming air, and it seems ad- 
visable to do this while it is passing through the main 
duct leading to the shops. But it is a good plan not to 
heat the. air to a high. temperature: there are many 
reasons why it is advisable to heat it only to the same 
temperature as that which it is intended to maintain in 
theshops. The warming of the shops can best be secured 
by direct heating—i.c., the fixing of the radiating surface 
inside the various shops. Where appearance is not of 
such importance as economy of space, this can be effec- 
tively done by fixing hot-water or steam-pipes above 
head level. The only difference this makes in warming 
a building is that it takes rather longer to raise the 
temperature than when the pipes are tixed on the floor 
level; but as soon as the required temperature is reached 
it can be just as easily maintained. 

Rules and tables for calculating the required amount 

of radiating surface were given and fully explained, par- 
ticular attention being called to the influence that the 
material of which the building is constructed, and the 
extent to which it is exposed to the cold winds, has upon 
the amount of radiating surface necessary. 
Messrs. W. G. Wernham, Percy Young, J. H. Pear- 
son, A. W. Marshall, T. C. Morewood, R. Marshall, 
G. T. Bullock, G. C. Allingham, J. N. Boot, J. W. 
Nisbet, and the chairman, took part in the discussion 
which followed, and much interest was shown in the rela- 
tive merits of mechanical and natural ventilation, and 
the plenum and extractum systems. 

The author, in his reply, discussed these questions 
fully, pointing out that the large air change necessary in 
ventilating a crowded room represented a surprisingly 
great amount of mechanical work, which is far more than 
the difference of internal and external temperature could 
be relied upon to perform, especially when this difference 
was not great, and the atmosphere was still ; he there- 
fore recommended some mechanical means to make sure 
of air change. With regard tothe plenum and extractum 
systems, each had their merits, and good work could be 
done with both : everything depended on the design and 
erection of the apparatus. 








TraNs-ANDINE Rainway.—Tenders are to be received 
next month for the completion of the still unfinished 
portion of the Chilian section of the Trans-Andine Rail- 
way. With a view to hasten the completion of this 
important work, the Chilian Congress has guaranteed 
§ per cent. upon the capital required, irrespective of 
working expenses, 








relieved its largest ratepayers, and purified its 


ment of trade effluents. On the one hand, it is 
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DETAILS OF 150-HORSE-POWER ELECTRIC-LIGHTING ENGINES; ROYAL 
CONSTRUCTED BY MESSRS. PETER BROTHERHOOD, LIMITED, ENGINEERS, LONDON. 
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and parallel fitting parts on the rods. The con- 
necting-rods are of the marine type, forked at the 
crosshead end, and fitted with hardened and ground 
pins. The crankshaft is of forged steel, and is 
| annealed after rough turning. The main bearings and 
| crank-pin brasses are of gun-metal, lined with white 
| metal, the crosshead brasses being of phosphor-bronze. 
| Duplicate oil-strainers are fitted, and these can be re- 
| moved for cleaning while the engine is running. Top 
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¥ " SS | wiper glands are fitted where the piston and valve rods 

2% - . arnt rs - arith apeeeyt 

‘s Tr \AZ aw | [oreabemspe hone e aphimon. LP ettecrreat 

: Sid] RQ | provi P passing along th 

tal Mime hill SAN maa ole shaft.. Provision is made for the free circulation of air 
Se ——~ — 3 4. 2 to keep the parts cool. : j 

Keg@a© TRET @ | Special attention has been paid to the governing, 

% LS \\ pit =, which is designed to meet the exacting demands of the 

ast WN 4 specification in regard to control, and also to give good 


results in unskilled hands, even after prolonged use of 
the engine. The governor is of the throttling type, 
and the revolving weights are of large size in order to 
; | | give considerable pone. To avoid oscillation, due 

Raha = LA y to the relatively large inertia of the weights, their 
ore ene (GG an oo ye we EES la movement from the maximum to the minimum speed 

a ae A ‘a - is small. The resultant forces, due to the two springs 
attached to them, act through the centres of mass of 
the balls, thus minimising the pressures on the pin- 
joints. The external spring (the load on which is 
beeen ae aes f Benny variable while running, in order to give means of 
| adjustment of speed) usually provides about one-third 
| of the total spring load. The central spindle, which 
| transmits the motion of the balls to the valve, is of 
| steel, and has hardened steel rollers to reduce friction 
|} at the connection with the ball-arms. At the other 
| end the spindle is hardened, and works in a small 
| phosphor-bronze sleeve, the end of this sleeve being 
pointed; and bearing against the bell-crank attached 
| to the governor valve-rod. The upper part of the 
sleeve forms an oil-cup, constantly filled by the oil 
| thrown from the moving parts of the engine. Oil is 
| led to the centre of the revolving spindle, and moves 
| radially outwards as the spindle revolves. The sleeve 
and the spindle are the only parts subjected to con- 

| siderable motion, and the former is readily renewable. 
| The maximum travel of the governor-valve for the 
| full range—i.e., from full steam to shut—is much 
greater than that required to pass the steam at full and 
no-loads respectively, and the balls have sufficient 
| movement to give the full travel of the valves. Hence 
| the governing is not greatly affected by small altera- 
tions in length of the valve and rod. The adjustment 
of this length is liable to be. interfered with un- 
| necessarily, especially in connection with engines used 
afloat, in the endeavour of the attendant to give more 
steam opening should the boiler: pressure {all below 
that required to maintain the full load. In many 
governors the result of such alteration is to put the 
governor so much out of adjustment as to lead to 
racing when all load is removed. This governor is 
designed to prevent this happening, for the normal 
valve opening may be very largely exceeded without 
| preventing the closing of the valve by the governor 
| when the load is removed. The normal travel being 
‘small, wear of the valve is reduced, and at the same 
| time, owing to the large valve lap, there is a large 
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range for compensating for wear. The use of heavy 
balls gives great power without setting up inertia 
troubles, as the swinging movements are too slight for 
any appreciable momentum to be attained ; the time 
required for performing the swing being very small, 
the momentary variations of speed are minimised. 
The dynamos for these sets are the ordinary four- 
eae compound type of 100 kilowatts capacity as made 
y the Thames Electrical Engineering Works. They 
have an output of 450 to 475 amperes at 220 volts. The 
armatures are of a form specially constructed for 
traction work, being former-wound, with slotted core. 
The commuator is of large area, and is fitted with 
carbon brushes. The end bearing has ring lubrication. 
We recently had an opportunity of seeing one of 
these sets under steam, when the governing certainly 
was very close, the whole load being suddenly removed 
and reapplied with small variation. We append the 
results of a few governor tests, taken from recent 
official trials of these engines, which have been supplied 
to us by Mr. Brotherhood. 


Results of a Few Recent Tests of Governors of Brotherhood’s 
Enclosed High-Speed Engines. 


Momentary In 
crease or Fly-up Percentage 


Steady Steady 
when Load of 


Order Speed with Speed with 





Number. ‘ull Load. No Load. | was Suddenly | Control. 
Removed. 
revs. per revs. per revs. per 
min. min. min. 
1452 435 440 443 Lis 
1452 450 455 460 1.4 
1260 405 411 426 1.5 
126) 3838 395 408 1.8 
1260 399 403 418 1.0 
1260 404 410 415 1.5 
1311 387 298 410 2.9 
1311 392 399 412 18 
1260 392 398 400 1.5 


In addition to these tests, the governors were tested 
for range of control. The speeds could be varied 
within a limit of 15 per cent. above and below normal 
speed without change of spring, the percentage of 
control being under 2 per cent. in all cases throughout 
the entire range. 

Special attention has been given to lubrication in 
these engines. The oil is supplied under pressure to 
all working parts by a small valveless oil-pump, driven 
directly irom the crankshaft. The oil is drawn from 
the reservoir at the end of the crank casing through 
duplicate strainers. These are so arranged that either 
may be readily and conveniently removed, cleaned, 
and replaced, whilst the engine is running without 
interfering with the oil supply, or allowing any un- 
strained oil to reach the bearings. The oil is delivered 
from the pump to a bronze distributor, from whence 
separate pipes lead to all the moving parts. A pressure 
gauge is fitted on the front of the engine to indicate 
the oil pressure maintained ; and a relief valve with 
external regulating handle is also fitted to allow of 
variation in adjustment, if necessary, owing to change 
of density or viscosity of the oil used. The oil-pump 
is single-acting, but the arrangements provide for con- 
stant oil pressure throughout the entire revolution of 
the crankshaft. To ensure this, a part of the oil 
discharged during the delivery stroke of the pump is 
stored and supplied to the bearings, &c., whilst the 
pump is refilling. This provision is designed to ensure 
efficient and uniform lubrication of the whole of the 
working surfaces, and to prevent vibration and injury 
to the pressure gauge and oil-distributing pipes. 

The time allowed for the construction of the two 
sets was eight weeks from date of order, the date of 
delivery being March 10. The first set was officially 
tested on February 26, and the second set on March 1, 
the delivery being over a4 week within the contract 
cate. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—The decline in the price of 
Cleveland iron last week was as sharp and continuous as 
the previous week’s advance. The drop of last Thursday 
morning was 24d,, following a drop of 34d. on the pre- 
vious day. Opening at 44s. 4d. and 44s. 5d. one month, 
quotations eased off to 44s. 24d. cash, and 44s. 4d. one 
month buyers at the close. A good business, which reached 
a total of 8000 tons, was done round those figures. The 
business done in Cleveland iron warrants in the afternoon 
was around 6000 tons. Prices hardened a little on the 
buying of three months iron by a commission house at 
44s, 5d. and 44s. 54d. three months. The settlement prices 
were :—Scotch, 52s.; Cleveland, 42s. 3d.; and Cum- 
berland hematite iron, 54s. 6d. per ton. In conse- 
quence of the withdrawal of 2785 tons of Cleveland 
warrants from the Middlesbrough stores the pig-iron 
market was firm in the morning of Friday, and prices 
recovered 15d. of the decline of Thursday. There were 
no cash transactions, but a moderate business of 8000 
tons was done at forward dates. The market opened 
1d. dearer at 44s. 6d. one month, and quotations firmed 
to 443. 6jd., and there were dealings at 44s. 7d. two 
months, and at 44s. 5d, three months. Cleveland war- 


rants were dealt in to the extent of 4000 tons, and 





prices hardened 4d. further to 44s. 54d. cash and 44s. 7d. 
one month. Hematite iron was quoted nominally at 
54s. 9d. cash and 55s. one month sellers, and the set- 
tlement prices were : —52s., 43s. 44d., and 54s. 6d. per 
ton. A further decline of some 1100 tons in the stocks 
of Cleveland iron at Middlesbrough brought about some 
‘bear ” coverings in the forenoon market on Monday, 
with the result that prices advanced from 24d to 3d. cash 
to 44s. 8d. cash and 44s. 104d. one month. ‘The turnover, 
which amounted to 3000 tons, included one lot at 
44s. 10d. three months. There were sellers of Scotch 
iron in the market at 52s. 6d. cash, and buyers of hema- 
tite iron at 53s. one month. One lot of Cleveland was 


sold at 44s. 10d. one month, and that constituted 
the afternoon business. The tone was dull, with buyers 
at the close at 44s. 64d. cash and 44s. 84d. one 


month. The settlement prices were:—52s., 44s. 74d., 
and 54s. 9d. per ton. A moderate business, amounting to 
6000 tons, was done on Tuesday morning. The tone was 
firm, and Cleveland warrants advanced 2d. to 44s. 10d. 
cash and 44s. 11d. one month. Scotch iron continued 
idle, but there were cash transactions at 52s. buyers. The 
tone was steady, and Cleveland warrants were 5d. easier 
at 44s. 9d. cash and 44s. 104d. one month. Business was 
also done at 44s. 94d.—10d. twenty days, the total turnover 
being 3500 tons. Scotch warrants were nominally 3d. dearer 
at 52s. 3d. cash buyers, and the settlement prices were :— 
52s. 3d., 44s. 9d., and 54s. 9d. per ton. Considerable 
activity prevailed in the ug foicon market this morning, 
and a comparatively large business was done—not less 
than 12,000 tons was transacted. Cleveland warrants were 
strong in tone, and on ‘“‘ bear” covering, caused by a with- 
drawal of 1859 tons from store. A strong, and at times 
somewhat excited, feeling prevailed in the afternoon, 
when the price of Cleveland advanced to 3d. further. 
Values rose to 45s. 8d. Buyers of hematite iron were 
quoted at 55s.one month. The settlement prices were :— 
h2s. 4d., 44s. 104d., and 54s. 9d. The following are 
the market quotations for makers’ iron :—Clyde, 58s., 
Gartsherrie, Summerlee, and Calder, 58s. 6d.; Langloan, 
69s. ; Coltness, 70s. 6d.—all the foregoing shipped at Glas- 
gow ; Glengarnock (shipped at Ardrossan), 58s. Gd. ; Shotts 
(shipped at Leith), 60s.; Carron (shipped at Grange- 
mouth), 60s. 6d. per ton. The pig-iron markets opened 
on Tuesday week with a very hopeful feeling, and the 
time that has since elapsed shows that the hope told not a 
flattering tale, as is traced by the course of the market 
from day to day. The market has been very steady. 
The reaction that occurred at the end of last. week was to 
be looked for. American reports are still strong, al- 
though a shade off this week, German reports are all 
good, and show active markets. The shipment of 5000 
tons of German hematite iron is reported as under charter 
for Grangemouth. Home trade reports are gaining in 
strength. 

Hematite Iron for Steel-Making.—Prompt specifications 
are now reported to be rather more plentiful than for 
some time past. West Coast brands of hematite iron 
show no signs of business, but buyers have advanced their 
offers to 54s. 9d. one month. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia remains at 12/. 11s. 3d. to 12/. 12s. 6d. per ton 
for prompt delivery Leith or Glasgow. The shipments 
at Leith last week amounted to 141 tons and last month 
they reached 3629 tons, as against 3151 tons in March of 
last year. 

West of Scotland Coal Trade.— This branch of trade has 
undergone very little change of late. There is no in- 
crease in the demand for almost any kind of fuel, and 
consequently prices do not tend to firmness. House coal 
is em any alteration of any kind. Steam coal con- 
tinues to find a very quiet market, but is quotably no 
lower. Splint is very plentiful, and though slight reduc- 
tions in price have been made, they do not seem to have 
been sufficient to ensure the regular removal of the out- 
puts. Ell of the best quality is in good request, with prices 
firm; but there is improvement to record in respect of 
the poorer sorts of thisclass. Treble and double nuts have 
a fairly ready outlet for export, and values keep steadv. 
First-class dross and single nuts and all kinds of small 
stuff are in moderate demand, with values, if anything, 
a shade lower. 


The Past Century’s Shipbuilding Progress. —Dr. Robert 
Caird, Greenock, completed the fifth lecture on ‘‘The 
Development of the Science of the Last Century” by 
treating of the development of progress in the shipbuild- 
ing of the century. e showed how the Comet of 1812 
differed with the great Cunard ships and the White Star 
steamers of the past few years. Altogether it was a most 
interesting lecture. 


Co-operative Telephones.—Last night a meeting of the 
Institution of Electrical Engineers (Glasgow Section) had 
a paper by Mr. A. R. Bennett on the ‘ Development of 
Corporation Telephones.” It was a most comprehensive 
sketch. Unfortunately, no person spoke in the discussion 
on the subject, which was adjourned till the next nieeting 


Arbroath Water.—On Monday, the 11th inst., the Town 
Council of Arbroath, by a majority of 12 to 3, resolved 
to proceed with the Noran scheme, for which Messrs. 
Crouch and Hogg, civil engineers, Glasgow, are the 
engineers, as soon as the Provisional Order, recently 
passed in Edinburgh, receives the formal sanction of 
Parliament. The estimated cost is 80,000. 


Institution of Civil Engineers : Glasgow Students.—The 
ninth and last general meeting in session 1903-1904 of the 
Glasgow Association of Students was held in the Institu- 
tion Rooms, 207, Bath-street, Glasgow, on Monday even- 
ing. The President, Mr. J. E. Harrison, M. Inst. C.E., 


was in the chair, and a paper by Mr. J. W. F. Gardner | 


on ‘‘Mid-Lanark and Ayrshire Lines” was read by Mr. 





<== 
| J. Arthur Crum, in the absence of the author. The 
| paper, which was illustrated by diagrams and lantern 
views, described the erection of Larkhall Viaduct, Stone 
house Viaduct, the Ponesk, Stottencleugh, and A yr Vis. 
ducts, Muirkirk, Allanton, Darvel, and Nethan Vinduees 
Lesmahagow. A discussion followed. The meeting then 
resolved itself into the annual business meeting of the 
association, when the following office-bearers for next 
session were unanimously elected :—President Mr. J 
EK. Harrison, M. Inst. C.E.; vice-presidents—Messrs. J’ 
B. Brodie, A. Marshall Downie, and Malcolm Macpher- 
son, Assoc. M. Inst. C.E. Council—Messrs. William 
Foulis, George KE. Hunt, John M. Hogg, and George 8 
Young, Studs. Inst. C.E.; hon. secretary—Mr. Ralph A. 
Whitson. a 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

The Hull Coal Trade.—The returns relating to the Hull 
coal trade for the past quarter are fairly satisfactory 
having regard to the position of business all round. ‘The 
total imports last month reached 252,640 tons against 
214,784 tons in March, 1903. The three months’ imports 
reached 735,232 tons, being exactly the same as in the 
first quarter of 1905. Only a moderate business has been 
done coastwise. Last month 25,362 tons were dealt with 
and of this quantity 17,205 tons went to London. The 
three months’ traffic amounted to 75,906 tons, of which 
49,455 tons went tothe Metropolis. The exports for both 
the month and the quarter show a marked decrease, 
due, it is said, in some measure to the Coal Tax. Last 
month only 77,660 tons were shipped, against 105,158 tons 
in the month of March last year—a decrease of 27,498 
tons. In the course of the last three months only 227,898 
tons were shipped, as compared with 341,934 tons last 
year, being a decrease of over 114,000 tons. 


The Iron and Steel Trades.—Some of the leading 
houses in the crucible steel trade continue to receive 
fairly good orders, chiefly from abroad, and they are now 
running full time. This is, however, by no means 
general, especially among firms whose business lies, for 
the most part, in the home market. Travellers who are 
in Wales and in the North are doing little in steel and 
files, and competition is keener than ever. Firms who 
have put on the market qualities of steel for special 
purposes are doing a fair trade in them. Business in all 
kinds of Swedish irons and steels is still unusually quiet. 
There is little buying on the part of consumers, and 
merchants are keeping down their stocks. At the present 
time there is no difficulty in obtaining supplies from 
Sweden, as the demand from the Continent and from 
America has tapered off considerably. A very marked 
improvement has been going on in the branches of trade 
having to do with picks, shovels, hammers, and other 
mining and excavating tools. Some makers are so busy 
that overtime has had to be adopted. A large proportion 
of the orders are from abroad, but the requirements for 
the home market have also revived, A good many of 
the file houses are better employed, and there is more 
work among the edge-tool makers. 

The South Yorkshire Coal Trade.—Very little progress 
has so far been made in settling contracts for the shippin 
season, but it is felt that such a step cannot be aii | 
longer delayed. The demand at the present time for 
steam coal is only quiet. During the holidays stocks 
were considerably reduced, and fuller time has been made 
since work was resumed. The demand for house coal 
keeps up remarkably well, and prices are well maintained. 
As a rule, they are at about the same standard as last 
September. Quotations for steel cokes are firm, but for 
blast-furnace qualities there has been a little giving way. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change, many of the regular 
attenders being present at the funeral of the late Colonel 
John Stevenson, at one time a prominent ironmaster, 
and of late years a well-known iron and coal merchant. 
There was not a great deal of business doing, but 
a most’cheerful tone prevailed, and quotations for 
Cleveland iron again advanced. Buyers, however, hesi- 
tated to follow the ‘somewhat sharp upward movement. 
Nothing under 44s. 9d. was named for early f.o.b. deli- 
very of No. 3 g.m.b. Cleveland pig iron, and transac- 
tions were recorded at that figure. No. 1 was 46s. 3d., 
and No. 4 foundry 44s. 44d. The lower qualities 
were also put up in price. Grey forge was 44s.; 
mottled, 43s. 6d.; and white, 43s. 3d. The Kast Coast 
hematite pig-iron trade was reported in anything but 
a satisfactory state, quotations being weak and buyers 
very backward. For early delivery of mixed numbers, 
52s. 6d. was the price ; whilst No. 1 was 53s., and No. 4 
forge 51s. Spanish ore was somewhat dull, and as con- 
sumers had made what purchases they need for the 
present, there was little disposition shown to_ buy. 
Rubio was 15s. 44d. to 15s. 6d. ex-ship Tees. To-day 
the market was again stronger so far as Cleveland qualt- 
ties of pig were concerned, and No. 3 was advanced to 
45s. f.o.b. For No. 1 46s. 6d. was asked, and for No. + 
foundry 44s. 6d. was the quotation. Forge qualities were 
firmer, but not quotably altered. Hematite iron showed 
no change. Middlesbrough warrants opened at 44s. 1ld., 
and rose by the close of the market to 45s. 2d. cash buyers, 
which is the highest price touched since September last. 

Blast-Furnacemen’s Wages Reduced.—The net average 
selling price of No. 3 Cleveland pig iron for the first 


quarter of the year has been certified at 42s. 3.97d., as 
This means 





| against 44s, 1.37d. for the previous quarter. 
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2} per cent. in blast-furnacemen’s wages, 
hich lowers wages from 15 per cent. above the standard 
pe 1D per cent. above the standard. 


Statistics. The quarterly returns of the 

TD aaa Chamber of Commerce show that for the 
# - three months of the year the output of the furnaces 
eg Middlesbrough district was 327,000 tons of Cleve- 
ta d i and 156,000 tons of hematite, spiegel, basic, &c., 
lant DF otal of 483,000 tons, as against 330,000 tons of 
sen. 1 160,000 tons of hematite, &c., making 


‘leveland iron anc : 
Clevel if 490,000 tons for the previous three months. 


a reduction of 


— the first quarter of 1903 the total output reached 
505,000 tons, of which 325,000 tons were Cleveland iron, 


: 000 tons hematite, &c. Imports of iron ore 
- er rsteoush during the first quarter of the year 
amounted to 340,927 tons, as compared with 215,751 
tons during the previous quarter, and 314,216 tons during 
the first quarter of 1903. 

ifactured Iron and Steel.—There is practically 
BE genta to report with regard to the manufactured 
iron and steel industries. Buying is slack just now. 
Quotations stand :—Common iron bars, 62. 2s. 6d.; best 
bars, 6l. 12s. 6d.; iron ship-plates, 6l. 7s 6d. ; iron ship 
angles, 62. 2s. 6d. ; steel ship-plates, 5/. 12s. 6d. ; steel ship 
angles, 5/. 5a.; joists, 52. 5s.; and heavy steel rails, 4/. 10s. 
—all less 24 per cent. discount, except rails, which are net 
at works. 

Cleveland Ironstone Mineowners and the M iners.—-A 
meeting of the Cleveland mineowners was held here this 
afternoon, Sir David Dale, Bart., presiding. The fol- 
lowing deputation from the miners attended :—Messrs. 
Foyne, Hobbs, Braithwaite, Stephens, Dark, Stubbs, 
Grange, and Coulthard. After alengthy discussion terms 
of the following purport were put before the men’s represen- 
tatives :—‘‘ The owners were willing to waive their claim 
for a 3 per cent. reduction on the understanding that the 
same should be debited to the men when future advances 
might accrue. The owners did not recognise any mini- 
mum of 20 per cent., such as the men contended for.” It 
was understood that the delegates would put this before 
the men, and meet the owners again on the 25th inst. A 
matter which has been pending for some time—viz., the 
12 o'clock Saturday question—was again mentioned, and 
the owners expressed their willingness to settle by allow- 
ing a certain section of the men to leave work at 12.30 on 
Saturday instead of at 1 o'clock. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam coal trade has exhibited rather a 
quiet tone. Quotations for the best large have, however, 
ruled firm, and the same may also said, to some 
extent, of secondary qualities. The best large steam 
coal has been making 17s. to 17s. 6d. per ton, while 
secondary qualities have brought 15s. 6d. to 163. 6d. per 
ton. As regards household coal, a somewhat quiet tone 
has prevailed in view of the advance of the season ; at 
the same time prices have been well maintained. The 
best ordinary descriptions have made 14s. to 15s. per ton, 
while secondary qualities have ranged from 10s. 6d. to 
13s. per ton; No. 3 Rhondda large has made 15s. to 
15s. 3d. per ton. Foundry Coke has been quiet at 18s. to 
193. per ton, while furnace ditto has made 16s. to 16s. 6d. 
perton. As regards iron ore, Rubio has realised 14s. per 
ton; Tafna, 15s. per ton ; and Almeria, 14s. to 14s. 3d. per 
ton, charges including freight to Cardiff or Newport. 


A Railway Race.—On Saturday the Great Western 
Railway Company ran with the mails from Plymouth to 
Paddington —245} miles—in 257 minutes. The London 
and South-Western also had a mail run from Plymouth 
to Waterloo—230? miles—in 260 minutes. 


Tredegar Dry Dock Company.—The annual meeting of 
this company was held in London on Friday, Mr. E. 
Ascherson presiding. The directors report that the 
income for the past year showed a profit of 3039/., out of 
which an interim dividend of 2 per cent. had been paid. 
The directors regretted that the result of the year’s 
trading did not enable them to recommend a further 
dividend. The profit earned during the first half of the 
year was encouraging, but the business fell off considerably 
in the second half. ‘There had, however, been an improve- 
ment since the turn of the year. The new repairing- 
shops were finished shortly before the end of the year, 
and the work was now being carried on more economically 
than before. But, at the same time, there was severe 
competition, and low prices prevailed. 


South Wales Coal and Iron.—The exports of coal from 
Cardiff in March beat the record. The aggregate ship- 
ments for the month from the six principal Welsh ports 
—Cardiff, Newport, Swansea, Port Talbot, Neath, and 
Llanelly — were: — Foreign, 2,066,787 tons; coastwise, 
404,933 tons ; total, 2,471,720 tons. The exports of iron 
and steel from the six ports for the month were 6903 tons; 
of coke, 16,865 tons; and of patent fuel, 120,643 tons. 
The shipments of coal from the six ports in the first three 
months of this year were :—Cardiff, 4,728,803 tons; New- 
port, 1,008,090 tons ; Swansea 466,953 tons ; Port Talbot, 
247,336 tons; Neath, 73,171 tons; and Llanelly, 66,692 
tons—making an aggregate of 6,591,045 tons. The ship- 
ments of iron and steel for the quarter were :—Cardiff, 
17,537 tons; Newport, 7483 tons ; Swansea, 4063 tons ; 
and Port Talbot, Neath, and Llanelly, nil—making an 
or of 29,083 tons. The shipments of coke were: 
= ardiff, 15,291 tons ; Newport, 5499 tons; Swansea, 
7138 tons; Port Talbot, 3572 tons; and Neath and 
Lianelly, nil—making an aggregate of 31,500 tons. The 
shipments of patent fuel were :—Cardiff, 156,829 tons ; 
Newport, 4522 tons ; Swansea, 128,067 tons ; Port Talbot, 
33,789 tons; and Neath and Llanelly, nil—making an 
aggregate of 323,207 tons. 





MISCELLANEA. 

WE are informed that Mr. George C. Lloyd, chief 
assistant to the secretary of the Iron and Steel Institute, 
has been appointed secretary of the Institution of Elec- 
trical Engineers ; also that Mr. Percy F. Rowell, chief 
assistant to the late Mr. McMillan, has been appointed 
assistant secretary. 

In a paper recently read before the Institute of Marine 
Engineers, Mr. D. K. Roberts advocates the use of elec- 
tric motors for driving winches and other auxiliaries in 
cargo steamers, in place of the separate steam-engines 
now usual. He considers a series-wound motor particu- 
larly suited to the running of a ship’s winch, since the 
speed automatically varies with the load lifted, a light 
load being raised quickly, and a heavy one slowly. 


Ia a discussion before the American Society of Civil 
Engineers on ‘‘ Freezing as an Aid to Excavation in Un- 
stable Material,” Mr. G. E. Thomas gave the following 
results of experiments made on the etrength of frozen 
materials :— 


Average of four tensile tests 451 Ib. per sq. in. 
i 491 


Maximum ... ae a .. =4 Ar 
Average ofeight compression tests =575 a 
Maximun ... ie <3 = ” 


In a paper read before the Birmingham Association 
of Mechanical Engineers on Saturday, April 9, Mr. A. 
Cooke gave a review of the history of gas-making, stating 
that Murdock, being unable to persuade Boulton and 
Watt to take up his discovery, left their service, and 
started a foundry at Cumnock, his native village in Scot- 
land, where he set up a gas-making apparatus. A year 
later he returned to Soho, and lighted the works there 
by gas. The gas-meter was invented by Samuel Clegg, 
one of his assistants. 


The Board of Trade have recently confirmed the under- 
mentioned Orders made by the Light Railway Commis- 
sioners :—l. Clacton-on-Sea and St. Osyth Light Rail- 
way Order, 1904, authorising the construction of light 
railways from St. Osyth to Clacton-on-Sea, in the County 
of Essex, in the aml district of Tendring and the urban 
district of Clacton. 2. Rugby and District Light Rail- 
way Order, 1904, authorising the construction of light 
railways in the urban and rural districts of Rugby, in the 
County of Warwick. 3. Leicester and District Light 
Railways Order, 1904, authorising the construction of 
light railways in the Borough of Leicester, and in the 
rural districts of Barrow-upon-Soar and of Market Bos- 
worth, in the County of Leicester. 


On Easter Monday, two of Jessop’s original edge-rails 
from the Nanpantan line of 1789 were placed on view in 
the remarkable railway collection which is to form one of 
the principal features of the Liverpool Museum. At the 
same time there was added a portion of a Liverpool and 
Manchester rail of 1829, from Rainhill, over which the 
“Rocket trial” wasrun. A straight-sided chair of 1829, 
made by Charles Rylands, contractor, Liverpool, and 
marked *‘C. R., C. L.,” is also under this rail and keyed 
up with a wrought-iron key. The other chair for this 
rail was of Mr. George Stephenson’s stronger pattern of 
1833. The rest of this collection, which has now been re- 
turned from the Chicago Exhibition of 1893, is to be put 
in position as soon as the necessary room can be found. 


In furtherance of the new scheme of increasing the 
engineering knowledge of naval officers, the torpedo- 
lieutenants of H.M.S. Vernon are now given the oppor- 
tunity of visiting some of the principal private work- 
shops in the kingdom. On March 24 a visit of this kind 
was paid to the Queen’s Engineering Works, Bedford. 
The party consisted of 22 members. This is the second 
time that Messrs. Allen’s works have been selected for 
inspection by the oflicers of the Vernon, and in view of 
the very high standard of workmanship, shop organisa- 
tion, and methods of production which the firm has 
attained, the choice is an excellent one. For some years 
past all work here has been executed to limit-gauges, and 
the manual labour of the fitter has been reduced to an 
absolute minimum. 


In a recent issue of the Street Railway Journal there are 
some notes as to the plan followed in engaging motormen 
on the Pacific Electric Railway. Each man has first to 
pass a medical examination. He then has to spend 
about thirty days ‘‘on his own time,” by which we under- 
stand ‘‘ without wages,” in learning the construction and 
handling of a car, and the geography of the district in 
which he isto run. At the end of this time he has to 
pass a severe oral examination and take up a policy of 
500 dols. with a surety company which guarantees his 
good behaviour. The pay given is 11d. per hour for 
‘** extra ” men, who on becoming ‘‘ permanent” get a rise 
of jd. per hour, which is increased as time goes on toa 
maximum of 1s. 0fd., which is attained after 15 years’ 
service. The working hours are 10} per day. 


Messrs. Schaubach and Graemer, of Coblenz, have 
recently put the sixth police boat on the Rhine, built to 
the order of the Rhine Administration. The boat, which 
is described.in the Zeitschrift des Vereins Deutscher In- 
genieure of January 9, is, like its sister-boats, to serve also 
as an ice-breaker, although the length is only about 17 
metres (56 ft.), or 18.75 metres over all, and she can main- 
tain a speed equivalent to 8.5 knots, against the strongest 
current. The draught is 1.3 metres (51in.). The boat 
carries a marine boiler with a Morison flue for steam 
at 12.5 atmospheres (178 lb.), and a compound engine, 
with cylinder diameters of 140 and 240 millimetres, and 
a stroke of 275 millimetres (5.5 in., 11 in., and 10.8 in.). 
With a cut-off of 60 per cent. for the high-pressure cy- 
linder, and running at revolutions, the coal consumption 
was not to exceed 1.25 kilogrammes per indicated horse- 





power per hour ; the actual consumption on the trial trip 


amounted to 1.13 kilogramme (2.5 lb.). The boats are 
comer being built in Siemens-Martin steel and teak 
wood. . 


The specific heat of superheated steam, which is now 
being determined both at the National Physical Labora- 
tory and by a committee of the Verein Deutscher Inge- 
nieure, is the subject of a lengthy theoretical discussion 
by Professor Weyrauch, of Stuttgart, published in the 
Zeitschrift of the latter association of January 2 and 16. 
On the basis of experiments, ranging between 122 and 
231 deg. Cent., Regnault had, in 1862, assumed that the 
specific heat at constant pressure remained fairly constant, 
and that the average value was 0.48. Weyrauch proved 
in 1876 that this could not be so, and he gave the 
formula 0.434 + 0.0003779 t. This formula agrees sur- 
prisingly well with the results of the experiments by Le 
Chatelier and Mallard, supplemented by Sarran and 
Vielle, on the combustion of explosive gas mixtures, 
although those experiments concern temperatures of 
1000 deg. and 2000 deg., while Langen, also experiment- 
ing with gas mixtures, found in 1903 the formula 0.439 + 
0.000239 ¢. Weyrauch now discusses the theory, and 
he arrives at formule and tables for calculating the specitic 
heats at constant pressure and constant volume, and also 
the total heat. These formule will remain of practical 
importance he claims, though further researches may 
alter the constants. In the issue of the same journal 
of January 20, Professor R. Mollier, of Dresden, further 
publishes new diagrams for technical thermodynamics. 


The popularity of the steam-turbine appears to be 
constantly increasing, and so-called new types are being 
steadily produced. Every possible mode of working 
seems, however, to have been already patented in its main 
features by either Parsons, de Laval, or Ferranti, and the 
new types, on examination, generally turn out to be minor 
modifications or combinations of the work of these in- 
ventors, some of whose patents have, of course, lapsed 
with etHux of time. We note that even the ingenious 
minor modification in which the steam jet after leaving one 
wheel is reversed and turned back on to the same wheel, 
instead of being passed on to a second wheel, has already 
been devised by a number of independent inventors. 
The plan avoids the multiplication of wheels, but is 
such an obvious development that it is not surprising 
that the idea has been hit upon almost simultaneously by 
a number of independent engineers. We note that it 
makes its reappearance in the Terry steam turbine, 
described in a recent issue of the Jron Age, and it con- 
stituted, it will be remembered, the novel feature of the 
Riedler-Stumpf turbine, and the idea was also patented 
in this country at the beginning of 1900 by a British 
inventor. In fact, every workable detail of a steam- 
turbine appears to have en independently invented at 
various times and places, so that there is a fair prospect 
of good times for the patent lawyers in the course of the 
next few years. 


In a recent issue of the Engineering Record we find 
particulars showing the remarkable fire-resisting qualities 
of ferro-concrete. A 6-story building, built by the 
American Hennibique Company, was exposedjto the full 
force of the late Baltimore fire, and remained standing, 
though the entire front, which was of cast iron and 
glass, was destroyed, and the temperature reached 
on some of the floors during the fire was sufficient 
to melt brass. The whole interior of the building, 
including columns, girders, and floors, were of ferro- 
concrete. The columns were 14 in. square in the 
basement, and 8 in. square at the top. The floors were 
designed for a load of 200 lb. per square foot, and were 
flat arches, 4 in. thick at the crown and 64 in. thick at 
the haunches. The ferro-concrete girders were 8 in. 
wide and 22 in. deep. The concrete used was made of 
one part Lehigh cement mixed with 3 parts sand and 
5 parts of trap-rock broken to pass a }-in. mesh. Ex- 
amination after the fire showed the ferro-concrete portion 
of the structure to be practically uninjured. Some of 
the floor slabs showed cracks, but were not broken 
or disabled, and in some cases similar surface cracks 
were found in the beams. To test the strength of the 
structure after the fire, 2 portion of one of the lower 
floors, 105 ft. wide and 210 square feet in area, was 
loaded with bricks, producing a load equal to 225 lb. 
per square foot, the deflection noted being yy in. at 
the centre of the beam on the line of loading. A pile 
of bricks 6 ft. high and 2 ft. wide was then built across 
the centre of the previous pile for its full length, and 
allowed to remain 24 hours. This produced a total de- 
flection of 4 in., which disappeared on removing the load. 








CLAYTON AND SHUTTLEWORTH (LiINCOLN).—The profits 
of this company for 1903 amounted to 91,8112. After 
making provision for depreciation and all fixed charges, 
the directors recommend a dividend of 7 per cent. for the 
year on the ordinary shares. The balance proposed to be 
carried forward to next account is 3989/. Instead of 
leaving the freehold land, buildings, and machinery, &c., 
at the figures arrived at by the valuers, the directors have 
written them down to the actual cost of the company. 
The orders in hand are of a satisfactory nature. 





AMERICAN RAILROAD ConsTRUCTION.—The extent of 
new American railroads at present under construction is 
6908 miles. To this total the two New England States con- 
tribute 14 miles; the middle States, 339 miles ; the South 
Atlantic States, 1426 miles; the Gulf and Mississippi 
Valley States, 698 miles; the Central Northern States, 
526 miles; the North-Western States, 334 miles; the 
South-Western States, 2856 miles; and the Pacific States, 
715 miles. In April, 1903, there were about 8500 miles of 





new American line under contract. 
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THE railway department of the Queensland Rail- 
ways has recently built at the new works at Ipswich, 
Queensland, several new carriages from the designs of 
the chief mechanical engineer, Mr. (ieorge B. Nutt. 
The carriages, which we illustrate on the present and 
opposite pages, measure 53 ft. over buffers, 49 ft. 6 in. 
over headstocks, and 8 ft. 7 in. wide over bodies. 
They are provided with two 4-wheel Fox’s pressed- 
steel bogies, having wheels 36 in. in diameter; the 
main underframes are of structural steel, and the cars 
are provided with Westinghouse brakes. The draw- 
gear is on the continuous system, and fitted with 
Spencer’s patent rubber springs; the car bodies are 
bolted down on india-rubber cushions to the steel 
underframes. The framing of the bodies has been 
constructed throughout of Indian teak, and special 
attention has been paid in the design to secure rigidity 
and smooth running. The car platforms are enclosed 
by gates and railings of ornamental pattern, with the 
Railway initials, *‘ Q.G.R.,” worked therein. 

The suburban cars, shown in Figs. 1 and 2, are 
provided with American reversible back-tilting seats, 
which give accommodation for 64 passengers; the 
inside is finished with ornamental Queensland woods, 
mirror panels, and ceilings of Lincrusta Walton. 

The sleeping-cars have five four-berth compartments, 
the ladies’ and gentlemen’s lavatory accommodation 


being at each end; the wash-slab in the latter 
compartment is of Australian marble. The upper 


sleeping-berths are formed by the ordinary day-seat 
backs being pulled out and run up to the horizontal 
position. The whole of the water service is operated 
by the air-brake pressure. 

The State car is fully illustrated by Figs. 3, 4, and 5, 
page 535. The inside finish has received careful treat- 
ment, being enriched by art paintings, ornamental 
timbers, mirrors, and photographs. The car is fitted 
with the Westinghouse brake, air-pressure water ser- 
vice, and Stone’s system of electric lighting. All the 
carriages have been faithfully built at the company’s 
works, from running-gear to the smallest decorative 
detail, and for this great credit is due to the Mecha- 
nical Branch of the Queensland Railways. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 6. 

Tue first decided benetit of the long-cogtinued 
restriction of pig-iron production is now being felt, 
and is being evidenced by a general expansion of 
demand from all classes of consumers, especially users 
of pig iron for steel-making purposes. The rolling-mills 
of the country have secured much business during the 
past week, and quite a volume of orders have already 

oured in by telegraph, in most cases to cover this new 
Gonsaw. Basic pig is especially active, and very large 
quantities have been contracted for. Pipe works are 
also once more in the market, but large orders have 
not been placed recently, owing to an advance of 
50 cents per ton. The latest large order for Bessemer 
pig was for 10,000 tons at Cleveland, which sold at 
13.50 dols. The larger furnaces throughout the West 
are now sold up for about three months to come, and 
other furnaces at the present rate of progress will soon 
be out of the market for that time. All kinds of 
material are firmer than they have been for six 
months. Gradual improvement has set in for billets, 
sheet-bars, and structural material. The great Pencoyd 
Works at Philadelphia, which have been idle for a 














tural material will be in very heavy demand through- 
out the year, to meet the necessities created by rail- 
road demand. There is also an improvement in some 
of the minor mill products, such as tubes, nails, and 
wire products. Inquiries for wire for export are 
quite encouraging. 

Copper is again advancing under light supplies. 
Very few domestic consumers are at present in the 
market, and those who are obliged to purchase are 
restricting their demands, as the price is from 13 cents 
to 134 cents. Exports of copper for the first quarter 
of the year were 68,838 tons, against 32,354 tons for 
the same time last year. Imports of copper during 
March, 1934 tons refined, and 14,937 tons of ore; lake 
and electrolytic copper are now bringing the same 
price. Imports of copper for the first quarter reduc- 
ing ore to refined metal were 22,719 tons ; domestic 
production for the same period is now estimated at 
99,000 tons. Pig tin is extremely scarce, and small 
lots sold this week at 283 dols. ; to arrive 28} dols.; but 
none is offered. The amount of tin afloat on March 31 
was 2879 tons, making the total domestic visible 
supply 4081 tons ; arrivals at Atlantic port during the 
month 3991 tons, making the total since the first of 
the year 8531 tons. 

Government statistics just furnished show that the 
iron ore output has doubled in quantity during the 
past six years. Last year eight mines produced 
10,272,780 tons, and eighteen other mines produced 
16,249,280 tons. The entire tone of the market is 
decidedly stronger ; and as the winter has disappeared 
and fair weather prevails, a rapid increase in business 





long time, will resume to turn out bridge-work and | 


other material for railroad improvements, most of 
them being conducted near New York City. Struc- 


activity and in manufacturing activity is inevitable. 
The money markets are over-supplied with money, 
and there is not employment for large amounts ; the 


deposits now in New York banks from the interior 





' amount to over 400,000,000 dols., and the rates for call 


money as low as 2 per cent. The spirit of speculation 
has been fortunately checked, and legitimate values 
are manifesting themselves in all directions. 








Gas At Parts.—The revenue of the Parisian Company 
for Lighting and Heating by Gas last year was 4,1123,194/., 
as compared with 4,504,231/. in 1902, showing an increase 
of 418,963. The working expenses amounted last year 
to 3,296,237/., as neenel with 3,180,104/. in 1902, show- 
ing an increase of 116,133/. The net revenue accordingly 
improved last year to the extent of 302,830/. 





Iranian Steam Navication.—The Veloce (Italian) 
Steam Navigation Company is about to build three addi- 
tional steamers for its South American lines ; they are to 
be named the Brasile, the Argentina, and the Italia. 
They are to be each of 6000 tons burthen, and they are 
to be fitted with engines working up to 6000 horse-power. 
Their speed is expected to be 16 knots per hour, and they 
are to be built at Genoa, which has always been the 
headquarters of Italian shipbuilding. 





Brookiyn Bripex.—Commissioner Best and Chief 
Engineer Nichols, of the Department of Bridges, New 
York, have submitted plans and specifications for the en- 
largement and reconstruction of the Manhattan terminal 
of the Brooklyn Bridge. ‘The work contemplates the re- 
arrangement of the terminal to relieve the morning and 
evening crush. This will require the purchase of c« msider- 
able property by the city, hah it 1s proposed to utilise 
by the erection of a building over the trolley and elevated 
railway tracks, to be used for various city departments. 
The estimated cost is 1,575,000/., a large part of which 
would be expended in acquiring property. The building, 
however, would be a large structure, several stories 10 
height. 
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SHIPS’ COMPOSITION.* 
By Mr. A. C. A. HOLZAPFEL. 
(Concluded from page 519.) 

I WILL now proceed to refer to the anti-corrosive pro- 
perties of compositions. Many shipowners and _ super- 
intendents, when seeing a ship which presented a rusty 
bottom, have ascribed the rust to the presence of dele- 
terious substances in the composition; this accusation 
has been justified only in the rarest instances. Ships 
painted with ordinary oil paint show considerably more 
rust than those painted with compositions, and this rust 
18 almost invariably due to the presence of moisture on 
the surface of the plate before the paint or composition 
was applied. The painting of ships is generally done in 


* Paper read before the Institution of Naval Archi- 
tects, March 25, 1904, 
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the daytime, when the temperature surrounding the | this moisture would naturally deposit on the paint and 
vessel is about 10 deg. to 20 deg. higher than the body of | not on the iron, and could therefore cause no damage. 
the ship. Asa consequence, moisture is generally present I have during the last fifteen to twenty years observed, 
on a ship’s plates while she is being coated ; the quick- | in regard to vessels which have been regularly painted 
drying varnish paints, which are used as a priming in| with compositions containing both copper and mercury, 
connection with the anti-fouling, are, however, particularly | that their outer hull is certainly in a remarkable state of 
well adapted to prevent damage from the presence of this | preservation, so that the edges of the plates are almost 
moisture, for during application the moisture becomes | as sharp ason the day the vessels were launched. 

mixed with the paint and evaporates with the light hydro-| | A great deal has been said from time to time about the 
carbons which are generally contained in the paint; this | deleterious effect of copper compounds, and I would like 
is a similar process to the one chemists use to remove | to give my viewson this subject. Copper may be used in 
the moisture out of glass tubes which they rinse out | various forms, as a metallic powder, as oxide of copper, 
with alcohol, and with the alcohol any moisture which | and in the form of cyanide, arsenite, &c., also as a copper 
may be present will evaporate. Professor Lewes, in| soap or resinate. I have taken the trouble to ascertain 
his paper of 1889, pointed out another effect of the ap- | the relative strength of galvanic current produced by 
plication of a quick-drying paint of this nature, which | these different forms of copper as follows :— 

is a further cooling of the metal due to rapid evapora- I connected blocks of the various forms of copper with 
tion and the further depositing of moisture on it ; but |an iron plate and immersed them in sea water. The gal- 
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vanometer showed metallic copper 60 deg., oxide of 
copper: 6 deg., cyanide and arsenite of copper and other 
similar compounds 2deg. As far as I know, metallic 
copper is not being used in this country in the manufac- 
ture of ships’ compositions; but if it were, it would un- 
doubtedly be very deleterious to iron and steel ay 
Oxide of copper can, I think, be sufficiently insulated by 
the usual priming coating, but I consider it desirable 
that the percentage of oxide of copper in a composition 
should be Sianited as far as seutide. The other com- 
pounds, I consider, may be used freely and without 
injury, because, being mixed as a varnish paint and sur- 


rounded by a thin layer of linseed oil and gums, their | 


particles, in my opinion, are sufficiently insulated to pre- 
vent the formation of a galvanic current with the ship’s 
hull. I have so often referred to damage by galvanic 
current, with which no doubt the great majority of my 
audience are familiar, that I, nevertheless, deem it desir- 
able to explain the physical changes produced by it. If 
a piece of iron and a piece of copper are connected to 
one another, the iron becomes electro-positive and the 
copper electro- negative. If they are placed in sea 
water, the galvanic current which arises between them 
decomposes the sea water; the hydrogen gathers to the 
copper and protects it against destruction, while the 
oxygen is attracted to the iron and causes it to oxidise 
or disintegrate. 

A galvanic current arises between all metals which are 
electro-positive or electro-negative to one another, and 
this is practically the case with any two metals you can 
connect together. This galvanic current is a powerful 
predisposing influence to the disintegration of that metal 
which is electro-positive to the other, provided that direct 
means, such as acids, sea water, damp air, or destructive 
gases which would have a disintegrating effect on that 
metal, are in contact with the same. But if the two 
metals were covered with paint or composition, or with 
another means of protecting them against such disinte- 
grating agents, the fact of their being in contact would 
not cause the destruction of either. 

Professor Lewes, in his paper of 1889, points out that 
compositions containing copper compounds may cause 
serious injury in so far as these copper compounds dis- 
solve in sea water, and form oxychloride of copper solu- 
tion, which may be electro-deposited as metallic copper 
in places where the iron surface of the vessel has been 
chafed, and would there set up galvanic action. Theo- 
retically this is undoubtedly correct, but in practice I 
have found no material damage to any of the many vessels 
which, to my knowledge, have been for many years 
coated with compositions containing copper compounds. 
This is probably due to the circumstance that the zone or 
film of chloride solution is so infinitesimal in its depth 
that, as a matter of fact, it is hardly removed by the 
ship’s passage through the water. A friend of mine made 
some experiments in Trieste Harbour which seemed to 
bear this out; he coated a plate with composition con- 
taining a large percentage of cyanide of copper, and 
fastened, | alf an inch from this plate, a piece of bare iron, 
and imn ersed these in the sea in a strong current, so that 
the water washed from the plate towards the piece of 
iron, After several months of immersion he carefully 
examined the piece of iron, and could find no traces of 
inetallic copper on its surface. But if metallic copper did 
deposit in the manner described by Professor Lewes, it 
would, on the next docking, be covered by a priming 
coat, and be thereupon isolated from sea water, and it 
would thus be unable to exert its destructive effect on 
the iron. 

While I am on this subject I might also refer to the 
question of bronze propellers. I find that shipowners are 
not in the habit of coating these with composition, 
although nearly all varnish paints adhere well to every 
art of a propeller, except about a square foot on the 

ack of each blade, where the dead water gathers and 
where they wear off. I frequently notice that these 
bronze propellers are covered with grass or small acorn 
shells, which fact must considerably detract from their 
efficiency and from the vessel’s speed. I also notice that 
pieces of zine are fastened close to the stern to exbaust 
the galvanic current which forms between the iron of the 
ship’s hull and the bronze propellers, and which would 
otherwise damage the sbip’s hull. It is natural that while 
a galvanic current exists between the bronze propeller and 
the ship’s hull or the zinc plates attached to the ship, the 
bronze of the propeller ceases to disintegrate or to be anti- 
fouling, and that it will be covered with a growth if the 
vessel is ina fouling port. By applying the usual two 
coats of varnish paint, this fouling of the propeller can be 
prevented, and, moreover, the strength of the galvanic 
current set up between it and the ship’s hull can be 
reduced to a minimum, as the exposed surface of bronze 
would be only 2 per cent. or 3 per cent. of what it is 
when the propeller is not painted. For this reason it 
must be apparent that bronze propellers should invariably 
be painted with anti-fouling composition. If itis desired 
to have these compositions of a light colour, manufac- 
turers could, no doubt, supply a special light-coloured 
composition which would adhere as well as the others. 

In speaking about the manufacture of anti-fouling com- 
positions, I have not, so far, referred to the varnishes with 
which they are mostly made. The first effective varnish 
paint introduced into this country was invented in Ger- 
many, and introduced about the year 1870. It consisted 
chiefly of a shellac solution, which was mixed with linseed 
oil and oxide of iron, and depended for its anti-fouling 
properties on oxide of mercury. This paint was, at that 
time, chiefly used in the Atlantic trade, for which it 

ave excellent and reliable results. Shellac solution, 


nowever, has since been superseded in this country by 
other varnishes made by the hot process, whereby the 
linseed oil is more intimately admixed, and these latter 
varnishes are also more adhesive, and produce a smoother 





surface than shellac varnish; and, lastly, they disintegrate 
somewhat more rapidly under the action of sea water, and 
thus enable the composition to produce a larger quantity 
of chloride solution during a given period. The prepara- 
tion of these varnishes plays an important part in the 
manufacture of compositions, and they have to be care- 


| fully adjusted to the quantity of anti-fouling material 
| carried in them, so as to. adapt them for the various trades 


for which the compositions are intended. 

I might in this connection mention that nearly all com- 
positions applied in the United Kingdom are manufactured 
with hydrocarbons, which give off inflammable gases at 
ordinary temperatures. The use of such compositions in the 
open air or in the dry docks is practically safe, but they are 
neither suitable for application inside a vessel nor are they 
fit to be carried as stores or as cargoes under deck ; for 
this reason the compositions manufactured for export by 
the principal firms are made with hydrocarbons whic 
give off such vapours only at 100 deg. or upwards by 
Abel’s close test, and these compositions may be safely 
carried under deck. The compositions so made by several 
firms have been certified by the Board of Trade for ship- 
ment under deck of British vessels. 

As already stated, the manufacture of anti-fouling com- 
positions is carried on in the United Kingdom by some 
seventy firms. During the year 1902 anti-fouling com- 
positions were applied in the ports of London, Liverpool, 
Glasgow, Newcastle, and Cardiff, to 4863 vessels. In 
1903 there were 4766 vessels so coated. The export of 
anti-fouling compositions lies almost entirely in the 
United Kingdom and Germany, and the United Kingdom 
has at least 80 per cent. of the total. France at one time 
used to export considerable quantities, but has practically 
ceased to do so during the last few years. 

A good deal of interest has been expressed, since the 
introduction of steel ships, in the painting of new vessels. 
The first paint applied to new vessels is mostly the so- 
called builders’ paint, to which I refer later. This paint 
has no capacity for firmly adhering to the close grain of a 
new steel plate. The usual priming of anti-fouling com- 

sition has also often been tried, and found little better. 

hese unsatisfactory results are also largely due to the 
bloom and mill-scale present on new plates, and to 
moisture, frequently present between the metal and the 
int. 

The navies of most countries therefore specify that the 
plates of their vessels, before being riveted into position, 
are to be pickled; by this process the mill-scale and 
bloom are removed, and the surface of the metal is 
sufficiently broken to give the paint proper adhesion. 
Shipowners, however, find the pickling process too ex- 
pensive, and several of them specify that their vessels are 
to be launched without any paint on their bottoms. A 
few weeks or months later, after their outfit is completed, 
these vessels are docked and coated with three coats of 
composition, which then adheres much better. I con- 
sider that the first of such coats should be a specially 
prepared slow-drying composition, sufficiently liquid to 
mix with any rust still present on the surface of the plate. 
How far this launching without paint may be adopted on 
the Clyde, where the water contains many impurities, is 
to be questioned; but, generally, this process is as 
effective as the pickling, and considerably cheaper, and I 
would recommend its general adoption by shipowners. 
Tke two or three coats of builders’ paint usually applied 
I consider to be labour and material wasted, as most, or 
all, of it falls off during the first year or two of a vessel’s 
existence, taking off the composition with it, and necessi- 
tating frequent docking and repainting. 

The only portion of the proche of a vessel’s hull difficult 
to protect against rust is the ‘‘boot-top,” or the portion 
between the light load-line and deep load-line. For this 
— a mixture of zinc white, red lead, and boiled oil 

as generally been used, because the anti-fouling compo- 
sitions do not stand so well in this portion of the vessel as 
in that which is constantly under water. Moreover, the 
boot-top is always much chafed by lighters, fenders, quay 
walls, &c., while the vessel is in port, and few captains 
care to recoat this portion with composition, partly 
because composition is more expensive than ordinary 
int, partly because the sailors, who usually recoat the 
t-top in port, are not past-masters in the art of 
applying compositions, and lastly, because most composi- 
tions are liable to crack by long exposure to the atmo- 
sphere, thus letting the water through to the iron or steel, 
and causing rust. During recent years composition manu- 
facturers have made special quick-drying and, at the same 
time, low-priced ‘‘boot-top” paints, some of which also 
have anti-fouling properties, and these have been largely 
adopted as a convenient substitute. The boot-top, how- 
ever, is a part which it is difficult to keep free from rust, 
and where, after twenty years of trading, many vessels 
consequently show some perceptible diminution in the 
thickness of their plating. 

I would like now to proceed to the question of pro- 
tecting the insides of vessels. Almost the entire destruc- 
tion of a vessel’s hull proceeds from the inside ; the usual 
method for protecting it has been as follows :— 

The inner bottom, in ballast tanks and bilges, is covered 
with Portland cement ; tank bearers, keelsons, and the 
under side of tank tops, sometimes with a coat of red 
oxide, sometimes with nothing at all; holds, bunkers, &c., 
with two or three coats of builders’ paint. I will now 
explain what is generally meant by builders’ paint, such 
as 1s applied asa firstcoat. I do not wish in any way to 
criticise shipbuilders unfavourably, but I can boldly state 
that the principal qualification of builders’ paint is its low 
price. As used for these purposes, it consists mostly of 
oxide of iron ground in oil, frequently in oil and water, 
and guarantees as to purity are rarely demanded. On 
analysis it will be found that this so-called oxide often 
consists of about 20 per cent. of oxide of iron and 80 per 
cent. of barytes and other adulterants. Until 15 or 


20 years ago red lead was generally used, and f 
specified by owners, but, Sean anova uneoitee at 
steel ships, oxide of iron of the quality described atill 
holds sway. Now oxide of iron is a most excellent pro 
tective for steel, but not the oxide adulterated as aioe. 
and which is generally applied to ships. However 
particular a shipowner or marine superintendent may be 
in regard to the details of construction and outfit of his 
vessel, the painting clauses in the specification mostly 
receive but the scantiest attention. For many parts of 
the vessel the builders’ paint is the only paint she ever 
receives, and when it has worn off there is nothing left to 
prevent the destruction of the metal. Now, a vessel 
with bronze page copper piping and sea-cocks, a 
steel hull and iron decks, and a large amount of coal 
dust in her bunkers, and which is passing through the 
water at a high rate of speed, is cathing else but a huge 
galvanic element. The destruction, therefore, of those 
parts which are exposed to destructive agents, such ag 
sea water, bilge water, moist air, acids which are formed 
from sugar cargoes and other fermenting substances, must 
naturally be an enormous one. During the last two 
decades a number of special paints, some of them of 
bituminous character, have been adopted for various parts 
of vessels, and have undoubtedly marked a decided pro- 
gress ; still there is a g deal of improvement possible 
in the manufacture of these compositions, and particularly 
in their application. A vessel’s holds, for instance, are 
generally painted when she passes through her classifica- 
tion survey ; they are then supposed to be scaled or 
chipped, and all rust and loose paint removed. As 
matter of fact, this is rarely conscientiously carried out ; a 
good deal of rust is often left, and two coats of oxide of 
iron are mostly applied over it, with the result that after 
one or two years a thick layer of rust has again formed 
underneath the paint. This formation of rust underneath 
the paint is also largely due to the almost invariable 
presence of moisture in the surface of her plating. Quick- 
drying compositions have of late been introduced. for the 
holds of ships, and by the process of evaporation of the 
hydro-carbons contained in them, no doubt a good deal of 
the moisture also evaporates, and mitigates to some extent 
the damage which would otherwise take place underneath 
the paint ; but many of these quick-drying varnish paints 
have no power of resisting atmospheric influences, and 
are therefore in the long run unsuitable. My idea of 
protecting the inside of a vessel from the bottom upwards 
would be the following :—First of all, for the ship’s bottom 
in tanks, instead of using cement an inch or more thick, 
and increasing her weight, I would use a thick coating of 
a suitable bituminous paint applied hot, which could be 
made of sufficient thickness and resistance to last as long 
as the ship herself. This bituminous substance should be 
applied also to all keelsons, tank-bearers, intercostals, to 
the under side of the tank tops, and also to the bunkers. 
As regards the upper part of the tank tops, these are 
enerally protected by Stockholm tar sprinkled with 

ortland cement; a bituminous coating, as described 
above, would, however, be more reliable. The tank tops 
under the boilers and engines should be covered by a non- 
conducting material, so as to prevent the radiation of heat 
from the boilers into this portion of the vessel, which has 
caused so much destruction. I believe a system, invented 
by Landreth, of passing a dry air current over this portion 
of the vessel has also resulted in the diminution of the 
damage which has so often arisen here. For the holds I 
consider that a paint or composition should be used which 
will either absorb any moisture which may be present on 
the metal, or cause it to evaporate. A West Hartlepool 
gentleman, lately deceased, invented such a paint, which 
meets with a considerable sale in many countries, and its 
only drawback is that it dries very slowly, particularly in 
cold and moist weather. 

Another good means of protecting a vessel’s holds after 
being chipped would be to apply boiled oil heated to a 
temperature of about 300 deg. Fahr.; this would cause 
the removal and evaporation of the moisture, and the 
boiled oil would permeate any rust still present on the 
surface of the plates, and with it constitute a very thin 
but reliable coating, over which any other suitable paint 
might be applied. A good deal of rusting sometimes 
takes place on the lower plates of steel deck-houses where 
they are riveted on iron decks. Here a galvanic current 
is set up between the iron and steel, particularly where 
these two metals join together. When moisture deposits, 
it runs down to the joint at the bottom, and causes much 
rust. It would be well to apply a fairly substantial 
coating of Portland cement to the depth of 4in. or 51n. in 
the way of these joints. In store-rooms and other con- 
fined spaces in which there is little or no ventilation, and 
moisture is liable to collect, cork paint would be exceed- 
ingly useful, as it would prevent the depositing of mols- 
ture on the surface of the plates. Generally speaking, the 
protection of the internal parts of vessels offers a very 
large field for the careful consideration of naval architects 
and marine superintendents, as to the means already 
existing by which damage can be reduced to a minimum ; 
and if superintendents, shipowners, and governments 
would state their requirements to their composition 
makers, they would have little difficulty in obtaining what 
they may require for preserving their valuable property. 
I would, finally, state that ordinary oil paints, such as 
are used for land purposes, have, on the whole, proved 
insufficient to cope with the difficulties on board ship, and 
that specialities for various specific purposes are super- 
seding them. In this respect, England has taken the 
lead ; so far, other countries have made little progress in 
the adoption of specialities for the protection of the inside 
of vessels. 








HALIFAX AND SypNey. —A new long distance telephone 
service between Halifax and Sydney, Nova Scotia, 





293 miles in length, has lately been inaugurated. 
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CARGO AND INTERMEDIATE STEAMERS. 


Ar the ordinary meeting of the Institution of Civil 
En ineers, held on Tuesday, April 12, Sir William White, 
K CB, President, in the chair, the paper read was :— 
“Recent Developments in Cargo and_ Intermediate 
Steamers,” by Mr. E. W. De Rusett, M. Inst. C.E. 
The following is an abstract of this paper :— 

The pap 


the subject to the Engineering Conference. The same | 
arrangement of the subject has been followed as in that 
note—namely, under the heads of I. Type; II. Size ; 
ILL. Construction ; IV . Capacity ; V. Cargo Appliances ; | 
VL. Ballasting ; VII. Economy of Working. 

I. Type.—The ‘shelter decker” is still in favour for 
special service, and the design of the ‘‘ single decker” has 
developed in the production of holds clear of beams and 

lars, having a great advantage, especially in the carry- 
ing of such cargoes as: coal, grain, &c. Tank vessels, 
adapted not only for conveying oil in bulk, but also for 
curyimg ordinary cargoes, are now largely used. The 
demands of the fruit-carrying trade have brought forth a 
special class of steamer fitted with refrigerating plant, 
which have proved very successful. Intermediate steamers 
have been largely developed, and are becoming increas- 
ingly popular. 
mir Nive. —Here depth of water in ports, docking 
facilities, &c., control development; but, nevertheless, 
great advance has been made. Comparative tables given 
in the paper show the number of ships of over 3000 tons 
register under construction in the period 1896-99 to be 644, 
and in 1900-1903 to be 718. These tables indicate a marked 
increase in size, especially from 7000 tons and upwards. 
British superiority in the matter of shipbuilding is 
remarkable, in spite of keen competition. During the 
last four years, in the matter of large ships, the British 
numerical output increased 37 per cent., tonnage 5 per 
cent., and average size 16 per cent. on the previous four 

ears. America and Germany have developed the ship- 
uilding industry immensely of late years. 

III. Construction.—The new features noticeable about 
five years ago are still largely in evidence, such as the 
flanging of internal work, joggling of shell and frames and 
girder framing, whilst the stitfenmg of water-tight bulk- 
heads is more rationally arranged. Continuous hatch- 
coamings, not extended below the dock level, have been 
introduced. The tlanging of the tank side to the shell, 
and the extension of it up the bilge past the level of the 
bilge keel, has been an improvement. In two cases the 
practice usual in men-of-war has been followed, the tank 
side being extended to the lower hold-stringer, resulting 
in more space for water-ballast and in increased safety. 

IV. Caupucity.— Vessels of 12,200 tons deadweight and 
a measurement capacity of about 20,000 tons, at 40 cubic 
feet per ton, have been very successful. These carry 
passengers as well as cargo, and have proved excep- 
tionally comfortable. An interesting cargo manifest of a 
large intermediate liner, appended to the paper, shows 
231,300 items and a weight of 9260 tons. Another vessel 
carried 39,433 barrels of apples, weighing 2960 tons, 
besides 71,000 bushels of wheat, and other miscellaneous 
cargo. Colliers of 7000 tons, ore-carriers of 10,000 tons, 
and “tankers” of even greater capacity indicate great 
industrial activity and progress. 

V. Cargo-Appliances.—Speedy loading and unloading 
is of the utmost importance, and therefore special atten- 
tion has been paid to this matter. Winches are more 
numerous, and are run at higher speeds; manilla and 
small steel-wire runners are used; more derricks are 
fitted; and the hatchways are larger. Steel hatch-covers, 
hinged to coamings with patent fastenings, are now used, 
and do away with the beams. 

As an example of what a modern cargo-steamer can 
accomplish, mention is made of a vessel of 6000 tons dead- 
weight which made 36 voyages of some 56,000 miles in 
11 months and 19 days, loading, carrying, and discharging 
a total of 210,600 tons of coal. 

The turret class have been markedly successful. One 
vessel, the Griingesberg, with 12 large hatchways and 24 
derricks, worked by 12 double-ended winches, has dis- 
charged 10,000 tons of ore in 35 hours. Temperley trans- 
porters are being used, but without grabs. There is 
ample room for suitable electric winches for th’s class of 
work, 

VI. Bullasting.—Increasing need for making half the 
passages in ballast and bunkers only have called for more 
attention to ballast-tanks. The adoption of high wing- 
tanks for about half length amidships has been tried with 
success, giving a metacentric height of 3 ft. 9 in. in one 
case. Similar has been the result of McGlashan’s system 
of making a double skin as high as the upper deck, for 
about half the vessel’s length amidships. The plan of 
carrying the water in special ’tween-deck tanks demands 
an increase of material, which somewhat diminishes the 
advantages, but is less costly than the building of deep 
tanks. Deep tanks, in addition to a double bottom, are 
becoming more usual, being specially suitable for vessels 
making long voyages. Some boats with longitudinal 
centre-line bulkheads omitted in tanks 27 ft. deep, hold- 
ing 1400 to 1500 tons of water, have been very satisfac- 
tory, being able to discharge this huge volume of water in 
about five hours. Careful distribution of ballast per- 
ceptibly reduces the strain on the structure. 

I. Economy of Working.—The design of a vessel vitally 
affects the consumption of fuel. Vessels of 20,500 tons dis- 
placement, making 154 knots, on a consumption of 140 tons 
of coal per day ; of 19,000 tons, at 15 knots, on 115 tons ; of 
11,600 tons, at 11.35 knots, on about 48 tons, are a few 
instances of what has been accomplished in the way of 
economical running. Careful comparison of the costs of 





er covers more particularly the period since | 
1399, in which year the author presented a brief note on | 
9, J 


| perhaps you will be good enough to publish the following 


|found that the inclusive expenses incurred when’ sea- 
| borne is only about one-thirtyfifth of this figure. The 
passenger traffic yields figures scarcely less striking. A 
third-class trans-Atlantic passage, including board, costs 
0.44d. per mile, the accommodation for the third class 
being luxurious as compared with that of a few years ago. 
Liquid fuel does not seem, on the whole, to be making 
headway —a fact which appears to be largely due to the 
existing monopolies in this valuable product. 








PRESSURES ON THIN MOVING PLATES. 
To THE Eprror oF ENGINEERING. 

Srr,—In your current issue you publish the discussion 
ona paper I had the honour of reading before the Insti- 
tution of Naval Architectson ‘‘ The Normal Pressures on 
Thin Moving Plates.” As you did not publish my reply, 


remarks. 

Mr. Stromeyer referred to the omission of Mr. Calvert’s 
and Professor Hele-Shaw’s experiments. 'The former 
were made on bodies with plane faces and curved backs 
representing propeller blades, and consequently were 
omitted in a paper dealing with thin plates. / The experi- 
ments of Professor Hele-Shaw were made to obtain the 
shape of the stream-lines around rudders and sterns of 
different forms. It was recognised in the discussion 
which followed the reading of Professor Hele-Shaw’s 
paper that the conditions under which the experiments 
were made were such that the motion obtained repre- 
sented the flow of a perfect. fluid, and under these con- 
ditions there would be no force tending to turn the ship. 

Mr. John Smith’s remarks on the effect of the pressure 
on the after deadwood on the initial motion of a ship 
when turning were very instructive, and,'so far as I know, 
this effect is not mentioned in text-looks. The 1894 
edition of the ‘‘ Manual of Naval Architecture” has a 
very slight reference to it; but its great importance was 
not recognised until after the reading cf Professor Bryan’s 
paper in 1900 on ‘‘ The Pressures on Bilge Keels.” 

Sir W. H. White, in his remarks, stated he had already 
traversed much of the ground in his *‘ Manual of Naval 
Architecture.” The latter states the results of Beaufoy’s 
experiments, but omits altogether the result for 30 deg., 
although this is, perhaps, the most important, being just at 
the point at which the “chump” occurs. No attempt is 
made to compare the results of ,experiments in air 
with those in water, which was one of the chief objects 
of my paper. Sir W. H. White appears to be 
under the impression that the /experiments on the 
‘*Cassini” and ‘‘Pothnau,” quoted in the paper, 
show that the ordinary formula—p = 1.12 A V? sin 0— 
gives results larger than those obtained by the experi- 
ments. This is not so. At 35 deg. Joessel’s formula— 
which is used by both the Americans and the French for 
rudder calculations—gives a pressure just twice that given 
by the 1.12 A V2 sin @ formula. As the results of the ex- 
periments were just six-tenths of those calculated by 
Joessel’s formula, it follows that for these ships the results 
are just 20 per cent. greater than those given by the ordi- 
nary English formula. 

Dr. Stanton’s experiments are extremely interesting, 
and the general results as to the importance of the pres- 
sure at the back of the plate are very similar to those 
obtained by Mr. Irminger and quoted in my paper. It 
was also there stated that Mr. R. E. Froude had obtained 
‘‘humps” in the pressure curve for other than square 
plates. 

Apologising for encroaching on so much of your valu- 
able space, 

Tam, &c., 
A. W. Jouns. 

Chudleigh, Cloudesdale-road, Balham, 8.W.., 

April 13, 1904. 








AN INVENTION NEEDED. 
To THE Eprror oF ENGINEERING. 

Srtr,—In reply to Mr. McNae’s letter in your issue of 
to-day, I should like to point out that there is already a 
reservoir colouring pen on the market which answers Lis 
requirements, as it will draw an even line } in. broad and 
50 ft. long without requiring to be refilled. 

It is free from the three disadvantages which he finds 
in a three-tongued bordering pen, while at the same time 
it complies with the four main conditions which he lays 
down. 

The instrument consists of a handle, to the lower end of 
which is attached a camel’s hair brush, and to the upper 
end a small reservoir is fixed, which applies the colour or 
ink to the brush by a small tube. 

The upper end of the reservoir has an india-rubber bulb, 
by wish the feed to the brush may'be regulated. The 
brush lies between two pen blades, which may be adjusted 
so that a stripe about 4 in. to 4 in. wide may be obtained. 
The pen blades are hinged tc the handle, and allow the 
reservoir to be cleaned easily. 

The pen is the invention of Mr. H. G. Lloyd, 
Assoc. M. Inst. C.E., and may be obtained from Messrs. 
Van Neck and Co., 72, Buckingham-gate, Westminster.* 

Yours faithfully, 
H. A. Garratt, Assoc. M. Inst. C.E. 
Northern Polytechnic Institute, Holloway, London, N., 
April 9, 1904, 





To THE EpiTorR oF ENGINEERING. 
S1r,—Thirty-five years ago, when a pupil, I made an 
excellent reservoir drawing-pen which would draw a line 
any thickness up to about }-in.*in breadth by merely 
taking an ordinary hinged drawing-pen with a long ad- 





_ and sea conveyance gives remarkable results. In 
act, taking 1.54d. per ton per geographical mile as the | 
cost of carriage by mineral train in this country, it is! 





* [We have also received particulars of the Lloyd 
Reservoir Brush from Messrs. B. J. Hall and Co., of 39, 


justing screw, and placing therein a piece of sponge of 
rather firm texture, and then cutting it with a pair of 
scissors square across the end and sides, and charging it 
with colour or Indian ink. The sponge would hold enough 
colour or ink to draw a line several feet long, and it never 
‘* blobbed.” : 
If Mr. Douglas McNae will try this, I think he will 
find it perfectly satisfactory. Although it is thirty-five 
years since I used one, I made a pen in two minutes this 
morning which answered remarkably well. 
WuuiaM B. Bryan. 
East London Water Works Company, Clapton, N.E., 
April 11, 1904. 








THE COST OF OIL FOR OIL-MOTORS. 
To THe Epiror of ENGINEERING. 

Srr,—I notice in Mr. John E. Thornycroft’s paper, 
read before the Institution of Naval Architects, on the 
‘“* Advantages of Gas and Oil-Engines for Marine Pro- 
pulsion,” and which you publish in your issue dated 
April 1, that he states unrefined oil suitable for working 
the Diesel oil-engine can be bought for 2d. per gallon. 
After several inquiries for the price of similar or crude 
Texan oil, the cheapest quotation I can get is 4/. per ton 
f.o.b. Liverpool, which is equivalent to about 34d. per 
gallon. Of course, this price would be increased to inland 
consumers on account of carriage, &c., and would probably 
be 4d. per gallon at the engine. 

The price of this oil raises an interesting point, because 
the success, as far as the economical working of the 
Diesel engine is concerned, depends entirely as to whether 
the oil can be purchased at a very low price. 

Having been unable to procure unrefined oil at the 

rice mentioned above, I should feel greatly obliged to 

Ir. Thornycroft if he would kindly state where it can be 
obtained in this country at the cost he speaks of. 

Yours truly, 

Birmingham, April 11, 1904. A. 








UNDERGROUND TELEGRAPHS.—The work of extending 
underground telegraph wires from the Midlands to the 
northern counties has been completed as far as Man- 
chester and Liverpool, and experimentally to the wilds 
of Shap, in Cumberland, while some wires have been laid 
in the direction of Leeds from Manchester. The former 
will this year, in all probability, be carried as far north 
as Beattock Rise, where two branches will be taken at no 
distant date to Glasgow and Edinburgh respectively, and 
possibly afterwards to Dundee and Aberdeen. The 
mains in which the cables are laid are 3-in. cast-iron 
pipes, enclosing over 100 wires from Birmingham to the 
north, and two-thirds of these are of the pattern 
for telephonic and fast telegraphic purposes. All the 
wires are first encased in paper sheathing, and bunched 
together in lead-bound cables. These are in substitution 
for the experimental cables which were drawn in tempo- 
rarily last year as far as Warrington, where they were 
joined to the existing underground cable between Man- 
chester and Liverpool. Further north an experimental 
cable still exists, but it is hoped to carry a permanent 
cable through the pipes during the present financial year. 





Contracts. — Messrs. Mather and Platt, Limited, of 
the Salford Iron Works, Manchester, have received an 
order for a high lift turbine-type pump for the Battersea 
Electricity Works. The pump will be driven by a 60- 
brake horse - power enclosed motor, and will deliver 
100,000 gallons of water against a head of 60 ft.—The 
Canadian Pacific Railway Company have ordered twenty 
new locomotives, all to be fitted with Schmidt super- 
heaters.—Messrs. Peckett and Sons, of the Atlas Loco- 
motive Works, Bristol, have just delivered to the Ebbw 
Vale Steel Works two large six-coupled tank locomotives, 
having cylinders 18 in. in diameter, and weighing 18 tons 
each.—The British Thomson-Houston Company, Limited, 
of Rugby, have received from the Corporation of West 
Ham an order for 195 continuous-current arc lamps for 
street lighting, and from the North-Eastern Railway 
Company an order for 600 74-ampere multiple alternat- 
ing enclosed lamps to operate in a 40-cycle circuit.—The 
Army Council of the War Office has placed an order with 
Messrs. Bruce Peebles and Co., Limited, Edinburgh, for 
the motor equipment of the Small-Arms Factory, Enfield 
Lock. The contract will comprise about 1000 horse-power 
in motors. 

AUTOMATIC SIGNALLING.—On Monday, an automatic 
signalling apparatus, which has been installed on the 
main line of the North-Eastern Railway between Alne 
and Thirsk, by the Hall Automatic Signalling Company, 
of New York and Chicago, was saan into operation. 
The decision to instal a section of the North-Eastern 
Railway in this manner was arrived at as the result of a 
visit paid by some of the principal officers of the com- 
pany to the United States, where they saw the system in 
full operation on the Lehigh Valley, and other lines. 
Briefly described, the system is one of electric control and 
mechanical operation. Each signal column is fitted with 
a small apparatusoperated by carbonic acid gas for lowering 
the pee the mechanism being set in motion by an 
electric current conveyed to the signal columns by track 
batteries, which are operated by the passage of the trains 
over the metals, all of which have been bonded and sup- 
plied with a current of electricity. While a train is on a 
section it cuts off the current from the columns, and 
holds the semaphores of two sections to its rear at 
danger, and no succeeding train can get a clear signal 
until its predecessor has passed over two sections in front 
of it. For the present the automatic service will be 
worked concurrently with the existing mechanical signals, 
and a man will be stationed at each automatic semaphore 
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to report on its working. 
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COMPOUND PUMPING-ENGINES AT THE HAMBURG WATER WORKS. 


CONSTRUCTED BY MR. A. BORSIG, TEGEL, NEAR BERLIN. 


(For Description, see Page 525.) 
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EDUCATION. 

In considering the reports just issued by the 
Mosely Educational Committee one continually 
recurs to the adage respecting a gift-horse. This is 
unjust, because Mr. Mosely has given us ungrudg- 
ingly of his best. He has taken a public duty on 
his own shoulders. He has spent lavishly; but 
that is only a part, and not the largest part, of his 
endeavour ; for he has devoted time, and thought, 
and labour to making the expenditure remunera- 
tive. Yet in going through the reports one cannot 
but feel that very much that has been written only 
leaves us where we were before. 

In this the Mosely Commissioners’ writings have 
a feature in common with the great majority of 
productions on the educational problem ; like the 
farmer at the rent dinner, we ‘‘get no forrader.”’ 





Perhaps the chief reason for lack of progress is 


that so few writers start with a clear view of the 
object of education. The old view of a class dis- 
tinction still remains, and boys are taught certain 
things because they are ‘‘the things that every 
gentleman ought to know,” unmindful whether 
they are the things needful to make the boy 
efficient. In such cases education is largely a matter 
of pose, of show-off, to use the school-boy’s expres- 
sion. Technical education also is not altogether 
exempt from this species of affectation. To the 
pedagogic mind — which includes schoolmasters 
of all sorts, from the humblest School Board 
teachers up to the most exalted college pro- 
fessors—education is just the learning of lessons ; 
and efficiency is measured by the number of 
approved lessons learnt. The last thing thought of 
is whether the information gained will hereafter 
help the student to best do his duty in that state 
of life to which it may please God to call him. 
Now it will be evident, after a little thought, 
that the thing which is to be taught must be 
decided upon before the way of teaching is con- 
sidered ; yet the amount of discussion on the 
former is almost infinitely small compared to that 
lavished on the latter. So far as the present 
reports are concerned, Mr. Mosely is not to blame 
for this ; in fact, he sets a very practical issue hy 
what he says in his opening preface ; and we may 
conclude the commissioners had these views before 
them when they wrote. He tells us that about 
fifteen years ago he was at Kimberley, engaged in 
mining operations, which had proved unsuccessful. 
About this time an American engineer, Gradner- 
Williams, arrived from California and took over 
the management of the De Beers Company. He 
was followed by Lewis Seymour and other Ameri- 
can engineers, including Perkins, Jennings, and 
Hammond ; and it was to these American engi- 
neers that ‘‘the primary success and subsequent 
prosperity” of the mining centres of South 
Africa were largely due. <A thoughtful and obser- 
vant man like Mr. Mosely could not help being 
impressed by the higher efficiency as a deve- 
loper of industry of the American; and, being 
a good patriot, in the best sense of the term, he 
made up his mind to endeavour to trace the causes 
which led to sucha result. He went to the United 
States, and spent some months investigating ‘‘what 
sort of a country it was that was responsible for 
sending so many level-headed men to the Cape.” 
He was astounded by what he saw ; and arrived at 
the opinion that it was the form of education given 
in the United States that was responsible for much 
of the success. 
Although we may not agree with some of Mr. 
Mosely’s conclusions—perhaps because we do not 
agree—we cannot but admire and feel grateful to 
him for his ‘‘ sweet reasonableness,” to use a term 
once much in vogue. He is a pleasant fellow- 
traveller along the path of inquiry, because he does 
not dogmatise ; he does not seize a superficial fact 
and brandish it, clubwise, to beat down all opposi- 
tion. In this he differs from the conventional 
‘* practical man.” His opinion about the industrial 
efficiency of American education is put forward 
as an opinion only—-‘‘ so far as I was able to ascer- 
tain,” he says ; and he returned home ‘‘determined, 
if possible, to get together a party of experts to 
visit the country and test the soundness of my con- 
clusions.” Here is the genesis of the two famous 
commissions : the Industrial Commission, the re- 
port of which has already been dealt with in these 
columns, and the Educational Commission at pre- 
sent under consideration. 
Mr. Mosely put four subjects forward for con- 
sideration :— 
1. The development of 
primary schools. 
2. The social and intellectual effects of the wide 
distribution of secondary education. 
3. The specific instruction given (a) in business 
methods ; () in applied science. 
4, The present state of opinion as to the value of 
professional and technical instruction of university 
rank designed with special reference to the tasks of 
business life. 
That appears to us to sketch out an excellent 
programme, but the various commissioners do not 
seem to have paid a great deal of attention to it, 
and have gone very much their own way, writing 
what happened to be uppermost in their minds, 
The reports are therefore of very unequal merit ; 
some of them little more than a chronicle of dry 
facts and figures such as any moderately diligent 


individuality in the 








person might have got together. From a body of 
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picked men one might surely have expected a little 
more light and leading. 

There were in all the following twenty-six mem- 
bers of the Commission:—Mr. A. Anderton, 
nominated by the County Councils’ Association ; 
Dr. H. E. Armstrong, Professor of Chemistry ; 
Mr. W. E. Ayrton, Professor of Physics ; Mr. T. 
Barclay, Ph.D., late President of the Paris 
Chamber of Commerce ; Mr. A. W. Black, Mayor 
of Nottingham ; Mr. R. Blair, Assistant Secretary 
for the Technical Education Department of the 
Department of Agriculture and Technical Instruc- 
tion, Ireland; Mr. J. Rose Bradford, M.D., Pro- 
fessor of Medicine, University College, London ; 
Mr. H. Coward, President of the National Union 
of Teachers ; the Rev. Mr. Finlay, Professor of 
Political Economy, University College, Dublin ; 
Mr. T. Gregory Foster, Assistant Professor of 
English in University College, London ; Mr. W. C. 
Fletcher, Head Master of the Liverpool Institute, 
Liverpool ; Mr. W. H. Gaskell, M.D., of Cambridge 
University, Lecturer in Physiology ; the Rev. H. B. 
Gray, D.D., Oxford, Warden of Bradfield College ; 
Mr. W. P. Groser, to inquire into legal education ; 
Alderman J. R. Heape, Chairman of the Rochdale 
Technical School; the Rev. A. W. Jephson, 
Member of the London School Board ; Mr. Magnus 
Maclean, D.Sc., Professor of Electrical Engi- 
neering, Glasgow; the Rey. T. L. Papillon, late 
fellow and tutor of New College, Oxford ; Mr. H. R. 
Rathbone, barrister-at law, Member of the Educa- 
tion Committee, Liverpool; Dr. H. R. Reichel, 
Principal of University College, North Wales ; Dr. 
John Rhys, Professor of Celtic and Principal of 
Jesus College, Oxford ; Mr. W. Ripper, Professor 
of Engineering in University College, Sheftield ; 
Mr. Charles Rowley, Member of the Manchester 
Education Committee, and of the Manchester 
School of Technology, Chairman of the Manchester 
School of Art; Mr. A. J. Shepheard, Chairman of the 
Technical Education Board of the London County 
Council; Mr. A. E. Spender, barrister-at-law, 
Director of the Plymouth Girls’ High School ; and 
Mr. John Whitburn, Member of the Education 
Committee of Newcastle-on-Tyne. 

We have given the list of names in full, together 
with what appear to us, from our special point of 
view, the characteristics which distinguish the 
members for the work they had undertaken ; 
although limits of space prevent a full enumera- 
tion of the qualifications attached to each name. 
It will be seen that the members of the Commission 
were drawn from diverse sources, and doubtless 
this should tend to give a Catholic tone to the 
report. For our own part, however, we cannot 
help a feeling of regret that Mr. Mosely did not 
take a narrower view, adhering more closely to his 
original idea of an inquiry—Why the American 
mining engineers were superior to those of other 
countries in making a mining venture into a pro- 
titable business. For this purpose the majority of 
the members of the Commission were not qualified 
by profession or by experience. Clergymen, 
doctors, and lawyers are amateurs in such matters, 
and perhaps as ill-qualified as any for forming an 
estimate as to the causes of success or failure 
amongst engineers. It seems to us a pity that 
Mr. Mosely attempted so much—that he attempted 
to cover so wide a field ; and the unsatisfactory 
features in the report are chiefly to be attributed to 
the want of concentration. 

We have, however, on the Commission two pro- 
fessors of engineering—Professor Ripper, of Shef- 
field, and Dr. Maclean, of Glasgow—and a professor 
of physics — Professor Ayrton, of the City and Guilds 
Institute. With these we may couple the name of 
Professor Armstrong, who is a chemist, but holds 
well-pronounced views on technical education. 
There are also some others—Mr. Anderton, Mr. 
Blair, Professor Finlay, Alderman Heape, Mr. 
Rowley, and Mr. Shepheard—-more or less connected 
with technical education. We do not, however, 
find much in the reports of these gentlemen that 
serves to inform us why the American mining 
engineers of South Africa succeeded in the way 
Mr. Mosely indicated; or, at any rate, what 
actual steps should be taken to improve the educa- 
tion of British engineering students. There is a 
good deal of generalisation, and some undeniable 
propositions are expressed; but of real guidance 
there is little enough. After reading the reports, 
we have really no more information how and where 
to begin a much-needed reform than we had before 
seeing them. 

Mr. Mosely, as we have seen, attributes the 





superiority of the American engineer to his educa- 
tion. In the preface to the report he says :—‘‘ In 
contrast to our education, which has to a large 
| extent been ‘classical,’ I found that in America it is 
|the ‘practical’ subjects which are principally 
| taught, and technical classes and schools are to be 
|found everywhere.” There are in Great Britain 
lalso technical classes and schools, if not every- 
where, very widely distributed over the kingdom. 
Some of the members of the Commission appear 
to be unaware of this, and write as if institutions 
like the City and Guilds, Owens College, and 
many other technical colleges in Manchester, 
Liverpool, Glasgow, Newcastle, Leeds, Sheffield, 
Birmingham, and other large towns—-to say nothing 
of the various polytechnics—did not exist. One 
van hardly help concluding that it would have been 
well had some of the Commissioners made a pre- 
liminary inquiry into the educational resources of 
their own country before proceeding to draw con- 
clusions as to what should be copied from abroad. 

It is not the lack of well-equipped technical 
educational establishments from which this country 
suffers, but rather students capable of protiting 
by them; and here the fault is largely, if not 
chietly, with our defective methods of secondary 
education. One constantly hears the same thing 
from the instructors at our technical colleges : 
‘“*Many of the young men who come to us,” they 
say, ‘‘are untitted to take advantage of the instruc- 
tion we are supposed to give. They can read and 
write—although that imperfectly—and can add up, 
multiply, or subtract slowly and with difficulty ; 
but beyond these things we have to teach them 
the very elements of education. The other things 
they have learnt, or which have occupied their 
time in the attempt to learn, are useless for our 
purpose.” Some technical colleges have an entrance 
examination, but it is well known how lenient the 
authorities have to be—trusting to the students 
picking up knowledge as they go along—otherwise 
there would be many rows of empty benches. 
This, however, would be preferable to the con- 
ditions that at present too largely exist. It 
would be better to have a small capable class 
than a larger collection composed largely of half- 
interested students. 

Mr. Mosely tells us that ‘‘the aim of education 
in America is to make every boy fit for some definite 
calling in life ;” and on all sides we hear much of 
the earnestness of the American technical student, 
the great interest he takes in his work, and his 
intelligent appreciation of the problems put before 
him. All writers on the subject, so far as our 
memory serves, agree that in these respects he is 
superior to the average English youth ; and we are 
bound to confess our own observation supports 
this view. The fooling and larking—or, to use 
the more modern slang, the ‘‘ rotting” and ‘‘ rag- 
ging ’’—which are often such prominent features in 
the English technical classes, are all but unknown 
in America. An American lecturer has no difticulty 
in maintaining discipline, because the students do 
that themselves. A buffoon is no more allowed to 
distract a technical class by his antics than he would 
be permitted in a theatre to interrupt an interesting 
play. Of course, there are a large number of pro- 
fessors and lecturers who are strong enough to put 
down practical joking in the class-room or labora- 
tories, when listlessness and inattention take the 
place of active mischief. We do not say these things 
are universal, but they are far more common in this 
country than abroad. There is, of course, a reason, 
and it is to be found in the fact that the American 
student is so prepared as to understand the things 
he is being told, whilst to the English youth they are 
incomprehensible. It is impossible to teach with- 
out first creating interest, and, naturally, no interest 
can be taken in things which are not comprehended. 

If, therefore, secondary education in this country 
is imperfect—and every technical instructor we 
have spoken with on the subject supports this view 
—we are trying to build our educational structure 
without first getting in our foundations when we 
establish technical colleges before reforming secon- 
dary education. What, then, can be done to im- 
prove schoo!-teaching / Our readers will not expect 
us to lay down a syllabus in the course of an article 
—we are not a Mosely Commission—but there are 
one or two leading features that may be noted. 
We take, in the first place, the ‘* bread-and-butter ” 
| view of the case. The country lives by its trade 
}and manufactures ; without them we cease to exist. 
| The Times, in discussing the report, declines to 
|go further ‘‘into the vexed question of the 
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‘humanities’ versus ‘ bread-and-butter’ studies.” 
but that is shirking nine-tenths of the subject 
‘‘ Humanities’ will be a poor consolation for 4 
bare back and an empty stomach. What exactly 
the ‘‘ humanities” really mean we have never been 
quite able to find out ; but generally, and chiefly 
they stand for classical studies. Here is a quota. 
tion from one of Mr. Mosely’s Commissioners—Dy 
Rhys, Professor of Celtic—which may help te 
enlighten. After referring to the increased atten. 
tion given to the study of Latin in the United 
States, and stating that people are beginning to 
tind out the value of that language as a means of 


| culture, Dr. Rhys says :— 


Thus from the two sides of the American case one 
learns a lesson deserving of the special attention of 
certain class of advocates of natural science in this 
country, whose academic ideal would seem to be 
university of illiterates. For even if they succeeded in 
squeezing Latin and Greek out of the curriculum, there 
would be no eertainty that the technologies which they 
might have to admit into the place of classics would 
greatly help the advancement of science in the truly 
academical sense of that much-abused term. ; 

One can understand a professor of Celtic holding 
these views, but it is difficult to see why he should 
be included in a commission primarily intended to 
discover the reason American mining engineers are 
more efticient than those of other countries. How- 
ever, we are indebted to Dr. Rhys, for he expresses 
very frankly the opinion held by the majority of 
those who control education in this country. Ifa 
man does not know Latin and Greek he is amongst 
the illiterates. Now it is easy to call names, but 
has Dr. Rhys any right to claim for classical 
scholars the sole right to be considered cultured 
and learned. May not a man be as intelligent, 
intellectual, and retined who has studied the har- 
monies of Nature, as one who has steeped himself 
in the arbitrary and obscure details of languages no 
longer spoken. Mr. Robert Blair, another of the 
Commissioners, submitted certain questions to some 
American educational authorities; among thei, 
‘*Should Latin form part of the curriculum of such 
schools /” 7.e., manual training schools. Professor 
Woodward, of St. Louis, answers as follows :— 

Yes, by all means. A year’s Latin, if it does nothing 
else, gives the student an idea of what we mean by 
grammar and what we mean by an inflected language, 
and it opens the door to all the Romanic tongues, and 
inevitably throws a great deal of light upon English. 

‘A year’s Latin” will not carry the average 
student so far as to be able to construe a page of 
Cesar. To study Latin for a year is time wasted ; 
but, even if we accept Professor Woodward’s view, 
what do we get /—‘‘an idea of what we mean by 
grammar and what we mean by an_ inflected 
language.”” That is the return for a year’s study! 
But the Professor promises more: ‘‘ It opens the 
door to all Romanic tongues.” Does it/ Let us 
return to Professor Rhys, and see what he has to 
say. ‘‘One of the reasons for this (the scamping 
of teaching of French and German) in England was 
doubtless the lack of Englishmen trained at once 
to teach a modern language not his own, and to 
maintain discipline in his class.” In England more 
time is devoted to the study of Latin than in any 
other country, and yet we cannot produce teachers 
of the Romanic tongues to which that language is 
said to open the door. Indeed, the English are 
the poorest of linguists in spite of the large amount 
of time they spend in travel. That, however, 1s 
but natural; the command of a foreign language 
is hardly ever learnt excepting by a method of 
imitation, and is not acquired by a laborious process 
of ratiocination founded on grammar. Indeed,those 
of us who speak our own language correctly do so 
because we mix with people who do the same. 

Professor Woodward has, however, more to say 
in favour of Latin. He continues, ‘‘it is by no 
means certain that the graduates of the manual 
training high school may not subsequently take 
literary courses, or become lawyers, doctors, 
teachers, or journalists.” That is a wide argu- 
ment, capable of universal application, and yet we 
never heard it advocated that the lawyer or doctor 
student should study engineering because he 
night change his mind and become an engineer 
later on. : 

This question of change of mind brings u 
to the problem of secondary education. We have 
shown that the students who come to technical 
colleges are not prepared to take advantage of 
the teaching offered, the reason being that 
they have not received the necessary prelimi- 
nary instruction at school. Now it will be 
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is altogether a misnomer, really indicating some- 
thing thin and threadbare, like the average classi- 
cally educated man’s Latin and Greek. 

It would, therefore, seem that the young men 
who are most likely to succeed in life will be those 
whose parents early select for them their future 
career. If they are to be engineers, their school 
education must be planned to prepare them for the 
engineering college ; life is not long enough, and 
brains are not big enough to take in the learning 
of the lawyer and the parson as well. That, of 
course, is rank heresy to the schoolmaster, who 
naturally likes to turn out all his product to one 
pattern. It is narrowing, cramping the intellect, 
he says; besides which, boys at school are not 
sutticiently developed to know which way their 
gifts lie. In regard to the cramping and narrow- 
ing view, we hold that to learn a few things 
well is more enlightening than to learn many 
things superticially ; and far more is made of 
the undeveloped state of youth than the facts 
warrant. As a rule, a parent will be wise 
to put his son in the business or profession 
in which he himself has most influence, and 
that should generally settle the lad’s career. Be- 
yond this, however, there are the cases where 
youths show special gifts, mostly of an artistic 
nature. That is an asset easily discovered, and 
which should not be neglected. Undoubtedly, 
boys develop rapidly as they grow ; but as a rule 
they develop along lines that are discernible at an 
early age. What is needed is more trouble and 
attention on the part of the parent to discover the 
child’s true nature. However that may be, the 
conditions now prevailing, and which will more and 
more prevail, in most walks of life, render it need- 
ful that the aim of education should be ‘‘to make 
every boy fit for some definite calling in life ’’—to 
once more quote Mr. Mosely; and the boy who 
begins earliest will stand the best chance of 
success. 








THE FOURTH REPORT OF THE 
SEWAGE COMMISSION. 

Some thirty years ago sanitarians were divided 
into two camps, one of which maintained that a 
water once polluted remained polluted, and could 
not be rendered fit for potable purposes by any 
variety of treatment ; whilst the other school held 
the opinion that rivers and streams were naturally 
self-purifying, and some went so far as to claim 
that no matter how much sewage was passed into 
a stream, matters would be rectified and the water 
rendered clear and potable in the course of a 10 
miles run. - Whilst no one would now support this 
view in the extreme form just stated, all are 
pretty well agreed that the self-puritication of 
waterways is no myth, and that moderate quanti- 
ties of pollution are automatically disposed of within 
a limited space and time. Some particularly valu- 
able data on this point are to be found in the 
blue-book just issued by the Royal Commission on 
the treatment and disposal of sewage, in which 
Dr. A. C. Houston has given the results of a 
minute inquiry into the condition of the Thames at 
varlous points between Sunbury (above the intakes 
to certain of the London water works) and the Chap- 
man Lighthouse, which is about 25 miles below the 
outlet of the Metropolitan Sewage Works at Cross- 
ness. A distinctive feature of the work done lies in 











* One of the Crossness samples 


the fact that the inquiry has been directed, not to 
the mere enumeration of the bacteria of all kinds to 
be found in each cubic centimetre (the total of which 
is, indeed, not stated, save in one or two isolated 
cases), but to detecting and counting the number of 
those special forms present which undoubtedly origi- 
nate in the human intestine. The work has there- 
fore been of an unusually laborious character, since 
from the initial cultures made it has been necessary 
to pick out those individuals which appeared of the 
right character, and then to grow them in pure 
cultures. These had then to be further examined 
in order to settle definitely whether the particular 
organism was, indeed, of the specified type. The 
microbes selected were the bacillus coli and the 
B. enteritidis sporogenes. As there are several 
kinds of B. coli not readily distinguishable, much 
labour was needed to separate out of the total 
found those which could with certainty be attri- 
buted toa human origin. The proportion ranged 
from 64 up to 95 per cent. of the total coli-like 
bacilli found. 

The general character of the observations re- 
corded is shown in the table printed on _ this 
page, which has been compiled from the figures 
given in Dr. Houston’s report. It will be seen that, 
speaking broadly, the river at Mucking, some 20 
miles below the Crossness outfall, is, from a_bac- 
teriological point of view, as tested by the B. coli, 
better than at Hampton, but rather worse if the B. 
enteritidis sporogenes is taken as the criterion. 
Considering the enormous number of the microbes 
turned into the river at Barking and Crossness, it 
is remarkable that this result should be reached 
within a distance so comparatively short as 
20 miles. It may, of course, be contended that 
no fair comparison can be made between the 
river at Barking and at Mucking, since the volume 
of water in a unit length is much greater at the 
second locality, so that the good showing here made 
may be partly attributable to mere dilution. Ina 
chemical test such a contention would have much 
weight ; but in dealing with living organisms, with 
the enormous reproductive power possessed by these 
bacteria, the same reasoning does not apply, since if 
the microbes found the river to be a good nutrient 
medium, they would have no difficulty in popu- 
lating it to the same density as the efluent from the 
precipitation tanks, which, as shown in the table, 
contained at least 100,000 B. coli per cubic centi- 
metre. Another point of some interest is the rela- 
tively greater resistance of the B. enteritidis 
sporogenes as compared with the B. coli. Under 
favourable conditions the latter is by far the most 
numerous, and this numerical superiority is still 
maintained at Mucking, but not to nearly the same 
proportionate degree. Thus at Mucking the density 
of the B. coli is less than one-twentieth of its value 
at Grays, whilst that of the second organism is little 
more than halved. This is, of course, merely another 
instance of the well-known fact that spore-forming 
bacteria have much greater powers of resistance in 
adverse conditions than other types. Indeed, some 
spores will even survive an exposure to a tempera- 
ture of 100 deg. Cent. ; but, fortunately, few of 
these are of a pathogenic character, or the difli- 
culties of the operative surgeon might be greatly 
increased. 
































































showed neither type of bacillus. 


The samples taken at Barrow Deep show that 
the complaint made by certain irresponsible persons, 
that the London County Council were poisoning 
and polluting the adjacent shores of Essex, is 
totally without foundation. The number of both 
types of bacillus is extremely small, and, there is 
reason to believe, rapidly diminishes. Samples 
taken off the Scotch coast show that the B. coli 
cannot live in the open sea. It was discovered in 
one instance only in the many samples taken, and 
inquiry then showed that this sample was the 
only one collected close to an inhabited shore-line. 
The others, which were taken well away from land, 
were perfectly free from coliform bacteria. The 
detection of the bacterium in the one instance 
cited is an eloquent testimony to the thoroughness 
with which the, investigation has been carried 
through, and the efliciency of the methods em- 
ployed. 

The figures quoted in the concluding lines of the 
table have reference to samples of water taken from 
the mains of the East London and the Vauxhall and 
Southwark Water Companies during May and June 
of last year, when, owing to the abnormal rainfall, 
considerable difficulty was experienced in main- 
taining the filtration plant at its full efticiency. 
The important point established is that under such 
conditions bacteria from the human intestine did 
succeed in passing the filters, and it has further to 
be stated that from one sample of East London 
water a specimen of B. pyocyaneus, which is a 
pathological type, was isolated. Further investiga- 
tions were then made as to the passage of patho- 
logical bacteria through sewage filters, the ex- 
periments being carried out at Hendon and at 
Leeds. The organism selected ‘was B._ pyo- 
cyaneus, and at Hendon a culture of this was 
added for a period of three minutes to the sewage 
flowing on toa Ducat’s filter there. Seven minutes 
later the first specimen of the effluent was taken, 
and further samples were then collected at in- 
tervals of every five minutes for a period of five 
hours. The bacterium was noted in the first 
sample taken and in all samples up to the thirty- 
fifth, and occurred in twenty out of the thirty 
later samples examined. The rapidity with which 
the organism appeared in the etHuent is remark- 
able, and the results thus obtained were contirmed 
in a second experiment, which was extended over 
ten days. In this instance sixteen samples were 
taken before the culture was added, and none of 
these showed the presence of the test bacterium, 
but nine minutes after commencing to add the B. 
pyocyaneus it made its appearance in the etiluent 
and only definitely disappeared from the filtrate after 
the lapse of 154 hours. At Leeds the same organism 
was added to sewage as it flowed into a septic tank, 
the ethuent from which had been proved by pre- 
liminary experiments to be normally free from this 
particular type. The bacterium was found to be 
present in the septic tank liquor two hours after- 
wards, and in the effluent from the filters through 
which the latter subsequently passed, and was stil] 
present in the latter at the end of nine days, dis- 
appearing totally only on the tenth. It is thus 
proved that pathological bacteria can traverse both 
water filters and biological sewage plant; but it 
is, nevertheless, evident that in neither case is 
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the process conducive to the bacterial health, since 
in spite of the pabulum present in the filters, the 
bacteria in question tend to disappear, and the 
number in the effluent is but a small fraction of 
those present in the untreated liquor. 

Dr. Houston expresses himself with some re- 
serve, but is clearly of the opinion that the facts 
above recorded show that the present condition of 
the London water supply is not free from risk to 
the health of the community. Had the report 
appeared a twelvemonth since, it would have 
been utilised by the London County Council as a 
lever with which to depress the monetary value of 
the London water companies ; but now that the pur- 
chase price of nearly all these has been definitely 
fixed, they will hardly welcome a report which, if 
acted on, will involve the community in an enor- 
mous further expenditure. In fact, we shall prob- 
ably have the old story of the London Electric 
Tramways over again. So long as it was merely a 
company which desired to adopt electric traction, 
the dominant party in the County Council offered 
a steady opposition to the plan of replacing horse- 
tlesh by the mechanical agent. Now, having got 
the lines into their own hands, they are anxious 
to electrify them at all costs. It will doubtless be 
the same with the London water supply. In spite 
of the excellent general health of London, as shown 
hy the Registrar-General’s returns, we were assured 
day after day that it was absolutely essential to the 
well-being of the community to bring a pure supply 
of water from Wales ; but it is exceedingly unlikely 
that now a public authority is acquiring the under- 
takings of the water companies that we shall hear 
much more of this costly and, in the circumstances, 
fantastic scheme. 

Indeed, Dr. Houston is, we think, inclined to 
take too pessimistic a view of the present condition 
of things. He admits that the mortality returns 
show that in normal conditions the water supplied 
is not markedly deleterious to health, but suggests 
that matters might be greatly altered for the worse 
should there be an outbreak of typhoid in the 
upper valley of the Thames or Lea. It so chances 
that the answer to this suggestion is already on 
record, though the particular disease concerned 
was cholera, and not typhoid. It will be remem- 
bered that there was a serious outbreak of cholera 
in Hamburg in 1892, whilst Altona, which is co- 
terminous with the former city, but lower down 
stream, was quite free from all but imported cases 
of the disease. Nevertheless, whilst Hamburg 
drew its water supply from the upper reaches of the 
Elbe, Altona took its from below the outlets of 
the Hamburg sewers. Hamburg, considering its 
supply reasonably pure, neglected filtration ; whilst 
Altona, knowing the polluted character of the water 
at its intakes, had taken the precaution of installing 
filters of the usual English type, with the remark- 
able result quoted. Further, consequent upon its 
unfortunate experience in 1892, Hamburg quickly 
installed an adequate filter plant, and the etfect of 
this on the typhoid rate has been most marked. 
For some years previously the death rate per 100,000 
from typhoid in this city had averaged about 50, 
but since the installation of these filters it has been 
reduced to under 10 ; and very similar results have 
followed in other cities. At Lawrence, Mass., the 
typhoid death rate for five years prior to 1893 had 
been well over 100 per 100,000 per annum. The 
filters installed at the date named have reduced it 
to under 20. 

It may, of course, be maintained that the re- 
sidual typhoid rate is really due to water-borne in- 
fection, and this may be true. If so, however, it 
remains to be seen if the best method of still 
further reducing its amount does not lie in taking 
steps to insure sterilisation of the dejecta of typhoid 
patients before they pass into the sewers rather 
than to face the enormous expenditure needed 
to secure an absolutely sterile water supply for 
such a city as London. 








OPPOSITION TO PRIVATE BILLS. 

Kacu year the Parliamentary Committees are 
called upon to consider Private Bills. These 
Bills, as shown by the abstracts we publish of 
them each November, are very numerous, and are 
brought forward for the purpose of obtaining legis- 
lative sanction for schemes of varying magnitude. 
Although a large number of these measures are 
promoted for the purpose of establishing railways, 
tramways, gas works, and other undertakings 
which are no novelty at the present day, new 


schemes are constantly being promulgated with 
{regard to which the attitude of the Committees is 
neither certain nor capable of easy ascertainment. 
| First and foremost, it is necessary for the promoter 
of an undertaking to appreciate the nature of the 
opposition with which he is likely to be confronted, 
while those who are anxious to oppose any sug- 
gested measure should also be able to satisfy them- 
selves not only that their case is likely to succeed, 
but they should also be able to find out whether 
they will be conceded a right to oppose a Private 
Bill. 

It is for this reason that the appearance of 
another volume of what are known as the locus 
standi reports will be welcomed by engineers and 
contractors. The cases which are selected for pub- 
lication in this volume by Messrs. Saunders and 
Evans Austin are selected from those which are 
heard from time to time by the Court of Referees 
in Parliament. The function of that Court is to 
decide whether the opponent of a measure has a 
right to be heard, or to call witnesses in opposition 
to a Private Bill, and a reference to the cases 
which have been decided by the Court may often 
save a large expenditure in costs. 

It is open to those who have a sufticient interest 
to oppose in Parliament any particular scheme, and 
to urge its rejection on the ground that the under- 
taking would be so detrimental to the interests 
atfected as to outweigh any public advantages which 
would be gained. For instance, in the case of a 
tramway, the proposed line might occasion such a 
stoppage of general trattic that the advantage to 
the public would be outweighed. Thus Standing 
Order 130 provides that :—‘‘It shall be com- 
petent to the Referees on Private Bills to admit 
petitioners to be heard upon their petitions against 
a Private Bill, on the ground of competition, if 
they shall think fit. 

In order to see what considerations are likely to 
affect the discretion of the Court of Referees 
in deciding a question such as that to which we 
have alluded, it is necessary to refer to the cases 
which have been decided, and although some points 
in connection with railways, tramways, and other 
undertakings, which have so frequently been before 
the public, have so often been decided as to leave 
little room for doubt, other questions in connection 
with novel ventures, such as tube railways, are not 
so easily disposed of. It is for this reason that we 
propose to draw attention to a few cases which 
have recently come before the Court of Referees. 

It is one of the principles applied in these cases 
that persons who fear that the enjoyment of their 
property may he injuriously affected shall be 
entitled to appear in order to obtain what is called 
a ‘* protective clause.’’ For instance, if promoters 
applied for power to run a tube railway under a 
man’s house, he might ask for a clause to protect 
him from the consequences of vibration. 

In the case of the Brompton and Piccadilly 
Cireus Railway (New Lines) Bill (11 8S. and A., 90), 
which was heard on July 18, 1902, it appeared that 
the promoters were authorised in 1897 to construct 
an electrical underground railway which would run 
near the petitioners’ hotel. A Bill was before Parlia- 
ment to authorise two other companies to construct 
electrical underground railways which would cross the 
authorised railway near the petitioners’ property, 
and the promoters conceded the petitioners a locus 
standiin respect of damage by working. The Bill con- 
tained special provisions for the protection of pro- 
perty in close proximity to the authorised railway 
and to the proposed railways, but these provisions 
did not extend to the petitioners, and they sought 
to be heard to have those provisions extended to 
them. The promoters contended that the protec- 
tive clause was only applicable to owners of ad- 
jacent property on that portion of the route 
where the proposed railways ran under and along- 
side the authorised railway, and should not 
be extended to owners of adjacent property where 
the railways merely crossed one another under- 
ground. The locus standi of the petitioners was 
objected to on the following grounds :—(1) That 
they complained of past legislation ; (2) no land 
or property of the petitioners would be taken under 
the Bill; (3) they claimed to be heard with reference 





of the Bill, and their property or rights would not be 
interfered with by the powers proposed to be 
conferred in such a manner as would entitle them 
to be heard. In spite of these objections the locus 
standi was allowed. 





In another case, which was heard on JJ ily 18 
1902, the Central London Railway etitioned 


against a Bill introduced by the London United 
Electric Railways Company. The Bill 
authorised the construction of a tube railway, and 
the petitioners alleged that it would, at 2 certain 
point, be in close proximity to their existing rail- 
way, and dangerous thereto, and claimed to be 
heard to obtain protection for their line. The 
promoters contended that as the petitioners did 
not allege that the proposed railway would touch 
their line, they were not entitled to be heard. It 
was decided that the petitioners were entitled to 
be heard. 

In the London United Electric Railways Ril] 
(2S. and A., 122), it appeared that the Bill incor. 
porated a company to construct tube railways, and 
provided, inter alia, for the fares to be charged 
thereon. The petitioners were owners of land to 
be acquired compulsorily, and claimed a landowner’s 
locus standi and the right to be heard against the 
Bill. The promoters contended that as landowners 
they were entitled to be heard in respect of their 
land, but that they were not entitled to raise the 
question of fares. It was decided that the peti- 
tioners were entitled as landowners to be heard 
generally against the Bill. 

The cases to which we think it right to draw 
attention, however, are not confined to petitions 
in opposition to tube railways. Electric-tramway 
promoters have grave difficulties to contend with, 
not only because of the opposition of frontagers 
who may object to noise and disturbance, but 
because of telephone companies who may desire to 
have guard-wires so placed upon trolley-wires that 
there shall be no risk of a short-circuit. 

In the Cavehill and Whitewell Tramways Bill 
2S. and A., 98), a tramway Bill empowered the pro- 
moters to work their trams by electrical power. 
Clause 5 proposed to alter the model clause, which 
provides that the Board of Trade shall make regula- 
tions for securing to the public all reasonable precau- 
tions against danger, by adding a proviso that the 
promoters shall not be required at their cost to fix 
guard - wires over their lines for protecting any 
wires erected after the completion of the tramways. 
By Clause 6 special provisions were inserted as to 
the use of electrical power, and it provided that 
this should be used only in accordance with the 
Board of Trade regulations. The petitioners 
alleged that their telephonic plant would be inter- 
fered with during construction, and claimed to be 
heard to obtain protection similar to that atforded 
by Section 30 of the Tramways Act. They also 
claimed to be heard in respect of their overhead 
wires against the proposed alteration of the model 
clause. The promoters contended that the protection 
atforded by Section 30 of the Tramways Act was inap- 
plicable and that the model clause was inserted in the 
Bill for the protection of the public, and not for the 
protection of the petitioners, who were amply pro- 
tected by Clause 6. The locus standi was objected 
to on the following grounds (inter alia) :—The only 
provisions objected to in the petition were those in 
respect to the working of the tramways by elec- 
trical power, and the erection and maintenance of 
apparatus for that purpose over streets and other 
places, and the alteration of the tramways for that 
purpose, and for additional crossings ; but it was 
alleged that the petitioners had no such rights or 
interests, either statutory or under the common law, 
in any such street or place, or over or above the 
same, as would entitle them to be heard. 

The locus standi was disallowed. 

Seeing that the Board of Trade regulations, which 
were referred to in the above case, provide that 
every tramway company shall erect guard wires, 
the inference to be drawn from the above decision 
is that if the would-be opponents are already pro- 
tected, they will not be conceded a locus standi. 

Passing on to consider a wholly different, but 
none the less important, class of case, we may refer 
to one or two decisions relating to water companies. 
As our readers are probably aware, no man can 
make a claim at common law to the water which is 
‘to be found beneath his land unless he can show 
| that it runs in a well-defined channel underground. 
| Thus if A sinks a well on his land, and so diminishes 
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to a clause which in no way affected them ; (4) the | the supply to B’s well, B has no right of action 
petitioners had no such interestin the subject-matter | unless he can prove the existence of some well- 
‘defined channel, and that the mischief has arisen 
| through some diversion of that channel. The Court 
| of Referees seem to be inclined to upset this ancie 
| principle of law. 
| 
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A. 88) a point of great interest to those who fear 
that their water supply may be interfered with by 
the effurts of a neighbouring water company to 
sink wells, was decided. The Bill in question 
authorised the promoters to construct certain water 
works. The petitioners, the Provost and Fellows 
of Trinity College, Cambridge, owned estates in 
the neighbourhood of the proposed works, which 
estates were supplied with water from wells and 
springs thereon. They apprehended, and were 
prepared to call evidence to show, that the pro- 
posed works would have the effect of diverting and 
diminishing the water which now formed their 
water supply. They could not, however, prove 
that the water, the abstraction of which was 
apprehended, flowed in a defined channel, and 
therefore asked to be heard under Standing Order 
134 D. That order provides that :—‘* Where any 
owner, lessee, or occupier, or where any conservancy 
or other authority charged with the control of river 
or other waters, petitions against a Bill alleging that 
under its provisions any water supply of which 
they may legally avail themselves will be dimi- 
nished or injuriously affected, it shall be competent 
to the Referees on Private Bills, if they think fit, to 
admit the petitioners to be heard against a Bill or 
any part thereof.” 

The promoters contended that the petitioners 
were not entitled to be heard under the standing 
order, as they had not proved that they might 
legally avail themselves of the water which they 
apprehended would be diverted, and that the 
mere allegation that their water supply would be 
diminisked was not sufticient to entitle them 
to be heard. It was decided by the Committee 
that, assuming the allegations in the petition 
to be accurate, this was a case which the standing 
order in question was intended to meet, and the 
petitioners were entitled to be heard. Sir 
Chandos Leigh explained the object of Standing 
Order 134 D as follows :—‘t The object was to do 
away with the obligation to prove that the water 
flowed in a well-detined channel, and to enable the 
court to grant a discretionary /ocus standi if it 
thought there was any chance of the wells of a 
petitioner being injured.” Mr. Johnstone, M.P., 
also said, in answer to the argument that the 
Committee were making a departure from existing 
law :—‘‘ That was the intention of the standing 
order. It was passed to meet the many cases of 
hardship which were brought before us.” In a 
later case which was heard on Feb. 21, 1902, a 
Bill proposed to extend the limits of supply of a 
water company, and the petitioners, the urban dis- 
trict council, claimed to be heard under Standing 
Order 134 A. The promoters contended that the 
petitioners were not within the standing order, 
as they did not allege that the water supply of 
their district would be injuriously affected ‘* but 
merely that certain wells would be damaged.” 
It was decided that the petition in substance 
pointed to injurious affection, and that the 
petitioners were entitled to be heard under 
Standing Order 154 A. On that occasion Sir 
Chandos Leigh declared that the words of Stand- 
ing Order 134 A were so clear that in all peti- 
tions the words ‘‘ injuriously affected” ought to be 
inserted. 








TELLURIUM. 

Te element known as tellurium cannot be said 
to have made any substantial progress towards 
recognition during the last century, as far as its 
employment in the arts is concerned. References 
to it have, however, become somewhat numerous of 
late years in connection with the metallurgy of gold 
and silver, and perhaps a few remarks on the 
subject may be of use, not as a contribution to 
Scientific literature so much as a finger-post to 
those who may wish to gain some salient facts 
without having recourse to numerous indices. 
Although from its appearance there is some reason 
for putting tellurium among the metals, yet in its 
compounds and reactions it shows so much simi- 
larity to sulphur and selenium that it has found a 
definite place with these elements in chemical text- 
books, and from this position there seems no prob- 
ability of its removal. 

The pure substance is a grey body with a metallic 
lustre ; the specific gravity is 6.24, and, being of ex- 
treme brittleness, it can easily be powdered. Though 
occurring in small quantities in the native state, it 
1s generally in combination with metals that it is 
found. The most important of these compounds 





are sylvanite—telluride of gold and silver ; nagya- 
gite—a complicated mineral containing the element 
in combination with gold, lead, antimony, and 
sulphur ; white tellurium—a telluride of silver, and 
tetradymite—telluride of bismuth. 

With regard to the geographical distribution of 
these minerals, it is noteworthy that they only occur, 
or, more correctly speaking, tellurium only occurs 
in any quantity in three districts, which are—Kal- 
goorlie, in West Australia, Colorado, and Schemnitz, 
Offenbanya, and other places in Hungary. In these 
districts the element has achieved a certain amount 
of notoriety, not at all on account of its intrinsic 
virtues, but because of the special metallurgical 
treatment to which the gold and silver ores con- 
taining it have had to be subjected. A considerable 
amount of work has been done at Schemnitz in 
recent years in the way of isolating tellurium as a 
marketable product ; but the very small, we may 
almost say the negative, success which has attended 
the experiments with the body in medicine, porce- 
lain painting, and thermo-electricity, has naturally 
acted as a cold douche to the efforts of its would-be 
producers. We may take it then that the interest 
in tellurium is almost entirely scientific, for the 
present at all events. 

To the practical metallurgist tellurium comes 
more as a nuisance than anything else, particu- 
larly where it is contained in gold ores which 
it is desired to treat by the cyanide process. In 
the amalgamation processes its presence is not so 
much felt, but in the ordinary cyanide treatment it 
is apt to cause a good deal of trouble, and numerous 
experiments have been made with a view of over- 
coming the difticulties which its presence involves. 
It cannot be said, however, that the much-vaunted 
bromo-cyanogen treatment has proved altogether 
the success that has been freely attributed to it, 
though it is, no doubt, a step in advance. A chemical 
process, known as Léwe’s, has been adopted at the 
Zalathner mine, in Hungary, to separate tellurium 
from other elements in a complex ore, a product 
being obtained consisting of 71.21 percent. tellurium, 
12.45 percent. copper, and 5.43 per cent. lead. The 
pure tellurium is obtained by adding sulphurous 
acid to the solution of the above in aqua regia. A few 
years ago it was announced that a deposit of tellu- 
ride of bismuth, associated, as usual, with gold, had 
been discovered in Bulgaria, but we are unable to 
say what resulted from the attempted sale of the 
property in London. 

Turning our eyes from Europe across the 
Atlantic, we would draw the attention of those 
specially interested in the subject to the work 
which has been done by C. Whitehead, whose papers 
are to be found in the Journal of the American 
Chemical Society for 1895. Copper bullion is 
shown to contain tellurium as a common impurity, 
though not in anything like large quantities. It is 
entirely separated in the electrolytic refining pro- 
cess. The American copper obtained by smelting, 
which tests 98.5 of the metal, contains 0.04 per 
cent. tellurium. Considerable quantities of tellu- 
rium have been obtained at American copper works 
in recent years, and a year or two ago Mr. Otto 
Hehner, in showing some specimens of the product 
at the London Section of the Society of Chemical 
Industry, suggested that its applications might 
form a productive field of study for some of the 
younger members of the society. So far, however, 
as we have indicated above, there are no applica- 
tions to which we can point with confidence. Not 
unnaturally, it was thought that, owing to its 
chemical analogy to sulphur, its acids might have 
some similar application, but the experiments of 
T. Bokorny showed that tellurous acid was much 
inferior to sulphurous acid as a germicide and dis- 
infectant. In contradistinction to the failure which 
has attended the attempted use of tellurium in the 
arts, we may point to the largely increased adoption 
of selenium by the optical instrument makers, the 
substance being obtained as a by-product in the 
manufacture of sulphuric acid from Spanish pyrites. 
The future may have in its grasp applications on a 
similar, if not extended, scale for tellurium, but it 
cannot be said that the present time offers much 
encouragement to those interested in its production. 








COMPULSORY ARBITRATION IN 
WESTERN AUSTRALIA. 


We have on various occasions drawn attention 
to the advanced labour legislation in New Zealand 





and the Australian Commonwealth, particularly in 
the direction of a compulsory submission of all | 





trade differences between masters and men to an 
outside (standing) tribunal for settlement of the 
points in dispute, including rates of wages as 
well as hours of working ; and we have expressed 
grave doubts whether the trade unionists, at whose 
instigation this legislation has been passed, would 
not find eventually that its effects were very 
different from what they had hoped. Ina former 
issue* we had occasion to comment upon the failure 
of the Arbitration Act in New Zealand to satisfy 
the workers, and in view of the repeated sugges- 
tions from labour quarters that a measure of this 
type should be adopted in Great Britain, an object 
lesson afforded by Western Australia is of great 
interest. 

Next to her gold, timber forms Western Aus- 
tralia’s most valuable commodity, there being 
vast areas of virgin forest from which are ob- 
tained the Jarrah and Karri woods, now so much 
used for all purposes where toughness and dura- 
bility are required, the exports of these woods 
amounting in recent years to over 500,000/. per 
annum. But, unfortunately, the forests are for 
the most part some distance from shipping 
ports, necessitating considerable capital expendi- 
ture for their satisfactory working, and hence the 
development of the industry has been slow, and 
the various companies engaged in the trade have 
not been too successful. Recently, however, an 
amalgamation took place between several of the 
largest companies, who merged themselves under 
the title of Millar’s Karri and Jarrah Company, the 
combine employing, when in full working order, 
over 3000 men, which is comparatively a very large 
number, seeing that the adult male population of 
the State must be well under 100,000. Since the 
amalgamation the company have shown increased 
activity, while their mills have, on the whole, been 
very well occupied ; and seeing this, the Yarloop 
Timber Industrial Union of Workers, as the men’s 
union is termed, deemed the time opportune to 
agitate for a higher rate of pay, laying their case 
before the established Court of Arbitration. The 
company, on the other hand, claimed that in spite 
of a large turnover, prices were low, with profits 
small in consequence, so that if any change in 
wages was to be made, it should be in the 
downward direction rather than the upward ; 
and they succeeded in bringing such strong 
evidence in support of their view that the Court's 
verdict was against the workmen, fixing the 
hours of labour at 52} per week, instead of the 48 
demanded by the men. Further, the Court was 
entitled to fix a minimum rate of wage, and was 
asked by the union to do so. But in doing this the 
president of the arbitration court (one of the Puisne 
Judges) laid down the principle that they should 
determine the lowest wage to be paid to the least 
competent workman in each branch of the industry, 
and named a ‘‘ minimum wage” some 20 per cent. 
below that that the most capable hands had pre- 
viously been receiving. 

The result of the award, which should have come 
into force on December 1 last, was ludicrous. The 
union were indignant at its terms, and, although it 
was they who had in the first place invoked the 
Court’s interference, at once sent a deputation to 
the company asking them to revert to the status 
quo, and to ignore the Court and its award in toto. 
Meanwhile, to strengthen the deputation’s hands, 
something like half the employés left their work, 
one of the largest mills being thrown entirely idle. 
The men’s great fear is that (as so often predicted) 
the ‘‘minimum wage” will be regarded by the com- 
pany as the maximum, and one of the deputation’s 
alternative requests—marvellous that such a request 
should come from trade unionists—-was that the 
men should be graded, and paid each according to 
his merits; while a still further suggestion was 
that the Arbitration Court’s investigation and 
award should be entirely set aside, and the whole 
matter submitted to a new board of conciliation, to 
be chosen from men well versed in the timber 
trade, on the ground that the Court of Arbitration 
—a standing body, consisting of an equal number 
of representatives of the employers and employed 
of the State, and presided over by a Judge of the 
Supreme Court—could not be expected to be com- 
petent to probe the intricacies of the timber 
industry. 

The company naturally replied that they could 
not understand the position of the men in wishing 
to do anything but abide loyally by the Court's 


* See ENGINEERING, vol. Ixxv., page 66i. 
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decision ; but while maintaining that the old con- 
ditions and terms of employment were entirely a 
matter of the past, they offered a compromise to 
the extent of advancing the rates of pay to the 
more competent men to a figure somewhat above 
the authorised minimum, though lower than had 


obtained heretofore, and the men’s delegates have | 


advised the acceptance of these terms. Indeed, as 
both the Amalgamated Workers’ Association, with 
which the employés union is affiliated, and the 
Parliamentary Labour Party have passed resolutions 
condemning the men’s action in striking against 
the Court’s award, there is little left for the men but 
to submit with the best grace they can muster. 

This case, however, raises an interesting question, 
which no doubt will come before some court of law 
ere long—namely, whether, when a legally-consti- 
tuted industrial Arbitration Court’s award is dis- 
tasteful to one of the parties, an injunction can be 
obtained to compel that party to abide by the de- 
cision. Should the employer object to the verdict, 
clearly he cannot continue paying less wages than 
has been declared the minimum ; yet an injunction 
could hardly be maintained against him to prevent 
him either from closing his works and abandoning 
his business, or from very materially reducing the 
number of his hands, and both these alternatives 
would always be open to him. On the other hand, 
where the circumstances are those of the Western 
Australian timber trade, and the men object to 
the Court’s award, what is then the legal position 7 
It can hardly be supposed that a court of justice 
would in any way compel any individual man to 
resume work at the standardised rate of pay, for, 
apart entirely from his union, and from the matter 
in dispute, each man retains his right to leave 
his employment at «n hour, day, or week’s notice, 
as the case may be. Yet it is quite conceivable 
that if, after an appeal to an Arbitration Court, a 
trade union declared a general strike, or, without 
going this far, allotted strike pay to men who left 
work as a protest, then an action for damages 
against the union might be successful, provided 
that the union was one of the actual parties between 
whom the Court was called upon to adjudicate. 

The whole subject is one of great interest, and 
may be heartily commended to the notice of all 
who follow, whether critically or encouragingly, 
the aspirations of the advanced labour party. A 
compulsory conciliation tribunal, whose verdict is 
the signal for an immediate strike, is indeed a 
woeful satire upon such endeavours to hasten the 
millennium. 








THE LONDON WATER-WORKS 
ACQUIREMENT. 
By R. Price-WiiiaMs. 


Tue Court of Arbitration appointed to consider 
and determine the value of the eight London water 
companies’ undertakings acquired by the recently- 
appointed Water Board under the provision of the 
Metropolitan Water Act of 1902 having now made 
awards in respect of the claims of all but one of 
these companies, a fitting opportunity is afforded 
of considering from a public point of view the terms 
of purchase in the aggregate, and how far the 
acquirement and administration of the undertakings 
by a central authority is calculated to benefit the 
Metropolis. 

Before, however, dealing with the water com- 
panies’ claims and the amounts awarded in respect 
of them, some adequate idea should be attforded of 
the nature, extent, and capabilities of these great 
undertakings which now for more than a century— 
and in the case of the New River Company for 
nearly three centuries— have succeeded in meeting 
the water supply requirements of a population 
which at the commencement of the century just 
closed numbered a little less than a million inhabi- 
tants—a number, be it said, which the Metropolis 
has added to itself in each of the three last decades, 
the addition during the last decade exceeding a 
million—an addition in the short space of ten years 
larger than the aggregate population of Manchester 
and Birmingham combined at the date of the last 
census. 

It should be mentioned that the Metropolitan 
area now supplied with water by these companies 
amounts to over half-a-million (535,734) acres, 
or 837 square miles; the population included 
within this area, according to the last Census 
returns, amounts to 67 millions—-a population 
largely in excess of either that of Scotland or of 





Ireland, all located and supplied with one of the 
necessaries of life within a radius of 16 miles 
from Charing Cross. 

The main sources of water supply are the Thames 
and Lea, a limited quantity being obtained from 
springs and deep wells in the chalk. 

The present average supply from all sources 
exceeds 200 million gallons a day, or about 76,415 
millions annually ; the supply has nearly doubled 
during the last 51 years, the average annual rate 
of increase during that period being just 2} per 
cent.—a rate which, if maintained, would again 
double the quantity in 51.29 years. 

The estimate of the future water supply of the 
Metropolis, given in the Report of the Royal 
Commission on this subject, of which Lord Balfour 
was Chairman, is based on the future rate of in- 
crease of its population, which, in the opinion of 
the then Registrar-General (which they adopted), 
would remain constant during the next forty years 
at the exceptionally low rate of 18.18 per cent. per 
decade—a rate which applied to the decade of 1891. 
At this constant rate of increase the population 
in 1941 would amount to nearly 13 millions. The 
Commission estimated it at 12 millions, which, it 
was considered, would require a daily supply of 
420 million gallons of water—just double the 
present supply, and almost the exact quantity 
arrived at if the present water supply continued to 
increase at its average rate during the last thirty- 
two years, when, as the following figures extracted 
from the report of the Commission show, the pre- 
sent available sources of supply would practically 
have become exhausted :— 
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Long, however, before the expiration of that 
period, timely efforts will have to be made to secure 
for London, with its then 12 millions of population, 
further sources of supply from the mountain 
regions in North Wales, with their exceptionally 
high average rainfall of over 100 in. annually, and 
fully capable, as Mr. Symons’s rainfall records 
show, of meeting the future water supply require- 
ments not only of London, but of the numerous 
large towns in the Midlands, many of which are 
at present greatly in need of water. 

As regards the estimated future population of 12 
millions in 1941, based on the late Registrar- 
General’s prognosticated constant rate of increase, 
its constancy has already been discredited by the 
Census returns for 1901, which show a continued 
but much-reduced decrement in the rate of increase ; 
it, however, strikingly makes manifest what few 
people fully realise—that during the last Census 
decade, with its still-continuing decrease in the 
rate of increase of population, London has in that 
short space of time added to itself the largest 
number of inhabitants on record, over a million 
having been added within the area supplied by 
the London water companies. There is everything 
to indicate that even with a slight continued decre- 
ment in the rate of increase, the Water Commis- 
sion’s estimate of a future population of 12 millions, 
with its water supply requirements of 420 million 
gallons a day (the limit of the present available 
sources of supply), will be reached long before the 
year 1941. 

As regards the present condition of the com- 
panies’ water works which has been called in ques- 
tion, there is the reliable testimony given at the 
Court of Arbitration by leading members of the 
engineering profession that they are in a sound and 
serviceable condition. Added to this there is the 
silent, but equally weighty, confirmatory testimony 
which a recent analysis of the published accounts 
of each and of all these companies combined 
affords from the time of the first introduction of 








the improved system of accounts in 1871, when the 
capital of all the companies amounted to only about 
ten millions, down to the time of the acquirement 
of these undertakings in 1902, during which period, 
as already stated, their total capital had more than 
doubled. 

In this connection, and dealing with the com- 
panies’ accounts in the aggregate by way of illus- 
tration, the results of the analysis show that since 
1871 nearly ten millions have been expended out 
of the revenues of these companies in the repairs 
and renewals of the operative works, machinery, 
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and plant employed in the supply and conveyance 
of water traflic ; this outlay, as in the analogous case 
of railway traftic, being mainly necessitated by the 
wear and tear of the mechanical appliances em- 
ployed. Thus with the amount of work done in the 
shape of the quantity of water raised and conveyed to 
its destination, the amount of capital expended on 
the works and appliances, with the annual cost of 
the repairs and renewals during a sufticiently long 
period of time given (in terms of work done per 
million gallons of water), the means are afforded of 
accurately ascertaining what the average service- 
able life of the works as a whole is, and whether or 
not they have been, and continue to be, maintained 
in an average and efticient condition. For instance, 
the capital cost of the London waterworks and 
plant in the aggregate has, during the last thirty- 
two years, averaged 260.771. per million gallons of 
annual supply, and the average annual expenditure 
on repairs and renewals has, during that time, 
averaged 4.351. per million gallons. It follows 
that with such annual expenditure, the capital 
cost of the whole of the works in terms of per 
million gallons would be recouped and renewed 
in about sixty years. The capital in terms of 
per million gallons has slightly increased of late 
years with the rapid growth of the water traftic; 
but the annual cost of repairs and renewals has 
kept pace with it, and the average serviceable 
life period of the operative works has remained 
almost the same. But with the increased cost of 
repairs and renewals, the operative works have not 
only been maintained in a state of efticiency, but have 
been replaced, when their serviceable life periods 
have been reached, by others of a more durable and 
powerful type to meet the requirements of the con- 
stantly increasing water supply. The process of 
renewal and re-renewal of the operative works 
during the last 32 years has, in fact, resulted 
in the gradual evolution of the present greatly im- 
proved and much more powerful type of pumping 
engine and other operative plant which supplies 
London now with twice the quantity of water it did 
at the earlier period referred to, and there can be 
no question that, quite apart from the value of the 
water supply business so successfully carried on by 
these companies, there is now in these operative 
works and plant much more than the money’s 
worth of the capital which has been expended 
upon them. Further, having regard to the fact 
that the continuity in supplying London with 
water necessitates a like continuity in the repairs 
and renewals of the operative works and appliances, 
there is obviously no need for any allowance or de- 
duction being made either for their depreciation in 
the past, or for the creation of a sinking fund for 
the redemption of the capital invested in them, 
either at the time prescribed in the Act or any 
future time, inasmuch as the works would then, as 
now, have the same or even greater intrinsic value 
as a marketable commercial undertaking. 

Dealing now with the cost of the acquirement by 
the Water Board of the London water companies’ 
undertakings, the Court of Arbitration’s awards 
in respect of the claims of all the companies, with 
the exception of that of the New River Company, 
have now been made, and are given in the accom- 
panying tabular statement, together with the 
amounts of the respective companies’ claims, and 
the offers made by the Water Board. The amounts 
are also given for the year 1902 (the final year of 
their corporate existence) of each company’s capital 
raised, debenture debt, and net revenue, the in- 
terest payable on the debentures, and the balance 
available for dividend on the ordinary and pre- 
ference stock. 

From a reference to this statement it will be 
seen that the total capital raised amounts to a little 
over 20 million sterling, of which in round figures 
11,100,0001. represents the ordinary and preference 
share capital, and 9,000,0001. of debentures. The 
balance of net revenue available for the payment 
of interest on the ordinary and preference stock is 








1,023,350/., which, capitalised in the terms of the 
Water Board’s authorised 3 per cent. stock, would 
amount to 34,111,667/., equivalent to 334 years 
purchase of the whole of the above available net 
revenue. 

The awards in respect of the claims of seven 
of the companies amount in the aggregate to 
24,694,5001., and assuming for the sake of argu- 
ment that the full amount of the New River 
Company’s claim of 12,727,2721. to be awarded 
(3 millions of which has already been conceded by 





the decision of the Court of Appeal), the awards 










































































aes 
ApriL 15, 1904-] ENGINEERING. 545 
——_—_—— eee , : : 
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of the Court of Arbitration would in the aggregate 
amount to 37,421,772/., an addition of 3,310, 105/., 
or just three years’ purchase to the 335 years’ 
purchase of the companies’ available net income 
in 1902. The available net incomes agreed upon 
in each case between the Water Board and the 
Water Companies as the basis of the Court of 
Arbitration’s awards was, however, an average of 
several years, which somewhat exceeded that of 
the year 1902, dealt with here ; and having regard 
to this and to the enhanced value of the Water 
Board’s credit in the money market, it would be 
able to raise money at a cheaper rate by offering 
as security a first charge upon the water rates of 
the entire Metropolis, and in this way the requisite 
capital would, no doubt, be raised at a 2? per cent. 
rate, which would, even with the 1902 year’s average 
net income, amount to 37,212,7271.—almost exactly 
the amount of what would be required supposing 
that the full amount of the New River claim is 
maintained. 

Suflicient evidence, in fact, is already afforded in 
the results of these arbitrations to show conclu- 
sively that the terms upon which these water com- 
panies’ undertakings have been acquired are ex- 
ceedingly favourable to the Metropolis, as in 
addition to at once obtaining the great benefits of 
a uniform water rate throughout the Metropolis, 
and the economies resulting from concentration of 
administration and working, which in 1880 were 
variously estimated by the late Mr. E. J. Smith 
and others at from 100,000/. to 150,000. per 
annum, there are the large savings in the waste of 
water which will result from the more general use 
of the Deacon and Venturi water meters; there 
will besides be the benefits to be derived from the 
prospective increase in the annual net earnings from 
the water supply, which have continued steadily to 
increase for many years with the growth of the 
population, and of the rateable value of the districts 
at an average rate of 23 (2.73) per cent. per annum. 

The average water supply charges throughout 
the entire Metropolis for domestic and other pur- 
poses are by no means excessive, and amounted in 
1902 to only 8.076d. per 1000 gallons, while the 
average cost to the companies amounted to 3.770d., 
leaving a balance of 4.306d., equivalent, how- 
ever, to just 60 per cent. net profit to the water 
companies, which largely contributed to make up 
the 10 per cent. dividends which many of the com- 
panies have been paying on their ordinary stock 
for many years. 

The secret, in fact, of their great financial suc- 
cess has been the exceptionally low but fully 
adequate cost of the water companies’ working 
experses, which, taken in the aggregate, have 
hever yet during the last thirty-two years exceeded 
48 per cent. of their receipts. The expenditure 
mn the case of the Chelsea and Kent Companies 


The great amount of wear and tear caused by the 
high speeds now attained in the one case, and the 
low speeds and eflicient maintenance of the pump- 
ing engines, attended with a relatively small amount 
of wear and tear, in the other, go a good way to 
account for these differences in the percentages of 
expenditure. 

Finally, it may safely be said that it is to the 
exceptionally small working expenditure needed in 
the case of the London water works that Londoners 
must look for future reductions in the cost of their 
daily supplies of water, and that there appears to 
be not the slightest ground for the assertions that 
the acquirement of the London water works will 
involve any addition either to the present or pro- 
spective burthens of the water ratepayers of the 
Metropolis. It is right to mention that the Court 
of Arbitration rejected the claims of the companies 
for their contributions to the City Chamberlain's 
Sinking Fund, and that the companies have decided 
to appeal against this decision. Should the appeal 
be successful, it will increase the amount of the 
awards to those companies who have contributed 
to this fund. 








NOTES. 

STANDARD ScCREW-THREADS AND Limit-GAUGES. 

In our issue of April 1 we announced that the 
Engineering Standards Committee would hold a 
public conference at the Institution of Civil Engi- 
neers, Great George-street, Westminster, S.W., on 
Tuesday and Wednesday next, for the purpose of 
discussing the question of standard screw-threads 
and limit-gauges with mechanical engineers and 
others who are interested in the matter. Itis gene- 
rally agreed that the Whitworth pitch is unsatisfac- 
tory for screws below } in. and above 1} in. in dia- 
meter, so that for sizes outside that range many 
engineering firms are using pitches of their own, and 
this results in a lack of interchangeability which is 
the source of considerable annoyance. Makers of 
motor-cars and bicycles have also adopted a variety 
of screws which differ from those of other makers, 
for the most part only by a very small amount, but 
nevertheless great enough to cause confusion ; 
and there is no doubt that the trade gene- 
rally, and users particularly, would welcome an 
authoritative standard to which all should conform. 
An unsuitable standard, however, is almost as bad 
as no standard at all ; and we would impress upon 
all manufacturers the desirability of attending and 
assisting the committee by their evidence, for unless 
all branches of the trade are represented, 1 good 
opportunity will be missed of putting the matter once 
for all upon a satisfactory basis. Another subject, 
of not less importance, will be dealt with at the meet- 
ings—namely, the possibility of standardising the 
limit-gauges now so largely used in interchangeable 
work, so that the same degree of accuracy shall be 
universal in work of the same nature. In this con- 
nection the question of whether the nominal size 
shall be that of the bearing or of the part which 
enters it will also be discussed. Mr. Leslie S. 








Robertson, 28, Victoria-street, S.W., the secretary 








Rica. The United Fruit Company has lines on the 
Atlantic coast which it proposes to extend to Boca 
del Toro, in Panama. At the same time, says Mr. 
Pepper, indications have become more favourable 
at the South American end. ‘‘The boundary dis- 
pute between Argentina and Chili has been settled, 
and the latter country has concluded an arrange- 
ment for the construction of a tunnel through the 
Andes under a Government guarantee, which will 
result in connecting Buenos Ayres and Valparaiso. 
The trouble between Brazil and Bolivia over the 
Acre rubber region has also been settled. Argentina 
is extending its northern railroad lines, not only to 
the border of Bolivia, but beyond to Tupiza. 
Bolivia is also to receive an indemnity of 2,000,0001. 
from Brazil, and President Pando has recommended 
its use for securing further railway credit and the 
development of lines which would become links in 
the inter-continental route. Peru is also being 
moved by foreign enterprise to the development of 
her mines and the establishment of better railroad 
communications. Colombia is in an unsettled state, 
but an event of great promise is the independence 
of Panama, and the undertaking of the inter- 
oceanic canal by the United States.” The link of 
greatest difficulty and uncertainty in the scheme is 
the long one through the isthmus and the republic 
of Colombia; but this is by no means regarded as 
impracticable to construct. Mr. Pepper declares 
that at the present time only 4800 miles of railway 
are lacking, all the way from Mexico to Argentina, 
to make the system complete, and over this dis- 
tance ‘‘much of the work is going on” within the 
different countries. The entire cost of the con- 
struction is set down at 30,000,000l., but it would 
probably work out at very much more, and one 
doubts if it would ever pay. 


THE STATE OF THE SHIPBUILDING TRADE. 
The placing of a few orders for ships, principally 
on the North-East Coast, on terms exceptionally 
favourable to the shipowner, and a considerable 
decrease in the tonnage launched during the past 
three months, have resulted in a slight increase in 
the amount of work at present on hand in the 
shipyards in the United Kingdom ; but the 988,664 
tons of the 398 vessels in course of construction is 
still about the same as the figure for the corre- 
sponding date of last year. It would, however, 
be unsafe in the present state of the shipping 
market to assume that the aggregate at the 
end of last year—898,478 tons—marked the 
turning point in the present period of depressed 
trade. Compared with the total reached in Sep- 
tember, 1901—the highest on record—the aggre- 
gate for this month shows a reduction of 425,000, 
equal to 30 per cent. Lloyd’s return further in- 
dicates that the vessels commenced during the past 
quarter numbered 175, and measured 349,705 tons, 
which is certainly better than for some time ; but, 
as we have already indicated, much of the work 
was accepted to keep yards going rather than with 
the expectation of making profit. Among foreign 
countries who have ordered new ships, special 
note may be made of Austria-Hungary, which 
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pared with 10,270 tons three months ago; Ger- 
many, 32,640 tons, against 30,850 tons ; Norway, 
25,847 tons, against 15,821 tons ; Belgium, 9877 
tons, against 5400 tons ; Sweden, 7025 tons ; Den- 
mark, 6200 tons, against 2550 tons ; France, 
6560 tons, against 3480 tons ; Greece, 6630 tons, 
against 3600 tons. As regards the distribution of 
the work amongst the various shipbuilding ports, 
Glasgow alone shows a decrease when comparison 
is made with the condition that obtained a 
year ago; on the Tees the gain equals 33 per 
cent. ; in other parts on the North-East Coast 
5 per cent. But when the figures for this month 
are placed alongside those of January, it is seen 
that those for Glasgow have improved to the extent 
of nearly 25 per cent. ; of Hartlepool, 6 per cent. ; 
those of the Tees, by 9 per cent.; of the Tyne, 23 
per cent.; and of the Wear, about 15 per cent. In 
the other districts there has not been much change. 
The laying down of three battleships in the dock- 
yards, and Japanese battleships at Barrow and 
Elswick, has added greatly to the warship tonnage 
in hand as compared with three months ago. The 
state of the trade as compared with a year ago may 
thus be summed up :— 


April, 1904. April, 1903. 








No. Tons. No Tons. 
Merchant ships .. 303 988,664 425 974,686 
H.M. ships—Dockyaras.. 9 12 120,450 
Hi. M. ships—contract 61 16 178,400 
Foreign warships. . : 4 5 28,100 
Total 472 488 1,301,636 





It will thus be seen that the addition to the ton- 

nage of a year ago is only about 4 per cent. ; but 

the reduction from the highest point is well over 

30 per cent. 

AND DiFFICULTIES OF AFRICAN 
Raitways. 

The general manager’s report on the working of 
the 125-mile Government railway in Lagos, on the 
West Coast of Africa, proclaims at once the advan- 
tages of such railways in the development of the 
country, and the difticulties in their progress. In 
the latter category must be included the lack of 
ambition in the native. The conditions of life and 
environment do not require arduous and sustained 
work to earn a livelihood ; necessities are provided 
by Nature, and work only brings the luxuries of 
civilisation, which are not yet familiar to, and there- 
fore do not stimulate, the native. This repre- 
sents the labour difficulty throughout Africa, and 
not only limits the natural development, but 
creates an obstacle to the economical working 
of the railways. Everything is being done to 
encourage the native to work in Lagos, and some 
have been enlisted as apprentices in the locomo- 
tive shops. In Lagos and other parts where the 
climate is inimical to the health of the European, 
this native indifference to work is of more serious 
import. Although there are only 70 Europeans on the 
staff of the Lagos Government Railway, the amount 
paid in salaries for sick leave is between 50001. and 
60001. per annum. Coal costs 45s. to 50s. per ton, 
and even then is not of the best quality, partly be- 
cause it has to be discharged in the ofting, and taken 
across the bar in barges, the result being breakage 
and dust. It is hoped that interior trade develop- 
ment will encourage special light-draught steamers 
to trade with Lagos ports, importing coal and ex- 
porting palm kernels, &c. Then, with coal at 28s. 
to 30s. per ton, the present fuel bill of 1s. per train- 
mile may be reduced. An extension of the line, now 
strongly advocated, will also improve matters, as it 
will increase the radius of activity. There has been 
improved economy in working, the fuel consump- 
tion having been reduced to 42.20 lb. per mile, 
while the cost of hauling 1 ton is 2.33d. per mile, and 
of conveying each passenger, 0.85d. per mile. The 
management are very properly contemplating the 
merging Of first and second-class passengers, as the 
nuinber of the former is only 1.5 per train. The third- 
class travellers provide 90 per cent. of the receipts. 
The passenger traftic shows an increase on the year 
of 38 per cent., the goods receipts 16 per cent., and 
the gross receipts 18 per cent. There has been a 
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distinct development in interior trade. From within 
the sphere of influence of the line, thousands of 
tons of produce, which previously rotted in the 


places have been sent up country in exchange. 
Cotton is to be carried free, and the possibility of 
growing cotton in the rich and suitable Ekiti 
country is most favourably regarded. The country 
produce traftic has increased 50 per cent. in a year. 
The rates are very properly low, and the native is 
encouraged to travel with his small consignment to 
market, and thus to dispense with middlemen. It 
is noteworthy that prices for palm kernel being 
low, the native farmers stored their supplies to 
await better prices. This affected traffic. The im- 
ports of spirits suggest a consumption of 0.18 gallon 
per head per annum, against 1.02 in England, and 
1.89 in France and Germany. 


Tue Iron Trave anp THE Mexican TARIFF. 


On the Ist inst. a modified tariff came into 
operation in Mexico, the changes having reference 
mainly to iron and steel goods, which are subjected 
to a higher rate of duty than under the old tariff. 
The object of the increased duties is to protect the 
native industry, which has been created largely 
with the aid of American capital. We have not the 
space here to enumerate all the changes made, but 
some of the more important may be specified for 
the benefit of those who have trade relations with 
the country :—Iron and steel girders for buildings 
when they have no perforations nor special cut : 
Present rate, gross kilo, le. ; new rate, gross kilo., 
2c. Girders and columns of iron and steel, when 
they have perforations or are of a special cut ; 
frames, bracket-arms, bedplates for columns, fish- 
plates, braces with or without nuts, and other parts 
notspecitied, of iron or steel, for structural purposes : 
—Present rate for all except braces, gross kilo., Le. ; 
present rate for iron and steel braces, legal kilo. 
10c.; uniform new rate, gross kilo., 3c. Unspecified 
manufactured articles of tin-plate and of iron, tin- 
plated, nickel-plated, copper-plated or brass-plated, 
wholly or in part, whatever may be their weight :— 
Present rate, legal kilo., 20c.; new rate, the same. 
Hoes, scythes, and other implements for agriculture 
and for clearing :—Present rate, gross kilo., le.; new 
rate, per 100 kilos., gross, 1.50 dol. Iron crucibles: 
—Present rate, gross kilo., le.; new rate, per 100 
kilos., gross, 1.50 dol. Axles or hubs of iron and 
steel for carts or carriages :—Present rate, gross 
kilo., le.; new rate, per gross kilo., 6c. Posts, 
cross-arms, and pins of iron or steel for overhead 
electric wires :—-Present rate, free ; new rate, per 
100 kilos., gross, 1.50 dol. Wire of copper, brass, 
bronze, or white metal, covered with any material : 
—New rate, gross kilo., 5c. Bare wire of copper, 
brass, bronze, or white metal, not exceeding 2 mm. 
in diameter :—New rate, gross kilo., 8c. Bare 
wire of copper, brass, bronze, or white metal, 
exceeding 2 mm. in diameter, gross kilo., 5c. 
Cables of copper, brass, bronze, or white metal, 
covered with any material, but without a metallic 
sheath inside or outside the covering substance, 
and uncovered cables of the same metals of all dia- 
meters :—Present rate, 50c. per legal kilo. and free ; 
new rate, gross kilo., 5c. ‘Tanks, cisterns, recep- 
tacles, or tubs of iron or steel, having a capacity of 
more than 2500 litres :—Present rate, gross kilo., 
lc.; new rate for 100 kilos., gross, 1.50dol. Leather 
belts for machinery, whether imported with the 
machinery or apart :—Present rate, when imported 
with the machinery to which they appertain, such 
belts are at present subject to a duty of Le. per 
gross kilo. The new duty is 50 cents per gross 
kilo., whether the belt is or is not imported with 
the machinery in connection with which it is to be 
used. Belts of cow-hair for machinery, whether or 
not imported with said machinery :—The present 
rate is 10c. per gross kilo. when imported apart, 
and le. per gross kilo. when imported with the 
machinery to which it belongs. The new rate is 
10c. per gross kilo., whether imported with machi- 
nery or not. <A great deal of enterprise in the 
establishment of industrial works of various kinds 
is being displayed in Mexico just now, consequent 
upon the prosperous conditions of the country, and 
a full recognition of the fact that its mineral re- 
sources are not limited to silver and gold. The 
Mexican Light and Power Company, Limited, 
which is composed for the most part of Canadian 
capitalists, is building a huge hydraulic plant at 
Necaxa for the generating of electricity to be trans- 
mitted to Mexico City, ninety odd miles distant. 
The initial capacity of the plant will be 45,000 
horse-power. Messrs. Siemens and Halske, of 
Berlin, will build the generators—six units of 5000 





forests, have been shipped to Britain and elsewhere, 


kilowatts capacity each. 





Escher, Wyss, and Co.—six outfits of 7500 horse 
power each. The transformers will be of American 
manufacture. Another important concern is the 
Mexican Car and Foundry Company, which has been 
organised to operate under the concessions vranted h 
the Mexican Government to Mr. Isaac M. Hutche 
son, who represents the interests in the republic of 
the American Locomotive Company and other eon. 
cerns. The capital of the company is 1,000,009 
dols. gold, divided into 10,000 shares of a par value 
of 100 dols. gold each. The company owns 71 
acres of land which it has purchased about four 
niles north of the City of Mexico, lying between 
the tracks of the Mexican Central and Mexican 
National railways, from both of which lines it jg 
intended to run tracks to the car plant. Upon 
this site construction work has already begun, and 
will be pushed to completion as soon as possible, 
The initial capacity of the plant will be tive freight 
cars daily, which will be increased as rapidly as 
additional machinery can be installed. 








Mort YorRKSHIRE CoaLt.—Coal has been reached at a 
new sinking of the Shettield Coal Company at Beighton 
Silkstone coal having been struck at a depth of 4274 
yards. This is much the deepest winning of the Silk- 
stone seam in this neighbourhood. A thickness of 5 ft. 
of excellent coal has been proved. 





NorTHERN Coau Contracts.-~Contracts have just 
been closed by the Newcastle and Gateshead Gas Com. 
pany for a year’s supply of Durham gas-coal. The quan. 
tity to be supplied is between 270,000 tons and 280,000 
tons. The contract prices average 7s. 10d. per ton. 


GERMAN MRTALLURGICAL INDUSTRY.—The production 
of pig iron in Germany last year was 10,017,901 tons, as 
compared with 8,529,900 tons in 1902, 7,880,088 tons in 
1901, and 8,520,541 tons in 1900. The imports of pig 
into Germany last year were 218,327 tons, as compared 
with 174,990 tons, 293,866 tons, and 827,095 tons in the 
three previous years. Theimportsof iron and steel intoGer- 
many last year were 156,667 tons, as compared with 144,120 
tons, 174,468 tons, and 254,235 tons in the three previous 
years. The exports of pig from Germany last year were 
527,317 tons, as compared with 516,165 tons in 1902, 
303,846 tons in 1901, and 190,505 tons in 1900. The ex- 
ports of iron and steel from Germany last year were 
3,200,547 tons, as compared with 3,010,166 tons, 2,250,168 
tons, and 1,589,079 tons in the three previous years, 

PERSONAL. — Mr. James M. Dewar, M.I.M.E., 4, 
Lloyd’s-avenue, E.C., late of Messrs. Maudsley, Sons, 
and Field, Limited, has been appointed by Messrs. J. P. 
Hall and Sons, Limited, engineers, Peterborough, as 
manager of the marine sales department of their business. 
—The Continental Caoutchouc and Gutta-Percha Com- 
pany have opened a dépét at 140 to 144, Bath-street, 
Glasgow, and Messrs. R. A. Whyte and Co. have been 
appointed their agents in Glasgow and Scotland.—Mr. 
Percy Longmuir, of University College, Sheftield, has 
been appointed junior assistant in the metallurgical de- 
partment of the National Physical Laboratory. Mr. 
Longmuir is a pupil of Professor Arnold, and has for two 
years been engaged in research as a Carnegie scholar of 
the Iron and Steel Institute. He will at present assist 
Dr. Carpenter in carrying on the work undertaken by 
the Laboratory for the Alloys Research Committee of 
the Institution of Mechanical Engineers. 


INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES 
Assoctation.—On Monday, April 11, a meeting of the 
graduates of the institution was held. The chair was 
occupied by Mr. W. H. Maw, past-president, and a paper 
on ‘The Manufacture of Linoleum Floorcloth ” was read 
by Mr. Edward J, Stevenson, graduate, of London. The 
author’s paper opened with a description of the premises 
of a linoleum works, such as the grinding-rooms, mixing- 
rooms, calender-rooms, and drying-rooms. Ordinary 
linoleum is a combination of cork, boiled linseed oil, and 
eanvas, each material being specially treated. The power 
for the machinery is usually supplied by a steam-engine, 
as an ample supply of steam is necessary for the various 
processes in the works. Owing to the inflammable nature 
of cork dust, ample provision must be made for coping 
with outbreaks of fire. The cork is first passed through 
the bark mill and then through the grinding machines, 
The cork is then mixed with oil in a pug mill, the oil 
being inserted in a very viscous state. For a single- 
colour linoleum the dry colour is mixed with the cork 
dust before being placed in the mill. The mixture 1s then 
passed through rolls, which can be steam heated. It 1s 
then carried to the calender rolls, where it 1s pressed vo 
the canvas backing. The linoleum when set 1s printec 
either by hand-presses or by the more modern. ager 
machines. The author gave additional description of the 
oxidised oil now used and of the manufacture of the 
canvas backing. The chairman, in opening the discussion, 
gave details of a large printing machine, capable of print- 








ing in seven colours a piece of linoleum 25 yards long and 
12 ft. wide at one operation. An_ interesting discus 
sion followed, in which Messrs. Stephens, noone 
Duncan, Smith, and Howl took part. Votes of — 
to the chairman and author of the paper terminated the 
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MORISON’S LIMIT-RING FOR PISTONS. 
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Tur illustrations above show a device with the object 
of minimising the friction of piston-rings on the walls of 
the cylinder, and also of confining the possible wear of 
ring and cylinder within certain predetermined limits. 
The limit-ring consists of a flat uncut ring, which fits 
over a shoulder left on the face of the piston-ring. 
When the latter is placed within the cylinder, the 
inner diameter of the limit-ring is slightly greater 
than the diameter of the shoulder over which it fits, 
and the wear of the ring and cylinder can only con- 
tinue until these diameters become equal. As the 
limit-ring tends to cause the piston-ring to maintain 
its cylindrical form, it is found that the accuracy 
with which the piston-ring fits the cylinder when the 
limit of wear has been reached is such that both the 
steam efficiency and the mechanical efficiency of the 
engine are increased. 

It will be noted as a further advantage that the 
limit-ring acts both as a piston-clip when inserting 
the piston, and does away with the necessity for the 
troublesome joint plate which has to be fitted to rings 
of the coiled-spring type; and, further, there is no 
possibility of pieces of a broken ring getting in the 
ports when withdrawing the piston for examination. 

The inner surface of the limit-ring is grooved so as 
to reduce the amount to be filed or scraped for pur- 
poses of adjustment. The device is, of course, applic- 





able to all pistons of the junk-ring type, or those made 
in halves, and is also supplied for piston-valves and | 
high-pressure pumps. | 

Messrs. Richardsons, Westgarth, and Co., Limited, | 
Hartlepool, are the makers. 








COAL IN SIBERIA. 


i 


been left wholly to private enterprise, and has been de- 
veloped with much more activity than is observable in 
the Soudjensk region, although the latter is considered 
to be the richest locality. The quantity of coal raised in 
Siberia last year was estimated at 33,700,000 poods, 
as compared with 24,850,000 poods in 1901, and 
9,500,000 poods in 1900. These figures, it should be 
observed, include the Soudjensk, the Tcheremkofsk, 
and the Oussoursky mines. It will be seen that, 
although the production is not very large at present — 
a pood being only equal to 36 1b.-—it has, none the less, 
made considerable progress. To the east of Lake 
Baikal, as far as the Pacific Ocean, locomotives run- 
ning on the Trans-Siberian Railway have to burn 


wood. Coal deposits at Malinofka have been aban- | 


doned for the present, being considered unsuitable 
for private enterprise. In the east of Manchuria the 
only coal deposit in regular working is that of Yant- 
aisk, about 25 miles to the south of the Mukden. The 
western section of the Trans-Siberian Railway, starting 
from Chiliabinsk, is supplied with coal from the Ural 
Mountains, which has, however, to be transported a dis- 
tance of more than 600 miles. Soudjensk coal is used 
as far as Omsk, but has also to be carried a similar 
distance. 








CANADIAN Rat_ways.—The Canadian Pacific Railwa 
Company, in pursuance of a policy of spanning the North 
American Continent with the best grade of heavy track, 
is preparing to lay 10,000 tons of 80-lb. steel rails. Work 
in the West will be begun between Portage la Prairie and 

grandon. The Grand Trunk Railway Company will 
build a new bridge at Kingston, Ontario, to replace one 
which is about 14 years old. The work is already being 
The Guelph and 


which has the contract. 


Fig. 2. 


LIMIT RING 








| put in hand bythe Dominion Bridge Company, Lachine, | 
| Quebec, 


Upon the discovery, some time since, of the Sakha- | Goderich Railway Company is asking for power to build | 


line coal deposits in Siberia by Messrs. Schmidt and | 


Lopatine, two geologists of some merit, the Russian | to Listowel, St. Mary’s, and Clinton, and with authority | 


aline from Guelph Junction to Goderich, with branches 


Government endeavoured to turn the deposits to | #lso to take over the rights franchises, rights of way, &c., | 


immediate account in the squadron which 
maintaining in the Pacific, and the early fuel require- | 
ments of the Russian fleet were exclusively supplied | 
from this source. It was found, however, that | 
Sakhaline coal was not suitable for marine boilers, 
and attention was accordingly directed to other coal | 
met with in the neighbourhood of Vladivostok. 
This was the Soutchansk deposit, from which upwards 
of 2,000,000 poods of coal have since been raised. Inde- 
pendently of the work done—and done generally upon 
a great scale by the Russian Government—for turning 
Soutchansk coal to account, several private enter- 
prises have been set on foot with a view to working 
the deposits. Some private coal-mines have also been 
started in the Oussoursky district, and they have 
attained an annual extraction of something over 
1,000,000 poods. The management of the great Trans- 
Siberian line, recognising the importance of cheap fuel 
supplies, is also organising geological expeditions | 
with the view of finding more coal. Before these 
surveys were set on foot, coal was also worked upon a 
small scale upon the Kirghese steppe, and also in the | 
Kouznetzk basin. Other coal workings which have 
been attended with success are those of Soudjensk, | 
156 miles to the east of Obi, and those of Tcherem- | 
kofsk, 81 miles to the west of Irkutsk. In the| 
Soudjensk district all the coal surface has been closed | 
to private working, and the lands explored by the | 
Trans-Siberian Railway geologists have been reserved 
for the use of that undertaking, the management | 
having sunk a pit which now yields at least 4,000,000 | 
poods of coal annually. The Tcheremkofsk district has 


| Railway Company. 


it was | granted to the Guelph Junction Railway Company, and | 


to enter into arrangements with the Canadian Pacific | 


desires power from the Ontario Government to extend 


The Nepigon Railway Company | 


its line from a point on a projected line near the Albany | 


with the Grand Trunk Pacific Railway Company. 


| northerly, by the most feasible route, crossing the Albany, | 
Severn, and Nelson rivers, to some point on Hudson Bay | 


at or near Fort Churchill, and to enter into agreements | 


Our Coat Asroap.—The exports of coal from the | 


United Kingdom in March showed a considerable in- | 


crease, amounting for the month to 4,036,926 tons, as 
compared with 3,555,083 tons in March, 1903, and 
3,306,226 tons in March, 1902. ‘The revival in the 
exports is not alittle remarkable ; it has even extended 
to France, which had been taking less and less British 
coal since the imposition of the 1s. per ton export duty 
two years since. The principal deliveries made in 
March compared as follows with those of March, 1903, 
and March, 1902 :— <— 
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ENGINEERING IN THE JAPANESE NAVY.* 


On Recent Developments of Marine Engineering in the 
Japanese Navy, with special reference to Miyabara’s 
Patent Water-Tube Boiler. 

By Engineer-Rear-Admiral Mryapara, Engineer-in- 
Chief of the Imperial Japanese Navy. 
__ THE history of the development of marine engineering, 
if fully discussed, would involve many important matters, 
and take too long. My purpose is only to give outline 
descriptions of recent developments in our own navy. 
Diagram I. (Fig. 1) shows the increase of total indicated 
horse-power in our warships since the year 1892. At that 
date it stood at a little over 70,000 indicated horse-power ; 
the rate of increase was very slow previous to the Naval 

Extension Acts of 1896 and 1897; in 1902 it exceeded 

500,000 indicated horse-power—an eightfold increase in 

- ten years. The figures for successive years are as 

ollow :— 


Total Indicated Horse-Power of Japanese Warships ut the 
end of the Fiscal Yeurs 1892-1904. 





(8200.8.) » 




















Warships. Torpedo Boats. Total. 
Year. — —_ 
A. B. 

1892 65,162 6,087 
1893 $9,646 13,319 
1894 120,237 17,625 
1895 120,237 17,314 
1896 128,737 17,314 
1897 156,618 17,314 
1898 260,620 16,478 
1899 354,693 27,158 
1900 431,400 60,049 
1901 437,400 77,338 

1902 452,607 82,255 584,862 

| 1908 514,107 115,855 629,962 

| 1904 533,607 128,455 662,062 





1906 
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Table I., on pages 548 and 549, shows the development 


he engines of the Takao, third-class 


» 


It may be interesting to add that we are still making 
some deliveries of coal to the United States, the ship- 
ments in March having been 16,113 tons, as compared 
with 111,077 tons in March, 
March, 1902. 


| 


| . 
Country. Mar., 1904. Mar., 1903. | Mar., 1902. 
tons tons tons 
| Germany 518,643 519,669 403,735 
France 669,506 617,375 573,960 
Spain .. 266,897 226,292 | 223,361 
Italy .. 683,824 598,053 | 597,146 
Egypt 229,766 208,820 | 184,206 


1903, and 6,480 tons in 


of machinery. i 
cruiser, of 1750 tons displacement, were the first 
built from my design; they were designed in 1883, 


* Paper read, July, 1903, before the Japanese Society of 
Naval Architects, and translated for ENGINEERING by 
Professor S. Terano, of the Engineering College, Imperial 
University, Tokio. 
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BOILERS IN THE JAPANESE NAVY. 






































coal was used, but the quality was greatly different. 
Welsh coal in the East is comparatively old, and some- 
what mixed with other coal ; the coal used for such pur- 

ses in England is best ‘‘ hand-picked,” and the firing is 
on by experienced stokers. 

Curve A in the diagram, Fig. 8, shows the results of eva- 
porative tests made at Barrow. In this case 24 lb., 30 lb., 
and 40 lb. of coal were burnt per square foot of fire-grate ; 


40 lb. being the maximum per square foot of grate in the 
British N a The results are better than those obtained 
at Deptford ; this may be attributed to the improved 
form of boiler, built three years later than the Deptford 
boiler. The latest Miyabara boiler, again, has many 
further improvements, and will, I feel confident, show 
still better results. 

The diagram, Fig. 9, shows the evaporative power of 

















the Miyabara boiler under two conditions. The boiler 
used was that shown by Figs. 4 and 5, and made for the 
imperial steam-yacht built at Nagasaki. The heating 
surface measured 783.5 square feet, and the grate area 
21.875 square feet, giving a ratio of 35.8to1l. The curve A 
records results with air blown in above the fire-grate, a8 12 
Belleville boilers; the curve B, under ordinary conditions; 
the best results obtained during the experiment are given 
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TABLE I1.—SHOWING COAL AND OIL CONSUMPTION OF JAPANESE WARSHIPS’ DURING THEIR HOMEWARD VOYAGES. 
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OIL. 











| im . te a ’ ‘ 
oe OOK 288) 3 oah | 88. |o8e., 
st) = Total \See | #6 S weEl O28 Sass 
| | Ss ; Sak | ey-¥ o Pe) Ove Ove. 
sup. | Type OF BOILER. | TYPE OF ENGINE |§ @‘a| Distance Isa | og a5 a8 aig a 
Name oF SHIP. | 2 >3| Run. To For | Where |Sx §| <3 Ineide. | Outeid @aes| eon Shaw § 
Bao ‘ woe | \> ° nside. i Be ay | 5 = 
Baa ae Cruising. Total. Ashes. | one E Ree | 5S Outside s BSx| s ae C eee s 
os ba | | | Pm 
<< | naut. miles| _ kilog. kilog. kilog. per ct. | litres litres _ kilo. kilo. kilo. — knots 
iba Belleville Vertical three cy-| 81 | 10,923.58 89,714 4,698,834 4,788,548 9.178 England 61 1879.776 833.31 | 11,856 | 96.144 | 430.16 2.131 9.3 
Shikishima linder triple-ex- | ; 
| pansion 1 : é zs aie eee " 
Ditto | Ditto 85 11,147.45 112,863 5,658,320 5,771,188 | 5.938 Ditto 57 2559.1 549.6 8452 109.872 £07.59 1.789 9.0 
Asahi Ditto Ditto 67 | 11,087.63 38,994 3,173,866 3,212,860 8.276 Ditto | 55 2051.225 329.1 6569.5 69.000 | 287.55 1.401 10.0 
Mikasa -. Ditto \Vertical four cy-| 70 | 10,825.68 58,975 | 3,835,880 , 3,804,855 | 9.333 Ditto 7 if 300.5 5311 «78.792 | 308.15 oe 10.7 
Yakumo. . | linder triple-ex- | 
| pansion | | 7 7 : : F : ¥ ae , i 
Ditto | Ditto | 93 | 18,305.65 102,375 4,337,405 4,489,780 10.1009 England 68 2858.72 719.0 21,260 83.880 | 325.98 1.223 10.7 
sama. - | | and France, | 
| | | briquettes o> 
Ditto Ditto | 60 | 11,869.6 89,223 3,701,660 3,790,883 8.933 England 82 2121.504 425.1 9691.8 87.864 | 311.86 1.7 76 «11.7 
Iwate Ditto Ditto | 64 | 11,690.2 77,880 4,068,628 | 4,141,508 13,267 Ditto 76 | 2207.572 675.6 10,940.6 84.482 | 347.61 1.594 10.1 
Idzumo.- + |. ndrical return-| Vertical three cy-| 75 | 11,187.75 | 62,430 3,143,690 | 3,206,120 9.321 Ditto | 56 | 18021 | 415 2095 64.429 | 280.99. 1.490) 9.6 
Fuji tube | linder triple-ex- | | 
pansion | | ’ 
raghi Ditto Ditto | 77 | 11,964.55 64,726 4,071,002 4,125,728 7.889 Ditto 68 2314.04 1046.5 10,604 89.552 340.26 1.611 11.0 
—_— Ditto Vertical four cy-| 60 11,628.65 78,020 3,577,080 | 3,655,050 | 3.399 Ditto 76 2528.33 720 9,387 85.344 | 307.61 1.406 11.6 
=r linder triple-ex-| | 
pansion | ! ee 2 Sh ne an 
kiwa oa Ditto Ditto | 6&7 11,655.5 68,480 3,604,510 | 3,672,990 | 10.073 Ditto 7 2579.48 598.067 7700.95 6.328 | 309. 25 1,394 11.6 
cw = Ditto Ditto 82 | 11,667.7 43,79 2,281,980 | 2,325,770 ii Ditto 61 1149.264 434 18,160.5 | 45.056 | 195.58 1.67 9.8 
Takasag - Ditto Ditto | 7 11,672.4 39,820 2,777,047 | 2,816,867 9.964 Ditto 70 1401.54 261 12,972 65.544 | 237.90 1,949 11.5 
Cnitees ae Ditto | Ditto 31 5,528.5 22,750 . 1,218,940 | 1,236,690 9.770 | England, 2 1392.631 | 63.5 | 4875 57.912 | 219.77 1.733 | 11.0 


| | America, & | 
| | Australia | 
| 
! 














Nore.—Coal consumption per knot has been obtained by dividing coal used in cruising by total distance run. 


Mean speed has been obtained by dividing total distance run by number of hour 


$ cruising. 
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Fig.é 
| ae Test. of Miyabara Boller at Vickers, Sons & Macin Barrow -uv- Furness 
8B By Baas » » Hamphrys Ternant&Co, Deptford. 
cc... » » Neiclausse Boler » ” » ” » 
00...-.... »  » MiyabaraBouer at the Yokosuka Dockyard. 





” » Neclausse Boller » ” ” ” 
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WATER EVAPORATED PER LB. COAL 
FROM AND AT 212° 





40 1S 20 25 30 35 4 
(8245.6) GOAL BURNT PER SQUARE FOOT OF GRATE PER HOUR IN LES 


in both cases, The difference of efficiency under these two | steam consumption, are used for creating the draught, 
conditions is clearly seen from the diagram—a difference | and the coal used in generating the steam for these 
that would be found with any boiler similarly tried ; but | engines must be deducted from the coal saved on account 
it must not be concluded that the system of blowing air | of the increased evaporative power. 

above the grate is always advantageous. Small air-| The weight of the Miyabara boiler is about equal to 
compressing engines, comparatively uneconomical. in | that of other well-known water-tube boilers of the same 


| power, and in the same space boilers of slightly larger 
| power can be fitted than is the case with Bellevilles. The 
| construction is very much simpler than with other water- 
| tube boilers, various boiler works in Japan having, with- 
| out previous experience, successfully accomplished it, 
| while in my opinion it is at present almost impossible to 
| build Belleville or other well-known water-tube boilers in 
| Japan. The cost also is 30 to 40 per cent. cheaper than 
for Belleville, Niclausse, or Babcock boilers of the same 
power. 

As to durability, I have not as yet much data, the 
| longest actual service being at present three years ; many 
| eminent engineers in Europe and the United States admit 
the good circulation of water in my boiler, and allow the 
importance of this on the life of the structure. Lieutenant 
Key, United States Navy, the naval attaché to the 
United States Legation in Japan, made a report a couple 
of years ago to his Government. At my request to know 
the nature of his impartial criticism, the American naval 
authorities, through Lieutenant Key, have favoured me 
with a copy of this report; therein he approves of the 
efficient water circulation, and concludes that the boiler 
will be more durable than most well-known water-tube 
boilers, and less expensive in up-keep. 

Before concluding, I will refer to an actual case bearing 
upon the question of durability. One of the Miyabara 
boilers, fitted in a tug-boat of the Yokohama harbour 
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Tasix IlL.—Auxiliary Machinery of Battleship 
“* Hatsuse.” 
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ee 4 lon 
~~ _—— o= 
D @ |S 
Name of Auxiliary - he <: 
Engine. : 2 a3 jos 
a : s | 254/35 
= ad 234/58; 
2 2 | 282/38 
Z A qos | Se 
in. in 
Main air-pump engines..| 2 /15«15 15 s 310 
Main circulating-pump be 
engines .. : 4 9 9 2 6) 
Auxiliary circulating and £ 
air-engines ; ) 64 7 me 18 
Fire and bilge - pump 3 
engines .. FS : 4 7x7 10 a | 15 
Crank-pit pump-engines| 2 | 3x3 6 = 
Engine-room fan-engines| 2 5 ) ow 10 
Main feed-pummp engines cS 
(large) . a ; 2 12.6 19.7 = 25 
Main feed-pump engines Pie 
(small) 1 8.12 15.76 32 
Auxiliary feed - pump i 
engines (large) 2 12.6 19.7 = fies) 
Auxiliary feed - pump| sé 
engines (small) ‘ 1 8.12 15.76 ep 
Main engine - turning = 
engines i : 2 x5 6 85 
Main engine - reversing >> 
engines a 2 6x6 6 Pe 
Drain tank pump-engines| 2 3x3 6 BS = 
Compressed-air blowing- ; of 
engines .. - ° 5 9.05 9.45 o 50 
Ash-ejector pump - en- 3 
gines.. R 3 | 8} x8} 10 2 12 
Forced - draught — fan - S 
engines : ‘ 10 44 3 eee 10 
Ash-hoist engines ‘ 3 3x3 44 s 
Workshop engine . 1 44x43 5 & 
Total .. ..| 50 
Steering engines.. ; 2 8x8 9 130 
Dynamo engines. . 3} 74x15 9 50 
Ship - ventilating — fan- S 
engines (large) . 4 4} 5 8 10 
Ship - ventilating fan- 
engines (small) 2 3 } Bag 
liydraulic engines(main)| 2 |11.2x 27 18 2 
- ~ (aux- | ‘= 
iliary) ee . 2 4 
Air compressors . . ‘ 4 8} 4 = 
Forward anchor engine 1 }124 x12 10 bs 
Aft anchor engine 1 9x9 9 
Coal-hoist engines 2 | 10x10 10 
Boat-hoist engines 2} 10x10 9 
Refrigerating machines! 1 fx 1l 13 
Circulating, fresh, brine, 
and feed engines (eva- 
porating plant) ie 
Total : ..| 30 |Total I.H.-P. of 
Number of all auxiliary all auxiliary en- 
engines on board .., 80 | gines on board 4576 700 


works, was employed incessantly for two years without 
cleaning the tubes.* Advised of the fact, I feared some 
of the tubes might be seriously corroded, and I recom- 
mended the inspector of the harbour works to remove two 
tubes in the worst region, and cut them in halves for 
examination of the inner surface. My object in this 
recommendation was to impress the importance of clean- 
ing tubes upon those responsible. To my surprise, I 
found the inside of the tubes as clean as when new—a 
convineing proof of the excellence of the circulation of 
water. 


APPENDIX. 

Abstract from the report of Admiral Kamimura to the 
Minister of Marine, on the recent long cruise of the 
Itsukushima, Matsushima, and Hashidate, around the 
Australian coast (vid Singapore, Batavia, and Manila) 
and back, departing from Yokosuka on February 15, 1903, 
and returning on August 27: 


““Itsuku- ‘* Matsu- ‘* Hashi- 
shima.” shima.” date.” 


Belleville Belleville Miyabara 
7 





Type of boiler 





Total coal used ie .. tons 791 3,452 
Total expenditure—coal yen 28,661 32,913 
Boiler water bought .. tons 2,63) 2,065 
Total expenditure — water, oil, 
Xe. . yen 5,751 3,559 
Total expenditure of coal, water, 
oil, &e. yen 34,412 40,765 36,472 
Average I.H.-P. on the whole 
cruise ; 611 594 640 
Coal, water, oil, «c., average 
1. H.-P. -- yen 67.342 68.628 56.988 
Coal, average I.H.-P. -. tons 5.462 72 6.394 
yen 56.088 59 411 51 427 


” ” ” 


Total distance cruised = about 18,00C knots, 
N.B.— Displacement of Hashidate is over 200 tons more than her 
sister-ships ; screw propellers also differ. 





J OHANNESBURG.—The Johannesburg Town Council has 
accepted a tender of Messrs. Poetter and Co. for supply- 
ing and erecting in Johannesburg a gas-producing plant 
and accessories for 50,600/. The Council has also accepted 
a tender of Messrs. Siemens Brothers and Co., London, 
for the supply and erection in Johannesburg of gas- 
engines and electrical generating plant for 154,320. 


* They are ordinary lap-welded steel tubes. 
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LAUNCHES AND TRIAL TRIPS. 


Le Yucht gives the following particulars of the French 
cruiser Victor Hugo, which was launched at Lorient on 
Wednesday, the 30th ult.:—Length, 491.15 ft. ; beam, 
70.21 ft. ; draught, 25.28 ft.; displacement, 12,600 tons ; 
engines, 27,500 horse-power, supplied with steam by 
28 Belleville boilers; speed, 22 knots. When launched 
she was already titted with her Belleville boilers. She 
had been on the stocks for thirteen months, some delay 
having been caused by the transfer to Lorient of the 
material from Toulon, where it was intended originally 
that she should be built. Her armour belt will be 6.7 in. 
thick amidships, tapering to 3.9 in. fore and aft. It will 
extend to 7.54 ft. above the water-line, and from there the 
protection will be continued to the casemates of the 
6.5-in. guns by 4.93-in. armour. The two armour decks 
will start respectively from the top and bottom of the 
armour belt, the space between them being divided into 
numerous water-tight compartments. She will carry 
four 7.6-in. guns, two in each turret foreand aft, and six- 
teen 6.5-in. guns, twelve in six turrets and four in case- 
mates ; also tive torpedo tubes, of which two will be sub- 
merged. She will have four funnels and two masts, but 
only one with a fighting top. 








There was launched on Wednesday, the 6th inst., from 
the works of Messrs. Alex. Stephen and Sons, Limited, 
Linthouse, a screw tug steamer, as an addition to the 
fleet of powerful tugs owned by Messrs. Steel and Bennie, 
Limited, of Glasgow. The new vessel is intended for 
their harbour trade, and for scouting purposes on the 
Forth. She is 105 ft. long by 21 ft. beam and 11 ft. deep, 
and is expected to run at a high rate of speed. She is to 
be propelled by compound surface-condensing engines, 
supplied with steam from a large cylindrical boiler at 
110 lb. working pressure, while her bunkers are capable 
of taking in fully a fortnight’s coal supply. As she left 
the ways she was named the Cruiser. 








Oa Thursday, the 7th inst., the handsome steel screw 
steamer Sverre, built by Messrs. William Gray and Co., 
Limited, West Hartlepool, for Messrs. 8. M. Kuhnle 
and Son, of Bergen, was taken to sea for her trial trip. 
The Sverre has been built to Lloyd’s highest class 
her principal dimensions are :— Length over all, 352 
breadth, 48 ft. ; and depth, 27 ft. 21n. _Triple-expansion 
engines cf the well-known type supplied from the Central 
Marine Engine Works of the shipbuilders have been 
fitted, having cylinders 25 in., 40in., and 65 in. in dia- 
meter with a piston stroke of 42in. These engines are 
supplied with steam by two large boilers adapted to 
work at a pressure of 160 lb. per square inch. The 
weather conditions were not propitious ; the speed, as re- 
corded by log, was 11 knots, the vessel being in ballast 
trim. The ship and machinery have been constructed 
under the superintendence of Messrs. C. Macdonald and 
F. McKenna, of Newcastle-on-Tyne. 








The new French torpedo-boat destroyers Dard and 
Balliste have made 29.4 knots on their trials, against the 
contract 28 knots. The new French torpedo-boats of the 
first-class from Nos. 278 to 292 will be rather larger than 
previous French boats of that class. The length will be 
121.4 ft. ; displacement, 90.6 tons ; engines, 1900 horse- 
power; speed, 26 knots, against the 24 knots of pre- 
vious boats. No. 279, which is ready, in her trials has 
made 26.55 knots, the revolutions of her engines being 
339. Nos. 293 and 294 are to be fitted with turbines. 
No. 293 has just been launched at the Normand yards, 
Havre. She will have five Parsons turbines and three 
propeller shafts. Three turbines will be used when she 
is going at full speed, one when she is cruising at 
14 knots, and one will be reserved for going astern. 
Her length is 129.6 ft. ; beam, 13.94 ft. ; draught, 3.74 ft. ; 
displacement, 97 tons ; engines, 1800 horse-power, supplied 
by Normand water-tube boilers; speed, 24 knots. 
No. 294 will be rather more than 3 ft. shorter, and will 
be fitted with Breguet turbines. Her speed will also be 
24 knots. The torpedo-boats following No. 294, which 
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100 tons displacement, and engines of 2000 horse-power 
giving a speed of 26 knots. They are also to be better 
armed. The new French cruiser Condé has been under- 
going her trials at Lorient, and so far they have been 
satisfactory. During her coal-consumption trials she 
made 19 knots. 








FRENCH METALLURGICAL INDustTRY.—The production of 
pigin France last year was 2,827,668 tons, of which 2,258,429 
tons were refining pig and 569,239 tons casting pig. The 
production of iron was 595,931 tons, of which 549,936 tons 
were bars and 45,990 tons plates. The production of steel 
was 1,317,400 tons, of which 792,702 tons were burs, 
234,494 tons rails, and 290,204 tons plates. Steel ingots 
were also produced in France last year to the extent of 
1,864,620 tons. 

Hartieroo, Tramways. — The Hartlepool Town 
Council has decided to seal an agreement with the 
General Electric Tramways Company waiving its right 
to purchase the trams for the next 21 years, the company 
on its part undertaking to relay such portions of the 
track as now consist of a single line; to put the overhead 
equipment into thorough working order ; to double the 
line within the borough should the West Hartlepool 
portion be doubled ; to relay the line in Northgate from 
the terminus to Cleveland-street with wood blocks, to use 
bogie cars, and to run them at intervals of not more 
than nine minutes ; to charge half-penny fares from North- 
gate to the Cement Works as an experiment for six 
months, on condition that if after that time it is found not 
to produce 7 per cent. on the capital expenditure, penny 
fares are to be reverted to; to pay 250/. deposit for the due 
performance of the agreement, and 500/. to the corporation 
in consideration of the renewal of the lease, together with 
one-third of all profits realised by working the trams in 
the borough over and above a sum equal to 7 per cent. 
on the capital expenditure. 





Our Raits Aproap.—The exports of rails from the 
United Kingdom in March amounted to 29,905 tons, as 
compared with 58,243 tons in March, 1903, and 44,23 
tons in March, 1902. The exports have thus experienced 
a decided check, due principally to a contraction of the 
South African and Australian demand. This is shown 
by the following figures, illustrating the deliveries to the 
four principal colonial groups : — 














Colonial Group. Mar., 1904. | Mar., 1903. Mar., 1902. 
tons tons tons 
British South Africa s 2,969 15,179 3,450 
British India ; 19,696 5 25,319 
Australasia .. ‘ - 40 6,427 894 
Canada a ‘“* se 104 28 nil 


The exports of British rails to Argentina in March were 
1635 tons, as compared with 7117 tons in March, 1903, and 
10,468 tons in March, 1902. The aggregate exports of 
British rails to March 31 of this year were 111,150 tons, as 
compared with 146,310 tons in the first quarter of 1903, 
and 106,000 tons in the first quarter of 1902. To these 
totals the four principal colonial groups made the follow- 
ing contributions :— 











Colonial Group. 1904. 1903. 1902. 

tons tons 

British South Africa 19,101 2 7,896 
British India ; 48,724 36,352 50,696 
Australasia .. 5 ‘ 576 21,640 16,147 
Canada 134 580 3,908 


The demand for British rails on Argentine account has 
been on a fairly satisfactory scale in the first quarter of 
this year, but still showed a falling off as compared with 
the first three months of 1902, the shipments to March 31 
of this year having been 15,191 tons, as compared with 
14,933 tons and 27,145 tons. The value of the rails ex- 
ported in all directions to March 31 of this year was 
564,858/., as compared with $05,861/. in the first quarter 


were ordered at the end of last year, are to have about | of 1903 and 601,248/. in the first quarter of 1902. 
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INDUSTRIAL NOTES. 


Or all the seasons and holidays in the year that of 
est adapted for the annual conference of 


Jaster is b ; 
ee assistants, because so many of the large esta- 


blishments are now in the habit of closing from 
Maunday Thursday until the following Tuesday, thus 
leaving a full four days absence from business. The 
Shop Assistants Trade Union has grown within 
recent years, SO that it numbers now between 14,000 
and 15,000 members—a small proportion of the whole 
class, still an appreciable number, with possibilities 
of far-extending influence if the movement be con- 
ducted with prudence and tact. It was, perhaps, 
appropriate that the conference was held in Glasgow. 
Public opinion there seems to be very favourable to 
early closing, not only of shops, but of public houses. 
And early closing is one of the chief aims of the 
National Union of Shop Assistants. As regards the 
policy of early closing by Act of Parliament, there 
are strong differences of opinion. The union, as such, 
favours a universal and compulsory closing time, fixed 
by law. This idea is formulated in the Bill of Sir 
Charles Dilke, M.P., whereas local option is em- 
bodied in the Bill of Lord Avebury, who, as Sir 
John Lubbock, was one of its earliest and staunchest 
friends. ‘To limit the working hours by law where 
children and women are concerned has been sanc- 
tioned by law for nearly a century; but there is 
hesitancy where men of full age are concerned. The 
union will have to fight not only the shop-keepers 
who are opposed to it, but a large section of the 
public, and in the latter must be included a very large 
proportion of the working classes. Most of these put 
off shopping until the latest moment, and that per- 
sistently. 

There is one other point of considerable difficulty-- 
namely, the system of ‘‘ living in.” That system has 
its great advantages under proper conditious ; but it 
appears, from the increasing opposition to it, that it 
has its disadvantages. One of these is the restraint 
as to hours and conduct. Grown men and women 
hate to be compelled to be in at what they deem 
early hours. But wholesome restraint is good, espe- 
cially for those who are apt to be erratic. (ood food, 
healthy rooms and sleeping accommodation, access to 
books and music, are advantages not to be despised ; 
but the irksomeness of restraint is felt by some to be 
too great a penalty to pay for the advantages. In this 
matter the outside public cannot well decide. It 
must be a more or less personal question between the 
firm and its employés. To female assistants, good 
food without actual stint and clean sleeping accom- 
modation ought to be of the greatest advantage, 
for they are prevented from starving themselves 
for finery. That the life of shop assistants is 
not all a bed of roses goes without saying ; but they 
are indoors; they have not to face the inclement 
weather, early morning and at night, if they ‘‘live in.” 
There are doubtless some drawbacks in other direc 
tions which may be matters for negotiation between 
the parties on fair lines. The union may help in this 
if once the large employers can see their way clear to 
recognise it as an intermediary. But if the union 
assumes an attitude of open hostility, on the ground 
that legislation alone, on compulsory lines, can 
effect the changes desired, there will be intermin- 
able friction, occasional victimising, and some 
misery. 





Reference was made last week to the report of the 
Independent Labour Party presented at the annual 
conference held at Bradford. It would hardly be 
necessary to again refer to that body were it not that 
one of its chief representatives claimed at the con- 
ference that it was the only public body which was 
making substantial progress, The hollowness of that 
contention is well known to all who pay strict atten- 
tion to the subject, but the general public may feel 
disposed to accept such a statement if not contradicted 
or challenged. If progress is being made at all, it is 
by the Parliamentary Representation Committee, of 
which the Independent Labour Party is but an_in- 
significant part. The success of the Independent 
Labour Party may be estimated by the fact that of 
late it has kept in the background all its professions 
for a universal eight hours’ day, the capture of the 
means of production, distribution, and exchange, and 
all other items in its socialistic programme. It is 
political ascendency which it seeks, and this ascen- 
dency is nowhere visible. Its industrial programme 
is no longer to the front. Indeed, the term ‘‘ labour” 
has really no meaning in its present inclusion. Its 
political functions are really absorbed by the Labour 
Representation Committee, so that it has no raison 
étre, except as a menace to legitimate organisations, 


such as trade unions and other labour organisations, 


and various political bodies for special purposes. So 
far, its action in connection with labour has been 
disastrous. The Independent Labour Party has 


evoked distrust on the part of employers and discon- 
tent among the workers. 
been nil in its results. 


Its constructive policy has 
The general election will, 





perhaps, teach its leaders the futility of their action ; 
to teach them modesty may not be possible. ' 





The Social Democratic Federation held its annual 
conference at Burnley. It was a fitting place, for its 
high priest is the Socialist candidate for that con- 
stituency. Whether he is a welcome candidate or not 
is quite another matter. If he is the chosen of the 
working classes there, the support of the working 
classes generally to his candidature is very small, 
measured pecuniarily. In a largely-circulated weekly 
paper its columns have been open for subscriptions for 
many months, and the sum total collected when it 
closed—on Sunday, April 3—was under 29/. This 
does not show enthusiasm, for the Burnley workmen 
were free to give as well as all others. The Social 
Democratic Federation proposes to recast the whole of 
society, and to substitute therefor a system evolved 
out of the consciousness or sub-consciousness of the 
Socialist leaders—that is, of those who run the Social 
Democratic Federation. In what way it claims to 
represent labour is not very clear. Their trusted 
leaders—as, for example, the candidate for Burnley— 
sneer at trade unions as effete; at the fiscal agitation 
and the agitation relating to Chinese labour as “‘tinker- 
ing” with great questions. 





The Ironworkers’ Journal for April reports at some 
length the proceedings at the annual meeting of the 
Midland Iron and Steel Wages Board. The chairman 

‘Sir Benjamin Hingley, Bart.—tersely summarised 
the value of the work of the Board when he said that 
‘*it was the difficulties prevented, which marked the 
success of the Board, and not the work which ap- 
peared on the surface.” That is in reality the func- 
tion of the Conciliation Board more especially—to pre- 
vent or avert difficulties. But even the settlement 
of disputes that arise would be sufficient to justify 
its existence. It is gratifying to find that both 
parties—the representatives of employers and of work- 
men—cordially agree as to the value of the Board’s 
work. ‘‘ For thirty-one years there has been no serious 
disagreement between the employers and the men, and 
that was one reason why they had kept the trade in 
the district.” So said the chairman. There was no 
change in wages last year, though the iron trade was 
bad. ‘This uniformity in wages was, doubtless right- 
fully, attributed to the peaceful relations between em- 
ployers and workmen. The standing committee of 
the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trade in the North of 
England had several matters of importance before 
them at the last meeting, but they were all dealt with 
in the usual friendly manner, with mutual satisfac- 
tion. The report of the finances of the Operatives’ 
Association for the past year is given in the Journal, 
from which it appears that it keeps up its position 
financially and otherwise. Its income and expendi- 
ture are not so largeas in many other unions; but then 
all the work of sn expensive character is done by the 
Conciliation Boards. There are really no strikes. 





The report of the Associated Iron-Moulders of Scot- 
land states that its membership has been maintained, 
and that it has gained on the month 73/. 16s. 9d. in 
funds. The balance now stands at 77,665/. 7s. 10d., 
or close upon 10/. 15s. per member. Work has been 
of a fluctuating character, many being only employed 
four or five days per week. The members are urged 
to be on the look out for employment in all the 
branches. On idle benefit 902/. 13s. 6d. was spent, or 
less by 115/. than in the previous month. Superannua- 
tion cost 678/. 16s. 4d., or an increase of 52/. Trade 
holds good as compared with a month ago and a 
year ago. It is indicated that there is increased and 
increasing activity on the Clyde, and hopes are ex- 
pressed that the tide has turned favourably in the 
shipbuilding and engineering industries. In the City 
of Cleveland, U.S., there is a dispute over what is 
termed the ‘‘ premium system,” which it is thought 
may develop into one of the most bitter strikes in 
America. If the system is as described, it practically 
robs the moulder of a portion of his hard earnings by 
extra devotion to work. - 





The Monthly Circular of the Durham Miners’ Asso- 
ciation devotes much attention to the Coal Tax, and 
the conference with Members of Parliament there- 
upon. The Chancellor of the Exchequer has received 
a deputation on the subject of the incidence of the 
tax, and has announced that there will be no in- 
crease inthe amount. At first it was thought that he 
would impose, or try to impose, a further tax ; but 
this is abandoned. The tax is felt in those counties 
| which export largely, not so much in those which do 
‘not. But the tax isnot popular, in any sense, with 
| coalowners or miners. 








Reference was made in last week’s ‘‘ Industrial 
| Notes” to the complaints of the labour organisations 
|in Canada, and of the workmen generally, in respect 
jof the large increase of immigrants, and to the 


endeavour of employers of all classes to stimulate 
emigration to Canada. That was the workmen’s view 
of the case. Since then the president of the Canadian 
Manufacturers’ Association has given his view, 
which is at direct variance with the contention of 
the Toronto Labour Council. The employers allege 
that there is a dearth of labour ‘in almost every line 
of industry at the present time.” It is but right that 
this view of the case should be known side by side 
with the former. The president of the Manufacturers’ 
Association says that ‘‘it is a crime against Canada’s 
progress to allege that hundreds of workmen, trusting 
to the promises of Canadian manufacturers, arrive in 
a destitute condition and accept any wage rather than 
die of hunger.” Only those on the spot can say 
with authority whether this statement is true or 
otherwise. The fear is that both sides exaggerate. 
If the labour leaders want to exploit capital, it is 
just as bad as for employers to exploit, or try to 
exploit, labour. If it were possible to avoid it, the 
world neither wants a surplus nor a deficit in the 
labour market. To attempt to create either for purely 
selfish purposes would be disastrous. If there be 
hosts of unemployed, wages will go down; if there 
is a dearth of labour, wages might go up until capital 
would shrink from enterprise. Both want a fair field, 
and peace to pursue their avocations without undue 
friction. 


There was so little doing in the iron and steel trades 
in the Midland districts, Birmingham, Wolverhampton, 
and the adjacent districts last week that there is 
nothing of importance to record as regards the state of 
trade, or the general tendency in prices. There being 
no pressure of orders, the furnaces, forges, mills, and 
foundries were, to a large extent, idle most of the 
week. But stocks in the hands of consumers are so 
low that the slightest spurt will necessitate an increase 
of activity. The fact that there has been no change in 
the wages of puddlers, mill men, and others, shows to 
advantage, as it indicates that there has been no 
further fall in prices of any moment. In the engineer- 
ing and allied trades there was also a general quietude 
in Easter week, as orders for delivery were not pressing 
as a rule. In the hardware and other iron, steel, 
and metal-using industries there was the same inac- 
tivity, except that perhaps some were busier than 
others, and consequently the number of idle days in 
the week was fewer. 





In the Lancashire districts the general tendency was 
for holiday-making. Wherever the pressure of work 
was low the holidays were prolonged. In exceptional 
cases the men returned to work earlier, but the whole 
week was a slack one in most districts ; not only in 
the cotton trades, which are depressed, but in the 
engineering and allied trades, and in the iron and steel 
industries. It is thought by some that there will be a 
greater stir in trade now that Easter is over. The 
longer days, and the hopes of better weather, will 
stimulate industry in such branches as are not really 
severely depressed. 





A dispute of great importance, though of small 
magnitude, has taken place at Ferndale, South Wales, 
between the servants employed by the Co-Operative 
Society and the Committee. The latter recently sub- 
mitted to the assistants a scale of wages, which did 
not meet with approval. The assistants thereupon 
asked that an official of the union should be called in 
to negotiate. The Committee refused, and the 23 
members of the union were called out. Their places 
were filled by members of the Stores Committee, who 
are themselves trade unionists. The situation is, there- 
fore, complicated. If members of a trade union refuse 
to negotiate with the representatives of another union, 
how can they complain if employers refuse in similar 
circumstances ? 





The building trades dispute in New York has prac- 
tically ended in so far as the strike is concerned. The 
Associated Employers threatened a general lock-out 
if the bricklayers did not return to work. This had 
the desired effect, for some 15,000 of them resumed 
work last week, pending arbitration on the points at 
issue. 





The strike of textile-workers in the North of France 
has extended to the principal centres, some 28,000 
workers being out on strike. There have been a few 
disturbances, but on the whole the towns are quiet. 
There is a strong force of military assisting the police 
to keep order. The wages of the men, it is alleged, 
average about 20s. per week ; they demanded an in- 
crease of 8 per cent., which the employers refused. 
At Lille the strike ended by a concession of 3 per 
cent., but in the other centres the men were still out 
at the close of last week. 





The Belgian glass trades seem to be in no better 
condition than the British. Owing to continued de- 
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pression the employers have combined to enforce a | 
decrease in wages, to commence on May 1. The men, 
it is thought, will resist the reduction, although the | 
trade is much depressed. As a rule the Charleroi 
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glass-workers are rather turbulent, so that some dis- | Fig. /. 


order is feared in the event of a strike. | i] 


The First Lord of the Admiralty has notified to the | 
Secretary of the Trades Union Parliamentary Com- | 
mittee his willingness to receive a deputation on the | 
question of wages in the dockyards on the 21st inst. 





to the refusal of the company to reinstate six clerks | 


who had been recently discharged. | 





On Saturday last, at a meeting of the Conciliation | 
Board regulating the wages of miners in the Northum- | 
herland coalfields, it was agreed to reduce wages 24 per 
cent. This will leave the wages at 18} per cent. 
above the standard of 1897. 





The wages of the South Wales steel-workers have 


been reduced, under the sliding scale audit, by 14 per | Fig. 3. 


cent. 


The strike in the building trades at Barrow has so 
far ended that the men have resumed work. The | 
matters in dispute have been referred to arbitation. 





A number of prominent merchants at Vancouver 
have been prosecuted for conspiracy in blacklisting 
trade unionists. This is the first case of the kind in 
any court. 





— TS 


Rio pE JANErRO.—Harbour improvements which have 
been for some time in contemplation at Rio de Janeiro 
have now been commenced. They comprise the construc- 
tion of a quay 11,666 ft. long, and the dredging of the bay 
so as to admit of the discharging of vessels of heavier 
tonnage. The works have been contracted for by Messrs. 
Walker and Co., of Westminster, and their execution is 
expected to extend over ten years. The number of im- 
migrants at Rio de Janeiro last year was 14,950, of whom 
only 187 were British, 7617 being Portuguese, 3684 
French, and 2295 Spanish. 

POWER FROM THE Rainy.—An agreement has been con- 
cluded between the Ontario Government and Mr. E. W. 
Backus, of Minneapolis, for the sale to a syndicate repre- 
sented by him of water-power on the Rainy at Fort 
Frances. The agreement provides that the company, 
who are owners of the water-power on the United States 
side at the same point, shall develop the water-power to 
its full capacity by the construction of a dam, and shall 
render permanently available on the Canadian side one- 
half of the whole capacity of the stream. The purchasers 
agree to supply power to Canadian users at a price to be 
fixed by the Government in case of disagreement, and 
not to charge more for power on the Canadian side than 
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THE “OCTOPUS” CENTRAL LUBRICATOR. 


Fig.2. 





| i 
| (O 
A strike of 100 heres clerks in the service of the | 

Great North-Western Telegraph Company, stationed | 
at Toronto and Ottawa, took place last week owing | 
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THE illustrations represent a simple form of positive- 
feed lubricator, by which the lubrication of the moving 
parts of an engine or machine is controlled from a 
central point, thus doing away with the numerous 
independent lubricators, which are troublesome to 
attend to and very wasteful of oil. It will be seen 
on reference to the illustrations that the lubricator 
consists of a rectangular reservoir A, in the bottom of 
which a circular tunnel is formed, into which is 
ground a gun-metal spindle B. One end of the 
spindle extends through a stutting-box, and is driven 
in the usual manner by an adjustable ratchet gear 
connected to some reciprocating part of the engine. 


ing small screwed plugs F. The heads of these plugs 
are below the surface of the spindle, and in the 
recesses thus formed a small quantity of oil is car- 
ried round by the rotation of the spindle, an 
is discharged into the feed-pipes D, the size of 
the drops being regulated in each case by the 
adjustment of the plugs F. E, E are pipes which 
allow air to have access to the recesses in the 
spindle so that the oil will run out easily into the 
delivery pipes. In the brass connections H, between 
|these pipes and the reservoir, are apertures fitted 


on the American side. Special provision is made for | with glass tubes, so that the quantity of oil passing 


supplying power to Fort Frances on favourable terms. 





CANADIAN Paciric RAILWAy.—The construction work to 
be carried out during the coming season by the Canadian 
Pacific Railway Company has now been decided upon. 
The first piece will be the extension of the Pheasant 
Hill line. It is now graded to Hayward and tracked to 
Pheasant Creek, but by the autumn it is hoped that it 


may beseen. Each lubricating circuit is quite sepa- 
rate from all the others, and therefore the air-pipes 
may be used if required for direct lubrication, or they 
may have a cotton wick inserted, in which case they 
will act as in an ordinary siphon lubricator. The 
spindle is made slightly conical so that it may be 
| tightened into its shell by screwing up the gland J, 
the amount of tightness being determined by the ad- 





= nr arian a | eee 5 : . 
will have pe me T — ee of wed aoe |justment of the set-screw at the opposite end. The 
boundary of Manitoba. wo branches are to be bui ‘reservoir contains a slanting wire-gauze filter G, 


eastward from the Calgary and Edmonton line, one 
starting at Wetaskiwin, and the other at Lacombe, and 
each being 25 miles in length. The line from Arcola 
north-westerly, 115 miles to the main line at Regina, is 
to be completed this year. When the Canadian Pacific 


terminal lines at Winnipeg are completed, they will com- 


prise 85 miles of track, and will form one of the largest 
railway yards in the world. 





through which the oil is passed when refilling the 

| lubricator ; thus any dirt or foreign matter which might 
| be present in the oil is prevented from finding its way 
to the bearings. 

This lubricator has been fitted to a large number of 
marine and other engines with most satisfactory results. 
| It has, in many cases, effected a saving of more than 50 
| per cent. in the oil consumption, and the brasses have 


Ropert STEPHENSON AND Co., LimiTeD.—The report | heen found to go for much longer periods without taking 


of the directors of Robert Stephenson and Co., Limited, 


| up than was possible with hand oiling. It contains no 


ast yet mn issued. The directors observe :—- | : : 
forthe past yearhasheen issued. |The directors observe | parts liable to get out of order, and the regularity and 


‘The results in the shipyard during the year have been 
adversely affected by the prevailing low prices, by scarcity 
of orders, and by great delay which has taken place in 


|fine adjustment of the amount of oil supplied to each 
| bearing surface make it a most reliable and economical 


the completion of the graving dock. The machinery is, | piece of apparatus. It is supplied either right or left- 
however, in course of erection, and, if no unforeseen delay | handed, and with casings of either iron or polished 
oceurs, the dock will be ready for use by theend of May. | brass. The range of sizes includes lubricators with 


The foundry at South-street has been fully and satisfac- 
torily employed. At the locomotive works a considerable 
amount of work has been turned out, but the works are 


any number of pipes—from three to sixteen—and a 
special type is made for use on motor-cars. The 
lubricator may be obtained from Messrs. Benjamin R. 


capable of a much larger, and consequently of a more | Vickers and Sons, Gascoigne-street, Boar-lane, Leeds. 


economical, output. The question of securing sufficient 
orders for the various departments of the company’s 
works is receiving theserious consideration of thedirectors, 
and they are carrying out changes in the management 
which they believe to be desirable and which should secure 
better results. It will be seen from the profit and loss 
account that, notwithstanding the difficulties under which 
the company has worked during the period covered by 
the accounts, there is a small profit on the work com- 
pleted. Necessary provision for loss on work in progress, 
loss on completing work for the old company, and other 
charges detailed in the accounts have, however, resulted 
in a loss on the year’s operations (including 18,314/. pro- 
vision for depreciation for the year) of 52,931/, 











CATALOGUES. 

Messrs. Arthur Cort and Co., of 277, Camberwell New- 
road, 8.E., have sent us a copy of their new price-list of 
vulcanised fibre and gutta-percha goods, and of their 
balata, gutta-percha, and cotton belting. 

The Hoffmann Manufacturing Company, Limited, of 
Chelmsford, have sent us a copy of their new catalogue 
of ball-bearings, which they now make in forms suitable 
for nearly all purposes. A useful feature of the catalogue 
is to be found in the table of the safe working loads on the 
different sizes of bearings at different speeds. It appears 


In the spindle are a number of tapped holes, contain- | 


that the permissible pressure falls very rapidly with an 
| increase of speed. Thus a 1-in. ball thrust-bearing which 
| is fitted with 4-in. balls is rated to take a load of 2700 Jb, 
when run at 50 revolutions per minute, and but 425 Ib, at 
| 2000 revolutions per minute. We note, further, that oil 
| is said to be an unsatisfactory lubricant for these bearings, 
especially at high speeds, unless sufficient is used to make 
| an oil bath ; otherwise grease is stated to be more suitable. 
| A catalogue of goods and passenger hoists of various 
patterns has been sent us by Messrs. Wm. Wadsworth 
'and Sons, of School Hill, Bolton, special attention being 
called to a self-landing and delivering goods hoist which 
} avoids the dangerous work of swinging the goods into a 
building after the hoist has raised them. 

| Messrs, Day, Summers, and Co., Limited, of the 
| Northam Iron Works, Southampton, have published a 
capitally illustrated little pamphlet showing various 
|types of steam-yachts and other vessels designed and 
| built at their yard. 

Messrs. W. H. Bailey and Co., Limited, of the Albion 
Works, Salford, have sent us a copy of a little booklet 
they have recently issued, in which the Foster full-bore 
reducing valve, as made by them, is described in some 
detail. Complete working directions are also given as to 
the fitting and adjustment of the valves. 

Messrs. Hodgson, Wright, and Wood, of the Century 
Works, Pellon-lane, Halifax, have issued a new price-list 
of their open type dynamos, which they make in a series 
of standard patterns for outputs ranging from 12 kilowatts 
up to 85 kilowatts. 

Messrs. Joseph Wright and Co., of the Neptune Engi- 
| neering Works, Tipton, have drawn up a table showing 
the test loads and maximum working loads for chains of 
slings of all sizes from ;‘; in. iron up to2 in. The table is 
backed with linen, and varnished. 

We have received a small quarto catalogue illustrat- 
ing recent installations of the Allgemeine Elektricitiits- 
Gesellschaft, of Berlin, in mines and metallurgical works. 
The primary power is in many instances derived from 
gas-engines; and we notice several cases of centrifugal 
high-pressure pumps and of furnace-charging apparatus. 
The company has fitted about thirty rolling-mills with 
electrically-driven trains of rolls and other machinery. 

The Hyatt Roller-Bearing Company, of Harrison, 
N.J., have issued a cans A specially devoted to 
applications of their roller-bearings to carry heavy loads 
at slow speeds. The peculiar feature of the rollers used 
lies in their flexibility, since each roller is a close wound 
helix of steel strip. It is claimed that, owing to this 
flexibility, the roller always bears fairly on the sleeve 
| and journal for its full length. 
| We have received a pamphlet illustrating a number 
|of different types of compressed-air locomotives built 

at the Baldwin Locomotive Works, Philadelphia. A 
| considerable number have been supplied, we learn, for 
mine haulage. a 

We have received from Messrs. Gibbons Bros., Limited, 
of the Dibdale Works, Dudley, price-lists of their toothed 
and belt-gearing, and of their driving and conveyor 
belting, and of their spiral conveyors. ; 

A comprehensive catalogue of electric bells | of, all 
descriptions has been sent us by the General Electric Com- 
pany, Limited, of Queen Victoria-street, E.C. Switches 
of different patterns are also listed in this catalogue, to- 
gether with gas-lighters, telegraph instruments, testing 
sets, and lightning-conductors. 

Messrs. Bullivant and Co., Limited, of 72, Mark-lane, 
London, have sent us a pamphlet giving illustrated 
descriptions of ropeways they have supplied for handling 
timber from Indian forests, for conveying coal at the 
works of Messrs. Willans and Robinson, Queensferry, 
Flintshire, and for the waterworks at Wylam-on-Tyne, 
where a plant is used for conveying building materials 
and the like across the River Tyne for use on the new 
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“ EERING ” ILLUSTRATED PATENT 
— RECORD. 


Compitep By W. LLOYD WISE. 

BSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
— UNDER THE ACTS OF 1888—1902. 

umber i iven in the Specification Drawings is stated 

aon cs. persed pate mentioned, the Specification is not 








illust * . 
snventions are communicated from abroad, the Names, 
_ of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office Sale 
wanch, 25, eee > aad Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. _ diab 
te of the advert the of a yp 
Ti eaAeation is, in each case, given after the abstract, unless the 


has been sealed, when the date of sealing is given. 
aap pueen OY. at any time within two months from the date of 


per 
; t of the of a Comp ion, 
a ot the | 0) of opposition to the grant of a 


ive notice at the Patent i 
Patent on any of the grounds mentioned in the Acts. 


GUNS AND EXPLOSIVES. 


g299. T. J. Tresidder, Sheffield, Yorks. Armour- 
Plates. April 9, 1903. The object of this invention is to pro- 
vide steel plates for armour-plates with hardened faces, and with 
tough backs, which will not crack, and which can be manufac- 
turedin a simple and reliable manner. According to this inven- 
tion plates can be manufactured without limitation as to thick- 
ness, and at the same time with a high ballistic resistance and 
immunity from cracking. The process of manufacture of steel 
plates with a smooth glass-hard face and a tough body or back 
consists in taking a plate of steel composed of iron, carbon, 
manganese, nickel, and tungsten, in or about the following propor- 
tions :—Carbon, manganese, and tungsten each about three-tenths 
of 1 per cent.; nickel 25 per cent. ; the remainder being iron. The 
plate is cemented or super-carburised on one side, and, whilst hot, 
re-forged or re-rolled, or quenched in oil, or chilled by water, then 
uniformly heated and cooled gradually, and, after bending or 
machining, as may be necessary, again heated and quenched in 
oil, or chilled with water, till a good fibrous condition of the un- 
cemented part is obtained. The plate is then uniformly heated 
and chilled. (Accepted February 10, 1904.) 





MOTOR ROAD VEHICLES. 


6770. C. Challiner, Manchester. Artillery Wheels. 
(9 Figs.) March 24, 1903.—This invention relates to improve- 
ments in the construction of what are known as artillery wheels, 
in which the inner ends of the wooden spokes are V-shaped, the 
tapered sides of each being placed one against the other, with the 
narrowest ends towards the centre, and enclosed in a metallic hub 
or boss. In order to prevent the spokes working loose in the hub, 
the inner ends of the spokes ¢ are formed so that when placed 
Ftq./. 
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against the inner side of the flange a, which forms a part of the 
hub, they will interlock or dovetail into each other ; this is effected 
either by tonguing or grooving the inner ends of the spokes, 
dovetailing said ends either into each other or into the inner side 
of the flange of the hub, or by making the inner ends of the spokes 
of such a form that when placed against the inner face of the 
flange which forms a part of the hub or boss, and the loose flange 
placed thereon, and bolts passed through said flanges and spokes, 
the ends of the spokes are rigidly retained within the flanges. The 
figures show various ways in which the invention can be carried 
into effect. (Accepted February 10, 1904.) 


6308. T. L. Aveling, Rochester, Kent. Steam- 


RAILWAYS AND TRAMWAYS. 


7666. John Baker and Co. (Rotherham), Limite 
ana _ Baker, Rotherham, Yorks. 
5 Figs. 


disc wheel so as to adapt it for employment for goods and mineral 
wagons and the employment of sprags. The invention is carried 
into effect by cutting or punching one or more holes of a suitable 
shape through the disc or web and afterwards bending over the 
metal at the edges of such holes or spaces, so as to form a flange. 
When the holes or spaces have been so cut and flanged, and a 
sufficient number formed in the disc of such a wheel, it becomes 
the equivalent of a wheel with flanged spokes, and strong enough 
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to allow of the introduction of wooden sprags as brakes. The 
holes or spaces are formed and afterwards flanged by means of an 
hydraulic press, with one or more rams ¢ and suitable dies / so 
arranged that the end of each punch ram e! performs the opera- 
tion of punching out the hole or space in conjunction with the 
dies f. When the punching has been accomplished, the dies fare 
withdrawn, leaving a second set of dies g in position, to be used 
for the flanging operation, in conjunction with a suitably formed 
portion e? of the punch rams e. The portions e? bear on the 
or flange them to the required form. (Accepted February 10, 
1904). 


3888. W. Griffiths and B. H. Bedell, London. 
Surface-Contact Systems. [2 Figs.) February 18, 1903.— 
This invention relates to an improved construction of combined 
road - stud and magnetically-controlled switch-piece and the 
method of bedding and fixing the same for use in systems of 
electric traction, in which an enclosed underground conductor 
supplying energy is temporarily brought into electrical connection 
with the car travelling above the ground above it by means of a 
magnet carried by the car, current passing to the car through the 
above mentioned switch-piece and road-stud. The stud is com- 
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posed of a laminated metal stalk a, pivotally connected to a stud- | 
head b by a bolt c, permitting the surface of b to be laid flush | 
with the ground, even when the stalk is not perpendicular thereto. | 
At its lower end the stalk is made fork-shaped, and in the space 
between the prongs a metal switch-piece / is suspended by a | 
spring k. t is the cable by means of which the electricai energy | 
is conveyed. The switch-piece h is caused to move towards and 
make contact with the cable t, in order to establish the required 
electric circuit, by the magnetic induction induced in the stud- 


d, 
Wheels. 
April 2, 1903.—This invention relates to what are com- 
monly known as disc wheels, and has for object to construct a 


edges of the previously formed holes or spaces, and thereby turn | 


fixed to the vehicle, and the pivot-pins ¢ are mounted therein, the 
bent bars a can be turned upward and transversely of the vehicle, 
and the adjacent free ends of each pair of bars caused to engage 
each other, as by means of an endways movable sleeve J, so as to 
form a support for a tarpaulin over the vehicle, and the pivot-pins 
can be caused to become engaged by means of a feather / thereon 
with a groove j on the bearings, so that the parts will be firmly 
held in position for use. When it is desired to move the bent 
bars @ into the inoperative position, the bent bars of a pair are dis- 
engaged by endways movement of the sleeve /, and each of them 

| is turned downward about its point of connection with the corre- 
sponding pivot-pin, which is disengaged from the bearing so as 

| to admit of its being turned about a vertical axis through a right 
angle, so as to allow of the bent bar being brought into a longi- 
tudinal vertical plane. (Accepted February 17, 1904.) 


SHIPS AND NAUTICAL APPLIANCES. 


256. L. Denny and A. Porterfield, Dumbarton. 
Ships’ Hatch Tarpaulin Fastener. (5 Figs.) January 5, 
1904.—This invention has for its object to provide an improved 
fastener for securing tarpaulins covering ships’ hatches. The 
improved fastener consists of a bracket A secured on the side of 
the hatch combings B, its upper part being inclined on its inner 
side in a vertical plane in the usual manner, so as to give the 
desired wedging action. The bracket has fixed to it an inwardly- 
projecting pin ©, tormed with a head, engaging a slot E, having 
an undercut part, ina wedge G. The wedge is formed with a part 
H, at one end reduced in thickness, so that when the wedge is in 


ake 

















the position shown in Fig. 3 it leaves room for the tarpaulin J and 
batten K to be placed in position. When not in use, the wedge G 
hangs in the position shown in Fig.2. The tarpaulin J and batten 
K are then placed in position, and the wedge G turned up and 
driven home in the usual manner with a hammer, a striking head 
N being provided for that purpose on the end of the wedge. By 
the arrangement described the wedge is permanently attached to 
the bracket, and thus has advantages over the existing construc- 
tions, where the wedges are loose and liable to be lost; and, 
further, the wedge cannot get out of position for being driven in. 
(Accepted February 17, 1904.) 


28,330. H. Burrell, Glasgow. Hopper Bunkers. 
(9 Figs.) December 24, 1903.—This invention has for its object 
to construct the coal bunkers on steamers in suchwise as to auto- 
matically supply coal to the level of the stokehold floors and in 
proximity to the boiler furnaces, and thereby reduce labour, and 
the number of stokers and trimmers required. The vessel is 
constructed with a hopper bunker of relatively large capacity and 
at a high level, so as to provide a large coal capacity above the 
level of the stokehold in which the boilers D are situated. The 
hopper B is of pyramidal or cone shape, or formed with sloping 
sides, so that its entire contents may discharge themselves by 
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gravity towards various points near its lower end, which are fur- 








head ) and stalk @ by the magnet carried by the car. (Accepted 
February 17, 1904.) 


8318. A. Spencer, London. Tarpaulin-Supports. 
{5 Figs.) April 9, 1903.—This invention has for object to provide 
apparatus of simple and effective construction that can be readily 
applied to a railway wagon, and is capable of being quickly 
moved into and firmly held in the operative position to support 
a tarpaulin over the top of the vehicle, and can, when desired, be 
readily moved into an inoperative position. For this purpose 


Rollers. (3 Figs.] March 18, 1903.—A steam roller made in 
accordance with this invention comprises a boiler of the loco- 
motive multitubular type, with horn-plates attached to the fire- 
box and extended rearwardly to carry a driving-roller between 
the said horn-plates, which also carry the intermediate shafts and 
geared wheels, the front roller and the rear roller being mounted 
80 as to travel in one path. In the construction illustrated, the 
front roller @ is mounted in a fork b disposed below the smoke- 






































| nished with pipes or shoots b, which may correspond in number 
| to the number of furnaces d in the boilers D, and lead each 
| towards a separate furnace, the shoots terminating either in door- 
| ways blin proximity to the stokehold floor, or when the boiler 
| furnaces are fitted with automatic stoking apparatus, in the 
hoppers thereof. The hopper bunker is furnished with a suitably 
covered hatchway or hatchways, through which it may be filled 
before the vessel sails, and subseqeently replenished from the 
eargo hold during the voyage, if required, by means of the ship’s 
crane or derrick equipment and grabs. (Accepted February 17, 
| 1904 


| STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


| 
| 27,184. W. Walker, Liverpool. Packing. [3 Figs. 
| December 11, 1908.—-This invention relates to a packing for 
stutfing-boxes. Steam or other fluid from the cylinders presses 
split or other compressible packing rings against the piston-rod, 
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box of the boiler. 

horn-plates f1 ext 
axle g ; upon this axle 
plate j is disposed ce 





To the fire-box horn-plates fare attached two 
ending rearwardly and carrying a fixed hind 





Taaiey 
is mounted the driving-roller h. The foot- 
je : ntrally between the driving-roller h and the 
A nt-plate k of the boiler, and extends between the horn-plates/1. 
atone is secured to the driving-roller and is driven from the 
pee Shaft » of the engine through a ‘train of wheels, of which 

uy 0 and pcan be seen in the figure. Coal-boxes ¢ are disposed 
over the rear roller h, 
add to the load on the 


apparatus for supporting a tarpaulin according to this invention | 
comprises bent bars a, vertical hinge or pivot pins c, to the upper 
end of each of which is hinged one end of one of the bent bars, and 
brackets or bearings f that are capable of being readily fixed to 
opposite sides of a wagon, and in which the hinge or pivot-pins c 
can be mounted to turn about a vertical axis, the several parts 
being so constructed and arranged that when the bearings / are 


where they are handy for stoking, and they 
said roller. 





(Accepted February 17, 1904). 
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and the steam or fluid so used is continuously led off from the 
packing to an intermediate cylinder or other place, where it can 
e again utilised. The packing rings a are split radially into two 
or more pieces. These pieces are provided with a transverse slot 
in the centre, and with a broad slot c in the outer edges. In the 
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transverse slots, pieces d are inserted, and in the slots ¢ fits a 
plate e, made in one piece with the pieces d. The rings fit in an 
outer split box /, the sides of the spit-box being parallel with the 
axis. Radial flanges g, transverse to the piston rod, separate the box 
into two or more compartments. In each of these compartments 
is one of the rings a. The split box / is provided with longitudinal 
passages /!, whereby steam or other fluid, admitted through pas- 
sages 7 at the cylinder end of the stuffing-box, can be caused to 
pass into the spaces round the outside of the rings, and press on 
the same. The steam or fluid passes down the packing, pressing 
on the rings, and into an annular passage 0, which communicates | 
with a passage p in the stuffing-box /, from whence it passes out 
from the packing. From here the steam or fluid may be led away, 
preferably, in the case of a steam-engine, to the intermediate 
cylinder or other place, where it may again be utilised. It will be 
seen that, in the case of steam, there is no chance of water 
accumulating in the passages of the packing or behind the rings, 
as the steam is constantly being circulated in the packing. 
(Accepted February 17, 1904.) 


3762. J. Cowan, Edinburgh. Water-Tube Boilers. 
(2 Figs.| February 17, 1903.—This invention relates to improve- 
ments in the ‘‘ W” type of Stirling boiler. The invention consists in 
an improved construction of boiler having two water drums d, e, 
situated one on each side of a central firegrate 7 and three upper 
steam and water drums a, ), c. The middle steam and water drum / 
is connected by banks of tubes g, y with both lower water drums 
d,e. The upper right and left hand steam and water drums c, @ 
are alsoconnected by banks o ftubes k, & with the lower right and 
eft-hand water drums d, ¢ respectively. The invention further | 


























consists in providing a boiler of the above-mentioned character 
with baffles j, 1, adapted to cause the furnace gases, after they 
have passed upwardly amongst the tubes g adjacent to the fur- 
nace, to divide and flow in proportionate volumes amongst the 
banks of tubes & most remote from the furnace, and then pass 
on each side of the middle steam and water drum / to a common 
uptake. The steam spaces of the steam and water drums a, b, c 
are connected together by tubes, and the lower water drums d, ¢ 
are connected together by a pipe / at the back of the grate. (Ac- 
cepted February 17, 1904.) 


22,663. S. M. Cockburn, London. Steam-Generators. 
(2 Figs.| October 20, 1903.--This invention relates to a steam- 
generator whereby heat may be more efficiently transferred than 
hitherto from the products of combustion of fuel to water which 
is required to be converted into steam, and consists in the pro- 
vision of three heat transmitting portions of the steam-generator, 
each of which has a distinct function to perform, through which, 
in succession, the water is caused to flow, and past which the 
products of combustion are required to proceed in a reverse 
order. X is a low-pressure feed-heater situated in the highest 
portion of the uptake for the furnace gases. Y is the high- 


e| 9 





pressure feed-heater, and Z is the evaporator exposed in_ its 
lower portion to the immediate radiant heat of the fire. The 
heated products of combustion flow upwards from the furnace 
a between the tubes Z into a space J, from which they flow 
upwards between the tubes of heater Y, streaming towards 
the front of the boiler into the space c, from which they 
pass among the tubes of heater X to the passage d. As the gases 
proceed, they get gradually reduced in temperature by contact 
with the colder surfaces of the tubes which they encounter. The 
feed water enters the compartment e of the heater X, and flows 
through some of the tubes into the compartment f, and then 
upwards through some more tubes into the compartment g, and 


soon. From the compartment / it is conducted by the pipe i to 
the intake ofa feed pump, by which it is forced into a drum k 
connected to the heater Y. The heater Y consists of a number 
of zigzag elements, and the water passes through these elements 
and enters a pipe o in communication by pipes p with the upper 
ends of the zigzag elements of the evaporator Z. In front of 
each junction-box of the evaporator Z is a steam-extracting tube 
d Ce leads upward to the drum k. (Accepted February 17, 
1904, 


TEXTILE MACHINERY. 


26,008. J. Moorhouse and T. Sampson, Oldham. 
Mules and Twiners. (3 Figs.) November 28, 1903.—This 
invention has reference to the winding-click motion on the tin | 
roller shaft of self-acting mules, and has for object to provide 
more simple and satisfactory means for holding the click on the 
winding plate in and out of gear with the click or ratchet-wheel 
as and when required, According to this invention use is made 
of the ordinary sliding click holding-out cone g on the tin roller 
shaft ) and the usual lever / for moving the cone toand fro along 
the shaft. Instead, however, of operating the said lever by an | 
arrangement of other levers and inclined surfaces as heretofore— 


| 
| 














which are costly and troublesome to apply and remove, and which 
require nice adjustment to work properly—the lever / is operated, 
when the faller is being locked, by a spring /, which allows the 
pawl or click / to engage the ratchet-wheet d, and when the faller 
is being unlocked, the lever 4 is operated in an opposite direction 
by the usual fish-jaw lever or boot-leg through the medium of an 
elastic connection, which serves to hold the pawl or click f out 


| of gear with the ratchet-wheel d, the connection being such 


as to be in repose when the faller is locked, and thus allow the 
spring / to act as described, and being also such as to be in ten- 
sion and overcome the spring 7 when the faller is unlocked. 
(Accepted February 10, 1904.) 


10,751. Asa Lees and Co., Limited, and R. Clegg, | 
Oldham, Lancs. Weight-Hooks for Drawing Rollers. | 
[3 Figs.) May 12, 1903. This invention relates to improvements 
in weight-hooks for the drawing-rollers of self-acting mules, and 
is only applicable where the front drawing-rollers are separately 
weighted, as is customary in mules for spinning fine counts of 
yarn. The present curved weight-hooks, when suspended from 
the top rollers, project forward in front of the bosses of the bottom 
rollers, and so offer considerable ditticulty to young or inexperi- 
enced piecers in piecing up broken ends, or, if placed behind the 





front pair of rollers, they prevent the use of a “fluker” shaft. | 
According to the present invention the weight hook a is formed | 
for some distance from its upper hooked end with a straight por- | 
tion, which stands in a vertical position, and thus hangs in the 
grooved weighting spaces which are provided between the bosses 
of the top and bottom rollers }, c, and in this position the hook 
does not materially project beyond the vertical plane of the peri- 
pheries of the drawing-rollers, and consequently no obstruction is 
offered to the operative in piecing up broken ends. At the same 
time, the hook is curved below the straight portion, and the usual 
‘‘fluker” shaft can be retained. (Accepted Febuary 17, 1904.) 


MISCELLANEOUS. 


2682. F. L. Broughton, Smethwick, near Birming- | 
ham. Fencing. [5 Figs.) February 4, 1903.—This invention | 
relates to the construction of wronght-iron and steel fencing | 
particularly of the type known as unclimbable fencing, and the 
provision of means for ready and secure connection of the com- 
ponent parts without riveting, or the use of bolts, wedges, or 
other separate fastening devices, thus enabling the said parts to 
be closely bundled for export and subsequently erected or 
assembled and secured in their relative positions, by unskilled 
labour, to form the required fencing. The pales A are made from 
rolled steel bars or strips of a central trough section, and are 
secured toa cross-bar B by cutting or pressing out clip-pieces, such 
as C, in the cross-bar. One end of each of such clip-pieces is left 


| in so doing tends to displace the solids from its surface, 


in permanent engagement with the cross-bar, but as the h 
edges are free, the clip can be readily opened out fae dh. er 
permit the pale A to be dropped or inserted into position ne 


Fig.i 








bes} 
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| clips are then hammered or pressed tightly over the edves of the 


oooty to secure them to the cross-bar B. (Accepted February 10, 


8618. J. F. Williams and A. H. Williams, Wi 
ark. Tubes. [2 Migs.) April 16, 1903. 7 Polen meed 
the invention described in the specification of Letters Patent 
No. 15,119, of 1893, the metal to form the strip from whieh the 


| tubes are made is first treated by being passed through prepara- 


tory or semi-finishing rolls and then between one or more specially 
prepared finishing rolls. In the preparatory rolls as hitherto 


| constructed the cylindrical part of some of the top rolls has 


abutted on the bevelled borders of the corresponding bottom 
rolls, with the result that the sharply-angled corners of the top 
cylindrical rolls have been very speedily worn off, producing = 
objectionable fin on the edge of the strip being rolled. According 
to this invention this defect is overcome by forming both the 
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upper and lower sets of preparatory rolls A, B with a pair of 
rolls C, D, having counterpart bevelled borders C!, D!, and so that 
cylindrical portions C2, D2 abut upon each other, and thus the 
rapid wear, consequent when the right-angled corner of the upper 
roll abutted, as hitherto, upon the bevelled paft of the lower roll, 
is avoided ; and a strip, bevelled upon each side and edge, and 
which is free from any objectionable fin, is produced. Only the 
final pair of the preparatory rolls need be formed in this manner, 
as the objectionable wear does not take place to the same extent 
in the earlier stages of the operation. The finishing rolls may be 
similarly formed so as to retain the conformation of the strip, or 
these rolls may be formed in the manner described in the specifi- 
cation hereinbefore referred to. (Accepted February 17, 1904.) 


8114. A. R. Robertson, Kingston, Glasgow. Cen- 
trifugal Machines. (3 Figs.) April 8, 1903.—This invention 
has for object to improve the construction of the basket in centri- 
fugal machines, so as to facilitate and expedite the discharge of 
the solids after separation. According to this invention, the 
strainer or liner A, fitted inside the perforated shell of the re- 
volving basket B, is normally of less diameter than the diameter 
of the basket, and is made of a material which is either itself 
elastic and perforated or porous, or is otherwise made of parts 
capable of expanding whilst carrying the desired strainer surface. 
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Under the centrifugal force set up when the machine is in use, 
the improved form of strainer will expand until it bears on the 
internal circumference of the basket, in which position it pre- 
sents the desired uniform drainage or strainer surface. When 
the machine is stopped, and the centrifugal force has ons 


act, the strainer A tends to contract to its normal on 
sc q 








they either fall off or can be easily removed therefrom. —_ 
mann gauze is a material suitable for the manufacture of the 
strainer or liner, (Accepted February 10, 1904.) 

Bel- 


BELGIAN Coat Exrorts.—The exports of coal from Bel 
gium in the first two months of this year were 743,237 
tons, as compared with 761,169 tons in the corresp* mding 
period of 1903. In these totals the exports to France 
figured for 561,256 tons, as compared with 57 1,434 tons ; 
those to the Low Countries for 56,146 tons and 46,601 
tons respectively ; and those to Germany for 41,840 tons 
and 45,179 tons respectively. 
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TESTS TO DESTRUCTION OF A FERRO- 
CONCRETE TRUSS. 


HitTHERTO, though regular girders of consider- 
able carrying capacity have been built of ferro- 
conerete, these girders have, so far as we know, 
invariably been modelled on the lines of a plate or 
pox girder. In a recent issue of the Annales des 
Ponts et Chaussées, however, M. Considére describes 
‘tests of a regular open-work truss built entirely of 
ferro-concrete at Ivry, and tested to destruction 
under the superintendence of M. Mesnager, Chef 
du Service des Laboratoires of the Department of 
Bridges and Roads. : 

The structure in question was a model to 3 
scale of a proposed bridge of 196.8 ft. span. It 
had two main girders of the parabolic type, the top 
and bottom chords being connected together by 
vertical and diagonal web members in the usual 
way. The whole of the structure was executed in 
ferro - concrete, and owing to the inexperience 
of the workmen some mistakes were made in 
building, which somewhat affected the ultimate 
strength of the structure. The curved com- 
pression member was built on M. Considére’s 
‘‘beton fretté” system. By laboratory experi- 
ments, M. Considere has proved that the most 
effective way of reinforcing by metal a concrete 
strut is to lap it round with a spiral of steel rod. 
In fact, it appears that in some respects a mass of 
concrete under pressure resembles a mass of dry 
sand. If the latter can be prevented from flowing, 
it will carry an enormous load, and the same 
appears to be the case with a concrete strut. In 
the Ivry experiment the upper chord was of octa- 
gonal section, measuring 9.84 in. over the flats, and 
having embedded in it a spiral of 2 in. steel rod 
wound to a mean diameter of 7.57in. The dis- 
tance between successive coils was about 1.34 in., 
and two spirals were used, the coils of one lying 
between those of the other. This plan made it easy 
to break joint. Inside of the coils were fixed 
eight rods 0.433 in. in diameter, parallel to the axis 
of the beam. These rods, acting in conjunction with 
thespirals, formed a sort of steel cage which effectually 
prevented the flow of the concrete inside. The con- 
crete outside the rods isof little value, save as protect- 
ing the steel from corrosion, and it peels off under high 
compressions, thus giving warning of approaching 
failure. Such compound struts are as strong, M. 
Considere states, as riveted steel struts of equal 
weight. Their ultimate strength is at least the 
sum of the following three resistances :—(1) The 
compressive resistance of the concrete without 
reinforcement ; (2) the compressive strength of the 
longitudinal rods ; (3) the compressive strength of 
imaginary longitudinal steel rods, equal in weight 
to 2.4 times the spiral windings. Further, such com- 
pound columns give ample warning before breaking, 
and curve considerably before finally giving way. 

In the Ivry Bridge the horizontal tension 
member was composed of thirty-seven round 
bars 0.524 in. in diameter, extending the whole 
length of the span, and passing at each end 
through a steel abutment plate, the ends of 
the rods being afterwards upset, so as to enable 
them to transmit their loads to the plates, 
which also received the end thrust of the curved 
compression member. These steel bars were 
bedded in very fluid concrete, which was not 
counted on as conferring any additional tensional 
strength to the lower chord, but simply served to 
protect the rods from rust, and facilitated the 
Junction of the web members. So far as_ the 
compressive member was concerned, the joints of 
the bracing proved simple, as it was found that if a 
rod was buried in a spiral-wound member to a 
depth of eight diameters, it would break before it 
would pull out, and it was easy to let it extend into 
the member two or three times this distance. The 
connections with the tension member required more 
consideration. As a matter of fact, the bars were 
bent round other bars passing transversely through 
the member, and the whole of the tension member 
in the neighbourhood of the joint was lapped with 
a spiral of steel, which was, of course, covered 
with concrete. Owing to the small section of the 
compression member, the aggregate used for it con- 
sisted of gravel which would pass a screen of about 
sin. The mixture used consisted of 800 kilo- 
grammes of Portland cement, 800 litres of the above 
gravel, and 400 litres of sand. With an aggregate of 
arger size, such as would be used in bigger work, 
& smaller proportion of cement would be sufficient. 


1 


In the lower chord and web members the cement 





used to the same proportion of gravel and sand Was | 
600 kilogrammes. 
platform of the bridge was also of ferro-concrete. 
The work of construction was finished on July 28 
last, and the tests were commenced on Nov- 
ember 11, and finished on the 13th of the same 
month. In the first place, the bridge was loaded 
with an unsymmetrical load, which was calculated 
to produce a tensile stress of 14,223 lb. per square 
inch in the steel reinforcement of the web bracing. 
The bridge was then carefully examined, and 
showed no signs of failure anywhere. The load 
was then made uniform all over the platform, and 
increased till the load in the most stressed section 
of the compression member reached 3268 lb. per 
square inch. In this calculation the resistance of 
the cement outside the steel spirals is ignored. 
There was no sign of failure whatever under this 
load, which was then increased till the maximum 
stress calculated as above reached 7884 lb. per square 
inch. Under this load fine cracks appeared, both 


| throttle on the carburettor. 


exhaust valve as it passes over the latter. This 


lt should be added that the| has been found to give considerable durability to 


the valve. In order to slow the engine there is a 
A device recently 
introduced is an automatic valve on the air supply, 
this being actuated by means of the water circula- 
tion. As the engine gains speed, the water-pump, 
which is driven from the main engines, runs faster, 
and the pressure in the water-cooling system is 
thus raised. The auxiliary air-supply mechanism is 
worked by means of a flexible diaphragm, on which 
the water presses. This arrangement was some- 
what fully described and illustrated in our issue of 
February 19 of this year. The automatic admission 
valves are actuated in the ordinary way. The 
exhaust valves are of the mushroom type, and are 
worked from the cam-shaft in accordance with 
usual practice. The inlet valves are worked by the 
inclined rod shown in Fig. 4, by means of the gear 
indicated. 

The water jacket for the cylinders is, in the 





in the upper and lower chords, and, at the 
same time, the masonry abutments, on which the | 
structure rested, settled unequally. The load was, 
then increased . still further, till the calculated | 
stress reached 8647 lb. per square inch. Under | 
this load further cracks made their appearance, and | 
the concrete outside the spiral of the compression 
member in its most stressed part began to peel off, | 
leaving the metal bare. Finally, the load was | 
still further increased, till a calculated stress of | 
10,227 lb. per square inch on the concrete core | 
was attained, when failure took place by the giving 
way of a badly-made joint between the bracing and | 
the upper chord, and the experiments were thus | 
brought to a conclusion before the ultimate resist- 


had been fully developed. 








THE NAPIER MOTOR-CAR AND 
PETROL-LAUNCH. 


In our issue of the 8th inst. we gave an account 


and we now proceed to describe the petrol-engine 
made for actuating motor-cars and small vessels. 


558 and 559, show the construction of the Napier 
car and 35-ft. and 40-ft. motor launches. Fig. lisa 
longitudinal elevation of the chdssis of a Napier car. 
Fig. 2 is a plan, and Fig. 3 an end elevation. Fig. 4 
is a cross-sectional elevation through the centre line 
of the cylinder of a motor. Fig. 5 is a longitudinal 
elevation, partly in section, of a four-cylinder motor ; 
and Figs. 6, 7, and 8 show the general arrangement 
of gear-box. Fig. 9, page 558, gives a sectional 
protile view of a 40-ft. river motor-launch ; Fig. 10 
is a plan; Figs. 11 and 12 are cross-sections of 
the same boat. Fig. 13 is a side elevation of the 
machinery for a 35-ft. launch. Fig. 14 is a plan 
of the machinery. Fig. 15 is a cross-section of the 
boat at the line A A, and Fig. 16 is a cross-section 
on the line BB. Fig. 17 is a perspective view of 
the machinery of a 35-ft. boat. Fig. 18 shows this 
boat travelling at a moderate speed, and Fig. 19 
the same boat travelling at a high speed. 

The general design of the motive part of the 
Napier car is well shown in our illustrations. The 
firm make two standard types of car, both having 
four-cylinder engines. The engines of the first 
type develop 15 horse-power, the second type 
being faster, and having engines of 24 horse- 
power ; there is also a four-cylinder 30-horse-power 
engine. A new description of car has, however, 
recently been designed, having six cylinders, which 
develop 33 brake horse-power. These are the tour- 
ing cars, the racing cars made by the firm being 
naturally of special design, and made to order. 
They run from 45 to 65 horse-power and upwards, 
cars having been designed up to 90 brake horse- 
power. We will deal, however, with the touring 
cars first. The general elements of design are 
that the motor is of the vertical type of petrol- 
engine, running on the Otto cycle. The cranks 
are set at an angle of 180 deg. for the four 
cylinders, so that two explosions or working 
strokes are secured at each revolution. The 
valves are either ofethe automatic type, or 
are mechanically operated for admission, in the 
latter case being worked from one cam-shaft, as 
shown in our illustrations. The exhaust and 
admission valves are on the same side of the 
cylinder, the latter being above the exhaust, as 


ance of either the compression or tension chords | 


of Messrs. D. Napier and Son’s works at Acton, , 


Figs. 1 to 19, on our two-page plate and on pages | 


smaller powers, cast in one with the cylinders. In 
the larger type the jacket is of aluminium, the liner 
being of cast iron. The latter is made almost to 
the same size as the hole it is to fit inte, being 
forced in by means of a power press. This gives a 
perfectly tight joint, it being found in practice that 
no leakage occurs. Contraction and expansion due 
to the heating and cooling of the metal are pro- 
vided for by the aluminium casing being kept 
cool by the water within the jacket. The exhaust 
valve also is water-jacketed. The pistons are of 
cast iron, with steel rings. The connecting-rods 
are made out of steel stampings, or are of 
hollow circular or tube section in the larger 
size engines. The bearings are of gun-metal, and 
in the higher power engines are babbitted. The 
oil base, which is the foundation of the engine, is 
an aluminium casting, and is bolted to the engine 
body, the latter being also of aluminium, the two 
thus forming the crank chamber. The latter has 
brackets or feet by which the engine is bolted to 
the vehicle. The half-speed shaft, which con- 
stitutes the cam-shaft to operate the valves, is 
driven from the crank-shaft by spur gearing. 

The carburettor is on the jet principle, and is of 
the usual form, with float chamber and a gauze 
| strainer for the petrol. There is an auxiliary 
|regulator for the air supply within reach of the 
driver, it being fitted on the dashboard. This is the 
only part that needs attention, owing to the change 
in atmospheric conditions or temperature. The 
accelerator is worked by a pedal, which cuts out 
the governor, and prevents the throttling of the 
mixture when the engine gainsspeed. The governor 
is fitted on the cam-shaft, and thus runs at half the 
speed of the crank-shaft. It is of the ordinary 
centrifugal type, controlled by springs, and operates 
on ‘the throttle by suitable lever connections. 
The crank-shaft is a solid-steel forging. Power 
is conveyed to the cross -shaft carrying the 
sprocket by means of the clutch and gear. The 
standard clutch consists of an aluminium cone, 
leather -faced, which fits inside the cast-iron 
flywheel. In our issue of February 19 we gave 
a perspective view of a part of the Napier motor- 
car, showing the clutch. On the same page we 
illustrated one of the 6-in. cylinder motors of the 
firm. A brief description of these features will be 
found on page 256 ante. 

For higher power cars and for marine work a 
clutch consisting of an aluminium cone with cast- 
iron friction surface is used. This engages with 
the interior of the cast-iron flywheel. There are 
three or four powerful spiral springs, which keep 
the friction surfaces in contact under normal con- 
ditions of running. The clutch is released by 
pressing on a pedal. In order to take the end 
pressure at the moment of releasing the clutch 
there is a ball race ; when freely running there is, 
of course, no end thrust. 

The change-speed gear, which is illustrated in 
Figs. 6, 7, and 8, gives four different speeds forward 
and one reverse. The change is effected by sliding 
the gear-wheels, and the speeds vary from four 
miles up to fifty miles an hour under favourable 
conditions on the level. It may be mentioned, 
however, that it has been contemplated to do 
away with change-speeds, and to work only 
on the engine. In a new design of car which 
is being constructed there are three speeds ; 
the top speed driving direct, and operated by 
a clutch. All gear-wheels are of hardened 





shown in Fig. 4. This arrangement allows of the | 





explosive mixture, as it comes in, cooling the 





steel and machine-cut. The gear-box is of 
aluminium. The differential gear on the cross-shaft 
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NAPIER PETROL-MOTOR LAUNCHES. 


(For Description, see Page 557.) 
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35-FT. NAPIER PETROL-MOTOR LAUNCH. 
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is operated through spur-wheels, the drive being, of the vehicle, as shown in the illustration of the 
taken to the cross-shaft by bevel gear. The cross- chassis. The foot-brake works on a drum on the 


shaft is of steel, and runs on roller-bearings in the | cross-shaft. 
gear-case ; it is supported by brackets on theframe! Chain drive is used for the touring cars, but for 





more recent vehicles there is a live axle, the cross- 
shaft and axle being in one. The chain is pre- 
ferred as giving a more flexible and easier drive, 
and it is less liable to carry the effect of inequalities 
of the road to the driving mechanism. Ignition is 
of the Napier synchronised high-tension type, 
which necessitates the use of only one coil, and 
insures the correct timing of all the sparking 
plugs. The radiator is of the honeycomb type, 
with a fan placed behind it, as shown in our illus- 
tration of February 19 last. The frames are of 
pressed steel, and are of trough section, the web 
being deepened in the centre, where the greatest 
strength is required. In the later design of cars 
the frame is bent, bringing the two members nearer 
together to support the engine, and thus doing away 
with the special engine underframe generally used. 
The great improvement in the manufacture of the 
frame members that has been effected recently 
enables this simplification to be carried out. Great 
advances have been made by the manufacturers of 
motor-car frames of late, and some very admirable 
work is done by them, especially in regard to the 
absence of thinning where bends occur. Our illus- 
tration shows the ordinary wooden flitched frame, 
with the usual underframe for supporting the motor 
and gear. The sprocket and chain gearing do not 
present any special points. There is a band-brake 
on each wheel counterbalanced by an arrangement 
which gives an equal pull, and therefore an equal 
braking effect, on both wheels ; this is done bya 
wire joining the two. The wheels are of the ordi- 
nary artillery pattern, and the chain-drive is direct 
on to the spokes, there beinga steel ring bolted on. 
We do not here deal with the bodies, as they are 
made in accordance with the selection of the owner. 
Mostly a tonneau body carrying two or three persons 
is fitted, there being a seat for one passenger in 
front beside the driver. A design has recently 
been worked out by Messrs. Napier for a very 
silent motor brougham, which is proposed to take 
the place of the electric brougham so well known. 
Our remaining illustrations, to which reference 
has already been made, show the application of the 
Napier motor to marine purposes. Figs. 9 to 12, 
opposite, give four views of a 40-ft. boat in- 
tended as a river cruiser, in which is fitted a 
Napier engine. The boat illustrated in Figs. 13 
to 19 is a 35-ft. launch. This boat is described 
as a combined racer and cruiser. She is designed 
to carry in ordinary trim about fifteen passengers in 
the after well, the after sections giving very consider- 
able displacement without any considerable change 
of fore-and-aft trim. When used for racing the 
well would be covered with a canvas deck, and suit- 
able hoods would be fitted to allow the boat to be 
driven at high speed through broken water. Last 
year a speed of 22 knots was recorded for a boat 
fitted with a Napier engine, which was used for 
racing. Although the boat now illustrated is 
shorter than last year’s craft, she is said to have 
attained to a considerably higher speed. 
The engine has four cylinders, which are con- 
tained in one body, each of the cylinders consisting 
of a special liner ground to dimensions on the out- 
side and forced into the casting which forms the 
body of the motor, and serves as a water-jacket. 
The cylinder heads containing the valve mechanism 
are in two separate castings, and are bolted on the 
top of the engine body, the flanges of the liners 
being scraped to make a metal-to-metal joint. 
Positive inlet valves are fitted, and are operated 
from the common cam-shaft by vertical striking- 
rods. The whole valve gear is easily adjustable, 
and can be readily taken down for inspection. The 
cam-shaft is enclosed in the crank chamber, the 
movement being well guided to meet side thrust, 
and the cams themselves are milled out of the solid 
metal. The cam-shaft is driven by gear wheels in 
the crank chamber. On one end of the shaft the 
governor is mounted, whilst at the other end there 
is a chain wheel for the purpose of driving lubrica- 
tors. The pistons are of cast iron and are ground 











to gauge, and the cylinders are finally bored out in 
position. The connecting-rods are hollow steel 
forgings, and the crank-shaft is machined from a 
steel forging. Both the shaft and the crank-pins 
are hollow, the hole being bored out from the 
forging. 

The big end bearings have large surface, the top 
bearing being of white metal, whilst the bottom 
bearing is of bronze, and is narrower than the top 
bearing. This arrangement leaves a consider- 
able part of the crank-pin exposed for lubri- 
cation, The flywheel is attached to the crank- 
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shaft by means of a solid flange on the latter. 
The flywheel itself is built up of steel rings 
and plates, and forms part of the clutch. For 
lubrication there is a separate drip-feed to 
each crank-shaft bearing, and there are four 
jets which at intervals play upon the big ends. 
The crank chambers are arranged to contain a 
certain quantity of oil, into which the bottom of 
the crank-pin passes. The splash of the oil causes 
the cam-shaft bearings and pistons to be lubricated. 
Reversing is effected by a positive gear reverse and 
metal clutch. 

The flexibility claimed for this engine isa notable 
feature, a range of speed from 150 to 1500 revolu- 
tions being considered practicable ; the maximum 
brake horse-power being somewhat over 80. The 
weight of the engine complete with all gear is 
1045 lb. If, however, aluminium were used in 
place of cast iron, it would weigh no more than 
650 lb. The objection to the lighter metal is that 
it is quickly corroded by the action of salt water. 
Whether some electrolytic process could be devised 
for coating aluminium with some other metal might 
be worth considering. 

It should be stated that the hulls of boats are 
not constructed at the Acton works, but are built 
at various boatyards. Among other designs which 
have been got out for Messrs. S. F. Edge, Limited, 
—who are the selling agents for the Napier marine 
motor, as well as for the Napier motor-car—may 
be mentioned a 40-ft. river launch, with raised 
cabin, intended more especially for pleasure pur- 
poses ; a 22-ft. towing pinnace ; a 35-ft. sea-going 
motor -launch for industrial purposes; and a 
25-ft. tug. The towing pinnace has a 20-motor- 
power* four-cylinder motor, and is intended to be 
carried by a large sailing yacht, to be used as a 
tender, or for towing the vessel in case of wind 
failing. This boat is 5 ft. 6 in. wide, and has a 
double skin of mahogany. The weight complete is 
about 1 ton. The 3d-ft. sea-going launch has been 
designed for an engineering firm at one of the sea- 
ports, where the duty required is to make trips to 
vessels lying off at anchor. It has a 20-motor- 
power engine, and is designed to make the run of 
about 7 miles in about half-an-hour. A 25-ft. steel 
tug has also been designed for use on a canal which 
runs through a tunnel, where it is desirable that 
no emanations should be given off by the engine. 
A special silencer and purifier has been designed 
to absorb carbonic acid or carbonic oxide in the ex- 
haust. The engine is of 20 motor-power, which 
gives power sufficient to haul four ordinary canal 
boats. 

The question of building a suitable motor-boat 
to defend the British International Cup and the 
Gaston Menier International Cup, both held at 
present by a Napier boat, is a very serious one, and 
in view of the fact that so many countries are this 
year taking up the motor-boat most energetically, 
and are making a very serious bid to try and take 
these Cups away from English manufacturers, the 
question of the defender has engaged the most 
serious attention of Messrs. D. Napier and Son 
for a great many months past ; the result they hope 
to have on the water towards the latter end of next 
month. 

The question of the engine, reverse gear, and all 
machinery appertaining to it, and the building of 
same, have been engaging Messrs. Napier’s atten- 
tion at Acton for some considerable time, and this 
machinery is just about ready to put into the hull, 
which is being built by Messrs. Yarrow, the famous 
torpedo-boat constructors. To give some idea. of 
the time, energy, experiments, and money that 
must be expended before first-class results can be 
obtained, we reproduce on page 574 a series of photo- 
graphs which deal merely with the question of the 
shape of the hull. These have nothing to do with 
the hundred and one experiments that have been 
carried out with regard to the most suitable mate- 
rial for the hull, the system of building it, the best 
kind of engine to be employed, where the weights 
shall be placed, how many revolutions per minute 


the engines run best at, and the kind and number | 


of propellers. Exch of these subjects is in itself.an 
exhaustive matter, and when one thinks that only 
the shape of the hull is dealt within these photo- 
graphs, we need scarcely say more on this head. 
The hull experiments were as follow :—First, to 


* “ Motor-power” is a term introduced by the Marine 
Motor Association, and in the Napier engines the horse- 
power is in excess of the motor-power, 20 motor-power 
being equal to 24 brake horse-power. 


build a number of full-sized models, giving an 
exact reproduction of the Napier Company’s last 
year’s boat, with which tangible results were ob- 


excess of those of last year, as the new boat 


having made the various models, Messrs. Napier 
had to get a torpedo-boat to tow the models at 
various speeds. This was a new and very fast boat, 
built by Messrs. Yarrow, and engined with their 
turbine engines. The torpedo-boat was fitted with 
a boom, projecting sideways from one bow, and 
fitted with towing-tackle. This arrangement was 
adopted, as, of course, it was necessary to tow the 
model some little distance from the side of the 
vessel, so as to be entirely free from wash, and 
that is also why it is towed up so close to the bow 
of the torpedo-boat—so as not to feel the wash from 
the torpedo-boat itself, and also at the same time 
to bein a position where most careful observa- 
tion and records could be made, and photographs 
taken. 

Fig. 20, page 574, reproduces a photograph 
|of the model of the old Napier, travelling at 20 
| knots. 
| Fig. 21 is from a photograph of the same boat 
| travelling at 25 knots, from which it will be seen that 
|the disturbance of water was very great, and that 
| the model was quite unsuitable for a 25-knot speed. 

Fig. 22 shows a development in which a very per- 
fect bow wave was produced at 25 knots, but the 
stern wave was so bad that the model was aban- 
doned. 

Fig. 23 shows a model which gave most excellent 
results so far as bow waves were concerned, and a 
clean run from the stern; but, unfortunately, 
whilst being very perfect in absolutely smooth 
water, as may be seen from the photograph, it 
was found quite hopeless in rough water. It would 
not steer properly, and other defects became 
apparent. 

Fig. 24, page 574, shows the same model. In 
the centre will be noticed the water-indicator, for 
showing whether the boat kept a level keel or not. 
In these experiments a great number of scientific 
details had to be thought out. 

Fig. 25 shows what was thought to be a fine 
model, until she was tried at speed, and then it 
was found, although she took very little power to 
pull her (and all the pull was registered by a dynamo- 
meter, so that it was known exactly what each 
model took to move through the water), the bow 
waves still were excessive, and it would have been 
very difficult to steer, and exceedingly damp for 
the people steering. 

Fig. 26 shows a fine model, and clearly demon- 
strates the extraordinary clean run from the stern, 
and the relatively small bow wave. 

Fig. 27 shows a model in which the bow wave 
has been reduced even more at a speed of 25 knots 
(equal to 28.788 miles per hour). These photo- 
graphs, as we have previously mentioned, merely 
indicate one direction in which experiments had 
to be made. Whether success or failure attend the 
latest efforts of Messrs. Napier, it is only fair to 
remember that no firm in England has taken more 
trouble to try and keep England ahead on the water 
with motor- boats. 

The cruising model which represented Messrs. 
Napier at Monte Carlo in the recent races hardly 
had a fair opportunity of showing her speed to the 
best advantage. In this boat an exhaust silencer 
was fitted, contrary to the practice of other makers, 
who turn the exhaust direct into the air. Messrs. 
Napier paid dearly for this work of supererogation, 
for the failure of the cooling water supply for the 
silencer necessitated the boat being withdrawn from 
the race, otherwise she would probably have distin- 
guished herself. Her behaviour, in spite of her 
misfortunes, was such as to justify considerable 
confidence in the results of the trials of Napier ITT. 














THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

| On Friday last, the 15th inst., the last of the 

|monthly meetings for the current session of the 


| Institution of Mechanical Engineers was held at | 


‘the Institution House, Storey’s Gate, the President, 
|Mr. J. Hartley Wicksteed, occupying the chair. 


CompounD LOCOMOTIVES IN FRANCE. 


| It will be remembered that at the previous meet- 
jing of the Institution, held on March 18 last, a 
| paper on ‘‘Compound Locomotives in France,” by 


tained ; then to try this same boat at speeds in| 


must be much faster. To carry out their tests, after | 


M. Edouard Sauvage, chief consulting engiilie'an 
the Western Railway of France, was read and 
partly discussed (see pages 417, 442, and 447 ante) ; 
and on Friday last the discussion was continued 
and brought to a conclusion. 

Mr. H. A. Ivatt, locomotive engineer of the 
Great Northern Railway, was the first speaker in 
the renewed discussion. He said that as he had 
not been present at the former meeting, and had 
thus not been able to join ina vote of thanks to the 
author which the President had proposed before 
the discussion began, he desired now to testify to 
the excellence of the paper which M. Sauvage had 
contributed to the Institution. He would also 
thank the author for writing the paper in English 
and so thoughtfully translating the speeds into 
miles per hour, and the pressure into pounds per 
square inch. He would not attempt to touch upon 
many of the points of interest brought forward, but 
would briefly refer to experiments he made in com- 
pounding about ten years ago, after which he would 
say something on engineresistance and draw-barpull. 
About the years 1894 and 1895 he compounded two 
engines on the Great Southern and Western Rail- 
way of Ireland, with which line he was then con- 
nected ; one was a six-coupled goods engine, and 
the other a four-coupled express engine. As simple 
engines, both had inside cylinders, 18 in. by 24in., 
and they were compounded on the Worsdell and 
Von Borries system, with the high-pressure cylinder 
18 in. and the low-pressure cylinder 26 in. in dia- 
meter ; the stroke in each case remained as before 
—namely, 24 in. The goods engine had a flap inter- 
cepting valve, and the exoress engine had a change- 
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valve of the speaker’s own design, allowing the 
engine to be worked non-compound when required. 
The steam pressure in both engines remained the 
same as before compounding—namely, 160 lb. to 
the square inch. This pressure was adhered to 
with a view to seeing whether compounding alone 
produced any improvement. He left the Great 
Southern Railway in 1896 ; but he understood that 
the engines had remained at work until they re- 
quired new cylinders, when they were re-cylindered 
as simple engines. The net result of the experi- 
ment was that as compounds the engines were no 
better and no worse than they were before. The 
engines on which this experiment was made were 
of moderate size, and it did not follow that for a 
more powerful engine the compound four-cylinder, 
or other type, would not show to greater advantage. 
The experiments now being carried out on the 
Great: Western Railway between compound and 
simple engines were of the greatest interest and 
value, because the conditions as to steam pressure, 
&c., were nearly identical. The speaker thought, 
however, that the trials would be still more 
interesting if the simple engine had the same 
arrangement of cylinders, cranks, wheels, Xc., as 
was present in the compound engine, the cylinders 
being of such dimensions as to make the nominal 
tractive force of two engines about equal. 

The measure of useful work of a locomotive was 
the draw-bar pull at the back of the tender. Indi- 
cator diagrams might give the horse-power deve- 
loped in the cylinders, but they would not show 
what horse-power was delivered to the train in the 
shape of draw-bar pull, particularly at high speeds, 
because more or less of the cylinder horse-power 
|was required to overcome the resistance of the 
engine itself. This resistance tended to increase, 
'and the draw-bar pull to decrease, with increase of 
'speed, so that for every engine there was a maxl- 
mum speed at which it would only move itself, 
‘leaving no pull available at the draw-bar. Mr. 
|Ivatt had prepared a diagram which he had placed 
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he theatre, and which we repro-|10 in. for inside cylinder engines on the Great 
giving the draw-bar pull of two| Northern Railway, and he was sure that keeping 
f locomotives at various speeds. |down the throw of the coupling-rods had an im- 
The line marked A referred to an eight-coupled | portant effect on the internal resistance of the 
ngine with small wheels, intended to work heavy | engine. It was his opinion that the success of the 
- and goods trains at an average speed of about | express engines described by M. Sauvage was 
20 miles an hour; the line marked B referred to|largely due to increased boiler power and the 
an express engine with a single pair of driving | arrangement of cylinders, apart from the compound 


on the walls of t 
duce in Fig. 1, 
different types ° 


vheels. ‘The initial pull in the latter case was | principle; but to whatever cause their advantage 
at nearly so great as in the former ; but after| might be due, everyone would admire the very 
a speed of about 30 miles an hour had been | excellent work done by them, and would congratu- 


le-wheeled engine, it will be seen, | late the French engineers upon the success attained 
shows the better pull. The diagram was made from | on the other side of the Channel. Referring to 
records obtained in regular service, and therefore | what had been said about extra complication intro- 
was not to be taken as representing the highest duced by the use of the four-cylinders instead of 
effort of which the two engines were capable at all | two, Mr. Ivatt pointed out that it had been stated 
speeds, but rather as illustrating the relative fall- | more than once that with modern high-speed loco- 
ing off in draw-bar pull with two different types of | motives it was the boiler, and not the engine, which 
engine as the speed increased. The single-wheeled | gave trouble, so that some extra complication of 
express engine, which at starting was only capable | parts of the engine need not be greatly feared, so 
of putting on a draw-bar pull of about half as much | long as the design was well conceived. Mr. Ivatt 
as the eight-coupled engine, was able to put on the | had also placed on the walls of the theatre a formula 
eater pull at higher speeds—say from 30 to 40! by Professor Goss, which enabled the draw-bar 


attained, the sing 
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Fug. 4. 

WEIGHT BEHIND TENDER 277$TONS 
SPEED. ¢5M.PH ORAW BAR PULL 2:5TONS 
GRADIENT 11N200UP CYLINDER IP - 965 
REGULATOR-FULL OPEN DRAW BAR IP 672 

MEP 79-25L68 DIFFERENCE 1? 293 


Fig. 2. ENGINE N° 25/ 
WEIGHT BEHIND TENDER 277¢ TONS 


SPEED.17 M.P.H ORAW BAR PULL 4-5 TONS 
GRADIENT |inlOSUP. CYLINDER +P.599 
REGULATOR FULL OPEN. DRAW BAR 1P. 456-9 
MEP. 127-64BS. DIFFERENCE P. 142-1 
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MEAN BACK PRESSURE 7L8S 
WEIGHT BEHIND TENDER 2145 TONS 
SPEED 756.P.H DRAW BAR PULL 1-2 TONS 
GRADIENT tiw264 DOWN CYLINDER IP. 1192 
REGULATOR- FULL OPEN DRAW BARIP. 5398 
M.E.P S7-7L8S DIFFERENCE tP. 654 
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MEAN BACK PRESSURE 6 18S 
WEIGHT BEHIND TENDER 214% TONS 
SPEED SQ5M.P.H. DRAW BAR PULL 1-65 TONS 
GRADIENT LEVEL CYLINDER #P 938 
REGULATOR $ OPEN ORAW BAR HP 577 
M.EP 58:1 LBS. OIFFERENCE HP 361 
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MEAN BACK PRESSURE 97 LES 
Inpicator DIAGRAMS FROM GREAT NorRTHERN Rattway Locomotive No. 261. 


(62578) MEAN BACK PRESSURE 64185 


miles an hour and upwards. The diagram illus-| pull of a locomotive at various speeds to be calcu- 
trated two extremes, but it indicated why some/lated. This we reproduce :— 

express engines with nominally small tractive force | TRactTive PowER oF LOcoMOTIVEs. 

often did so well with heavy trains at high speeds,; —propgssor Goss (Railroad Gazette, Jan. 17, 1902). 
and it also helped to show why drivers working | ng SE le NE ON : i 

trains timed at high average speed would always | t = Draw-bar pull. a 

go for what they called a ‘‘ free-running engine.” ~ 1612 

By this expression they meant the engine which | ~ Ss’ 
gave the best draw-bar pull at the higher speeds, | t 


Oe ’2L_w a) S2 
and the engine which did that was the one that gc oi D- ictal aeeallliaaesis 


consumed the smallest amount of power in moving | H = Square feet of heating surface. 

itself, and left most power for the draw-bar. The | S = Speedin M.P.H. 

increased tractive force required by reason of the | : - eee A em in inches. 

increased weight and speed of express trains had ee as mentor’ ok disvewsan-fook: 

led to the use of the larger cylinders; but, the W = Weight of engine and tender, less weight on 


speaker said, large cylinders with high piston speed | drivers. 
meant more back pressure, and consequently in-; This formula had been published in the Railroad 
ereased internal resistance. Dividing the work | Gazette of January 17, 1902, and was derived from 
between four cylinders enabled them to be kept | Professor Goss’s experiments at Purdue University. 
small, and the reciprocating weights balanced each | It would be noticed, the speaker said, that the 
other, so that no excess balance was required for formula turned more on the speed and the heating 
the purpose ; consequently there was no vertical | surface than on the size of the cylinders or steam 
disturbance, and this would help to diminish in-| pressure. Mr. Sturrock, formerly the locomotive 
ternal resistance. With four cylinders there was superintendent of the Great Northern Railway, had 
an increased friction due to additional parts, but said that the power of the locomotive was ‘‘measured 
the speaker thought that this might be more than | by its capacity to boil water,” and his practice of 
compensated for by the advantages he had men- | fifty years ago indicated that he had acted upon that 
tioned. opinion, while modern practice showed the opinion 
Another factor affecting internal resistance was |to be sound. It had always seemed to the speaker 
the throw of the coupling-rods. The driver’s ideal | that attempting to measure the power of locomo- 
of a free-running engine was the single-wheeler, , tives by the size of the cylinders was like trying to 
and most engineers would do without coupling-rods | arrive at the relative spending capacity of two 
altogether if they never had to run trains weighing |individuals by comparing the sizes of their purses 
more than 150 tons over a moderate road. But | without reference to the state of their respective 
being obliged to use coupling-rods, it was advisable | banking accounts. Moderate-sized cylinders were 
to avoid swinging them about more than was neces- capable of doing a great deal of work if well sup- 
sary, and therefore the throw of the coupling-rod | plied with plenty of steam. In the speaker's class of 
pins should be kept as smallas possible. The cir- | engine, ‘‘No. 990” of the ‘‘ Atlantic” type, the cylin- 
cumference of the circles described by coupling- | ders were nominally 19 in. in diameter, with 24 in. 
tod pins ranged from 7.8 ft. with a 15-in. throw, | stroke, the actual diameter when new being 18} in.; 
down to 4.7 ft. with a 9-in. throw. Several ex- | these engines, with 6-ft. 6-in. wheels, had a piston 


press engines were running with a 9-in. throw for | speed of about 1030 ft. per minute at 60 miles per 





the coupling-rod pins. 


Mr. Ivatt himself used | hour. The slide-valyes were balanced with Richard- 


son’s strips, and the backs were open, so that the 
— had a free passage straight through the 
valve. 

Mr. Ivatt had also placed on the walls of the 
theatre some indicator diagrams which showed 
that the back pressure under the conditions above 
described was not excessive: these diagrams we 
reproduce in Figs. 2, 3, 4, and 5. The cards were 
taken from some records of work done by the 
Great Northern engine, ‘‘ No. 251;” this engine 
had a boiler of 2500 ft. of heating surface, and the 
speaker had selected these diagrams as being some- 
what comparable as regards speeds, and in some 
other respects, with the four diagrams given by M. 
Sauvage in his paper. These latter diagrams were 
reproduced in our reprint of M. Sauvage’s paper in 
our issue of March 25 last, Fig. 16, page 445. Con- 
tinuing, Mr. Ivatt said that adding to the size of the 
cylinders with a view to obtain increased power did 
not result in a gain if the effect of the increased 
volume were to augment back pressure, thus neutra- 
lising any advantage secured on the driving side. 
Increase in back pressure caused by enlarging the 
piston acted on the whole area, while the gain on 
the driving side was only that due to the addi- 
tional annulus representing the increase in dia- 
meter. Many locomotives were over-cylindered, 
and disappointment in their working had been 
more due to the cylinders being too large for the 
boilers than to any defect in the method of handling 
the engines while at work. The drivers and firemen 
who worked heavy trains obtained, by constant 
practice, the greatest skill in obtaining the maximum 
draw-bar pull, and they knew how to accomplish 
this with the smallest expenditure of coal and water. 
When a driver had to makea run of, say, 100 miles 
with an express train under conditions such that, 
with care, the water would just hold out, if he did not 
work to the best advantage it would be necessary 
to stop for water before the end of the run. How, 
then, did he work the engine? The text-books 
indicated that he should run with the throttle wide 
open, and regulate the steam required in the 
cylinders by altering the point of cut-off with his 
reversing gear; in other words, he should work 
the steam as expansively as possible. But the 
driver knows that if he does this he will use more 
water, and consequently more coal, than he would 
if he ran with a cut-off at the point which the 
engine ‘‘liked best,” and regulated the supply 
of steam by wire-drawing at the throttle. Mr. 
Ivatt would not profess to explain the scientific 
reason for this, but the fact remained, and it might 
help to reconcile engineers to the failure of various 
so-called improved valve gears which had_ been 
tried at different times. A locomotive fitted with 
complicated gear, which produced diagrams with 
beautiful square corners, was, he believed, no 
better in practice than one with the old link 
motion, which very likely turned out a diagram 
shaped like a leg of mutton. 

Mr. Wicksteed next said that Mr. G. Whale, 
locomotive superintendent of the London and 
North-Western Railway, had wished to speak on 
M. Sauvage’s paper, but had been obliged to return 
to Crewe that afternoon. He had, however, left 
some diagrams that were placed on the walls of the 
theatre, and which Mr. Worthington would explain. 

Mr. Worthington, referring to the diagrams, 
said that Mr. Whale had recently made several runs 
between London and Crewe with the new simple 
express engine from which the diagrams were taken. 
The speeds were taken from automatically-recorded 
diagrams, which also registered the actual pull 
behind the tender. The train weighed about 374 
tons, and the speeds at various grades were all 
marked upon the diagram. Some of the indicator 
diagrams were taken at certain points, which were 
specified. One, for instance, gave 1200 indicated 
horse-power. The details, Mr. Worthington added, 
would be published in the Proceedings. 

Mr. Wicksteed next said that he had seen 
Mr. Samuel W. Johnson that morning, but he 
(Mr. Johnson) was unable to stay in town, and he 
had made a communication, which the Secretary 
would read. Mr. Johnson was, Mr. Wicksteed 
said, a strong advocate of compounding. He had 
made some beautiful compound three-cylinder 
engines, and he (Mr. Johnson) considered that after 
a pressure of 180 1b. was reached, no good use could 
be made of further pressure without having recourse 
to the compound system. 

Mr. Worthington then read Mr. Johnson’s letter. 
The writer, after complimenting M. Sauvage on 
his paper, went on to describe his own experience 
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relating to the three-cylinder compound engines 
designed by him for the Midland Railway Company. 
Up to the last few years the requirements for 
traffic on the Midland Railway had not necessitated 
the building of engines of such great power as the 
largest four-cylinder compound engines of the ‘‘ At- 
lantic “type, built for the Paris-Orleans Railway, 
and described by the author in his paper. These 


engines worked with the high boiler pressure of 
228 Ib. to the square inch. Previous to the intro- 
duction of large coaches, involving heavier trains, 
accelerated time-bill 


and an service, ordinary 





Fic. 6. 


four-wheel coupled express engines with a four- 
wheel bogie in front, were used on the Midland 
Railway. The boiler pressures advanced from 
140 lb. to 160 lb., and subsequently to 180 lb. per 
square inch. These engines proved both effective 
and economical. The rise of boiler pressure from 
140 Ib. to 160 1b. per square inch gave a reduction 
of 41b. of coal per mile ; this was measured by the 
Nottingham, Leicester, and London traffic. The 
economy named was maintained when the pressure 
was raised to 1801b.; but this was not actually de- 
finable, owing to the increased weight of trains and 








The writer referred to some 
with simple four-wheel coupled 


accelerated speeds. 
experiments made 
passenger engines by Mr. Drummond, on the 
Caledonian Railway in 1889, the boiler pressure 
being 200 1b. tothe square inch, and from these 


experiments it was concluded that the most 
economical results, as regards coal and water con- 
sumption, was obtained with simple engines when 
the pressure did not exceed about 175 lb. per square 
inch. Mr. Johnson had remembered this when 
designing some very powerful express engines for 


the Midland Railway in the year 1900, and had 
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concluded that to take full advantage of the 
benefits of higher pressure, a greater range of ex- 
pansion was necessary ; this could be obtained only 
by compounding. If the compound engine were 
carefully worked, it afforded most elastic conditions 
to meet varying requirements in regard to economy 
for both light and heavy working. The writer next 
referred to the Smith three-cylinder compound type 
of engine as introduced on the North-Eastern Rail- 
way. In this system, by the introduction of an 
extra cylinder and valve-gear, and by an increase of 
boiler pressure up to 195 lb. per square inch, an 
increase of power for the simple engine of 3d per cent. 
had been obtained. The additional high-pressure 
cylinder and gear connected to a central crank on 
the driving axle, intermediate between the two low- 
pressure cylinders, was, the writer said, a simple 
arrangement. The arrangement of cylinders, with 
steam-pipe and steam-chest in line with the smoke- 
box, offered the minimum amount of surface for 
friction. The engines could be worked as com- 
pound or semi-compound, and thus would be suit- 
able for light or heavy traffic. In this arrange- 
ment the steam-pipe came out of the boiler, and 
passed through the smoke-box direct, delivering 
superheated steam to the steam-chest. Continuing, 
the writer said that this three-cylinder arrangement 
had the following advantages :—(1) It gave ample 
starting power, by reason of the automatic regu- 
lating valve, and because two of the cranks were 
always operative; (2) small first cost ; (8) fewer 
detail parts and less friction, and consequently 
economy in both oil and coal. 

In the four-cylinder engine, the distribution of 
power on two axles, and the balancing of the re- 
ciprocating parts as set forth by the author in his 
paper, were desirable conditions ; these, however, 
were necessarily accompanied by outside pipes from 
the boiler to the high-pressure cylinder, and, again, 
from the high-pressure to the low-pressure cylinder. 
The adhesive weight of 36 tons, the writer thought, 
was light for such a powerful engine; but M. 
Sauvage had expected that this would be increased 
to 40 tons. It was yet to be ascertained how far 
the three-cylinder arrangement, with a central 
crank, would admit of further increase in size of 
cylinders and higher pressures. The Midland 
engine, owing to conditions of working, had_been 
about 26 per cent. less powerful than the Paris- 
Orleans engine; if an equivalent boiler pressure 
were used, that difference would be reduced to 8 
per cent. The results obtained by the working of 
these three-cylinder compounds had been highly 
satisfactory, both as regarded loads taken and 
economy in working. The writer gave a summary 
of results of working, which, he said, had appeared 
in ENGINEERING on February 6 and March 27, 
1903. As these details had already been made 
public in ENGINEERING, it would not be neces- 
sary to read them, but they would be re- 
produced in the ‘‘ Proceedings.” Mr. Johnson 
considered that the subject was of such importance 
to railway companies that it was worthy of con- 
sideration whether it would not be well to institute 
a series of trials of several types of powerful express 
engines for main-line passenger work and also for 
engines for goods and mineral traffic. Such trials 
should be made under conditions which would 
insure accurate results being obtained, and which 
would show what engine in each class would give 
the highest efficiency combined with the highest 
economy in working a given load at a given speed, 
and with equal boiler pressure. 

Mr. Vaughan Pendred said that at the last meet- 
ing, it would be remembered, he had asked how 
far the fact of the external characteristics of the 
locomotive affected the power of pulling at high 
speeds : for instance, the effect the diameter of the 
driving-wheels would have. This part of the ques- 
tion had been fairly dealt with by Mr. Ivatt, who 


had also given some very interesting information in | 
regard to long and short coupling-rods. It seemed | 
to the speaker, however, that to arrive at a just | 
idea of what took place it would be well to find out | 


what was the power actually required to drive the 
locomotive by itself. A good many experiments 
had been carried out, similar to those which Mr. 
Whale had completed, in which the draw-bar 
pull and the indicated power were given, and 
a conclusion could be formed as to the losses. 
But none of these experiments had been carried 
out at very high speeds, because very high speeds 
were never obtained unless the engine and train 
were running down hill; on the level speeds of 


over 60 miles an hour were seldom attained. | 








He had endeavoured to obtain information as to 
the performance of engines at very high speeds, 
but he had not succeeded. As he had stated 
at the former meeting, Mr. Drummond had pro- 
mised to make experiments and get the facts. 
Within certain limits, Mr. Drummond had carried 
out some experiments, the results of which were 
given in diagrams placed on the walls of the 
theatre. It would be seen that speeds were obtained 
up to 72 miles. It was a startling fact that when 
running an engine and tender on the level at such 
a speed as much as 800 to 900 horse-power was 
required. Mr. Sisterson, who was present, would 
explain the conditions under which the experiments 
were made. Mr. Pendred wished it to be under- 
stood that these experiments must not be regarded 
as final, as they were necessarily limited in their 
range. He read extracts from a letter which Mr. 
Drummond had written to him on the subject, and 
in which the writer had pointed out that the 
experiments were not at all satisfactory to him 
from the fact that there was not a sufficient length 
of level line to enable conclusive results to be 
obtained. There were only three miles of line 
which could be used, with a curve on entering the 
level portion. The details might be sufficient, Mr. 
Drummond thought, to meet Mr. Pendred’s require- 
ments; but they were not sufticiently ample to 
enable a complete conclusion to be arrived at. 
Referring to the curves on Mr. Drummond’s diagram, 
it would be seen that they compared very closely with 
the details given by Mr. Ivatt, and embodied in his 
diagram. The conditions appeared to be regulated 
very much by the type of engine, and probably by 
the size of the driving-wheels. Between 60 and 65 
miles an hour were obtained, as would be seen. In 
the earlier stages, at the lower speeds, the small 
driving-wheel had the advantage; but when a 
higher speed was attained, the small driving-wheel 
did not do so well; it required more power than 
the large wheel. The speaker, continuing, pointed 
out that a very small draw-bar pull represented a 
very considerable power exerted by the engines at 
these high speeds. The tractive effort of 5.28 lb. 
at 74 miles an hour represented 1 horse-power, so 
that if there were 2 tons tractive effort, the power 
exerted would be very large indeed. At high speeds, 
therefore, the locomotive resistance — possibly 
largely air resistance—accounted for a very consider- 
able proportion of the power. He had made some 
calculations from Mr. Whale’s results, and he had 
found that at 60 miles an hour the locomotive was 
using 444 out of a total of 1170 horse-power. Taking 
the weight of the train and engine together, the 
resistance of the engine was enormously greater per 
ton than the resistance of the train. Why this was 
so he could not say, nor had he met with anyone 
who could. The Italian engineers, in order to pro- 
vide against air resistance, had modified the shape 
of their engines, and used air-cutters, so as to divide 
the air more easily, and they had got good results. 
In conclusion, the speaker said it seemed to him 
that, with the very high speeds of the present day, 
engineers were arriving ata new era, in which the 
conditions were different from those of the past, 
and it was highly desirable the inquiry should be 
carried out with a view to ascertain the effect of 
locomotive resistance—whether internal friction, 
air resistance, or whatever it might be. 

Mr. Sisterson, of the London and South-Western 
Railway, said that Mr. Drummond had undertaken 
to make the experiments referred to by Mr. Pendred, 
but he had said at the same time that on the London 
and South-Western Railway there was hardly a 
sufficient length of line suitable for the purpose. 
It was necessary that there should be a long level 
stretch; but there was no part of the line longer 
than 24 miles that was level. The experiments 
were actually made on a level part of the line ter- 
minating in a dead end ; there was a slight down- 
grade, the level part commencing on a curve. 
Considerable power was expended in driving round 
the curve, and it was not possible to keep steam 
on for fear of running through the buffer stops ; 
it could not, therefore, be said with certainty that 








acceleration had been avoided. In running, every | 
| care was taken to keep the speed equal to that on 


the peak of the diagram, but it was not certain 
that this end was attained ; this fact, to a certain 


| extent, destroyed the reliability of the tests. The 


speaker produced a set of diagrams taken from one 
of the London and South-Western engines 

‘*No. 706.” These we reproduce in Figs. 6 to 16, 
on page 565. It was interesting to note that, 
commencing on the slow speeds, the height of the 





: . . a 
card varied with the speed ; it was also Shown h 

the back pressure varied with the speed. It elie 
further be noticed how the back pressure increas 4d 
with the speed, so that at the highest speed re 
was a sharp hard blast. There was a pounding 
action of the pistons always present when weekend 
with long cut-off at high speed ; part of that action 
was due to high back pressure, the rest being Fg 
to reciprocating parts. At the speed of 70 miles 
per hour, with 500 revolutions, a pressure of 80 }|, 
was required at the commencement of the stroke 
to give the parts their due acceleration - the 
acceleration amounted to something like 800 to 
1000 foot-seconds per second.. Accelerations such 
as that had considerable effect upon the piston ; 
consequently great height was required in the 
front part of the diagram, whilst at the finish of 
the diagram no pressure was required at all, because 
the work stored up in the reciprocating parts was 
given out at the last part of the stroke. It there. 
fore followed that short cut-offs were absolutely 
necessary for high-speed. If corrections were 
made for the inertia of the reciprocating parts 
a perfectly regular turning moment would he 
arrived at, or as nearly regular as it was possible 
to get from any engine. These remarks referred 
especially to non-compound engines, and the 
question arose, What connection was there with 
these conditions and compound running/ One 
of the chief characteristics of compound running 
at high speed was the use of long cut-offs, and 
irregular pounding action of the pistons, due to 
improper acceleration of the reciprocating parts, 
Diagrams taken from compound engines had not 
the requisite height in the early portions. The 
author had stated in his paper that a “short 
cut-off was not resorted to, especially at high 
speeds.” That, the speaker said, was because with 
a short cut-off there would not be a reasonable 
distribution of work between the two cylinders ; 
consequently, with the compound engine it was 
impossible to use a short cut-off. In July, 1902, 
the speaker had some experience with the Midland 
engines running at high pressure. He was present 
when the first compound was put to work, and was 
able to make some observations as to the efficiency 
of both classes of engines. The compound engine 
did its work well, as did also the ordinary non- 
compound engine. He always noticed that at 50 
per cent. cut-off a pounding action was going on 
in the cylinders of the compound. He could 
not make out, from his own observations, that 
there was any gain or saving as between normal 
and compound engines in regard to consumption. 
The grade, however, was an unsuitable one 
for showing compound engines at their best. 
There was a long pull up of 15 miles of 1 in 
100, and it was quite possible that these engines 
would have done much better on the southern por- 
tion of the line. It was known that four-cylinder 
compounds, which were specially the subject of 
the author’s paper, were doing very well indeed ; 
but there was a difference between these compounds 
and other compound engines : in them the pressure 
was much higher—namely, 225 lb. to the square 
inch; this was rather an excessive pressure. 
Doubtless a higher diagram was got, and the 
necessary speed was given to the reciprocating 
parts ; but the wear and tear of the fire-boxes at 
that pressure must be something terrible, to judge 
by the results that followed the use of even 175 lb. 
pressure. The pioneers of compound engines were 
alive to this fact, and they devised means for getting 
a cut-off in the high-pressure cylinder as early as 
possible. It was proposed to admit steam, auto- 
matically or otherwise, into the receiver, so that 
some work would be done by it in the low-pressure 
cylinder. This plan, however, possessed disadvan- 
tages, for by it the back pressure-on the high-pres- 
sure cylinder was increased ; further, an arrange- 
ment of this kind did not give the true compound 
principle. He considered it bad to mix live steam 
from the boiler with steam that had done a certain 
amount of work and was partially expanded ; there 
must, the speaker said, be loss due to such a practice. 
Moreover, if a short cut-off were not to be obtained 
with the compound engine, how would it be possible 
to get the variation in power required in the work- 
ing of a locomotive? In working a train on the 
line, at one minute 800 horse-power might be re- 
quired, in the next minute the crest of a hill 
might be surmounted, and it would be necessary to 
link back as short as possible, so as to admit only as 
much steam to the cylinder as would neutralise the 
effect of the reciprocating parts ; it was not possible 
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to do this with the compound engine. Some elec- 


trical engine ; Z aa 
was a Very uneconomical machine : 912 horse-power 
absorbed in driving the machine alone seemed ex- 
cessive ; but it must be remembered that it was 
being driven at 72 miles per hour against very rough 
weather and high winds, and the resistance would 
amount to about 40 lb. per square footfor air pressure 
alone, allowing for irregularity of contour. Probably 
on the engine referred to in the diagram there was 
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feed-water heating apparatus were fitted. The 
ers were inclined to say that a locomotive | notion that the high-pressure locomotive was un- 
economical had doubtless arisen from results given 
when working high-pressure engines with low boiler 
pressures, low piston speeds, and long cut-offs. 
There were on the London and South-Western line 
large tank engines on suburban work hauling at the 
usual suburban speed, the loads being equivalent 
to eighteen six-wheel coaches. 
Drummond feed-water heating 


during the journey. The speaker referred to the 
details given in Table IV. of the author's paper. 
He would state that on the run on October 13, 
1900, there was a signal stop and two checks in the 
early part of the journey ; the speaker attributed a 
loss of nearly 3 minutes to these delays. Up a 
bank of 1 in 200 the speed never fell below 50 
miles an hour; and after a little assistance was 
given by admitting high-pressure steam into the 


By means of the 
low-pressure cylinder, the speed rose to 57 miles 


arrangement the 
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EXPERIMENTS ON Encines ‘‘No. 582” Anp ‘“‘No. 706;” Lonpon AND SouTH-WESTERN RAILWAY. 
TasL_e I.—TZest of Engine ‘‘ No. 582.” | TaBLe II.—Test of Engine ‘‘ No. 706.’ 
No Train-Load. Variable Speeds. } No Train-Load. Variable Speeds. 
Data. | Data. 
Diameter of cylinders .. ox 19 in. Diameter of cylinders .. re T rr vs 18} in. 
Stroke of pistons.. aC 26 ,, Stroke of pistons ai es ae oa 26 ,, 
Diameter of driving wheels 6 ft. 10} in. Diameter of driving wheels .. 6 ft. 54 in. 
Weight of engine and tender 80 tons (approx. ) Weight of engine and tender 90 tons (approx.) 
P : ' Indicated Tractive Total 
No. } Indicated Tractive Total No. of Gauge . . : . ilies 
Figure ees Cut-Off. Regulator. Speed. Horse-Power Force Tractive Figure _ Pressure. Cut-Off. Regulator. Speed. sn ncn 7 rier na — 
' Developed. per Ton. Force. mee petal Pe 5 — 
% ae Ib. per sq. in. per cent. m. per hr. Ib. Ib. 
: Ib. persq. in. per cent. m. per hr. Ib. Ib. 1 175 mid-gear Just open 28.5 66 9.6 869 
6 175 12 Half open 42 321 36 2867 12 175 17 Quarter open 45 168 15.5 1400 
‘ 175 15 Full open 52 487 43.8 3512 13 175 15 Three-eighthsopen 55 370 28 2523 
> 175 18 9 60 563 44 3519 _ 14 175 15 Half open 64 630 41 3691 
9 175 20 ae ra 719 47.1 3770 | 15 175 15 Full open 67 788 49 4410 
10 175 30 a 72 803 52.3 4182 || 16 175 30 as 70 912 54.3 4885 


a surface of 100 square feet, so that out of 4800 1b. | consumption had been reduced to 25 lb. of Welsh 
The speaker said that owing to 
He had seen it stated in the popular Press| shortness of time he regretted that they had not 
that one electrical horse-power could be developed | been able to go more fully into the subject, but he 
for an hour by the consumption of 1 1b. of coal, | hoped to make further investigations, and, perhaps, 


traction there would be 4000 1b. accounted for at| coal per mile. 
once. | 


whilst a locomotive would take 5 lb. to develop one | get better results. 
horse-power for an hour. That was far from being 
the case. 
reference had been made, they had obtained one | 


of coal within the barest fraction. 





Mr. Rous Marten said he had been an enthusi- 


had more experience of them than most Englishmen. 
horse-power for an hour by the consumption of 2 lb. | Seven years ago, travelling as an ordinary passenger 
He did not} from Calais to Paris, he had noticed that the engine 
doubt that on a protracted trial there could be | was taking twenty coaches behind the tender. The 
obtained one horse-power for an hour by the train was timed faster than any other for the same 
consumption of 1} Ib. of coal if Mr. Drummond’s| distance at that period, and gained 18 minutes 


{ 


lan hour. On one run that the speaker had made 
on a French railway there was a load of 303 tons 
behind the tender; for 10 miles on the level 
the regulation limit of 75 miles was steadily main- 
tained. On another occasion there were 309 tons 
behind the tender, when a speed of 62 miles was 
lobtained. Still another run was made with 270 


With the ‘‘ No. 706 ” engine, to which | astic admirer of French compound engines, and he | tons behind the tender, and climbing a bank 8 miles 
long of 1 in 125; the speed in this instance did not 
fall below 53 miles an hour. The speaker attributed 
the success of the French engines to the following 
points :—Firstly, there was the advantage common 
to all compound engines of using high-pressure 
pressure 


when 





steam a second time at lower 
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e chausting into the atmosphere. Secondly, these 
conpound engines were able to give the duty 
th»y did owing to the very admirable proportions 
be:ween the high and low-pressure cylinders. 
Thirdly, the speaker regarded it as an advantage 
that the high and low-pressure cylinders drove 
different axles; with the arrangement adopted 
there was less strain on the axles, and better 


counterbalancing of the reciprocating parts. The | 


next advantage was the high steam pressure of 
228 lb. There were, further, the advantages due 


t» the Walschaert gear; the large boilers, with | 


their 2300 square feet of heating surface ; and the 
ability to work either compound or non-compound, 
with separate cut-off for high and low-pressure 
cylinders. 

Mr. Henry Lea, of Birmingham, was the next 
speaker, and he said that Mr. Ivatt had made a 
most interesting statement in saying that when 
the driver of a locomotive wished to run the 
longest distance on the least water consumption, 


‘throttle the steam by the regulator. Mr. Sisterson 


had said that during the early part of each stroke 
it needed 80 lb. per square inch on the piston 
to produce the requisite acceleration of the recip- 
rocating parts at these high speeds; the speaker 
thought that very probably his statement was 
correct. Mr. Lea would suggest that the two 
statements were quite consistent, and explained 
each other. If 80 1b. per square inch were sufti- 
cient to give acceleration of the parts at the turn 
of the stroke, when the piston was doing no useful 
work, any pressure in excess of 80 lb. would have 
the effect of loading up the bearings, thereby 
causing frictional load on the engine. If, therefore, 
the boiler pressure were 175 lb., and the regulator 
was wide open, so that a pressure of, say, 170 lb. on 
the piston was reached, there would be a waste of 
90 1b., supposing 80 lb. were sufficient for accelera- 
tion. This being the case, it was easy to see why 
the driver would throttle the steam until there was 


; jabout 80 lb. or 90 lb. initial pressure on the 
he did not act according to the text-books, but would | 


pistons. If, in this way, the driver got rid of the 








whole waste load on the large crank-axle bearing 
and the crank-pins, it was quite possible to imagire 
that the gain would more than compensate for the 
loss supposed to accrue from running at the highest 
possible degree of expansion by means of an early 
cut-off. 

Mr. Druitt Halpin referred to the statement of 
the author that the valves of both high and low- 
pressure cylinders were driven by the same spindle, 
with a play of a few millimetres at the middle, 
between the steam-chests of the two cylinders. 
The speaker failed to understand what was meant 
by this statement ; so far as he could understand, 
if it were a modification of loose valve gear, 
he did not think the arrangement a desirable 
one at speeds of 250 to 300 revolutions a minute. 
He would also like to know how they measured 
the heating surface of the Serve tubes. Was the 
surface of the ribs taken into account, or were 
the pipes alone measured? The author had given 
a description of the Walschaert gear, which was 


‘largely used on the Continent, working with one 
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| trouble was first to get the steam into the cylinders 
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| and then to get it out again. He was confirmed in 
| this view by some diagrams which M. Sauvage had 
‘shown him. They were taken at the remarkably 
high speed of 115 to 120 kilometres an hour. He 
| had never before seen such diagrams ; he did not 
|cast any doubt on their accuracy, but if such dia- 
grams could be produced with the admission line 
holding up in the way indicated, there must be 
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| speaker did not see that there was any use in going 





eccentric. An elegant modification of that gear, 
also used on the Continent, was illustrated in Enat- 
NEERING of December 15, 1871, page 391. There 


wereanumber of eight-coupled engines built at Li¢ge 
for going up heavy banks ; they were designed by 
the chief engineer of the Belgian service, and the 
—s was done away with in a very simple 

ay. 


The author had referred to the fact that 





some contrivances were necessary to avoid exces-|to the trouble of getting enormous pressures— 
sive compression in compound locomotives, and a /| 200 lb. and upwards—and then losing 20 to 25 per 
much larger clearance than was usual had therefore | cent. of the pressure by throttling down. It should 
to be resorted to. Commenting on this statement, | be borne in mind that the steam-pipes in a locomo- 
the speaker said that engineers had not hitherto | tive boiler were working under reverse conditions to 
looked on clearance as any particular blessing ; he | other steam-pipes, as they were subject to compres- 
thought, therefore, thatthat very largeclearance must | sion ; and they had the effect of decreasing the steam 
have arisen from the necessities of these engines. The | capacity of the boiler. But that question, like all 
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others, was necessarily a matter of compromise. 
The author had referred to the setting of cranks, 
and also to the question of superheating. Members 
would find a very complete handling of these 
matters in some of the latest numbers of the 
‘* Proceedings” of the German engineers. The 
speaker noticed that in many of the engines tail- 
rods were used, possibly on account of the weight 
of the pistons. These tail-rods were carried through 
the front of the leading end of the cylinder, pro- 
bably with the idea of saving the cylinder and 
supporting the piston ; he had never been able to 
see the use of that arrangement unless there were 
a crosshead outside. The bearing area on the 
stuffing-box was exceedingly restricted, and of a 
varied nature, part of it being solid metal, and 
art packing. It reminded him of what the late 
fr. Aveling used to refer to as ‘‘ atmospheric bear- 
ings.” Reference had been made to the length of 
grates in these engines. Fortunately, in the draw- 
ings the scale was given ; and, judging by this, it 
would seem that the grates were 9 ft. 3in. long; he 
much doubted if there was any advantage in the 
extended grate surface due to this length, as the 
men would find it very difficult to fire back to the 
end of the grate. Mr. Sisterson had said that 
1 horse-power hour was obtained on the London 
and South-Western locomotives for an expenditure 
of about 2 lb. of coal ; he quite believed that 2 lb. 
to 2} lb. was not at all unusual. In his opinion, 
the locomotive was the most economical machine 
ever made. 

M. Sauvage, in replying to the discussion, said 
that first he would express his very hearty thanks 
to the members of the Institution for the way in 
which his paper had been received. It was a great 
pleasure to him to come over to the meeting and 
discuss this interesting question with English en- 
gineers. Taking the various speakers in their 
order, the author said he would first refer to the 
remarks of Mr. J. F. Robinson, who had spoken 
about the diameter of the wheels ; this was smaller 
in the express locomotives of France than in 
English locomotives, the diameter of the former 
being about 2 metres, or 6 ft. 6 in. to 6 ft. 7 in. 
The increase in diameter of the wheels of the 
English locomotives was not, however, very great ; 
it was a question whether there was now sutticient 
room to employ very big wheels like those used 
on the old locomotives. The barrel of the boiler 
had been raised above the wheels, and if it were 
necessary to have the very large wheels for- 
merly used, it would also be necessary to reduce 
the diameter of the barrel of the boiler ; that would 
not be desirable. It must be remembered that the 
weight of the wheel increased with the diameter, 
and that weight was not suspended on springs. For 
these reasons, although a diameter of 2 metres 
might in some cases be too small, it would be diffi- 
cult to increase the size of wheels to any consider- 
able extent. It must be borne in mind, in speak- 
ing of very fast trains in the present day, that the 
maximum speed had not been much increased over 
that of former times ; what had been increased was 
the speed of running on the level and in going up 
banks, and it was this which had added to the 
average speed of the journey. Therefore it was 
not essential to increase the diameter of the 
wheels—a thing which would be difticult to accom- 
plish. An important detail of design which had 
been referred to was the length of grate, which 
Mr. Halpin believed would give rise to difticulty 
in stoking. As a matter of fact, some of these 
grates were over 3 metres long (above 9 ft. 9 in.). 
At first it might appear that there would be 
difficulty in firing these long grates; but it 
must be remembered that they were not hori- 
zontal, as the old grates were, but were sloping 
downwards ; there was therefore no difficulty in 
getting coal to the further end of the grate. More- 
over, any coal deposited on the front part of the 
grate would run down by itself, owing to the 
shaking of the engine. A short time previously he 
had watched the firing of one of the big ‘‘ Atlantic” 
type locomotives. Two hundred pounds of coal 
were put on the grate every four minutes, and there 
was not any difficulty in carrying out this duty, the 
man not getting over-tired ; such labour could be 
carried on for three or four hours. Mr. Robinson 
had asked whether trouble had been experienced 
with the Serve tubes. In reply he would say there 
had been no special difficulty through leaky tubes ; 
on the contrary, there was an improvement as com- 
pared with the plain tubes, fewer defects from leakage 
being reported. This might be due to the fact that 





there were fewer Serve tubes than ordinary tubes— 
about half the number ; indeed, 80 to 90 Serve 
tubes would replace 200 ordinary tubes. With 
fewer tubes of any one description there would be 
likely to be less cases of leakage than with the plain 
tubes. It was to be noticed that the men preferred 
the Serve tubes, because they were easier to keep in 
order ; in the locomotive sheds they preferred the 
Serve tubes whether long or short, as they gave no 
trouble. He had been asked in what way the 
heating surface of the Serve tubes was measured ; 
their rule was to take the whole internal surface in 
contact with the hot gases, and reckon that as heat- 
ing surface. 

Mr. Churchward in his speech had made refer- 
ence to the four-cylinder compound engine built 
for the Great Western Railway, and the very 
powerful simple engine built to compete with it. 
The boiler pressure in both cases was about the 
same—namely, 200 lb. to the square inch, and he 
believed that it was in contemplation to raise the 
pressure to 225 lb., so as to make the comparison 
with the French engines. The experiments were 
extremely interesting, and they might be taken to 
prove that the same service could be obtained from 
the two-cylinder simple engine as from the four- 
cylinder compound, both working with the same 
rate of expansion of steam. The comparison should 
be carried further, when it would be seen what the 
coal consumption was, and the maximum power of 
the engine in connection with coal economy. Some 
locomotive superintendents did not require that less 
coal should be burnt, but that more work should be 
done with the same coal consumption. What was 
wanted from the engine was the maximum power it 
would develop. The cost of repairs was also a 
matter of great importance. It was to be hoped 
that the experience on the Great Western Railway 
would help to solve these very important problems. 
The speaker next referred to the experimental 
station of the Great Western Railway, which Mr. 
Churchward had erected at Swindon. This was 
something like the testing-station at the Purdue 
University in the United States, and it was to be 
hoped that with the aid of this establishment the 
experiments already made could be carried further, 
so as to arrive at fuller results than could be ob- 
tained on the line. He believed that this was the 
first testing-station of the kind erected in Europe. 
As Mr. Churchward had said in his speech, it 
was very difficult to get a draw-bar pull of 
2 tons at a speed of 70 miles an hour; but 
on the Paris-Orleans line they had reached even 
higher draw-bar pulls. The diagram which he had 
placed on the walls was a reproduction of results 
obtained by means of a dynamometer car on the 
Paris-Orleans Railway. It would be seen that on a 
long distance the pull was over 2 tons, and sometimes 
2} tons, the speed varying from 65 to 70 miles. 
Indicator diagrams were taken from time to time, 
and showed nearly 1900 horse-power. The effec- 
tive power on the draw-bar was 1300 to 1400 horse- 
power. Fora distance of 13 kilometres (about 8 to 
9 miles) the mean effective power, calculated from 
the draw-bar pull and the speed, was nearly 1000 
horse-power, the speed being 69 to 70 miles an 
hour, the mean draw-bar pull being 2} tons. On 
the Paris- Orleans Railway the locomotives had 
larger boilers and cylinders than the one made for 
the Great Western Railway. 

Reference had been made during the discussion 
to the respective resistances of French and English 
rolling-stock, but he did not consider that there 
was any reason to believe that as a whole the resist- 
ance of the French rolling-stock was different from 
that of the English rolling-stock. When bogie car- 
riages were used, it was found, on the Northern 
Railway of France, that the resistance was less than 
with the ordinary old cars. The boiler pressure 
had been referred to several times during the 
discussion. This was a point of some importance, 
and it was possible that the higher pressure might 
lead to some trouble. What, however, was wanted 
was to make a very powerful engine which would 
at the same time be a very light engine. If it 
were not for this condition, it would not be desirable 
to go to so high a pressure as 225 lb., as a good 
economy could be obtained with less pressure in 
the compound engines. The first compound loco- 
motive used on the Northern Railway, which, 
however, was a small engine, ran at 180 1b. to 
1851b. per square inch. It was still running on 
the Northern Railway, and was found to be econo- 
mical in regard to coal consumption ; it was, how- 
ever, at the present time neeessary to get greater 
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power with an engine that was comparatively 
lighter. In regard to what Mr. de Gilehn had 
said about the turning moment of the four-cylinder 
compound, he believed there was really no actual 
difference of opinion ; but he thought that Mr. De 
Glehn had not expressed himself as he meant to 
do ; as a matter of fact, he believed that gentleman 
was in agreement with Mr. Churchward. The 
turning moment of the four-cylinder compound 
would not be better than that of the two-cylinder 
simple engine. What Mr. De Glehn had wished to 
say was that by the arrangement of cranks in the 
four-cylinder compound there would be less liability 
for the wheel to slip, as there would not be the 
same decrease in the effective weight on the rai] 
as heavy balance-weights were not required re 
counterbalance the reciprocating parts. Experi- 
ments that had been made in France, more 
especially on the Paris- Orleans Railway, bore 
out what Mr. Smith had said in regard to the 
working of the three-cylinder compound on the 
Midland Railway. It had been found that the 
working was equally good and economical with light 
and heavy trains. This statement must not be 
pushed too far, but used only to a reasonable 
extent, within ordinary limits. It would never be 
advisable to use very powerful engines to take four 
or five carriages only. Experiments on the Paris- 
Orleans Railway had shown that with a light train 
of 220 tons the steam per horse-power-hour was 
23 lb. It should be explained how the indicated 
horse-power was measured. It was neither indi- 
cated horse-power nor draw-bar-pull horse-power, 
but was the horse-power exerted by the wheel on 
the rail. It was possible to estimate this very closely 
by data obtained from numerous experiments, and 
by the use of the dynamometer car. The way 
in which the calculation was made would be pub- 
lished shortly. With a train of 260 tons the 
steam consumption was 22.6 lb. per horse-power- 
hour ; with a train of 352 tons the steam consump- 
tion was 23.7 lb. per horse-power-hour. There was 
therefore not much difference between the light 
and heavy trains, and this showed that the range 
of the compound locomotive was more extended 
than was generally supposed. It would be seen 
that the working of a heavy train was more econo- 
mical than that of a light train, because in the 
former case the weight of the engine was smaller 
in proportion to the total weight. Reference had 
been made by Mr. Smith to the variations in speed 
at the time the diagrams were taken ; every endea- 
vour had been made in the experiments to get 
uniform speed, and it would be seen by the dia- 
grams that the variations in speed were really 
small. Mr. Smith had also pointed out that 
great improvements all round had taken place 
in the train service of France of late years, 
and that these general improvements came in at 
the time that the compound engine was intro- 
duced. It seemed to be considered, the speaker 
said, that the advantages shown in running were 
obtained from the general improvements. M. 
Sauvage pointed out that while it was true that the 
two facts came together, that was no proof that one 
was the cause of the other; no doubt there were 
other improvements, but it was reasonable to con- 
clude that the compound engine had something to 
do with the advance made. 

The existence of outside pipes, the speaker said, 
had been pointed out as a defect in the four-cylinder 
compound locomotive ; there was certainly a sur- 
face exposed to the cold, but it was very small 
indeed ; this would not lead to any large loss, the 
pipes being covered with non-conducting material. 
If, however, these very minute points were in- 
quired into, it might be pointed out that in the 
compound engine there was a small part of 
the receiver in contact with the high-pressure 
cylinder, there being only about 1 in. of cast iron 
between; transfer of heat from the inside of 
the cylinder to the exhaust might therefore arise, 
and it would, no doubt, be better to have the 
exhaust passage away from the cylinder. This, 
however, was also a matter of small importance. Mr. 
Ivatt had complimented him on giving the results 
in English units in place of the metric units used 
on the Continent ; it was fair, however, to state that 
the credit of this work belonged to Mr. Worthington, 
the Secretary of the Institution. Mr. Sisterson had 
pointed out that it was impossible in the compound 
locomotive to have short cut-off at high speed. W ith 
high pressure and short cut-off, if the inertia dia- 
gram were plotted, the acceleration of the recipro- 
eating parts would be shown: Taking the high 



































APRIL 22, 





ENGINEERING. 





569 








1904. ] 


jnertia into consideration, the turning moment was 
very regular indeed, with a high pressure at the 
beginning and dropping to a small pressure at the 
end. The speaker believed—although he would 
require further consideration to state anything 
positively— that if the result were worked out from 
the diagrams of the compound engine, the effect 
would also be found to be regular. He would, 
however, work out the problem, and endeavour 
to supply the result for publication in the ‘* Pro- 
ceedings.” So far as practice went, there did 
not seem to be any trouble due to pounding 
in the cylinders of the compound engine ; at the 
same time short cut-off might be resorted to—and 
was resorted to—in the high-pressure cylinder, and 
the pressure would therefore drop in the receiver 
almost to nothing. When running on the down 
grade at very high speed there would be a very small 
pull on the draw-bar ; but this would not disturb 
the working of the locomotive. There was no real 
difficulty with a cut-off of from 20 to 30 per cent. in 
the high-pressure cylinder. Mr. Halpin had asked 
a question as to the play of the valve spindle be- 
tween the high and low-pressure valve-chests in a 
certain type of engine ; that point had been referred 
to in the paper, and it applied to the tandem 
compound engine used on the Ceinture Railway, the 
valves, both high and low-pressure, being worked 
with one spindle, There was a play, permitted by 
a spring, of about } in. between the high and low- 
pressure valves ; the low-pressure valve, which was 
in front, was always a little behind the high-pres- 
sure valve. It might be thought that this arrange- 
ment would not work well at very high speeds; but 
it must be remembered that with tank-engines, 
working suburban service, high acceleration is 
needed, and the speed is never great, so that no 
trouble was experienced from shock. The size of 
the clearance space in compounds had been referred 
to. In the first compound made it was found to be 
too small, and excessive compression resulted ; the 
clearance was therefore increased and the steam 
passages enlarged. On the Eastern Railway of 
France piston-valves had been used with great 
advantage; they had larger ports, and experi- 
ence showed that an economy of nearly 10 
per cent. was secured by piston-valves as against 
flat valves. It remained to be seen what the 
result of continued use would be, because piston- 
valves might become leaky, and for that reason the 
economy mentioned might be reduced. Tail-rods, 
the speaker went on to say, were now largely used 
in French locomotives, and they were found to 
answer well, there being fewer broken rings than 


formerly. The tail-rod would prevent lateral 
motion. The area of support of the tail-rod might 


not be large, but the weight of the piston was not 
great. He had had many conversations with loco- 
motive engineers, and they were in favour of the 
tail-rod. In conclusion, the speaker would make 
reference to certain new compound engines which 
had been introduced on the Ceinture Railway of 
Paris. They were large tank-engines weighing 
80 tons, and had eight-coupled wheels, with a bogie 
in front. They had large water-tanks, and gave 
excellent results. He would add further details of 
these engines to the list to be published with his 
paper. 

The President, in bringing the discussion to a 
close, said he had already thanked M. Sauvage for 
his paper, and he had therefore only to express his 
appreciation of the way in which the author had 
replied to the discussion. 


Tue SumMeR MEETINGs. 

Mr. Wicksteed added that this was the last meet- 
ing of the session in London, and members would 
next come together, on May 31, in the city of Chicago, 
in the United States of America. It was to be hoped 
that those who proposed attending the American 
meeting would speedily secure berths on the 
steamers, and would notify the fact to the Secretary, 
in order that arrangements might be made. There 
Were a good many events to take place in the 
States, and the programme was all arranged with 
the exception of the details of the meeting that 
was to take place at the British Pavilion at the St. 
Louis Exhibition. This matter had to be settled 
before the whole programme was issued. After 
the American meeting, there would be a summer 
meeting of the Institution in London ; this would 
take place at the end of July. Papers would be read, 
and there would be a conversazione, with some- 
other functions specially designed for the entertain- 
ment of members and ladies accompanying them. 


THE TRAINING OF ENGINE-ROOM 
ARTIFICERS. 


Tue Admiralty have recently determined on a 
notable new departure in regard to the entering of 
engine-room artificers into the Royal Navy. At pre- 
sent, as is well known, these ratings are recruited 
from private trades, the men being between 21 and 
28 years of age. Able men, who have worked at the 
trade, and can show a certificate to that effect, either 
as fitters and turners, boiler-makers, engine-smiths or 
copper-smiths, are accepted if they can produce creden- 
tials of a satisfactory nature. A few pattern-makers 
and moulders are also taken on for work in the float- 
ing factories, but not for sea service. Of late years 
there has been considerable ditticulty in getting re- 
cruits of a satisfactory nature; the different trade 
unions have not given encouragement to the men to 
join, and the change that has taken place in the custom 
of the trade has also led to a scarcity of suitable can- 
didates. The engine-room artificers of the most 
numerous class must be both fitters and turners, 
and this also led to difficulty. In the Royal Navy, 
naturally, demarcation of work—which has been so 
leading an article of belief ashore—is not recognised ; 
so long as a man can carry out any operations, he 
is expected to do exactly as he is told. The 
increasing demand of the engine department for 
skilled men has led to engineer officers asking 
that such men may be properly trained in the service 
as boys. The late Kngineer-Rear-Admiral G. H. 
Weeks, of the Fleet Reserve and dépét at Chatham, 
suggested that boys should be taken in and trained in 
the service, so as to fit them for the duties they would 
have to undertake afloat, with a special view to the 
work that they would be required to perform. This 
suggestion is now about to be put in force, and in 
order to carry it out an extensive floating department 
will shortly be instituted at Devonport. 

It is our purpose to give some description of this 
new establishment. It will not be under the imme- 
diate control of the dockyard professional officers, 
but under the Commander-in-Chief of the port; the 
work that will be done will, to a large extent, be 
supplied from the dockyard. The floating establish- 
ment will be strictly under naval discipline ; the lads 
to be trained will wear a suitable uniform, and will be 
brought up in the traditions of the Fleet ; at the same 
time they will be thoroughly trained as workmen. 
There will be schoolmasters attached for the necessary 
education of the lads; and, as will be seen in the 
description that follows, there are very complete 
arrangements for the workshop training and teaching 
generally, in order to turn out skilled workmen. 
The lads will be taken in between the ages of 14 and 
154 years, and will be the sons of workmen. They will 
have to serve for five years, and the last year will 
mostly be employed on work for ships afloat. We 
are about to deal with the Devonport establishment ; 
but it may be mentioned that there are educational 
establishments at Portsmouth and Chatham, where 
there are the Asia (a line-of-battleship) and the Pem- 
broke, formerly the Duncan (also an old wooden battle- 
ship). These were formerly hulks for seamen, but 
they have now become available, as barracks have 
been built ashore. At Portsmouth also there is the 
Assistance, and the Hecla is at Chatham ; these are 
repair-shops, and the boys will work in them. The 
arrangement, however, at the two last-mentioned 
—_ is not so convenient as that at Devonport, as the 
oys will be mixed up with the men, and the Pem- 
broke and Asia will be used in the basins as floating 
barracks only. Devonport, therefore, will have the 
most complete scheme, having three ships afloat, con- 
nected to each other by gangways. The three ships 
referred to as about to be established at Devonport 
are the Bellerophon, the Téméraire—two obsolete 
armoured vessels—and the Indus. 

In our illustrations on pages 562 and 563 we 
give general views of the Bellerophon, which is the 
most important of the three vessels, as she will be 
used for an instructional factory and barracks com- 
bined, the lads living on board under sea discipline. 
Fig. 1 reproduces a photographic view of the vessel. 
Fig. 2 is a general profile view of ‘the ship as she is 
fitted, showing the various compartments on the 
different decks. Fig. 3 is a plan of the upper deck, 
which, it will be seen, is to be used chiefly as a machine- 
shop. Fig. 4 is an enlarged plan of the boiler- 
makers’ and blacksmiths’ shops, which are placed in 
what was formerly one of the boiler compartments, 
as shown in Fig. 1; Fig. 5 is a section near the midship 
part of the vessel, and also shows the arrangement of 
the blacksmiths’ shop, as well asthe machine-shop, on 
the upper deck. Fig. 6 is a view of the upper deck 
from a photograph. 

Before proceeding to give any further particulars of 
the Bellerophon, it may be convenient to state here 
that the Téméraire will be used as a central generating 
station for light and power for the three ships. It 
will be fitted with two 100-kilowatt generating sets, 
the engines being by Messrs. Brotherhood, and the 


the Thames Iron Works, as illustrated on pages 530 
and 531 of last week’s issue. The Téméraire will also 
be used as a storeship for supplying engineers’, car- 
penters’, boatswains’, and gunners’ stores needed 
for the care and maintenance of the ships in 
reserve, and for executing repairs to vessels afloat. 
These operations, however, are apart from the educa- 
tional scheme proper. The Indus, formerly the Defence, 
also an old ironclad, is the floating factory for the 
engineer artificers employed in keeping the Fleet Re- 
serve in repair. These artificers are, of course, fully 
qualified men ; but as the lads who have entered for 
training get more advanced, it is anticipated that they 
will, to some extent, be employed in the work under- 
taken by the personnel of the Indus. As the lads 
become experienced, therefore, they will be brought 
more and more into touch with practical work, as apart 
from the more purely instructional work which will 
form the first part of their education. This will 
be more especially necessary for boiler-makers, as it is 
more difficult to give them actual work to do than is 
the case with fitters and turners. It may be added 
that the Devonport barracks have been constructed 
for some time past, and the old Indus, which was a 
wooden line-of-battleship, has been sold out of the 
service and broken up; the new Indus—the old 
Defence—has become extended and enlarged to cope 
with the increased work due to the extension of the 
Royal Navy, which is so noticeable a feature of recent 
years. The equipment has been brought up to date, 
new machines and modern tools having been installed. 

It is not intended in future that the dockyard proper 
shall carry out the work needed for the Fleet Reserve, 
unless, of course, it becomes beyond the resources of 
these ships. It may be asked why these operations 
should be carried on afloat rather than ashore. The 
answer is, that there is no land available with water 
access ; all the waterside spaces are being required, as 
fast as the extension can be opened up, for dockyard 
service. For this reason it has been necessary to send 
ships to private yards for repair, the Admiralty having 
taken the enlightened view that it is better to go to 
the contractors rather than to have a block of ships 
awaiting repair, and thus practically out of the Navy 
list for the time being. Such a block might be a very 
serious matter if a sudden call were made upon the 
Royal Navy to carry out the ultimate object for which 
it is created. 

The Admiralty having determined to follow up the 
scheme formulated by the late Kngineer - Admiral 
Weeks, arrangements were at once made for the 
work to be taken in hand. LEarly in January last, 
the Bellerophon and Téméraire were towed round 
to the Tyne. A contract had been entered into 
with Palmer’s Shipbuilding and Engineering Com- 
pany, Limited, by which it was arranged that all 
the alterations should be carried out by that firm. 
In order that there might be no delay—owing to the 
conditions which are familiar to all who have been 
engaged in Admiralty contract work on the usual 
lines—it was determined to put the whole matter 
into the hands of an inspecting officer representing 
the Admiralty, and who was directly answer- 
able to Admiral May, the Controller of the Navy 
—responsible for the matériel of the Navy — and 
to Admiral Sir C. M. Drury, who, as Second 
Naval Lord, is in charge of the personnel of the Navy. 
Engineer-Captain G. A. Haddy was appointed to this 
novel and very responsible position, and the whole of 
the work has been carried out under his immediate 
supervision, on a system of payment to the con- 
tractors for labour and material at cost price, with a 
percentage for profit, establishment charges, &c. The 
Bellerophon arrived on the afternoon of January 21, 
and the Téméraire on the 23rd of the same month, 
which was a Saturday. Work was commenced at once 
on the Bellerophon, and proceeded night and day 
until the conning-tower, the boilers, and deck obstruc- 
tions were removed. The carrying out of these opera- 
tions was attended with far more difficulty than had 
been anticipated, on account of the nature of construc- 
tion of the vessels ; those engaged in pulling the ships 
to pieces are fullof praise for the substantial nature 
of the work that had been put into these ships by their 
builders. The mixture of iron and oak worked into the 
construction of these vessels by the shipwrights of those 
days was put together in a very thorough manner. Our 
readers may remember that these ships were designed 
in the days when Sir Edward Reed was head of the con- 
structive department at the Admiralty. Furthermore, 
the decks had to be opened up nearly across the ship in 
order to get the boilers out. The main beams had to 
be cut through, and to lift the cylinders of the engines 
also required the decks to be cut away almost to the 
sides of the vessels. 

In consequence of the work being undertaken on 
such short notice, and also on account of its novelty, 
no drawings were prepared beforehand; in fact, 
those responsible for the work had to design as it 
went on. In the meantime arrangements had been 
made for putting the covering above the upper deck 
of the Dalacegiee, so ag to form the roof of the 





dynamos by the electrical engineering department of 











machine-shop. This is of galvanised iron and glass, 
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POOLE’'S ELECTRIC CABLE-WAY OVER THE ZAMBESI RIVER. 
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CONSTRUCTED BY THE CLEVELAND BRIDGE AND ENGINEERING COMPANY, LIMITED, 


(For Description, see Page 572.) 





DARLINGTON. 
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and a general idea of the construction is given in 
Fig. 4. The machines for the shops had to be 
pn i from various machine-tool makers. The stoke- 
holds had to be fitted out as a smithy, a boiler- 
shop, and a coppersmith’s shop. Remarkable progress 
was made; and the rapidity with which the work was 
carried out is a convincing proof of the great value of 
private shipyards and engineering establishments in 
cases of emergency. How important aid of this kind 
would prove in the event of war is a matter which the 
present operations were intended to show, and the im- 
portance of such a factor as a source of military strength 
has been demonstrated. On February 5 the first roof- 
girder was hoisted in position, all the old material 
having been removed. We think it will be allowed 
that this was an excellent record for one week’s 
work. Thirty days later, on the 7th, the roof was all 
up. Whilst giving these dates, it should be stated 
that although the Bellerophon and Téméraire started 
irom Devonport on Sunday, January 17, the Belle- 
rophon arrived in the Tyne on the 2lst, and the 
Téméraire on January 23, as already stated. The 
weather was unexceptionable ; indeed, these were the 
only fine days that had occurred for a long time pre- 
viously, and for many weeks following. The Téméraire 
was extremely difficult to tow, three powerful tugs 
being engaged in the operation. With regard to 
the latter vessel, work of an extremely interesting 
nature was encountered in cutting out the engines. 

The Téméraire’s cylinders rested on wrought-iron 
standards, which were contained inside box-girders, 
built up ina very solid manner from the structure of the 
hull. These girders had to be cross-cut, and the rivets 
cut through before the engine standards could be 
reached. The operation of opening out the sides of the 
ships, to form baggage ports to give ready access to the 
vessels, was also a heavy job. The Téméraire had 
10-in. armour, with 12-in. teak backing, besides which 
there were two thicknesses of l-in. plates. These, 
together with the frames and supports, had to 
be all cut through. In the Bellerophon the opera- 
tions were not so difficult, as the armour-plates 
could be removed to open up the port. Here, 
again, the thorough manner in which the construction 
had been carried out gave considerable trouble, for 
it took a week to remove the armour-plates, so good 
a fit were they ; and two 100-ton jacks, besides heavy 
iron rammers, had to be brought into play to remove 
the first plate. The oak backing, moreover, was so 
hard that it could only be cut through by drilling, as 
if it were iron rather than wood. These baggage ports 
will form the main entrance for the heavy material 
which is to be brought on board, to be taken off when 
the vessels are moored in the Hamoaze at Devonport. 

The general arrangement of the Bellerophon is well 
shown in our illustrations. On the upper deck a large 
number of new machine-tools have been installed ; 
these have been purchased purposely for the work. 
They include lathes, planing machines, shaping ma- 
chines, and, in fact, all the machine-tools of an engi- 
neer’s workshop, and such as will be required to give 
the lads complete instruction in their various duties, 
as well as to carry out a certain amount of useful 
work, so far as can be arranged. The whole estab- 
lishment is, as already stated, driven electrically from 
power generated on the Téméraire. 

The work is now practically complete; the Belle- 
rophon left the Tyne in tow some days ago, and has 
safely arrived at Plymouth. The Témeéraire was 
detained in consequence of a collision. We propose 
giving some further details of the working of the new 
Admiralty scheme at a future date. 








THE WOLSELEY RACING-CAR. 

We illustrate on page 566 the chdssis of the car which 
has been built by the Wolseley Tool and Motor-Car 
Company, of Birmingham, to represent them in the 
international race this year for the Gordon-Bennett 
Cup. The engine, as will be seen, is placed horizon- 
tally, has four cylinders in line, and is capable of 
developing 96 horse-power. At the highest speed of 
motor under normal conditions, the car will travel at 
the rate of 75 miles per hour, though provision is 
made for increasing the speed of motor to 1300 revo- 
lutions, which will enable a considerably higher rate 
of travel to be obtained. The size of the flywheel on 
the crankshaft is noticeable, and fastened to it is a 
sprocket-wheel transmitting the power of the engines 
to the second motion shaft ce means of a Renold silent 
chain. The gear-box is supported at three points, 
and is fitted with ball-bearings throughout, the 
back wheels being driven by a roller chain on 
each side of the car. These wheels are 36 in. in 
diameter by 5 in. wide, the front wheels being 
34 in. by 34 in., all fitted with both compression 
and tension spokes, and the wheel base is 9 ft. by 
4 ft. 7 in. The carburettor is of a special type de- 
signed to ensure a uniform mixture at all speeds, 
and all the four cylinders are supplied by one 
jet. Great attention has been paid to the ignition 
arrangements, both to ensure against failure and to 
allow any fault to be at once located. The coil has 


been fitted with two tremblers, only one of which 
works at a time, either being put into circuit at will 


and the floor is covered with linoleum. Each car is 
moreover, fitted with buffers and coupling-hooks of the 


by means of a change-over switch; and a separate | standard railway-carriage pattern, so that it can be 


switch is placed in each low-tension lead to act as 
detector to the various plugs. Both foot and hand- 
brakes act on the back wheels, the former being 
of the internal expanding type, and the latter an | 


— band-brake. The whole appearance of the | each. 


car indicates the especially strenuous work it is 
intended to perform ; and we hope that its behaviour 
will maintain the prestige of English manufacturers for 
design and workmanship. 








run with the ordinary rolling-stock if necessary 
The time taken to get one ready for work is only io 
minutes, and a full day’s supply of petrol and water 
is carried. The cars weigh, in working order, 35 tons 








ELECTRIC CABLE-WAY OVER THE 
ZAMBESI RIVER. 
Dr. LivinestonE, when he first viewed the great 
Zambesi, that waterway the fourth in size amon 


THE PETROL ELECTRIC CARS FOR THE | the rivers of Africa, probably hardly realised in his 


NORTH-EASTERN RAILWAY. 


most hopeful moments that in little more than a 


THrovcH the courtesy of Mr. Wilson Worsdell, generation the world’s great civiliser—a railway— 
chief mechanical engineer to the North-Eastern Rail- | would reach the Victoria Falls. Time, however, has 
way Company, we are enabled to give this week, on | worked great — in the Dark Continent since 


page 567, some more detailed illustrations of the | the day when the 


amous explorer first looked into 


petrol electric motor-cars which have recently been | the abyss down which the waters of the river take 
set to work on this company’s lines. The cars are} their leap of nearly 350 ft.; and now the Cape to 
each 52 ft. long by 7 ft. 11 in. wide inside, and will | Cairo Railway is ready, a little way below the Falls 
seat fifty-two passengers. The driving power pro- | for the arched steel bridge which is to carry it across 
vided consists of a four-cylinder petrol-engine, built | the waters of the Zambesi. ns 


by the Wolseley Tool and Motor-Car Company, of 


This bridge, which will be the highest in the world, 


Adderley Park, Birmingham, and rated at 80 brake | with a main span of 500 ft., we hope to describe at a 
horse-power at 420 revolutions per minute. This | future date; at present we are more concerned with 
drives a compound - wound and separately - excited | the means to be adopted whereby materials are to be 
dynamo rated at 55 kilowatts, which supplies current | transported from one bank to the other during the 
to two 55-horse-power tramway-motors mounted on | making of the line; as it is estimated that 40,000 tons 
the front bogie of the car. It is of some interest to | of railway construction plant will have to be carried 
note that vertical foreign-built petrol-motors were | across the river at this point, where the banks are over 
tried in a car at the outset of these experiments on | 400 ft. above the water-level, and 650 ft. apart. As it 
the North-Eastern line, but were found unsuitable | js impossible to erect any staging across this gorge 


for the work in hand, and have been replaced by 


whereon to build girders, it was decided by the engi- 


horizontal engines of home origin, as stated. The | neers, Sir Douglas Fox and Partners, to construct an 
whole of the electrical equipment has also been con- | arched bridge which will be built out from each side 
structed here, having been supplied by the British | at the same time, and to use an electric cable-way 
Westinghouse Electric and Manufacturing Company | across the river as a means of transporting material. 


from their Trafford Park works. 


It is this cable-way with which we are now con- 


The motor has cylinders 84 in. in diameter by 10 in. | cerned, as it possesses many interesting and novel 
stroke, and is designed to run at 420 revolutions per — It has been — by Mr. R. A. Poole, of 


minute as its normal speed, but can be accelerated to 


Jestminster, to his own designs, and was constructed 


480 revolutions per minute ; and this is done in getting | by the Cleveland Bridge and Engineering Company, 


the car under way. The crank-shafts, of the ‘‘ two- 
throw” pattern, are constructed of Vickers-Maxim 


Limited, Darlington. 
It is well known that one of the chief drawbacks 


cast steel. The cranks are, of course, completely|to most of the systems of cable conveyors hitherto 
enclosed, the inspection covers of the casing a at} constructed has been the absence of provision for 
the top, and an oil trough below. Two cylinders | securing a perfectly tight cable; and also the necessity 
placed vis-a-vis drive on to each crank. There are| for using running ropes, fall rope carriers, &c., as a 
two cam-shafts, one on each side of the engine, and | means of hauling the load from one end of the cable 
the whole of the valves are mechanically operated. | to the other. In the case before us, however, these 
The cylinders and valve-boxes are water-jacketed, | objections are overcome by adopting a special arrange- 
the temperature of the circulating water being | ment of steel towers for the cable, and a special self- 
kept down by a Clarkson radiator cooled by the| contained electric conveyor which only requires a 
blast from a Blackman fan. The armature of the | copper trolley-wire to convey the current to it from 
generator is mounted on an extension of the crank- | the generating station on the bank. 


shaft, and there is a 3-ft. flywheel between the 


The method of supporting the cable will be seen on 


armature and the engine casing. This generator is | reference to Figs. 1 and 2, page 570, where it is shown 
compound wound and separately excited, and_ is | fixed at one end to an inclined hinged A-shaped support 
specially designed for operating over a range of 300] A, and at the other end to a rigid tower B. The sup- 
to 350 volts. The field is split horizontally, so that | port A is loaded with a weight, as shown, and is free 
the upper portion may be removed through an opening | to move up and down with its feet as a pivot. The 
in the root of the car when access to the armature is| proper magnitude of the weight is known from the 
desired. The exciter is driven by belting from a | deflection of the main cable when it hangs free. When 
pulley on the outer end of the generator shaft. This | the conveyor travels away from either of the supports 
exciter is shunt-wound, and is used also for running | the cable sags and the counterweight on A rises, the 
the thirty 16-candle-power, 72-volt electric lamps | support assuming a steeper angle ; but as the conveyor 
with which the car is lighted, and can further be | returns the angle of inclination of the main cable, 
used to furnish current at 95 volts for charging a | where it is attached to the peak of A, changes, giving 
secondary battery of 38 cells, each rated at 120) preponderance to the counterweight, the support A at 
ampere-hours, which is fixed beneath the floor of the | the same time taking up its original position, or angle 
car. The whole of the generating plant is fixed in the | with the horizontal. The result of this action is that 
front compartmentof the car, which is 13 ft. 3 in. long. | the falling p> ea at the end of A tends to 


The controllers are of the standard tramway pattern, | straighten the cable an 


raise the conveyor and its load, 


and one is fitted at each end of the car. In starting | so that the motor is helped, to a certain extent, as it 
up, the engine is driven for a turn or two by the gene- | advances up the incline towards A. As the load is 
rator acting as a motor, and taking current from the | increased the deflection of the cable, of course, increases 
secondary oe Once the engine is up to speed | also; but as the load decreases, the cable stress is 


and the voltage 


as been adjusted to 400 volts, the | maintained owing to the support A settling back and 


car is started by the controller in the usual way. For | taking up the sag. 


slow speeds the car is run with the motors in series, 


The supports A and B are so clearly shown in detail 


and for high speeds with them in parallel. The voltage | in Figs. 3 to 30 as to require no further description ; 

of the generator is gradually increased to 530 volts by | the cap and shoes of supports A and B are also shown 

cutting resistances out of the exciter circuit, and the | in Figs. 31 to 38. Ooening now to the electrical con- 
0 


car will then accelerate until a speed of 36 miles per | veyor which carries the 


ad, and which runs along 


hour is attained. In stopping the car, the controller | the cable, it is, in some respects, similar to the usual 
handle is moved back to the off position, and then|type. The whole apparatus is suspended on two 
over in the reverse direction to apply the Westing- | traveller wheels running on the rope. On a frame 
house magnetic track brakes with which the car is| which hangs down from the wheels are carried an 
provided. These consist of two electro-magnets sus- | electric motor, a chair for the driver, and two drums, 
pended between the wheels. When the magnets are | which latter are actuated by the motor, and on which 
excited, the shoe with which they are provided is | the hoisting ropes are wound. The end of the motor 
attracted on to the rail, thus acting as a track-brake. | shaft carries a forged steel pinion, which can be made 
At the same time the downward motion of the magnets | to engage either of two spur-wheels on one side of the 





also applies brake shoes to the wheels; and a further | ¢ 


arriage. The shaft of one of these wheels carries a 


retarding action is attained through the fact that the | pinion which is in gear with teeth on the two travel- 


current for these magnets is obtained from the motors | } 
acting as dynamos, so that the brake does not depend | } 
for its current on the generator plant. 


ing wheels. The other wheel operates through the 
ifting drum, on which the ropes attached to the skips 


| are wound. These drums can be worked independently, 


The cars are very comfortably fitted up. There is| and all the different motions are actuated by levers 





a gangway between the two rows of reversible seats, ! under the control of the driver, who can lower the 
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ends of one or both hoisting ropes, and as soon as the 
load is attached can hoist it to any convenient height, 
and can then travel along the cable in either direction ; 
he can then lower the load, or tip it as required. 

The current is supplied to the motor along a 
copper wire, which runs parallel with the main cable 
and makes contact with the conveyor. The motor 
has one terminal connected to the copper conductor 
through a starting switch and resistance, while the 
other terminal is connected to the frame of the appa- 
ratus. The inventors and the engineers have devised 
special forms of starting switch and resistance. The 
current for driving the plant will be generated by a 
portable steam-engine and dynamo, which will be 
jaced on one side of the Falls. ae ; 

The conveyor is capable of lifting and carrying a 
maximum load of 10 tons; and it is estimated that 
no less than 800 tons of material can be transported 
across the river in one day. In order, however, to 
thoroughly test the efficiency of the whole apparatus, 
it was erected at the works of the Cleveland Bridge 
and Bngineering Company, Limited, in their yard at 
Darlington, and was tried in the presence of Sir 
Douglas Fox and Partners. Some slight alterations 
to the driving gear were made after the test at the 
request of the engineers, and the whole apparatus was 
shipped to South Africa, where is is expected that it 
will soon be in operation. 

It is claimed for this cable-way, among other advan- 
tages, that the skip may be brought out beyond the 

int of the inclined support, owing to the top of 
the latter projecting from the direction in which the 
roperuns. ‘The load can therefore be brought up close 
to the top of the support 

The apparatus can be made having motors from 
5 horse-power to 60 horse-power, and also for lifts up 
to 300 ft. from the ground. All parts are made of 
steel except portions of electric motors, which have to 
be of other materials, The cable-way may be extended 
to any length where intermediate supports can be 
introduced, and so allow the work to be subdivided ; 
more than one conveyor also can be placed on the 
cable-way, and the duration of work on a contract 
thereby shortened. 

The A frame may also, for certain classes of work, 
be mounted on wheels, and be made to travel on a 
circular track round the fixed support, with the latter 
as a centre. 

A great saving of weight is effected, in comparison 
with all existing cable-ways, for a given amount of 
work ; which is, of course, an important feature where 
transit charges have to be carefully considered ; as, for 
instance, when the material has to be sent to districts 
where the means of conveyance are bad. 

The manual labour required for working this cable- 
way is reduced to a minimum, for each hoist only 
requires one man. The system has no running ropes 
—tfall rope carriers—or sheaves, the saving in this way 
being, in ropes alone, about 3000 ft. for a cable-way 
having a span of 700 ft. 

The apparatus which we have described ought to 
prove of great advantage to contractors and others 
who wish to transport heavy materials from place to 
place, or about public works, and it is expected that 
it will soon pay for itself as a labour-saving machine 
on the banks of the Zambesi. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 13. 

Since January 1, 72,532 tons of copper have been 
exported, of which 4197 tons have been exported since 
April 1. At the present time arrangements are being 
made for heavy exports, and under this stimulating 
influence both Lake and electrolitic have advanced from 
§ cent to 4cent. This advance has rather repressed 
domestic demand. Quotations are to-day :—Lake, 
133 ; electrolitic, 13.30; casting, 133. The English 
market reflects the strength and confidence apparent 
in domestic circles ; the European Continental market 
did light trading early last week, but it assumed 
larger proportions towards the close. The general 
market is in an excited condition, and heavy deal- 
ings are probable. Old metals are all advancing in 
price. Antimony has been quiet and easy in tone; 
there have been large arrivals of tin during the past 
week, amounting to 1720 tons. To-day 1125 tons 
arrived at New York, which make a total for the 
first half of the month of 2845 tons. Demand for con- 
sumptive requirements for the first half of the month 
amounts to 2100 tons. This shows local stock on dock 
and in store to be 1500 tons. A much stronger market 
18 now indicated by the fact that at present writing 
there are only 800 tons afloat for the United States 
from the East Indies. About 500 tons will soon be 
shipped from the Straits, and will arrive about May 15. 
The demand for pig-lead is active, and prices remain 
firm at 4.50 delivered, A good demand for spelter to- 
day is manifested, and the Western markets are strong. 

he peculiar feature of the iron situation this wee 


for the season, which was to have been settled yester- 
day, has been postponed until next Tuesday. A 
decline in price is strongly opposed by producing 
interests, but, notwithstanding, non-Bessemer Lake 
ores are being sold at 75 cents per ton less than the 
prices prevailing last year. Consumers are now anti- 
cipating an open market, but producers, between now 
and next Tuesday, will so arrange things, they think, 
as to prevent such a condition. There is a fair demand 
for bar iron east and west, and there is also a larger 
distribution of coke, which sells at 1.80 dols. at ovens 
for 72-hour furnace. Tin-plate is in fair demand, and 
prices are being maintained in view of the refusal of 
the workers to accept any reduction. 

The total production in Bessemer steel in ingots and 
castings last year has just been announced—namely, 
8,577,228 gross tons, against 9,138,363 tons in 1902— 
a decrease of over 6 percent. The production of all 
kinds of Bessemer steel rails was 2,813,583 gross tons 
last year, against 2,876,293 tons in 1902; there was 
a large increase last year in the production of steel 
rails weighing 85 lb, and over to the yard. There was 
a mented decrease in the production of steel rails 
weighing 45 lb. and over and less than 85 |b. 

Railways are moderate buyers of tools and equip- 
ment for repair shops. The Midvale Steel Company, 
at Philadelphia, are expending 75,000 dols. in extending 
their works, in order to supply material under their 
armour-plate contract. The billet, beam, and plate 
pools met a few days ago in New York City, and re- 
affirmed former prices. Buyers of these products for 
quick delivery are obliged to pay 25 to 50 cents per 
ton over usual rates. 

This is due to the advance in Bessemer and basic 
iron, and also to the advance in heavy steel melting 
scrap. The United States Steel Corporation is making 
a moderate successful effort to secure Canadian busi- 
ness for billets in competition with European steel for 
the next six months. There is at present a very 
heavy demand for wire and tubes, and this is having 
a strengthening effect upon billets. The plate mills 
are not obtaining business quite as freely as the 
managements desire, and they are anxiously awaiting 
the placing of large orders for material inquired for. 
Steel billets are still quoted at 23 dols. per ton at mill, 
open-hearth 23 dols., and at tide-water 24 dols. 

An extensive coal land deal has been made at Pitts- 
burgh, involving the purchase of the most valuable 
coal bed in that vicinity. The purpose is to control 
competition in the interests of the Pittsburgh Coal 
Company. That company recently borrowed 25,000,000 
dols. to carry out its purposes. 

Reports from various points throughout the country 
indicate an improving tendency in iron and steel. The 
Pencoyd Iron and Steel Works in this city resume 
work with orders sufficient to keep that plant busy 
for some months. The works have been idle some 
time, in accordance with the policy announced last 
year of concentrating productive capacity at or near 
Pittsburgh. The increasing demand has since made 
it necessary to re-open this extensive plant. Idle 
Bessemer pig capacity throughout the Central West 
is being started up, and there is now about one-half 
as much idle capacity as sixty days ago. The big 
contracts of the Pennsylvania Railroad Company for 
tunnel work around New York City will call for large 
quantities, and some contracts will soon be placed. 
The East River tunnels will require 214,000 tons of 
cast-iron casings and 11,000 tons of structural steel. 
The North River tunnel will take 1000 tons of cast- 
iron drain-pipe, 108,765 tons of cast-iron casings, 
11,305 tons of structural steel, and 265 tons of ex- 
panded metal. 








MISCELLANEA. 
We learn that 18 competitors entered for the endurance 
tests now being made in connection with the side-slip 
trials of the Automobile Club, and of these 18 three have 
since withdrawn from the contest. 


We note that the Colonial Products Exhibition held 
at Liverpool last January proved so successful that it 
is intended to open another on a somewhat larger scale 
at the St. George’s Hall in January next. Sir Alfred L. 
Jones, K.C.M.G., will again be president. The offices 
of the management areat 9, Chapel-street and 21, Water- 
street, Liverpool. 


The Aeronautical Institute intend to carry out a series 
of trials of screw-propellers suitable for aeronautical pur- 
poses during next December and January, and are de- 
sirous of entering into communication with all ——— 
to submit = vellers. _The Hon. Secretary of the Insti- 
tute is Mr. oT. von Holtorp, 105, Forest-road, Dalston, 
N.E., from whom further particulars can be obtained. 


On Thursday, April 14, the certificates awarded at the 





Crystal Palace Company’s School of Practical Engineering 
were presented by Sir William White, K.C.B., F.R.S., 
late Director of Naval Construction. The ‘‘ Wilson 
premium,” for the best paper read before the Engineering 
Society during the present quarter, was awarded to Mr. 
J. M.S. Culbertson. 








is the unexpected liberality on the part of consumers 
In placing orders for the delivery of iron during the 
third quarter of the year. The question of ore prices 





In the northern part of Jutland, Vendsyssel, natural 


ressure of 7 to 8 atmospheres. The gas is like that 
ound in Ohio, and admirably suited for lighting and 
other purposes. Experts are of the opinion that natural 
gas is to be found under the greater part of Vendsyssel, 
and boring is likely to be undertaken. 


The Tyneside Electrical Pioneer is a new publication, 
just issued by the Newcastle-upon-Tyne Electric Supply 
Company, Limited, with a view to pushing its business 
in the neighbourhood of Newcastle. It is capitally 
printed on excellent paper, and contains some good 
process engravings representing various applications of 
the electric current. The letterpress is, naturally, of a 
very ‘‘ popular” character. 


In a paper published in a recent issue of the Zentral- 
blatt der Bauverwaltung, Herr Dircksen discusses the 
weights of railway teidges built to satisfy the new re- 

uirements of the Prussian Public Works Department. 

e finds that for single tracks through truss bridges the 
sum of the total deadweight and of the equivalent live 
load for which it must be designed to carry, is practically 
constant for spans ranging between 20 and 70 metres. 
This total load amounts to 10.24 metric tons per metre for 
spans of 20 metres, and 10.05 tons per metre for spans of 
70 metres, 


The Inter-State Commerce Act of the United States 
makes it illegal for railways to give preferential rates to 
individual shippers, and was later on supplemented by an 
Act preventing the evasion of the law by the granting of 
rebates. The ingenuity of the parties concerned has, 
however, still proved equal to driving the proverbial 
‘coach and six” through the Act. Factories and mines 
with a short length of line, practically only a siding, have 
given thisa high-sounding title, converting it thereby into 
a separate and fully organised railway, to which it has been 
legal for the main line company to pay switching charges 
for each car handled, which in some cases has been as 
much as 15 dols, per car. 


Miners’ unions in Western America have long been 
notorious for the violence exhibited by them towards 
mine-owners and free labourers, dynamite having been 
repeatedly used for the enforcement of the unions’ views 
on the contumacious. Violence generally begets violence, 
and we note that recently a citizens’ alliance has been 
formed at Telluride, Colorado, which has forcibly seized 
the persons of the most prominent of the labour agitators, 
and deported them from the country, with warnings not to 
return if they valued their health. Previous to this, 37 of 
the same gentry had been proceeded against under a 
Vagrancy Act, under which they had the option of either 
paying certain fines, starting work, or leaving the country. 
Those that refused were set to forced labour on the streets. 
A company of militia similarly seized and deported a 
couple of violent Italian labour agitators. The legality of 
these proceedings is questioned in the American press, 
but many papers defend them on the plea of necessity. 


The ninth annual convention of the Incorporated 
Municipal Electrical Association will be held on June 
29, 30, and July land 2. On the day first named, the 
meeting will be held at Derby, when Mr. T. P. Wilms- 
hurst will deliver his presidential address, and Mr. C. 
Shawfield, of Wolverhampton, will read a paper on ‘* The 
Commercial Practicability of Electric Traction by Sur- 
face Contacts.” In the afternoon there will be an excur- 


sion to Chatsworth. On Thursday, June 30, the Associa- 
tion will meet at Nottingham, when the following papers 
uip- 


will be discussed :—‘‘ Polyphase Substations, their 
ment and Working,” by Mr. S. L. Pearce, of Manchester ; 
‘*Some Notes on the Bristol Electricity Works Fire,” by 
Mr. H. Faraday Proctor, of Bristol; ‘* Boiler-House 
Economies,” by Mr. R. S. Downe, of Southport. On 
July 1 the meeting will be at Sheffield, when a paper by 
Councillor Blakeway, of Southampton, on ‘“‘ The Financial 
Position of Municipal Electrical Undertakings” will be 
read, followed by one by Mr. A. Cridge, of Sheffield, 
dealing with ‘‘The Organisation and Management of the 
Meter Department.” On Saturday, July 2, the party 
will return to Derby for the annual general business 
meeting. A detailed official p mme will be issued in 
due course by the secretary, . C. McArthur Butler, 
Staple Inn Buildings, W.C. 


A special Dutch-Belgian Commission, appointed to 
advise as to the system to be adopted for working gates, 
cranes, swing-bridges, and the like, at the new Terneuzen 
docks, has reported in favour of electricity. The Com- 
mission visited the principal ports in Germany, England, 
and France, in search of data on which to found their 
conclusions. Hydraulic power and electric have, they 
remark, both some special a and the choice 
should therefore be governed by local conditions. Thus, 
with an hydraulic system of power distribution, reliance 
is placed on a system with which much experience has 
been gained, and its satisfactory working can be abso- 
lutely guaranteed by the makers. Further, the machinery 
required is simple and robust. Its management needs 
no special knowledge or training on the part of the work- 
men, and no harm is done if the whole plant is submerged 
by an exceptional tide. The cost of the power station and 
motors is smaller than with electricity. On the other 
hand, electric cables cost less than hydraulic piping, and 
are more readily installed and more cheaply maintained ; 
and there are no troubles to be feared from frost. The 
efficiency of the motors under varying loads is, moreover, 
higher than with hydraulic power; and there are also 
advantages in the fact that electric motors will take 
without damage a large momentary overload, whilst at 
starting they can give a torque three to four times the 
normal. It is also possible, by means of secondary 
batteries, to run the whole ven with small generator 
power; and the fact that light may be furnished at the 





gas has been found at a depth of some 230 ft., under a 





same time is also a convenience. 
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TRIALS OF NAPIER RACING MOTOR-BOAT MODELS. 


(For Description, see Page 557.) 
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SEA SCOUTING. 

Ir was because of great anxiety during suc- 
cessive campaigns, owing to the absence of a 
sufficient number of scouting ships, that Nelson, 
on an historical occasion, said that when he died 
the words ‘‘ give me frigates” would be found 
engraven on his heart. The launch this week of 
the first scout specially built for such duty is, there- 
fore, an event of the first importance, especially as it 
seems doubtful if we have always fully realised the 
importance of this requisite to successful strategy, 
notwithstanding that in practically every naval 
war the need for very extensive reconnaissance 
has been clearly demonstrated. In the Spanish- 
American War, for instance, something approaching 
a panic was created along the Atlantic seaboard, 
threatening to seriously hinder aggressive action by 
the American squadron, for the simple reason that 
the Spanish Navy had a ‘‘ fleet in being ” whose 
position on the Atlantic could not be located. The 
deficiency in scouting was ultimately overcome by 
the use of merchant liners, which proved quite satis- 
factory ; but the test was not one of a convincing 
character in view of the ineptitude of the Spanish 
attack. It is conceivable that a small cruiser could 
have placed hors de combat many of these mer- 
cantile scouts, especially such as were not suited 
for carrying even a moderate armament. 

In the present war in the Far East the same 
lesson is being most effectively impressed. There 





is no use in denying the fact that the presence of 








four high-speed and powerfully armoured cruisers 
at Vladivostok is an element of anxiety to Japan. 
Admiral Togo, however, has found his task com- 
paratively easy since the first moment of uncer- 
tainty in the initial stage of the campaign. When 
his fleet left the Japanese coast, with the objects of 
discovering the Russian Squadron and of protecting 
the way for the transport of troops to the Korean 
or Manchurian coast, he naturally anticipated the 


me a of the Russian Fleet being at sea, and. 


1e used most effectively his large squadron of de- 
stroyers for scouting duty. The comparatively 
narrow dimensions of the Yellow Sea admitted of 
such a use of the destroyers, with their limitations 
in radius of action and sea-keeping qualities. It is 
probable that in any case the reconnaissance would 
have been satisfactory, but no positive deduction can 
be drawn, owing to the fact that in the Russian 
Fleet there were two cruisers with the exceptional 
speed of 25 knots and an armament which, had 
it been utilised, would have rendered satisfac- 
tory service, when well manned, against Japanese 
destroyers. But the unpreparedness of the Russian 
Fleet, or the hesitancy to send it to sea—the only 
sound strategy to pursue, especially in view of the 
restricted anchorage within the harbour—makes it 
indiscreet to attempt to deduce any lessons from 
Admiral Togo’s remarkable success. The arrival of 
Admiral Makharoff completely altered the state of 
affairs, and his death will be universally deplored 
because of his great courage and outstanding ability. 
He at once assumed the aggressive, and, although 
fighting against great odds, owing to the crippling 
of so many of his powerful ships, he created a new 
condition, which demanded a change, and probably 
more careful tactics on the part of his opponent. 
Conscious that the Japanese Fleet were adopting 
the policy of ‘‘ containing” his fleet within Port 
Arthur, he at once utilised his two special scouts, 
the Novik and Askold, to watch the Japanese 
Fleet, while Admiral Togo at the same time con- 
tinued scouring the sea with his destroyers, the 
larger ships being kept hull down on the horizon 
until the time for attack had arrived. It was a 
development of these tactics which resulted in the 
calamity to the Russian cause by the loss of the 
Petropavlovsk, and the death of their admiral in 
command. Admiral Makharoff had been induced to 
make a reconnaissance in force, and was lured away 
from the protection of his land forts, with the pros- 
pect of attacking a seemingly detached part of the 
Japanese Fleet. The scouting work was defective, 
and but for a timely clearance of haze which 
revealed the remainder of the Japanese Fleet in a 
position to make an effective flanking movement, 
the whole of the Russian force would have been 
defeated. Unless a reconnaissance be in prepondera- 
ting force it can never be safe against such a cleverly- 
devised trap as that set by Admiral Togo, except 
scouting ships be sent to all points. Thus a sound 
lesson—not new, but always valuable — has again 
been enforced. Luck saved the Russian Fleet ; but 
Admiral Togo’s alternative scheme of destruction 
in the laying of submarine mines struck the heaviest 
blow of the war thus far. 

The success of the torpedo-boat destroyer for 
scouting duty has been established by the Japanese, 
but it is of importance to take note of the special 
conditions prevailing. In the first place, the area 
of action is not large, and the tactics hitherto 
have been specially suited to work with this type 
of craft. While the old days of the blockade are 
over, owing to the eflicacy of the torpedo and the 
submarine boat, the policy—especially of the aggres- 
sive fleet—-will be to contain the enemy within 
their port by watching it from some considerable 
distance ; such distance will never be so great as to 
be beyond the capacity of the destroyer, so that in 
this case this craft will prove effective. But for 
sea scouting something more powerful than the 
destroyer is obviously required. Such a vessel 
must not only be structurally strong to keep the 
sea, but must havea large radius of action. Doubt 
was cast on the strength of destroyers by the 
loss of the Cobra, but the very exhaustive 
inquiry of the Committee appointed by the Admi- 
ralty—consisting of naval architects of high repute 
—has established the fact that those vessels are 
quite capable of the service for which they were 
designed. Anattempt was made, in the last vessels 
ordered, to strengthen the hull at the cost of speed— 
253 knots being the maximum, as compared with 
30 knots ; but in the newer vessels we understand 
that 27 knots will again be aimed at, which is neces- 
sary if these vessels are to be effective against the 
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light torpedo-boats of foreign nations. Here we have 
an instance of the difficulty of so designing a ship 
as to enable it to perform two or more functions. 
A vessel to excel in speed the light, fair-weather, 
torpedo-boat cannot have strength to steam in a 
heavy sea at a speed to keep clear of the enemy’s 
cruisers. A Derby winner cannot pull a dray wagon. 
Even the best of destroyers will not be able to go 
to sea under all weather conditions, and in even 
moderate storms will not be able to exceed 20 
knots. But the boats which they have been 
designed to meet and defeat will fall still further 
short of this. The radius of action of destroyers 
is small ; their total bunker capacity for 70 tons 
might enable them to steam for 2000 to 2500 miles 
at low speed, but would only be sufticient at 26 
or 27 knots to carry them over a distance of 300 
to 400 miles. 

In the past, sea reconnaissance work has been 
carried out by ordinary cruisers, and there can be 
no doubt that the ideal condition calls for the most 
powerful cruiser afloat ; because it is not sufficient 
for the admiral to know that part of the enemy’s 
squadron is in a given position ; it is of the highest 
importance that he should know where lurks the 
whole strength of the enemy’s fleet. It was because 
of such insufficiency of knowledge that Admiral 
Makharoff so nearly lost the whole of his vessels. 
A knowledge of the conditions over a wide radius 
is necessary ; and following this a reconnaissance in 
force is desirable, so that there may be power to 
penetrate the enemy’s screen, in order that the 
full strength of the opposing fleet may be ascer- 
tained, and this, as a rule, involves some form 
of isolated action. Reconnaissance work should be 
carried out by all-powerful cruisers. That is the 
ideal ; but, unfortunately, there are financial limita- 
tions. We have greatly developed the power and 
the cost of our cruisers. Fifteen years ago our 
first-class cruiser did not cost us more than 460,0001. ; 
to-day we are spending 1,140,000/. on each, so that 
it is financially impracticable to have a sufficient 
number of well-armed cruisers to scour a wide 
enough area to make the reconnaissance truly effec- 
tive. For some years the practice has been to use 
destroyers, despatch boats, or second or third-class 
cruisers. In the old sailing-ship days, when Britain 
found her frigates outclassed, it was usual to send 
two together; but then there was more uniformity 
in the calibre of the guns used, so that numbers told 
more than the energy of separate blows. To-day, 
however, one ship of moderate gun-power might 
easily be a match for two cruisers of equal speed 
with a larger number of less powerful guns. More- 
over, the offensive and defensive qualities of second 
and third-class cruisers would not enable them to 
break through the screen of the enemy’s fleet, and 
it became a question of creating special ships whose 
speed and sea-keeping qualities would enable them 
to discover the enemy’s fleet, and bring such infor- 
mation to the admiral as would enable him either 
to verify the information by sending out sufficiently 
powerful cruisers as a reconnaissance in force, or to 
prepare for a fleet action. 

There is also the very important question of 
speed. The scouting ship ought always to have a 
considerable superiority in speed over the vessels in 
the opposing fleet. Except our destroyers, British 
ships intended for reconnaissance work are of less 
speed than our modern armoured cruisers, and are 
little more than equal in sea speed to the possible 
performances of our later battleships. The import- 
ance of high-speed scouting ships is clearly shown 
when we note the higher speeds of large modern 
warships. Sixteen years ago we were only building 
battleships of 17 knots ; to-day we have thirty-one 
vessels of the first line whose speed exceeds 18 knots ; 
France has fourteen, Russia ten, Germany fifteen, 
and Japan six. The speed of armoured cruisers in 
the ’eighties was only 18 knots, whereas to-day we 
have twenty-six vessels which are of 23 knots speed ; 
France has five exceeding 22knots, and Japan two; 
but in the case of Russia and Germany 21 knots is 
the highest reached. It was, perhaps, quite sufti- 
cient, therefore, that the speed of our fastest second- 
class or torpedo cruisers sixteen years ago should be 
from 17 to 18 knots, as that practically equalled 
the performance of the larger ships; but to-day a 
different condition is called for. It is a striking 


fact that Russia has recognised the importance of 
scouting to a fuller extent than any other naval 
Power, as for this duty she has fifteen cruisers 
and gunboats whose speed exceeds 22 knots, 
several of them 
knots. 


being able to steam at 25 
Germany has seven such vessels exceeding 








22 knots ; France has five ; and Japan, four ; while 
the only unarmoured British ships which exceed 
21 knots are eight scouts now being built, the first 
of which was launched on Tuesday last. 

The progress in professional opinion in regard to 
these scouts has been very considerable. When 
Admiral Fitzgerald read his paper before the In- 
stitution of Naval Architects suggesting such a 
vessel (see ENGINEERING, vol. lxxi., page 410), the 
idea did not seem to be quite welcome. Admiral 
May, who is now Controller of the Navy, ques- 
tioned whether the expenditure involved would be 
commensurate with the service rendered, in view 
of the deficiency in gun-power, and of the impos- 
sibility of the vessel penetrating sufficiently far 





into the enemy’s position to ascertain accurately 
the extent of the fleet. To-day there is a wide con- 
census of opinion that these vessels, owing to their 
high speed, wide radius of action, and sea-keeping 
quality, may be able to bring to the admiral in- 
formation of the highestimportance. These vessels 
have been designed by the respective builders, the 
Admiralty having invited designs along with the 
tenders; and it is a notable fact that while the 
aim at first was to get the lightest possible vessel 
to perform the duties, the negotiations resulted in 
all the ships being brought to about the maximum 
displacement suggested. Four ships were ordered 
under the programine of 1902-3 and four under the 
programme of 1904-5. Two are being built by the 
Vickers Company ; two by Sir W. G. Armstrong, 
Whitworth, and Co. ; two by the Fairfield Company ; 
and two by Messrs. Cammell, Laird, and Co., of 
Birkenhead. A description of the first of the ships 
launched—-the Sentinel, by the Vickers Company— 
is published on another page of this issue. Their 
ship is the shortest of the four designs, being 360 ft., 
while Messrs. Armstrong’s is 374 ft. ; Messrs. Laird’s, 
370 ft. ; and the Fairfield Company’s is 365 ft. 
But the Barrow ship has the most beam, the ratio 
of length to breadth being 9 to 1, whereas in the 
other ships it ranges between 9.4 to 1 and 9.55 to 1. 
The Vickers ship, too, has the greatest displace- 
ment—2920 tons ; while the others are from 2850 to 
2800 tons. The speed of 25 knots, in connection 
with the Vickers ship, is expected to be realised 
with a horse-power of 17,000, which is equal to 
5.87 indicated horse-power per ton of displacement ; 
while in the other boats the engines are to be 
of 16,000 or 16,500 horse-power. Under normal 
conditions the vessels will carry 150 tons of coal, 
but they will have capacity for carrying 370 tons 
altogether. This latter, it is anticipated, will give 
them a radius of action of 700 miles at full speed, 
1250 miles at 20 knots, of 2500 miles at 15 knots, 
and of 5200 miles at 10 knots ; so that even when 
they have steamed far with the fleet they will be 
able to act as ‘‘ scouts” for long distances at full 
speed without having to re-coal. As to gun- 
power, they are undoubtedly designed on the 
principle of running away from anything heavier 
than a torpedo destroyer, because they are fitted 
only with ten quick-firing guns firing 12-lb. 
shot, in addition to eight guns using 3-lb. shot. 
This armament would be effective against torpedo- 
boat destroyers, which, as a rule, are only equipped 
with one 12-pounder and five 6-pounders. 

As the Russian cruiser Novik is in some respects 
an equivalent of these scouts, it may be noted that 
she has a displacement of 5200 tons, with dimen- 
sions not differing materially from those of the 
British ships, and a speed of 25 knots is realised 
with 18,000 indicated horse-power. Her full coal 
supply is 600 tons, and the gun-power materially 
greater than that of the British ships ; in her case 
there are six 4.7-in. guns firing 45-lb. projectiles, 
eight 1.8-in. guns, two 1.4-in. guns, and three 
Maxims. This armament, it will be seen, is more 
effective than in the British scouts, but as it cannot 
enable the ship to face anything in excess of a 
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under the conditions prevailing to-day, when 
the 6-in. gun is giving place to the 7.5-in, gun 
so exclusively, is doubtful. Moreover, the ques- 
tion of cost comes in. Mr. Watts stated that a 
ship with such an armament as he had in hig 
mind would cost about 310,00U1. ; but the smaller 
and less powerfully-armoured scouts now being 
built for the British Navy are involving an average 
expenditure of 280,0001., so that the additions he 
proposed would have involved something nearer 
400,0001. than the sum he mentioned, and there are 
many who might consider such an expenditure for 
a vessel for scouting duty excessive. On the other 
hand, it must be accepted that the money spent on 
scouting duty is the most profitable payment that 
can be made on behalf of a fleet. Accurate infor. 
mation placed in the possession of the admiral at 
the earliest possible moment is vital to the success 
of any action ; it constitutes the difference between 
possible success and probable failure. Scout 
money must be recognised as insurance against 
failure in war, just as the cost of the maintenance 
of our powerful Fleet represents the premium to 
maintain peace. 








WORKS TESTS OF STEAM-ENGINES, 

THE paper by Mr. R. K. Morcom, which we pub- 
lish on page 589 of our present issue, dealing with 
engine-testing as now carried out at large works, 
affords striking evidence of the change that has 
taken place in the views of practical engine- 
builders during the past few years. Twenty years 
ago very few English firms knew exactly what 
degree of efficiency they attained in their steam- 
engines, and fewer still were prepared to admit a 
clause in their contracts specifying the quantity 
of dry steam on which they would guarantee a 
horse-power-hour. They neither knew the steam 
consumption of their engines, nor wished to do so, 
as was strikingly shown by the manner in which 
most of the leading firms of agricultural-engine 
makers attempted to boycott the Newcastle trials 
of the Royal Agricultural Society carried out in 
1887. Engine trials of a kind were, of course, made, 
but these consisted mainly in the taking of a few 
indicator cards with a view as much of ascertaining 
if the valves were set properly as of determining 
the useful horse-power of the engine. Indeed, the 
mechanical efticiency of the latter being unknown, 
this could not be ascertained from the cards ; and 
where consumption trials were made, the precau- 
tions taken to insure accuracy were generally very 
inadequate, and the engine was usually given the 
benefit of any doubt. Wonderful claims as to 
economy were thus not infrequent. Engines of a 
design which is now known to require between 
14 1b. and 15 lb. of steam per horse-power hour 
were credited with a steam consumption of a little 
over 11 lb., and small marine triple-expansion en- 
gines, with but moderate boiler capacity, which, 
as shown by the researches of the committee 











of the Institution of Mechanical Engineers, must 
have taken quite 1? Ib. of coal per horse- 
power-hour, were not infrequently accredited 
with a figure of 1) lb. only. Locomotive tests 
were also made in an equally slipshod fashion, 
and the diagram-taker would on occasion flatter the 
pride of his chief by getting the engine up to speed 
on a down grade, and then, moving the link into 
fuller gear for a few revolutions, get one or two 
nice fat diagrams, which, by the uninitiated, were 
assumed to be fair samples of what might be ex- 
pected at the speed noted, the corresponding horse- 
power, however, being far in excess of what the 
boiler would be capable of maintaining. 
Conditions are now greatly changed, and cer- 
tainly a very large portion of the credit must be 
attributed to the electrical engineer. In the first 
place, by his taking up the high-speed engine, 





gunboat or -destroyer, it is doubtful if the extra | 
weight involved is justified by the result. The 
4.7-in. guns may be said to be unnecessarily | 
powerful for use against destroyers, and are not 
sufficiently effective against larger craft, excepting 
opposing scouts. When Admiral Fitzgerald pro- 
posed his ship he suggested a displacement of 3800 
tons, with six 4-in. guns and a dozen machine guns ; 
but Mr. Philip Watts, the present Director of 
Naval Construction, considered that there ought 
to be eight 6-in. quick-firers, instead of six 4-in, 





guns. The heavier guns would have been an 
advantage, especially against opposing scouts ; but | 

: : | 
whether they would have enabled the vessel to} 





stand up against even a second-class cruiser! 


which, at the outset, was of moderate size and 
power, it became practicable for them to be tested 
in the factory where they were built. In view 
of the large demand it was further possible without 
prohibitive outlay to equip this factory test-house 
quite as adequately as the best steam engineering 
laboratories at technical schools, and this in its turn 
made it feasible to greatly reduce the time which 
it was necessary to devote to the test if accurate 
results were desired. With an engine tested on 
its purchaser’s premises very different conditions 
prevailed. Jet condensers being used almost 
exclusively, the only satisfactory method of mea- 
suring the water consumption in such cases is to 
measure the feed, and even then small changes 10 
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the water-level of the boilers make a very con- 
siderable difference in the calculated efficiency, 
unless the trial extends over many hours. With 
properly equipped steaming beds the steam con- 
sumption of a large engine can be accurately 
ascertained in half an hour, and the only good 
reason for a longer test is the discovery of possible 
weak points in the generator which may be coupled 
up with the engine. 

The principal credit for the modern development 
of these factory engine tests must, we think, be 
awarded to the late Peter Willans ; and to his fore- 
sight and wisdom in this matter must be largely 
attributed the indisputable lead held by this 
country in the construction of high-speed engines. 
His example was followed by others, and the size 
of the testing plants has now grown until firms 
like Messrs. Belliss and Morcom can test up to full 

wer engines taking 20,000 lb. of steam per hour, 
and generating probably some 1500 indicated horse- 

wer or more. 

In connection with this development of engine- 
testing plants, it is interesting to note the change 
which has taken place in the views of engineers with 
respect to indicator diagrams. They are still useful 
in showing if valve settings are correct, and if port 
areas are sufticient ; but there is some doubt as to 
the accuracy with which it is possible to estimate 
from them the indicated horse-power of the engine. 
One speaker, in discussing Mr. Morcom’s paper, 
estimated the error at 3 per cent.; but with 
a good indicator in the hands of a good man, 
this is probably too pessimistic. Incidentally Mr. 
Morcom claimed in the discussion to have established 
that the oscillations shown on the expansion line 
of high-speed diagrams are not due to the inertia 
of the indicator piston, but have really an objective 
existence, his view apparently being that waves of 
compression develop in the steam contained in the 
cylinder, and that these waves are responsible for 
the oscillations shown. No details are given of the 
researches on which this statement is based ; and 
in their absence one is certainly rather disposed to 
incredulity. It is true that artillerists claim that 
guns are sometimes burst by wave action in the 
gases resulting from the firing of the charge; but 
if such waves are present in a steam-engine cylinder, 
they should, one would imagine, be still more pro- 
nounced in the diagrams taken from explosion en- 
gines. By using a sufliciently bad indicator any 
degree of oscillation desired can be readily ob- 
tained from the cylinder of a petrol motor ; but 
when a suitable indicator is used, these oscillations 
are greatly attenuated, and may be entirely absent, 
as in most of the diagrams from such a motor 
oe on page 402 of our issue of March 18. 

ere vibrations are apparent in some of the 
diagrams taken at a speed of nearly 1800 revolu- 
tions per minute ; but even so, it is possible that 
they are still due to inertia effects. A vibration 
period of 5}, of a second in the moving parts of 
the instrument would fully account for the varia- 
tions in pressure observed. They are, moreover, 
only marked in diagrams in which the rise of pres- 
sure on firing the charge has been very rapid. 
Still, it must be confessed that the pulses of 
pressure shown may really exist, since there is 
nothing improbable in the burning of the charge 
being completed in a series of separate little explo- 
sions. But nothing of this kind can occur in a 
steam-engine cylinder; and if Mr. Morcom is right 
in his contention, it is difficult to see in what the 
waves of pressure can have originated. 

Messrs. Belliss and Morcom, it will be noted, 
make use of water resistances to absorb the electric 
energy of steam dynamos. At other test-houses 
these have not proved entirely satisfactory, and the 
Success attained at Birmingham appears to be due, 
at least partially, to the fact that the water used 
is dirty, being drawn from a canal, and thus has 
quite a high conductivity. The difficulty noted in 
the paper as to platinum thermometers must, we 
think, have arisen from the use of an improvised 
instrument, since in a properly made Callendar 
thermometer the wire is enclosed in a porcelain 
or metal case, just as the mercury of a mercurial 
thermometer is inclosed in a glass one. These 
latter are bound to have stem errors, which may be 
very considerable, from which a platinum thermo- 
meter is free. In the discussion, one of Mr. Morcom’s 
staff objected to the ‘lead error” of platinum 
thermometers— that is to say, the error arising 
from variations in the temperature of the leads. If 
this is not provided for, quite a large error may, 


sating leads used in the Callendar thermometer 
completely eliminate it. One disadvantage is, per- 
haps, to be found in the fact that the ordinary 
platinum thermometer is not direct reading, and 
in a commercial testing- house the fewer the 
manipulations needed to obtain results the better ; 
but even this objection could be obviated by the 
use of the recorder type of instrument, which 
would appear to be specially well adapted to the 
measurement of the temperature of superheated 
steam throughout a test. 








BACTERIA IN THE ESTUARY OF 
THE THAMES. 

In our last issue we published some data as to 
the pollution of the Thames estuary, derived from 
the fourth report of the Sewage Commission. 
These, it will be remembered, had reference only 
to the numbers of B. coli and B. enteritidis 
sporogenes found in the water examined, and 
not to the total number of organisms. Doubt- 
less, from a hygienic point of view, these figures 
showing the occurrence of intestinal bacteria are 
of higher interest than a mere enumeration of 
the total bacteria of all kinds found, since the 
action of the vast majority of bacteria is distinctly 
beneficent, and without their aid the purifica- 
tion of our streams and rivers would prove an 
insoluble problem. Nevertheless it is of some 
interest to know what proportion these intestinal 
bacteria bear to the totalfound. The latter amount 
was not given in Dr. Houston’s report, but in a paper 
read not long ago before the Nottingham section of 
the Society of Chemical Industry, Dr. Frank Clowes 
records the results of an independent investigation 
made by him into the bacteriological conditions of 
the Thames estuary, in which figures are given as 
to the total number of organisms present, which 
may be compared with Dr. Houston’s figures as to 
the occurrence of B. coli and B. enteritidis sporo- 
genes in the same waters. First of all, Dr. Clowes 
states that the average number of bacteria of all 
kinds in the sludge from Barking and Crossness is 
about 129} million per cubic centimetre, of which 
somewhere between 10,000 and one million are B. 
coli. This, it will be seen, is very much less than 
found by Dr. Houston, who counted an average of 
1400 million of B. coli alone. Possibly the discre- 
pancy is due to a difference in the time that each 
experimenter allowed to elapse before completing 
his tests. With such a nutrient medium as sludge a 
few hours may make an enormous difference in 
the bacterial count. As to the effluent, Dr. Clowes 
finds an average of about 74 million bacteria per 
c.c., and about 234 spores per c.c., the latter figure 
agreeing very fairly with Dr. Houston’s. No count 
of B. coli was made by Dr. Clowes; but if the 
samples taken by the two investigators are com- 
parable, the B. coli would appear to be about 7; 
of the total bacteria present. At the Mucking Light 
Dr. Houston found an average of 378 B. coli per 
c.c., and at the Chapman Light 0.55. Data as to 
the total bacteria of all kinds at these points are 
included in the following table, taken from Dr. 
Clowes’s paper :— 


Approximate Average 
Tees istance in Number of 

y: Miles from Bacteria 

Crossness. per c.c. 
Mucking Light _... 21.3 4837 
Hole Haven 24.3 3431 
Chapman Light... 27.0 1662 
Yantlet Creek... 29.5 711 
Southend Pier... 31.5 379 
Garrison Point... 33.5 381 
Nore Light... soa 35.8 186 
Below the Nore ... 39.3 145 


The research was also extended to cover the con- 
dition of the water of the Barrow Deep, to ascertain 
if the diminution in the number found shortly after 
discharging the sludge was due to the bacteria 
sinking to the bottom or to lateral diffusion. From 
the figures in the next column it will be seen that 
it is to the latter action that the greater part of 
the decrease must be attributed. 

Dr. Clowes has compared the bacterial popula- 
tion of the chemical effluent at Barking, as it comes 
from the precipitation tanks, with its condition after 
having passed through a coke bacteria bed. In 
these experiments the effluent as it entered the 
bacteria bed held 84 million bacteria per c.c., and 
on leaving the coke bed this number had been 
reduced to 939,000—equivalent to a reduction of 
89 per cent. It should be noted that very great 
differences are found in the density of bacteria in the 


The Dissipation of Bacteria at Barrow Deep. 


Total Number of Bacteria per 
c.c. Found at following 


| Interval after Dis- Depths. 





Date, | charge of Sludge at 
1903. which Sample was he fbr asthe | 
Collected. ‘ 
. 40 Ft. or 
Surface. 10 Ft. Bottom. 
None .. oa .. 940,000 13,000 140 
{ Onehour .. ..| 32,700 2,910 690 
Sept. 28~ | Two hours .. “s 1,470 790 320 
| WERE. . sen: «3 340 140 130 
Four ,, oa oa 380 220 
None .. ie : 8,000 2,000 
One hour... ts 21,400 | 580 
. oq -| Twohours .. é 6,200 700 
Sept. 20 Three ,, ma * 5,800 610 
Four ,, =e a 5,300 610 
Five ,, si <4 1,700 500 





O’Shaugnessy states the number in the raw sewage 
is only about 400,000 per c.c.—a fact which is, 
perhaps, to be attributed to the bactericidal action 
of the trade effluents passed into the sewers. 








THE HECLA STEEL WORKS, 
SHEFFIELD. 

In our issues of February 8 and 22, 1895, we pub- 
lished an illustrated description of the Hecla Steel 
Works.at Attercliffe, Sheffield, which are the pro- 
perty of the Hadfield Steel Foundry Company, 
Limited. Since that date the operations of the 
company have increased to a very large extent, and 
not only have the original works at Attercliffe been 
extended, but a new works, of much greater capacity, 
known as the East Hecla Works, has been built at 
Tinsley, a little distance further out from the city. 
On Wednesday last a visit was paid to these works 
by the students of the Sheffield branch of the Insti- 
tution of Civil Engineers, under the guidance of 
Sir William White, the President of that Institu- 
tion. There were also present a number of engi- 
neers and others interested in the steel industry, 
amongst them being several representatives of the 
Admiralty and the War Office, including Admiral 
H. J. May, General Wace, and Colonel Pease, of 
the Ordnance Committee ; and Colonel Holden, of 
the Royal Gun Factory, Woolwich. There were 
also present several Spanish naval officers, repre- 
senting the Spanish Naval Commission ; Sir George 
Bruce; Sir Edward Carbutt; Professors Unwin, 
Arnold, and Ripper; Mr. A. F. Yarrow ; Mr. de la 
Bere, Director of Army Contracts; and Mr. 
Wooley-Dod, Commissioner for the Indian State 
Railways. The majority of the visitors travelled 
from London to Sheffield by a special train on the 
Great Central Railway. The run was made from 
Marylebone to Sheffield without a stop, the 164 miles 
being covered in exactly 3 hours. On arriving at 
the works at Tinsley, the visitors were received 
by the directors of the company, Mr. R. A. 
Hadfield (chairman and general manager), General 
the Right Hon. Sir H. Brackenbury, Colonel 
Sir Howard Vincent, Mr. B. Freeborough, and 
Mr. Alex. M. Jack. The visitors were first 
entertained at luncheon, after which a_ tour 
of the works was made. The total area of 
the works of the company is now 80 acres, and the 
number of workmen employed is about 4000. It 
is, perhaps, worth mentioning in these days, when 
one hears so much about the quickness and activity 
with which American works are built and equipped, 
that the ground was broken at Tinsley in August, 
1897, the site of the works then being a field; in 
the March of the following year the works were 
nearly all erected and the machinery was started 
for manufacturing purposes. The feat was the 
more remarkable as the ground had to be raised an 
average of about 6 ft. within this time. 

In our former article we gave an account of the 
early history of the Hecla Works, and it suffices 
therefore now to say that the business was founded 
by the late Mr. Robert Hadfield, the father of the 
present chairman of the company. Our previous 
description naturally dealt only with the old works, 
the new ones then not being in existence; the 
former are now employed only in the production 
of war material, and they were not visited on 
Wednesday last. We will, therefore, confine our 
notice to the new establishment. The principal 
building here is the foundry, which is believed to 
be the largest in the world, the area covered being 
about 6 acres, and the building being 1020 ft. long. 
It is well equipped with all necessary appliances of 
the most modern description, including overhead 
electric travelling cranes and jib-cranes, there being 











of course, be readily introduced but the compen- 


sewage from different towns. At Birmingham Mr. 


twenty of the former, of capacities up to 20 tons. 
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The pneumatic system is very complete, and is 
used for the sand-riddles and other purposes. 
Attached to the foundry are three annealing-shops 
in separate buildings, there being 33 annealing 
furnaces, some. of them of very large size. The 
area covered by these shops is 50,000 square feet. 
They are fitted with overhead electric cranes and 
other necessary appliances for dealing with heavy 
weights. It may be said here that the annealing 
department has been made the subject of a special 
study by the Hadfield Company, and a great deal 
of the success attained by the castings made at these 
works is to be attributed to the close study of the 
heat treatment of steel. There are two fettling- 
shops in separate buildings, covering an area of 
45,000 square feet. These arealso fitted with elec- 
tric appliances, including overhead cranes. The 
grinding-shop is extensive; a great deal of the 
manganese steel which is associated with the name 
of Hadfield—which, as is well known, cannot be 
machined—having to be dealt with by means of 
emery wheels, of which there are fifteen sets. 
These are all connected up to dust-extractors, and 
the shops have, therefore, an unusually clear atmo- 
sphere. 

The machine department at the new works 
is also of an extensive nature, the two large 
machine-shops covering an area of about three 
acres. They are fitted with a large number of 
heavy machine-tools, all of modern description, 
such as are suitable for dealing with the big steel 
castings made by the firm, which are largely 
supplied rough-turned. All the tools are electric- 
ally-driven, and there are nine overhead electric 
travellers. The buildings are 435 ft. long, and 
there are ten bays in the two shops. Large face- 
plate lathes, planing-machines, and other tools 
are here installed. There is also an hydraulic 
plant, including a large steel press. A notable 
feature also is the group of large band-saws for 
cutting metal. In this department some of the 
lathes were working with tools of a high-speed 
cutting steel, which the company have recently 
introduced, and to which the name of ‘‘ quick-cut ” 
has been given. In one case a forged-steel cylinder 
was being turned, the cutting speed being 120 ft. 
a minute, the depth of cut was } in., and the feed 
in. The chips gave evidence by the characteristic 
colour of the great heat evolved by the process. 

In the smithing department there are several 
steam-hammers of large size, one specially designed 
for fitting wheels on to axles by the Hadfield fast 
method. A special department in these works 
is set apart for the construction of colliery tubs, of 
which a very large number are made annually. The 
wheels for the bogies are not fitted in the ordinary 
way, but are forced on their axles by hydraulic 
machinery of a powerful nature. The axle ends 
are made of such a size in regard to the hole in the 
wheel that the latter can only be forced on by the 
exercise of very great pressure ; indeed, the fit is 
so close that the axle will take shavings off from 
the inside of the wheel. In this way absolute 
metal-to-metal surfaces are secured, and there is 
no possibility of grease or oil getting in between 
the imside of the wheel and the axle, .thus 
leading to wheels becoming loose. Another large 
hydraulic press in this department is used for 
bending the angle and flat iron of which the tubs 
are built up. In connection with the tub-depart- 
ment may be noticed an appliance which has 
been introduced by the company for automatically 
greasing colliery-tub axles. It consists of a small 
receptacle sunk in the track, in which the lubricant 
is contained. There is a wheel, fixed on a spiral 
spring, with a serrated rim. This is so arranged 
that it presses against the inside of the journal of 
the axle beneath the bearing, and as the tub passes 
along it is caused to revolve. The bottom of this 
spring wheel dips into the lubricant, and as it is 
turned it brings the latter up, and applies it to 
the axle. The spring arrangement enables the wheel 
to press against the inside of the journal with suffi- 
cient pressure, and yet will give way sufticiently if 
the height of the axle in all tubs is not exactly the 
same. This simple arrangement has been found 
very effective, and has led to a great saving in 
lubricant, in addition to obviating the difticulties 
and delays which are apt to occur when the greasing 
of the wheels is carried out by boys in the ordinary 
way by hand. Another interesting appliance which 
has been introduced by the company is known as 
the tub-controller ; this is used for automatically 
passing a given number of tubs into a cage. There 


is a revolving barrel and arms which come in con- 


'tact with the axle of the tub, and thus arrest 
its motion. It is so arranged that it will pass any 
number of tubs as required, the axles of the bogies 
forcing the barrel to revolve, and thus allowing 
the tubs to pass. As soon as a given number of 
revolutions of the barrel have been made, it will 
stop, a catch coming into position against the 
shoulders of the barrel, when the further progress 
of the tubs is arrested until the lever is moved. 
The mechanism can be connected with the cage 
if necessary, and in this way only the required 
number of tubs to load the cage can be regulated 
automatically. Another building in this depart- 
ment contains the wood-working machinery, where 
there are mortising, drilling, and sawing machines, 
besides other usual appliances of this nature. 

The visitors next passed to the pattern-shop, which 
is a separate building of 9600 square feet in area. 
A large number of patterns, many of them of very 
large size, which are used in the foundry, are here 
made. There are a large number of wood-working 
machines, of the usual description, all electrically 
driven. The pattern-store is also of large dimen- 
sions. It consists of twelve buildings, covering in 
alla space of 35,000 square feet. With the great 
variety of work carried out at the foundry, a very 
large number of patterns are needed; many of 
these are of very large size. 

One of the most important departments in these 
works is that devoted to track-construction, chiefly 
for light railways and tramways, although to 
some extent standard gauge railway track is also 
dealt with. The special qualities of the ‘‘ Era” 
manganese steel, which, as is well known, Mr. 
Hadfield was the first to introduce, render it 
particularly suitable for points and crossings, and 
other special track-work. The intricate lay-outs 
that are comprised in a great deal of street railway 
work are, under ordinary circumstances, the parts 
that soonest wear, and are naturally the most ex- 
pensive to renew. In place of the built-up points 
and crossings that were formerly used, it is now 
customary to have special castings made for the 
purposes. The combined toughness and hardness, 
which are so well known as the characteristics of 
the ‘‘Era” manganese steel, render it specially 
suitable for this work. 

The Hadfield Company make a point of fitting 
together, before leaving the works, all cross-overs, 
junctions, &c., which they supply, and for this 
purpose they have a lay-out floor, completely 
boarded, of about five acres. Asan instance of the 
thorough way in which this work is done, the case 
of the new tramways at Scarborough may be taken. 
Here there is some particularly intricate work, 
there being a junction, with a double curve, on the 
side of a hill. The actual contour of the ground 
was reproduced at the works, a hill of 12 ft. high 
being raised, upon which all the parts were fitted 
together before being delivered. One great ad- 
vantage of making sure, in this way, that the work 
will be suitable, is that there is no delay to the 
trattic when it comes to be put together in situ. 
Some permanent-way engineers are not prepared 
to place implicit confidence in the steel castings ; 
and to meet this there has been introduced by the 
Hadfield Company a system of making wearing 
parts, that come in contact with the wheels of the 
vehicles, of ‘‘ Era” manganese steel, and supporting 
these parts by ordinary rolled rails. 

A good deal of attention has been paid to conduit 
tramways, in which, as is well known, divergence 
of the two slots at junctions has always been a 
source of trouble due to the fact that the merging of 
the slots one into the other creates an objectionable 
width of opening ; with ?-in. slots this sometimes 
amounts to 2 in. The wheels of ordinary light 
vehicles will sometimes drop into these openings, 
and may thus lead to very unpleasant results to the 
street traffic. For overcoming this difticulty the 
slot tongues, which are used to divert the plough 
of the tramear, are made in the form of flat steel 
plates, sliding backwards and forwards in recesses 
in the side castings. A number of projections are 
arranged to come within 2 in. of the road surface at 
the fixed slot point, and the depth of the opening 
is thereby reduced to 1} in. The nose of the fixed 
slot-point is tapered off to the level of the projection, 
so that a wheel riding on the slot-tongue is easily 
carried on to the point. This arrangement has 
been patented by the company, and has been sup- 
plied by them to the London County Council. 
Amongst the corporations which have adopted 
‘*Era”’ manganese steel for tramway work may be 
mentioned the following :—Liverpool, Sunderland, 











Sheftield, Bradford, Edinburgh, Nelson, Hy 
Plymouth, Southport, Bolton, Salford, Burnley, 
Birmingham, Chester, Barrow-in-Furness, Bourne. 
mouth, Leicester, Swansea, Rotherham, Newport, 
Kings Norton, Cardiff, Darlington, and Johannes. 
burg. It may be added that the Aberdeen Harbour 
Board have reconstructed the whole of their dock 
lines, using only ‘‘ Era” manganese steel points 
and crossings ; here the traftic will be that of ordi- 
nary railway goods stock of the fast description. 

The central power station for supplying current, 
both for power and lighting works, contains five 
units in all of 2100 horse-power. The engines are 
of the cross-compound Corliss type, and all exhaust 
into a central surface-condensing plant. There are 
in the works 225 motors, including those on the 
cranes, and they vary from 4} horse-power up to 
150 horse-power. 

It would be impossible to enumerate all the various 
types of machines and descriptions of work which 
were seen by the visitors during the tour through 
the works, and we can only make reference to a 
few which particularly attracted our attention, 
There were in course of erection a number of stone- 
breakers, amongst the most prominent being the 
Hadfield and Jack ‘‘ Heclon” rock and ore breaker; 
this is of the gyratory type, the crushing cones 
being made of ‘‘Kra” manganese steel. It is 
claimed that by the particular action of this 
machine macadam is produced which is in many 
cases better than that which is hand-broken. The 
gyratory motion gives instant release when the 
stone is cracked, and thus tends to prevent shat- 
tering. These machines are of a powerful nature, 
and are said to have given very good results, both 
for ore-breaking and for reducing road metal. The 
company also manufacture a large stone-breaker, 
which is of solid cast-steel frame, the jaws and 
other wearing parts being of the ‘‘ Era” manganese 
steel. The special qualities of the latter material 
are also taken advantage of in the construction of 
revolving screens. The perforated cylinder is 
made from the ‘‘ Era” steel, and as this cannot be 
machined, the holes are, of course, cast in. There 
is a special arrangement for holding the cylinder in 
position; a large number of these screens are 
made. One large machine of this description, 
which was in the erecting-department, had a barrel 
46 in. in diameter and 20 ft. long. Elevators and 
conveyors are also made to work in conjunction 
with machines of this nature ; the jaws, faces, and 
repair parts are made of ‘‘ Era’”’ manganese steel. 

In our former notice, to which reference has 
already been made, we gave some particulars of the 
use of manganese steel in dredger work, more 
especially of its application for bucket pins, which, 
as is well known, are subject to very rapid wear, 
on account of the sandy material in which dredgers 
often work. Since that date the use of manganese 
steel in dredger work has been much extended, and 
it is now largely used for bucket lips, tumblers, 
whelps for bollards, teeth for dredgers, and also for 
steam navvies, toothed wheels, and various other 
parts subject to excessive abrasion. 

In mining machinery of all descriptions the 
‘Era’ manganese steel now plays an important 
part, it being especially serviceable for the shoes of 
stamp mills, and the dies, cams, tappets, heads, 
&c. This material is also used for edge runner 
rings, and largely for steam-rollers; rolls for 
crushing granite, quartz, anthracite coal, and 
other materials are also made of this toughened 
and extremely hard steel. Examples of most of 
these appliances were examined by the visitors on 
Wednesday last. Me 

An interesting feature of the visit was the firing 
of a couple of rounds from a 44-in. calibre Krupp 
gun against a Hadfield cemented plate 4 in. thick. 
The experiment was intended to show practically 
the advantage of capped shells. The first round 
was fired with the cap on, and the penetra- 
tion was complete, the projectile being recovered 
at the rear of the plate in excellent condition. 
Another round of a similar nature, excepting that 
the projectile was not capped, was next fired, and 
the shell was found to be completely broken up on 
the plate, part of it being embedded. The pro- 
jectiles were Hadfield ‘‘ Heclon” armour-piercing 
cast-steel shells. The velocity was 1850 foot- 
seconds, and the striking energy 738 foot-tons. 
This would be equal to penetrating 8{ in. 
wrought iron. 

The manufacture of projectiles is, as stated, 
carried on entirely at the older works at Atter- 
cliffe, but a number of shells had been brought 
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down for the inspection of visitors ; among them 

ing a 12-in. armour-piercing ‘‘ Heclon” cast-steel 
shell which had been fired, with the cap on, through 
7.in. nickel steel, and appeared none the worse. 
Another interesting example was a 6-in. shell which 
had perforated a 9-in. steel-plate. In our former 
notice of the Hecla Foundry, to which reference 
has already been made, we dealt with the question 
of cast as against wrought-steel projectiles, de- 
scribing how Mr. Hadfield had stood out 

inst general opinion in his advocacy of the 
former. Since then further advances have been 
made, and we understand that now the majority 
of the shells supplied to the Royal Navy are 
made at the Hecla Works. By careful attention 
securing, within very close limits, the necessary 
percentages of alloys, and by special heat treat- 
ment, the characteristics of the metal used are such 
that an armour-piercing shell can be produced 
with a bursting charge of no more than 3 per cent. 
of the total weight. We are not, however, now 
dealing with projectiles, which are made ina section 
of the company’s works not visited. 

The party returned to town in the evening by 
special train, another excellent run being made on 
the Great Central Railway. 








NOTES. 
NewcastLE Opposition to THRovGH TRAMWAY 
SERVICES. 

Time is multiplying problems for the advocates 
of municipal enterprise. Scarcely have the local 
rejoicings died away after the inauguration of the 
electric supply and traction schemes in which cor- 
porations have sunk millions of borrowed capital, 
when the guardians of these public properties are 
confronted with embarrassing instances of that 
divided duty which is the inevitable accompaniment 
of their policy. For it is their hard task to protect 
at the same time the rights of the ratepayers and of 
their customers, and to balance these frequently con- 
flicting interests. The theory that municipal depart- 
ments exist to earn profits for the ratepayers is now 
being generally abandoned, and greater prominence is 
given to the assumed ability to provide cheaper and 
more efficient services. Accepting this contention, 
what is to be the attitude of the local authority 
when private enterprise offers to better its efforts 
to supply electric light and power at lower rates, 
or to extend the local street railway lines into an 
interurban transit system of much greater utility ? 
If we are to apply the test of public con- 
venience—a test which the municipalities have 
themselves relied upon to justify their trading 
schemes—there is room for but one opinion: the 
interest of the consumer, or the passenger, must 
predominate. Therefore it cannot well be antici- 
pated that the Newcastle Corporation will succeed 
in its strenuous appeal to Parliament to throw out 
the Bill providing for mutual running powers on 
the tramway systems of this authority, and the 
Tyneside company, although the opposition has 
the active support of the Association of Municipal 
Corporations, furthered by the special intercession of 
the Glasgowand Manchester Councils. The demands 
of the company are mild and modest. Its case is, 
in the light of common-sense, unmistakeably clear. 
It does not ask for more than it is prepared to give. 
It does not seek to make profits in the streets of 
Newcastle in competition with the Corporation. 
The basis of its claim is purely and simply that 
principle of the greatest good for the greatest 
number, which is so often invoked in the name 
of municipal enterprise. It is true that there 
is no precedent for compulsory running powers 
being granted to a company over the tramway 
system of a great city, but in view of the 
fact that numerous towns are beginning to be 
surrounded by large electric traction and supply 
schemes, Parliament cannot expediently defer 
yielding to economic pressure, and, so far as 
travelling is concerned, removing the artificial 
boundaries which were fixed for the enclosure 
of areas suitable for local governing bodies to 
administer. Before the House of Lords Com- 
mittee, which reported favourably upon the Bill, 
it was represented that difficulties would arise from 
dual control, and that there was actually no 
room for additional traffic in the Newcastle main 
thoroughfares, and that long-distance passengers 
could, and would, travel better on the railway ; 
and no doubt the case for obstruction will take. 
much the same shape in the Commons. But 
such self-contradictory propositions should carry 





little weight. If the competing railway secure | 


the bulk of the traffic, then there will be 
no such overcrowding of the streets as the Cor- 
poration dread. On the other hand, if the con- 
cession does contribute to the increase of tram- 
way travelling within the city, that will be proof 
positive that mutual running powers have received 
the approval of public opinion, expressed in the 
most forcible manner. Other points, such as the 
control of the cars, are capable of being dealt with, 
of course, by very simple agreement. 


Trish Lieuts. 


Like many other organisations in Ireland, the 
Commissioners of Irish Lights have recently expe- 
rienced some of the benefits of the increased inte- 
rest in Ireland, and the greater liberality by 
which the Imperial Government hopes to bring 
prosperity and, if possible, contentment to the 
people. The result is that whatever grounds there 
may have been for criticism of the administration 
of the system of lights in the past, there must be 
recognition to-day of marked progress. The most 
recent improvement will be the construction of a new 
light at Fastnet Rock, situated off the south coast, 
Gy miles from Crookhaven, and a signalling station 
for Atlantic liners. This lighthouse, which is already 
fitted with the Marconi system of wireless tele- 
graphy, has a white revolving light, which is to he 
replaced by a flashing incandescent paraftin-oil light 
of 500,000 candle-power. This will be the most 
— light yet installed ; next is the Bull Rock 

ight on the west coast of Dursey Island, an oil-gas 

white flashlight of 360,000 candle-power. The Tory 
Island light, showing the way for Atlantic liners 
through the North Channel, when bound for Glas- 
gow, &c., is of 326,000 candle-power. The Howth 
Bailey light, at the entrance of Dublin Bay, is of 
300,000 candle-power. The East Maiden Rock 
light, at the entrance to Larne Harbour is of 270,000 
candle-power. Black Head, at the entrance of 
Belfast Lough, on the Antrim coast, is a 140,000 
candle - power light; while the light on the 
southern coast of the same channel has 177,000 
candle-power. The Galley Head, situated on the 
south coast, between Kinsale Head and Clear 
Island, is a light of 123,000 candle-power. In 
addition there are 11 light-vessels and 75 light- 
houses, 22 fog-signals, 53 beacons and perches, and 
109 buoys. For the working of these lights, &c., 
there are 132 lightshipmen and 181 lightkeepers, 
and the Commissioners have recently added two 
steamers for general service work. One of their 
steamers has served 41 years, and has just been 
superseded by a new ship, 200 ft. long, witha gross 
tonnage of 721 tons, launched on Saturday last by 
Lady Grubb, wife of Sir Howard Grubb, one of the 
most influential of the Commissioners, from the 
Barrow-in-Furness works of Messrs. Vickers, Sons, 
and Maxim. This vessel, built of steel, has triple- 
expansion engines of 1300 indicated horse-power, 
operating twin screws, which give the vessel a speed of 
14 knots. The deck erections are of some interest, 
and include a towing engine of American invention, 
which greatly economises the strain in towing 
when a heavy sea is running. This is the first 
application in this country of this auxiliary, although 
it is well known across the Atlantic. There are 
also powerful salvage pumps, for dealing with 
sunken wrecks. Otherwise, the vessel is equipped 
with all modern accessories for such craft. She is 
likewise fitted up not only for the accommodation 
of her crew of thirty-five all told, but also for the 
accommodation of the Commissioners in their 
periodic visits of inspection to all the lights around 
the coast. The Commissioners, whose organisation 
resembles in some respects the Trinity Conservancy 
Board, meet weekly in Dublin, and their work is 
carried out by departments under the control of the 
engineer, inspector, and accountant. The design 
and construction of the new steamer, which is 
called the Alexandra, has been carried out by Mr. 
George Idle, surveyor of shipping to the Commis- 
sioners of Irish Lights, and Captain Deane, the 
Commissioners’ Inspector of Lights. 








Sprrit AND FERMENTATIONS EXHIBITION AT VIENNA.— 
From particulars we have received it would seem that 
the German Section of this Exhibition is excellently 
arranged, and likely to prove highly interesting. It is 
proposed to make an outstanding feature of spirit-driven 
motors, not only as exhibits illustrating their agricultural 
and industrial applications, but as furnishing power for 
the working of fountains, &c., and for electric illumina- 
tion. Spirit-driven motor-cars of various makes will also 
be shown, 





TECHNICAL CIVIL SERVICE 
APPOINTMENTS. 
To THe EprTor or ENGINEERING. 

S1r,—Many Civil Service appointments require certain 
technical qualifications in candidates; in most cases 
apprenticeship and subsequent practical experience is 
necessary before a candidate may present himself before 
the examiners. Notwithstanding this, we find that the 
age limits for many such situations are absurdly low, and 
must debar many men of good experience from com- 
peting. 

As an example, the situation of clerk in the operative 

department of the Royal Mint may be cited. The limits 
of age are 20 and 25 ; and in the words of the regulations, 
‘* Candidates will be required to show what technical 
education and practical training they have undergone to 
qualify them for the duty of taking charge of machinery 
in an engineering establishment and superintending 
workmen.” 
_ Surely 25 is too low an age limit for a situation requir- 
ing these qualifications, and 35 would be more in keeping 
with therequirements. Many men, with a few years of 
engineering experience behind them, would then be 
enabled to enter, which would be for the public good as 
much as their own. 

Another argument in favour of extension, in this case, 
is the rare intervals at which examinations are held, 
owing to the small number of the situations in existence. 
Many aspirants may never have a chance of competing at 
all under present conditions ; being first under and then 
over the age limits at two consecutive examinations. 

Another technical appointment—that of draughtsman 
in the Patent Office—deserves notice on account of the 
low salary attached to the position, commencing at 2/. 10s. 
per week, a rise of 2s. 6d. per week is granted yearly 
until a maximum of 3/. per week is reached—a figure far 
below many an ordinary clerical Civil Service position 
requiring no special qualifications. The age limit (30 
years) might also advantageously be increased by five 
years. 

Other instances might be cited; but the above will 
suffice to call attention to a matter which certainly re- 
quires alteration. 

Yours, &c., 


j Civit SERVICE. 
Newcastle-on-Tyne, April 16, 1904. 








EDUCATION. 
To THE Eprtor oF ENGINEERING. 

Srr,—In a review of the life and work of Professor 
Huxley by Mr. Clodd, I notice a quotation which appears 
well fitted to act as a criticism on your leading article 
(see page 539 ante) on the Mosely Commission, and, in 
fact, on the whole discussion of the education question. 
Tt is as follows :— 

‘* An exclusively scientific training will bring about a 
mental twist as surely as an exclusively literary training. 
For literature is the greatest of all sources of refined 
pleasure, and there is scope enough for the purposes of 
liberal education in the stady of the rich treasures of our 
language alone.” 

It is to the first sentence that I wish to draw your 
attention, and on the underlying sentiment I think that 
the aims and composition of the Commission are to be 
defended. 

I have glanced at the report and think that all that is 
necessary is for some outside and entirely independent 
thinker to boil down and annotate the individual reports. 

T enclose a card, but not for publication, and have much 
pleasure in remaining— 

; Yours &e. 

Cambridge, April 20, 1904. G. H. 





To THE Epitor oF ENGINEERING. 

Srr,—I have read your very careful summary of the 
work of the Mosely Commission in your issue of the 15th 
instant. It may interest Mr. Mosely to know that the 
present methods of working the De Beers mines were de- 
vised by Mr. George W. Smith early in 1884. The success 
and subsequent prosperity of the De Beers Company is 
probably entirely due to the suggestions of Mr. Smith, 
which were made prior to the immense development of 
these mines, which took place before the incorporation of 
the present company in 1889. Mr. Smith’s suggested 
system of working is set forth in considerable detail in 
Vol. VI. of the Transactions of the Mining Institute of 
Scotland, pages 48, 57, 65, 138, and 170, 

Tam, Sir, yours faithfully, 
Percy STrzELEcKt. 

43, Fern-avenue, Newcastle-on-Tyne, April 18, 1904. 








A RESEARCH ON AERO-DYNAMICS. 
To THE EpiTor or ENGINEERING. 

Srr,—We note in the number of April 8 of ENGINEERING 
(pages 494 and 495) a discussion, at the Institution of 
Naval Architects, on a paper by Mr. A. W. Johns, where 
Sir William White quoted a recent research by Dr. Stanton 
on the distribution of pressure on moving plates, and 
where Dr. Stanton himself added ‘some results and some 
curves from his paper. 

We beg to inform you that not only these results and 
these curves, but a very extensive research on this subject 
was brought by us before the College of Architects and 
Engineers in Milan on May 20, 1902, and was published 
in the ‘‘ Transactions” of the college. The-paper has 
been since January last in the hands of Lord Rayleigh 
and of Professor Langley. 

We feel sorry that our paper—because of its being 
published in Italian—escaped attention and was not con- 
sidered in Mr. Johns’s summary, because we think that 
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it supplies definite results on what pressure a fluid exer- 
cises on moving surfaces and on moving bodies, on the 
distribution of such pressure, &c. Perhaps our experi- 
ments were on a sufficient scale to escape even Sir William 
White’s criticism on Dr. Stanton’s work, while our paper 
also shows how a method analogous to that of Dr. Stanton 
was used by us first, and then discarded, and a better one 
adopted. 

We hope occasion will be given to publish the paper in 
English, and that this may bring the laws of hydro- 
dynamics a step nearer from the unknown to the known, 
while bringing some benefit in naval architecture and in 
the design of propellers. 

Yours truly, 
(Dr. GrorcE F1Nz1, 


Milan, April 14, 1904. (Dr. Nicnoias SoLpatt. 








WATER-TUBE BOILERS IN THE 
JAPANESE NAVY. 
To THe Epitor or ENGINEERING. 

Sir,—In Enernerrine of April 15, 1904, you published 
some curves comparing trials made respectively with 
Miyabara and Niclausse boilers. May we venture to say 
that the conditions under which these trials have been 
carried out are not mentioned, and that they undoubtedly 
differ from the point of view of the bases of construction, 
of the duration, &c.; some people, neglecting this im- 
ortant fact, might, perhaps, attribute an exaggerated 
importance to curves of this kind. 

t is always easy to construct boilers with great out- 
puts by having the ratio between heating surface and 
grate surface varied ; the best proofs we can give to this 
effect are the results obtained by a Niclausse boiler of the 

OFFICIAL TRIALS OF VAPORIZATION CARRIED 


OUT AT TOULON WITH A NICLAUSSE BOILER 
OF THE TORPEDOBOAT ‘AGILE* 


Dates Year{904.3°*Feb, 17" Feb. 20% 29°*Feb. 
Duration Hours GH. CH. \ 200. 
lbs. 
11,580 i 


from and at 212' 





i eae 
lbs. Ws. Ds. lbs. 
18,438 40,975 61465 71,710 
wrez) Coal burnt per square foot of grate per hour iv lbs 





Water evaporated per lb.coal 


torpedo-boat Agile, in official trials which just now were 
carried out at Toulon by the engineers of the French 
niuvy. 

It will be seen from this curve that our boilers easily 
gave high vaporisations in trials relatively long. We are, 
however, anxious to add that we do not wish to draw from 
this fact any such conclusions as that we are taking up in 
the article which you have published. 

The features of the very first importance for a 
boiler for naval purposes are especially its military 
qualities—that is to say, its endurance in the every-day 
service, and the facilities it offers for taking to pieces, 
visiting, keeping in good order, and repairing. 

Besides, the Japanese Admiralty appear to appreciate 
the claims of our boiler, as they decided a month ago 
that Niclausse boilers are to be fitted in the two battle- 
ships, Katori and Kashima, newly ordered from Messrs. 
Vickers and Messrs. Armstrong. 

We are, yours faithfully, 
Paris, April 18, 1904. J. and A, NICLAUSSE. 








LAUNCH OF H.M.S. “SENTINEL.” 
THERE was launched on Tuesday, the 19th inst., from 
the works, at Barrow-in-Furness, of Messrs. Vickers, Sons, 
and Maxim, Limited, H.M.S. Sentinel, the first of the 
new scouts to be floated, and the functions of which are 
dealt with in our leading article. The vessel is 360 ft. 
long between the perpendiculars, has a breadth of 40 ft., 
and at her load duagibet 14 ft. 2in. has a displacement of 
2920 tons. She has a foremast for signalling purposes, 
fitted with a signal yard and gaff, and a gaff for wireless 
telegraphy, as well as a truck semaphore. Her armament 
consists of ten 12-pounder guns, eight 3-pounder guns, 
and two 18-in. deck torpedo-tubes. The machinery, 
magazines, steering- gear, &c., in the hold are pro- 
tected by a steel deck in the neighbourhood of the 
water-line, which extends for the full length of the vessel, 
the sloping side being 14 in. thick and the flat portion of 
the deck $in. thick. The conning-tower is of Krupp 
non-cemented armour, 3 in. thick. She has a sea speed 
of 25 knots, and a coal endurance of 4000 knots at cruising 
speed. The officers are berthed aft in commodious cabins, 
and the crew forward and amidships. She is fitted with 
bath-rooms and wash-places, &c., for the captains, officers, 
tty officers, engine-room artificers, stokers, and seamen. 
he is provided with electric lighting throughout, including 
two powerful searehlights. The ship is well ventilated by 
natural means, and in addition below the upper deck, by 
werful electric fans. She has a complement of ten 
ats of various sizes, including a 32 ft. steam launch. A 
feature of the vessel is an ammunition passage under the 
upper deck, which gives the crew transporting the ammu- 
nition from the magazines to the guns the protection of 
the shell plating and the coal in wing bunkers. The total 
complement is 286 men. 
The machinery consists of two sets of four-cylinder 
triple-expansion engines, each ret having four cranks 
balanced on the Yarrow, Sehlick, and Tweedy system: 





The two sets are designed to give a total collective indi- 
cated horse-power of 17,000, with a working pressure of 
250 lb. per square inch at the engines, and 280 lb. at the 
boilers. The cylinders of the main engines are carried on 
cast-iron ‘‘A” columns at the back, and polished steel 
columns at the front, the whole being supported on a 
cast-steel bedplate. The propellers are of the usual 
Admiralty type, with three detachable blades, the blades 
and boss Mina of bronze. -The boilers, which are of the 
Vickers express type, are twelve in number, arranged in 
three separate watertight compartments, to work under 
the closed stokehold system of forced draught, the fans 
for supplying the air being driven by steam-engines of the 
enclosed type arranged for forced lubrication. 

The vessel is thoroughly equip with all the usual 
auxiliary machinery : the electric light machinery, evapo- 
rating and distilling plant, and steam-steering engine, 
being placed in a separate compartment, and aft of the 
main engine rooms. 








AERIAL SUSPENSION CABLE-WAYS. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, April 19, Sir William 
H. White, K.C.B., President, in the chair, the paper 
read was ‘‘ Aerial Suspension Cable-Ways,” by J. M. 
Henderson, Assoc. M. Inst. C.E. The followlng is an 
abstract of the paper :— 

A cable-way is defined as a device by which a suspended 
cable acts as a rail, on which travels a carriage provided 
with means of hoisting and lowering, so that a load may 
be conveyed to, or removed from, any point between the 
supports of the cable. 

The history of the cable-way is traced generally, from 
the early machine used in the slate-quarries of Wales, 
having chains for standing and running cables, and a 
stop fixed on the main cable to bring the carriage to rest 
at the desired position, to the long-span, flexible, and 
high-speed cable-way extensively used at the present 
day. Touching on the development of this apparatus, men- 
tion is made of the first ‘‘horizontal” cable-way used in the 
Kemnay granite-quarry, and of the difficulties met with 
and surmounted before satisfactory results were obtained 
with that machine. The association of engineers and others 
in America with some of the improvements in cable-way 
design is referred to. Various devices for supporting the 
hoisting-rope between load-carriage and cable supports 
are mentioned, and are illustrated by diagrams. The 
type of engine and winding-gear usually provided for 
operating a cable-way is described, as are also the method 
of leading the ropes, the means by which a load is hoisted 
and lowered at any point, and the way in which hori- 
zontal motion is given to it at any height. 

Inclined, fixed, horizontal, travelling, and radia! cable- 
ways are treated generally, and examples are given of 
the application of the various types to the construction of 
bridges, viaducts, water works, canal, and dock works. 
For the last-mentioned purpose cable-ways used on the 
naval works at Gibraltar and on other dockyard exten- 
sions now in progress for His Majesty’s Government and 
others are cited as examples. The application of cable- 
ways to quarrying, excavating, and conveying materials 
from one point to another, and to the transfer of coal and 
other materials between floating vessels—for instance, 
from a transport or collier to a battleship in the open sea— 
is then dealt with. Reference is also made to the advan- 
tages of the cable-way, as compared with other means of 
handling materials, in respect of speed of working, effi- 
ciency, convenience, Xe. 








Tue French Navy.—The French naval estimates for 
1905 foot up to 12,722,753/., showing an increase of 
209,6077. as compared with the revised estimates for 
1904. The French armour-plated cruiser Victor Hugo, 
just launched at Lorient, has a displacement of 12,600 
tons. She is 497 ft. long by 71 ft. 4in. beam, and her 
engines will work up to 27,500 horse-power. She is to 
steam at the rate of 22 knots. 





Contracts.—The Windsor Corporation intend to erect 
a dust-destructor, supplied by the Horsfall Destructor 
Company, Limited, of 19, Old Queen-street, 8.W. The 
refuse destructor and power plant erected for the Urban 
District Council by Messrs. Meldrum Brothers, of 66, 
Victoria-street, S.W., has now been officially inaugurated. 
It is designed to dispose of 26 tons of refuse per day of 
24 hours.—The Ilford Urban District Council have given 
the British Thomson-Houston Company, Limited, of 
Rugby, an order for the incandescent electric lamps and 
electric meters required during the ensuing 12 months.— 
The eeoresegating, er Corporation have placed with 
Messrs. Bruce Peebles and Co., Limited, of East Pelton, 
Edinburgh, an order for a 600-kilowatt single-phase alter- 
nator, to be direct driven by a Willans engine. The same 
firm are also supplying a 250-kilowatt set to the East 
Rand Proprietary Mines.--The Holwell Iron Company, 
Limited, Asfordby, Melton Mowbray, have secured the 
contract for the cast-iron pipes required by the Chelms- 
ford Corporation; also for the cast-iron pipes and 
specials for the Kettering Urban District Council.— 
Messrs. Mather and Platt, Limited, of Salford Iron 
Works, Manchester, have just received an order for two 
250-kilowatt motor generators, and for a pair of 150-kilo- 
watt dynamos, all being for use in connection with the 
Johannesburg Electricity Works. — Erratum :—By a 
printer’s error in our paragraph under this head on 
page 537 of our last issue the weight of the engines sup- 

lied by Messrs. Peckett and Sons, of Bristol, to the 

bbw Vale Steel Works was stated to he 38 tons instead 
ef 48 tons each: 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday, 

Glasgow Pig-Iron Market.—Wednexday’s prices were 
not maintained on Thursday, and at the close Cleveland 
showed a drop of 24d. at 45s. cash sellers and 45s. 14d 
sellers one month. ‘The business done was of fair dimen. 
sions. Scotch was not mentioned, but there were sellers 
of hematite iron in the forenoon at 55s. 6d. one month 
and in the afternoon at 55s. 6d. cash. The settlement 
prices were :—Scotch, 52s. 4$d.; Cleveland, 45s.; hema. 
tite iron, 55s. 3d. The market was rather weak on 
Friday morning, when the prices of Cleveland warrants 
declined 24d. for cash iron, and 2d. one month. Business 
was again fairly active, about 10,000 tons being dealt in 
down to 44s. 9d. cash and 44s. 10}d. one month. Other 
classes of iron were not quoted. A fair amount of business 
was done in the afternoon, but the tone was heavy, and 
prices of Cleveland warrants dropped 4d. further to 
44s. 84d. cash and 44s. 10d. one month. The turnover 
totalled 8000 tons, including 2000 tons at 44s. 104d. three 
months, and the settlement prices were :—52s. 4d, 
44s, 9d., and 553. 3d. per ton. The market was rather 
better on Monday morning; but the value of business 
done was limited to a few thousand tons. Cleveland 
warrants were dealt in up to 443. 11d. cash and 45s, 04d, 
one month; but the close was ld. per ton ih 
those quotations, making a gain of 14d. on Friday’s 
prices. For eleven days’ iron 453. was paid. The 
prices of Cleveland were unchanged in the afternoon 
at 44s. 10d. cash and 44s. 11d. one month, and the busi- 
ness, which amounted to 3000 tons, included a transaction 
at 45s. three months. Buyers of hematite iron were 
quoted nominally at 553. one month, and the settlement 
prices were :—52s. 44d., 443. 10}d., and hematite iron 
iron 55s. 3d. per ton. On Tuesday forenoon business was 
at a standstill, and in the afternoon only a few lots 
—— hands, while at the close the market was rather 
flat, Cleveland being offered at a decline for the day of 
24d. per ton, and thesettlement prices were : —52s. 44d., 
44s. 10}d., and 553. 3d. per ton. The market was again 
easier this morning, but the tone was rather better towards 
the close, when the prices of Cleveland rallied from 44s. 5d, 
to 44s. 6d. cash—a decline of 1d. on yesterday’s quotations. 
One lot was done at 44s. 7d. six days, and the turnover 
was 6000 tons. A small business was done in the after. 
noon, the price receding to 44s. 6d. cash for Cleveland. 
The settlement prices were :—52s. 4)d., 44s. 5d., and 
55s. perton. The following are the market quotations for 
makers’ warrant iron No. 1:—Clyde, 58s.; Summerlee, 
Gartsherrie, and Calder, 58s. 6d.; Langloan, 603. ; Coltness, 
703. 6d.—all the foregoing shipped at Glasgow ; Glengar- 
nock, 58s. 6d.; Shotts (shipped at Leith), 603. ; Carron 
(shipped at Grangemouth), 61s. 6d. per ton. The level 
of prices in Cleveland iron has made further progress; 
as high as 453. 5d. one month was reached last Wednes- 
day. Various factors have all had a beneficial effect in 
our market, more particularly the improved demand in 
American foundry iron, which gives contirmation to the 
statements of improvement in that market. The rela- 
tively high price of Cleveland iron has enabled Scotch 
makers to advance their prices in most cases ls. per ton, 
while 58s. is now the nominal quotation for Scotch hema- 
tite iron. 


Advance in Scotch Pig Iron.—Messrs. William Baird 
and Co., Limited, last week intimated an advance in 
their prices for special brands of Scotch pig iron of 1s. per 
ton allround. Other makers are understood to have made 
similar advances. For Scotch hematite makers are now 
quoting 58s. per ton. 

Scottish Steel Trade.—There has been no movement of 
special note in the steel trade this week. The tendency 
of raw material is, if anything, to stiffen, makers of hema- 
tite iron being inclined to ask a slight advance in price. 
There is therefore every likelihood that the prices of 
manufactured steel may be somewhat raised in the near 
future. There is a good inquiry at current prices, and 
the mills of all the different makers continue well em- 
ployed. In shipbuilding circles there are several in- 
quiries of considerable importance, and if these should 
mature, there is every promise of still greater activity in 
the finished steel trade. 


West of Scotland Coal Trade.—The coal market in the 
west shows distinct signs of improvement this week. 
Outputs are being more readily disposed of. Shipment 
coals of the better qualities are in strong request, and 

rices are higher. House coals are moving off fairly well. 
fees is in good demand, as also are washed stuffs. Prices 
f.o.b. Glasgow may be quoted as follows:—EIl coal, 
8s. 6d. to 93. 9d. (according to quality); splint coal, 
8s. 9d. to 9s. ; steam coal, 8s. 9d. to 93. ; and main coal, 
7s. 6d. to 7s. 9d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is quiet and easier at 12/. 10s. per ton prompt 
delivery, Leith or Glasgow. But the markets contimue 
very dull, and there does not seem to be much doing. 


Imports of Iron and Steel.—Last week the imports of 
iron and steel totalled 1150 tons, of which bar iron, nails, 
joists, and billets formed the bulk. 


Ship Contract at Port Glasgow.—Mr. Ormond Cook, 
Glasgow, has placed an order with Messrs. Russell and 
Co., Port Glasgow, for a steamer of about 6600 tons dead- 
weight carrying capacity. This is certainly one of the 
biggest boats built at Port Glasgow. 


The Ships Built at Glasgow and Greenock.—At the end 
of March last, according to the returns compiled by 
Lloyd’s Register of Shipping, the reese under con- 
| struction in the United Kingdom, excluding warships, 
| represented 398 vessels of 988,644 tons. Compared witt 
| the tonnage at the end of December, 1903, an increase of 
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¢ ns is shown; but set against the work in hand in 
Eetenber, 1901—the highest on record—there is a de- 
crease of 30 per cent., equal to 425,000 tons. In Glasgow 
and Greenock districts there were under construction at 
the end of March 109 steamers, aggregating 282,574 tons, 
and 18 sailing ships, of 11,530 tons—a total of 127 vessels, 
with a tonnage of 294,104 tons, compared with 304,957 
tons at the corresponding period of last year. With 
regard to warships under construction, the statement 
includes vessels which, although launched, are not ready 
for their steam trials. There are 74 vessels of this class 
throughout the kingdom, totalling 377,115 tons, the Clyde 
proportion of which is six vessels, of 72,850 tons. 


University of Glasgow Commemoration.—Y esterday the 
University of Glasgow had its commemoration, an the 
features of the occasion were an oration by Sir William 
Ramsay, D.C.L., K.C.B., F.R.S., &c., who discoursed on 
Dr. Joseph Black, the discoverer of latent heat, and a 
professor of chemistry in the University of Glasgow ; the 
conferring of honorary degrees; and a public dinner. 
The degrees included one*LL.D. on an alumnus of the 


University, an eminent civil engineer—Mr. G. F. Deacon. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Death of Mr. William Wilde.—The death has occurred 
of Mr. William Wilde, of Brockett House, Sharrow, at 
the age of sixty-five. Mr. Wilde served his articles under 
the late Mr. William Fowler, qualified as a mining engi: 
neer, and eventually was appointed manager of the 
Sheepbridge Company’s collieries. That position he 
held for many years, and retained his connection with 
the company to the last. He was a member of the 
council of the Derbyshire Institute of Mining Engineers, 
and also a director of George Butler and Co., cutlery 
manufacturers. ‘There was a very large attendance at his 
funeral, indicating the high esteem in which he was held. 


Novel Point under the Compensation Act.—The Judge 
of the Sheffield County Court has had before him a case 
in which quite a new point was raised under the Work- 
men’s Compensation Act. The facts were that in 
December, 1900, a forgeman named W. T. Nutt, while 
in the employ of H. Eadon and Sons, of Owlerton, 
Sheffield, sustained an injury to his right forearm, which 
yermanently destroyed the grip of his hand. His wages 
ad averaged for some time 3/. per week, and he entered 
into an agreement with his employers under the above 
Act, to receive as compensation 1/. per week. Since 
then he has so far recovered as to be able to take up 
work which brings him in another 1/. per week. Under 
these circumstances Messrs. Eadon endeavoured to redeem 
their promise by paying to Nutt a sum of 200/. in settle- 
ment of all claims. He, however, refused to accept that 
amount, and they brought the case into Court. The 
point at issue was on what basis the amount to be paid 
as redemption should be calculated. It was stated that 
a jury would consider the loss Nutt had sustained and 
assess the damages at not less than 2500/. If calcu- 
lated on the basis of an actuarial valuation of 1J. per 
week the redemption would amount to about 850/. The 

int was argued at considerable length, and eventually 
is Honour said he did not think 200/. sufficient for re- 
demption, and dismissed the application. 


The Iron and Steel Trades.—There is little or no change 
to record in the branches of trade having to do with 
armour, forgings, and similar material. No further 
inquiries have come to hand, and no new orders have 
been placed. Contracts received some weeks ago are 
now being rapidly proceeded with, but they are far from 
sufficient to call into exercise all the machinery or labour 
available. With regard to railway material, the leading 
companies, both at home and in the colonies, are making 
inquiries, but only a limited weight of orders have so far 
been placed, and at the present time at none of the large 
works are men and machinery fully employed. The 
improvement noticed last week in the crucible steel trade 
and some of the lighter branches is still maintained, and 
there are prospects of increased aetivity in another 
direction. 


The South Yorkshire Coal Trade.—A more hopeful tone 
pervades the South Yorkshire coal trade than was the 
case a week or two ago. Many of the leading buyers of 
steam coal for export have come into the market and are 
placing some of the larger contracts, and from present 
appearances there is prospect of at least an average 
shipping season. Coalowners have been very firm in their 
efforts to maintain prices, and are doing better than a few 
weeks ago they anticipated. The general demand for 
steam coal is only quiet. The railway companies are 
content with their contract quantities, and no more is 
doing with the leading manufacturers. The house coal 
trade has fallen off very much during the last few days 
owing to the milder weather. For common coal the de- 
mand is pee reigne equal to the supply, as many of the 
larger collieries are still working short time. 5 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on ’Change, the amount of business 
doing was limited, and quotations, though upheld at 
the opening, became easier later in the day. Buyers 
were backward, a fall in Middlesbrough warrants, as a 
result of holders realising, having caused them to halt. 
On the other hand, producers of Cleveland pig took a 
very firm stand, and they could well afford todo so, seeing 
that they are at present disposing of more iron than 








they are making. They were in no hurry to book further 
contracts, holding to the opinion that prices will rise in 
the near future, and certainly the statistical position 
gives grounds for such belief. At the close of the 
market there were merchants prepared to accept 44s. 9d. 
for early f.o.b. delivery of No. 3 g.m.b. Cleveland pig, 
but many of the makers adhered firmly to 45s. No. 1 
was 46s, 44d., and No. 4 foundry 44s. 6d. The lower 
— were steady throughout the day, being unin- 
uenced by movements of warrants. Grey forge was 
44s. 3d.; mottled, 43s. 9d.; and white, 43s. 3d. East 
Coast hematite pig was still quiet at what was declared 
to be barely remunerative rates. Mixed numbers s 
at 523. 6d.; No. 1 at 53s.; and No. 4 forge, 5ls. 
Spanish ore was rather dull. Rubio (50 per cent.) was 
15s. 3d. to 153. 44d. ex-ship Tees. Middlesbrough war- 
rants opened at 44s. 10d., and dropped by the close to 
44s.7d. cash buyers. To-day all descriptions of Cleveland 
iron were further reduced, No. 3 falling to 44s. 6d., No. 1 
to 46s. 1}d., No. 4 foundry to 44s. 3d., grey forge to 44s., 
mottled to 43s. 6d., and white to 43s. Quotations for 
hematite were not changed. Middlesbrough warrants 
dropped by the close to 44s. 6d. cash buyers. 


Manufactured Iron and Steel. — There is practically 
nothing new in the manufactured iron and steel trades. 
Few new orders are coming to hand just at present, but 
some people opine that in one or two branches there 
are signs of improvement. Market quotations stand :— 
Common iron bars, 6/. 2s. 6d.; best bars, 6/. 12s. 6d.; iron 
ship-plates, 67. 7s. 6d.; iron ship-angles, 6/. 2s. 6d.; steel 
ship-plates, 5/. 12s. 6d.; steel ship-angles, 5/. 5s.; steel 
sheets (singles), 7/. 17s. 6d.; steel sheets (doubles), 
8l. 7s. 6d.; and steel joists, 52. 5s.—all less the usual 
24 per cent. discount for cash. Heavy sections of steel 
rails remain at 4/. 10s. net at works. 


Coal and Coke.—Bunker coal is quiet at from 8s. to 
8s. 6d. f.o.b. Coking coal keeps steady. Coke is in 
good demand for local use, and as a rule about 14s. 6d. is 
the price of average blast-furnace qualities delivered here. 
Export coke varies, but about 16s. 3d. f.o.b. may be given 
as a fair quotation. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Quotations for best and secondary large steam 
coal have been well maintained, and a more active demand 
is anticipated. The best large steam coal has made 16s. 9d. 
to 17s. per ton, while secondary qualities have ranged 
from 15s. 3d. to 16s. per ton. The house coal trade has 
ruled quiet; and although prices have been nominally 
unchanged, the markets have shown a downward ten- 
dency, as was to be expected with the advance of the 
season. The best ordinary household coal has made 
13s. 9d. to 14s. 9d. per ton, while secondary qualities have 
brought 10s. 6d. to 13s. per ton; No. 3 Rhondda large has 
been quoted at 15s. to 15s. 3d. per ton. Coke has shown 
little change ; foundry qualities have made 18s. to 19s. per 
ton, and furnace ditto 16s. to 17s. per ton. As regards 
iron ore, Rubio has made 14s. per ton; Almeria, 14s. to 
14s. 3d. per ton; and Tafna, 15s. per ton, charges including 
freight to Cardiff or Newport. 


The Usk.—Colonel Slacke, R.E., held an inquiry on 
behalf of the Local Government Board at Newport, on 
Tuesday, into an application by the town council for 
authority to borrow 8750/. to defray its proportion of ex- 
penses incurred in raising the east bank of the Usk, and 
making a contribution to the Commissioners of Sewers 
for the levels and hundreds of Caldicot and Wentlooge. 
In view of an extraordinary flood which occurred in 
1899, causing great damage in the borough, the town 
council applied to the Commissioners of Sewers to raise 
the banks of the Usk on the east side. The Commis- 
sioners said they had no power to construct works for 
the purpose of dealing with extraordinary floods, but only 
ordinary. The council thereupon promoted a Bill in Par- 
liament for, inter alia, taking over the powers and respon- 
sibilities of the Commissioners within the borough, and 
raising the river bank. . In addition to carrying out the 
work, the council had to pay a sum to the Commissioners 
under a plan of Sonnelal velipatanentl for loss of revenue. 
There was no opposition to the application. The in- 
spector will report later on. 


Dowlais.—The Goat Mill has been employed in making 
steel rails for the London and South: Western Railwa 
Company. A start is expected to be shortly made wit 
sleeper plant. The Big Mill has been employed princi- 
pally upon fish-plates and section bars. 


Swansea New Dock.—The Swansea Harbour trustees 
have accepted an offer of Messrs. Topham, Jones, and 
Railton, for the construction of a new dock, lock, &c. 
The dock will be about 60 acres in ‘area, and the lock will 
be 875 ft. long by 90 ft. in width, with a depth of 40 ft. 
at spring tides. The amount of the contract is about 
800.0007. The engineers concerned are Mr. P. W. Meik, 
of Edinburgh, and Mr. A. O. Schenck, of Swansea. 


Swansea Harbour.—A monthly meeting of the Swansea 
Harbour Trust was held on Monday. The report of the 
finance committee stated that the trade of the port last 
month was satisfactory, showing an increase of nearly 
16 per cent. The imports increased 5 per cent., and the 
exports 18 per cent. The principal increases in imports 
were in copper ore and calamine, 3400 tons; bricks, 
slates, &c., 2000 tons; and grain, 5000 tons. There was 
a falling off in the imports of iron ore of 6000 tons, and 
pitw 4000 tons. In exports coal and coke increased 
28,000 tons, and patent fuel 25,000 tons. 

The Swansea Valley.—The output of the tinplate and 
sheet mills in the district has compared favourably with 
the previous week, The steel trade has also been well 
maintained, 





Bristol and Avunmouth.—The Great Western and Mid- 
land Railway Companies have decided to double the line 
between Bristol and Avonmouth, in order to deal suc- 
cessfully with traffic from Avonmouth Dock. No mate- 
rial engineering difficulty will be experienced in carryin 
out the work. There is already a double line throu f 
the tunnel beneath the Downs, and the land for the 

ater part of the distance from Sea Mills to Avonmouth’ 
Is flat, and can be dealt with easily. The principal work 
will be at the Horseshoe Bend, where a precipitous cliff 
will have to be cut away for a distance of 200 or 300 yards. 
In order that this may be effected without interferin; 
with current traffic, a timber shed is being constructe 
over the line. 








EmicratTion To South Arrica.—The number of emi- 
grants who left the United Kingdom for South Africa in 
January was 3187. The corresponding number in January, 
1903, was 5915. 





Utinistnc TasL—E Mountarn.—Mr. H. A. Battalion 
has discovered what appears to be a valuable deposit of 
asphalt on the slopes of Table Mountain, adjacent to the 
Higgo quarries. Mr. Battalion has had six years’ experi- 
ence in the Western States of America. It is considered 
that the asphalt will be useful for paving pur ; the 
extent of the deposit is about 500,000 tons, and it is esti- 
mated that it represents a value of 1,500,000/. A syndi- 
cate has secured an option over 20 acres near the Higgo 
— and has offered its rights to the municipality of 

ape Town for 100,000/. If this offer is not accepted by 
the Cape Town authorities, or any other municipality, 
the venture will be floated as a public company. Expe- 
riments have been made with the asphalt, and 100 yards 
of street-paving have been laid in front of Sea Point 
Hall; the experiment is stated to have given satisfaction 
to the local authorities. 





RusstaN MegcHANnicAL Inpustry.— The capital ex- 
mane the Nicolaieff Shipbuilding, Workshops, and 
‘oundries Company, at the close of October, 1903, stood 
at 1,085,684/., represented to the extent of 1,046,069/. by 
works in Russia, the balance being represented by works 
in Belgium. The company has recently supplied engines 
and boilers for the Russian ironclad Prince Potemkin ; 
the engines work up to 10,600 horse-power. The company 
has also built two torpedo-boat destroyers, named the 
Zawietny and the Zawidny, for the Russian Navy. The 
engines of each of these destroyers work up to 5500 horse- 
power. At the close of October, 1903, the company had 
orders in hand to the value of 811,536/. The company 
has supplied three locomotives to the Belgian State 
Railways, and the administration of that system was 
so satisfied with these engines that it gave the company 
an order for six more ; three of these six engines will be 
extremely powerful. The company has further received 
an order for three locomotives for the Belgian National 
Vicinal Railways. The number of workpeople employed 
by the company in 1902-3 was 2472—viz., 2344 in Russia 
and 128 in Belgium. The corresponding number employed 
in 1901-2 was 2056—viz., 1906 in Russia and 150 in 
Belgium. 





PASSENGER STEAMBOATS ON THE THAMES.—During the 
proceedings in Committee of the House of Commons on 
the London County Council Bill and the Thames Steam- 
boat Trust Bill, Mr. M. Fitzmaurice, chief engineer to 
the County Council, gave particulars of the fleet which it 
was pro by the Council to build for passenger service 
on the Thames. The main considerations which governed 
the design of the boats were the considerable rise and fall of 
the tide, the small amount of head-room under the bridges 
at high water, and the ordinary traffic conditions of the 
river. The draught of the boats would be 2 ft. 10in.; the 
height above water would be kept within 12 ft. ; the length, 
140 ft.; and the beam, 18 ft. The boats would be worked by 
paddles, and have an indicated horse-power of 250. They 
would have a speed of eight miles an hour ‘over the 
ground,” and a carrying capacity of 500, with covered 
accommodation for about 250. The fleet would consist of 
30 boats, 25 of which would be constantly kept under 
steam, two in reserve, and three lying off for repairs. 
Each of the boats would cost 7000/., giving a total of 
210,000/. The Council took power to acquire all the piers 
by agreement, with the exception of Greenwich Pier, in 
respect of which they sought compulsory powers to pur- 
chase. A sum of 70,000/. was provided for the piers and 
works in connection with them. The annual charge, in- 
cluding interest on capital eee per: and sinking fund, 
amounting to 19,616/., was placed at 98,9607. It was in- 
tended that there should be a 15-minute service from 
Hammersmith to Greenwich, beginning at 4.30 a.m. in the 
summer and 5.30 a.m. in the winter, and closing at 
9.30 p.m. in the summer and 9.15 p.m. in the winter. At 
present it was proposed that the boats should make a stop 
at each of the piers between Hammersmith and Greenwich, 
but, if the experience gained during the working of the 
service justified it, boats might be run between those 

ints without any stoppage. The type of the Council’s 

ats would be very similar to that of Mr. Hills’s vessels. 
The main differences would be that they would be of 
greater horse-power and better found generally. The time 
occupied on the journey between Hammersmith and 
London Bridge would be about an hour and a quarter, 
and from Greenwich to London Bridge about 50 minutes. 
Mr. A. F. Yarrow, managing director of Yarrow, 
Limited, shipbuilders, Poplar ; An. G. Eldridge, con- 
sulting naval architect and engineer, the designer of the 
boats proposed to be placed on the river by the County 
Council; and Mr. Biles, professor of naval architecture 
in Glasgow University, supported the evidence given by 
Mr. Fitemaurice, 
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LAUNCHES AND TRIAL TRIPS. 

Mr. W. J. Yarwoop, of Castle Dock, Northwich, has 
launched the following vessels during March: — On 
March 17, a small composite screw steamer, the Stanley, 
fitted with a boiler for 120]lb. working pressure, and 
compound non-condensing marine engines, having cylin- 
ders 6 in, and 12 in. in diameter by 8 in. stroke, Lait to 
the order of Mr. 8S. Walley, Chester. On March 25, a 
steel screw steamer, the Stanley, fitted with a boiler for 
120 lb. working pressure, and compound surface-condens- 
ing marine engines, having cylinders 13 in. and 27 in. in 
diameter by 18 in. stroke, built to the order of the 
Stanley Steamship Company, Limited. On March 26, a 
composite barge, the Woodwren, and on March 31, a 
similar craft, constructed entirely of wood, both built to 
the order of Messrs. Brunner, Mond, and Co., Limited. 
On March 29, a steel screw steamer, the Lonsdale, fitted 
with boiler for 120 1b. working pressure, and compound 
surface-condensing marine engines, with cylinders 14 in. 
and 284 in. in diameter by 21 in. stroke, built to the 
order of the Whitehaven and Isle of Man Steamship 
Company, Limited. 





On Monday, the 11th inst., there was successfully 
launched from the yard of Messrs. A. F. Smulders, Rot- 
terdam, a single-ladder bucket-dredger named the Duchess, 
built to the order of the Cardiff Railway Company, for 
its Bute Dock Works. This vessel is a duplicate of the 
Marquess, which was likewise built by the same firm, and 
which has, since the latter ‘half of August, 1903, been 
raising soil for those works at the rate of something like 
1000 to 1100 tons in the hour, which, considering the 
very heavy character of the ground to be dealt with, is an 
exceptional performance, besides being a full 50 per cent. 
in excess of the quantity stipulated by contract (650 tons). 
The main dimensions are as follow:—Length between 
yerpendiculars, 131 ft. 3 in.; length on deck, 156 ft. 3 in.; 
breadth, 24 ft. 74 in.; depth at sides, 10 ft.; length of 
ladder, 88 ft. 6 in.; bucket capacity, 16 cubic feet. The 
engine is of the horizontal compound type, with surface 
condenser and reversing gear. The cylinders are 15 in. 
and 26% in. in diameter by 197in. The boiler, with a heating 
surface of 860 square feet, is designed for a working pres- 
sure of 105 lb. per square inch. 





The trial trip of the s.s. Tholma, built by the Elsinore 
Iron Shipbuilding and Engineering Company, Elsinore, 
Denmark, to the order of Messrs. T. 7 nll and 
Son, of Arendal, took place in the Sound on April 13, 
and was considered very satisfactory. The vessel is built 
of steel, and her dimensions are :—278 ft. 6 in. by 
40 ft. 4in. by 19 ft. 54in. The engines are of the triple- 
expansion type, indicating 800 horse-power. During the 
trial trip, an average speed of about 10.4 knots was 
attained with a very low consumption of coal. 

H.M. torpedo-boat destroyer Welland, the fourth of 
six destroyers of the new type being built by Messrs. 
Yarrow and Co., Poplar, for the British Admiralty, was 
successfully launched on Thursday, the 14th inst. The 
dimensions of these vessels are as follow :—Length, 
225 ft.; beam, 23 ft. 6 in. They are fitted with four- 
cylinder triple-compound engines and four Yarrow boilers. 
The engines of these vessels are balanced on the Yarrow, 
Schlick, and Tweedy system. 

Messrs. Ramage and Ferguson, Limited, on Friday, 
the 15th inst., launched a steel screw passenger and 
cargo steamer built to the order of the Borneo Company, 
Limited, London, for their trade between Singapore and 
Sarawak. The principal particulars of the vessel are :— 
Length, 230 ft. between perpendiculars; breadth, 
moulded, 34 ft.; and depth, moulded, 15 ft. 11 in.; 
the propelling machinery consists of triple-expansion 
engines with cylinders 18 in., 30in., and 49 in. in dia- 
meter by 33 in. stroke, steam being supplied from two 
single-ended boilers working at 170 lb. pressure. On 
leaving the ways the vessel was named Kuching. 


The steamship Manistee, which has been built for the 
Elders and Fyffes (Shipping), Limited, by Messrs. Swan, 
Hunter, and Wigham-Richardson, Limited, Wallsend-on- 
Tyne, was taken out to sea on Friday, the 15th inst., for 
her trial trip. The vessel is of the following leading 
dimensions :—Length over all, 361 ft. ; beam, extreme, 
46 ft. ; and depth, moulded, 32 ft. The vessel has been 
designed and built for the owners’ special trade between 
Port Limon (Costa Rica) and Manchester, and all the 
holds are insulated for the carriage of bananas. Owing 
to the length of the voyage it is necessary to keep the 
holds cool by artificial means, and a special cool air system 
has been fitted by Messrs. J. and EK. Hall, Limited, of 
Dartford, who have supplied one of their CO, machines, 
together with large fans by which the air is sucked from 
the holds, and passed over cold pipes back into the holds 
again at a low temperature. The machinery has been 
constructed by the Wallsend Slipway and Engineering 
Company, Limited, and consists of a set of triple-expan- 
sion engines with cylinders 27 in., 46in., and 75 in. in 
diameter by 48 in. stroke, steam being supplied by four 
large single-ended boilers, working at a pressure of 180 1b. 
per square inch. A speed of about 134 knots was attained 
on an eight hours’ trial, the vessel being loaded. 

On Saturday, the 16th inst., Sir Raylton Dixon and 
Co., Limited, launched from their Cleveland dockyards, 
Middlesbrough, a steel screw cargo steamer built to the 
order of Mr. Vilhelm Torkeldsen, of Bergen, Norway. Her 


principal dimensions are :—372 ft. by 50 ft. by 28 ft. 3 in., | harbour facilities are also 


and she has a deadweight carrying capacity of about 7000 
tons on a light draught of water. Triple-expansion en- 


gines will be fitted by the North-Eastern Marine Engi- | paratively small outlay. 





neering Company, Limited, Wallsend-on-Tyne, having 
cylinders 25 in., 41 in., and 67 in. in diameter by 45 in. 
stroke, supplied with steam by three large single-ended 
boilers working at 180 1b. pressure. On leaving the ways 
she was named Admiral seca 





H.M.S. Widgeon, the new shallow-draught gunboat for 
river service. was successfully launched from Messrs. 
Yarrow’s works at Poplar, on Saturday, the 16th inst. 
This vessel is 160 ft. in length by 24 ft. 6in. beam, and 
the draught, carrying a load of 40 tons, is 29 in. She is 
fitted with twin-screws, working in tunnels on the raised 
pa system, with Yarrow’s patent flap arrangement, 
»y which the maximum efficiency of propulsion is obtained 
under all conditions of load. 

There was launched from the yard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
on oueiee, the 16th inst., the prs Bi Tycho. Her 
dimensions are as follow:—Length, 335 ft.; breadth, 
47 ft.; and depth, 25 ft. 5in. The machinery consists of 
a set of triple-expansion engines and two large single- 
ended boilers, working at a pressure of 180 lb. per square 
inch. The boilers are fitted with a superheater in the 
uptake, whereby the waste gases from the furnaces are 
utilised. The machinery will be capable of developing 
about 1000 horse-power at sea. 

On Saturday, the 16th inst., there was launched from 
the yard of the Tyne Iron Shipbuilding Company, 
Limited, of Willington Quay-on-Tyne, a steel screw- 
steamer built to the order of the Stag Line, Limited, of 
North Shields, and of the following dimensions :— 
Length, 350 ft.; breadth, 48 ft.; depth, 28 ft. 5} in., 
moulded. The engines, which are supplied by the North- 
Eastern Marine Engineering Company, Limited, of 
Wallsend-on-Tyne, are of the triple-expansion type, 
having cylinders 244 in., 41 in., and 68 in. in diameter by 
48 in. stroke, «nd working at a pressure of 180 lb. On 
leaving the ways the vessel was named the Stephanotis. 





A coasting steamer, which has been built by Messrs. 
Swan, Hunter, and Wigham-Richardson, Limited, for 
the Cork Steamship Company, Limited, Cork, was 
launched on Monday, the 18th inst. She is 255 ft. in 
length by 334 ft. beam, and has been designed for the 
cargo and passenger service between Liverpool and Dutch 
and Belgian ports. The engines and boilers are also 
being constructed by Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited. As the vessel left the ways, she 
was named the Pandion. 








PrerRsonaAL.—A powerful syndicate, consisting of some 
of the best-known engineering firms on the Continent, has 
recently been formed to exploit in Germany the new 
steam turbine invented by Mr. Zoelly-Veillon, director of 
Escher Wyss and Co., Zurich, Switzerland, which has 
given such excellent results in a series of trials. Thesyn- 
dicate is composed of the following firms :—Frederick 
Krupp, Essen, who own Germania Shipping Yard, Kiel ; 
the Norddeutsche Maschinen und Armaturenfabrik, 
Bremen; the Siemens-Schuckert Company, the Maschinen- 
fabriken, Augsburg and Nuremberg, and Escher Wyss 
and Co., Zurich, Switzerland.—The Electric and Ord- 
nance Accessories Company have opened a new sales 
office at Temple-street, Birmingham. — Mr. William 
Johnson Galloway, M.P., has been elected chairman of 
the board of directors of Galloways, Limited, Manchester, 
in the place of Mr. Charles J. Galloway, deceased.—Mr. 
Harry Snowdon, A.M.I.E.E., maker of the Nodon elec- 
tric valve, announces that he has removed from 52, Queen 
Victoria-street, E.C., to larger offices in Balfour House, 
Finsbury Pavement. 





Tin In AtAskA.—The United States Geological Survey 
has completed a comprehensive survey of the Seward 
Peninsula, Alaska, in the York district of which valuable 
discoveries of tin have been made. The York region 
derives its name from Cape York, an ill-defined pro- 
montory on Behring Sea, about 90 miles north-west of 
Yome. After a discovery of gold at Yome, in 1899, 
prospectors rapidly extended their explorations to all 
parts of the Seward Peninsula. In 1900 Mr. A. H. Brooks, 
of the United States Geological Survey, visited the York 
district, and found in the placers of the Anikovik and 
Bubner Creek (one of its tributaries) some specimens of 
stream tin. An account of these discoveries was published 
by Mr. Brooks, and general interest in the tin deposits of 
the York region dates from this time. Since 1901, tin ore 
has been found both in lodes and in alluvial deposits at a 
number of widely-separated points. In 1903, Mr. Collier, 
of the United States Geological Survey, was detailed to 
continue the investigation of the mineral resources of the 
Seward Peninsula. In the course of his investigations 
the York district was again visited, and hasty examina- 
tions were made of Lost River, Buck Creek, and Cape 
Mountain. The occurrence of tin-bearing lodes in the bed 
rock was verified in Lost River and Cape Mountain. The 
occurrence of tin in placer deposits was also confirmed on 
the Anikovik, Bubner Creek (a tributary of the Anikovik), 
and on Buck Creek (a tributary of Grouse Creek, which 
flows through the Mint into the Lopp Lagoon). ‘Tin ore 
has also been reported from a great many other localities 
which have not yet been thoroughly examined. The tin 
deposits, so far as known, do not follow any definite 
system, and are confined to no particular belt or zone. 
The York. region is without timber, and is accessible by 
ocean steamers only from June to the end of October; 
r, and supplies and wages 
are high. On the other hand, the construction of railways 
and wagon roads is not difficult, and will require a com- 


ROYAL METEOROLOGICAL SOCIETY, 


THE monthly meeting of this Society was 
Wednesday evening, the 20th inst., at the Inetitnaeg 
Civil Engineers, Great George - street, Westminster 
Captain D. Wilson-Barker, F.R.S.E., President, occupy. 
ing the chair. PY: 

A paper by Mr. W. L. Dallas, on “ The Variation of 
the Population of India compared with the Variation of 
Rainfall in the Decennium 1891-1901,” was read. The 
author showed that during the four years 1891.95 the 
rainfall was generally normal or heavy over nearly the 
whole country, and during the six years 1895-190] the 
rainfall was greatly deficient. During the former or 
‘‘wet” period, the rainfall was deficient over Upper 
Burma and Madras, was normal over the remainder 
of Burma, Assam, Bengal, and the west coast of the 
peninsula, and was excessive elsewhere; while during 
the latter, or ‘‘dry” period, the rainfall was again 
deficient over Upper Burma, normal or excessive 
over the remainder of Burma, Assam, Bengal, the 
United Provinces, the North:West Frontier Province 
and the south of ras, and was deficient elsewhere 
—most so over Rajputana and_ neighbouring areas 
The general census of India on March 1, 1901, showed 
the total population to be 293,475,477, which, ex. 
cluding the territories not included in the 1891 census, 
was an increase of only 1.3 per cent. The population 
had thus failed to increase according to the normal rate 
during the decade. Part of this failure was no doubt due 
to epidemics. The author, however, shows that there is 
an unmistakeable relationship between the variations of 
the population and the variations of rainfall during the 
dry years. The area within which the most serious 
decrease of population occurred coincides almost exactly 
with the area of greatest deficiency of rainfall. 

A paper by Mr. J. B. Cohen on ‘‘The Cause of Autumn 
Mists” was also read, in which the author describes some 
experiments which he made on Coniston Lake some time 


ago. 








Tue Late Mr. GipEon Pirt.—We regret to place on 
record the death, very suddenly, on the 15th inst., of Mr. 
Gideon Pitt, who was for many years associated with the 
sugar-making machinery industry, and was one of the 
founders, and a partner, of Pott, Cassels, and Williamson, 
Motherwell. 





THe NapiekR Moror-Car Works: Erratum.—We 
regret that through a misunderstanding on the part 
of our representative certain of the lathes used in the 
above works were wrongly described on page 409 of our 
issue of April 15 as Gisholt lathes, since i were made 
and supplied by Messrs. Alfred Herbert and Co., Limited, 
of Coventry, to whom our apologies are due. In fact, 
Messrs. Napier and Co. have no Gisholt lathes at their 
works. The lathe visible in Fig. 4 of e 504 is one of 
Messrs. Herbert’s combination turret lathes, another of 
which appears in the illustration on page 489, and there 
isa third also in use. The three have been supplied to 
execute some very difficult machining, and it is only 
right that the builders of them should have proper credit 
for the work done. 





Tae INSTITUTION OF MECHANICAL ENGINEERS.—On 
Thursday, the 14th inst., the annual dinner of the Insti- 
tution of Mechanical Engineers was held at the Hotel 
Cecil, the President, Mr. J. Hartley Wicksteed, being in 
the chair. Among the guests were Sir Edward Fry, 
the Hon. J. D. Fitzgerald, K.C., Mr. J. H. Balfour 
Browne, K.C., Dr. R. 'T. Glazebrook, Mr. Albert 
Buck, Mr. Henry Hobhouse, M.P., Captain C. H 
Stockton, United States Embassy, Mr. C. A. Cripps, 
K.C., Mr. R. Kaye Gray, Mr. Alfred Saxon, Mr. 
D. B. Butler, and others. The toast of ‘Scientific 
Education” was proposed by Dr. A. B. W. Kennedy, 
F.R.S., who said he should confine his remarks 
to the scientific education of engineers. Personally 
he had not had a scientific education, as his yout 
occurred in the prescientific age. It was not many years 
that such a toast had been possible. There was a 
time, within the recollection of them all, when it would 
have been scoffed at. No change was more striking than 
that which had come over professional opinion in that 
matter. Thirty years ago—in 1874—an_ engineering 
course was scarcely to be obtained in any college in Lon- 
don; now no important town was complete without it 
provided a systematic engineering education. In the 
Institution of Civil Engineers examinations were the 
means of entrance for the associate members. In their 
own Institution they were raising the qualification for 
entrance, and they might even have examinations before 
long. It was most important that education for engineers 
should be on the right lines ; it was easy to devise an edu- 
cation that would turn out useless men. Some scientific 
teachers would spend time proving that a b= a, and would 
not let their pupilsgo on until they comprehended the proof. 
Many teachers did not understand that science was & 
means to an end. The idea that there was only one kind 
of mathematics was the cause of much ignorance of mathe- 
matics among engineering students. Noble heretics like 
Professor Perry had done an immense service to engl- 
neers. He (the speaker) did not advocate the scrappy 
acquisition of knowledge, but it was useless to try an 
cover the universe. Their young men were not intended 
for mathematicians or physicists, but for engineers. he 
Right Hon. Henry Hobhouse replied to the toast. 
‘Kindred Societies ” was pro by Mr. J. H. Balfour 
Browne, and replied to by Sir W. H. White and Dr. R. 7; 
Glazebrook, F.R.S. Sir Edward Fry proposed ‘The 
Institution of Mechanical Engineers,” to which the 
President responded, 
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BURCHARD'S FINGER-GUARD FOR PUNCHING-PRESSES. 
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On the present page we illustrate, in Figs. 1, 2, 
and 3, a new safety device which has been invented 
by Mr. A. Burchard, of 2, Norfolk-street, Strand. 
Our engravings show a power-press fitted with a) 
finger-guard, which protects the attendant against | 
accident ; and as the die is cleared when the ram is | 
up, the die is accessible for placing the work. The} 
illustrations show the ram in the top position, its | 
successive positions being indicated by the lines Z, 
the corresponding positions of the guard being shown | 
by LL. It will be seen that the pin connecting the | 
link F to the guard carrying arm D is forced to} 
swing around the stationary centre G. This pin gets | 
its downward movement from the ram, and as it} 
swings around the centre G it forces the finger-guard | 
forward between the punch and the die. This design | 
is suitable for a great variety of presses, and the | 
stroke of the guard can be varied as required by! 
choosing the centres properly. 








THE ‘‘ AIREDALE” EXHAUST-STEAM | 
HEATER. 
Tur value of heating feed-water previous to its | 
entrance to the boiler, and the economy of using the | 
exhaust steam for this purpose, are too well known to 
need enlarging upon. For the form of heater for this | 
and other purposes, which we illustrate, the special | 
merits claimed are, that it possesses all the ad- | 
vantages of heaters containing plain straight tubes, | 
as well as the high efficiency of those fitted we 
corrugated or indented tubes. It will be seen that the | 
small tubes through which the steam passes are | 
each fitted with a spiral deflector, which not only 
increases the efficiency of the heating surface by | 
bringing the steam into more intimate contact with | 
the walls of the tube, but also promotes a scouring | 
action, which keeps the surface clean and free from | 
grease. A test carried out under identical conditions 
between two similar heaters, one with deflectors and 
the other without, showed that the temperature of | 
the feed-water was raised from 70 deg. Fahr.. to 
180 deg. Fahr. in 2} minutes, and to 200 deg. Fahr. in 
5 minutes, when using deflectors ; while to attain the 
Same temperatures in the heater without deflectors 
required 184 minutes and 233 minutes respectively. In 
heither case was there any increase of back-pressure 
shown by indicator diagrams taken for the purpose. 
The tubes are of solid-drawn brass, expanded into 
bored holes in the tube-plates, the upper of which is 
connected to the shell by means of a sliding joint, 
which allows free expansion and contraction of the 
tubes to take place, owing to any changes of tempera- 
ture. This device has been found entirely successful, 





a trouble caused by leaking tubes, not uncommon 
8 





class of apparatus, isquite unknown. The heaters 


ally known at present as the Ersatz Merkar. 
346 ft. long by 44 ft. beam, and she has a displacement of 
3000 tons. She will carry 20 guns, 4 Maxims, and 2 sub- 
merged torpedo-tubes. i 
10,000 horse-power, and her prescribed speed 
She will carry 800 tons of coal, with which she will be 
able to steam 5000 miles at a reduced speed. 





are made in thirteen sizes, designed to deal with from 
100 to 2000 gallons of water per hour, the shells being 
either of cast iron or mild steel, according to the size 
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|of the heater and pressure to be dealt with. The 


patentees and manufacturers are Messrs. George 
Green and Co., Crosshills, Keighley. 








Tue GeRMAN Navy.—A small cruiser, named the 
Lubeck, has just been launched at Stettin. She is — 
She is 


Her engines are to work up to 
is 22 knots. 


INDUSTRIAL NOTES. 


Tue American Federationist gives in this month’s 
issue extracts from Mr. Samuel Gompers’s statement 
before the Committee on Labour (House of Repre- 
sentatives), on the Bill limiting the hours of labour in 
all departments of the United States Service. Mr. 
Gompers is not in favour of an eight-hours legisla- 
tive measure for all industries, but he is in favour of 
a limitation in all cases of labour hired by or for 
the State. His evidence was mainly in contradiction 
to that of an opponent of the Bill before the House of 
Representatives, but he goes to the root of the matter 
as regards the general desire for shorter hours of 
labour. His contention is that a reduction in working 
hours tends to a more rational and profitable use of 
leisure. It gives the opportunity, and men cannot 
complain that they are unable to enjoy the parks, 
museums, public libraries, &c. He also says that a 
reduction in working hours always leads to an increase 
in wages, or an increase in the purchasing power of 
wages. This, if not recognised as an economical law, 
is justified by experience in the history of labour in 
this country. It is equally true on the Continent of 
Europe: low wages and lone hours of labour go together. 
Of course, this is one of the reasons why employers 
resist such reductions. ‘They know the tendency even 
better than the men do. The idea has taken hold of 
the public mind that the State should be the model 
employer. In this country, in the United States, in 
Australia, and New Zealand, this view is growing in 
all directions. 

Mr. Gompers had another task—he was examined 
on the Anti-Injunction Bill, now before the Committee 
on Judiciary (House of Representatives). The use of 
injunctions in America, as in this country, has spread 
consternation in the ranks of labour. The uncertainty 
is one reason ; they are ex parte, and they are unfavour- 
able to labour for another. Mr. Gompers combats the 
idea that the Anti-Injunction Bill would encourage 
violence and crime. He puts his case in a nutshell 
when he says ‘‘that that which is not unlawful may 
be lawfully done.” He saysthat the laws of the United 
States are sufficient to punish unlawful conduct, vio- 
lence, and crime; therefore an appeal to injunctions 
is not necessary to protect either employers or work- 
men. His complaint is that injunctions have been 
issued to restrain men from giving advice and persuad- 
ing others in perfectly lawful things. He quoted the 
terms of some injunctions to prove his case. It would 
appear, indeed, that the United States courts have gone 
beyond what has been done in this country in this 
respect. The Federationist gives an account of President 
Gompers’s visit to Porto Rico in the cause of labour ; 
reprints Austrian labour notes, and an address on the 
affiliation of Masons and Bricklayers in the States. 
There are also reports on what the organisers are doing, 
reports from federal unions, and the usual financial 
statements. This organ of labour in the United States 
keeps one abreast of all the movements worth record- 
ing in all parts of the Federal Union, in some of the 
South American States, and in the Dominion of Canada. 
As a general rule, it is moderate in its views and 
counsel. 





The current report of the Ironfounders is able to 
state that the improvement in trade reported last 
month has been maintained. Asa matter of fact the 
improvement has gone on in a fairly quiet way, as 
shown by the returns. The total number on the funds 
was 3383—decrease, 59. There is a decrease under all 
heads of unemployed—including the sick ; the only 
increase is five fresh members on superannuation 
benefit; otherwise the total decrease would have been 
64. The total cost of benefits was 1132/. 8s. 6d., or 
nearly ls. 2d. per member per week. The aggregate 
membership was 18,503, showing a fair increase during 
the last twelve months. The total cash balance was 
98,6767. 10s. 3d.—decrease on the month, 10237. 10s. 8d. 
It is explained that some of this was due to room-rents 
and salaries, some also probably due to a withholding 
of contributions on the eve of the Easter holidays. 
The returns as to employment show an increase of 
places under favourable conditions. In the last report 
12 places, with 1621 members, reported trade as very 
good ; this month 14 places, with 2549 members, so 
report. There is also an increase of three places 
reporting trade as good, and of three as moderate. 
There was a decrease under the heads of ‘‘ short time,” 
‘* bad,” and ‘‘ very bad.” Altogether the returns show 
up favourably. The society is taking a vote fora levy of 
ld. per member to reimburse Mr. George Shipton for 
the losses incurred by the Workmen’s Exhibition—the 
losses not being his own, but of the London Trades 
Council, for whom he acted. This year there is to bean 
accident fund levy of ls. per member, payable in four 
quarterly instalments. A report is given of a spacious 
new mess-room which is being opened by Ley’s Mal- 
leable Castings Company, Limited, at Derby. There 
is an organ which is to be played during meals. 





The report of the Amalgamated Carpenters and 





Joiners shows that the number of unemployed members 
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is being gradually reduced, although the number is 
still abnormally high. The depression seems to be 
general. Where work has improved, the local branches 
do their best to obtain employment for those out of 
work. Attention is called to the drain of funds in 
support of the unemployed, the sick and superannuated 
members, and to the danger to such funds by the 
recent decisions in the Law Courts. The total member- 
ship was 72,435. Of these 4413 were unemployed, 
1783 sick, and 1484 on superannuation benefit : total 
on the funds, 7680. This is a large army to be kept 
by one union, week in week out. A very extensive 
whip is out in favour of the Trades Dispute Bill, 
down for to-day. The members of this union are 
expected to send a request to the local member for the 
division to support the measure. A form of letter is 
printed in the report, and points are mentioned to be 
emphasised by each writer. The American branches 
have deposited the sum of 1000/. (5000 dols.) as a 
guarantee of good faith in the matter of dispute with 
the American Brotherhood of Carpenters and Joiners, 
so that now all points will be submitted to arbitration 
under the Civic Federation of America. Members are 
warned that they must have the regulation wages and 
allowances when they go to work in any town out 
of their own district. Kindly remarks are made in the 
report as to the efforts of iene bureaux and other 
agencies to help the unemployed, but members are 
reminded of their own duty to members out of work. 





The report of the Provincial Association of Operative 
Cotton-Spinners shows a lamentable state of trade 
in the cotton industry. The proportion of full mem- 
bers on the out-of-work fund was 20.95 per cent., as 
against 19.97 in the month previous, and 4.83 a year 
ago. An average of over 20 per cent. of unemployed 
is sad indeed, especially as it is not due either to 
employers or operatives, or even to bad trade in the 
proper sense of the term. The cause, no doubt, is 
scarcity of cotton, but accentuated by gambling in the 
raw material, to the injury of all engaged in the manu- 
facture of such material into fabrics for daily use. 
The total of full members was 6713, but the aggregate 
of all sections in the association was 14,063, showing a 
small gain on the month, and of 271 for the year. The 
financial position of the association is affected not only 
by the very large proportion of unemployed, but by 
the fact that some only pay for superannuation benefit. 
The number of dispute cases was 32; last month, 26 ; 
for the same month a year ago, 25. These cases were 
dealt with by the officers of the union. The number of 
accident cases was 37; last month, 25; same month a 
year ago, 25. Some of the cases had to be placed 
under the treatment of the association’s doctor, and 
one was allowed full accident benefit of 100/. There 
were also fifteen cases of claims for compensation 
under the Act. Members are cautioned against agree- 
ing to any terms offered by insurance agents or em- 
ployers without full authority from the union. The 
financial loss to the association in the month was 
2959/. 9s. 1d., but there was a gain to the superannua- 
tion fund, which has reached 1469/. 17s. 1d. 

The London Trades and Labour Gazette comments 
upon the recent demonstration in Hyde Park on the 
Chinese Importation Ordinance. It regards the 
gathering as a large one, and, what is still more impor- 
tant, asa thoroughly representative one. The Member 
for Battersea is criticised for his advice to Mr. Bell and 
others to stand independently of the Labour Represen- 
tation Committee. But surely all these men praise 
‘* independence,” only they dislike it in action. Yet, 
again, the Gazette thinks that the idea of converting the 
miners to Socialism is a far-off hope. A special article 
on ‘*Indentured Slavery,” by the Railway Servants’ 
Parliamentary Candidate for Walthamstow, does not 
confound the issues, but protests on the usual political, 
social, and industrial grounds. There are ‘‘ Notes 
on Women’s Work,” one of which deals especially 
with the conditions of employment at the Royal Army 
Clothing Factory at Pimlico, as to prices paid, how 
fixed, inspection of work, and contracts. There are 
brief reports of the meetings of provincial trades and 
labour councils, and of some of the Continental unions. 
Germany seems to be going ahead rapidly in the ex- 
tension of trade unions. The bricklayers, cabinet- 
makers, metal workers, and others are well orga- 
nised, especially in Berlin. 








The strike of Jewish bakers at the East End of 
London is worthy of note for what they ask, and for 
the light which it has thrown upon the conditions 
under which the men work and live. The strike is 
for a 12-hours day, and for six days per week. 
They foolishly add to this that each Toaf shall 
bear a trade-union label. The latter could well 
have been left out. The men allege that they 
work from 16 to 17 hours per day for five days, 
and 24 hours on the sixth day. The wages vary from 
15s. to 25s. per week, except for first-class hands. It 
is further alleged that one-third of the men practically 
work seven days per week. It is reported that five of 
the largest master bakers, employing about 30 per 





| now made. 





cent. of the whole, have agreed to the union’s de- 
mands. This looks well for the men. The smaller 
masters will doubtless have to toe the line. The men 
demand a minimum wage of 26s. per week, for six 
days’ work, the employment of trade-union men only, 
and the right of entry of the union delegate into the 
shops. The bakeries in some cases are deplorable 
from a sanitary point of view. After more than 
40 years of legislation the conditions under which the 
men work are scandalous. The wonder is that we can 
enjoy the delicate bread which they turn out. But, 
then, we always suppose that our bread is baked under 
better conditions. If these men only ask for a 12-hours 
day, what hope is there for an 8-hours day for all 
trades and occupations? The demands of the men as 
regards hours and wages are not exorbitant; but 
trouble may arise over the label, and over the demand 
that unionists only shall be employed. But this is a 
matter for the parties concerned to arrange. 





Reports indicate signs of revival in the iron and 
steel trades in the Midland districts, Birmingham, 
Wolverhampton, and the many other busy centres 
comprised therein. At the quarterly meeting held 
last week there was a good representation of the 
trade from all parts of the country, and the tone was 
more hopeful than for some time past. The volume of 
business done was not very large, but the terms were 
rather more in favour of sellers than has been the case 
recently. There seemed to be a feeling that the iron 
and steel trades were at length on the eve of better 
times. The marked-bar makers are well engaged at 
quoted rates, on the basis of three months ago, which 
was the first reduction in prices for over two years. 
At a well-attended meeting of unmarked-bar firms it 
was decided, after some discussion, to advance rates 
5s. per ton. Some thought the move a doubtful one, 
and it was agreed to meet again in a few weeks to see 
how matters stood after the experiment had been tried. 
At meetings of other sections prices were agreed upon ; 
in most instances former rates were adhered to, but 
the general tone was favourable. The report as to 
shipments was encouraging ; had it not been for the 
unfavourable conditions in South Africa, they would 
have beaten the record. But it is said that even in 
South Africa signs of improvement are manifest. As 
regards the engineering and allied industries, and the 
large number of iron, steel, and metal-using trades, 
the situation is not much changed. But the outlook 
is more favourable in most branches than it has been 
for months. Altogether it might be said that there is 
a more hopeful feeling, and often this gives a spur to 
trade. 





The engineering and allied trades in the Lancashire 
districts report rather more inquiry, but, so far, the 
result in an accession of orders has not been great. 
Some of the machine-tool makers are tolerably well 
engaged on special orders, but the ordinary run of 
trade in this branch is reported to be slack. The 
boiler-making section is said to be depressed, and the 
textile-machine sections continue weak. In the loco- 
motive and other branches trade is moderate rather 
than bad. The iron and steel trades still complain of 
slackness, but more inquiries are afoot than there were 
some time since. The feeling may be described as 
being more hopeful, but there is no great speculative 
effort to give things a fillip. 





Matters would seem to have improved on the North- 
East Coast, for the engineers have formulated a de- 
mand for a 10 per cent. advance in wages to commence 
a few weeks hence. Some time ago the employers 
asked for a 10 per cent. reduction, but this was with- 
drawn. The operatives allege that in the meantime 
trade has so greatly improved as to justify the demand 
The matter will in due time be considered 
by the representatives of both parties. 





The Chancellor of the Exchequer has refused to 
repeal the Coal Tax, one reason being that under it the 
export for the year was a record one. The number 
employed was greater than ever, and the amount paid 
in wages was the largest of which there was any 
record. Therefore there was no ‘urgent need for 
the repeal of this small duty.” 





The strike of textile operatives in the North of 
France seems to have subsided. There was some dis- 
order at times, but it was thought that much of this 
was caused by the display of the military, which 
enraged the people, and led to stone-throwing, &c. 
The military, as a rule, are not peacemakers. 

The Labour party in Australia is pledged to intro- 
duce into the Federal Arbitration Bill a clause which 
will bring the servants of the State Governments 
within the sphere of the Federal Industrial Courts. 
This is the outcome of the strike in Victoria, and 
the action of the Government towards the railway 
workers. The amendment is opposed by the Govern- 
ment, and it is expected that the Opposition will 
support it. The Bolen members, however, will vote 





———= 
solid for the amendment. This may cause political 
cleavage. They seek an attitude of control, but without 
responsibility—a dangerous position for any powerful 
section of politicians. : 





The Labour Representation Committee have been jn 
conference as to the questions now before Parliament, 
and as to the attitude of Labour members. The 
Trades Dispute Bill is to be supported. They demand 
a cessation of the importation of Chinese labour into 
South Africa, and they oppose any meddling with Free 
Trade. The chief anxiety is to get a number of 
Labour men elected, and then to act independently of 
both political parties : to use and be used by the Irish 
Party in the House when it suits their purpose. 





Industrial questions, mixed with politics, are causing 
some anxiety in parts of Austria. At Tamovar, near 
Agra, there was, it is reported, serious rioting after a 
meeting. The town hall was stormed, and the public 
records were taken and burned in the street. The 
president of the meeting and the town clerk were, it is 
said, severely maltreated. The artillery were called 
out to disperse the rioters, and a force of infantry was 
despatched to restore order, and prevent a recurrence 
of the outbreak. The unrest in Russia is not suppressed 
by the outbreak of the war in the Far East. 








THE TRANSVERSE STRENGTH OF SHIPS, 


Some Points in Connection with the Transverse Strength 

of Ships.* 2 
By J. Bruun, D.&e. 
_ In 1901 I read a paper before this Institution, in which 
it was shown that many points in connection with the 
transverse strength of ships might be examined by the 
principle of least work, which enables us to estimate the 
stresses on complicated girders, where the usual statical 
considerations would not be applicable. This method, 
based on the — of least work, is so general in its 
character and so simple in its application, that it can 
advantageously be employed in the solution of many 
problems in connection with the strength of ships. It 
may, therefore, perhaps be useful again to draw atten- 
tion to this method, before proceeding to employ it in the 
examination of the particular questions dealt with in this 
paper. 

It may further be instructive to apply it in the first 
instance to certain simple structures, such as those illus- 
trated by Figs. 1 to 4, page 585, with a view to showing 
that it gives in these instances consistent results in 
accordance with those estimated by other methods. The 
actual working out of the results has also been shown 
somewhat in detail in the Appendix, with a view to 
making the application of the method quite clear. 

In the first instance, the bending moments on the 
structure shown by Fig. 1 have been determined. This 
girder is of uniform section, uniformly loaded, and firmly 
held at each end. The results are given in Table I of the 
Appendix, + and the curve of bending moments has been 
plotted in Fig. 1. It will be seen that these results agree 
in every respect—as, of course, they should do—with those 
obtained by the usual formule determined by other 
methods fora uniformly loaded beam fixed at both ends. 

Fig. 2, page 585, represents the same girder as shown in 
Fig. 1; but instead of the load being uniformly distri- 
buted, it is uniformly increased from zero at one end. 
From Table II., and from the curve of bending moments 
shown in Fig. 2, it will be seen that the results are 
entirely consistent with those of the previous case: the 
bending moment at the heavily-loaded end is increased, 
and that at the other end somewhat reduced, while that 
at the middle remains nearly the same as before. This 
case might be taken to give a rough approximation to 
that of the frame girders of a ship, if they are assumed 
fixed at both ends, and subjected only to the pressure of 
the water. ; 

Fig. 3 shows a continuous girder-frame of uniform 
section, and uniformly loaded at the top. The bending 
moments are given in Table III., and the curve of 
bending moments is plotted in Fig. 3 right around the 
frame. These results may be taken to give a somewhat 
closer approximation to the case of a ship’s beam uniformly 
loaded than those obtained by considering the girder 
fixed at the ends, as illustrated in Fig. 1. It will be seen 
that, owing to the ends of the beam not being fixed to 
rigid supports, the bending moments at these places are 
reduced, while the bending moment at the middle is 
increased ; and, as a matter of curiosity, it may be no 
that the strength of a beam is somewhat increased by not 
being fixed to absolutely rigid supports. That this can 
be the case will be evident from the fact that, with the 
uniformly loaded beam rigidly fixed at its ends, the 
bending moments at the ends are double than at the 
middle. By reducing the rigidity at the supports some- 
what, the moments at the ends will be reduced, and the 
strength of the beam increased, as long as the reduction 
in the rigidity is not sufficient to make the bending 
moment at the middle of the beam greater than what it 
was at the ends of the rigidiy fixed beam. ; 

Fig. 4 shows a girder connected to three others, which 
support it, and which are attached to a rigid founda- 
tion. One span of the girder is uniformly loaded. The 
bending moments under these conditions are shown 


* Paper read before the Institution of Naval Architects, 
March 25, 1904. 

+[ Unfortunately, the demands upon our space do not 
permit us to publish this very lengthy Appendix.—Eb. E.] 
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ically for the whole structure in Fig. 4. The results 
may, in this instance, — a rough idea of what takes 
place in the case of the framing in a vessel with two 
decks ; and it will be noted that in this instance the bend- 
ing moment at the loaded span is greater at the end 
nearest the middle support than at the other end, owing 


graph 


to the greater stiffness created by the two girders joining | 


this point. F 
a - aime from thece simpler structures to that of a 


ship, there is no change at all in principle, and but little in 
ay labour of applying the method 
paper the 


effect on the strength, of variations in the transverse | 


form of a vessel, and the proposed method was only 
aoe outlined how other questions could be dealt with. 
In the present instance it is proposed to consider more 
fully some of these other questions by applying the 
method of least work to show the effect on the strength, 
of variations in the method of construction, or in the 





| water. The deep water-line is somewhat higher than it 
| would usually be in still water, but it is clear that in a 
L In the previous | seaway it will often be even higher for a considerable 
questions considered dealt mainly with the | part of the vessel’s length. 


lied to some small vessels and yachts. It was, how- | ditions approximating more or less to these must be found 
|in nearly every vessel when in agitated waters. Condi- 





6. At deep water-line, empty 8, (H + V), (—F) 

7. At deep water-line, with ¢ 
uniformly - distributed 
cargo ee 4 a 8S, (H + V), C 

8. At deep water-line, with 

cargo at middle line S, (H + V) 


The pressure of the water has been assumed as in still 





Conditions 4, 5, 6, and 8 may appear somewhat severe, | 
but at the same time they may be possible, and con- 


tions 5and 8 will be more or less fulfilled where heavy 
pieces of machinery or other large weights are carried. 
Wherever there is a difference between the weight of 





the structure, or structure and cargo, and the buoyancy, | 


S.—The stresses are seen to be comparatively small in 
each of the four types. when the light vessel is on keel- 
blocks in dry dock. The bending moments have a very 
decided maximum value at the middle of the floors. The 
stress has consequently also a maximum value at this 
place, but it is about three times higher in the single 
than in the double-bottom vessel. On the other hand, 
the stress at the middle of the beams is even higher than 
at the floors in the vessels with one row of pillars. The 
stress on the framing is, as might be expected, small. 

S.C.—If the vessel is resting on keel-blocks and is full 
of cargo, uniformly distributed, the stresses are practic- 
ally of the same character as in the case of the empty 
vessel, but their magnitude is considerably increased—so 
much so that it would be exceedingly dangerous, if not 
impossible, to dock vessels of this size and type with 
single bottoms and full of cargo. The stresses on the 
framing at the bilge also become very appreciable. In 
dealing with vessels with bulkheads, it must be borne in 
mind that a certain amount of the overhanging weight 
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arrangemens of the support and loading of ordinary cargo 
vessels. 

The vessels for which the calculations have been made 
have a breadth of 50 ft., and a moulded depth of 32 ft. 
Four methods of construction have been assumed, viz. :— 

1. A single-deck vessel with one row of pillars and 
with a single bottom. 

2. A single-deck vessel with two rows of pillars and 
with a single bottom. 

3. A single-deck vessel with one row of pillars and 
with a double bottom. 

4. A two-deck vessel with one row of pillars and with a 
double bottom. 


Each of the above four vessels has been assumed to be 
supported and loaded as follows :— 


1. In dry dock, empty a S. 

2. In dry dock, with uni- 
formly-distributed cargo 8, C. 
3. At light water-line, empt S, (2 + v) 


4. At light water-line, with 
uniformly - distributed 
cargo rok fae eee ... S, (a + v), C, (+F) 
o. At light water-line, with 


cargo at middle line S, (hk + v), (+ F) 
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there must be a force equal to this difference, in order 
that the section considered may be in equilibrium. Under 
conditions 4 and 5a shearing force acting upwards has, | 
consequently, to be assumed at the vessel’s side; and 
under condition 6 a similar fdree acting downwards. 
Where the cargo is uniformly distributed, it has been 
assumed not to exert any pressure on the side of the 
vessel.’ If it does exert such pressure, it can, of course, 
easily be allowed for in the calculations. 

The curves of bending moments and the curves of 
stresses for all the vessels under the above-mentioned 
conditions are shown on the same scale by Figs. 6 to 37, 
pages 586 and 587. A small sketch in each figure illus- 
trates the conditions at a glance, and has letters of identi- 
fication under it corresponding to those heading the 
columns in Tables XIV., XVI., XVIII., and XX. 
(Appendix). The curved base line is the neutral line 
of the corresponding girder, and the bending moments 
are set off in such a manner that the curve is always on 
that side of the girder which is in tension when strained. 
Set off in this way, the curve of bending moments gives 
a rough indication of the nature of the deflections of the | 
girder, as it shows approximately, on a very enlarged | 
scale, the deformation of the girder under the assumed 





conditions. 


| will be transmitted through the sides of the vessel to the 


bulkheads, thereby reducing the amount borne by the 


| floors and beam 


S, (2 + v).—When the vessel is floating light, it will 
be seen that the stresses are in each case insignificant. 
The bottom and the beams have a tendency to be forced 
upwards, so that the pillars will be in compression, as in 
all the vessels when on keel-blocks. 

S, (h + v), C, (+ F).—When the transverse section con- 
sidered is at a light water-line—say, in the trough of 
a wave—while the hold is uniformly loaded with cargo, 
there is a tendency for the bottom to be forced down- 
wards, dragging the beams with it, and the pillars will 
consequently be in tension under those conditions, as 
shown by the sign of Q in Tables XIV., XVI., and 
XVIII. (Appendix), except in the two-deck vessel, 
where the ’tween deck cargo causes the pillars both 
in the hold and ’tween decks to be in compression, as 
shown in Table XX. The maximum stresses occur at 
the framing at the bilge and at the ends and middle of 
the upper deck ms, or, in the case of the two-deck 
vessel, at the middle deck beams. 

S, (2 + v), (+ F).—When the weight of the cargo is 
concentrated at the middle line, the distribution of stresses 


| is very much as in the previous instance, except that the 
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stresses at the middle of the floors are increased consider- 
ably, the magnitudes of the stresses generally are some- 
what augmented, and the absence A any cargo in the 
decks now causes the hold pillars to be in tension in all 
vessels. ‘The ’tween-deck pillars in the two-deck vessels 
= eal still subject to compression, although very 
slight. 

(H+V), (—F).—When the transverse section con- 
sidered is empty, but at the deep water-line, then the 
bottom will be forced upwards, placing the pillars in 
compression, and thereby also forcing the beams upwards. 
As the side of the vessel is, at the same time, forced 
inwards hy the pressure of the water, it follows that a 
very severe stress at the bilge is the result. At the middle 
of the beams the stress is also fairly severe. 

S (H+V), C.—When the vessels are loaded uniformly, 
and are at the deep water-line, the maximum stresses 
occur at the side of the vessels, except in the two-deck 
vessel, where the weight in the ’tween decks throws more 
severe stresses on the middle of the second tier of beams. 
The pressure of the cargo on the bottom practically 
balances that of the water, but the forcing inwards of 
the frames is sufficient to defiect the bottom downwards 
in every instance, but not sufficient to always cause a 
tension in the pillars. In the vessel with two decks the 
pillars are in heavy compression, owing again to the 
*tween-deck cargo, and in the vessel with two rows of 
pillars there is a slight compression of the pillars. 

S, (H + V).—When the weight of the cargo is con- 
centrated at the middle of the floors, and the vessel is at 
the deep water-line, the pillars are all in tension except 
the ’tween-deck ones in the vessel with two decks. The 
most severe stresses are in this instance at the middle of 
the floors, the middle of the frames, and near the upper 
deck beam knees, or on the main deck beam knees in the 
two-deck vessel. 

With regard to the effect of variations in the method 
of construction, it will be seen that the introduction of 
two rows of pillars reduces the stresses on the beams and 
framing, but somewhat increases it at the middle of the 
floors. The practice of reducing the scantlings of the 
beams, where two rows of pillars are fitted instead of one, 
is, therefore, a sound one, even where the stresses are not 
due to weights carried by the beams, but to the straining 
of the frames and floors. On the other hand, the reduc- 
tion in the stresses, due to the reduced span between the 

illars, is not so large in a single-deck vessel as it would 
a in the case of beams, where the stresses are due to 
loads carried by the beams. The increase in the stress 
at the middle of the floors, due to the fitting of two rows 
of pillars, is insignificant, and of no practical importance. 

By fitting a double bottom of the usual depth instead 
of the ordinary single bottom, the bending moments 
and, consequently, the stresses on the framing and 
beams will be very considerably reduced. The bend- 
ing moments are partly transferred from the remainder of 
the structure to the double bottom, owing to the increased 
stiffness of this part ; and even with the larger bending 
moments the stresses on the bottom itself are reduced as 
its strength is increased in a still greater ratio. It will 
thus be seen that the practice is justified of requiring less 
depth of deep framing where a double bottom is fitted 
instead of a single one ; but it may be a question whether 
there ought not to be a still greater difference in the 
depth of framing, in order to make vessels fitted without 
and vessels fitted with double bottoms of equivalent 
strength. The great amount of strength added to the 
structure generally by the introduction of the double 
bottom may probably to a large extent explain the fact 
that comparatively little roan A has been experienced 
with the framing of the modern type of cargo tramp. The 
gradual increase in sheer, length of erections, and fulness 
of form would otherwise tend to a steady increase in the 
stress. The magnitude of the stresses on the single- 
bottom vessel shows further that it is highly desirable 
that great care should be taken to see that the necessary 
strength is obtained in other ways where an inner bottom 
cannot be fitted in a large, modern, square-bilged vessel. 
The simplest and most efficient method of strengthening 
the vessel under these circumstances is by increasing the 
depth of the floors, as has been done in some instances ; 
but if that cannot be done, the frames and (if the vessel 
is a single-deck one) the beams ought to be specially 
strengthened to be equal to those of a vessel with a double 
bottom. This comparison of the strength of double 
and single bottoms refers, of course, only to transverse 
stresses. Where the longitudinal strength is considered, 
or the tendency of the floors or outside plating to buckle, 
the single bottom may, and will usually, have the advan- 
tage over the double bottom. 

The fitting of an additional deck reduces the stresses 
on the framing considerably, in spite of the reduction in 
the scantlings of the frames. In other words, the assumed 
scantlings of the framing in the single-deck vessel with a 
double bottom are not equivalent to those of the framing 
in the two-deck vessel ; and in most instances the differ- 
ence would probably be greater than is indicated by the 
calculations, owing to the tween deck cargo rarely being 
so heavy as here assumed. The strength of the single- 
deck vessel could be made equal to that of the two-deck 
vessel by adding to the scantlings of the framing only ; 
but, as the efficiency of the framing depends to a very 
large extent on the stiffness of the beams, it may be 
desirable to increase the scantlings of both the frames 
and beams when compensating for a second deck. At 
any rate, if the scantlings of the beams are not increased, 
the addition to the framing ought to be larger than would 
otherwise be necessary. Owing to the large bending 


moments at the bilge and gunwale of the single-deck 
vessel, it will be clear that it is very important to see 
that ample strength is provided at the riveted attach- 
ments at the margin plate of the double bottom, and at 
the beam knees in this type of vessel. 


The stresses on 





the double bottoms are seen to be practically the same, 
whether one or two decks are fitted. In other words, the 
transverse stresses on the double bottoms will, apart from 
scantlings, depend chiefly on the breadth of the vessel 
and the draught of water. 

Attention might be drawn to several other points, but 
the curves of bending moments and stresses shown in 
Figs. 6 to 37, pages 586 and 587, will, I think, explain 
themselves. It will be seen that the bending moments 
at the bilge at about the position of the margin plate of 
double bottoms are practically zero; or, where they have 
any magnitude, they tend to place the margin floor 
attachment in compression, thereby relieving the angle 
connection of work it would otherwise have to do. It 
must, however, be borne in mind that other arrange- 
ments of support and loading will modify this fortunate 
condition. 

It is not suggested that the above considerations pro- 
vide a mathematical solution of the entire problem of the 
transverse strength of ships, but it is thought that the 
principle laid down may be of some use in comparing new 
or exceptional conditions with those with which experi- 
ence had been gained. It is a common occurrence that 
vessels are built for particular objects, where such excep- 
tional conditions are introduced. In some instances the 
pillars have almost to be dispensed with in large vessels, 
where this has not been done before. In other instances 
it is one, two, or even three tiers of beams that have to be 
compensated for. This large single-deck type, which is 
thus created, seems at the present time to be rowing 
both in size and favour with owners. In still other 
instances, it may be the depth of the double bottom that 
has to be reduced, or it may have to be increased owing 
to exceptionally heavy weights carried. Or, again, it 
may be unusually large hatchways that have to be pro- 
vided, and the consequent reduction in strength compen- 
sated for. In all such cases where new departures are 
made we have, strictly speaking, no experience to go by, 
and the only thing we can do is to use the best means of 
applying the experience we have otherwise gained to the 
altered conditions. In such instances I think that the 
methods here explained may sometimes be of use. 

It should also be unnecessary to state that I do not in 
any way suggest that the methods advocated should take 
the place of, or should be applied without reference to, 
experience. I do not see how it is possible to separate 
methods of comparative calculations from experience. 
What are such methods but means of applying experience 
when it is not directly applicable? Going strictly by 
experience only, we should be forced to build sister-ships 
for ever. In nearly every instance previous practice has 
to be departed from, to a greater or less extent, to suit 
new requirements, and it is then necessary either to con- 
struct the vessel at random and await results, or to 
attempt to estimate on previous results what would be a 
fair arrangement of scantlings. Methods of calculations 
are really only instruments whereby such comparisons 
can be established. If the departure from practice is 
small, it may be possible to estimate its effect by inspec- 
tion; but if the departure is large, it is necessary to employ 
a somewhat more elaborate method. 

In the discussion on the previous paper it was said that 
the problem of the transverse strength must always 
remain an indeterminate one. I think this statement, to 
be strictly correct, would require some qualifying defini- 
tion of the expression ‘‘transverse strength.” Taking 
this expression in its widest sense as applying to the 
complete mathematical determination of the stresses, 
including the effect of bulkheads, widely-spaced beams, 
side-stringers, &c., then, no doubt, the problem is, at 
present at least, indeterminable. On the other hand, 
every structure will have one, and one system only, of 
straining corresponding to each system of loading ; and, 
as that is so, there must be, physically at least, a solution 
to the problem; and to say that it will never be found 
seems rather to discredit the future. 

Taking the expression ‘‘transverse strength” in the 
narrower sense, as applying only to the transverse girders 
made up of the floors, frames, beams, and pillars of a 
ship, and in the sense the expression was used by Messrs. 
Read and Jenkins in their paper* on this subject, then 
the problem is, I think, solved by the method of least 
work as correctly in principle and as accurately in its 
practical solution as the determination of the stresses in 
the simpler forms of girders shown by Figs. 1 to 4, 
page 585. The mere fact that the loading, arrangement 
of support, and form of girder is of a more complex nature, 
and that it is consequently somewhat more laborious to 
apply the method, does not necessarily make it less correct 
in principle. Nor does the fact that we cannot calculate 
the forces due to shock from waves, rolling reactions, &c., 
really affect the question as here dealt with. These forces 
are variable in the strictest sense of the word, and, even 
if we were able to estimate their magnitudes, we should 
have to make so many assumptions as to the conditions 
for which they were calculated, that we might as well 
assume the forces, and save the trouble of estimating 
them. In their general nature these forces are simple 
enough, and their magnitudes can be roughly estimated 
from experience with structures subjected to their action; 
and if they are known, they can, if desired, be included 
in the calculations of the stresses on the transverse girders 
as easily as the weight of the cargo and structure is in- 
cluded. 

In dealing with the question of longitudinal strength 
it is usual to use the expression ‘‘ longitudinal strength ” 
in the narrower sense, as applying only to the longi- 
tudinal bending of the structure as a whole. In its widest 
sense the expression ought to include local deformation, 
such as the eee of the bottom between bulkheads, 
the plating between beams or frames, or any other actions 


* Trans. I. N. A., vol. xxiii., page 174. 
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which would affect the complete determination of the 
longitudinal stresses. In reality, the questions of longi- 
tudinal and transverse strength A Src separated from 
each other. Certain local deformations affect both alike. 
and the question of the longitudinal strength in its widest 
sense is just as indeterminable as that of the transverse 
strength, ee. so if the effect of deck erections jg 
considered. In the narrower sense, both questions may 
be considered solved. 

The unsolved part, as far as it affects the transverse 
strength, is the effect of er bending of the 
bottom and sides of the vessel. In ships without bulk. 
heads, peter fo. ven beams, or partial bulkheads, this 
effect -must infinitesimal; and in vessels with one or 
more of these items, I think the method of allowing for it, 
as mentioned in my previous paper, may, for practical 

urposes, be adopted until a better one is suggested, 

he method consisted in assuming the work done by the 
girders at right angles to each other to vary directly as 
the aggregate moment of inertia of the section of the 
girders, and inversely as the cube of the lengths of the 
girders. The load is then split up in this ratio, and each 
set of girders dealt with as if only loaded with the part 
thus apportioned it. The application of this method 
leads to the conclusion that wherever in ordinary ship. 
construction the length of one set of girders considerab y 
exceeds the length of the other girders—say, by more than 
twice—then the first set will add but little to the strength 
compared with the second set. If, therefore, a hold is, 
say, twice as long as it is deep at the side, then the effect 
of the side-stringers should be very small. The method, 
however, is not correct, and is only suggested as a 
makeshift. 

In the manner explained above, the relative loads car- 
ried by the frames and stringers may be determined in 
vessels with widely-spaced beams or web frames. The 
stresses on the framing may then be estimated by the 
principle of least work, including only that percentage of 
its load which is not borne by the stringers. 

In ew the strength of the various types of 
vessels, and in bringing a little more consistency into the 
application of our experience, I think that the method of 
least work may also be useful. Applying it to such 
yeneral questions, it is, of course, necessary to take a 

road view of the results obtained; but I believe the appli- 
cation of such more correct methods might often reveal 
the tendencies due to growing changes of practice, whether 
they were in the direction of approaching the limit of 
safety, or in the direction of unnecessarily increasing the 
strength. In the former case I think such methods might 
sometimes have prevented the actual straining point 
being reached. But the methods are, perhaps, more ap- 
plicable in the latter case, where no amount of direct ex- 
“ea can show to what extent our factor of safety may 
rave been increased by the gradual modifications in the 
type of vessel. 

In dealing with the strength of ships in general, the 
problem is really in certain respects simplified, and the 
whole question of the complex distorting forces and the 
shocks from striking waves may be eliminated. As 
ordinary seagoing ships are usually built, they are in- 
tended to be strong enough for certain general purposes. 
They are to be able to withstand very heavy weather and 
fairly severe methods of loading; but no vessel can be 
strong enough to withstand, say, any combination of 
hurricanes and tidal waves, nor any kind of distribution 
of cargo and other weights, without straining. It is, 
therefore, in the ordinary case not a question of providing 
strength for certain definite and special circumstances. A 
ship is built of a certain standard strength, and has then 
to be handled accordingly. It is therefore unnecessary 
to provide a system that will take account of the special 
circumstances. It is only a question of comparing vessel 
with vessel, and simpler methods will be sufficient, even 
for such purposes as improving the method of construction 
by obtaining the same strength with less material, or 
greater strength with the same material. 








Go.p.—The value of the gold imported into the United 
Kingdom in March was 3,856,052/., as compa with 
3,010, 284/. in March, 1903, and_1,467,768/. in March, 1902. 
In these imports South Africa figured for 1,874,0241., as 
compared with 1,361,071/. and 77,755/. in the correspond- 
ing months of 1903 and 1902, so that the Transvaal is 
regaining more and more its old ascendency. The imports 
of gold from British India in March were valued at 
728,024/., as compared with 240,746/. and 183,022/., while 
those from Australasia represented a value of 587,786/., 
391,960/., and 614,363/. respectively. No gold was 
received in March from Canada, so that Klondyke 
gold is not turned into cash in Great Britain. The 
value of the gold imported in the first three months of 
this year was 9,460,071/., as compared with 6,693,885. in 
the corresponding quarter of 1903, and 4,119,270/. in the 
corresponding quarter of 1902. To these totals the three 
principal colonial groups made the following contribu- 
tions :— 








Colonial Group. 1904. 1903. 1902. 
£ £ £ 
British South Africa 3,842,781 | 2,899,743 660,202 
British India 3: 3,167,619 674,058 | 1,052,922 
Australasia .. 1,265,383 1,501,860 | 1,375,742 


These totals largely represented gold actually newly 
raised from the soil. The commercial movement of gold 
has exhibited fewer fluctuations. Gold was, however, 
imported from Germany to March 31, this year, to the 
extent of 498,510/., as compared with 112,825/. in the 
first quarter of 1903, and 10,0167. in the first quarter of 
1902. 
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THE EQUIPMENT OF AN ENGINE 
TEST-HOUSE.* 
By R. K. Morcom. 


Tar days of broad guarantees of coal consumption of 
a plant per month or per annum have now passed, and 
the era of specialised testin has been inaugurated by 
modern competition. Nowadays boilers, engines, gene- 
rators and motors must all be: proved to fulfil the speci. 
fication as to efficiency and reliability, and it is on the 
closeness with which the results obtained approach the 
uaranteed figures that the justification of an enterprise 

depends. : 

ofthe rae of the experience gained by tests is so great 
that all progressive manufacturers lay down more or less 
extensive testing-plants for their own use, and so it is 
only natural that their test-houses should also be used to 
demonstrate guarantees, and so insure that time shall not 
be wasted on site, and to avoid the inconvenience to a 
station engineer of having his station turned into an ex- 
perimental department. : 1 

A brief account of the evolution of a plant for testing 
combined sets for electricity stations, and of some of the 
more interesting results obtained, is the object of this 


r. 
a getting the necessary apparatus the following re- 
quirements had to be met :— Apel 

The units to be tested ranged in size from 75 to 1250 
horse-power, running condensing or non-condensing, with 
steam pressures from 80 lb, to 250 lb., and degrees of 
superheat up to 350 deg. Fahr. above saturation point. 

he voltage might be anything from 60 to 6000, and the 
current anything from 10 to 2000 amperes, either in direct 
current or in single or polyphase alternating current of 
various frequencies. i 

The sets might have to run at full load, light loads, and 
varying loads. Regulation tests of the dynamo and 
governing tests of the engine would also be generally re- 

uired. Add to this the fact that only a limited space 
would be allotted, and as rapid changes from one set to 
another were necessary, the complication of the problem is 
obvious. 

A testing-plant had to be evolved to meet the above re- 
quirements, which should be accurate without being too 
costly, and which should be satisfactory to the expert, 
and yet easy to explain to the inexperienced. 

In the following paragraph is given an account of a 
modern engine pit bm intended to meet the above re- 
quirements satisfactorily, without neglecting the impor- 
tant question of cheap working costs. 

Steam is raised by four water-tube boilers, capable of 
producing 20,000 lb. of steam per hour. It is carried either 
direct to the engine or through a separately-fired super- 
heater. Steam-dryers are fitted in the flues of two of the 
boilers. Analyses of gases and fuel consumption are 
taken periodically, a everything possible is done to 
to keep the steam-raising costs low. 

The range is designed to supply eight testing-berths. It 
is divided into two sections, each of which can be isolated 
with one or more boilers in case tests at different pres- 
sures are run simultaneously. Reducing valves have been 
avoided, owing to the fact that the very trying conditions 
of varying pressure and temperature would probably 
render them a source of trouble. 

The test-plates are of the usual grid type on solid con- 
crete foundations, and pits are arranged, to accommodate 
big generators. The engines are coupled to the range by 
means of steel bends Pas matching pieces, each standard 
engine having its own series of piping. Flexible piping 
and other similar devices have been found unsuitable for 
test-house wear and tear. Difficulty has been found in 
providing lagging for the temporary pipes; the most 
satisfactory so far has been a large diameter asbestos rope, 
=e considerable lengths can be expeditiously 
agged. 

Temperature Tests.—A thermometer is fitted into the 
steam-pipe leading to each engine, and the temperature of 
the steam is adjusted to meet the requirements of the 
mr ea engineer. 

he first arrangement used for measuring this tempera- 
ture was a steel tube or cup, closed at one end, and arranged 
to screw into the steam-pipe at any convenient place close 
to the engine. The cup was filled with mercury, and an 
ordinary high-reading glass thermometer dropped into 
the mercury. As the lower portion of the cup extended 
well down into the steam space, the thermometer gave a 
fairly close approximation to the actual temperature of 
the steam. This method is adopted by a good many 
makers who supply thermometers for reading steam 
temperatures, the only difference being that the glass 
thermometer is secured in the cup, and generally provided 
with a metal cover to protect the glass from injury. This 
method, however, is not sufficiently accurate, as the ther- 
mometer always gives a reading lower than the actual 
temperature, owing to a certain amount of heat being lost 
by conduction from the cup to the comparatively cool 
steam-pipe. 

Another way of indicating the steam temperature is by 
means of a mercury steel pyrometer, which indicates the 
temperature on a dial face, and has much the same 
peeearanee as an ordinary pressure gauge. It is actuated 
ny the expansion of mercury in a steel tube reacting on a 
spring. This type of instrument need not itself be 
attached directly to the steam-pipes ; it may be fixed in 
any position in the engine-room, and connected by a fine 
— tube containing any convenient medium to transmit 
: aero to the spring. It is useful as an indicator 
0 the engine attendant, but itis troublesome to calibrate, 
* Tequires frequent correction. 

; rofessor Burstall suggested a platinum-wire pyro- 


‘ = Paper read before the Institution of Electrical Engi- 
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meter; but this was frequently broken by the rush of 
steam, and was too delicate for a works test-house. 

The present arrangement is a thin steel tube, screwed 
well into the steam-pipe through a stuffing-box, so that 
an asbestos packing may insulate it from the steam-pipe. 
Oil is used in the tube instead of mercury, as it is found 
slightly more accurate; the mercury also boils away at 
high temperatures. 

Exhaust.—Exhaust steam is passed into a range con- 
nected to three surface-condensers, separated by a 
valves. The back pressure is adjusted to the specifi 
amount from the lowest the plant can register up to any 
specified amount. The exhaust range has to be extremely 
adaptable, as engines are often running round unloaded 
from one cause or another, while water consumptions are 
being taken on others onload. Accordingly, every branch 
is three-waved, going to the engine, an atmospheric main, 
and to the condenser main. At every point where water 
may collect a drain has been fitted, as water returning 
from the exhaust has occasionally been found trouble- 
some. The larger engines are coupled up by large cast- 
iron pipes, the smaller ones with flexible piping. 

The air-pump discharge is passed into tanks attached 
to Avery balances, on which the amount of water de- 
livered in any given interval is weighed and announced 
by electric bell to any suitable point. Open-ended flushing 
valves are provided to these tanks in order that any 
leakage can be immediately detected or rectified. 

The actual taking of the water consumptions varies in 
different test-houses, so a brief description of the method 
adopted in the one under consideration may not be out of 
place. Before attempting to take a measurement under 
certain fixed conditions of load and steam, the engine 
should be run under those conditions for a sufficient time 
to ensure its having reached its proper temperature 
throughout. The time varies from a quarter of an hour 
toan hour. If this point is neglected, anomalous results 
are apt to be obtained. This also has a bearing on what 
may be called traction-load results with a varying load. 
It has been found that short measurements taken at 
different loads, dropping from full load by steps down to 
no load at, say, ten minutes’ interval, always gives better 
results than when taken on an up-grade. 

It is possible to conceive that with the same mean load 
on the same size engine certain load curves will, for this 
reason, give better results than others. 

All cylinder drains should be closed, and the ends of 
the drain-pipes should he inspected for leakage, unless 
these are coupled into the engine exhaust-pipe. The 
valve from the condensed water weigh-tank should be 
shut, and the sliding weight of the balance set at a tixed 
point onthe arm. As soon as the weight is balanced, the 
arm on its upward swing makes an electric bell circuit, 
and the man at the load-board carefully notes the time 
and load. The slide-weight is then moved on sufficiently 
to give a two minutes’ interval before the next ring, when 
the process is repeated. A complete log of steam pres- 
sure, temperature, &c., are taken, say, every third read- 
ing. In this way over a half-hour’s tank results can be 
obtained with quite as great accuracy as would be 
obtained by an arduous six-hours’ water consumption. The 
idea that a lengthy measurement of condensed water is 
necessary is really due to the fact that a confusion exists 
in some —— minds between measurements of feed- 
water and condensed water. 

Brake Test.—Tests are often run on the water brake 
if the dynamo is not to hand. A series of brakes is kept 
to suit different sizes, the Heenan and Froude pattern 
being the one adopted. The beauty of this brake, from 
the mspecting engineer’s standpoint, is that, whatever 
else it may be doing, the engine is certainly lifting a cer- 
tain weight at a certain radius. The type is too well 
known to require any description here. 

Asa check on the pis, either brake or electrical, 
and also when comparing brake horse-power with elec- 
trical horse-power, the indicator is always used. But too 
much reliance on the readings of this instrument may 
lead to trouble, especially in high-speed work. Cards 
taken on the same load by experienced and inexperienced 
operators often vary as much as 5 per cent. 

The efficiency of a well-constructed quick-revolution 
engine is so high that unless practically the whole 
indicated horse-power is registered absurd results are 
recorded, whereas a similar fault on a less efficient engine 
would be unnoticed. For this reason separate indicators 
are used, both top and bottom, with full-bore fittin 
right into the cylinders. The indicators are continually 
calibrated under steam, and all cards are taken by an 
expert operator. In this way the highest accuracy is 
insured, and the indicator becomes a useful check on 
other figures. An interesting point in high-speed engine 
indicating has been demonstrated—viz., that the oscilla- 
tions always associated with the cards are actually present 
in the steam, and are not due to indicator inertia. 

After trials of all manner of instruments, and con- 
sideration of objections raised by grumblers thereat, the 
following equipment for testing the electrical side of the 
plant has been arranged :— 

Ammeters.—For direct-current, shunted instruments of 
the Weston and Solenoid types are used. For alter- 
nating current, double - range hot-wire ammeters are 
adopted, except for very high voltages, when suspended 
coil dynamometers have proved more serviceable. The 
instruments here detailed for alternating current are, of 
course, available for direct-current also. As a calibrating 
instrument, a large Siemens dynamometer with revers- 
ing switch is found reliable. 

Voltmeters.—For direct-current the Weston type has 
also been chosen, being fitted with a volt-reducing box to 
give a very big range. For alternating work, vertical 
séale static instruments are used. Forcalibration, a wide- 
ranged horizontal scale Kelvin instrument has been 


_ Wattmeters.—The hardest instrument to come to a deci- 
sion about is undoubtedly a wattmeter for alternating 
current. Every engineer seems to have his own views on 
the matter, and an instrument that has much to recom- 
mend it to the practical man is often condemned for some 
theoretical defect. The instruments finally adopted in 
the test-house under consideration are of the suspended 
coil type, both direct and zero reading. The current 
range is capable of alteration by putting the current coils 
in series or parallel, and the volt range is also variable 
by means of resistances. 

Potentiometers.—In experimenting with a potentio- 
meter, the fact that the works’ foundations were of a 
light character rendered the mirror galvanometer too 
delicate an instrument, as the vibration of the cranes 
made the spot very elusive. This difficulty might have 
been overcome by the use of felt pads, or some form of 
vibration damper; but another reason put this highly 
adaptable and accurate instrument out of court. This 
reason was an appreciation of the value of simpli- 
city in inspiring confidence in the tests. It was thonght 
best to contrive so that any one could follow and check 
every figure, even the most inexperienced assistant whom 
it might be convenient for a chief engineer to send down ; 
and from a manufacturer’s point of view also, so much 
must be taken on trust where time is important, that a 
careless assistant may vitiate a whole series of results 
when working with an instrument which does not give 
readings without manipulation. 

Water Resistance.—After considerable trouble and ex- 
pense in connection with wire resistances, both in wooden 
and iron frames, a form of water resistance for taking up 
the load has been devised. The poles are of iron, 
arranged in wooden tanks. Water from a neighbouring 
canal is passed continually through the tanks by a by- 
pass on the condenser circulating pump, and flows out 
over a weir. The poles are connected to a load-adjusting 
switchboard, and can be coupled into the load in many 
combinations. Three tanks are used for different ranges 
of voltages, and these ranges are further divided by ad- 
justments of the outflow from the tank. Specially sub- 
divided tanks are used for polyphase work. 

The first experience when using a water resistance was 
not very satisfactory. The apparatus consisted of an 
iron tank about 3 ft. wide and 6 ft. long, with two large 
iron plates for the electrodes. This tank did not last 
very long, for the current, as well as passing from plate 
to plate, found a shorter passage by way of the sides and 
bottom of the tank. An improvement of this arrange- 
ment was a large wooden tank, 4 ft. wide by 10 ft. long, 
and about 4 ft. deep. Into this were fitted four hollow 
cone-shape castings, large end upwards. Inside each of 
these cones was a smaller one, suspended from above on 
a screwed spindle and hand-wheel. The outer cone was 
coupled to one terminal of the dynamo on test, and the 
inner through a flexible lead to the other terminal. Load 
could then be varied by raising or lowering the inner 
cone on the screwed spindle. It was necessary to keep 
the water-level a little higher than the top edge of 
the outer cone, so that the heated water in the space 
between the cones might rise naturally and flow away. 
This arrangement gave very satisfactory results ; in fact, 
some cones are still in use which were fitted about 
eighteen months ago. 

‘or higher voltages it was proposed to use a metal rod 
dipping into the water at the centre of the cone; but the 
conducting area of water to the outer cone was too large, 
and the length of water resistance too small, for many 
machines. Accordingly, a wooden trough of small cross- 
— and great length was designed for high-voltage 
work. 

The use of wooden troughs did away with the need for 
conical poles, and it is now found more useful to substi- 
tute iron plates fixed at the top to flexible terminals, 
and movable on insulated rollers along wooden runners. 
The load can thus be varied by sliding the plates along so 
that the cross-section between them is varied. By using 
a considerable number of smallish p!ates a very flexible 
load is obtained, and if care be taken with the circulating 
arrangements, a very steady load results. 

Switchboards.—These are of two types. Those of the 
one type are purely load boards, and are placed close 
against the load-tanks. They are arranged to give any 
required fraction of the load by cutting out sections of 
the poles of the water resistance. 

The other boards are instrument boards, and are portable. 
They each contain a complete equipment of instruments 
and switches suited to the class of machine for which 
they are used. Special boards are provided for con- 
tinuous current and high and low-voltage alternating 
current ; these latter are made suitable for three-phase 
work. A description of the three-phase low-voltage 
board will be characteristic :— 

The board is made of a stout wooden frame, with an 
ample base, which is arranged for bolting down, if neces- 
sary. The instruments and switches are mounted on the 
front and side faces on slate slabs. In the space contained 
by the wings of the board at the back are arranged all 
the required connections and terminals. There are three 
hot-wire ammeters, one static voltmeter with three-way 
switch, and one large three-phase switch for the main 
cireuit. On a shelf projecting below the ammeters are 
pases two wattmeters of the suspended-coil type. Lamps 
ighted by the machine on test are arranged over each in- 
strument. They serve not only to light up the dials, but 
afford information to a distance. The auxiliary instru- 
ments for the exciting circuit are fitted on the wings. 
The whole board, with instruments and connections, can 
be lifted by a crane. 

The cables are being laid in troughs, with a junction- 
en fo each test-berth, all being connected to the load- 
Ss. 





adopted. 





Besides the supply of low-reading ammeters for shunt 
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and exciting, circuit-reading portable rheostats are kept, 
as it is generally inconvenient to run a generator with its 
own regulating resistance. These have two sliding con- 
tacts on the top for coarse or fine adjustment, and the 
coils are contained in stout angle-iron frames, shielded 
with perforated sheet steel. a are stronger and 
havea larger range than those usually supplied with the 
machines. 

After the various trials, which can be run light, and 
which by deduction based on previous records can be 
made to give most of the information required about the 
engine, the dynamo is coupled up to the load, 

The portable switchboard is placed in front of the 
engine, and connected to the dynamo and junction-box. 
The proper arrangements of the load-board are then 
made, the machine excited and loaded up, and all the 
required preliminary trials made. After any defects 
discovered by these runs have been put right, the set is 
ready for its official tests. 

The usual course is a six hours’ run at full load, after 
which dynamo temperatures, &c., are taken. Then the 
governor is tested, and then any light load or special 
trials are made. 

Water consumptions are taken 
cording these great care must be taken to have all read- 
ings that are necessary for accuracy. Steam pressure 
and temperature, vacuum, revolutions, and load must 
be carefully recorded over the interval during which the 
condensed water is being weighed. Indicator cards 
should be taken during each consumption test, as a check 
on the load-measuring instruments. Simultaneous all- 
round readings should be arranged. by signal, in order to 
to give the right efficiency, whenever a set of cards is 
taken. 

After the official trial further small details are rectified 
and re-tested, and the set is ready for overhaul and 
des 

i 


pee: In re- 


tch. 
peitasinnny and official trials are often utilised to give 
information on small points of design, such as packing, 
governors, oil-service details, and other matters. New 
gauges, instruments, jointing materials, and lagging are 
also frequently under test, When it is impossible or in- 
admissible to run such experiments on preliminary or 
official trials, special trials have to be run oe the purpose. 
These points are, of course, of great importance to the 
designers of engines; but though the results may be 
appreciated by the users, the experiments leading up to 
the improvements are not of the same interest. The 
special tests which excite most interest are those which 
bear on engine performance, and a brief account of some 
recent trials will serve to show the type of results obtained 
in a modern test-house. 

Superheating.—The benefit due to superheating has long 
been recognised, but what that benefit amounts to in 
practice still seems very doubtful to many. On an engine 
properly designed to run under superheated steam condi- 
tions, full advantage is taken of the improved economy 
with but little extra trouble in running. It is only in 
using superheat on an engine quite unsuited for the pur- 
pose that those troubles are experienced which in so many 
cases prejudice engineers against elevated temperatures. 

Another point 1s sometimes brought forward: that as 
clearance for expansion must be allowed in the pistons 
and valves of an engine designed for superheat, so, if the 
superheat fall, the engine will be very extravagant of fuel. 
Experiments have been run which prove that this is a 
mistaken notion. An engine designed to run with 250 deg. 
superheat has been tested with dry steam at saturation 
temperature, and the result shows that with these valves 
and pistons the engine is only 2.1 per cent. less econo- 
mical than when fitted with valves and pistons designed 
for ordinary conditions. 

Superheat water consumption curves are given in the 
diagram from a three-cylinder triple engine of 200 kilo- 
watts capacity. Results are given at full and half loads. 
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The trials were run on the brake at 160 1b. steam pres- 
sure and 26 in. of vacuum. It will be seen that the per- 
centage of improvement for any given rise in temperature 
is approximately the same at full and half loads. The 
gain due to 200 deg. of superheat is here seen to be 41 per 
cent. Ona given type of engine the curves obtained are 
“— similar for both large and small sizes, 

he actual gain due to superheat is, of course, less than 
this, as extra lubrication and increased fuel consumption 
are required. The increased cost of oil for cylinder 
lubrication amounts to about 0.04d. per 100 horse-power 
hour, and is therefore a very small item. Fuel consump- 


tion trials run on a 522 brake horse-power triple-expan- 
sion engine with 160 lb. pressure and 26 in. vacuum gave 
the following figures :— 








Trial 1.—Fuel per hour with saturated 


steam st a ape 3, .. 1193 Ib. 
Trial 2.—Fuel per hour in boilers with 

superheat ... 5 es rE ..  8331b. 
Fuel per hour in superheater to give a 

temperature of 600 deg. ... oa io ‘S78 %. 


macgpoe pf the gain in fuel is 19 percent. The fuel was 


slack, and of poor evaporative value. 

It may be mentioned that the superheater was very 
lightly loaded, and that the lagging of the steam-pipe 
was not so good as it might have been. Allowing for 
these points, it seems that a saving of, say, 25 per cent. 
might be expected by superheating to 600 deg. 

Another interesting trial taken on a 120 brake-horse- 
power compound engine at 450 revolutions per minute 
was on the influence of forced lubrication on the indicated 
horse-power at light loads. The engine was run free, and 
friction-cards taken with oil pressure of 30 lb., 5 lb., and 
0 lb, The indicated i 
2.128, 2.409, and 3.333 respectively. This is interesting, 
as showing that a great increase in oil pressure will not 
bring a correspondingly big advantage. 

Trials on such points as the effect of by-passing the 
steam, on variable expansion governing, and many other 
points of the sort might be quoted, but the results are not 
of sufficient general interest or originality to warrant their 
inclusion here. 

A testing-department is always accumulating results, 
and every result is entered up in careful history books, 
anomalous figures are remarked on, and, if possible, ex- 
plained, and curves illustrating various points are fre- 
quently made. This mass of information is necessarily 
largely unpublished, and the public only hear of the work 
of those numerous well-equipped laboratories when some 
improvement is put before them in a fully-fledged condi- 
tion. Probably much of the information is not used in 
the full, and doubtless there are many experiments made 
in engineering colleges and institutions to elucidate 
mysteries, when all the time the solution is lying clear 
to see in some manufacturer’s record book 








CATALOGUES. 

THE Standard Pressed Steel Company, of Twentieth- 
street, and Clearfield-street, Philadelphia, have issued a 
list of shaft-hangers, which they are making of pressed 
steel instead of the usual cast iron. Different standard 
sizes are made to take shafts from 1,°; in. up to 2}} in. in 
diameter. 

A circular calling attention to their Victor metallic 
joints for boiler manholes and hydraulic pipes has been 
sent us by the United Asbestos Company, Limited, Dock 
House, London, E.C. 

Messrs. W. H. Wilcox and Co., Limited, of 23, South- 
wark-street, S.E., have issued a catalogue specially 
devoted to supplies and equipments for motor-cars. The 
list accordingly deals with oils, circulating pumps, boiler- 
feed pumps for steam-cars, lubricators of many types, 
jacks, spanners, and jointing materials. 

The Pinolite Company, of 47, Victoria-street, S.W., 
have sent us a copy of their new pamphlet describing 
their system of electrical illumination. The lamps used 
are of the incandescent type, but differ in having the 
filament strung as a single line along a straight tube 
in place of having a loop in a bulb, as usual. These are 
fixed end toend in a channel-shaped metallic reflector, 
and are said to be extremely effective for shop-window 
light, or the ‘‘indirect ” illumination of large buildings. 

The Westinghouse Brake Company, Limited, of 82, 
York-road, King’s Cross, London, have issued a new 
edition of their reference book. Thisis so well known to 
railway engineers that little requires to be said about it. 
It gives very full detail illustrations of every constituent 
part of the Westinghouse brake gear, including the 
newer quick-action triple valves and drivers’ equalising 
valves, together with a most minute description of the 
object and operation of each and every part. There is 
also a useful appendix dealing with the laying out of 
brake rigging. 

We have received from the General Electric Company, 
Limited, of 71, Queen Victoria-street, E.C., copies of new 
leaves just added to their comprehensive catalogue. These 
refer to cut-outs, radiators, dry cells, and the Angold 
Midget arc lamps. 

The Hughes-Johnson Stampings Limited, of Langley, 
Birmingham, have sent us a circular drawing attention 
to their patent link for joining up two lengths of chain. 
This link is no larger than the welded links constituting 
the body of the chain, but is said to be 50 per cent. 
stronger. 

Hobbies, Limited, of 12, Paternoster-square, E.C., 
have issued a well illustrated catalogue of photographic 
apparatus, the cameras listed ranging in price from 6s. 6d. 
up to 102. 10s. 

A catalogue exclusively devoted to water-gauges of 
different patterns has been sent us by Messrs. W. H. 
Bailey and Co., Limited, of the Albion Works, Man- 
chester. Some of the types shown are made in iron, 
steel, or regulus metal, as well as in gun-metal, and are 
thus suitable for use in chemical works, where the ma- 
terial last mentioned would be liable to attack by corro- 
sive fluids. 

A new catalogue has been issued by the Dowson 
Economic Gas and Power Company, Limited, of 39, 
Queen Victoria-street, S.W. Mr. Dowson was, we 
believe, the first to devise a generator giving gas suit- 
able for use in gas-engines, and we note from the catalogue 
that the size of the units supplied is now, in some cases, 
sufficient to generate 375 eal horse-power when used in 
a suitable motor. The Dowson suction plant—that is to 
say, generators in which the necessary draught of air is 
produced by the suction stroke of the engine—are now 
made, we note, in all sizes up to a rating of 150 brake 








horse-powers in each case were | 





horse-power. Rep attention is being paid to reduc} 
as much as possible losses of heat by convection ‘or'radig. 
tion, the heat in the outgoing gas being used to warm 
the incoming air supply, to superheat the otis 
requisite to the working of the apparatus. The standshy 
losses in generators rated from 100 to 375 brake horse-powes 
are only about 3 1b. per generator per hour, and these ne- 
rators can, at any moment, be started up into full activity 
again in about ten minutes, 

A catalogue showing the standard patterns of Nernst 
lamp now available has been sent us by the Electrical 
Company, Limited, of 121-125, Charing Cross-road, W,Q 
They are supplied for use on‘either direct or alternating 
systems, and range in illuminating power from 13} up to 
336 candle-power. . The former takes } ampere at 96 to 
100 volts, and the latter 1 ampere at 246 to 250 volts, 
The efticiency is represented by 1.77 watts per candle in 
the smallest size, and 0.88 to 0.95 watt per candle in the 
larger sizes. The average life of the filament is said to 
e 730 hours. 

From a catalogue just received, we note that the 
Metal Fittings Company, of Pagden-street, Battersea, 
S.W., have taken up the manufacture of the expanded 
metal lockers which are referred to in the reports of the 
Mosely Commission as being commonly provided in the 
United States for the safe custody of a workman’s out. 
door clothes whilst he is at work. 

A new catalogue of their well-known water-softening 
pee has been published by Messrs. Doulton und Qo, 

imited, of Lambeth, S.E. ‘ 

Leaflets forming an addition to their general catalogue 
have been sent us by the Edison and Swan United Electric 
Light Company, Limited, of Queen-street, E.C. These 
relate to wedge tumbler switches, a new pattern of 
Edison-Swan lamp, a shade for lamps, and to flexible 
conductors ; the whole are fixed in a new “ binder ” just 
issued, which is designed to take and keep in order the 
whole of the publications of the firm. 

Messrs. N. C. Szerelmey and Co., of Rotherhithe New- 
road, S.E., have published a little pamphlet containing 
notes on the corrosion of iron, and calling attention to 
their special paints for iron and wood, for which exhale 
5 preservative properties are claimed. 

Mr. Giinther Wagner, of 10, London Wall, E.C., has 
sent us a copy of his new list of liquid drawing-inks, which 
he supplies in seventeen different colours. Amongst 
them we note a special black ink for fine-line work. 

We have received from Messrs. Horace P. Marshall 
and Co., Leeds, a copy of their new catalogue of labour- 
saving foundry machines. The list includes cupolas, 
pneumatic fettling hammers, pneumatic sand-rammers, 
and different patterns of moulding machines. 








Coat Contracts.—The last of three series of coal con- 
tracts has been closed for the supply of three great London 
gas companies. In all, contracts have been placed for 
about 3,500,000 tons of gas coal, chiefly from Durham, 
at prices ranging from 7s. 6d. to 8s. 44d. per ton free on 
board. 

MANCHESTER.—On Thursday, the 14th inst., the Man- 
chester and Salford Town Councils discussed at length 
proposals for uniting the two municipalities. It was 
pointed out that the interests of the two communities 
were identical, and that in many matters a common 
administration would promote economy, efficiency, and 
the publicinterest. The Manchester council unanimously 
decided to refer the subject to a committee for further 
consideration, and by 36 votes to 11 Salford resolved to 
adopt a similar course. The joint population, should 
amalgamation take place, will be about 800,000. 

THe Nortu-EasteRN RAILWAY AND ITS BRIDGES.— 
Good progress is being made with the construction of the 
new high-level bridge at Newcastle-on-Tyne. It is to be 
strictly a railway bridge, no provision being made for foot 
passengers or vehicular traffic. It runs from the west 
end of the ceniral station, across the Forth Banks Bridge, 
through a part of the Forth goods yard ; it then curves 
southward, p ing across the Close, and then goes 
straight across the Tyne. The structure is about 800 ft. to 
the east of the Redheugh Bridge, and it will have two spans 
of 300 ft. each, the total length being 675 ft. On the 
Gateshead side of the river the bridge will curve to the 
south-east, joining the Team Valley, or main line, about 
100 yards east of the Redheugh Bridge. The cost will 
exceed 500,000. The bridge has been designed by Mr. C. A. 
Harrison, engineer of the North-Eastern Railway. It 
is of steel, of the latticed girder type, and it will have 
four sets of rails. 


AGRICULTURAL Encines.—The value of the agricul- 
tural engines exported from the United Kingdom in 
March was 88,488/., as compared with 77,513/. in March, 
1903, and 47,8542. in March, 1902. The corresponding 
exports in the three months ending March 31 this year 
were valued at 191,225/., as compared with 152,8761. in 
the first quarter of 1903, and 84,571/. in the first quarter 
the three principal 




















of 1902. To these latter totals _thre 
colonial groups made the following contributions :— 

Colonial Group. 1904, 1903. 1902. 

| é £ e 

British South Africa 4,595 7,665 3972 
British India 1,804 2,086 4149 
Australasia .. | 26,044 11,138 4880 
European countries afford, however, the best outlet for 
our agricultural steam-engines, having taken engines to 


the value of 107,674/. in the first three months of this 
year, as compared with 106,234/. in the first quarter of 
1903, and 58,064/, in the first quarter of 1902. 
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AGRICULTURAL APPLIANCES. 


D. Wilson, Riccarton, Linlithgow. 
cleaning and Sizing Machine. (6 igs.) February 18, 
1903 —This invention relates to a ee and sizing 
machines. It comprises an elongated hexagonal-shaped riddle A, 
which is capable of being rotated on an axle B, that is slightly 
inclined. Below the lower end of the riddle is an endless travel- 
ling-table C. The potatoes are fed into the upper end of the 
riddle A by means of a hopper a. As the riddle is revolved, the 
earth and sinall potatoes escape through the smaller meshes of 
that end of the riddle, the intermediate sized potatoes passing on 
until they arrive at about the centre of the length of the riddle, 
where it is of larger mesh, which allow the intermediate sized 
potatoes to fall through on to one side portion of the travelling- 


gi 
of 














table C below. The larger potatoes pass along the whole length 
of the riddle out from the open end thereof on to the other side 
portion of the travelling-table. By this means the earth is 
separated from the potatoes, then the smaller potatoes are <lis- 
charged, then the intermediate size, and finally the good or 
larger potatoes. The frame a! of the machine is preferably con- 
structed of wooden spars, the whole apparatus being carried by 
four wheels a2, The travelling-table consists of cross parallel 
laths riveted to a chain. The riddle is rotated by means of a 
hand-wheel E. On the shaft of the hand-wheel E is a sprocket 
wheel with endless chain F, which gears with a sprocket wheel 
PD on the end of shaft c? of the travelling-table. (Accepted Feb- 
ruary 24, 1904.) 


ELECTRICAL APPARATUS. 


3425. H. Leitner, Woking, and R. N. Lucas, 
Byfleet. Resistance Regulators. (2 Figs.) February 13, 
1903.—This invention relates to means for regulating electric 
lighting or other circuits and has for object to keep the current in 
the circuits to which it is applied constant within certain limits, 
A resistance, preferably of wire, is mounted in a frame and con- 
nected at various points to a series of contacts b, preferably 
arranged radially, so that more or less of the resistance may be 
introduced into the circuit to be regulated by means of a moving 
contact, which preferably consists of a more or less flexible brush 
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| 
mounted on a lever arm d pivoted or attached toa shaft e and | 
connected to a suitable wheel and pulley f. The position of the | 
lever arm and contact brush is controlled by the cores g, g! of 
two solenoids h, Al, the windings of which are connected, the one. 
h, across the terminals of the battery or source of current, and 
the other, Al, in series. In operation, when the circuit is closed, 
the solenoid / is energised and the brush ¢ caused to take up, 
4 position depending on the battery voltage. If some of the lamps 
are turned on, the solenoid h! is aiso energised, pulling in its core 
he number of lamps in use. This 
h ¢ in the opposite direction to that 


g' with a force dependent on t 
action tends to move the brus 
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in which the solenoid A tends to move it. 
(Accepted February 24, 1904.) 
GAS ENGINES, PRODUCERS, HOLDERS, &c. 


8473. R. S. Lovelace, H 
Internal-Combustion 


combustion chamber in any convenient manner. 




















The induction pipe is connected to the top of the annular seating 0 
in any suitable manner. The tube c is extended upwards, and 
is shaped to form both a connection f for the induction pipe and 
a top bearing e! for the valve stem. This bearing also forms a 
seating for the spring g operating to keep the valve closed. In 
operation the mixture of air and oil passes when the valve is open 
down through the tube c, under its bottom edge, and upwards 
between the space formed between the exterior of the tube and 
the interior of the valve, and thence into the combustion chamber. 
When the valve is closed, the arrangement described forms a 
heating chamber or vaporiser. The valve extending into the 
combustion chamber is always maintained in a highly heated 
| condition, and the charge is thoroughly vaporised in the combined 

inlet valve and vaporiser before it enters the cylinder. (Accepted 

February 24, 1904.) 


8495. M. H. Robinson, Rugby. Gas - Engines. 
{4 Figs.] April 14, 1903.—An engine according to this invention 
is constructed with two cylinders C, D, with their axes parallel 
and preferably as close together as possible. The compression 
spaces of the two cylinders are connected by a passage E and form 
one compression space, the whole arrangement forming a U- 
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shaped combination. The two pistons work in these cylinders 
synchronously, being connected by piston-rods to a common cross- 
head with one connecting-rod, or to two separate connecting-rods 
working side-by-side on to one long crankpin or on to two separate 
cranks. Each piston at the end of its forward stroke uncovers a 


Resistance’ is thus 
inserted or withdrawn according as the voltage and current vary. 


enstridge, Somerset. 
es. [1 Fig.) April 14, 1903.— 
This invention relates to internal-combustion engines, and com- 
rises a combined inlet valve and vaporiser, whereby the heavier 
ydrocarbons, such as paraffin, can be effectually vaporised within 
the combustion chamber without the necessity of using a separate 
or external vaporiser. According to this invention, the inlet valve 
@ has the form of a cup, the edge of which forms the face of the 
valve and engages an annular seating ) formed on or fixed to the 
From the seat- 
ing b depends a concentrically-arranged tube c, the open bottom 
end of which is not quite in contact with the bottom of the cup- 
shaped valve when the valved is closed. The stem a! of the 
valve is guided in a bearing d carried by the depending tube c. 


ports K in the cylinder D admits, when uncovered, a supply of air 
under pressure supplied through the pipe L by a pump attached 
to the engine. The charge of gas is admitted through a valve M. 
The pth may work on the two-stroke or four-stroke cycle, 
and may be either single-acting or double-acting. In the latter 
event the two cylinders are connected at both ends in the manner 
explained, and have piston-rods passing out through stuffing-boxes. 
Fig. 1 shows a single-acting two-cycle engine, and Fig. 2 a four- 
cycle engine, the gas in this case 9 yaaa through a ring 
of ports N. (Accepted February 24, 1904.) 


MINING, METALLURGY, AND METAL- 
WORKING. 

9455A. G. Dalton, Ore-Crushers and 
Screeners. (2 Figs.) April 27, 1903.—This invention relates 
to the combination of an elevator of the construction described 
and claimed in the specification of oe No. 9455, of 1903, 
with an ore-crusher mounted on a platform or frame, or with a 
screening drum, or with both. In this invention, the lower drum 
of the elevator is carried on its shaft by bearings mounted on the 
rear end of the platform } carrying the ore-crusher a—that is, 
the end carrying the jaw end of the crusher. The shaft of this 
drum is placed approximately opposite the middle of the end of 
the platform and ongitudinally with respect thereto. The shaft 
of the upper drum is similarly placed, longitudinally with respect 
to the crusher, and is lengthened towards the front end to carry 
the screening drum. / is the lower or receiving drum of the 





elevator, to which the broken or crushed material is led from the 
aws of the crusher a by the shoot g. / is the upper or discharg- 
ing drum of the elevator attached to the narrow end of the conical 
screening drum i. j are sprocket wheels, attached respectively to 
the drums f and A, and round which the chains ¢, carrying the 
buckets d, pass. & is the driving shaft of the lower drum /, and / 
that of the upper elevator and screen drums. If the shafts & and 
Z are correspondingly inclined, the screen drum i may be cylin- 
drical, instead of conical, and is, of course, inclined. n is an 
inclined plate, with a slot or opening through it, to permit the 
shaft / to pass through, and serves to direct the material raised 
and dropped on to it, towards the conical drum i. With an 
inclined cylindrical drum this plate is unnecessary. (Accepted 
February 24, 1904.) 


4894. J. Jones, Tipton, Staffs. Puddling Furnaces. 
(2 Figs.) March 3, 1903.—This invention relates to puddling 
and similar melting and reheating furnaces. In building up a 
furnace according to this invention, the exterior part of the fur- 
nace is provided with double walls a, c, providing between them 
air-passages e proceeding from the chimney end / of the furnace 
to the front end of the fire-chamber. The air that enters these 
passages is cold, and in its travel to the front end of the 
fire- chamber becomes heated by radiation from the con- 
fining walls c of the fire-chamber g and metal chamber i. 
From the passage or space at the front of the fire-chamber 
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the air proceeds over the fire to the fire-chamber g, and is used 
for the combustion of the smoke and gases, preferably passing 
into the fire-chamber by way of perforations 4. The metal or 
melting chamber is provided as ordinarily. It will be seen that 
the air-passages are so built between the walls a and c that the 
air cannot reach the upper part of the metal chamber other than 
by passing over the top of the fire, where it is utilised for combus- 
tion. Instead of the perforations h. a single large opening may be 
provided. j, k, l, mare the usual openings for feeding the fire 
with fuel and placing the metal or the like within the heating or 
melting chamber. (Accepted February 24, 1904.) 


MOTOR ROAD VEHICLES. 


3409. A. Craig, Coventry. Driving Mechanism. 
(2 Figs.) February 13, 1903.—This invention has for object to 
provide a simple and eflicient arrangement of mechanism that 
shall give two or more forward speeds and a backward drive. 





ring of ports in the wall of its cylinder. The ring of ports H in 
the cylinder C is connected to the exhaust pipe J, and the ring of 





The motor employed is horizontal, with the c’osed ends of the 
cylinders directed forward. The crankshaft of the motor carries 
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two clutches, by which one of two shafts may be clutched to the 
engine shaft. h of these shafts carries a sprocket from which 
power is transmitted by chains to other sprockets F, F1. The 
kets F, F! are keyed to a sleeve G, and one of the sprockets 

F' carries bearings for spur-pinions H, H! of a spur balance-gear. 
The pinions H! are double, the larger ng with the 
ur-wheels J, and the smaller parts with the single pinions H. 

e pinions H ora with the spur-wheel J!. The spur-wheel J is 


bolted to one of the road wheels, and the spur-wheel J! is keyed 
Surrounding both the sleeve G and shaft L is a sleeve M mounted 


which 
ween t 


tures, throu 
formed by or 


et 


toa transverse shaft L, to which is keyed the other road wheel. 














upon bearings on the sleeve G, and carrying the supporting | 
springs for the vehicle frame. It will be noticed that the rear | 
chain sprocket F on the left-hand side is larger than the chain 
sprocket F!. With the front ehain sprockets the reverse is the | 
case, so that the chain gearing on the left-hand side gives aj 
lower ratio than that on the right-hand side. By throwing in the | flector © projecting from the door of the firebox comprises a 
one or the other of the clutches, a high or low gear may be | plate cl, secured to the door and extending first horizontally and 
employed. If desired, a still lower gear, or a reverse gear, may | then downwardly so as to project partially over the front of 
be obtained by the use of a suppl tary box cont a | the deflector B, and to the downward y projecting portion of the 
crypto or sliding gear of ordinary construction. (Accepted Feb- | plate clis secured a second plate c’ that is adapted to stop sparks, 
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ruary 24, 1904.) ut allow products of combustion to pass round between it and the | 
| door, and then downwards between it and the plate c!. (Accepted | 
PUMPS. | February 24, 1904.) 
| | 
28,396. W. A.Gorman and R. H. Davis, London. | 
Air-Pumps. [3 Figs.) December 24, 1003,—This invention STEAM ENGINES, BOILERS, EVAPORATOBS, &Xc. | 


relates to improvements in air-pumps, chiefly designed for use in | 
supplying air to divers and persons working in noxious gases, | 
and to that class of such pumps wherein one or more single or | 
double-acting cylinders deliver air to a common valve-box. The | 
object is to improve the arrangement of the valves in the valve- | 
box. @ is one of three open-topped cylinders, each having a piston 


6508. E. R. Calthrop and E. G. Brewer, London. 
“Generators. (9 Figs.) March 20, 1903.—This inven- 


the vertical fire-tube type, and one of the objects of the invention 
is to provide such a construction that the en aed through _ 
4 we : -_ | circular series of fire-tubes is equalised. In order to receive the 
PB — _—_ ap) pettn er amen ey marti os products of combustion from the upper ends of the fire-tubes, an 
enclenes the three svlinde fi we - an ig frais Se ° is the welen: | annular chamber is arranged exterior of the crown of the boiler, 
eee ag ant see Sm . paseages e | and from one part of this chamber the uptake extends. It will 


composed of a horizontal plate or set of plates having an opening | to form a composite ring, and are located between the end 
in which fits, and through which extends, the blast-pipe D, to | and the centre rin; 
which the plate or set of plates is secured, an aperture or aper- | bush 3 and the g’ 
= of combustion can pass, being 

e plate or plates; and another plate or 
set of plates preferably secured to the blast-pipe, and also to and 
above the other plate or set of plates, so as to baffle any sparks 
that may pass through the aperture or apertures ; whilst the de- 


Steam 
tion relates to an improved construction of steam-generators of | 





7. The end ring 6 makes joint with pio 
t d 4 respectively, the tightness of the jon 
being ensured by the interposition of the plastic washers g in th 
grooves shown. The centre rings are pressed asunder b the 
| springs 9, housed in one of the rings. Each ring 5! is fitted in 
recess in the main ring 5, and it will be seen that the Rad 
cylindrical part of the composite ring which bears on the rod | 
is partly formed by the inner ring and partly by the main ri 
Both the inner ring and the main ring are divided into these 
more equal parts or segments. The elastic pressure of the 
springs 9 causes an axial pressure between the bevelled Surfaces 
of the wearing rings and the rings between which they are 
located, and this has the effect of closing in the wearing rings on 
the rod as they wear, so as to maintain the steam-tightness of 
the packing. Under ordinary circumstances the end rings and 
centre rings are made solid, as they can be slipped over the rod 
end ; but when this is not possible, these rings are split in halves, 
There is, however, no necessity to make any connection between 
pend aie 4 _ tometer tei i as shown in the figure, as the 
are he! er by the box in which they fit. (4: 
‘ebruary 24, 1904.) r (Aevepies 


6171. J. Metcalfe, Manchester. ecto: 7 Fi 
March 17, 1903.—This invention relates to ner Wd 
which the combining nozzle is made in two parts—namely, a fixed 
part and a movable part or flap, which opens when the injector is 
starting and then automatically closes ugain. a is the fixed 
of the nozzle and b is the flap, which is hinged to the fixed 
by means of the pin cso that it can readily swing in and out of 
place. The flap, as will be seen, has a length which is very short 
compared with the length of the nozzle. Measured circumferen. 
tially, however, the flap is about equal to the fixed part of the 
nozzle — that is, the flap extends about half-way round the nozzle, 
As will be seen by reference to Fig. 2, the meeting surfaces of the 
| flap and of the fixed part of the nozzle are not in a plane which 
contains the axis of the nozzle, but are curves so arranged that 
the edges of the flap ~ outside of the fixed part of the nozzle 
to a certain extent. This arrangement prevents lateral motion 
of the flap when closed, which might be caused by looseness of 
the hinge. It also lessens leakage of fluid into or out of the 


| 
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| in the annulus immediately adjacent to the funnel would be far 
| greater than the draught up the tubes further from the funnel ; | 





are the inlet valves, and j the outlet valves in the valve-box. | 
The inlet valves are fitted to the bottom and the outlet valves to | 
the top of the common valve-box. By this arrangement the | 
necessity for a large air space is dispensed with, and both inlet | 
and outlet valves can be independently removed when required. | 
When the invention is applied to a double-acting pump, the | 
arrangement of the valves for the air delivered from the lower | 
end of the cylinders is identical with that above described. For 
the air delivered from the upper end of the cylinder an inlet 
valve and an outlet valve are fitted to the cylinder cover, the 
latter valve communicating with the valve-box by a suitable 
passage. (Accepted February 10, 1904.) 


RAILWAYS AND TRAMWAYS. 


5579. . KR. Deptford. Spark-Arresters. 
(6 Fiys.] March 11, 1903.—This invention has for object to pro- 
vide improved means for arresting or extinguishing sparks and 
other live pieces of fuel in locomotive or other engines. For this 
p there is provided in conjunction with a deflector A, ex- 
tending downwardly and forwardly from the tube-plate, a horizon- 
tally arranged deflector surrounding the blast-pipe, and a de- 
flector which projects downwards and rearwards from that wall 
of the smoke-box which is opposite to the tube-plate ; the last- 
mentioned deflector and the horizontal deflector being adapted 
to form a trap that will, witnout materially obstructing the hot 

of combustion, baffle and break sparks that have 
under the first-mentioned deflector and beyond the blast-pipe. 
The arrester comprises the horizontally-arranged deflector B and is 


| 
| 
| 7 


be seen that in such a construction the draught up those tubes 


and to produce the best results it is necessary to equalise this | 
draught. This is effected by providing a compound funnel and | 
by dividing the annular chamber, so that the products of com- | 





nozzle, as the meeting surfaces are not radial to the axis of the 
nozzle. When the short form of 4 described is employed, a 
liner e, which may extend the whole length of the combining 
nozzle, is inserted. When the interior of the liner becomes worn, 
it can be readily removed, and replaced by another, thus 
avoiding the expense of an entirely new nozzle. (Accepted Feb- 
ruary 24, 1904.) 


TEXTILE MACHINERY. 


| 
21 Z 
Ct fas ie 2 | 6124. E. C. Sanders, Colne, Lancs. Healds. (3 Figs.) 
al 1} | | nN | March 17, 1903.—This invention relates to healds of that class which 

Wintts | have been hitherto provided with metal rings individuaily at their 
| top and bottom ends, by which they are threaded or slipped upon 

: ‘ : | wire rods, which are introduced intoa specially constructed frame 
bustion passing from the tubes at one part of the circumference | py dropping them on hooks fixed to the frame cross-bars. The 
of the boiler find their exit through one division of the funnel, | cross-bars of the frame are usually of wood, their outer edges 
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| While the products from other sections find their exits by the other | being fitted respectively with a couple of hooks for connecting 


divisions of the funnel. The funnel consists of a tubular struc- with the shedd ng motion of the loom, and their inner edges 
ture 24 having vertical divisions dividing the funnel into three | having a number of hooks fixed to them for the reception of the 
uptakes 25, 26, and 27. The two outer uptakes 25 and 27 com- | said rods. The suspension of the healds in this frame relieves the 
municate with the annular chamber 21 above the horizontal | heald bands of strain and gives them their natural freedom. This 
dividing-plates 22, 23, and therefore these uptakes receive the | invention is designed to provide a better means of attachment of 
products from those tubes which lie between the ends of the 
dividing-plates 22, 23, while the products from the other tubes e 
which open below the dividing-plates 22, 23 escape up the uptake Fvq.1. 
26 of the funnel. By these means the draught is equalised 7 
through the annulus of fire-tubes, and thus the wear and dete- 
— of the tubes are also equalised. (Accepted February 24, 
19C4, 





Ww. » Live 1. Metallic Packing. 
{9 Figs.] April 18, 1903.—This invention relates to metallic 
king suitable for either a floating or a non-floating packing. 
e packing consists of wearing rings, and end and centre rings 


| 














the heald bands 2 to the frame. For this purpose the wire rods 
| and the hooks for receiving them are dispensed with, and in lieu 
| thereof are two split tubes 6 and 10. One of the split tubes—viz., 

6—is fixed to the inner edge of the top cross-bar 7 of the frame, 
| with the split opening downwards. To the inner edge of the 
| bottom cross-bar 12 the other split tube 10 is secured, with the 
| split opening upward. The heald bands are romped with small 

heads 5 fixed at their ends, the said heads being made of any 
suitable metal or material and fixed to the ends of the healds in 
any suitable manner. The individual heald bands are slipped 
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adapted to locate the wearing rings, and, by their movement in a 
direction parallel to the axis of the rod to be packed, to press the along the split or opening in the tubes, the heads entering the 
wearing rings on to the rod as they wear. The wearing ringseach interior of the tubes and retaining the healds in the required 
consist of a main ring 5 and an inner ring 5}, fitted together so as | position. (Accepted February 24, 1904.) 
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— 
THE YERKES OBSERVATORY. 


Neary sixteen years ago* we published in this 
‘ournal an account of the Lick Observatory, a con- 
siderable portion of our articles being devoted to 
a detailed description of the great telescope, of 
36 in. aperture, which forms the principal feature 











Fia. 1. 


GENERAL VIEW 


whether it would be practicable to produce refracting 
telescopes of materially larger size, but also as to 
whether any adequate gain would be realised by 
such an increase of dimensions, if it proved to be 
attainable. As regards the second of these points, 
we think it is now generally admitted by all as- 
tronomers who have had experience with large 














Fie. 2. 
in the equipment of the important establishment on 
Mount Hamilton. At that time the Lick telescope 


was the largest refractor in existence, and doubts 
were expressed in many quarters not only as to 


* y) 
See ENGINEERING, y 
966 IUNGINEERING, vol. 
200, 225, and 396, ; 


xlvi., pages 1, 81, 149, 155, 








Professor Keeler, of Campbell, of Aitken, of 
Hussey, and of other able astronomers, who have 
in their turn formed the staff on Mount Hamilton, 
prove that the instrument is capable of solving 
problems which could not be dealt with by any 
other telescope existing at the time of its erection. 
They show also that even such a giant instrument 








OF THE YERKES OBSERVATORY FROM THE SoutH-WEsT. 


can be efficiently handled by an observer with very 
| trifling assistance, and that, thanks to the great 
| mechanical skill displayed in the design and con- 
| struction of its mounting, an amount of work can 
| be done with it which would have been utterly im- 
| practicable with the large telescopes of earlier days. 





| In this way, as in many others, the mechanical 
| engineer has come to the aid of scientific research. 

| It was the success attending the use of the Lick 
| telescope which led to the construction of the still 
|larger instrument which was presented to the 
| University of Chicago by Mr. Yerkes, and which 
| formed—although then in an unfinished state—a 
| prominent feature at the Chicago Exhibition of 1893. 
| After careful inquiry into climatic conditions, this 
| telescope was subsequently erected on a site near 
| William’s Bay, Wisconsin, about 75 miles north-west 
| from Chicago, and at an elevation of about 240 ft. 
above a small adjoining lake and 1200 ft. above sea- 
level. The nearest town is Geneva, at the opposite 
end of the lake, and distant some 8 or 9 miles. 

We are led to deal with the Yerkes telescope on 
the present occasion by two reagons—viz., first, 
that our Institution of Mechanical Engineers is 
| to next month hold a meeting at Chicago in con- 
| junction with the American Society of Mechanical 
Engineers ; and, secondly, from the fact that the 
President of the latter body for the present year is 
Mr. Ambrose Swasey, who was so largely respon- 
sible for the success of the mountings of both the 
Lick and the Yerkes telescopes, both these mount- 
| ings having been constructed by the firm of Messrs. 

Warner and Swasey, of Cleveland, Ohio. Under 
these circumstances it may naturally be expected 
|that the mechanical details connected with the 





INTERIOR OF WORKSHOP. 


instruments that, given a suitable location, we have | 
as yet by no means reached the limit beyond which | 
the increase in the size of a telescope would fail to | 
give additional powers of research. The records of | 
the admirable work done with the Lick telescepe | 
in the hands of Barnard, of Burnham, of the late | 





| mounting and accessories of the Yerkes telescope 
| will have a special interest for those members of 


our Institution who are visiting Chicago. Before, 
however, dealing with the mounting proper, it will 
be desirable that we should give some particulars 
of the observatory generally, and deseribe the dome 
in which the telescope is placed. 

A general view of the building—whieh with its 
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equipment was also the gift of Mr. Yerkes—is | operated so as to just leave the opening required 
shown by Fig. 1, on page 593, while a photograph | for the use of the telescope. 

of the large dome, taken during erection, is repro-| The dome is carried on twenty-six wheels, of 
duced in Fig. 3, page 596. A section of the large | which two are placed near together under the ends 
dome, showing the telescope in position, forms the | of each of the main arched ribs already referred to, 
subject of our two-page engraving this week. The ‘and the others singly under the ends of the other 
general plan of the observatory is due to Professor | lattice ribs, as shown in the section, Fig. 4. These 
George Hale, who has from the first held the office | wheels, which are without flanges, run on a flat- 
of director, the details of the design being due to | footed rail, weighing 90 1b. per yard, fixed to a cast- 
Mr. Henry Ives Cobb, who was the architect of | iron ring, which is bolted down to the walls of the 


the very successful Fisheries Commission building 
at the Chicago Exhibition of 1893. In plan the 
observatory has the shape of a Roman cross, the 
long axis, which runs east and west, having a 
length of 326 ft. At the western end of the axis is 
the large dome already referred to, while at the 
eastern end is accommodation for a large meridian 
circle. 
end of the axis, and they carry at their extremities 
two other domes, for the accommodation of 12-in. 
and 16-in. telescopes respectively. The material of 
the building is brown Roman brick, with decorations 
in. terra-cotta of the same colour ; and our illustra- 
tions will, we think, show that the whole design is 
an eminently successful one from an architectural 
point of view. 

Much might be said respecting the accommoda- 
tion afforded by the observatory, including its 
various instrument-rooms, optical and other work- 
shops (an interior view of one of which is given in 
Fig. 2 on page 593), laboratories, &c. ; but our 
space will not permit us to enter into these matters, 
and we must confine ourselves to dealing with the 
great telescope and the dome which contains it. 
eg ; ; ener 
This dome is carried by a tower 92 ft. in diameter 
and 52 ft. 6 in. high, and, as shown by the section 
on our two-page engraving, it is surrounded at a 
height of 44 ft. from the ground by a balcony, from 
which an extended view is obtained of the sur- 
rounding country. The dome itself is 90 ft. in 
diameter, and is cylindrical for the bottom 9 ft. of 
its height, while the upper part is hemispherical, 
and its general appearance is undoubtedly much 
better than that of a dome consisting of a hemi- 
sphere only. 

The dome is founded on a substantial base-ring 
or curb, from which rise a number of arched lattice 
ribs, as shown in Fig. 3, page 596. The arrange- 
ment of these ribs cannot be symmetrical through- 
out the circumference, as provision has to be made 
for the observing opening, which is 12 ft. wide, and ex- 
tends from the horizon to 5 ft. past the zenith. The 
sides of this opening are formed by two lattice girders, 
2 ft. 6 in. deep at their ends and 4 ft. deep at the 
zenith, which extend right across the dome, as shown 
in the section, Fig. 4, on our two-page engraving. 
Into these two main ribs the upper ends of the 
lighter lattice ribs are framed ; as will be seen 
from the section, the lattice ribs are connected at 


three points in their height by circumferential | 


lattice purlins, which also serve to support light 
intermediate ribs. 

The dome is covered with wood worked as straight 
panels extending from rib to rib, sothat thehorizontal 
section of the dome at any point is not really circular, 
but polygonal. Outside the woodwork is a casing 
of painted tinplates. The observing opening is 
closed by a pair of shutters, which part at the centre 
of the opening and move away laterally, being 
carried at their upper and lower ends on wheels, of 
which the axes are fitted with anti-friction bear- 
ings. The wheelsrun on tracks placed tangentially. 
The shutters, which are 85 ft. long and weigh 
9 tons each, are framed on arched plate-girders, 
one of which is, seen in the section, Fig. 4; and 
notwithstanding their great weight, they work so 
freely that a direct pull of 75 lb. will move them. 
The gear working them is arranged so that they 
move together, giving a parallel opening, this gear 
being operated by a conveniently placed hand-rope, 
on which a pull of a few pounds only is required. 

It, of course, follows from the arrangement of 
the shutters that when they are withdrawn, the 
observing opening is uncovered from horizon to 
zenith ; but under certain circumstances this is 
undesirable, and to afford shelter from wind, &c., 
the opening has been fitted with two canvas cur- 
tains, which run independently of each other on 
tracks placed inside the dome, their combined length 
being greater, and their width also greater, than 
that of the observing opening. Each curtain is 


crossed at intervals by light steel stays which sup- 
port the canvas, and also carry at their ends two- 
wheeled trucks which run on the tracks already 
It is evident that these curtains can be 


mentioned, 


The arms of the cross adjoin the eastern | 


tower. The axles of the wheels run in roller bear- 

|ings contained in cases having a spherical shape 
| externally and held in suitable pillow-blocks, so that 
| the bearings may be self-adjusting. Lateral move- 
| ment of the dome is prevented by horizontal 
pulleys arranged so that they may bear, if neces- 
sary, against the inner side of the rail-head. 

The complete dome weighs 140 tons, but it is 
rotated with great ease, the arrangement for mov- 
|ing it being as follows:—On reference to the 
|section, Fig. 4, it will be seen that at the foot of 
each lattice rib is a bracket which projects down- 
wards, inside the dome. These brackets support 
a ring formed of angle-iron, the horizontal flange 
of this angle-iron projecting outwards. On this 
flange rests an endless steel rope, which at one 
point in the circumference of the tower is led off 
tangentially, and passed over suitably placed guide- 
pulleys down to the rotating mechanism arranged 
in the basement of the building, as shown on the 
right-hand side of Fig. 4. The angle-iron ring thus 
forms a large rope pulley, and by hauling on the 
rope the dome is rotated. The rope is operated 
either by an electric motor or by a hand-rope, the 
latter being so placed that it can be conveniently 
actuated from the rising floor, which we shall 
describe later, or from the upper gallery inside the 
tower. 

Referring again to the section, Fig. 4, it. will be 
seen that the tower is provided with two internal 
galleries, one of these being 21 ft. above the base- 
ment, and the other 23 ft. higher, it being on the 
same level as the external balcony already referred 
to. Inside these galleries is arranged the circular 
rising and falling floor, 75 ft. in diameter. This 
arrangement of rising and falling floor, which was 
originally devised by Sir Howard Grubb, and which 
has been adopted at the Lick, Yerkes, and other 
important observatories, is of great value in con- 
nection with a large telescope, as it affords con- 
venient access to the eye-end in all positions of the 
instrument, without having recourse to cumbrous 
observing chairs or platforms. It also affords great 
facilities for the removal or examination of the 
object-glass, or for the attachment or removal of 
spectroscopic or other apparatus. 

In the case of the Yerkes Observatory the movable 
floor has a vertical range of 23 ft., its upper and 
lower positions corresponding with the levels of 
the two internal galleries already mentioned. It 
consists of a group of lattice girders forming a 
|square frame, from which cantilevers project to 
|carry a ring of [ section, forming the outer edge 
|of the floor. The floor is supported at four points, 
|corresponding to the corners of the square, by 
|steel cables, which pass over suitable sheaves 
| carried by lattice steel columns, as shown in the 
|section, Fig. 4. The cables are provided with 
|counterweights, and from the under side of the 
|counterweights other cables pass down under 
| sheaves near the basement level, and up again to 
lthe under side of the floor, as shown. The 
|bottom drums are operated by worm gearing, 
land by means of bevel gear and shafting all the 
| four worm-shafts are coupled to a single electric 
/motor placed in a central position, and controlled 
| by switches under the command of the observer. 
The girder framing is covered with pine flooring, 
|on which maple flooring is laid. The whole move- 
|able floor weighs 45 tons, but, being well balanced, 
it is readily adjusted to any desired level. In its 
|highest or lowest positions, access to the floor is 
|readily gained from the upper or lower galleries ; 
| while at intermediate levels it can be reached from 
|the spiral staircase, which, as shown in Fig. 4, 
connects the two galleries. 

The dome and rising floor were constructed by 
the King Bridge Company, of Cleveland, Ohio, from 
the designs of Messrs. Warner and Swasey, to whom 
| the greatest credit is due for the manner is which 
|they overcame the numerous practical difficulties 
connected with the efficient working of a structure 
of this size and character. 


| 

















a 
a focal length of about 61 ft. Its aperture jg 
thus 4 in. greater than that of the Lick instry. 
ment, while its light-grasping power is greater in 
the proportion of nearly 5 to 4. The magnifying 
powers which can be used with the instrument 
range from 230 to 3750, the last-named power 
however, only being available under exceptionally 
good atmospheric conditions. The general arrange. 
ment of the telescope and its mounting is well 
shown by the section, Fig. 4, on our two-page 
engraving, while Fig. 5, on page 597, gives a good 
idea of the mounting as seen when the movable 
floor is nearly in its highest position. 

The object-glass of the Techies telescope is the 
work of the late Mr. Alvan G. Clark, of Cambridge- 
port, Massachusetts, who so worthily succeeded hig 
father, the late Mr. Alvan Clark, as the maker of 
objectives of the largest size. The glass discs for 
the two lenses forming the objective were, like 
those of the Lick telescope, manufactured by 
Mantois, of Paris, the only firm in the world who 
can at present produce discs of optical glass of the 
required size and quality. The discs are 41} in. in 
diameter, the double convex crown-glass lens being 
24 in. thick at the centre, and ? in. at the edge, 
while the flint-glass lens, which is nearly plano- 
concave, with the plane side next the eye-piece, is 
2 in. thick at the edge, and 1% in. at the centre, 
The lenses as mounted in their cell are 83 in. apart, 
each being supported at three points on aluminium 
bearings. The weight of the crown-glass lens is 
about 200 lb., and that of the flint-glass over 
300 lb. The cell carrying the lenses is of cast 
iron, with flanges at the inner and outer ends. 
Between the flanges it is pierced by seven elliptical 
holes, which give access to the opposed faces of the 
two lenses for cleaning purposes, and which also 
serve for ventilation if required. The cell is en- 
circled by a ring or shield of brass, which enables 
the holes just mentioned to be closed to any desired 
extent. ‘The whole cell with its lenses weighs 
about 1000 lb. It is, of course, provided with 
complete adjustments for enabling the lenses to be 
set accurately square with the axis of the tube. 

Naturally, the transportation of the almost price- 
less lenses from Mr. Clark’s works at Cambridge- 
port to their destination was a matter of anxious 
consideration, and it may be of interest to say a 
few words here of the manner in which they were 
packed. Each lens was wrapped in very fine and 
heavy felt, which was sewn round the circumfer- 
ence, the whole being then encased in tough 
wrapping - paper, glued at the edges to prevent 
access of the slightest dust or dirt. Each lens thus 
covered was then packed in a separate box about 
5 ft. square, the packing material consisting of an 
abundance of specially-curled horse-hair. The 
boxes were conveyed to their destination in a 
Pullman car, and on their arrival were unpacked 
under the personal supervision of Mr. Clark, who, 
after dusting them with a camel’s hair brush, wiped 
them carefully with a very fine cotton cloth. This 
done, the lenses were placed upon a simple mecha- 
nical arrangement provided for the purpose and 
lowered into the cell. 

In our next article we shall describe in detail the 
mounting of the great telescope. 


(To be continued.) 








LIQUID FUEL BURNERS. 
By J. S. V. Bickrorp. 
(Concluded from page 525.) 

On the whole, after about four years’ experience 
with petroleum burners, I am inclined to think 
that the type of burner already described, and 
which in one form is used on the Serpollet cars, is 
about the best. It is true that it is not so silent 
as a Bunsen burner, but the noise on an auto- 
mobile on the road is not very bad, and it is as 
nearly ‘‘fool-proof” as can be. The one point 
which I do not care for in the arrangement adopted 
by M. Serpollet is that he has the whole burner 
inclosed in the casing coming down under the inlet 
ends of the induction tubes. I believe this to be a 
mistake, as it does not allow the burner to get the 
excess air it wants at high pressures. My own 
modification of this burner is to have the lower 
ends of the induction tubes in the open air, by 
which means, when the burner is working at high 
pressure, it entrains more air into the furnace than 
when the pressure on the oil is less, and in practice 


The great telescope housed in the dome we have | sucha burner will readily burn without smoking at 
been describing has a clear aperture of 40 in., and |all pressures between 3 1b, and 40 lb. per square 



































— ENGINEERING. 595 
“ch. It may be interesting to note that the | of heat for automobile boilers, though for a labora-|the final form of the apparatus which I patented. 
anal of vapour which a given nozzle will pass | tory boiler it might answer very well, Many experiments had to be tried to determine 
ails as the square root of the pressure at all pres- H On B the consumption, the relative sizes of the holes in 
a up to about 30 1b. per square inch ; but whether EAVY-UIL DURNERS. the bottom and end of the nozzle, and I expected 


down at 25 1b. per square inch above 
the atmosphere, as it does for steam, I cannot say, 
but Ihave never been able to detect anything of the 
sort. A given size nozzle will pass a much greater 
weight of oil vapour per unit of time than it will of 
water vapour. The output for oil vapour is for 
a jy-in. nipple, at 10 lb. per square inch, about 
1 gallon per hour down to little more than half this 
amount, depending on the temperature of the 
vapour. If, however, the vapour is very hot, it is 

ermissible to increase the nozzle size till the 
normal amount of vapour is passed per hour, without 
affecting the working of the burner. ; 

With regard to vaporising surface, it may be 
said that in the full heat of the flame from the 
burner, 30 square inches of heating surface will not 
evaporate much more than 20 1b. per hour, and it is 
not safe to expect more than half this amount 
without incurring the liability to prime liquid oil, 
especially at starting. It will be noted that this 
output is enormously greater than could be obtained 
with water. The above heating surface would be 
about one-fifth of a square foot, and the output per 
square foot would consequently be about 100 lb. 
In similar conditions the heating surface will not 
turn out more than one-sixth of the weight of 

am. 

The proportionate output, it will be noted, is 
roughly in the ratio of the latent heats of oil vapour 
and steam, which are, I believe, about as 150 is 
to 1000. 

Before closing this part of my paper, a few words 
may be said on the subject of a burner, now on the 
market, which does not work on the same principle 
as any of those described. I allude to the ‘‘ Per- 
fection” stove. This consists of two concentric 
cylinders of iron thickly perforated with holes 
about ;}; in. in diameter. The lower ends of these 
cylinders stand in an annular trough communicating 
with a source of oil supply at constant level, the 
feed being by gravity. In the actual stove the 
level is maintained by the ‘‘ chicken feed” arrange- 
ment already described, and now illustrated in 
Fig. 10. At starting, these concentric cylinders 
are in practice warmed up artificially by an annular 
asbestos wick A, standing in the trough between 
the cylinders. As soon as the cylinders are hot, 
they, standing in the oil in the trough, vaporise 
the oil, and oil vapour being, as already mentioned, 
very heavy, it fills the lower part of the annulus E 
between the cylinders C D; the cylinders, being hot, 
induce an incurrent of air through all their perfora- 
tions, and this air, mixing with the vapour between 
the cylinders, causes it to burn with a perfectly 
blue and silent flame. If one looks down between 
the cylinders in action, each little hole in the 
cylinders can be seen to be surrounded by a little 
flame-cap, just as if it were emitting coal gas into 
atmospheric air. The flame is exactly like that of 
burning spirits of wine, and very hot. The cylin- 
ders are roughly 34 in. in internal diameter, and the 
space between, say, in. The consumption of this 
burner can be varied between 4 oz. and 6 oz. of 
oil per hour only. If this be worked out, it will be 
found very low for the space occupied. For 
instance, if we suppose the annular cylinders to 
be cut and laid out flat gin. apart, they would 
be roughly 12 in. long, and allowing for an air 
space each side of the walls, which would now, 
of course, be straight, the burner would now 
occupy a space of roughly 1 in. by 12 in., or twelve 
such burners would make up a square foot. Such a 
square foot would burn 72 oz. of oil per hour, or, 
roughly, say 5 lb.; the maximum consumption 
being thus 5 lb. per square foot. For automobile 
purposes the consumption should be at least 20 lb., 
and with the Serpollet burner and a good free 
passage for gases through the boiler it can be con- 
siderably over this. What would be the effect of 
working the ‘‘ Perfection” stove with the induced 
draught of a moderate chimney I do not know; it 
1s quite possible that it would under these condi- 
tions burn a great deal more ; but even then there 
would be a very great difficulty in maintaining a 
constant level of oil in the troughs. The ordinary 
household ‘‘ Perfection” stove has to stand on a 
very tolerably level surface to burn blue. If it is so 
isted as to increase the depth of oil in the troughs 
considerably, the flame is yellow ; and if the other 
way, the stove does not burn at full power. On the 


the rule breaks 


Some time since I started a series of experiments 
on the combustion of refuse oils, such as creosote, 
for metallurgical purposes, which gave some in- 
teresting results. My idea was to burn them with 
a low air pressure, such as is produced by a fan, 
and the results were rather satisfactory. 

I started with the root idea of burning the oil 
ona sort of wick, and blow-piping the flame into 
the furnace. The first arrangement tried was to 
pour the oil on to a small pile of broken brick, set 
alight to it, and then blow the flame into the fur- 
nace. This would not do at all—the bricks would 
not burn nearly enough oil. I then tried making 
the bricks themselves burn under forced draught 
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by introducing a jet of air into the bottom of the 
pile, as shown in Fig. 11. This worked passably, 
but was very apt to get flooded with oil. In moving 
about the apparatus one day, I noticed that if I 
directed a jet of air down on to the top of the 
bricks instead of up through them, the combustion 
was much more rapid, and this was the third ex- 
periment tried. It was satisfactory, and produced 
an enormous volume of flame of an intense white 
brilliancy. The next step was to do away with the 
two sources of air, and to cut a hole in the bottom 
of the main nozzle, as shown in Fig. 12. I then 
found that the arrangement worked much more 
satisfactorily if the stream of oil were fed on to 
the top of the nozzle in such a way that it struck 
the stream of air issuing from the hole in the 
bottom, so as to be roughly sprayed to the bottom 





Whole, I am afraid that it is not a promising source 


of the combustion chamber or retort, and this was 


to have to try many more as to the best form of the 
various holes; but so far I have been unable to 
detect any difference in the effect of the burner, 
whether the hole in the bottom be a round one, a 
series of holes, or a slot; but for the convenience 
of making, and to insure the oil striking the air 
jet, I always made the nozzles with a round hole 
in the end and a long slot in the bottom. It was 
found that if the slot were too large in proportion 
to the hole in the end, the combustion chamber 
was rapidly overheated ; whilst if too small, the 
chamber flooded with oil. The actual ratio of slot 
to end orifice depends to some extent on the air 
pressure employed. In the first arrangement used 
the air was supplied from a small positive pres- 
sure blower, giving a pressure of nearly 50 in. of 
water, the end hole in which case was $ in., and 
the slot 1 in. by ;4 in. This worked all right, the 
ratio being roughly as one to three. With 2 in, 
pressure it was found that this would not do—the 
slot had to be much larger to keep up the supply 
of flame, the ratio being more as two to five. The 
exact ratio is not very important, and cannot be 
fixed with certainty, as it appears to depend on the 
shape of the combustion chamber, and the dis- 
position of the refractory material inside it. I 
early abandoned the broken brick, as it was found 
that a lining of fireclay answered quite as well and 
was more reliable. Experiments were then tried 
to determine the action of the flame in a furnace, 
The idea was to make a brass-melting furnace for 
use with waste oils, and a series of experiments was 
tried to determine the oil consumption per pound 
of metal under different rates of combustion. At 
the same time some experiments were tried on the 
effect of directing the flame tangentially into the 
furnace, so as to cause it to travel round the 
crucible. 

It was found that a consumption of about ? Ib, 
of oil per hour with a 40-lb. charge of metal was 
most economical, if the desired result was only to 
have the brass fluid enough for casting rough work 
or ingots. This amount of metal could readily be 
melted with 5 1b. of oil. Many experiments were 
tried on the arrangement of the metal in the fur- 
nace. I noticed that the crucible took a long time 
to heat up, and a great amount of the heat, es- 
pecially at the beginning of the blast, went away 
to waste, and to recover some of this half the 
charge was stacked in the path of the waste gases, 
It was always this which melted first, and then 
acted as a sort of flux to lead the heat to that part 
of the charge stacked originally in the pot itself. 
When only half a charge was melted, all of it being 
stacked inside the crucible, with a cover on, the fuel 
consumption and the time necessary to melt the 
metal were both much greater than with a full 
charge stacked partly in the crucible and partly 
in the chimney. Recently this class of burner 
has found a considerable application for ‘‘ dip 
brazing” in the cycle trade. In this method 
a considerable volume of spelter is melted in 
a crucible of the form shown in Fig, 13, by 
a flame passing under the crucible. The amount of 
spelter used at one time is about 100 lb., and it 
takes over two hours to melt it. Once melted, 
however, a very little heat will keep it fluid; and in 
one of my experiments I got four men at work, 
each provided with a large number of tubes to 
represent cycle frames. We could not dip these 
fast enough to cool down the spelter, the rate of 
dipping being over 200 per hour. This style of 
brazing does excellent work, and is much less liable 
to burn the frame than is the case with the blow- 
pipe. The flux to be used is floated on top of the 
metal, and is usually about lin. deep. It consists 
usually of either borax alone, or borax and nitre in 
equal proportions. Engineers will find it ‘worth 
remembering that if it be desired to braze up a 
joint, a quantity of spelter can be melted in a 
crucible with a little borax on the top, and the 
joint can then be quickly and most reliably brazed 
by washing the part in the molten metal. Tubes S80 
treated come out completely brassed over. It is, 
of course, necessary to have the part quite clean 
and free from oil, and it should, as a rule, be washed 
in caustic soda to insure this before dipping. 

To return to the brass-melting furnace and its 
burner, I did not find any advantage from directing 
the flame round the crucible, and quickly abandoned 
this method. The burner was then tried for steel- 
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melting, and for a long time without success, | 
tried to melt a few pounds of steel in an open 10-Ib. 
crucible with a 50-in. blast and a consumption of 
1} gallons per hour. Though the furnace became 
so hot that absolutely nothing could be seen of the 
erucible or its contents, the steel failed to flow, 
even after four hours’ blowing. It then occurred to 
me to cover the crucible, so [ placed a cover on it, 
and on top of this two or three pieces of fire-brick 
of rather an inferior make. In two hours not only 
the steel but the fire-bricks also had completely 
melted, and by the look of the bottom of the 
furnace after cooling, it seemed as if the bricks had 
been fluid enough to make castings of. It may be 
worth mentioning that I found a good method of 
treating aluminium scrap. Anyone who has tried 
melting this metal will know that in normal cir- 
cumstances the recovery is very bad. The reason 
appears to be that small particles of metal will 
melt without changing their form, the fil of oxide 
on the outside holding the melten metal together. 
Something can be done by vigorously stirring the 
crucible after the metal is melted; but in one 
sample I tried I could only get about 50 per cent. 
of the theoretical content of the sample. On 
mixing about 50 per cent. of common salt with the 
metal before melting, the recovery rose to close on 
90 per cent. The reason is not quite clear to me, 
but the facts are as stated. It is probable that the 


idea might be of some use-in a shop turning much 
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‘aluminium in the lathe, as the chips are difticult to 


deal with. 

Reverberatory Furnaces.—I also tried these for 
brass-melting in several forms, but, though the out- 
put of metal per pound of oil was good, the waste 
of metal by burning was too great to permit the 
method to be used in practice. The most economical 
results, as far as fuel was concerned, were obtained 
by arranging six crucibles in a trough-shaped 
furnace, and moving them all along when the 
one in the hot end of the furnace was withdrawn. 
The labour entailed was very great, and the scheme 
never had any practical application. After several 
years’ experience of liquid fuel for metallurgical 
purposes, I may say that at present it cannot, 
as a general rule, compete with coke. Where 
single charges only are run the oil furnace will 
readily beat the coke furnace, both in time and 
in economy; but where a charge of 40 lb. of 
brass can be melted with 12 Ib. or 14 lb. of gas 
coke at 10s. per ton, it is not possible to excel the 
coke furnace in economy, and the convenience, 
silence, and general] cleanliness of the coke furnace 
are very hard to beat. There are, however, often 
circumstances where the slight difference in cost of 
fuel, which is never great, is of no importance. 


|For instance, in some cases the total absence of 


sulphur in the fuel is an advantage. In cupellation 
for gold assays, for instance, it is possible with 
these furnaces to cupell in the open flame with an 

















excess of air, or, if a muffle be used, a great 
advantage in point of time is gained by turning a 
small jet of air from the wind supply into the muttle 
to hasten the oxidation. For running crucible 
charges for assaying also it has the great advantage 
that the assayer is freed from all trouble in looking 
after his fire, and the heat can be regulated from 
that of a baker’s oven up to the melting point of 
steel. The necessity for a fan-blast has been found 
a great ditticulty in the way of its application in 
out-of-the-way districts, though a bellows has been 
used in one or two cases. 

I have never tried these furnace-burners for 
steam-raising, but I believe they would answer 
perfectly. They can be used perfectly for steam- 
boiler purposes, with an air-blast of 2-in. water 
gauge, which is readily obtained from any fan, and 
they burn without smoke, and without depositing 
coke in the combustion chamber. Further, the 
combustion chamber cover is not fixed on in any 
way, so that the action of the burner can be 
examined at any time. If these combustion 
chambers were fitted in the stokehold of a steamer 
with closed stokehold system of forced draught, it 
would not be necessary to have anything in the 
way of an air-supply pipe, and the action of the 
furnace could be watched all the time through 
the open nozzle end. For a boiler like the marine 
Scotch boiler no addition to the ordinary combus- 
tion chamber, already described, would be neces- 
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sary ; but for a water-tube boiler, where the flame following arrangement would answer well for this | simply, would be continued through the continuation 
from the grate goes directly upwards, it is likely’ purpose. The combustion chamber nose would be of the combustion chamber, and would be provided 
that it would be necessary to use some method of extended the full length of the furnace, and the with branch pipes. In the continuation of the com- 
evenly distributing the heat. I believe that the end of the nozzle, instead of terminating in a jet, bustion chamber would be arranged a series of 


















598 


ENGINEERING. 


[APRIL 29, 1904, 








lateral flame-holes, and one of the above-mentioned 
blast-pipes would be directed centrally into each 
of these flame-holes. The effect would be to 
produce a sort of fiery porcupine the whole length 
of the furnace. Of course, means would have to be 
provided to cool the continuation, or it would soon 
melt. Several methods could be adopted, such as 
making the continuation of the combustion chamber 
hollow or double-walled, and passing either the air 
for combustion through this space, or else the feed- 
water on the way to the pump. Passing the feed- 
water through this chamber or jacket on its way to 
the boiler from the pump would have the objection 
that the jacket would then be subject to boiler pres- 
sure. The heat generated inside this jacket would 
not, as has been said, be great; the greatest heat 
would come from the outside by radiation, and it is 
likely that a water-jacket would be amply sufficient 
without generating steam inside the casing. There 
are great advantages in a burner of this class overa 
spray-burner. In the first place it uses no steam 
in combustion, and the steam used in a spray- 
burner may amount to a considerable proportion 
of the total steam produced, besides which the 
waste of feed-water is objectionable. The volume 
of air used is about 2500 cubic feet per hour 
per gallon of oil, or 250 cubic feet per pound, 
an amount which is, I believe, considerably in 
excess of the theoretical amount ; but the figures 
were only roughly arrived at for commercial pur- 
poses, being derived from the data published by 
the Sturtevant firm of the amount of air passing 
a given size nozzle per hour at stated pressures ; in 
addition to which my records were made, as I have 
said, for commercial purposes, so that I probably 
rather over than under-stated the amount. For 
steam-boiler purposes it would not be necessary to 
force all this air through the combustion chamber 
itself, as a considerable excess of oil can be burnt 
by the air entering the furnace in the ordinary way; 
but I hardly think that it would be advisable to 
attempt to burn more than 25 per cent. more oil 
than that consumed by the air supplied to the 
combustion chamber, otherwise there is a danger 
of oil being spattered into the furnace in liquid 
form, which results in smoke and waste. 

In considering the general question of oil-burners 
for automobiles, I am afraid that waste-oil burners 
must be left out of consideration. There is now on 
the market a spray-burner consisting of a couple of 
concentric nozzles, through one of which oil is fed, 
and through the other steam (superheated, of 
course). The resulting flame is driven with a tan- 
gential sweep into a fire-clay combustion chamber 
under the boiler. The burner works without smoke, 
I believe ; though at the time I saw it working the 
chimney top was not visible; but the noise is con- 
siderable, and the waste of water must be objec- 
tionable in an automobile, where every pound of 
water has to be economised. There is no difficulty 
whatever in making a perfectly successful burner 
to burn petroleum which shall be absolutely ‘*‘ fool- 
proof,” but so far it has not been made silent and 
reliable. 

One point I omitted to mention in this con- 
nection is that for such a burner as the Ser- 
pollet, already referred to, where the nipples are 
about 0.04 in. bore, it is absolutely necessary to 
arrange a filter in the vapour supply between the 
vaporiser and the nipples. Small bits of scale 
and soot are constantly forming in the vaporiser, 
and will be eternally choking the burner nipples 
unless this is done ; and even when everything has 
been tried to keep the nipples clear, they require 
pricking-up about every two days to clear them. 
I did not mention that the most satisfactory dimen- 
sions | have found for this type of burner are 
induction pipes 1} in. bore by 5 in. hie, and bur- 
ner nipples arranged centrally below them with a 
bore of 0.04 in. (Brown and Sharp gauge, No. 60 
drill). It is of the utmost importance in all bur- 
ners of this sort that the burner jet should be 
directed parallel to the axis of the induction pipe, 
and truly centrally along it; otherwise it will be 
found that the burner is by no means satisfactory. 

A burner for automobile purposes must be 
capable of wide variations, and in this respect the 
Serpollet type is very good: it will work without 
smoking at any pressure above 3 lb. per square 
inch ; and, as far as | know, in the open air, there 
is no limit to the pressure up to 60 lb. per square 
inch ; above that I have never tried it, my pres- 
sure being limited by that of the town water 
supply, which I have found most useful for burner 
experiments. Taking advantage of the fact that oil 











floats on water, I have always arranged my experi- 
mental tank as follows :—The water is led into the 
oil-tank by a pipe, in which there is an over- 
flow tap. The oil and pressure-gauge pipes are, 
of course, in the top of the tank. By manipulating 
the two water-cocks, it is possible to readily control 
any pressure below that of the water supply. In a 
boiler the maximum consumption of such a burner 
will depend on the capacity of the boiler for 
passing the necessary air, and not on the burner. 
It is always advisable, in my experience, to testa 
burner in the open air before putting it in the 
furnace, otherwise defects due to the boiler-flue 
arrangements are apt to be attributed to the bur- 
ner, and, generally speaking, it is for automobile 
purposes, where no height of chimney is available, 


Fig. us. 











to be recommended to have absolutely as free a 
draught through the boiler as possible. The 
inability of these burners to work below about 3 1b. 
per square inch without smoking is one of their bad 
features, and so far I have seen no indications of a 
practical method of overcoming it. It can be got 
round by arranging a valve in the vapour supply- 
pipe, as shown in Fig. 14. This valve is under the 
driver’s control, and when he is stopping, or going 
downhill, or very slowly, he turns it off. This cuts 
off any portion of the burner previously decided 
on, so that the remaining jets can be worked at a 
pressure which will insure their burning without 
smoke. 

For real cleanliness and convenience, where ex- 
pense is no object, there is no petroleum burner 
yet built, as far as I know, which can compare with 
the gasolene burners used on American steam-cars. 
Who was the original designer of them I do not 
know, but expect that the Stanley Brothers had 
something to do with it. Their action isas near per- 
fection, as long as they do not light back, as can be 
desired ; but, as I have indicated, the expense is 
great. 

All joints for liquid petroleum should be made 
with either soap, shellac, or castor oil—a piece of 
information, or rather a hint, for which I am in- 
debted to a letter of Sir Hiram Maxim’s, in 
ENGINEERING, some years ago, where he pointed out 
that a jointing material to be lasting must be in- 
soluble in the fluid to which it is exposed ; and none 
of these substances is soluble in petroleum. A very 
good varnish can be made by dissolving shellac in 
spirits of wine, and adding a little castor oil, and then 
evaporating off the spirit. The result is a paste 
which will get fairly dry in air, and is insoluble 
in either water or petroleum. It appeared to me 
that it might be used to cover hose-pipe for petro- 
leum, but at present there is nothing for this 
purpose like a flexible metallic hose, which will 
withstand it well, and is very durable. 

On the whole, petroleum is a very good fuel for 
motor-car use: here a little oil spilt falls on the 
road and causes no unpleasantness ; but it is not 
well to take it to sea in a steam-launch. Nothing 
will keep it out of the bilges, and once there the 
launch smells like an oil barge. 


WEST RIDING RIVERS. 


VI.—Trave Errivents: Royat SEwaGE 
Commisston’s THIRD REpPoRT. 


As all professionally concerned know, a Royal 
Commission on Sewage Disposal is now sitting. It 
was appointed on May 7, 1898, and consisted of 
nine members, at the head of whom, as chairman, 
is Lord Iddesleigh. No doubt those who advised 
the late Queen had sufficient reason for the large 
number and the choice they made. The great and 
active Conservancy Boards of the North, the real 
representatives in the United Kingdom of this 
peculiar branch of sanitary reform, had arrested 
the attention of Parliament, and it was thought 
that imperial guidance was needed. A department 
did indeed exist—the great department of Public 
Health—from which, naturally, the language of 
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authority should have been heard on all subjects 
cognate to its office. It may well be asked wh 
with this elaborate machinery, the growth of die 
years, fostered by such men as Edwin Chadwick 
who earned the title of the “Father of Public 
Health legislation,” and Robert Rawlinson and 
represented by a staff of officials, scientific and 
otherwise, whose lives are daily spent in dealing 
with the problem of how to treat sewage, in every 
kind, degree and volume, the Local Government 
department should be superseded by a cumbrous 
Commission. Cumbrous, as it must needs be. 
because it is impossible that nine members can ant 
through their labours as efficiently as the three 
able and competent men who sufficed for the more 
important Commissions of thirty years before, when 
the whole river question had to be dealt with, as 
well as the processes and needs of the whole of the 
polluting trades. 

The reason for this anomaly seems plain. The 
Local Government Board had lost touch with the 
authorities and their professional advisers. A new 
method of treatment had been devised which pro- 
mised success. The principle was old, but. its 
application was new, in a twofold sense, by the 
encouragement and development of the septic 
properties of organic matter, and unifying or so 
purifying fouled water by means of the bacteria of 
light and darkness—the aérobic and anaérobic—as 
circumstances might direct. It was made clear to 
those whose business it was to investigate and 
practically solve this problem that anything in the 
direction of scientific filtration—-filtration, that is, 
through materials proved to yield the highest scale 
of efficiency—must give more certain results than 
the haphazard method of filtration through soil 
thrown together by Nature as a mere “fortuitous 
concourse of atoms.” It was clear that such scien- 
tific filters could, as a rule, be placed at such a level 
as not to be at the mercy of a flooded stream, the 
back-water from which at any time might hinder, 
or destroy altogether, the process of filtration. It 
was also clear that one acre of filter would perform 
the work of 10 acres of land, and thus vastly in- 
crease the facility of acquiring suitable sites, as well 
as reduce the area of that taint which, although in 
this case reduced to a minimum in degree, always 
accompanies the treatment of sewage. It was but 
a question of making as many filters as experience 
might prove to be necessary, and of managing them 
by the help of science and experience. It was 
therefore hailed as a method which rendered land 
filtration superfluous in the vast majority of cases. 

But notwithstanding that the value of this 
method was demonstrated, land treatment was 
demanded by the Local Government Board as per- 
sistently as ever, in addition to tank precipitation 
and bacterial treatment, no exception being allowed. 
For nearly thirty years the Board had regarded 
land as an integral part of all schemes sanctioned 
by them; and had insisted upon it by methods 
unsurpassed in the records of rule - of - thumb. 
The best available land was required, which 
might be good gravel or sand, heavy loam or 
stiff clay, as chance might determine; and the 
area was to be in proportion to the population, 
without regard to the volume per head or the 
character of the sewage. To illustrate this point, 
let the comparison be drawn between two cases in 
the same valley : they lie within a few miles of each 
other. 

In one, the daily dry weather flow of sewage is 
60 gallons per head, composed of 20 gallons of 
domestic sewage and 40 gallons of woollen trade 
effluents, forming a strong refractory sewage—one 
of the worst in England. In the other case, the 
flow is barely 15 gallons per head of domestic 
sewage only. Thus by the thumb-law of the 
nineteenth century, for every acre of land required 
for a given volume of the strong sewage—the 
‘* Bradford mixture,” it may be termed —four acres 
are required for the ordinary domestic sewage. 
Moreover, after the sanction of a scheme, the 
Board withdraw their eyes from it, and see it no 
more. The legitimate outlay of the money and the 
management of the works does not concern them. 
It would be incredible, were it not the common 
knowledge of all concerned, that this great public 
health bureau possess no systematic record of the 
results; and to this day they have no depart- 
mental laboratory to enable them competently to 
deal with and advise upon the problem of sewage 
disposal, over the first cost of which they possess 
almost absolute power. They do not know, of 
their own knowledge, to what good the vast sums 
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: - thirty years, they have been sanctioning 
oon ober a the rivers, have been expended ; 
or whether, like the sewage, they might not have 
ell been cast into the streams also. Under these 
oi vamatarices, the exceeding smallness of these 
orm cannot be wondered at. Sewage works were 
mi to satisfy the pious opinions of the Board, and, 
ae made, were for the most part left to manage 
themselves. This futile result of the introduc- 
tion of the new method roused the authorities. The 
Local Government Board were asked for bread, 
put local authorities could only get it by eating 
a stone along with it; and thus baulked by the 
great department of Public Health, they called with 
a single voice for a Royal Commission as the sole 
resource by which they could bring to bear such 
ressure as would compel the Local Government 
Board to give fair play to the new method, in which 
they thought they saw relief from the burden of 
useless lands acquired at arbitration price. This 
is how the Commission came to be appointed. 
How the great Public Health Department came to 
assume the non-possumus attitude is another ques- 
tion, with which we are not here concerned. 

The objects of the Commission’s inquiry were :— 

I. (1) What method or methods of treating or dis- 
posing of sewage (including any liquid from any 
factory or manufacturing process) may properly be 
adopted, consistent with due regard for the require- 
ments of the existing land, for the protection of the 
public health, and for the economical and efficient 
discharge of the duties of local authorities ; and (2) 
If more than one method may be so adopted, by 
what rules, in relation to the nature and volume of 
sewage, or the population to be served, or other 
varying circumstances or requirements, should the 
particular method of treatment and disposal to be 
adopted be determined: and 

Il. To make any recommendations which may be 
deemed desirable with reference to the treatment 
and disposal of sewage. : 

In pursuance of these instructions, the Com- 
mission examined a large number of witnesses, 
representative of the great polluting industries of 
the country, and of the chief federated associations 
connected with them, some brought into existence 
to assist the work of purification, and some to oppose 
it. The bad eminence in pollution reached by 
Yorkshire and Lancashire is recognised in the fact 
that out of a total of 49 witnesses, no less than 41 
represented these counties ; the remaining eight 
representing the rest of England, including such 
bodies as the Society of Chemical Industry and the 
Brewers’ Company. On behalf of watershed boards 
and county councils, Mr. W. H. Wilson, Deputy 
Clerk and Solicitor of the Mersey and Irwell Joint 
Committee of the Ribble Conservancy Board ; Mr. 
R. A. Tatton, M.Inst.C.E., Chief Inspector of the 
former authority; Dr. H. M. Wilson, Chief In- 
spector of the West Riding Rivers’ Board; and 
Dr. Williams, Medical Officer of Health of the 
Glamorgan County Council, appeared. : 

From this summary of the sources of evidence it 
is plain that the determining factor in this part of 
the Commissioners’ work was the pressure from the 
two great’ northern river authorities, those of the 
Mersey and Irwell, and the West Riding of 
Yorkshire. 

First directing their inquiry into the rights of 
manufacturers under the existing law to discharge 
trade effluents into sewers, the Commission con- 
sulted the Local Government Board. In reply, 
that Board stated that they had been advised by 
the Law Officers of the Crown that a local authority 
is not generally bound under the Public Health 
Act, 1865, to provide such sewers as may be 
necessary to carry off all the trade effluents and 
liquid refuse coming from manufactories in their 
district ; and that their obligations in this respect 
are defined by the Rivers’ Pollution Preven- 
tion Act, 1876. The Law Officers further ex- 
— the view that the obligation under the 

ublic Health Act of 1875 was confined to the 
ordinary requirements of the district ; the authori- 
ties being only bound to provide for sewage in the 
ordinary sense of the term, including domestic 
Sewage, and surface water. In support of their 
views, the Board referred the Commission to sundry 
cases decided in the Courts, including the reports 
of Peebles (or Passmore) v. Oswaldtwistle Urban 
District Council; Eastwood Brothers, Limited, v. 
Hanley Urban District Council; West Riding 
Rivers of Yorkshire Board v. Gaunt and Sons, and 
others. The conclusion of the Law Officers of the 


Crown therefore was that Section 21 of the Public 


Health Act, 1875, has no application to trade 
effluents. 

These conclusions as to the power of the only 
two Acts which can in any way be cited as bearing 
upon the question—the Public Health Act, 1875, 
and the Rivers’ Pollution Prevention Act, 1876— 
were supported generally by nearly all the witnesses, 
as well as by the common action of the sewer 
authorities. 

It may, therefore, be taken for granted that the 
law as it stands gives no man a right to call for the 
provision of additional sewer capacity in order that 
his trade effluents may be accommodated, either in 
the first construction of a sewer, or by the enlarge- 
ment of, or addition to, existing sewers. All he 
can claim is the use of any existing sewer ; and even 
this relief may be denied to him if the sewer 
authority can show with regard to his effluents :— 

1. That they would injure the sewer. 

2. That they would prejudicially affect the dis- 
posal of the sewage. 

3. That their volume is too great for the capacity 
of the sewer. 

4, That their admission to the sewer would in- 
terfere with some order of a court of competent 
jurisdiction. 

Curiously enough, in the hurry of modern legis- 
lation, restriction No. 3 does not bracket with the 
‘*capacity of the sewer” the capacity of the sewage 
works ; by reason of which omission apparently an 
authority might be bound to admit trade effluents 
so long as the sewer could convey them, whether or 
not the capacity of the works was suflicient for 
their treatment. 

With the first of the disqualifications enumerated 
there is little room for complaint. The exclusion 
of acids corrosive to building materials is aimed at, 
and such acids should, and can be, recovered with 
little or no waste. Neither can we quarrel seriously 
with the fourth disqualification. But when we 
come to the second and third, we see that, practi- 
cally, the manufacturer is at the mercy of the sewer 
{ authority. 

First, as to ‘‘ prejudicial effect,” let us see how 
the polluters stand. If the whole of the noxious 
trades could be classified with such logical precision 
that what applied to one of any class would apply 
to all, test actions dealing with typical cases would 
speedily cover the field of dispute, and determine 
the right of each trade. But such classification, as 
a matter of legal proof, is impossible. Not only 
does each trade stand on its own merits, but, as a 
rule, each case also; such is the variety of means 
now applied to the same end, such the extremities 
into which competition, necessity, or greed, drive 
great industries, and such the easy virtue of 
scientific experts, that a decision in one case, per- 
haps arrived at after a slow and tortuous journey 
to the House of Lords, at a ruinous cost, might 
have no decisive bearing on the very next case, 
apparently similar, and the defendant in which might 
be a competitor whose factory polluted the same river 
within a stone’s throw. This would undoubtedly 
occur in numerous cases, even where the sewage is 
treated at the same works, or by the same process. 
But, to make confusion worse confounded, there 
is variety of sewage treatment, as well as variety of 
trade effluent. What might not be prejudicial with 
one process might be highly so with another. 
But “highly” is not required ; merely ‘‘pre- 
judicial.” Further, what is of no detriment to a 
large volume of domestic sewage may be highly 
prejudicial to a small volume. In like manner, the 
volume of the trade effluent has to be considered. 
In short, the combinations and permutations, as 
we may call them, are such that, with this restric- 
tion, the polluting trader goes into court with a 
weapon ready to break in his hand. And this, if 
not the intent and purpose of the law-makers, was 
probably that of those at whose instance such a 
proviso was inserted in the Act. 

Second, as to the capacity of the sewer or sewers. 
In the past, trade effluents have been discharged 
continuously or intermittently, according to the 
trade or the convenience of the trader. If inter- 
mittently, the capacity of a small sewer laid with 
flat gradient, at low level alongside of a river, might 
easily be overtasked, and other low-lying properties 
injured by back-water. Continuity of flow might be— 
and indeed now is—under competent management, 
insisted upon as a sine quad non in the way of re- 
ceiving trade effluents ; but even this only provides 
for limited volumes, and this again brings in the 
vast increase often arising from the develop- 





ment of trade. Considered in all its aspects, who 


|is there that cannot discern at the bottom of this 
section a piece of elaborate irony ? 

Kven where a manufacturer makes good his right 
of the sewer in the Courts, his good (or ill) fortune 
| is not inviting to his neighbours. 

A case is adduced by the Commission: that of 
the Sevenoaks Rural District Council v. Whitmore 
and Others, a firm of tanners at Edenbridge, in 
which the Council sought to restrain the defendants 
from causing, or permitting, the effluent from their 
tannery to flow into the sewers. Here the plaintiffs 
contended that the effluent from the tannery was 
injurious to the treatment of the sewage on their 
land ; that it sterilised the sewage in such manner 
that the land could not purify it. The whole issue 
was whether that was true. The usual complica- 
tions of evidence were witnessed ; the experts not 
only contradicting each other but themselves also, 
when pressed in cross-examination. The defence 
was that what hindered the purification of the 
sewage was not the tannery effluent, but bad 
management ; which view was taken by the judge, 
and confirmed on appeal. 

The costs in this action amounted to 70001. ‘‘ The 
recognised costs fell upon the sewer authority, but 
the tanners were mulcted in over 10001.” Whether 
this fine of 1000/., together with the loss of time, 
and the moral and intellectual damages accruing to 
the suitor in his dismal procession towards the 
highest court, were repaid by the result, depends 
on the extent of works, and upon the owners’ tight- 
ing stamina ; but we see in this favourable decision 
no peculiar inducement for a manufacturer to make 
good his rights by force of law. 

The evidence cited in the report shows the result 
of the uncertainty of the law. 

‘*A manufacturer, when requested to put down 
purification works, has replied that he is in negotia- 
tion with the local authority with a view to dis- 
charging his effluents into the sewer. The local 
authority then frequently ‘drift along for years, 
without giving any definite answer one way or 
another.’ They doubt their liability in the matter, 
and often allege great difficulty in deciding whether 
the purification of the mixture of ordinary sewage 
and the manufacturing effluent will be practicable 
or not.” Then if, finally, the law is appealed to, its 
delay may cover another year or two. In the above 
quotation we have italicised the word ‘‘practicable.” 
No such word is used. If it were, as we have 
already said, some solid anchorage would help the 
drifting manufacturers. But the words of the Act 
of 1876 forbid the discharge of ‘‘ any liquid which 
would prejudicially affect such sewer or the dis- 
posal” of sewage. Thus the Commissioners have 
greatly understated their case. 

They draw attention to the fact that the policy of 
local authorities on this question differs so widely 
that injustice frequently results by imposing obliga- 
tions on manufacturers in one district from which 
those in another, possibly adjoining, are free. Some 
authorities prohibit all manufacturers’. effluents ; 
some allow a kind of right by user, which they 
refuse to new works; some receive all uncon- 
ditionally—and these will be found the most care- 
less as to the purification of the stream ; and others 
permit all connections which do not render treat- 
ment impracticable, under certain regulations more 
or less complete. This state of things suggests 
unfair competition. Something may be said in 
mitigation of this conclusion. The manufacturers 
often pay the bulk of the rates ; and thus the extra 
cost, which is often excessive, of carrying and treat- 
ing their effluents at the public charge falls in part 
directly upon them. On the other hand, it falls 
equally upon other manufacturers totally innocent 
of polluting liquids ; and thus the net of injustice 
takes a wide sweep. 

The case of the Bradford Woolcombers’ effluents 
may be briefly referred to. It is the only case in 
which an attempt has been made, by means of a 
special private Act, by a sanitary district to deal 
with a special trade eftluent problem. We say 
‘*attempt,” because it seems likely at present that 
in its main object it will fail of its purpose: not so 
much by reason of the difficulties in the way, but 
by a change of. policy on. the part. of the Corpora- 
tion. In 1897, under the advice of Professor 
Dewar, the difficulty. of dealing with the wool- 
washings was realised. That eminent expert assured 
the Corporation that, owing to the presence ot 
‘*Janoline,” or animal oil, in the wools used for the 
staple trade, the admission of such washings to the 
sewers caused a ‘‘unique” blend of sewage, which no 





method of filtration could adequately deal with,” 
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3ecoming doubtful also of the efficiency of their 
scheme of precipitation, sanctioned chiefly upon his 
testimony, in 1895, they applied to Parliament for 
au Act to enable them to deal with the question of 
woolcombers’ refuse, which they got after a hard 
struggle. This Act created a precedent. It pro- 
hibits under penalties the discharge into the city 
sewers of ‘‘any refuse from any work that would 











interfere with the treatment or utilisation of the 
sewage of the city.” Certain provisos stint the 
power of conviction. Of these the two principal 
ones are: first, in case of proof that the best prac- 
ticable and reasonably available means of treatment 
have been used ; and second, in the case of certain 
persons enumerated in a schedule to the Act, who 
within the month of June, 1897, had exercised the 
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right to pass into any sewer of the corporation, of 
into any drain, chamber, or watercourse com- 
municating therewith, any refuse, unless such 
person has received or refused the corporation 
tender of 18l. for each comb used within the said 
month, upon the premises from which the refuse 
was discharged. In this case, prescriptive rights 
gained by user, long or short, and swelling from small 
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beginnings into a weighty charge upon the commu- 
nity, could be extinguished at a moderate cost; the 
power of extinction being guarded by reasonable 
conditions. At the same time a powerful incentive 
to trade, invention, and economy was given. As 
we have said, this Act has not been enforced ; but 
the principle it affirms and the powers it confers 
have been made the basis of certain agreements to 
receive woolcombers’ effluents into the sewers on 
terms which may hereinafter be referred to, it 
being now claimed that this foul tribute, which 
refuse was condemned as most prejudicial to the 
sewage of Bradford, will be a perennial source of 
material profit when the sewage is treated by a new 
method. 
(To be continued.) 








TOOL-GRINDING MACHINES.—No. III. 
By JosepH Horner. 

We have selected three tool-grinding machines 
for present illustration, in each of which the capa- 
city for vertical adjustment is imparted to the 
table, and its parts, these being carried on a knee 
bracket which slides upon a cylindrical column. 
This is a favourite design, but one around which 
many variations are made. The machines illus- 
trated are of English, German, and Swedish design, 
and each is of about the same capacity. 

The first selected is one manufactured by Messrs. 
J. Parkinson and Son, of Shipley. The general 
views, Figs. 52 to 54, page 600, illustrate it in side 
and front elevations, and in plan, the latter with 
the spindle head removed, while subsequent figures 
show its details. The machine is carried on a 
cylindrical cast-iron column A, with a base of large 
diameter. The spindle-head B is bolted down to 
this, and the knee C is bored to swivel round it, 
being supported on a turned collar cast with the 
column, to which it can be clamped in any angular 
position through a split lug, closed by the screw, 
and lever D. This swivel adjustment is the means 
by which grinding is done at any angle in the hori- 
zontal plane, as well as parallel, or at right angles 
with the cutter spindle, which is fixed. 

The vertical adjustments are provided in con- 
nection with slide bracket E, moving on flat guides 
with vee’d edges provided on the swivel-piece C, 
with take-up strip, Fig. 54, and actuated by the 
hand-wheel F, and its screw, Figs. 52 and 53. The 
screw spindle rotates in a lug cast on the lower 
part of C, and its nut is cast on the base of E. 
The table-slides are operated by handles on the 
two dises G and H. G moves the slide J for the 
cross-traverse by means of a screw, and H the 
longitudinal or transverse movement of the table 
K, by a pinion and rack, the pinion shaft being 
shown at L, Fig. 54. The first is used to adjust 
the cutter to the wheel, the second for recipro- 
cating it past the wheel. From these main adjust- 
ments we pass to the details. 

The grinding spindle carries an emery wheel at 
each end—one only, a cupped wheel, being shown 
in Fig. 52. The spindle, of tool steel, runs in 
parallel bearings of cast iron, adjustable for wear 
by their caps. The end play of the spindle is taken 
up by the pulley M, which is made to screw 
over a boss to the left on the spindle, so pulling 
the latter along to the slight amount required. 
The spindle bearings are kept cool automatically 
by solid lubricant contained in the cups screwed 
into the bearing caps. 

For the general work of precision grinding, the 
cupped wheel shown is used, either by its edge or 
face, the dished form enabling ample clearance to 
be imparted to the teeth of cutters. The wheel at 
the other end is for odd or emergency work, as 
for cutting off stock, or for small tool-grinding 
by hand, grinding the flutes of taps, &c. A con- 
venient tray for tools and work is bolted to a 
flange on the column. 

The attachments which go on the table K are 
shown in the detail drawings following. The pair 
of centres for regular work is seen in Figs. 55 to 
58, Figs. 55 and 56 being the revolving head, and 
Figs. 57 and 58 the back centre. These both fit in 
the tongued groove of the table K, in which they 
are each clamped with a single bolt. The back 
centre has a spring plunger to permit of expan- 
sion due to variations in temperature, and also for 
quick removal of the work by the simple act of 
pulling the plunger backwards. The™ fast head, 
Figs. 55 and 56, is made to swivel on its base, to 
permit of taper reamers and other cutters being 


sharpened. For truing reamers or spindles between 
centres, the spindle is fitted with two pulleys, one 
of which drives the spindle; the other rotates 
the work on dead centres. The wear on the long 
bearing and spindle is taken up by the tightening 
of the screw in the split lug a, in conjunction with 
the taper-ended adjusting-screws b b. A dust-cap 
c protects the front end of the bearing. 

A swivelling or universal head, Figs. 59, 60, and 
61, is fitted to occupy the place of the revolving 
head just noted. This is made to swivel hori- 
zontally on its base, and a lug fitting on a vertical 
face provided on the head turns in a vertical plane, 
the edges of both horizontal and vertical discs being 
graduated for exact angular settings. The hole in 
this lug receives a centre A, seen in Fig. 61, reamer 
centres, Figs. 62 and 63, and a socket for end mills, 
Figs. 64, 65, and 66. By means of these pro- 
visions, with the two horizontal and vertical angular 
settings, parallel and angular cutters can be ground 
between centres, and face cutters, and cutters held 
at one end only. 

Fig. 61, illustrating the head in plan, shows the 
centre which is used in conjunction with the back 
centre for sharpening the teeth of straight or spiral 
axial cutters carried on a mandrel pivoted between 
the centres. The centre A is gripped by turning 





tapered mills, and of grinding the tops and sides of 
| teeth when presented at any angles to the emer 
|wheels. In connection with this it should be mes 
| tioned that the revolving head (Figs. 55 and 56) 
| can be used for truing the sides and tops of cutters 
which are held at one end only by taper shanks or 
arbors, previous to sharpening them, the point 
| centre in Fig. 55 being removed to permit of this, 
There is one more attachment to be noted—that 
for holding gear-cutters, Figs. 67 and 68. The 
| slanting bracket bolts to the grinder table K, and 
| carries on top a sliding stud A, on which bushes B 
of various diameters, are slipped to suit the varying 
| bores of cutters. The gear-cutter thus lies hori. 
|zontally, the knee of the machine being swung 
round the pillar to bring the cutter to the wheel, 
|The latter grinds down each face in turn, the 
|cutter being slid backwards at each time of grind- 
|ing, revolved to the next tooth, and fed up again. 
| _ The countershaft, not illustrated, is of a special 
‘character. It comprises a bracket bolted over. 
head, which carries a swinging frame, having a shaft 
at each end. The shaft which is nearest the line 
shaft carries fast and loose pulleys for receiving 
the drive, which is transmitted through two three. 
stepped cones to the shaft at the other end of the 
frame, and which drives direct on to the spindle of 
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the star-wheel B, the boss of which is threaded to | 
suit the tail end of the eye C, so pulling the latter 
inwards, and pinching A between C, and the hole 
in its encircling lug D. When set for parallel 
grinding, the locking-pin E, Fig. 59, is inserted. 
Cutters up to 8 in. in diameter and 10 in. long can 
be ground in this manner. The tooth-rests are | 
carried in sockets, which are clamped in the holes 
aa in the head (see Figs. 52 and53). The rests are | 
adaptable alike for parallel and spiral grinding, as 
explained in the first article of this series. 
Reamers and taps are carried in the reamer 
centres (Figs. 62 and 63), the shank A of which | 
takes the place of the centre A in Figs. 59 and 61. | 
This shank, being circular, can be canted over in 
the bush D, towards or from the wheel, to accommo- | 
date work of various diameters. The back centre is 
kept in alignment with the front by the groove and | 
tongue on the lower part. A clamping-screw | 
secures the back centre head, and end pressure on | 
the centre is taken on the spring as in the ordinary | 
head. As the whole arrangement can be swivelled | 
on the circular base (Figs. 59 to 61), tapered as well | 
as parallel reamers can be ground ; and by the aid 
of the tooth-rest spirals can be ground on either | 
straight or tapered forms. Work up to 3$ in. in 
diameter and 14 in. long can be sharpened in these | 
centres. | 
End mills are ground by fitting the socket | 
(Figs. 64 to 66) in place of the centre in Figs. 59 | 
and 61. The tail, a, of this, it will be observed, | 
is screwed to take the star wheel B, by which it is | 
tightened in the boss of the head. The boss F is 
bushed to receive arbors for end mills. The} 
universality of movement afforded by the com- | 





plete combinations permit of grinding parallel and | 
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the machine. The frame is counterbalanced to 
secure direct driving tension to the down belt, 
which is made from thin cotton tape, 1} in. wide. 
The tape, being exceedingly pliable, makes good 
contact with the pulley, drives smoothly, and, being 
of the correct tension, avoids undue wear on the 
bearings, and jumps into its speed almost imme- 
diately. The arrangement of three-stepped cones 
on the countershaft enables the spindle speed to be 
approximated to suit the diameter of wheel being 
used. An attachment for grinding internal work 
can also be fitted to this machine. 

The foregoing describes a type of machine of a 
most complete character. Something of this kind 
is indispensable in a modern tool-room, or grinding 
shop. For spindle work, a driving -drum long 
enough to cover the range of traverse of the table 
is required. With this addition the tool is a per- 
fect cylindrical grinder of moderate range, as well 
as a complete cutter-grinder. Each great group of 
work has its own special fittings, so that there 1s 
nothing of a makeshift character to detract from 
the universality of operations of which the machine 
is capable. 

Figs. 69 and 70 illustrate a machine, of German 
manufacture, designed for both cylindrical and tool- 
grinding. The machine is mounted ona cylindrical 


| column provided with flat vertical faces, with vee'd 


edges, on which the vertical adjustments are 1m- 
parted to the knee and table slides. The hori- 
zontal swivelling movement of the latter is effected 
by providing a boss on the bracket A to receive 4 
pin projecting from B, and which is clamped at any 
angle in A by a screw in the split lug C. The boss 
of B is graduated for exact settings. __ 

Angles in a vertical plane are obtained by the 
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circular base of A, swivelling on the vertical face of 
the knee. The elevation of the knee and slides is 
accomplished by the hand-wheel D, actuating the 
vertical screw through worm gears. The handle E 
operates the cross-slide, and handle F the traverse. 
The illustration shows the fast and loose heads as 
used for truing spindles or cutters, and for sharpen- 
ing the edges of cutters. When the table is swivelled 
at right or other angles, or swivelled in the vertical 

Jane, the conditions are fulfilled for grinding 
cutters in various ways. A fixture is also provided 
for grinding end mills, parallel or tapered, carried 
at one end and set to various angles. The machine 
is by the Actien-Gesellschaft fiir Schmirgel and 
Maschinen-Fabrikation, of Bockenheim. 

We next select a universal tool and cutter-grinder, 
shown in Figs. 71 to 73, page 601, by a Swedish firm 
—Nya Aktiebolaget Atlas, of Stockholm. Some of 
its operations are illustrated by the photographs, 
Figs. 74 and 75. The machine takes articles up to 
81 in. in diameter by 14 in. long. 

“The cylindrical column on which the knee is 
adjustable is cast in one with the square cupboard 
base, the top of which forms a convenient tray. 
The head casting which carries the wheel spindle 
is fitted over the top of the turned pillar in the 
manner shown in Fig. 72, and swivels thereon. 
Lugs upon it can be used for bolting tooth-rests to. 
The knee A is elevated by the handle B actuating 
the elevating-screw through mitre wheels, Fig. 72 ; 
clamping-screws in split lugs securing it at any 
height within its range of 7§ in. of vertical move- 
ment. The screw, it will be noted in Fig. 72, has 
its nut formed in a long bush fitted into the knee. 
The cross-slide is operated by the handle D, and the 
longitudinal traverse byC. A rather unusual point 
about the design is that the movements of both 
slides are imparted by racks instead of screws. 


The machine is, of course, adapted for grinding 
plane surfaces, parallel, or at right or other angles, 
and is therefore valuable in finishing the take-up 
strips of machine-tools, chuck-jaws, punches, dies, 
&c. The top of the square base, having a raised 
ledge, serves a useful purpose as a handy place to 
lay cutters and tools on. The square cupboard 
base is fitted with two shelves, so making a com- 
pact affair. Other minor details will be noted from 
a study of our engravings. 








BORSIG’S WORKS IN GERMANY. 
(Continued from page 528.) 
‘*MammotH”’ Pumps. 

As has already been stated, Mr. A. Borsig makes 
a speciality of large pumping-engines for water and 
drainage works, &c., but there is in addition 
another class of pumping-plant which is built in 
large numbers, and which has received the dis- 
tinctive name of ‘‘ Mammoth” pump. This pump 
is constructed on the system of raising water by the 
injection of compressed air, which has during the 
past few months been the subject of such lengthy 
discussion in our columns, and it is specially adapted 
for cases where the pumps must be placed at a dis- 
tance from the engine-house, or where the fluid to 
be raised is mixed with sand or other foreign 
matter. Its distinctive feature is that there are no 
plungers, valves, or rods, which come in contact 
with the liquid, and that the delivery main has its 
full sectional area all the way. It is worked by 
compressed air, the compressor being driven in any 
convenient way. The delivery-pipe of the pump 


Tests or “‘Mammotu” Pumps. 





and well adapted for building, even in the largest 
sizes. The great future which lies before gas- 
engines which can be driven by blast-furnace or 
producer-gas led to the adoption of this system by 
Mr. Borsig. The first one built, a 500-horse-power 
engine, was put down in connection with the blast- 
furnaces at Borsigwerk, in Upper Silesia, and served 
as a basis for gathering trustworthy data, to be used 
in further designs. The results obtained were so 
good that a large number of installations have 
been carried out, not only for various German 
works, but also for Spain, &c. At the time of 
writing some 11,000 horse-power have been built 
or are on hand, including two 1000-horse-power 
engines for Krupp’s works in Oberhausen, and one 
1500-horse-power engine, this power being de- 
veloped by a single cylinder. The smallest size 
built is 250 horse-power. 

The main features of these engines and the 
method of working may be briefly described 
with the assistance of the diagrammatic section, 
Fig. 94, given on page. 604. The cylinder, 
which is open at both ends, has two indepen- 
dent pistons; one of these is connected with 
the three-throw crankshaft in the usual manner 
by a cross-head and connecting-rod. The other 
drives a cross-beam with return piston and con- 
necting - rods, which pass on the outside of the 
cylinder. The two outside cranks are placed at an 
angle of 180 deg. to the centre throw. The pistons 
move, therefore, always in opposite directions, so 
that the reciprocating parts are balanced, thus 
relieving the bed of the strains resulting from these 
motions. 
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The pinions and racks for the cross movements Water-Level | Depth of Useful | Volume | tadicated |Airat Atmo- 

. ea i ; . in Delivery | Sucti Ww f Ai : = dificiency : 
are seen at E(see Fig. 71), and the pinion and rack} 2 7m — Ratio, aco = bate vend pHorse- eradead : Horse- ‘ spheric site . > Water 
for the traverse at F, Fig. 72. The latter pinion| £3 | Delivery above Surface of __per wiser at Atmo- pr semestercinin Cubie Foot. =... Delivered. 
is in one with a sleeve which slides along the splined| 22 Pipe. wieein Gaal Wane ee Minute. Delivered. Pheri “Cylinder. | Water ‘1 H-P. in compressor 
spindle when the transverse movements are taking] 44 =F. _ j Delivered. 
place, and so remains always in engagement with | —~ ——— —— - —_—— |—_—— — — 
its rack in. ft. ft. gals. | cub. ft. cub. ft. per cent. 

§ TACK. : : 504 694 47.6 73 18.99 1.64 2.49 44.5 
Swivel movements in the horizontal plane are 2k 23 4to8 i 514 674 69.44 1.08 35.3 311 3.17 34.7 
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effected by turning the table G around on its bed,| 3: \ ot vit a A a aan pay ae 
ona centre stud in the bossa. The table and bed| 3! 37; 4 to 3) J 48h 714 77.16 1.139 34.2 3.34 2.76 34.1 
make contact on the boss face, and also at their 2 | = “ok = = — _= 7 = 
. < 51. 72 2 af 2.45 6 
ends, by the narrow sweeped ribs b, b. (Compare} j;| 9; sto2! 474 71} 74.85 1.095 36.1 3 34 3.01 32.9 
with Fig. 75.) Clamping is done by the bolt ¢ in| 12) (48s 714 79.87 | 1.17 44.3 4.3 3.48 27.2 
3 =3 36 2g 9 ; ny 7 ‘ as oe 
the central boss. 16) ; f 574 62 39.24 | 688 20.78 1.63 3.30 42.3 
7 ° ° 17 23 1 tol 59 61 56.77 1.012 | 35.1 2.89 3.85 35.0 
The various centres and attachments are carried | 13) L594 604 67.83 | 1.129 47.0 4.16 4.67 97.2 
on the table G as follows :— 22 594 604 60.19 1/8 35.3 2.91 3.66 37.2 
che 23 Sip | Pol { 594 6u} 67.68 1.219 45.2 3.92 4.67 311 


The back centre H is one casting fitting by a 
tongue to the table. The casting J is an inter- 
mediary only, which receives the fast head and 
other fittings. Since J has a vertical circular face, 
with a circular recess, we see at once the complete 
range of the head. 





is placed in the well, and is fitted at its lower! As the pistons move towards the outer ends 


end with a foot-piece, the compressed air coming of their strokes, the 


from the air-vessel being led direct to the foot- 
piece. The air is thus forced down the supply-pipe, 


ports A, B, and C are 
uncovered one after the other. When the piston 
D opens the ports A, the products of combustion 
Imme- 





The views, Figs. 71 to 73, show a casting K|and displaces the water until it reaches the foot-| pass out through the exhaust ports. 
attached to J, having a spindle and pulley for use | piece, the pressure being just that due to the height diately afterwards the piston E opens the ports 
when rotating spindles of parallel or conical forms | of the column of water from the water-level in the | B, and atmospheric air passing in clears out the 
carried between centres. The same fitting is used, | well to the foot-piece itself. The air escapes into | cylinder. The ports C now open for the admission 
out without the back centre, when grinding the | the water-dzlivery pipe, and rises, forcing the water of gas, and this, combining with the air, forms the 
sides of cutters, or the holes in bushings, a self-|along with it, the specific gravity of the mixture explosive mixture. The pistons are now on their 
centering chuck then taking the place of the point | being less than that of the liquid itself. The capacity |inward stroke, the mixture is compressed and 
centre in K. The screwed nose to which the chuck | of these pumps is estimated as follows :— exploded, driving the pistons outward, and com- 
is attached is protected at other times by a cap, ieee pons 'pleting the cycle. It will thus be seen that a 
seen in Figs. 71 and 73. Angular cutters are held cies | | complete cycle is passed through in each revolution 
in K, and sharpened, the table G being swivelled ok Gahan | 14In. | 6In. | Sin, | 10In. | 14In. | of the crank-shaft. The chambers F and G, 
to the horizontal angle required, and tapered through which air and gas pass, are kept at a 
reamers are held between centres at an angle. pressure of 44 lb. to 54 1b. per square inch by the 
Holes also are ground parallel or taper, while work pump H, which is driven by the back piston-rod, 
is held in the chuck just mentioned. Gear cutters and which can be placed either on the main bed- 
are carried on a plate which is bolted to the table. | — ——— ee plate or beneath the engine, and driven by suitable 
By means of a clamping fixture snap-gauges are| Generally speaking, 0.25 to 0.41 cubic feet of| levers. It is thus ensured that air and gas enter 
ground. Twist-drills are backed off while carried atmospheric air are required per gallon of water|the cylinder at the above-named pressure. In 
between centres (see Fig. 75), the twist being con-| raised, according to the compression necessary. | order to prevent unburnt gas passing through the 
rolled by a tooth-rest. After shutting down the supply of air, the water | exhaust during the admission and exhaust periods, 

The fitting of the slides may be noted. The | remaining in the delivery-pipe flows back into the | the dimensions of the cylinder are so arranged that, 
sTOss traverse slide moves on two raised vees, the | well, so that there is no danger of its freezing up. | when giving off the maximum of power, not more 
longitudinal or transverse on a flat and a vee. The| Where it is necessary to avoid oil used in the! than 70 per cent. of its volume is filled with the 
racks K, E include the functions of take-up strips | compressor passing into the water, a patent coke | explosive mixture. 
to the first-named slide, the corresponding strips for | filter is supplied. The coke itself is renewed at| It will thus be seen that the whole arrangement 
the second being seen at d, d, Fig. 72. The dove-| intervals, that taken out being suitable for burn-| is exceedingly simple, and the drawings of a 1500- 
tail-shaped strip e on the bed receives the stops, |ing, &c. Results of tests made by Professor E. | horse-power engine, which we reproduce on page 
not shown, by which the hand traverse of the table | Josse in the engineering laboratory at Charlotten-| 604 (Figs. 95 and 96), will be studied with 
1s regulated. Each stop is provided with a milled|burg are set out in the accompanying table. Up | interest. Many advantages are claimed for this 
head Screw for minute adjustments. The stops| to the present some 600 of these plants have been | type of gas-engine ; thus there are no valves work- 
strike against the pin f. The milled head g belongs | supplied. ‘ing under high temperature, no stufting- boxes or 
to the stop for the ‘cross traverse. Levers are | piston-rods passing through the cylinder, to give 
provided, not shown, for clamping the cross slide, OECHELHAEUSER GAs-ENGINES. |rise to difficulties, and no cylinder-covers. The 
and the traverse slide, when the work requires} Tue Oechelhaeuser type of gas-engine is well | absence of cylinder-covers also enables the pistons 
that they should be fixed. known as being one of the simplest in construction | to be easily got at. As a cycle is completed 











Volume of water 
pumped in gallons {| .. 142 230 530 sco 
per minute against 
a head up to 100 ft. 
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during each revolution, the cylinders are compara- | pressed in, and is very carefully cooled by circu- | The combustion-chamber is without projecting parts 
ll. Owing to the absence of admission lating water. The pistons are long, and provided | or corners where residue can accumulate. This, 

valves, it is possible to make the passages for air | with h | 

and gas sufficiently large, so that the above-men-| cooled by water carried through telescopic pipes, | of the cylinder, ensures a thoroug 

Ib. to 5$ Ib. is quite sufficient. ‘which act as pumps, and which . 

; : by the pump cylinder is small, | when working. In order to get at the cylinder for | are therefore avoided, and no extra precautions ) 

The simple air and gas valves which are required , cleaning purposes, &c., it is only necessary to take | have to be employed in this respect. 

for governing are placed between the cylinder and | 


tively small. 


tioned pressure of 
The power consum 


the pump. 


The cylinder is provided with a separate liner | removed, and the workman can enter the cylinder. pass valves ensure that an explosive mixture in the 








OECHELHAEUSER GAS-ENGINE. 
CONSTRUCTED BY MR. A. BORSIG, TEGEL, NEAR BERLIN. 


Fig. 04. 
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ht rings. The pistons themselves are also combined with the position of the —_ at each end 


cleaning of the 
can be examined | cylinders by the ‘‘ scavenger” air. Early explosions 


down the short piston-rod between the front piston For starting the engine compressed air is em- 
‘and the cross-head. The front piston can then be ployed. For governing the before-mentioned by- 
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THE O'NEIL PIPE-CAULKING MACHINE. 








right proportion is formed in the cylinder, even 
under the lightest loads. As in this case only 
small quantities of gas are necessary, an arrange- 
ment is provided by which this explosive mixture 
is always compelled to pass directly overthe igniters, 
this arrangement being controlled by the governor. 
The latter is driven by gearing, and is so constructed 
that the speed can be adjusted by + 5 per cent. 
when running. The governor itself is sufficiently 
sensitive to allow of a variation in speed of only 
14 per cent. to 2 per cent., with a variation in load 
of 25 per cent. Between full and no load the 
variation does not exceed + 5 per cent. to 6 per 
cent. 

Two electric igniters are provided, and so 
arranged that the point of explosion can be varied 
as desired. The air and gas pumps are as will be 
seen from the drawing reproduced, separate, being 
operated by a differential piston. Here, as well as in 
the working cylinders, lubrication is effected by oil- 
pumps. The main bearings are also oiled by a 
small separately-driven pump, the oil being collected 
in the crank-pit casting, filtered, and returned to 
the bearing. The bearings of the shaft driving the 
by-pass valves have ring lubrication ; all other parts 
have sight-feed oil-cups. It may be noted that 
special care is taken that cylinder oil does not get 
into the crank-pit casting, and thence to the main 
bearings. 

(Zo be continued.) 








THE O’NEIL PIPE-CAULKING MACHINE. 

Tue methods employed for joining together dif- 
ferent lengths of cast-iron gas and water-mains have, 
during many years, undergone but slight change. 
Whether it be that the lead joint salbnd by manual 
labour has really been the best, or whether the 
conservatism of the men who do this class of work 
has prevented the introduction of machinery, it is 
certainly true that manual labour has for years held 
its own. We can quite understand that, in certain 
cases, there may not be any advantage in employing 
machinery for the work—for small pipes, for instance, 
and where the pipe-laying can only be proceeded 
with at a slow rate; but where pipes of large 
diameter, say, from 2 ft. upwards, are concerned, and 
where the nature of the ground allows of rapid progress 
being made with the laying of the pipes, it is possible 
there is a future for a'good form of caulking-machine. 

, We had, recently, the opportunity of seeing a machine 
of this class in operation, caulking the lead joint between 
two lengths of cast-iron pipe, 42 in. in diameter, and 
are able, by means of the illustration above, to 


describe to our readers the method by which the work 


is carried out. Our illustration is taken from a photo- 
graph of the machine in position. The apparatus is 
an American invention, and has been in use in the 
States for some time; it has, we understand, been 
doing very satisfactory work. Its construction is as 
follows :—A flexible iron link framework, shown at A, 
is so made that it can be wrapped round the pipe, 
and be joined together at the two ends, so as to 
form a continuous band round the pipe, as shown 
in the illustration. This flexible framework is carried 
on a number of rollers B, which allow it to travel 
round the pipe in a circumferential direction. The 
whole framework is tightened up by means of the 
screws and nuts shown at C, so that the rollers bear 
firmly on the pipe ; the rollers enable the framework 
to be moved easily round the pipe. 

Between the two sides of the framework, and shown 
at D, is fixed a kind of carrier, which is extended 
towards the left hand in our illustration in the form 
of a three-pronged fork. Each prong of this fork 
carries a roller which can be adjusted, and bears 
against the projection on the outside of the faucet. 
The object of these rollers will be understood presently. 
Underneath the carrier D, but not visible in the illus- 
tration, is fixed a cylinder, in which works a piston, 
the rod of the latter being extended towards the joint 
which has to be caulked. On the end of the piston-rod 
is a head, in which can be fitted the different sized 
tools that are required in the caulking operations. 
Steam or compressed air is supplied to the cylinder by 
the pipe F, the supply being controlled by means of a 
valve, not shown in the illustration. The motion of 
the piston in the cylinder is very rapid, many hundreds 
of strokes being made per minute, and it is in a direc- 
tion parallel to the axis of the pipe. When the machine 
is set in motion, the caulking-tool, which is fitted in 
the end of the piston, strikes a series of blows against 
the lead that has been run into the joint. While-this 
hammering is going on, the whole apparatus can be 
turned round the pipe in a circumferential direction, 
so that the caulking-tool is made to travel over the 
whole face of the joint. The use of the three rollers E 
will now be readily understood, for they act as guides 
to the machine, and hold the caulking-tool up to its 
work. 

Although the machine can be turned round the pi 
by hand-power, if necessary, this is done automatically 
by means of the rollers G, which are rotated by the 
ratchet gearing and spindle shown at H and J ; these 
are actuated by the motion of-the piston-rod: The 
motion of ‘the rollers G can easily be reversed by 
means of pawls on the ratchet gearing H. This 
renders the motion of the machine entirely automatic, 
and all that-the attendants have to do is to steady it. 
The rollers G are rubber covered, so as to grip the 
surface of the pipe. 

The ‘first pens MOR used is a and 

‘orces: is 








penetrates some distance into the lead and 





into the joint. This is, howeyer, followed by a 
blunter tool, which leaves a smooth finish to the 
surface of the lead. The cylinder valves are so made 
that the motion of the piston is entirely automatic. 

The following advantages are claimed for this 
machine :— 

(a) That it makes a much better job of the caulking 
than can be done by hand, particularly at the bottom 
of the pipe, where hand-work is so often scamped if 
the bottom of the pipe should happen to lie in water ; 
for even under very close supervision men often neglect: 
this portion of the work, with the result that there 
is a high percentage of leakage from the pipes. 

(b) That the force of the blow can be easily and 
quickly changed. 

(c) Joints 5 in, and upwards can be caulked in one- 
sixth the time required to do them by hand. 

(d) By using compressed air, instead of steam, joints 
can be made under water. 

The machine is being introduced into this country 
by Messrs. Clark W. Harrison and Co., 72, Fenchurch- 
street, London, E.C. 





H.M.S. “SENTINEL.” 

WE reproduce on page 608 two photographs of the 
first of the new scouts for the Navy, the Sentinel, 
launched at the works of Messrs. Vickers, Sons, and 
Maxim, Limited, on Tuesday, the 19th inst. These 
photographs suggest the high speed to be attained, not 
only because of the fine entry shown by Fig. 1, but 
also the sweet lines aft, and the size of the propellers 
(Fig. 2). We described this vessel in our issue of last 
week (page 580), and wrote generally on the subject of 
sea scouting (page 575); we need, therefore, only men- 
tion here one or two of the leading particulars. The 
Sentinel, which is the first of the eight to be launched, 
was commenced on June 8 of last year, and alongside 
her there is being built a sister ship, the Skirmisher, 
which will be launched in a month or two. Both 
vessels have a length of 360 ft. and a beam of 40 ft., 
while the draught at normal load displacement will be 
14 ft. 2 in. With 150 tons of coal on board the displace- 
ment is expected to be 2920 tons. It will be noted 
from our photographs that there is no bulwark, a rail 
— substituted. With her engines of 17,000 indi- 
cated horse-power it is expected that the vessel will 
maintain a speed during an eight-hours’ trial of 25 
knots. The large balanced rudder, shown in Fig. 2, 
will give her quick manceuvring power. With her 
armament of ten guns firing 12-lb. shot, and of eight 
guns firing 3-lb. shot, in addition to two deck torpedo 
tubes for the discharge of 18-in. Whitehead torpedoes, 
she ought to give a very good account of herself. The 
only armour is that of the conning-tower, where the 
metal is 3 in. thick. 





Lupw. Lozwe anp Co.—This firm has again paid a 
dividend of 10 per cent. They have also written off 
18,4732. for depreciation of plant and buildings, and paid 
off 25,000. in redemption of 4 per cent. loans. eir 
net profit, after these deductions, was 40,190/, The 
average dividend for the last five years has been 16 per 
cent. per annum, 


MacHINERY FoR JAPAN.—The Japanese Government is 
about to purchase machinery to the value of 100,000/. 
for the machine-shops in its navy yard. Specifications of 
the machinery proposed to be purchased have been cir- 
culated in the ATnited States ; but the orders given out 
are expected in any case to be confined to Japanese- 
American firms, and it is not altogether certain that even 
these houses will secure them. The specifications com- 
prise a number of turret lathes for turning out projec- 
tiles. While Japanese-American firms are making con- 
siderable efforts to supply the requirements of the 
Japanese Government, some apprehensions are enter- 
tained that these efforts may result in failure, as orders 
for the last lot of machinery of the kind purchased by the 
Japanese Government went to Germany, from which 
extremely low tenders were received. 





Sourn Arrican GoD Propuction.—The om of 
the companies engaged = —— 2 the a 
vary ver —_ “eo y- Inthe case o seer ya the 
range in March in the expenses in per ton of quartz 
treated was as follows :— Angelo, 6d. ; Deawens, 
23s. 11d.; Crown Reef, 33s. 2d.; Driefontein, 23s. 2d. ; 
Durban Roodepoort Dee 28s.; Ferreira, 29s. 1d. ; 
Ferreira Deep, 25s. 7d. ; French Rand, 28s. 10d.; Gel- 
denhuis Estate, 22s.; Geldenhuis Main Reef, 21s. 5d. ; 
Ginsberg, 22s. 9d. ; Glen a ae 8d. ; Jumpers Deep, 
23s. 2d.; Lancaster, 24s. ; neaster’ West, 23s. 11d. ; 
May Consolidated, 23s.; Meyer and Charlton, 25s. 2d. ; 
New Goch, 29s. 1d. ; New Heriot, 30s. 6d. ; New Modder- 
fontein, 27s. 3d. ; New Unified, 25s. 11d. ; Nigel, 39s. 9d. ; 
Nourse Deep, 28s. 1d. ; Robinson, 23s.; Robinson Deep, 
21s. 4d. ; Roodepoort United, 28s. ; Salis , 21s. 11d. ; 
and Van Ryn, 23s, 8d. In six other cases the expenses 
were below 20s. per ton of quartz treated. It is com- 
plained that the lack of unskilled labour necessitates the 
use of machine-drills where ne heaton ot previously 
practised, and this involves the of much 

rock than is desirable. Of the relative richness 
of the rock treated is an element which ought also to be 
brought into account. 
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THE WORKMEN’S COMPENSATION ACT. 


A casE which was penal week <a the Court s 
A 1 illustrates in a mar egree the extravagan 
ateie of tho claims which are made inst employers 
by those who consider themselves entitled to compensa- 
tion under the Act of 1897. In the case of Norman and 
Burt v. Walder, which was heard on April 12, it ap- 
peared that a workman employed by Messrs. Norman 
and Burt was injured in 1901, in the course of his 7. 
ment. He lost the top joint of a finger of his left hand 
and injured another finger. He had been receiving 
wages at the rate of 37s. per week, out of which he kept 
himself, his wife, his son, and daughter. In August, 
1901, an award was made under the Workmen’s Com- 
pensation Act, 1897, for a weekly payment to him of 
183. 6d. In May, 1903, the employers applied to the 
County Court Judge to terminate or diminish the weekly 

ayment on the und that the recipient had set up in 

usiness for himself as a baker, at which it was alleged he 
was earning money. The Act provides that ‘‘In fixing the 
amount of the weekly poveens, regard shall be had to 
the difference between, the amount of the average weekly 
earnings of the workman before the accident, and the 
average amount which he is able to earn after the accident, 
and to any payment, not being wages, which he may 
receive from the employer in respect of his injury during 
the period of his incapacity.” 

The County Court Judge, in deciding that the amount 
earned in the bakery business could not be taken into 
account, said :—‘‘ The word in the Act is no doubt ‘earn- 
ings,’ but I am clear that, according to the true construc- 
tion of the schedule, wage-earning engecity alone is to be 
taken into account. I may mention here that the earn- 
ings of the business carried on by the respondent are 
obtained in a peculiar manner. ‘The respondent carries 
on the business in question with the labour and assistance 
of his wife, who has the — share in the work, his 
daughter, who serves in the shop, and his son, who goes 
out with the horse and cart.... It may well be that 
the work in respect of which wages were earned after 
the accident need not be ejusdem generis with the work 
in respect of which wages were earned before the accident ; 
but, in my opinion, earnings in trade are not earnings 
within the meaning of Schedule 1, par. 2 of the Act.” 
The Court of Appeal refused to adopt the reasoning of 
the learned County Court Judge. In giving judgment 
the Master of the Rolls said:—‘tThe construction 
sought to be put upon the Act by His Honor was much 
too narrow. The word ‘earnings’ ought to be held to 
apply to what a man could earn on his own commen 3 
from any question of wages. They therefore reve: the 
decision and entered judgment for the employers. In 
our view this judgment is in accord with sound common- 
sense. It would be unfortunate in the extreme if an 
injured man, who was Sgr aque well able to work, were 
to be allowed to spend the rest of his days as a pen- 
sioner when he need only direct his energies along other 
channels to earn a competence for himself and his family. 








AUSTRALIA AND REFRIGERATION.—Mr. C. C. Lance, 
the Commercial Agent for New South Wales in Great 
Britain, will read a paper on ‘‘ The Growth and Influence 
of Refrigeration in Australia,” at the fifth annual meet- 
ing of the Cold Storage and Ice Association, to be held 
at the Institution of Mechanical ee Storey’s 
Gate, St. James’s Park, London, 8.W., on May 6, at 
2.30 p.m. Tickets of admission may be had on applica- 
tion to the Hon. Secretary, 19, Ludgate-hill, London, E.C. 


Tue LATE Sir CremMenT Le Neve Foster.—General 
regret will be experienced at the death, on the 19th inst., 
at his residence, 86, Coleherne Court, Earl’s Court, of Sir 
Clement Le Neve Foster, who occupied a large place in 
the engineering world by reason of the ability and care 
which he displayed in the fulfilment of his important 
duties for nearly 30 years as H.M. Chief Inspector of 
Mines. With frequently recurring periods of public 
anxiety as a consequence of serious accidents in 
mines, there is a tendency on the part of such public 
officials to satisfy public expectations, if not official 
ambition, by a departure from the judicial calm which 
should characterise official pronouncements; but Sir 
Clement’s reports were sound from the engineering point 
of view, and in his annual reviews of mining operations 
he managed to relieve the monotony of hard facts by 
interesting and even profitable suggestions. Born on 
March 23, 1841, the son of the late Peter Le Neve Foster, 
at one time secretary of theSociety of Arts, he was educated 
in France, and entered the Royal School of Mines when 17 
years of age, earning the Duke of Cornwall Scholarship—a 
high distinction. After spending some time in the Royal 
Mining College of Freiberg, he was engaged for five years 
on the geological mare Great Britain. On behalf of 
the Viceroy of pt, he took part ae exploration of 
Sinai in 1867, and later proceeded t> Venezuela, in 1868, 
to examine gold-mines there, and was next 
between 1869 and 1872, on the goid-mines in the Val 
Anzasca in Italy. In 1873 he became an Inspector of 
Mines, and continued in that capacity—for which he was 
admirably qualified—until 1901, when he retired from 
active work in the Government department, From 1890 
he was Professor of Mining at the Royal School of 
Mien, a post. he occupied with distinction and success 
until the end of his life. He was knighted at the begin- 


yal Society, and 
held the decoration of the Legion of 


l ) gi onour from the 
French Government, in tion of services in connec- 
tion with one of the ek 


ning of this year, was a Fellow of the 


Exhibitions. He acted as 
juror for the Paris Expositions of 1889 and 1900, and for 


the Chicago World’s Fair of 1893. He was the author of | Prof 


several books on mining subjects. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Not much change took 
= in the pig-iron market last Thursday, and on the 
ollowing day there were unsatisfactory reports from 
America which caused some little selling in the iron 
market. The prices were depressed, and closed at just 
about the lowest. Business was done in the forenoon in 
Cleveland iron at 44s. 2}d. fourteen days and 44s. 34d. 
one month, while in the afternoon 44s, 1d. and 
44s. 2}d. were the respective cash and month’s prices. 
No. business was done at either sitting in Scotch or 
Cumberland hematite iron, and the settlement prices 
were :—Scotch, 52s. 5d.; Cleveland, 44s. 14d.; hematite 
iron, 54s. 74d. per ton. On Monday the market was 
strong owing to the recent heavy withdrawals of iron 
from public stores at Middlesbrough. A moderate 
business was done in Cleveland iron, which closed 4d. 
up for cash and 44d. per ton up for one month. No 
business was done in Scotch in the forenoon, but Cleve- 
land changed hands at various rates, running up to 
44s. 44d. cash and 44s. 64d. one month, and the settlement 
owe were :—52s. 3d., 44s, 44d., and 54s. 74d. per ton. 
e turnover in the pig-iron market on Tuesday morning 
consisted of 500 tons of Cleveland warrants, which were 
dealt in at 44s. 04d. one month. Hematite warrants were 
idle, and unchanged at 54s. 3d. buyers.one month.. In the 
afternoon the tone was quietly steady, and business was 
limited to 2000 tons of Cleveland warrants, which re- 
covered to 44s, 64d. cash and closed: 1d. below that figure. 
here were no forward transactions, but buyers. one 
month were 4d. above the forenoon price, and the settle- 
ment prices were :—52s. 3d., 44s. 44d., and 54s. 6d. per ton. 
The following were the prices asked for on Tuesday for 
No. 1 merchants’ iron en 58s. ; Gartsherrie, Sum- 
merlee, and Calder, 58s. 6d. ; Langloan, 69s. ; Coltness, 


703. 6d.—all the foregoing shipped at G w; Glengar- 


nock Lory my at Ardrossan), 58s. 6d.; Shotts (shipped 
at Leith), ; Carron (shipped at Grangemouth), 61s. 6d. 
per ton. The time that has just is best described 


as a time of natural reactions, and prices, with little ups 
and downs, have steadily ed from the high-water 
mark maw f reached. Business reports alike from 
America and the Continent, while still displaying 
considerable strength, have also shown a pause at 
least in their onward movement, and give rise to 
rumours that offers of semi- manufactured steel are 
again being made to Britain from both countries. These 
offers, however, are at prices that do not meanwhile 
pene of. business. This last remark also applies to 

ematite pig iron now on offer from Germany. The 
rumour of an international syndicate to regulate prices of 
steel manufacturers must surely be dismissed as an im- 
possibility. Makers here do not seem to be quite satisfied 
with their last advance, and are said to be shading prices, 
especially to consumers. 


Scottish Steel Trade.—A fair inquiry continues for new 
work, but steelmakers report a scarcity of specifications, 
especially for sectional material, and some difficulty is 
found in keeping all the mills going as constantly as they 
would like. This state of things, however, is not ex- 
pected to continue long, as specifications will undoubtedly 
come forward more rapidly as soon as the execution of 
the shipbuilding orders recently placed has advanced 
somewhat further. The drop in the price of pig iron is 
in part due to the position of the iron and steel trades in 
America. 


_ Sulphate of Ammonia.—There does not seem to be much 
inquiry for forward demand for sulphate of ammonia, but 
as makers are not anxious to sell May and June it is diffi- 
cult to fix the actual value for those months. In Leith 
makers still quote 127. 10s. per ton ; and business is re- 
ported to have been done at that price. Generally, how- 
ever, markets continue to be very dull; but at Leith the 
shipments last week amounted to 1345 tons, so that there 
is some shipment from Scotland. 


Shipments of Scotch Coal.—The shipments of Scotch 
coal last week amounted to 245,088 tons, an increase of 
12,094 tons over the previous week, and of 35,860 tons 
over the corresponding week of 1903. For the year to 
date the aggregate shipments amount to 3,112,142 tons, 
an increase of 19,458 tons over the corresponding period 
of last year. This is the first time since the beginning 
of the year that the aggregate has shown an increase when 
compared with the corresponding period of 1903. 








Tue Institution or Civit Encinerrs.—At the annual 
pmees meeting of the Institution of Civil Engineers, 
eld on Tuesday evening, Sir William H. White, K.C.B., 
president, in chair, the result of the ballot for the 
election of Council for the sessional year 1904-1905 was 
declared as follows:—President: Sir Guilford Molesworth, 
K.C.LE. Vice-Presidents: Mr. F. W. Webb, Sir 
Alexander Binnie, Dr. Alex. B. W. Kennedy, F.R.S., 
Mr. W. R. Galbraith. Other members of Council: Mr. 
C. N. Bell (Wellington, New Zealand), Mr. C. A. Brereton, 
Mr. R. Elliott-Cooper, Colonel R. E. B. Crompton, C.B., 
Mr. W. J. Cudworth (York), Mr. G. F. Deacon, LL.D., 
Dr. F. Elgar, F.R.S., Mr. R. A. Hadfield (Sheffield), 
Mr. G. H. Hill, Mr. C. W. Hodson (Bombay), Mr. J. C. 
Inglis, Mr. G. R. Jebb (Birmingham), Mr. T. C. Keefer 
saws) Mr. A. G. Lyster (Liverpool), Mr. J. A. 
cDonald (Derby), Mr. W. Matthews, C.M.G., Sir 
Charles Metcalfe, Bart. ee Town), the Hon. C. A. 
em com F.R.S. (Wylam-on-Tyne), Mr. A. Ross, Mr. W. 
Shelford, C.M.G., Mr. Alexander Siemens, Mr. John 
Strain (Glasgow), Sir John I. Thornycroft, LL.D., F.R.S., 
Unwin, B.Sc., F.R.S.; Sir Leader 


ofessor W. C. Unwin, 
Williams (Manchester), and Mr. A. F. Yarrow. 





NOTES FROM me YORKSHIRE. 


HEFFIELD, Wednesday. 
Sir Henry Roscoe on Sheffield’s Future.—The Sheffield 
College has presented Sir Henry Roscoe with an address 


congratulating him on his celebrating his graduation 
jubilee. In reply, he said :—‘‘ Looking at the marvellous 
progress which the higher scientific — is making in 
the United States, so vividly brought before us in the 
last reports cf the Mosely Commissioners, and knowing 
how far we lag behind in this direction, it is matter for 
congratulation that Sheffield is exerting itself to com- 
plete its college and to establish a high school of scientific 
technology worthy of its name and fame. In these days 
specialisation has become a necessity ; no single institu- 
tion can fully represent every branch of learning or of 
inquiry, and in many instances environment may mark 
out the lines of s usefulness and success. In Shef- 
field this is certainly the case. The forte of its college 
is, and will be, the science and practice of metallurgy 
down to all its foundations and up to all its branches. 
The valuable researches of Sorby and Arnold, not to 
name other workers in the field, must be looked upon 
only as the beginning of what Sheffield will yet do to 
advance scientific metallury, and thereby to place its 
college in the forefront of national institutions.” 


Tron and Steel Trades.—There is an improving demand 
for pig iron, with a little advance in prices. Although a 
a large volume of business cannot be reported, prospects 
are favourable for a steady run in the immediate future. 
The opening of the northern ports will, it is expected, 
have a beneficial effect on the trade. Makers of merchant 
iron are steadily — although they are only lightly 
booked for forward deliveries. The following are the 
prices ruling to date :—West Coast hematite, 65s. to 67s. 

r ton; East Coast ditto, 60s. to 60s. 6d.; Lincolnshire 

o. 3 foundry, 47s. to 47s. 6d ; forge ditto, 46s. to 46s. 6d.; 
Derbyshire No. 3 foundry, 48s. 6d. to 49s. 6d.; forge ditto, 
44s, 6d. to 45s.; bars, 6/. 10s.; sheets, 87. 103. to 8/. 15s. 
The foreign houses engaged in the crucible steel trade are 
fairly well off for orders ; but, gee speaking, those 
who do almost exclusively with the home market are 
eeets more than they were a few months ago. 
There is a fair demand for Swedish bar iron for making 
crucible steel, but other qualities are moving off slowly. 


South Yorkshire Coal Trade.—In many respects the im- 
roved tone in the South Yorkshire ma trade continues. 
uyers for the shipping season show a desire to get their 
contracts settled at current rates, although some weeks 
- they were hoping to secure more favourable terms. 
ere is not much change to note in the house-coal 
branch. A fair business is being done for the season, and 
prices generally remain unchanged. No difficulty is ex- 
perienced in getting rid of common coal, and the coke 
trade keeps up well. 








Warsuip Tonnace.—In reply to Mr. Yerburgh, who 
asked what was the total warship tonnage building in the 
United Kingdom on March 31, 1895, and on March 31, 
1904, specifying how much of this was or is battleships, 
and how much cruisers, and whether the same figures 
could be given for France, Russia, Germany, and the 
United States, Mr. Pretyman, Parliamentary Secretary 
of the Admiralty, gives the following figures :— 




















| | | | 

United i ae 
: . Ger- | United 
Class. | mies: France. Russia. many. | States. 
sos|tetuso |tsteaes | sites | inoee| so201 

_ 1895| 146,450 |122,253 | 84,558 | 17,925 ' 
Battleship —-- | 1904/184,400 | 87,800 |112,780 | 103,976 | 193,180 
indies’ 1895| 73,800 | 38,710 | 23,063 3,568 | 15,025 
ee +r es | 26,177 —_ 4 

1895| 14.970 | 11,375 | 2,978 4 7 
Other vessels {04 37/025*| 1'130t | 144864 2,064 | 2,344 


* Including scouts, 23,650 tons. 
+ This does not include submarines. 





Derwent VALLEY WarTer.—On the invitation of the 
Derwent Water Board, the members of the Midland 
Counties Institution of Mining Engineers made an in- 
spection on Tuesday, —_ 26, of the works now in pro- 
gress in the Derwent Valley for supplying water to Shef- 
field, Nottingham, Derby, and Leicester. The Midland 
Railway Company lent the party several re ay, ral 
riages for use on a light railway belonging to the Water 
Board, and the visitors travelled in this manner for 
7 miles to Howden dam, where they alighted. They were 
shown over the dam by Mr. Windsor and his assistants. 
The foundations have excavated toa depth of about 
70ft. The chief difficulty experienced in connection with 
the excavations has been the existence of wrinkles or faults 
in the strata. It has in consequence been by no means 
easy to provide suitable foundations for the huge weight of 
the dams. The bottom of the faults is considered to have 
been now reached, but in order to render it certain that 
the Howden dam will hold water, a further depth of about 
30ft. has been excavated to a width of 6 ft. below the 
main excavation. This will be filled with concrete so as 
to prevent water percolating below the dam. The dams 
proper will be composed of stonework, the material for 
which has been obtained from the Grindleford qusrries 
belonging to the Water Board. The Howden dam is the 
top one of a series, the whole scheme ccmapriaies two 
dams in the Derwent Valley, two in the wo alley, 
and one at Bamford. After visiting the Howden dam, 
the party went to the Derwent dam, which is about two 
miles below the Howden dam in the same valley. In the 
afternoon a visit was paid to Grindleford, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIpDLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on Change and little business was 
doing, buyers being backward, notwithstanding the excep- 
tionally satisfactory statistical position. Quotations for 
Cleveland iron, however, were upheld ; and this was not 
to be wondered at, seeing that the supply was not equal 
to the requirements, and that the stocks in the public 
warrant stores had to be drawn upon to make up defi- 
ciency. Producers of Cleveland iron took a strong stand, 
and they could well afford to do so, seeing that they 
are generally we'l supplied with orders, and they are 
confident that quotations will rise in the near future. 
No. 3 g.m.b. Cleveland pig iron was 44s. 6d. f.o.b. 
There were merchants ready to sell at that figure, 
but several of the makers were inclined to hold out 
for a rather higher price. No. 1 was 46s., and No. 4 
foundry, 44s. 3d. he lower qualities were steady. 
Grey forge was 44s.; mottled, 43s. 6d.; and white, 43s. 3d. 
East Coast hematite pig was rather quiet, and the output 
was reported to have been somewhat increased. Quota- 
tions were stationary, mixed numbers being 52s. 6d. for 
early delivery, whilst No. 1 stood at 53s.; and No. 4 
forge at_5ls. Spanish ore was in only moderate re- 
quest. Rubio was obtainable at 15s. 3d. ex-ship Tees. 
Middlesbrough warrants closed 44s. 54d. cash buyers. 
To-day quotations for makers’ iron were not altered. 
Middlesbrough warrants fluctuated somewhat, and at 
one part of the day they touched 44s. 8d. At the close 
of the market they returned to 44s. sg ee buyers. 
Deliveries of pig iron this month have been on a satis- 
factory scale, and they might have been larger if more 
iron had been available. Clearances to Scotland have 
been pretty good. 

Manufactured Iron and Steel. —Quietness characterises 
most branches of the manufactured iron and steel trades. 
Orders are scarce, but producers of most descriptions ad- 
here to the quotations that have ruled for some little time. 
Common iron bars are 6l. 2s. 6d.; best bars, 6/. 12s. 6d.; 
iron ship-plates, 62. 7s. 6d.; iron ship-angles, 6/. 2s. 6d.; 
steel ship-plates, 57. 12s. 6d.; steel ship-angles, 5/. 5s.; 
steel boiler-plates, 7/.; steel joists, 5/. 5s.; steel sheets 
(singles), 72. 7s. 6d. ; steel sheets (doubles), 7/. 17s. 6d.; 
and heavy sections of steel rails 47. 10s,—all less the cus- 
tomary 24 per cent. discount, except rails, which are net 
at works. 

Coal and Coke.—Coal, on the whole, is rather quiet. 
Bunker fuel is somewhat plentiful and prices tend down- 
wards. Unscreened Durham bunkers range from 7s. _~— 
to 8s. 44d. f.o.b. As is usual about this season of the 
year there is not a t deal doing in gas coal, practi- 
cally all the large sales having been made, but there are 
a few local contracts in the market. Manufacturing coal 
is dull, and there is not much doing now in household 
fuel. Coking coal keeps strong. Demand for coke, both 
for home use and for shipment, is on a good scale, and 
quotations are inclined to advance, Average blast-furnace 
qualities are fully 14s. 6d. delivered here, and export 
kinds are in the neighbourhood of 16s. 44d. f.0.b. 








Firk Protection or Moror-Car Works.—The danger 
of outbreaks of fire at motor-car works, owing to the ex- 
treme inflammability of petrol vapour, was exemplified by 
the great fire at the Cannstadt Works last year. It has 
been found, however, that although water is useless for 
extinguishing burning petrol, the jets from chemical 
engines, being cha’ = j with carbonic acid gas, are very 
effective. At Finchley recently a burning motor-car was 
saved by a Merryweather chemical engine ; and it may 
be noted that the great Daimler Works at Coventry have 
recently been provided with these appliances, which are 
also kept ready for use at the Automobile Club, London. 


Contracts.— Messrs. Reavell and Co., Limited, of the 
Ranelagh Works, Ipswich, who in their ‘‘Scott” high- 
speed engine have shown that the Cornish cycle can be 
used as successfully in this class of motor as in the beam 
pumping-engines of the past century, are now building 
one of this type of 800 horse-power for the Ipswich Cor- 
poration. This is the largest engine yet built by the firm, 
and will be capable at need of generating 1000 horse- 
power.—The Keighley Corporation has accepted the 
ee 1 — nomen. Hesewen on ac 

imited, Rugby, for eight double-deck cars, equip 
with two GE 58-6 jas aaaes and B. 18 controllers.— 
Messrs. Lobnitz and Co., Limited, Renfrew, have just 
despatched a large plant for subaqueous rock excavation 
to the order of the eminent French contractors, Messrs. 
H. Hersent et Fils, for use at the new harbour works 
at Dakar.—The British Westinghouse Electric and Manu- 
facturing Compeny: Limited, have just booked a further 
order from the Bury Corporation for Westinghouse 
magnetic brakes to be fitted to 25 cars—12 single-truck, 
and 13 e-cars—ali mounted on Maguire trucks. Thi 
order covers all the cars not already fitted with er cage 
brakes.—A mongst the most recent orders secured by the 
Empire Roller- Beoriags. Company, Limited, of West- 
minster, for their well-known roller bearings, are :—The 
euipaes of a further whole train for suburban traffic 
for the London, Brighton, and South Coast Railway ; a 
whole train of railway coaches for the Brazilian Railways ; 
the whole of the trolley-cars on the Sierra Leone Moun- 
tain Railway, and the Cyprus Railway for the Crown 
Agents for the Col The Secretary of the Army 
Council, War Office, London, 8.W., has placed a con- 
tract with Messrs. Geipel and Lange, Vulcan Works, 
St. Thomas-street, Southwark, S.E., for fity-one Geipel 
Abbey PS for the Royal Gunpowder Factory,’ Waltham 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Current inquiries for large steam coal have 
been principally for. shipment in the month just closing ; 
the best large steam coal has been quoted at 16s. 9d. 
to 17s. 3d. per ton, while secondary qualities have ranged 
from 15s. 3d. to 16s. per ton. Small steam coal has been 
freely offered, and prices have shown no improvement. 
Household coal has also remained at about late rates, 
the best ordinary qualities having made 13s. 9d. to 14s, 9d. 
per ton, while secondary descriptions have ——- from 
10s. 6d. to 13s. per ton; No. 3 Rhondda large has been 
quoted at 15s. to 15s. 3d. per ton. Patent fuel has ex- 
hibited a firm tone. Coke has shown rather an upward 
tendency ; foundry qualities have made 18s. to 19s. per 
ton, and furnace ditto, 16s, to 17s. per ton. As regards 
iron ore, Rubio has been quoted at 14s. perton; Almeria, 
at 14s. to 14s, 3d. per ton; and Tafna at 15s. per ton— 
charges including freight to Cardiff or Newport. 


The Swansea Valley.—The steel trade has continued 
active. The tin-plate mills have been fully employed, 
and the demand is considered to have lapeiwed. The 
coal trade has been somewhat dull. 


More Welsh Coal.—Sinking operations have for some 
time past been carried on by the Standard Colliery at a 
new pit at Ynyshir, and coal has now been struck at the 
7-ft. seam. . The erection of the nezessary machinery, &c., 
will be at once proceeded with. 


The South Wales Coalfield.—At a general meeting of 
the South Wales Institute of Engineers, held at Cardiff 
on Thursday, the President’s gold medal was awarded to 
Mr. H. K. Jordan, F.G.S., of Clytha Park, Newport, 
for his paper, ‘*Notes on the South Trough of the Coal- 
field, t Glamorgan,” read before the Institute in 
January, 1903. The gold medal is awarded by the 
Council to the writer of the best paper read before the 
Institute during the President’s two years’ term of office. 


Water Supply of Iifracombe.—The average yearly con- 
sumption of water in Ilfracombeis about 180,000,000 gallons, 
or an ave of 500,000 gallons per day. During the 
winter months the reservoirs have been generally full and 
flowing over, while in the summer there has been an ap- 
proach to a shortage. This state of affairs has caused the 
town council great uneasiness for several years past. In 
1894 and 1895 the council entered into negotiations to pur- 
chase land from Mrs. Yeatman, and in 1896 it obtained 
the — of an expert as tosinking wells in the parish ; 
but the result of this investigation did not justify an ex- 
penditure of the large sums necessary to sink deep wells 
and erect pumping machinery for the small flow of 
water which was ex to secured. In 1897 and 
1898, the water committee of the council visited many 
~— including Bittadon, Westdown, Heddon Mills, 

inkery Pond, and Challacombe ; and finally the engineer, 
Mr. O. M. Prouse, was instructed to gauge the water 
flowing down the valleys at Trayn and Comyn, and the 
Bray at Challacombe, on the fringe of Exmoor. The 
engineer visited the Trayn and Comyn valleys on 
August 22 and 24, 1898, and he found that the quantity 
of water flowing down these valleys was 146,350 gallons 
in the 24 hours, and that flowing down the Bray on the 
25th of the some. month was 558,255 gallons, or nearly 
four times the quantity which was to be found in the 
Trayn and Comyn valleys. A gauge was fixed on the 


Bray, at what was at that time considered a likely spot | 6.5 


for an intake, and daily readings were taken. The result 
of these justified the council in asking Mr. J. Mansergh, 
of Westminster, to make a report on the feasibility of the 
scheme ; and on September 27 he went over the whole of 
the proposed route with Mr. G. Strachan, of London, 
his partner, and with the council’s engineer. As a result 
of Mr. Mansergh’s report, the council determined to 
seek Parliamentary powers for securing Bray water for 
Ilfracombe, and incorporating Combmartin, Berrynarbor, 
and Morthoe in the undertaking. These powers were 
obtained in 1900; and finally a contract was entered into 
with Messrs. Murdock, of Camborne, for what is now 
known as the Friendship Tunnel, and with Mr. J. Alder- 
man, of Looe, for the main laying ; while Messrs. Roberts, 
of West Bromwich, secured the contract for the cast-iron 
pipes, and Messrs. Blakeboroughs, of Brighouse, the con- 
tract for the valves. The works were commenced early 
in 1902, and it is expected that they will be completed 
about the end of next month. The village of Challa- 
combe, the point at which the intakes join the trunk 
main, is 13 miles, measured along the pipe track, 
from the existing reservoirs of the council at Ilfracombe. 
The mains are laid at such a gradient that it is possible to 
deliver 900,000 gallons per diem into the reservoirs. The 
water is obtained from eight points of intake, which are 
all situated on Exmoor, and at such an elevation that they 
are well above the draining from any habitation. An 
area of land is enclosed round each intake so as to prevent 
any direct contamination at the point of intake. The 
work will cost about 55,0000. ue - 








Coat 1n AtasKA.—Dr. Martin, of the United States 
Geological Survey, reports the discovery of an extensive 
deposit of good Thuan coal in the valley of the Behring, 
a rather important stream which flows into the Controller 
east of the . Dr. Martin was occupied during the 
summer of last year in mniring petroleum and coal 
deposits along the south shore of Alaska; and, in the 
course of his explorations, he travelled up the valley of 
the Behring for a distance of about 40 miles from the 
coast. The coal area, as at t.ascertained, com- 
prises about 85 square miles. e northern portion of it 


a to be underlaid by .a greater number of seams | W: 
Pr the 


southern. The coal resembles the harder bitu- 


minous coal of the east of the United States more than 


it does anthracite. 








MISCELLANEA. 


with automobilism, have 


A SERIES of lectures, dealin 
Hall by Mr. Charles 


just. been delivered at Toyn 
right, F.R.S.E. 


We are asked to announce that with the current number 
the cost of the Electro-Chemist and Metallurgist, which is 
the organ of the Faraday Society, has been reduced to 
1s. per copy, the size of the journal remaining as before. 


The Board of Trade have recently confirmed the under- 
mentioned Order. made by..the ,Light Railway Commis- 
sioners :—Kent and. East Sussex- Light Railway (General 
Powers) Order, 1904, amending the Cranbrook and Tenter- 
den Light Railway Order, 1899, and for other purposes. 

The second sessional meeting of the Association of 
Managers of Sewage-Dis: orks will meet at Cam- 
bridge on Saturday, May 7, at 1.30 p.m., when a visit will 
be paid to the Cambridge’ Corporation sewage works and 
destructors. Dr. Rideal has consented to give at the 
farm on this occasion a demonstration of methods of 
making sewage analyses. : ; 

An open competitive examination for not fewer than 
twenty-four situations. as tant. examiner in the 
Patent Office will beheld by the. Civil Service Commis- 
sioners in July next. -The examination will commence 
on the 19th of the month, and forms of application for 
admission to. it are,now ready ‘for issue, and may 
obtained on request addressed by letter to the Secre- 
tary, Civil Service Commission, . Burlington Gardens, 
London, W. 


During the past few weeks there have been rumours 
that the Government were considering the expediency of 
closing the Royal Indian Engineering College at Cooper’s 
Hill. We have excellent reason to believe that the decision 
has now been taken, and that the only point left open is 
the date of the closure,. July and. October being the two 
months spoken of.. On Tuesday of this week three of the 

rofessors were informed that their services would not 
required much longer. 


The Board of Trade give notice that, pursuant to 
Section 10 (2) of the Railway Employment (Prevention 
of Accidents) Act of 1900, the ka to make a rule 
(on the application of the Ta ale Railway Company) 
varying Rule 8 of the Prevention of Accidents Rules, 
1902. Copies of the draft rule may be obtained at the 
offices of the Board of Trade, 7, Whitehall Gardens, S.W. 
Any objection or ig made with respect to the 
draft rule by or on behalf of persons affected must be 
lodged with the Board of Trade within five weeks from 
the 25th day of April, 1904, 


The Council of the Institution of Civil Engineers have 
made the following awards for papers read and discussed 
before the Institution during the past session :—A Telford 
Gold Medal to Major Sir Robert Hanbury Brown, 
K.C.M.G., M. Inst. C.E., a George Stephenson Gold 
Medal to Mr. G. H. Stephens, C.M.G., M. Inst. C.E., 
and a Watt Gold Medal to Mr. Alphonse ‘Steiger, M. 
Inst. C.E.; Telford Premiums to Mr. E. W. de Rusett, 
M. Inst. C.E., Mr. Hugh Robert Mill, D.Sc., LL.D., 
Mr. Alexander Millar, Assoc. M. Inst. O.E., and Mr. 
T. E. Stanton, D.Sc., Assoc. M. Inst. C.E.; a Manby 
Premium to Professor J. Campbell. Brown, D.Sc.; and a 
Crampton. Prize to Mr. L. H. Savile, Assoc. M. Inst. 
The presentation of these awards, together with 
those for papers which have not been subject to discus- 
sion and will be announced later, will take place at the 
inaugural meeting of next session. 








CanapIAN Rait- Maxine. — Mr. Plummer, general 
manager of the Dominion Steel and Iron orem eae 
states that the company will be manufacturing steel rails 
next autumn. They will be open-hearth steel rails. 


Prrsonat.—A Trade-Information Agency, under the 
direction of Mr.-G. E. Brandes, has been opened at 168, 
Fleet-street, London.—Mr. J. M. Cowan, having resigned 
his appointment as representing Messrs. Biggar and 
Hendry, announces that he has started business on his 
own account, under the style of James M. Cowan and 
Co., with offices at 74, York-street, Glasgow. 


Socrety or GERMAN TRonMASTERS.—On April 23 and 
24, the Society of German Ironmasters celebrated at 
Diisseldorf, the completion of the twenty-fifth year of its 
existence, and the completion of the twenty-fifth year of 
the. presidency of Mr. Carl Lueg. The society is in a 
very flourishing condition. It: numbers 2957 members, 
and of its journal, Stahl und Hisen, every fortnight 4900 
copies are published. ‘The meeting was well attended 
on both days, about 800: members being present. On 
April 23 papers were read by Mr. Boveri on ‘‘ The Steam 
Turbine,” and by Mr. R. M. Daelen on ‘‘ The Continuous 
Open-Hearth Process.” On April 24, Mr. E. Schrédter 
traced the progress of the German iron trade during the 
twenty-five years of the society’s existence. The announce- 
ment was then made that a Gold Medal had been insti- 
peas to be called the Carl Lueg Medal, and to be 
awarded for conspicuous services to German metallurgy. 
The first award was made to Mr. Lueg. Congratulatory 
addresses were then delivered by re tatives of the 
Government and of numerous kindred societies, The 
Tron and Steel Institute was re ted by a deputation 
of the Council, consisting of Mr. A. Tannett-Walker, 
Mr. A. Greiner, and Mr. B. H. Brough. In presenting 
the illuminated address from the Institute, Mr. Tannett- 
Valker ea reference to the hospitalit 
received from the German Society in 1880 and in 190. 
and read a characteristic letter of congratulation sent by 








Mr. Carnegie. 
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NOTICES OF MEETINGS. 

Socrzty or ARTSs.—Monday, May 2, at 4.30 p.m. Cantor lectures. 
**The Majolica and Glazed Earthenware of y,” by Professor 
R. Langton Douglas, M.A. . ree lectures.) Lecture II1.—Tues- 
day, May 3, at 4.30 p.m. Colonial Section. ‘‘Canada and Great 
Britain,” by Mr. W. L. Griffith. The Right Hon. the Earl of 
Aberdeen, G.C.M.G., LL.D., D.C.L., will preside.—Wednesday, 
May 4, atSp.m. ‘Statistics of the World’s Iron and Steel In- 
dustries,” by Mr. William Pollard Digby. 

Socrety or CuEMicaL Inpustry — Lonpon Srorion. — Monday, 
May 2, at the Chemical Society’s Rooms, Burlington House, Picca- 
dilly. The following papers will be read and discussed :—(1) “ The 
Determination of Minute Quantities of Bismuth in Copper and 
Copper Ores,” by Mr. T. C. Cloud. (2) ‘‘The Determination of 
Minute Quantities of Arsenic in Copper Ores and Metallurgical 
Products,” by Mr. T. C. Cloud. (8) ‘* Testing Colloids,” by Pro- 
fessor E. J. Mills, D.Sc., F.R.S., and Mr. A. Gray, A.LC. 

Society o¥ ENGINEERS.—Monday, May 2, at 7.30 p.m., at the 
Royal United Service Institution, Whitehall. A paper will be 
read, entitled ‘‘ British and American Seating Machines,” by 
Mr. A. 8. E. Ackermann, A.C.G.L, A.M.I.C.E., M.S.I. Previously 
to the reading of the above paper a short contribution will be 
read, entitled “‘A Jubilee Retrospect,” being a brief history of 
the Society since its inception to the present time, by Mr. Perry 
F. Nursey, Past-President and Secretary. 

RonteeN SocreTy.—Thursday, May 5, at 8.30 p.m., at 20, Han- 
over-square. Mr. J. J. Vezey, Hon. Treasurer, will read a paper, 
entitled ‘‘ The Réntgen Society ; its Past Work and Future Pros- 
pects.” Mr. F. H. Glew will give a short account of ‘Some Ex- 
periments with Alpha Rays.” 

THE INSTITUTION OF MINING AND METALLURGY.—Thursday, May 5, 
at 8 p.m., at the rooms of the Geological Society, Burlington 
House, Piccadilly, London, W., when the discussion on ‘‘ Labora- 
tory Equipment” will be resumed and concluded, except as re- 
gards written contributions. 

IRON AND STEEL InsTITUTE.—Thursday and Friday, May 5 and 6, 
commencing each day at 10.30 a.m., the annual meeting at 
the Institution of Civil Engineers, Great George-street, West- 
minster. Thursday, May 5.—The Council will present their 
report. The Bessemer Gold Medal for 1904 will be presented to 
Mr. R. A. Hadfield, Vice-President. The awards of the Andrew 
Carnegie Gold Medal and Research Scholarships for 1904 will be 
announced. A selection of papers will be read and discussed. 
1.30 p.m.—The meeting will be adjourned. 2.30 p.m.—Demon- 
stration of pyrometers suitable for metallurgical use. Friday, 
May 6, 10.30a.m.—A selection of papers will be read and discussed. 
7 p.m.—Annual dinner of the Institute in the Grand Hall, Hotel 
Cecil. The following is a list of papers that are expected to be 
submitted :—‘‘On Pyrometers Suitable for Metallurgical Work,” 
= of Committee. ‘‘Oa Coke Ovens,” by Mr. C. Lowthian 
Bell (Middlesbrough). ‘On Troostite,” by Mr. H. C. Boynton 
(Harvard University). ‘*‘On the Range of Solidification and the 
Critical Ranges of Iron-Carbon Alloys,” by Mr. H.C. H. ©: nter, 
M.A., Ph.D.; and Mr. B. F. E. Keeling, B.A. (National Physical 
Laboratory). ‘‘On Raplninns Produced by Ferro-Silicon,” by 
Mr. A. Dupré, Ph.D., Chemical Adviser to the Explosives Depart- 
ment, Home Office ; and Captain M. B. Lloyd, R.A., H.M. Inspector 
of Explosives. ‘‘On the Thermal Efficiency of the Blast-Furnace,” 
by Mr. W. J. Foster(Darlaston). ‘‘ On the Production and Thermal 
Treatment of Steel in Large Masses,” by Mr. Cosmo Johns (Shef- 
field). ‘‘On the Manufacture of Pig Iron from Briquettes at 
Herriing, Sweden,” by Professor H. Louis, M.A., Assoc. R.S.M. 
(Newcastle-on-Tyne). Keports on research work . carried out 
during the past year will be submitted by Mr. O. O. Bannister 
(London), by Mr. P. Breuil (Paris), by Mr. K. A. Gunnar Dillner 
and Mr. A. F. Enstrém (Stockholm), by Mr. J. ©. Gardner 
(Middlesbrough), by Mr. F. H. — (Wakefield), by Mr. A. 
Campion (Cooper’s Hill), and by Mr. P. Longmuir (Sheffield), 
Andrew Carnegie Research Scholars. 

TRAMWAYS AND Ligut RAILWAys AssociATION.—Friday, May 6, 
at 8 p.m., at the Society of Arts. Topical Discussion on ‘“ Run- 
ning Powers,” introduced by Mr. iomas W. How, F.G.S. 
(Member of Council). 

Roya InstiruTion oF GREAT Brirain. — Friday, 
9 o'clock. Mr. P. Chalmers Mitchell, D.Sc., Sec. Z.8. 
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THE TRADE-UNiON BILL. 

Ir must have been a surprise to many employers 
of labour to hear that the House of Commons had 
supported the. second reading of Mr. Paulton’s 
Trade - Union Bill by a majority of 39. Wholly 








appointed to inquire into the law as it affects trade 
unions have not yet issued their report, we regard 
the present time as most inopportune for any 
amendment of the law upon the lines suggested. 
Employers have only just been made aware of the 
fact that a trade union can be sued; that it can be 
guilty of actionable wrongs; and that the funds 
of the union may be attached. Let the trade 
unionist consider any one of .the cases in which 
any of these points were decided. Let him ask 
himself whether: upon the facts. there disclosed 
there was not a grievous wrong: which demanded 
redress. If-it could be shown that in the 
Denaby Main: case or the famous ‘‘stop-day” 
case the employers had no moral claim, something 
might be'said for 4 movement to alter the law in 
favour of the unions. But we venture to think 
that no trade-union official could. say conscientiously 
that the colliery companies whose works were 
stopped, and who figured as plaintiffs in these 
actions, had no moral claim to compensation. _ 

e case in support of Mr. Paulton’s Bill 
was admirably stated by Mr. Atherley Jones, 
K.C., in a letter which appeared in the Times of 
April 22. What strikes one forcibly about this 
letter is that it is the effort of a lawyer to plead a 
cause in-which he knows there are ‘serious’ defects. 
He cannot shut his eyes’ to the fact that picketing 
may be abused ; that trade unions have an immense 
coercive power ; that it is dangerous to tamper with 
the liability of the pineal for the acts of an 
agent ; yet he seeks to argue, for what appear to 
us to be wholly insufficient reasons, that a trade 
union is entitled to immunities which are not 
conceded to any other corporation or association of 
individuals. 

Let us consider the proposals made by the Bill. 
In the first clause it is suggested that :—‘‘ It shall 
be lawful for any person or persons, acting either 
on their own behalf or on behalf of a trade union 
or other association of individuals, registered or 
unregistered, in contemplation of or during the 
continuance of any trade dispute, to attend for 
any of the following purposes at or near a house 
or place where a person resides or works or carries on 
his business, or happens to be: (1) for the purpose of 
peacefully obtaining or communicating information ; 
(2) for the purpose of peacefully persuading any 
person to work or abstain from working.” By 
this clause the trade unions ask in effect for 
a declaration that all picketing shall be made 
lawful. It would be difficult, -if not impos- 
sible, for employers to ensure that the picket- 
ing was always ‘‘ peaceful.” Mr. Atherley Jones 
complains that :—‘‘It is abundantly clear that if 
trade unionists may not peaceably attend at a 
public place for the purpose of advising, without 
menace or intimidation, workmen not to enter upon 
an employment, or to legally determine an existing 
employment, not the least effective part of their 
machinery for successful combination to promote 
the interests of their members is destroyed.” 
Conceding the truth of this proposition, it must 
be remembered that the‘ main object of picketing 
is to influence those who do not belong to the 
union. So far as the members of the union are 
concerned, it is quite competent for the officials to 
communicate the policy of the executive to in- 
dividual members without having to resort to 


.| pickets. How then can picketing be said to be 


essential to organisation? Admit the legality of 
picketing, and the door is opened to every kind of 
violence and intimidation. 

The second clause of the Bill under notice reads 
as follows :—‘‘ An agreement or combination by 
two or more persons to do, or procure to be done, 
any act in contemplation of a trade dispute shall 
not be ground for an action if such act when 
committed by one person would not be ground 
for an action.” 

This clause is, perhaps, less objectionable than 
any of the other proposals which are contained in 
the Bill. At the same time we fail to see that any 
case has been made out. for = the members of 
a trade union in a position of éxceptional immunity. 
Although an act may be perfectly harmless in itself 
when done by one n, it becomes noxious in 
the extreme when it is the result of a conspiracy or 
combination on the of a number of persons. 
But will the proposal really assist the unions in the 
way which they desire? As we understand the 
existing law, it is an actionable wrong for any 
— to maliciously induce another person to 

reak his contract of employment. Recent deci- 
sions have shown a dispositioa on the part of the 








apart from the fact that the Royal Commissioners 








Saskietete eon 


ener ees 


a 


ae 


ep memagean een meg 


610 


ENGINEERING. 





[APRIL 29, 1904. 





judges to render the element of motive a dominating 
factor in determining the legality or illegality of 
giving such advice; and it would seem that if the 
advice given injures A, the fact that it will benefit 
the person who is advised does not rebut the pre- 
sumption that it is given maliciously. In these 
circumstances we do not think that the employers 
have much to fear from this clause. 

The third clause is, perhaps, the most important 
of all. It provides that ‘‘an action shall not be 
brought against a trade union or other association 
aforesaid for the recovery of damage sustained by 
any person or persons by reason of the action of a 
member or members of such trade union or other 
association aforesaid.” 

In dealing with this proposal, Mr. Atherley 
Jones makes a candid disclosure of the fact that he 
appreciates the difficulty of altering the law. The 
grievance is en upon the Taff Vale case, 
where it was established that a trade union, in its 
collective or corporate capacity, is responsible for 
wrongful acts done by its agents while acting, or 
purporting to act, in its interests, though it did 
not expressly authorise such acts, and might be 
ignorant that they were committed. Mr. Atherley 
Jones says:—‘‘It would, of course, be impos- 
sible to reverse the fundamental doctrine of the 
law of agency, of which this decision was only the 
expression, by an enactment of general application; 
the true question for consideration is whether or no 
the circumstances and conditions of a trade union 
are so peculiar as to warrant exceptional treat- 
ment ; andI submit, for the following among other 
reasons, that a strong case for exceptional treatment 
does exist.” He argues in effect that inasmuch as 
trade unions are legal entities, and as they find it 
difficult to carry on their business without employ- 
ing a large number of officials, they should not be 
held responsible for the recklessness and folly of 
some subordinate branch ofticial who may choose to 
intervene in the trade dispute, and whom the law 
defines to be an agent. But he is bound to admit 
that if the law were modified in the desired respect, 
it would be possible for a trade union by stealth 
to instigate its agents to commit illegalities and 
thus to escape responsibility. He thus sounds a 
note of warning to the Legislature who are called 
upon to sanction the proposed amendment of the 
law of principal and agent. If a trade union is not 
to be held responsible for the act of an official, 
how could it ever be held responsible ? 

If the case for the Bill cannot be put higher than 
it has been put by Mr. Atherley Jones, it passes 
comprehension how the second reading was sanc- 
tioned. It is put forward no doubt in the bond 
fide interests of labour, and the argument is 
reiterated that if the necessary changes are not 
made in the law, the substratum of union power 
will disappear. With this argument we are unable 
to concur. Strikes are still lawful ; funds may be 
accumulated and used for the purposes of industrial 
warfare ; it is still open for every member of a 
union to refuse to work with any particular work- 
man. How, then, can it be said that unions have 
been crippled by the recent decisions / 

Last, but not least, the existing law renders no 
funds of the unions liable to attachment unless it 
be to answer damages for the consequences of 
illegal acts. How, then, can it be said that the law 
is unjust ? 








LOSSES IN THE SHEATHS OF ALTER- 
NATING-CURRENT CABLES. 

Tr often happens in electrical work that the 
mechanical engineer is prevented from making 
what to him appears a sound mechanical job by 
reason of some more or less obscure electrical con- 
dition which would be violated thereby. This is 
particularly noticeable when alternating currents 
are being dealt with, and an ignorance or disré 
of some of the peculiar properties of alternatin 
currents frequently gives rise to most unexpec 
and unpleasant phenomena. The protection of a 
costly and delicate electric cable by laying it in an 
iron pipe is a casein point. Mechanically it leaves 
little to be desired ; and if only continuous currents 
are to be carried, there is nothing to be said 
against the arrangement from the electrical point of 
view ; but if the cable is used for alternating cur- 
rents, a quite new set of conditions has to be 
taken into account. It is an elementary fact that 
every conductor carrying a current is surrounded by 
a magnetic field eae to the current, and 
it is equally well known that any variation of the 





strength of the field will induce currents in a 
solid conductor or closed circuit lying within the 
field. Applying these facts to the case of a 
cable, we see that every alternation of the cur- 
rent will cause a corresponding reversal of the 
surrounding magnetic flux, and thus currents will 
be induced in both the lead sheath and the iron 
pipe through which the flux passes. The losses 
which result from these useless currents are con- 
sidered by Mr. Michael B. Field in a suggestive 
paper read before the Institution of Electrical En- 
gineers on the 14th inst. It was taken for granted 
that a single-core cable for alternating current 
would never be laid, in practice, in an iron pipe ; 
but this case was dealt with first as typical of what 
occurs in a less degree in the case of two and three- 
core cables, in which the external field is not so pro- 
nounced. When a single-core cable lies inside an 
iron pipe, the permeability of the iron will cause 
by far the larger proportion of the magnetic lines 
to be confined to the body of the pipe, although a 
certain number will lie both inside and outside it. 
With quite ordinary proportions of pipe, it will be 
found that with moderate currents the induction 
is sufficient to cause a high degree, of saturation 
in the iron ; and as the magnetisation is reversed 
with every alternation of the current, the hysteresis 
losses are very considerable. With a maximum 
induction of only 10,000 lines per square centimetre 
and 50 alternations per second the hysteresis loss in 
a wrought-iron pipe is of the order of 1 kilowatt 
per cubic foot of iron. If the pipe is of appreciable 
thickness, a further effect of the alternations of 
the current is to induce eddy currents in it, which 
flow longitudinally along the inner surface and 
return along the outer. ‘These currents set up their 
own magnetic field, which opposes the main induc- 
tion in the iron, so that the centre of the walls of 
the pipe may be almost or quite unmagnetised. 
This has the effect of diminishing the hysteresis 
losses, but the ohmic losses due to the eddy currents 
themselves then become a serious matter. In the 
lead sheathing of the cable we have only to con- 
sider eddy current losses, as, of course, magnetic 
hysteresis does not occur. The sheathing may be 
regarded as made up of a number of parallel 
longitudinal strips, and the eddy currents will 
be induced along them, tending to oppose the 
main current, according to Lenz’s law. If the 
sheathing is perfectly insulated, the eddy cur- 
rents will be confined to the surface of the lead, 
travelling along the inner face, and returning along 
the outer, and vice versd ; but these currents will 
not be of any magnitude on account of the re- 
sistance of such a path. On the other hand, if the 
ends of the sheath are earthed, the return circuit 
will be completed through the earth, and alternat- 
ing currents will flow between the ends, spreading 
out to a great distance in all directions. As, how- 
ever, there must be a return circuit somewhere, 
the earth currents to which it will give rise will, to 
a large extent, neutralise those of the first con- 
ductor ; and, in fact, we cannot deal with the 
question at all unless the return circuit is taken 
into account, for otherwise the first conductor is 
tacitly assumed to form part of an infinite circuit, 
hence the magnetic field it sets up will be infinite, 
and the alternations of this field will produce an 
infinite electromotive force between the ends of the 
sheathing. 

As this electromotive force opposes the main 
current in the cable, it is clear that no current can 
be produced in the cable unless the main electro- 
motive force is of infinite magnitude, so that the 
whole question becomes indeterminate. 

If we consider a more practical case, in which the 
‘*go” and ‘‘return” cables lie side by side, we see 
that the electromotive forces produced in the lead 
sheaths are opposite in direction, so that if the ends 
of each sheath are connected to earth or to the ends 
of the other, we have a closed circuit in which the 
secondary currents can circulate. From a know- 
ledge of the secondary electromotive force induced 
in the sheath per unit length by the alternations of 
the main current it is easy to calculate the current 
and thence the C?R losses in the sheath circuit, 
which may be regarded for this purpose as a short- 
circuited single-turn secondary winding of an air- 
core transformer, of which the main circuit is the 
primary. To calculate the electromotive force 
induced in the sheath per unit length we must 
know the rate at which it is cut by the magnetic 
lines due to the primary circuit. If we take any 
point which corresponds to a point in the sheath in 
a plane section at right angles to the cables, it is 





well known that the magnetic force at that point 
is equal to the algebraic sum of the forces due to 
each conductor separately, and the strength of field 
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due to each conductor is ior’ where c=amperes in 





* 
the conductor, and r=the distance of the point 
from the centre of the cable in cm. Therefore the 
effective number of magnetic lines surrounding a 
point distant 7, and 7, cm. respectively from two 
conductors carrying equal currents in opposite 
directions is 


2c {"1,__e r; 1 
10 [iter =; log.. A or .46 ¢ log. , 4 

If this point is considered as a point on a line of 
force, the total number of surrounding lines will 
be the same at every other point in that line of 
force, because it is impossible for magnetic lines 
to intersect, hence 0.46 log... ‘1 = constant, is true 

r. 

for all lines of force in the system. This equation 
enables us to plot any series of lines of force, and 
thus obtain a graphic representation of the magnetic 
field at any instant. Furthermore, by dividing the 
normal distance between any two consecutive lines 
of force by the difference of their corresponding 
constants we obtain the strength of the magnetic 
induction at that point of the field. In Mr. Field’s 
paper a large number of cases are plotted showing 
the configuration of the magnetic lines round about 
both two-phase and three-phase cables at succes- 
sive instants during a half cycle. It is clear that 
in every case the integral of current density over 
the cross-section of the lead must be zero, other- 
wise there would be a resultant current flow- 
ing longitudinally in the sheath. Similarly, the 
integral of current density taken round the peri- 
phery of the sheath or any other concentric path 
must be zero; and this is an important point, 
because it follows that there can be no progres- 
sive variation of potential along such a_ path, 
so that the ohmic loss in any longitudinal strip 


haa 3 - 
is __, where V is the effective electromotive force 


induced, and R is the resistance of the strip. The 
electromotive force generated per unit length 


parallel to the cable will be 10-° a volts. If we 


make this calculation for a series of points round 
the circumference of the sheath and take the R.M.S. 
value of the voltage so obtained, we are enabled, 
knowing the resistance of the sheath, to calculate 
the total watts lost per unit length. 

The Board of Trade are at present advocating a 
copper earthed sheath directly under the lead, which 
will have the effect of increasing very considerably 
the eddy current losses. 

If we assume the three-core cable to be steel 
armoured, or laid in an iron trough, we know that 
the external field will be largely increased, perhaps 
to the extent of two or three times its original 
value ; and as the losses depend upon the square of 
the field strength, these possible sources of loss are 
therefore too serious to be neglected by engi- 
neers. The best way to minimise the bad effect 
of an earthed copper sheath is to wind the copper 
strip of which it is composed with a lay as different 
from that of the cores as possible, and then to coat 
the strip with a covering of paint before putting 
on the lead sheath. There will be sufficient 
resistance in the paint to prevent eddy currents 
passing and repassing from the copper to the lead, 
although in case of failure of the high-tension insu- 
lation the presence of the paint would not impair 
the efficiency of the earthing of the copper to any 
appreciable amount. An external field will also be 
produced by concentric cables, unless the inner is 
absolutely central with the outer conductor; and if 
two or more concentric cables are connected in 
parallel, any resistance, in either the outers or 
inners, which would cause an uneven distribution 
of current between them will have the same effect. 
Mr. Field’s paper concludes with two ap ndices 
investigating several typical cases of cables in 4 
mathematical way. 








FIRE-PROTEOTIVE ORGANISATIONS. 

THREE reports of considerable importance have 
just made their appearance almost simultaneously, 
appertaining to the fire-protective measures of the 
country. The London County Council has issued 
its report on the Metropolitan Fire Brigade for 
1903 ; the National Fire Brigades Union has issued 
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its annual report for that year; and the British 
Fire-Prevention Committee has similarly issued its 
annual report, which at the same time includes a 
summary of past work, under the title of ‘‘ A Quin- 
quennial Report.” : 

The report of the London Fire Brigade stands 
as an example of the achievements of our pro- 
fessional fire-fighters of the capital, and serves as 
a guide and reference-book throughout the Empire 
for the fire-service arrangements of the larger 
cities that can afford paid brigades. These reports 
have been issued annually since 1866, and form in 
themselves eminently interesting reading. 

The report of the National Fire Brigades’ Union 
records the work of an association representative 
of the numerous voluntary and part-paid brigades 
which exist all over the country, and particularly 
in the South of England. The report tells the 
story of uniform voluntary effort throughout the 
country to improve the tire service; and it is 
similarly referred to as a record of the relative 
strength of the fire-fighting forces in different 
districts. The report is the sixteenth of an inte- 
resting series. 

The Fire-Prevention Committee’s report embodies 
the record of efforts to combat fire by precautionary 
measures, and, as such, records the efforts of pro- 
fessional men to improve buildings by the adoption 
of better materials and systems of construction, to 
improve the equipment of buildings, and to apply 
administrative safeguards. This report, in con- 
junction with the Committee’s testing reports and 
standards of fire-resistance, is referred to by those 
who have to deal with the control of buildings, 
their construction, and insurance ; and the current 
report embodies the work of the first five years of 
the useful work undertaken by this society in its 
incorporated capacity. 

The three reports, taken together, give the 
reader a very clear insight into the way we handle 
things at home, partially with the aid of our rates, 
partially by voluntary effort. All three reports 
areeminently instructive in their respectivespheres : 
all show considerable merit, and yet alJ, naturally, 
still show room for improvement. 

The current series of these three reports marks 
the completion of a very notable year in the fire- 
protective annals of the Empire, for it is this year 
that has seen, as one of the results of combined 
voluntary effort, the International Fire Exhibition 
and the International Fire-Prevention Conference, 
the like of neither of which has been met with 
before in any part of the King’s. Dominions ; 
nor, as a matter of fact, for real, sound, practical 
work, anywhere in the world, including the often 
self-satistied United States. The Metropolitan 
Fire Brigade, it is true, was not officially asso- 
ciated with this great event in the fire annals of the 
country, for reasons which we will avoid discussing, 
since they have ceased to exist. Owing to this non- 
association, neither Exhibition nor Congress finds 
mention in the report; but anything else could 
scarcely be expected. 

The National Fire Brigades’ Union, however, 
played a most important réle in these events ; for 
although the Exhibition was due to the initiative 
and indefatigable efforts of the executive of the 
Fire-Prevention Committee, much appertaining to 
the fire service side, as distinct from the preven- 
tive side, was controlled by the officers of the 
Union ; and their efforts, we are glad to see, are 
rewarded with success in every possible direction. 
It is thus only natural that the annual report of 
the National Union contains much regarding its 
work in connection with the Exhibition ; and more 
especially relating to the very excellent spectacle 
which it arranged at the Earl’s Court Theatre, 
manned entirely by its own members and con- 
trolled by its officers. The British Fire-Preven- 
tion Committee in their report, naturally, also 
devote space to the Exhibition and Congress ; but 
it is somewhat typical of the committee that out of 
some twelve pages dealing with its work, scarcely 
two pages aredevoted to these more popular matters : 
most of the space being accorded to its everyday 
work—i.e., its tests, reports, and management. 
Fortunately, however, both the Congress and the 
Kxhibition have been the subject of comprehensive 
and eminently practical reference-books, which in 
themselves will long remain standard volumes, 
marking both the state of our knowledge and our 
manufactures at the commencement of this century. 

Taking the annual report of the London Fire 

rigade, we would, in the first instance, congratu- 
late its compilers on the excellent map which has 





been added to this report. It gives a clear picture 
of the distribution of the fire-stations in the county 
area—both those existing and those in course of 
erection. It also affords an interesting picture of 
the distribution of the street: fire-alarms and special 
telephonic alarms in the Metropolis ; and it would 
be well if this map were hung in all our public 
buildings, in our club vestibules, free libraries, 
hotels, and similar public and semi-public estab- 
lishments, so as to familiarise our citizens with the 
location of both stations and alarm-posts. For a 
map of this kind would, no doubt, invite the 
attention of those who would otherwise never 
give the location of a fire alarm-post the least 
thought. 

Another feature of the Metropolitan Fire Brigade 
report, the value of which cannot be overrated, is 
the greater attention that it shows to questions 
appertaining to the causes of fires. True fire pro- 
tection commences with the precise investigation 
of the general causes of fires; and no public body is 
more competent to discover the reasun of an out- 
break than a well-organised fire brigade, whose 
officers are on the spot at the earliest moment of an 
outbreak. 

The report contains a great deal of valuable 
information, very clearly tabulated, and many of 
the tables can serve as models to other brigades of 
the Empire, both professional and volunteer. That 
these tables will gradually be extended as time goes 
on is to be anticipated, more particularly under 
the new administration. It is not our intention at 
present to analyse or comment on these tables and 
the story they tell, beyond giving a few favour- 
able particulars, having regard to the fact that the 
command for the year has been a dual one; dis- 
cussion would thus be quite out of place. 

We would, however, congratulate the London 
County Council and the Brigade on the break thal 
has occurred in the terrible average increase of loss 
of life, which was an unfortunate feature of recent 
years. The loss of life for 1903 is 86, whilst the 
average for the preceding seven years is 99. We 
would specially observe that out of 86 lives, 20 
were lost before the brigade was called. We also 
note the loss of life is greatly attributable to 
children playing with fire, and clothing coming into 
contact with the open fire; whilst we further ob- 
serve with great interest that only one life is re- 
corded as having been lost through the explosion 
of mineral oil lamps. 

The Brigade comprises three officers, eight 
superintendents, seven district officers, 1071 station 
officers and men, with 17 pilots, 181 coachmen, and 
60 employés, distributed among 72 land and five 
floating fire stations, and equipped with 78 steam 
fire-engines and six floating steam fire-appliances. 
The largest number of the Brigade’s steam fire- 
engines employed at any fire in 1903 was 22, with 
three floating appliances. 

Of matters unrecorded in the annual report, but 
certainly calling for commendation, are the increas- 
ing number of modern fire brigade stations in the 
different parts of the Metropolis, and the impend- 
ing erection of a fine fire station in the heart of the 
City. Another feature of considerable importance 
has been the permission accorded to an automatic 
fire-alarm company to connect up its system, under 
certain conditions, with the Fire Brigade. This is 
as it should be ; and if the conditions under which 
this permission is accorded are precise, it is only 
to the advantage of both the Brigade and the 
licensees that anything like the negligent working 
of an automatic fire-alarm system should be 
penalised. There is another feature that also 
does not appear in the annual report, and that 
is the great amount of work done by the Fire 
Brigade in the interests of theatre safety: a 
most onerous and thankless duty, requiring 
great tact and constant alertness. We do not 
think the London public fully appreciate this 
eminently important work of the Fire Brigade as a 
precautionary measure against outbreak of fire, 
any more than they appreciate its onerous duty 
in the examination of ‘plans of. various kinds of 
large buildings, which are put before the Brigade 
for comment or decision under the requirements of 
the London Building Act. 

Speaking generally, we would therefore take this 
opportunity of commending the annual soe of 
the Fire Brigade to the notice of all students of 
fire-protective work; but would particularly call 
the attention of all concerned, and the various 
public authorities, and the managers of public and 
semi-public buildings in the Metropolis, to the excel- 


lent map which has been included in this report, 
which it would be well to obtain and frame for 
reference purposes. 

Turning to the report of the National Fire 
Brigades’ Union, we find that this body now com- 
prises some 650 fire brigades, distributed among 
some fifteen districts in England, and one in the 
Colonies. The most northerly English district is 
the Yorkshire district. There do not appear to be 
any Scotch or Irish districts as yet. 

The union is supplemented by a very strong 
ambulance organisation, which did good service in 
the Boer War. It further has a most deserving 
widows’ and orphans’ fund, which should be far 
more popularly supported than has been the case 
so far, its total capital scarcely reaching 2000I., 
whilst some 20,0001. are necessary for its efticient 
working. 

The union’s funds are for the first time for a 
number of years on the right side of the ledger, 
which speaks well for its secretarial administration, 
fer such societies are generally expected to have a 
deficit. -It has even been able, during the current 
year, to add 2501. to the widows’ and orphans’ fund, 
which is an excellent sign of its prosperity. But given 
really ample funds, the scope of this society could 
be greatly enlarged, to the benefit of all communi- 
ties throughout the United Kingdom; and we trust 
that in time the necessary financial support will 
be forthcoming. 

Regarding the tabular work of this report we 
preferred the 1902 book to that issued for 1903, 
inasmuch as the former contained an excellent 
analysis regarding the strength of each brigade and 
its equipment. e think that this analysis is of 
the greatest possible importance to the union and 
its usefulness, as it makes its annual report a con- 
stant reference-book to bodies organising or managing 
brigades in different parts of the country ; and we 
should like to see this feature reinstated in the 
coming report ; to which might also be added the 
number of the fires attended by each brigade, 
which would give the public some idea of the far- 
reaching usefulness of this organisation. 

- The report of the Fire-Prevention Committee 
shows its membership to number 256, with an 
additional number of honorary and corresponding 
members. The membership is spread throughout 
the United Kingdom, and includes a few Colonial 
members. The membership comprises mainly civil 
engineers, surveyors, architects, building officials, 
and fire chiefs. The committee has published 
some 80 red-books since its incorporation, and has 
undertaken 79 investigations with fire-resisting 
materials, embodied in 57 of these red-books. The 
investigations comprise 33 door-tests, 15 floor-tests, 
11 partition-tests, and various other tests of glazing, 
ceilings, &c. Interesting information is given as 
to the cost of such investigations, which, although 
conducted and supervised entirely by voluntary 
effort—the members in charge not even having 
their out-of-pocket expenses reimbursed—cost on 
the average 1271. each. Seeing that overa third of 
the tests were door-tests, which we assume are 
the least expensive, this probably means that each 
floor-test costs the Committee about 2001. The 
total expenditure on the testing station, and the 
general working expenses of the Committee for a 
period of five years, have been over 13,5001., of 
which 65001. go to the direct equipment and . 
working expenses of the testing station. No less 
than 2000/. has been expended in printing and 
circulating the reports freely in the five years. 
Except with certain tests which were with proprie- 
tary articles, and which were in the minority,- and 
for which the proprietors have to pay a testing fee; 
the whole of this money has been voluntarily raised, 
partially by subscription, by donations, and by in- 
dividual members assisting from time to time with 
substantial loans or grants. Seeing that the public 
departments, and more icularly those con- 
trolling the erection of buildings, have been much 
‘benefited by the work of the Committee, work 
of this kind might have been deemed to merit 
the support of the State, or the local authorities, in 
the same way as the Engineering Standards Com- 
mittee receives such support. But this has not 
been the case up to the present ; though it isto be 
trusted that independent investigation of this kind 
will not much longer fall solely to the expense of 
volunteer workers. It has, however, been one of 
the proud traditions of this country that many of 
its greatest utilitarian works—particularly of life- 
saving character—have been mainly, if not entirely, 





dependent on voluntary effort and funds ; and the 
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present is an excellent example of such work, 
which has had far-reaching effects, not only in the 
Empire, but also abroad. 

he report contains, among other matters, the 
Committee’s standards of fire resistance, which are 
in themselves a most valuable contribution to work 
of this kind. It is a sign of the times that the 
recent publications of the Committee regarding 
investigations have shown all measurements on 
both our own and the metric system. 

In conclusion, we would again point to the three 
reports as being typical instances of work of the 
utmost importance done partially with the aid of 
the rates, partly by voluntary effort ; but what we 
should deem to be of great advantage to the com- 
munity would be some general publication embody- 
ing annually particulars relating to all fire brigades 
throughout the country, as also the work of the 
various associations, in a compact form for statis- 
tical and reference purposes. 

It is one of the anomalies of this country, which 
prides itself on its commercial ability, that we are 
the only nation in Europe which neither knows its 
annual fire loss in money value, the character of 
its loss, or the general causes of its fires, or even 
its fire-preventive or fire-extinguishing organisa- 
tions. All figures as to our annual fire loss are 
mere computations, varying by millions sterling. 
But one thing is certainly clear, and that is that 
our annual loss in England, Scotland, and Ireland, 
must be at present over 10,000,000 sterling 
annually; and that alone should be a strong 
economic reason for the concentrating and sys- 
tematising of such reports as we have dealt with, 
combined with a reliable record of the money value 
of the property which annually represents the 
enormous ash-heap of the United Kingdom. 








WORKMEN’S COMPENSATION AND 
CONCILIATION. 

Durine the five years that the Workmen’s Com- 
pensation Act of 1897 has been in force, probably 
about a million and a half sterling has been paid 
for compensation, owing to injuries resulting in 
death or permanent disablement, apart altogether 
from the weekly allowances made for temporary 
incapacity ; and it is gratifying to know that only 
in the case of claims totalling 234,565/. was resort to 
the arbitrament of the Law Courts found necessary. 
In the great majority of instances, therefore—pro- 
bably two-thirds—terms were arranged by private 
treaty, friendly arbitration, or under schemes 
authorised by the Act for the mutual benefit of 
employer and employed. There is no record either 
of numbers or of the amount of compensation paid, 
where amicable settlement was thus arrived at, 
except where it was considered politic to have these 
a understandings ratified under Schedule II., 

y the lodging of a memorandum in the local court. 
In 6400 cases such memoranda have been registered, 
but in only about 1 per cent. of these was it neces- 
sary to enlist the offices of an arbitrator. In 1727 
of the cases lump sums have been paid, amounting 
to 144,328/. In others compensation was by weekly 
payments averaging about 13s. 

In dealing with the cases decided entirely in the 
Law Courts, we refrain from discussing the com- 
plications which have arisen owing to the use of ob- 
scure phraseology in the Act, or to the absence of any 
indisputable statement of ‘‘definitions.” It is, 
indeed, surprising that there have not been more 
claims before the Courts than the 5483 recorded in 
the very suggestive ps per read on the subject ata 
recent meeting of the Royal Statistical Society by 
Mr. William H. Tozer. Ananalysis of nine appeals 
made to the House of Lords shows that in only 
two cases was the decision maintained throughout 
all courts. In six instances the House of Lords 
reversed the decision of the Court of A » Te- 
verting mostly to the view taxen originally in the 
County Court. These facts alone indicate the 
extreme difficulty which has been experienced in 
interpreting the Act ; and one is justified in ques- 
tioning whether, with so many opposite judgments 
by judges of high repute, the intention of the 
Legislature has been accurately interpreted in all 
points. There were, as we have said, 5483 claims 
made in the Courts, and in 78 per cent. of these the 
decision was in favour of the workman, leaving 22 

cent. decided in favour of theemployer. These 
involved the payment of a lump sum of 234,5651. 
in 1778 cases ; while in the other successful claims 
a weekly sum was paid ranging from the nominal 


rate of 1d. and 14d. to the prescribed maximum of 





1l. per week, and averaging about 10s. ‘9d. The 
poo amounts were probably ‘arranged to pre- 
serve the right to compensation should a develop- 
ment of the injury justify a reviewal of the case. 
The average amount payable on the death of a work- 
man leaving dependents was 170l., or slightly in 
excess of the minimum amount provided by the 
statute. In cases of injury resulting in total 
incapacity, the average was 45.3/., and for partial 
incapacity 24.461. 

The workmen in England seem to have obtained 
compensation in a larger poe of cases than 
those in the other two parts of the kingdom, as they 
won their claims in 81.05 per cent. of the 4332 cases, 
whereas in Scotland the percentage was only 64.27, 
the total number of cases being 792, while in Ireland 
the ratio was 68.25 per cent., the total number of 
cases being 359. he local court decision was 
appealed against in 397 cases, being about 7.24 per 
cent. of the total number. The greater number of 
such appeals were made by employers, who also 
were more successful in sustaining them. The 
decisions arrived at have from time to time been 
reviewed in ENGINEERING. 

The ‘‘ certified schemes” made between workmen 
and employers under the contracting-out clause of 
the Act have been the most successful feature of 
the machinery created, and, curiously enough, it 
was the one point which raised the greatest opposi- 
tion on the part of the labour party. Parliament, 
however, safeguarded workers by making it an in- 
dispensable condition that the contributions of 
employers to such funds must exceed the payments 
by workmen to an extent corresponding to their 
legal liability as defined by the Act. This pro- 
vision has Lien very carefully guarded by the 
Registrar of Friendly Societies in connection with 
the authorisation of the eighty schemes organised. 
Even after such certification, individual work- 
men still retained the prerogative of refusing to 
become associated with such projects, and thus 
reserved their full rights to take whatever action 
they preferred on the lines of the Act itself. But 
it is at once a testimony to the equity of such 
contracting-out schemes, and to the reasonable- 
ness of the men, that of the 636,586 workers in 
establishments where such schemes are in force, 
only 35 per 1000 have refused to participate. An 
examination of the working of these benefit funds 
developed in Mr. Tozer’s paper clearly establishes 
their advantages. While the employers have not 
sought to profit financially, the workmen gain 
materially. Under the Act it is provided that a 
workman is not legally entitled to compensation 
unless he has been incapacitated for a fortnight ; 
and as the average duration of the period of in- 
capacity does not appear to exceed four weeks, it is 
obvious that a large number of workmen cannot 
claim under the Act. In the case of mines the 
average duration in a very large number of in- 
stances is four weeks; in railway works, three 
weeks five days; in factories, three weeks three 
days ; and in quarries, two weeks five days. Under 
practically all these friendly schemes workmen 
obtained relief without reference to the duration 
of their incapacity. This important advantage 
accounts in large measure for the fact that the 
actual payments made under mutually-arranged 
projects considerably exceed the maximum allowed 
under the Act. An analysis of thirty returns by 
Mr. Tozer showed that the excess of payments 
over the legal maximum was 75 per cent. In the 
railway group this excess was 156 per cent.; in 
factories, 58 per cent.; and in mines, 47 per cent. 

But, in addition to this advantage, such schemes 
usually make payment upon death from natural 
causes and during illness, providing also subscrip- 
tions to hospitals, &c., so that the benefits are in 
every respect much more liberal than those pre- 
scribed by the Act. To the receipts of such 
organisations the employers on an average pay 59 
per cent., while the workers pay 38.48 per cent., 
the remainder, 2.52 per cent., being interest on 
funds, &c. The case where there is the greatest 
equality is in connection with mining, but in other 
instances the employers pay practically double the 
total sum found by their workers. The average con- 
tributions made by the men is only 14d. per week ; in 
most cases it is ld. per week ; the only important 
exception being miners, who pay 2d. a week. Thus, 
for an average payment of about 7s. 3d. per annum 
per worker, the men insure themselves against ill- 
ness and death by natural causes, while at the same 
time securing more favourable terms than under the 
Act. The average payment to incapacitated rail- 





way workmen has been 19s. 1.6d. per week ; for 
employés in factories, 12s. 11.2d. per week; for 
miners, 10s. 4.7d. per week ; and for quarrymen, 
9s. 3.2d. pér week—an average far in excess of 
the 10s. 9d. secured under cases brought before 
the Courts. This, too, is in addition to the ad- 
vantage of compensation even where the duration 
of incapacity is under a fortnight, and to the other 
benefits not embraced in the Act. That the 
schemes have worked amicably is proved by the 
fact that while over halfa million pounds have been 
collected and disbursed, the legal expenses have 
never exceeded 1s. per 1001. Solicitors’ expenses in 
the cases fought out in the Courts average over 101. 

There is another and important advantage result- 
ing from the mutual recognition of responsibility 
by the workers and employers. The funds are 
administered by committees representative of both 
interests, and here we have one of those bonds, 
which are too rare, to connect the common 
interests in all industrial concerns. The frequent 
meeting of employer and workman must have an 
influence on the relationship of the one to the 
other; common interests are recognised; each 
becomes familiar with the characteristics of the 
other, and there is more toleration of the immature 
views ofeach. Antagonism is subdued. The metal- 
lurgist has established that even gold and the most 
base of metals, if brought into close enough contact, 
will assimilate and become united, and the same 
may apply to the most divergent elements in the 
human species. We can have alloys in labour 
economics as well as in metals. Because of this, 
the introduction into the Workmen’s Compensation 
Act of certified schemes for mutual benefit, in 
which the independence of the workman and the 
responsibility of the employer are clearly defined, 
promise in the end to have some influence in bring- 
ing together the dependent interests of capital and 
labour, towards which, however, divergent views 
are too often taken. 








LOCOMOTIVE WORK ON THE GREAT 
WESTERN RAILWAY. 

THE locomotive history of the Great Western 
Railway, if carefully compiled, would form a most 
interesting chapter in the history of mechanical 
engineering. In looking back from our present- 
day standpoint, one cannot but regret that the 
latitude afforded by the possession of the broad 
gauge, with all its great potentialities, was never 
fully utilised by Sir Daniel Gooch and his suc- 
cessors. But the opportunity has gone by, never 
to return, so we must even deal with facts as 
they present themselves, though, unfortunately, 
space will not permit at present of more than a 
very cursory glance at this interesting subject. 

For practically fifty years the whole of the 
express service on this line was worked by single- 
wheel engines; beginning with Gooch’s famous 
8-footers,-and on through a whole series of narrow- 
gauge confreres—the ‘‘Sir Watkins,” the ‘‘Cob- 
hams,” the ‘* Beaconsfields,” and, lastly, the 
‘* Wigmore Castles.” . The work done by all these 
engines was most satisfactory, more especially 
from the point of view of coal consumption, which, 
until quite recent times, was well below 30 lb. per 
train-mile. But there.came a time when even 
these fine engines were inadequate for the work 
they were called upon to undertake. Improve- 
ments in the stock added weight, and the trains 
themselves were greatly lengthened. And here it 
may be mentioned that in almost all the modern 
improvements ‘in passenger stock, such as the use 
of automatic brakes, steam-heating, gas-lighting, 
and, above all, uniform bogie’ stock, the Great 
Western has taken a leading ition ; in fact, 
with the single exception of the introduction of 
dining-cars, it has led the way persistently and 
energetically. The result of all these improve- 
ments has undoubtedly been largely to develop 
the traffic, and to-day it is no infrequent sight to 
witness the departure from Paddington of an ex- 
press train loaded up to twelve or thirteen eight- 
wheel bogie coaches, weighing over 300 tons. 

But the task which is allotted to the express 
engine of to-day on the Great Western Railway is 
not merely that of taking three times the load of its 
predecessors ; it has to travel at a very different 
rate of speed. Until within five or six years ago 
53 miles per hour was the maximum s of the 
best expresses’ on this line ; and even that was 
restricted to a very few trains on the easiest 
portion of the main line. Now, however, a v«ry 
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| | ost di 
| | Cylinders : 
Railway. |  Ollass. Number. | Diameter |Heating 
: | Stroke, {Surface. 
| | in. | sq. ft. 
Great Western ..'6-coupled~ . 171 18 x30} 2143 
Great Northern ../Atlantic os 251 19 x24 | 2359 
North-Eastern oo, Rapes ‘a 619 20 x28 | 2456 
Lancashireand York- | 
shire Sabet, ane ..| 1400 | .19 x26| 2058 
Great Western -.4-coupled ..' 3433 18 x26 1818 
London and North- 1 
Western .. ..4coupled ..| 518 | 19 x26) 2010 
Caledonian ., .. 6-coupled .. 50 21 x26 | 2410 
Highland .. . - |6-coupled = 140 19426 | 2050 
Great Central .. Atlantic oil 192 | 19§x26| 1911 
Great Eastern ..4-coupled ..| 1900 19 x26, 1630 
North-Eastern -.|6-coupled ..| 2001 | 20 x26| 1769 
South-Eastern ..|4-coupled ..| 490 | iof x26 | 1505 
Midland ..4-coupled °;| 2608 | 19}x26 | 119 
Great Western Engines Cylinders. Stroke. 
3 Diameter. “ 
in. in, 
Broad-gauge singles, ‘‘ Lord of the 
Isles ” ss ee De ve 18 24 
Narrow-gauge singles, ‘‘ Beacons- 
field ” se ia a ae 18 24 
Narrow-gauge singles, ‘‘ Achilles” 19 24 
Narrow-gauge 4-coupled, ‘‘3235” 
class ... ar oe eke se 17 24 
Narrow-gauge 4-coupled ‘‘ Atbara” 18 26 
Narrow-gauge 6-coupled ‘ Wil- 
liam Dean” ee oe bis 18 30 


on the De Glehn system, with two high-pressure 
and two low-pressure cylinders, working with steam 
at 228 lb. per square inch. This engine has now 
been put to work on the heaviest and fastest trains, 
and we hope before long to be able to deal with some 
of the results attained by this remarkable engine. 
At present it is arranged that ‘‘ No. 171,” the last 
of the 6-coupled Great Western engines, shall work 
the same trains in turn with the French engine ; 
and as it has been supplied with a huge boiler 
carrying the same steam pressure—viz., 228 lb.— 
the results of the comparative working should prove 
very interesting. 

In face of these experiments it is well to know 
how our English engines are carrying out the for- 
midable class of work that has been allotted to 
them. A few weeks ago, when travelling up from 
the West of England, we made detailed observations 
of the run from Bristol to London, by the train 
which is popularly known as the ‘ Flyer.” The 
results were so remarkable that we feel sure a 
record of the same will prove interesting to readers 
of Enaineerine. We have plotted out the speed 
in the form of a diagram (see page 613), and as the 
time was taken passing nearly every mile-post, the 
curve is pretty nearly accurate. We would point out 
first that the road vid Badminton is not, as generally 
supposed, a very easy one—at any rate for up trains. 
Practically the whole of the first 17? miles are up- 
hill—2} miles at 1 in 75, and the rest mostly at 
1 in 300; then after a fine run down at 1 in 300 for 
10 miles there is a further rise of 8 miles, partly at 
1 in 300. From Swindon into London there is a 
very gradual descent for 77} miles. The engine on 
this occasion was the ‘‘ Hobart,” one of the earlier 
‘* Atbara”’ class, and the load five eight-wheel bogies. 
Of course, such a load is comparatively light ; but 
nevertheless when an engine can take one of the 
fastest expresses in Great Britain at an average 
start-to-stop speed of 634 miles per hour, and run 
it in something like 13 minutes under booked time 
(for that is the equivalent when allowance is made 
for the five permanent-way slacks) there must be a 
very large margin of power to deal with a far heavier 
load. The highest speed atiained was 86.5 miles 
per hour, and this was maintained for two consecu- 
tive quarter miles. It should be noted that 60 
miles an hour was maintained for the whole of the 
last mile of the 1 in 300 bank, and this would have 
been materially higher had the train not been 
checked on the middle of the climb, and the speed 
reduced to 30 miles an hour. Perhaps the remark- 
able nature of the running will be best appreciated 
when it is stated that 100 miles were covered at a 
mean speed of 70 iiles an hour, and that included 
three out of the five permanent-way reductions. 
Even if no allowance were made for the final 
slack through Westbourne Park, the time lost 
by the four previous checks totals 4 minutes 
34 seconds. 

Such running, bearing in mind the circumstances 
of the case, can only be described as most meri- 
torious ; it implies a perfectly laid road (for the 
travelling, especially at the highest speed, was the 
acme of comfort), a well-organised traffic department, 
which alone could make it possible to arrive eight 


minutes before time, and above all an engine and | 





stock as nearly perfect as modern appliances can 
make them. e present writer’s own experience 
in the timing of trains, both ‘‘racing” and 
‘* special,” which is somewhat extensive, has never 
given any better running; and this train, it is 
well to add, is an ordinary everyday third-class 
express. The annexed table gives a log of the run. 
GREAT WESTERN RalLway. 
Bristol to London. 
Load, 5 bogies ; loco., ‘‘ Hobart” ; driver, Conibear. 























Stations and Mile-posts.| Time. Remarks. Speed 
h. m. 
Bristol, dep. ; 12 0 45 45 secs. late 
Mile-post Bie 12 4 45 eis oe 
Ps ee 12 6 20 37.8 
” 112... - | 12 10 80 37.6 
2 lll .. --| 12 11 38 oe i 52.9 
*” 110... .| 12 12 40 |Permanent-way slack,| 58.0 
| 30 m.p.h. 
a 109 . 12 13 50 | 51.4 
Pa 107 . 12 16 50 ‘ 40.0 
” 106 . 12 18 10 | 45.0 
“i 105 . 12.19 20 | 51.4 
o 10%. 12 20 26 54.5 
”. 101 12 23 35 57.1 
Badminton, 100 .. 12 24 35 60.0 
Mile-post 99 .. 12 25 33 62.0 
” 98 .. 12 26 27 66.6 
” i. 12 27 18 70.5 
” 96. 12 28 6 72.0 
” 90. 12 82 25 81.8, 81.8, 83.3 83.0 
” 88 . 12 33 50 86.5, 86.5, 81.8 84.7 
” 84. 12 37 15 81.8 70.3 
” 82. 12 39 8 63.8 
” 81. 1240 5 63.1 
” 80. 12 41 1 64.2 
” 79 12 41 56 65.4 
ip 7 .. ..| 12 42 49 a - 67.9 
Swindon, 77 m. 2ich. ..| 12 43 30 | Permanent-way slack,| 65.9 
E 40 m.p.h. 
Mile-post 76 .. ..| 12 44 50 * as 56.2 
” aS 6s . | 12 45 48 62.0 
” 74. 12 46 43 65.4 
” 73. 12 47 35 69.2 
” 72. 12 48 28 67.9 
” 70 1250 8 72.0 
” 69 . 12 50 57 73.4 
” 68 . 12 51 45 75.0 
” 66. 12 53 20 ~ 76.7 
” 63. 12 55 40 75.1 
” 62. 12 56 28 75.0 
” 61. 12 57 18 80.0 
” 60 . .-| 12 57 58 80.3 80.0 
” 58 . .| 12 59 52 | Permanent-way slack | 63.1 
” ae 1 046 oy “a 66.6 
”» 56 . 1 1389 67.9 
” 65. 1 2930 705 
he ~ AE Ie et 75.0 
Didcot, 53 miles 9 chains} 1 3 58 
Mile-post 63... ..| 1 4 5 76.5 
” 48. 1 7 55 78.2 
” 44. ih 3 77.0 
” 41. 1 13 28 74.0 
” 4 - 115 4 75.0 
”» 1 15 52 75.0 
Reading 36 117 28 75.0 
Mile-post 35 1 18 15 76.5 
” 33 .. 1 19 58 69.9 
Twyford _ e 1 21 40 o. ye 70.5 
Mile-post 30... 1 22 35 | Permanent-way slack,| 65.4 
30 m.p.h, 
m 29. 1 28 55 ey 45.0 
a 23. 1 25 10 48.0 
nb oy. 1 26 15 67.1 
9 26. 1 27 12 61.0 
ne 25. 128 8 64.2 
23. 1 29 55 67.2 
a 21. 1 31 35 72.0 
>. 20... 1 32 25 | 72.0 
Slough, 18 m. 36 ch. 1 33 40 | 72.0 
Mile-post 12 .. 1 38 51 | 75.0 
ee 1 40 30 72.7 
se “ 1 42 15 68.5 
ss ds 146 2 | 634 
a 2. 1 47 52 | 62.0 
Westbourne Park 149 0 = oe | 
Mile-post JES 1 49 10 | Permanent-way slack | 50.0 
fe O}.. 1 50 25 és ig | 24.0 
Paddington, arr. 152 0 Sminutesearly | 
Speed. 


Bristol to Paddington .. 117 m. 49 ch. in 111 min. 15 sec. = 63.4 


Mile-post 104 to 4 .. 100 miles in 85 min. 36 secs. = 70.0 
ma Meio e). .. 30... 8.4 9 amas 

” 6toss .. #O ,, Oo . 8B «a *@ 8 

me oT aes ae S, “mens 
98 to 88 3 To Se oe (RM 








NOTES. 
A River Gunpoat. 

On Wednesday last, the 27th inst., some interest- 
ing experiments were carried out at the mouth of 
the ames with H.M.S. Widgeon, a shallow- 
draught twin-screw gunboat, recently built by 
Messrs. Yarrow and Co, to the order of the Admiralty 
for use in Chinese waters. The vessel is similar in 
general design to the Teal and Moorhen—two gun- 
boats built ‘by the same firm for the Admiralty, 
and illustrated and described in our issue of 
June 28, 1901. The Widgeon is, however, fitted 
with the flap arrangement for tunnel screw-boats, 
which was illustrated and its action described 
in our issue of August 22, 1902; and it was 
with this device that the principal interest of 





the trials rested. It will be remembered that 
by the hinged flap provision was made for 
maintaining the efficiency of screws working in 
tunnels at various draughts of water. With the 
ordinary original arrangement the tunnel has to 
be made ‘all round so that its edges will dip 
below the surface of the water, so as to keep the 
tunnel full of water and the propeller fully im- 
mersed in the way explained in our former issue. 
This naturally puts a considerable drag on the 
vessel by reason of the screw-race impinging against 
the after-part of the tunnel, In the new arrange- 
ment the flap forms the after-part of the tunnel, 
and at deeper draughts than extreme light draught 
this flap can be raised so as to just touch the 
water. At the trial of Wednesday last the 
vessel was brought to her full-load draught 
of 2 ft. 8 in., and on the earlier trials the flap 
was raised. On the third and last trial the flap 
was lowered, thus bringing the boat to the condition 
she would be in if the ordinary tunnel had been in 
the design. The trials altogether extended over a 
period of ten hours without a stop. A run of six 
hours was first made, the speed being 11.03 knots, 
and was immediately followed by a two hours’ 
run at 13.058 knots. The flap was then 
lowered, and a one hour’s run was made, all 
conditions in other respects—such as steam pres- 
sure, &c.—remaining the same, and the speed came 
out at 12.218 knots. It will be seen, therefore, 
that raising the flap gave an increased speed of 
0.84 knot, with the vessel at load draught. The 
Widgeon is 160 ft. long and 24 ft. 6 in. wide, the 
depth of hull being 6 ft. She carries two 6-pounder 
quick-firing guns and four machine guns in an 
armoured battery similar to that shown in our 
former illustration of H.M.S. Teal. 


Exectric Power FOR THE East Enp. 


Most ambitious of all the power schemes yet sub- 
mitted to Parliament was the East London and 
Lower Thames Electric Power Bill, which has just 
been thrown out by a House of Commons Com- 
mittee; and in another respect also it might 
claim special distinction—namely, in that the oppo- 
sition of every local authority affected was strenuous 
and unconditional. Whereas hitherto such projects 
have generally been encouraged by one or two small, 
but not necessarily humble, district councils, and 
have had to face nothing worse than the armed 
neutrality of certain other municipalities, this 
late Bill was alone in East London without 
a solitary civic friend. The promotion was 
therefore a forlorn hope in any case. Yet defeat 
came from an altogether unexpected quarter, for 
it would appear that the Committee were mainly 
influenced by questions of finance; and it was 
virtually demanded of the promoters that they 
should come forward with guarantees of the whole 
capital required. This ‘‘ stand-and-deliver ” policy 
of Parliamentary Committees has already wrecked 
more or less promising tube-railway schemes, like 
the North-Eastern and the City and Crystal 
Palace. In the case of an electric supply Bill, 
it would be a decidedly hazardous speculation to 
subscribe in advance the capital required under 
a scheme that may suffer mutilation in its passage, 
and the average type of financier prefers usually 
to know what a company’s powers are before 
he promises any assistance. We are almost 
led to suspect that the Committee “dismissed 
the proposal on this ground, because they 
dreaded the task of coming to a right decision 
on the main question. For it is not unreasonable 
to argue that, since Parliament has repeatedly 
given its benediction to wholesale electric supply 
for power purposes, the teeming industrial suburbs 
in the eastern section of Greater London should 
form a most suitable field for distribution on a 
grand scale, notwithstanding that there are muni- 
cipal services throughout these parts which are 
doing what they can in their own way to cope with 
the demand. On the other hand, it cannot be 
alleged with truth that these busy riverside dis- 
tricts are starving for cheap motive er as may 
justly be said of many otherwise eligible sites in the 
provinces, the fertilisation of which is an 1m- 
portant item in the programme of the existing 
power companies. ndeed, the strength of 
the appeal made to Parliament by most of 
them has laid in their promise of benefit to the 
smaller towns, and even the rural districts, rather 
than to any possible effect they may have in 
cheapening the market for electric power in the 
great cities. London has its own unique advantages 
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and disadvantages as an industrial centre ; but it 
can scarcely be represented as a hardship that the 
manufacturers of West Ham and Stratford are 
debarred from buying electric power at competi- 
tive prices. 


AMERICAN IRON AND STEEL Exports. 


During last year a feature of the American iron 
and steel trade was the greatly increased importa- 
tion of foreign goods which arose out of, and sur- 
vived, the period when the country was unable to 
produce all that it required in this direction. The 
situation is now being reversed. Obviously the United 
States has no use for foreign commodities when it 
can no longer find a market for anything like the iron 
and steel it is capable of producing ; and the good 
people who, anticipating a continuance of prosperous 
conditions, gave orders for delivery several months 
ahead, have before this had reason to regret their 
sanguine temperaments. The imports of foreign 

ig-iron, scrap iron, old iron rails, structural iron, 
steel billets, steel blooms, steel wire rods, scrap 
steel, and old steel rails, which during some months 
within the past two years have averaged close 
upon 100,000 tons, dwindled to 3355 tons last 
month. They are expected to cease entirely 
within the next few weeks. On the other hand, 
exports are increasing again, it being found de- 
sirable to send the surplus abroad at more or less 
of aloss. Upwards of 45,000 tons of steel billets, 
steel rails, steel bars, steel plates, steel hoops, steel 
beams, steel blooms, hoop iron, old iron, and steel 
and pig iron were exported during the month 
through New York and other Eastern seaboard 
points. In February the exports of similar mate- 
rial amounted to some 27,000 tons; in January 
they aggregated but little over 20,000 tons; in 
December they were but 8000 tons, whereas for 
fully two years previous to that the monthly ship- 
ments were practically nil. During March 27,313 
tons of steel billets were sent abroad, as against 
21,290 tons for the previous month. It is quite 
possible that the movement may grow. During 
the past few weeks a considerable increase has 
occurred in the make of pig iron, and if it be 
true, as the cables state, that the spirit of 
buying has slackened off again, there will be a 
further surplus to be dumped on to the English 
market. Down tothe middle of April the recovery 
was certainly rapid. The output on April 1 was at 
the rate of 337,257 tons per week, as against 
308,751 tons on March 1, 273,692 tons on Feb- 
ruary 1, and 185,636 tons on January 1. An 
increase from 185,636 tons per week to 337,257 
tons per week in the short space of three months 
certainly indicates a very rapid resumption of work. 
The actual output of pig iron in March is found 
to have been 1,465,507 tons, against 1,205,449 
tons in February, 921,231 tons in January, and 
but 846,695 tons in December. The bulk of 
the increase was contributed by the large steel 
companies, which made 913,412 tons of iron in 


March, against only 502,994 tons in January, and| 34 


no more than 406,730 tons in December. The 
additions in the case of the merchant furnaces 
were much more moderate, their output for March 
having been 552,095 tons, as against 416,237 tons in 
January ; and even this comparatively small in-, 
crease is ascribed mainly to the resumption of 
stacks supplying the leading steel interests. 
Perhaps the most significant fact, however, 
1s found in the circumstance that the aggre- 
gate of stocks, sold and unsold, of these mer- 
chant furnaces has been steadily decreasing in 
recent months, in face of the enlarged output. 
On January 1 their stocks footed up 597,904 tons ; 
on February 1 the amount was only 576,402 tons ; 
March saw the total reduced to 529,545 tons; and 
now for April 1 the aggregate is given as only 
455,673 tons. There is no room to doubt that 
general trade conditions in the United States are 
becoming easier, and the approach of the Presi- 
dential election is not a g influence. The iron 
and steel industry is not likely to be the one excep- 
tion, since it is allowed to be the barometer to the 
country’s trade as a whole, 








DraTH OF AN Eminent Frencu Bridce-DEgsiGNER.— 

he Paris correspondent of the Zimes announced on 
Tuesday, the 26th inst., the death, at the age of sixty-six, 
of the eminent French engineer, M. Emile Godfernaux, 
designer of _several of the more famous bridges that span 
the caiions in the centre of France. He was the father of 
& André Godfernaux, author of ‘Le Sentiment et la 


EXPERIMENTS ON MODELS OF MOTOR- 
BOATS. 


To THE Eprror OF ENGINEERING. : 
Srr—Referring to the illustrations which appeared in 
your last issue of some experiments made with a view to 
test the resistanve of various forms of hulls drawn through 
the water at abnormal speeds, permit us tostate that these 
trials were initiated and carried out by Messrs. Yarrow 
and Co., and not by ourselves. Our reason for stating 
this is that we do not wish it to be inferred that the 
experiments were made by us, while the credit was due to 
the above-named firm, 

Yours truly, 
April 26, 1904. 8. F. Ener. 








RAISING WATER BY COMPRESSED AIR. 
To THe Eprror or ENGINEERING. 

Srr,—I am quite unable to comply with Mr. Mason’s 
request on page 340 ante—‘‘ to point out exactly where I 
am wrong. . .,” as this would involve my working out a 
correct dynamical theory of the air-lift. I do not suggest 
that there is any actual mistake in the mathematical 
work of Mr. Mason, but only that he had not taken all 
the factors into consideration, and that therefore his 
results are wrong. The dynamical theory of an air-lift is 
certainly far more complicated than Mr. Mason seems 
to think, and it can hardly be settled off-hand by means of 
pure mathematics. Although the question certainly is of 
great scientific importance, I still venture to think that 
my formula, as explained in my letters of December 5 and 
16, 1903, gives all that is required by practical engineers, 
who desire to know what volume of free air is required 
to raise a given volume of water. The power uired 
for compressing the air and the frictional resistance in the 
air-pipes can eusily be ascertained by well - known 
methods. : 

My formula therefore deals solely with the volumetric 
aspect of the question; and as there cannot be any 
reasonable doubt that the expansion of air intimately 
mixed with about 300 times its weight of water must be 
very nearly according to Boyle’s law, and that therefore 
the volume of air as found in this manner must be sub- 
stantially correct, I still maintain that any true dyna- 
mical theory of the air-lift must give identical results 
with-this formula. 

Mr. Ackermann’s letter of March 28, on page 502 of 
your present volume, is very interesting, and is certain] 
a step in the right direction. Mr. Ackermann is we 
known as one of the best mathematicians in Westminster, 
and I quite admit the correctness of hi3 reasoning as far as 
it goes. I would, however, suggest that the effect of 
transforming the heat of the water into force during the 
expansion of air is of greater importance than assumed 


by him. The expression py) Vy loge”! giving the power 


required for compressing'a volume of air from pp to p; 
under constant temperature does not represent the whole 
power used during compression, but only the power 
exerted by the engine or other prime mover on the air. 
An essential condition of isothermal compression is that 
a certain amount of heat must be carried off, say, by 
means of cooling water, from the compressing cylinder 


,as quickly as it is produced. The cooling water in this 


manner actually performs work, and the total work of 
compression is therefore greater than that given in the 
above formula. I am unfortunately unable to devote 
sufficient time to the exact solution of the problem, but 
I am certainly under the impression that somethin 
similar takes place when air expands in contact wit 
water in an air-lift, and that the power actually de- 
veloped is in excess of that accounted for by the formula 
given above. 
During the Engineering Conference, 1903, a paper was 
on ‘‘ Raising Water by Compressed Air,” by Mr. 
Percy Griffith. I was unable to be present, and the dis- 
cussion has not been published, so that I do not know how 
far Mr. Griffith’s conclusions were challenged ; but I cer- 
tainly consider some of them quite erroneous and un- 
tenable, and that air-lifts, far from having the low effi- 
ciency ascribed to them by Mr. Griffith, are, when pro- 
perly designed, able to give a very high efficiency ; and 
that as the air works expansively in them, they can be 
used with advantage for raising water from great depths. 
Yours, &c., 
C. T. ALFRED HANSSEN, 
: . M. Inst. C.E. 
319, Lordship-lane, East Dulwich, April 25, 1904. 








ECONOMY OF THROTTLING STEAM. 
To THe Eprror or ENGINEERING. 

Sir,—Referring to Mr. Lea’s speech at the recent 
meeting of the Institution of Mechanical Engineers, the 
practical example he gave of the economy obtained by 
opening out the expansion gear of a locomotive, and 
throttling (directly in cs Pak to text-books), is inte- 
resting. I have often thought that a late lead which 
would obviate an unnecessary | being put on the 
bearings would be economical if the full pressure in the 
cylinder could afterwards be obtained. 

Since the meeting, it has occurred to me that Mr. Lea’s 
view might be partly and easily investigated with ad- 
vantage, on a motor, by making, say, two sets of tests 
under precisely the same conditions ; but, in the one, with 
the spark advanced and the explosion right on the centre 
line, so that the bearings take the full load similar to the 
lead pressure in a steam-engine ; and, in the other, with 
the spark retarded and the explosion taking place after 
the crank has left the centre line, so that the bearings are 
relieved ; and then compare the indicated and brake 


powers. : : 
Those of your readers who have driven motor-bicycles, 








wiopeie’ or “‘quads” up a steep hill with such a heavy 
l that they have to assist with the treadles, wi 
have realised that the ot at icy oe ee pps gives me 
greatest power appears to be very defined, and apparen 

if it is either slightl advanced or slight] pi fod 
to a small extent, the load on the treadles immediately 
increases, and to such a marked extent that frequently 
sufficient power cannot be transmitted em to 
a the machine going, and a slight mistake will pro- 
bably result in the machine stopping, unless it be 
instantly corrected. What is this defined position? Is 
it right on the centre when the bearings will be sub- 
mitted unnecessarily to the full pressure, as per text- 
books? I doubt it. Or how far is the crankpin from the 
centre line ? . 

Possibly some of your readers may have had an oppor- 
tunity of clearing this point up, and, if so, I for one 
would be grateful for information respecting it. 

_ Locomotives placed under the conditions Mr. Lea men- 
tions apparently form excellent feed-water meters. 
Tam, Sir, your obedient servant, 
Frep Epwarps, 
62, Bishopsgate-street Within, London, E.C., 
April 27, 1904, 





THE ELECTRIFICATION OF THE LIVER.- 
POOL AND SOUTHPORT RAILWAY. 
To THE Eprtor oF ENGINEERING. 

Sir,—The very interesting description of the electrical 

uipment of the Liverpool and Southport Railway, 
which appeared in our issue of March 18, 386 to 390, 
contains some features which differ so much from Con. 
tinental practice that a few remarks about them may 
perchance be of interest to your readers. : 

In the following the most striking differences are 
pointed out :— 

1. The power-house in Formby has a local sub-station, 
where the high-pressure three-phase current generated 
20 yards away at 7500 volts is converted into continuous 
current at 600 volts. The loss in the rotary converters 
and the transformers is about 10 to 15 per cent. About 
25 per cent. of the whole current produced passes through 
these converters. If the continuous current had been’ 
generated directly by continuous - current dynamos, 
attached, instead of the flywheels, by strong bolts to the 
magnet wheels of two or three of the alternators, the 
total efficiency of the current-distribution system would 


1 | have been augmented by about 3 per cent. The section 


supplied from the power-house could have been made a 
little longer than the other sections, so that a po 
portion of the current would have been generated directly 
—say 30 to 35 per cent. instead of 25 per cent. If a break- 
down should occur in the Gomghae current system, it 
would have been very valuable if a certain amount of the 
continuous current been generated directly. Had it 
been possible to place the power-house nearer Liverpool— 
say at Hall-road—about 50 cent. of the whole current 
could have been generated wer 

It is naturally even now possible to replace one of the 
flywheels of the 1500-kilowatt sets with a direct-current 
dynamo, and use the converters in the power-house only 
asa reserve. It would be most convenient for the atten- 
dant at the switchboard if the four 600-kilowatt con- 
verters running at 375 revolutions per minute, and their 
transformers with motor-driven fans, were shut down. 

2. In the present power-house no room is provided for 
further engines and boilers. It is not easy to enlarge the 
power-house when later extensions are required. 

3. The excitation of the large three-phase dynamos is 
dependent on three 100-kilowatt 125-volt exciter sets, 
driven by high-speed — at 380 revolutions per 
minute. I have a very high opinion of the Willans 
Foo cel ge engines—one of the most splendid examples of 
British construction and workmanship ; but I think that 
the Continental practice of having an exciter battery 
working parallel with the exciters has + advantages 
as to reliability in such a large power-house. It is not 
an agreeable thought that a failure in such a small 
engine may instantaneously stop the traffic on the whole 

way, and at the same time plunge the station into 
darkness. The cost of a 1500-ampere-hour battery at 125 
volts (probably 115 to 120 volts would be enough) with all 
accessories should not be more than 15002. 

The exciter dynamos could be driven either from 
synchronous motors or directly from the larger engines, 
so that special steam-engines for them would not be 
necessary. For = the 750-kilowatt set could have 
an exciter dynamo sufficient for 4 to 5 1500-kilowatt sets 
bolted to its magnet-wheel. . 

Tf a pressure of about 220 to 300 volts instead of 125 

volts for the excitation had been chosen, the 600-volt 
continuous-current dynamos could have been used as 
reserve for the excitation. (In this way I have here 
tried a Schuckert 300-kilowatt dynamo, built for 280 to 
380 volts, as reserve for 110-volt exciters, with satisfactory 
results, and probably 600-volt ——e dynamos, shunt- 
wound, will, in a near future, be used here as reserve for 
280 to 300-volt light dynamos.) 
_ 4. Ifthe main steam-pipes had been made 9 in. to 10 in. 
instead of 12 in. in diameter, the condensation losses 
would have been less, and the speed of the steam not too 
high. The inside view of the engine-room would have 
been much nicer if the steam-pipes had been placed 
beneath the floor of the engine-room ; but this seems to 
be difficult on account of the foundations. 

_Further, one could have considerably reduced the main 
pipes between the 750-kilowatt set and the exciter set at 
the outer wall; 2-in. to 3-in. pipes would be quite suffi- 
cient for the exciter sets. 

5. If the two fans working the induced draught for the 
sixteen boilers had been driven with 600-volt continuous- 
current motors, a higher economy than by the use of 
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small steam-engines running at 175 revolutions per minute 
could have been obtained. Attention had been nearly 
nil, and the number of steam-pipes in the boiler-house 
had been lessened, much to the favour of the stokers. 
The speed of the fans could be regulated in a very easy 
way by the shunt rheostat. For starting the boilers an 
even now useful “ by- ” channel from the economiser 
chamber directly in the chimney could have been used. 
If a storage battery for 600 volts, or for the excitation, 
had been provided, the fan-motors could have been started 
and run from this before the large units had been put in 
motion. 

6. It would have been advisable to have at least one 
asynchronous motor-generator set-in-each of the sub- 
stations as feserve. . An asynchronous motor can be much 
quicker started than a converter. In a German or 
Austrian substation one would probably have preferred 
to have only motor-generators instead of converters. 
Modern motor-generators of this size (600 kilowatts) can 
be built with an efficiency of 90 to 91 per cent. at full 
load, and that is only 2 to 3 per cent. less than the effi- 
ciency of the converters with transformers and ventilating 
fans. But the voltage of each motor-generator can be 
varied independently of the others, and this is most valu- 
able, making boosters for long feeders unnecessary. 

7. Storage batteries placed in Sandhills, Seaforth, and 
Formby, would have made the traffic independent of 
short interruptions in the current cmap The great 
demand of current (up to 2000 amperes at volts) used 
for the quick start of the trains could be taken in a very 
convenient way from batteries. Trains could have been 


run from these at the time when the power station was} 


standing. 

Special features worthy of imitation on the Continent 
are the use of a separate flywheel, of a safety stop, which 
comes. into operation if the speed exceeds the normal 
by 10 per cent., the careful suspension of the piston-rods, 
the ash-handling machinery, and so on. 

Interesting is a comparison.between this power-house 
and the new central station of Vienna, at Semmering, 
which is typical of Continental construction. In the v 
exhaustive ‘‘ Baubericht des Stidt Bauamtes,” it is sai 
that the triple-expansion engines there som develop 
3000 brake-horse-power at 90 revolutions. The corre- 
sponding data of the British engines are 2310 horse-power 
at 75 revolutions, 

T am, Sir, yours faithfully, 
E, WIKANDER. 

Stadt Elektricitiitswerk, Luiscustr. 48, Diisseldorf, 

April 22, 1904. 








THE COST OF OIL FOR OIL-MOTORS. 
To THE Eprror oF ENGINEERING. 

Srr,—With reference to the correspondence in your 
issue of the 15th inst., regarding the price at which crude 
oil suitable for working the Diesel oil-engine can be 
obtained, we beg to inform you that Texan liquid fuel 
may be obtained from the Shell Transport and Trading 
Company at their dépédts in London and Barrow-in- 
Furness, also from Messrs. Meade-King, Robinson, and 
Co., of Liverpool, at an average price of 42s. per ton, 
equal to 2d. per gallon. The cost delivered in Birming- 
ham in tank-wagons is 52s. per ton, equal to 24d. vag 
gallon, and fat this rate, with a consumption of 0.4 Ib., 
the - for fuel per brake-horse-power hour amounts to 
0.112d. 

We have several engines in Birmingham working with 
this fuel, and shall be happy to show them to your cor- 
respondent if he will enter into communication with us. 

Yours truly, 
W. T. Batuo, 
Diesel Engine Company, Limited. 
179, Queen Victoria-street, London, E.C., April 21, 1904. 








WATER-TUBE BOILERS IN THE 
JAPANESE NAVY. 
To THe Epiror or ENGINEERING. 

Srr,—In your issue of yesterday, MM. Niclausse, 
writing of the above, seem to have overlooked the asser- 
tion, on 549, that the emulation trials of the Niclausse 
and the ivuhans boilers were conducted ‘‘at Yokosuka 
Dockyard under similar conditions in every respect.” 

The technical committee of the Japanese Navy, whose 
boiler investigations have been extended over four years, 
would certainly render strictly comparative results, and 
not err, as inferred by MM. Niclausse. The secret of 
construction of water-tube boilers giving great outputs is 
much desired by many, but does not seem to be succinctly 

ublished by these gentlemen. If, however, that secret 

of the ‘‘small boiler with large fans,” that system is to 
decried ; and our own a ve, as very wisely laid down 
that the amount of coal to be burned per hour per square 
foot of heating surface should not exceed 19 oz., under 


penalties. 

The high- e burning in the tug-boat Agile is in- 
teresting, and would be more so if the ratio of grate and 
heating surface were given. Taking this at 30.5, the coal 
burned per square foot of heating surface per hour would 
be 38 oz., producing about 18 lb. of steam. 

Knowing that the lower tubes of the Niclausse boiler 
are so far from the source of the obstructed down-flow 
water, it would be interesting to know if the bar magnet 
gathered any black oxide from the interiors of those tubes 
after this bout. 

MM. Niclausse’s definition of boilers for naval service 
are true as to desirable endurance, but it is held by many 
that ‘‘taking to pieces” is not so preferable as just 


knocking in three or four manhole doors, performing the 
necessary examination and cleaning, and rejointing those 
doors with the assurance that they will be tight, rather 





than dealing with the thousands of screwed connections 
uliar to sometypes. Indeed, in the modified blind-end 
revithick-Perkins “tube within tube” types, invented 
in 1815 and 1831, there are some who advocate that the 
screwed fastenings for such should be doubled by screw- 
capping the blind ends. 
ecase of the tug-boat, mentioned by Admiral Miya- 
bara, working for two years without opening out, is unique; 
and the boiler has been worked on land, using cond 
feed from closed engines, without a feed filter, for five 
months on a stretch in an electric-lighting station. Also, 
this type of boiler has never killed anyone. 
Faithfully yours, 
W. J. Harpine. 
60, Mansion House-chambers, Queen Victoria-street, E.C., 
April 23, 1904. 








LAUNCHES AND TRIAL TRIPS. 

On Thursday, the 14th inst., the. steamer Havs, re- 
cently launched from the shipbuilding yard of Messrs. 
Short Brothers, Limited, Sunderland, for Mr. C. T. Boe, 
of Arendal, went out on trial with very satisfactory re- 
sults, a mean speed of 10 knots, with ship loaded, being 
easily maintained. The dimensions of the vessel are :— 
Length, 289 ft.; breadth, 41 ft.; and depth, moulded, 
20 ft.7in. Triple-ex ion engines have been fitted by 
Messrs. George Clark, Limited, Sunderland, the cylin- 
ders we Fy in., 33 in., and 54 in. in diameter, with a 
stroke of 36 in., the working pressure being 180 Ib. 

On Tuesday, the 19th inst., the steel-screw steamer 
White Sea, built by Messrs. Craig, Taylor, and Co., 
Stockton-on-Tees, to the order of Messrs. Sanders, Wake, 
and Co., London, was taken to sea for her trial trip, 
which ape highly satisfactory. The vessel measures 
291 ft. by 42 ft. by 20 ft. 7 in. depth, moulded. The en- 

ines, which have been constructed by the North-Eastern 
Karine Engineering Company, Limited, Sunderland, 
have cylinders 21 in., 35in., and 57 in. in diameter by 
39 in. stroke, with two large steel boilers —_ at 
160 lb. pressure. During the whole of the run everything 
worked with the greatest smoothness, and a speed of 
12 knots was obtained. 


The latest addition to the large fleet of the Cork Steam- 
ship Company, of Cork, ran a very successful trial trip off 
the Tyne on Tuesday, the 19th inst.- This steamer—the 
Dotterel—has been built at the works of Messrs. Swan, 
Hunter, and Wigham-Richardson, Limited. She is 270ft. 
in length by 354 ft. beam, and has been specially designed 
for the company’s service between Liverpool and Dutch 
and Belgian ports. The propelling machinery has also 
been constructed by Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited, and on the trial trip worked without 
— hitch, driving the vessel at a speed of over 

nots. 


The Imperial Turkish yacht Erthogroal, specially built 
for the Sultan by Sir William Armstrong, Whitworth, 
and Co., at Elswick ae. completed her trials on 
Tuesday, the 19th inst. e Erthogroal, built at Elswick 
and launched on December 1, 1903, is a twin-screw vessel 
fitted with triple-expansion engines (by Messrs. Hawthorn, 
Leslie, and Co.) of 2500 indicated horse-power, and she 
developed the extraordinary speed for her size of 23 miles 
and a little over per hour. She is a graceful little craft, 
having an appearance of great _— in proportion to her 
depth. Her dimensions are the ecg wy be- 
tween Cae ar 260 ft.; over all, ft.; breadth, 
moulded, 27 ft. 6 in.; depth, moulded, 15 ft.; mean 
draught, 10 ft. _Her displacement is 850 tons. Inside, 
apart from the engine-room, she is divided into several 
distinct divisions, which may be described as the Im- 
perial apartments proper, the Prince’s apartments, those 
of the Chamberlains and suite, the officers’ cabins and 
ward-room, and the accommodation for the crew of 60, 
which is considerably better than usual. The first three 
of these divisions, which have been fitted up. by Messrs. 
Waring and Co. under a sub-contract with the Elswick 
Company, are really a marvel of quiet taste. The Im- 
oe apartments in icular, containing a dining saloon 
or 12 persons, the Sultan’s sleeping cabin, bath-room, 
study, ante-room, and deck saloon, are of extraordinary 
attraction. Except, perhaps, in the deck saloon, the 
softness of tone in hangings, upholstery, furniture, and 
panelling has that quality of restfulness to the eye 
which is rarely to be found in shi The whole is dis- 
tinctly an achievement of which British craftsmen may be 
legitimately proud. 





On Wednesday afternoon, the 20th inst., Messrs. Craig, 
Taylor, and Co., launched from their Thornaby Ship- 
building Yard, Thornaby-on-Tees, a screw steamer nam 
the Haraid, and of the following dimensions :—291 ft. by 
38 ft. by 20 ft. 74 in. Her engines have been constructed 
by the North-Eastern Marine Engineering Company, 
Limited, Sunderland, the cylinders being 19 in., 31 in., 
and 51 in. in diameter by 33 in. stroke, with two large 
steel boilers working at 180 lb. pressure. She has been 
built to the order of the testhesey Stoomschip 
Harald, Antwerp. 


On Wednesday, the 20th inst., Messrs. William 
Dobson and Co., launched from their shipbuilding yard 
at Low Walker a steel-screw steamer which they have 
built to the order of the Hu ian Levant Steamship 
Company, of Budapest, for their trade between the 
Danube and Continental ports. The vessel is of the 
following dimensions:—Iength between age rope 
205 ft.; th, 32 ft.; depth, moulded, 16 ft. The pro- 
polling, machinery, which is being constructed by the 

orth-Eastern Mevine Engineering Company, Limited, 


'enla 


ed | of 350 tons 





Wallsend, consists of a set of triple-expansion engines 
having cylinders 17. in., 28 in. 48 in. in diameter by 
33 in. stroke, and there is one boiler measuring 15 ft. 6 in. 
by 10 ft. 6in., and designed for 180 lb. pressure. On 
leaving the ways the vessel was christened Kelet. 


the steel steamer 


On Saturday, the 23rd inst. 


Cyfarthfa, built by Messrs. R. Craggs and Sons, Limited, 
ensed Tees Dockyard, Middlesbrou h, for Messrs. Morel, 


Limited, of Cardiff, of about tons dead-weight, pro- 
ceeded to sea for her official trials. The results were 
pronounced entirely satisfactory to all concerned, the 
vessel metres a speed of about 12 knots in ballast con- 
dition. The machinery has been fitted by Messrs. Blair 
and Co., Limited, of Stockton-on-Tees, and has cylinders 
234 in., 39 in., and 64 in. in diameter by 42 in. stroke, 
steam being supplied by two large single-ended boilers 
working at a pressure of 1801b. to the square inch. 





The France Militaire states that the Austrian battle- 
ship Erzherzog Friedrich will be launched at Trieste on 
Saturday, the 30th inst. Her length is 387 ft. ; beam, 
71.23 ft. ; draught, 24.54 ft. ; displacement, 10,600 tons ; 
engines, 14,000 horse-power ;' speed, 19.25 knots. Her 
armour-belt will extend 4 ft. 9 in. above and 3 ft. 11.24 in. 
below the water-line. The whole of her armour will be 
of Witkowitz nickel steel, and will weigh 2922 tons. 
Her auxiliary engines will number 87, with 140 steam 
cylinders. She will carry four 9.45-in., twelve 7.48-in., 
fourteen 2.75-in., and ten 1.45-in. guns, four mitrailleuses, 
and two submerged torpedo-tubes of 17.71-in. calibre. 
Her 7.48-in. guns will each fire four rounds a minute. 





The Petit Var states that the French cruiser Jeanne 
d’ Are, in spite of the alterations she has undergone, only 
made 21.78 knots in her last trials at full speed. Her 
engines developed 33,000 horse-power. She was built 
for 23 knots. The French cruiser Gloire has completed 
her trials. The cruiser Condé will resume her trials at 
full speed on May 3. A_new French submarine, the 
Souffleur, was launched at Toulon on April 21. 








Ketiy’s Customs TARIFFS OF THE Wor.LpD. — The 
various customs tariffs in force throughout the world are 
to be found in several publications, but Kelly’s Direc- 
tories, Limited, 182 to 184, High Holborn, London, 
W.C., have done well to include these in a separate 
volume, stoutly bound. In pa ag mg controversy as to 
retaliatory and preferential tariffs for the United King- 
dom, the lists here given for 300 States and_ countries 
will be B oes cme y d useful for reference. There are 
appended tables of foreign moneys, weights, and measures, 
with their English equivalents. 





THE INSTITUTION OF CiviL ENGINEERS: MEETING OF 
SrupEnts.—A meeting of students was held at the In- 
stitution of Civil Engineers on Friday evening, April 22, 
Mr. John J. Webster, M. Inst. C.E., in the chair, when 
a paper on ‘‘ No, 2 River Pier of the Beckton Gas Works,” 
was read by Mr. Arthur Trewby, Stud. Inst. C.E. The 
following is an abstract of the paper:—The new pier 
was begun in 1892, and the work connected with the pier 
itself completed in the autumn of 1894. It is situated 
between the old ¥ and the timber jetty belonging to 
the London and St. Katherine’s Dock Company, a clear 
waterway of 300 ft. being allowed in each case. The 
pier is T-shaped, the lengt: gions the front being 725 ft., 
and from the river wall to the front 320 ft., the widths 
being 45 ft. and 30 ft. respectively. It rests on 39 cast- 
iron cylinders, 6 ft. in diameter at the top, with a taper 
ment bringing the diameter up to 8 ft. for the 
cylinders along the head of the pier, and to7 ft. along 
the cutting edge for those in the approach portion. There 
is a double deck to the pier for a distance of 170 ft. along 
the front, the lower deck being used for men’s lobbies, 
workshops, &c. The cylinders are connected together 
with single plate-web girders, the cross-girders being of 
the lattice type. The flooring is Hobson flooring, of 
wrought iron, and is covered with a minimum thickness 
of 6 in. of concrete. Two lines of rail run along the 
approach portion and three lines along the head, as well 
as two lines for the hydraulic cranes, Six openings for 
hydraulic capstans are formed in the upper deck. The 
pier is protected at each end of the head by dolphins, 
connected together by lattice bracing girders. The abut- 
ment is built of brick with a stone coping, the foundation 
being of concrete carried down into the gravel. The 
cylinders were sunk by the pneumatic process about 
ri ft. below T.H.W. into the chalk, which was pene- 
trated for a few feet. When the cylinders had been 
concreted up, they were tested up to a total load 

Por the small cylinders, and 500 tons for 
the large ones, the average subsidence under test 
being 4 in. The hydraulic installation at first con- 
sisted of three sets of pumping-engines, two accumulators, 
ram 17 in, in diameter and 17 ft. stroke, giving an hydraulic 

ressure of 750 Ib. per square inch, and four cranes with 

xed jibs. Four more cranes were pahecguentiy added 
with derricking in 1895, and another four in 1897. 
Another pecan aril was also added, the ram goes. 24 in. 
in diameter and the stroke 24 ft. The cranes revolve on 
a table on six wheels, and are capable of lifting a load of 
50 ewt. 60 ft. high, and turning a quarter of a revolution 
in Jess than one minute, the consumption of water for each 
complete operation being 42gallons. The contractors rad 
the pier were Messrs. Head, Wrightson, and Co., and on 
thotydemulic installation Messrs. Tannett Walker and Co. 
The reading of the paper was followed by a discussion, in 
which Messrs. H. O. H. Biherides, H. W. FitzSimons, 
H. B. Gates, C. W. Gibbs, E. D. Kibble, E. Latham, and 
H. M. Rootham, Studs. Inst. C.E., took part, 
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WE illustrate on this page, Figs. 1 to 5, a small 
Pelton wheel, built by Mr. Percy Pitman, of Bosbury, 
Ledbury, which is of interest owing to the method of 
governing adopted. A general view of the motor is given 
in Figs. 1 and 2, whilst other details of the governing 
device will be easily understood on reference to the re- 
maining engravings. The most common plan of govern- 
ing Pelton wheels has been to deflect the nozzle. This is 
effective, but involves the maintenance of an awkward 
water joint subjected to a considerable pressure. In 
other cases throttling-governors of different kinds have 
been used, some of which are very neatly arranged ; 
but with long supply-pipes there is sometimes trouble 
with these if the load is suddenly thrown off the ma- 
chine, since the pressure at the nozzle is then largely 
increased by the water-hammer consequent on the 
throttling of the flow. In the motor here shown it 
will be seen that a small deflector is pivoted near 
the nozzle and can be moved up so as to catch 
and divide the jet, one portion of which moves on 
to drive the wheel, whilst the rest is turned 
by the deflector so as to clear the wheel and waste 
itself against the casing. In hydro-electric plants 
economy of water is generally of less importance than 
the avoidance of fluctuations in the piers 8 It will be 
seen that the deflector is moved by a worm segment 
keyed on a prolongation of one pivot. This sector is 
in turn driven by the worm, which is actuated by a 
double bevel gear, as indicated. A very light friction 
clutch, actuated by a ball governor, locks one or other 
of the bevels with the main shaft according as the 
speed rises above or falls below the normal, and 
the worm being driven thereby in one direction or 
the other cuts off more or less of the jet actuating the 
wheel. The rise of speed in suddenly throwing off 
the load is only 3 per cent. The quadrant can at will 
be disconnected from the deflector, and the wheel be 
regen instead by the hand-lever shown. 

In Fig. 6 we show a small shunt-wound dynamo 
suitable for charging the accumulators of motor-cars. 
The motor is here 64 in. high above its sole-plate, and 
the casing is 64 in. in diameter by 24 in. wide. The 
Pelton wheel bas twelve bronze buckets and is 44 in. 
in diameter, and is designed to run at from 2000 to 
3000 revolutions per minute, according to the water 
pressure available, the dynamo being wound to suit. 
The one illustrated will light lamps of an aggregate of 
16 candle-power, the current being supplied at 20 volts. 
It was built by the Crypto Works, Limited. 








Rays IN BeLGiuM.—An adjudication has just taken 
ese of locomotive coal for the Belgian State Railways. 

he contracts were let at an average reduction of 4d. per 
ton as compared with September, 1903. A similar reduc- 
tion is shown when the comparison is extended to March, 
1, while the yitey ag is 5d. per ton lower than it was 
u. farch, 1902, and 3s. 3d. — lower than it was in 
March, 1901. On the other hand, the average was 2s, 8d. 
it ton niaher than the corresponding ave price for 
foe tae be ne gd — the corres; a ing average 

c an ; m hi 

corresponding average for 1893, a ae 
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INDUSTRIAL NOTES. 


Tuer report of the Labour Department of the Board 
of Trade on the state of the labour market shows a 
slight improvement as compared with the previous 
month. That report is based on 4009 returns—2677 
from employers or their associations, 1246 from trade 
unions, and 86 from other sources. The basis of 
comparison is therefore a fairly wide one. The up- 
ward tendency in the engineering, metal, and ship- 
building industries was maintained, and there was 
improvement in mining operations; but the cotton 
trades continue in a bad state. 

As compared with a year ago employment shows a 
general decline, and the proportion of trade-union 
members out of work was larger than the mean per- 
centages for the same month in the last ten years. In 
the 221 trade unions specially reported on there was 
an aggregate of 567,252 members ; of these 33,950, or 
6 per cent. of the total, were unemployed, as com- 
pared with 6.1 per cent. in the previous month, 4.3 
per cent. a year ago, and 3.9 per cent.—the mean per- 
centage for ten years. 

Employment in the coal-mining industry showed a 
slight improvement compared with the previous month 
and a year ago. At collieries ~ oying 505,667 

rsons the average time worked by the pits was 5.28 

ays per week, compared with 5,19 days in the month 
previous and 5.10 days in the same month a year ago. 
But the number Siinled was greater by 1.7 per cent. 
than a year ago. 





Employment continues good in the iron-mining in- 
dustry. At the 135 mines and open works covered by 
the returns the average time worked was 5.83 days per 
week, compared with 5.80 days in the previous month 
and 5.79 days in the same month a year ago, showing 
great regularity. 

In the pig-iron industry employment slightly im- 
proved, but it is still below the level of a year ago. The 
returns of 112 ironmasters show that there were 304 fur- 
naces in blast, employing about 21,440 men—one furaace 
less than a month ago, and 24 fewer than a year ago. 

Employment in the manufacture of iron and steel 
shows an improvement over the previous month, and 
is about the same asa year ago. At the 195 works 
included in the returns, 74,170 workpeople were em- 
ployed. The total volume of employment, taking into 
account the number employed and of shifts worked, 
shows an increase of 3.1 per cent. as compared with 
the month previous, but a decline of 0.6 per cent. com- 
pared with a year ago. 

The tinplate industry shows little change, but it is 
not so good as a yearago. There were in operation 
364 mills, or three more than in the previous month, 
but 14 fewer than a year ago. The estimated number 
of persons employed at the 364 mills was 18,200. 





Employment in the engineering trades generally 
continues dull—worse than a year ago. The propor- 
tion of unemployed union members was 6.4 per cent. ; 
in the previous month, 6.5 per. cent. ; in the same 
month a year ago, 4.6 per cent. . 
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Employment in the shipbuilding trades improved 
slightly in the month ; it is, however, still bad—much 
worse than a year ago. The proportion of unem- 
ployed trade-union members was 11.8 per cent.; in 
the previous month, 12.6 per cent.; a year ago, 9.8 
per cent. 5 

In the building trades employment continues dull. 
There is a slight improvement compared with the 
month previous, but it is worse than a year ago. So 
far the improvement is not as great as it usually 
is at this season of the year. The proportion of car- 
penters and joiners out of work was 6.7 per cent.; of 

lumbers, 9.2 per cent. The latter branch has long 

en dull. It is the same in the woodworking and 
furnishing trades, but there is some slight. improve- 
ment in the latter. The proportion of unemployed 
was 5.9 per cent.; a year ago, 3.9 per cent. 





In the printing and bookbinding trades employment 
was fair on the whole. The proportion of union 
members unemployed was 3.4 per cent.; in the month 
previous, 4.1 per cent., a year ago, 4.2 percent. In 
the papermaking trades employment was fairly good. 

In the pottery trades employment is fair; in the 
brick and tile trades it is quiet; in the glass trades 
it is quiet to bad. 

Trade is still bad in the cotton trades—much worse 
than a year ago. In the woollen and worsted trades 
there has been some improvement, but it is worse than 
a year ago. The hosiery trades are bad, but the jute 
and flax trades are moderate. 


The leather trades continue bad generally, with no 
signs of improvement. The proportion out of work 
was 11.3 per cent. : ; 

Employment in the boot and shoe trades remains 
about the same, with just a tendency towards improve- 
ment. It is, indeed, so small as to be inappreciable. 

The tailoring trades have slightly improved, both in 
the scolpaued and the bespoke branches; but in 
both trade is unsatisfactory, and worse than a year ago. 
The hat and cap trades are also dull, though a little 
improved. 

gricultural labourers have been better employed, 
the weather being more favourable. Dock and river- 
side labour has been moderate—better than a month 
ago and a year ago. The average number daily employed 
at the London docks and wharves was 12,938 ; the pro- 
portion employed in the last seven years was 14,432. 





The number involved in labour disputes in the month 
was only 4512; previous month, 5; same month a 
year ago, 19,665. The aggregate duration of strikes, 
new and old, was 74,500 working days; previous month, 
67,000 days; same month a year ago, 233,700 days. 
There were in the month 14 new disputes, affecting 
1305 workpeople. On the other hand, 16 disputes 
were settled, a ecting 1497 persons.. Three, involving 
66 persons, were decided in favour of the workpeople ; 
seven, affecting 914 persons, were settled in favour of 
the employers ; the other six were compromised. 

The changes in the rates of wages affected 61,000 
persons, of whom 1900 received advances, and 59,100 
sustained reductions, The net result was a decrease 
in wages of nearly 2000/7. per week. The principal 
changes were decreases in the w of 10,000 blast- 
furnacemen and 37,000 iron and steel-workers. Changes 
affecting 26,000 persons were effected by conciliation 
boards, and 27,000 under sliding-scales. The re- 
mainder were effected by the parties themselves or by 
representatives. 





The Amalgamated Enginzers’ Monthly Journal states 
that the aggregate membership has reached 95,689. 
Of these, 5193 were on donation benefit, 2481 on sick 
benefit, and 4618 on superannuation allowance—the 
total on the funds being 12,291. The state of trade, 
says the report, is pretty much the same as last 
reported, and the conditions of employment are un- 
changed. The resentatives of the Employers’ 
Federation and of the union have met to consider 
matters left outstanding—one being the night-shift 
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system at Ipswich, which was referred back ; 
another was payment for Sunday work at Rochester, 
it being agreed to pay double time. The question 
as to the interpretation of the ‘‘oil-ship agree- 
ment” was dropped. A proposed alteration of hours 
in a London: firm was decided in the men’s favour. 
A question of piecework prices at Beeston fell through ; 
one touching the bonus system was also dropped. ‘The 
plea of the Lincoln employers that there was nothing 
to discuss, when asked to meet the committee, was 
not upheld by the Conference; so a meeting is to be 
held. The report notifies the success of members at 
municipal and other local elections. The more general 
part of the journal is well filled by articles on the 
Chinese labour question, a further instalment »f the 
historical development of the steam engine, corre- 
spondence, reports from the Australian, Canadian, and 
American councils, and of the work of the organising 
district delegates in the United Kingdom. 





The report of the Boiler-Makers and Iron-Ship- 
builders is more encouraging this month. There is a 
total reduction of 725 on the books, of whom 571 re- 
present the unemployed, and 110 fewer on sick benefit, 
and 44 fewer on superannuation. Still the total 
number on the funds was 8734, as against 9459 last 
month. Of the total, 5574 were unemployed ; previous 
month, 6145; on sick benefit, 2166 ; last report, 2276 ; 
on superannuation, 994; last report, 1038. Still the 
number is large, and the drain on the funds is exces- 
sive. There has been a steady increase in the number 
employed, and the encouraging sign is that there is 
every probability of a large decrease of men out of 
work. The total expenditure for the month was 
11,615/. 15s. 2d., showing a decrease of 125/. 1s. per 
week as compared with the month previous. There 
was an increase of 145 in membership, after allowing 
for members run out and deaths. Reference is made 
to the Labour Disputes Bill and to the Chinese labour 
question in South Africa. The voting for a loan of 
60007. from the general fund for benevolent purposes 
was carried by 26,406 to 9284—majority, 17,122. This 
shows how ready the members are to supplement the 
ordinary benefits in times of depression in trade. The 
members are asked to vote for a levy of ld. per 
member for the affiliation fees to the Labour Repre- 
sentation Committee. The amount was not paid last 
year, as the council thought that perhaps the annual 
conference would not agree to the affiliation ; but as 
there was no objection, the vote is now being taken for 
the contributions due. One of the members, a district 
delegate, has been selected as a Labour candidate for 
Govan, and the society has another candidate in the 
tield for some other place. 





The position of the iron and steel trades in the 
Midland districts has improved since the quarterly 
meetings. It is reported that some fair orders have 
been secured by makers, and the works have been 
more regularly employed. But there is still a good 
deal of unemployed plant. The blast-furnaces in 
several instances have licen relined and brought up to 
date ; yet many still in blast are said to be really out 
of date, but are capable of supplying current demands. 
Pig iron has been in better se and prices have 
been maintained; in some cases, indeed, higher rates 
are asked for some brands. In the Wolverhampton 
district inquiries have resulted in a goodly number of 
orders ; bars, — hoops, and small iron being in 
good request. There is also an increased inquiry for 

alvanised sheets for South Africa and India. In the 
3irmingham district little buying is reported, but 
prices are firm. arked-bar makers appear to be 
well engaged at full quoted rates. In the engineering 
and allied trades a slight increase of unemployed is 
reported, the proportion a 4.8 per cent. as com- 
pared with 4.3 per cent. in the previous month, and 
2.4 per cent. a year ago. On the whole, the state of 
trade in those branches is described as quiet in the 
East Midlands, and moderate in the West Midlands. 
Ironfounders report trade as good at Birmingham, 
Coventry, and Rugby, and moderate at Wolverhamp- 
ton and Wednesbury. Engineers report trade as mode- 
rate generally, but quiet at Coventry. Tool-makers at 
Birmingham report trade as bad, but electrical engi- 
neers as good at Wolverhampton, and fair in the motor 
industry. In the hardware and general iron, steel, and 
metal-using industries there is greater variation, but on 
the whole oo is from raoderate to quiet. In 
several branches there has been improvement, but in 
one or two trade is described as bad. The state of trade 
is better in some districts than in others, even in the 
same branches. 

In the Lancashire districts the position of the 
engineering and allied trades is still regarded as un- 
satisfactory. Some firms engaged on special lines are 
fairly busy, but the ordinary firms of engineering are 
quiet, There have been more inquiries, but no great 


weight of work has been given out. Some special 
machine-tool-makers are well off for work, but gene- 
rally they are quiet. Locomotive builders are reported 
to s running off their contracts and booking very 





little new work. The boiler-making trade is still 
very quiet. Employment in the Manchester, Salford, 
Liverpool, and Birkenhead districts continues the same 
as reported last month, 6.9 per cent. being unemployed ; 
a year ago the proportion was 3.6 per cent. In the 
Bolton, Blackburn, and Oldham districts the propor- 
tion is still, and has been for over a year, above 11 per 
cent. of unemployed. In these districts the textile- 
machine-making industry is very depressed. At Crewe 
all branches are slack. Pattern-makers report trade as 
moderate to fair generally ; good at Preston, but dull 
at one or two places. At Bolton there appears to be 
some improvement in some sections of the textile- 
machine-making industry. Ironfounders are better 
employed in one or two centres; they describe 
trade as moderate at Oldham, Bury, and Preston. 
Until there is re cog in the cotton trades, 
Lancashire will suffer more or less in most of her 
other industries, for with a prosperous cotton trade 
all other sections seem to look up. The determination 
to find fresh fields for the production of cotton is 
extending, and a large fund is being guaranteed ; but 
it will take three or four years to produce any large 
quantity of sufficient quality to satisfy Lancashire’s 
needs. British colonies are to be tried extensively, so 
as to make us independent of American supplies. 





Organised labour scored a great victory in the 
House of Commons on Friday in last week, when the 
Trades Disputes Bill was read a second time by a 
majority of 39, the Ayes being 238, and the Noes 199. 
But its further stage was blocked, the motion for the 
reference of the Bill to a Standing Committee being 
objected to, the motion was adjourned. The objects 
of the Bill are threefold—namely (1) to render peaceful 
picketing legal ; (2) to abolish the common law doctrine 
of conspiracy as applied to labour disputes; and (3) 
to protect trade-union funds from liability to seizure 
under such judgments as the Taff Vale and other recent 
cases. The Labour Members who spoke on the Bill 
made it clear that, in respect of peaceful picketing, 
they only desired such persuasion as an employer or 
any other person might use—not violence, coercion, 
or intimidation. As regards conspiracy, that was 
abolished by the Act of 1824, but the clause was 
dropped out in the Act of 1825. The crux of the whole 
matter lies in the clause for the protection of trade- 
union funds. If the labour leaders desire immunit 
for unlawful or illegal acts, they will scarcely succeed. 
The Taff Vale decision was based upon acts proven to 
have been illegal—breach of contract and intimidation. 
If, on the other hand, they desire to be relieved from 
liability when the acts complained of are well within 
the law, it is probable that they will obtain their de- 
sire. It was pleaded that there was no desire to 
touch the provident funds of the unions; but if these 
were got rid of, there would be more strife, as the 
unions would then become mere fighting machines, 
which some of the more ardent of the leaders advocate. 


The Labour Party in Australia has beaten the 
Government over the Industrial Arbitration Bill, and 
it is reported that the leader of the Labour party has 
been summoned to form a Federal Ministry by the 
Governor-General of the Commonwealth. The contest 
arose out of the action of the Victorian Government 
during the t railway strike, when the railwaymen 
were denied the right of other organisations on the 

round that they were the employés of the State. 

he result of the vote, and the command to form a 
Ministry, will be watched by the working classes all 
over the world. An irresponsible majority would be 
a grave danger ; a responsible Government must look 
broadly at all sides of the question. 


The great strike on the Hungarian State Railways 
was a surprise, and in its effects a great disaster. 
The power of the State was so used that all available 
help was secured to run trains, but for a time with 
ill-success. The military was utilised for a time, and 
would have been used more extensively, but the men 
announced that they were prepared to accept the 
terms of the Government and return to work. 


A singular and serious strike has taken place at 
Marseilles. The Seamen’s Union called out the crew 
of a large liner because of differences with the captain 
and chief officers. The latter, whose patience had 
become exhausted by the tyrannical behaviour of the 
Seamen’s Union, left the ship, explaining that they 
had been compelled to take this extreme step as a 
protest against the continual interference of the union 
with their legitimate duties. Their example was fol- 
lowed by the chief officers and engineers of several 
other ships in the harbour. The crews of the ships 
have been paid off, and: the shipping business is prac- 
tically at a standstill. 





A strike of compositors at Lisbon has led to the 
suspension of all newspapers published in that town. 
The men asked for an increase of wages ; this the pro- 
= refused, hence the suspension of all publication 
or a time. 


‘between the results obtained by the aut! 





. THE FARADAY SOCIETY. 
AN ordinary meeting of the Faraday Society was held 


on Wednesday, April 13, at the Institution of Electrical 
Engineers. Mr. J. Swinburne, vice-president, was in the 
chair. 

Mr. Arthur J. Hiorns read an abstract of his paper on 
“* Alloys of Copper and Arsenic,” Pwenier wp Bes remarks 
by a series of interesting and beautiful lantern-slides, 

he object of the author’s investigations was to ascertain 
the exact relation between copper and arsenic in binary 
alloys, and the limit of — of arsenic that can be 
retained in copper in the cold solid state. 

The addition of arsenic lowers the melting-point of 
copper pnp wy J down to about 14 per cent., when a 
steep fall in the freezing-point curve occurs, reaching its 
lowest point at 685 deg. Cent. This alloy contains 
19.2 “sf cent. of arsenic, which corresponds to the 
formula Cu; Aso. The alloy with 22 per cent. of arsenic 
freezes at 708 deg., and the temperature gradually rises 
until the alloy with 28.34 per cent. is reached at 747 deg. 
This is the compound Cus3 As. At 810 per cent. 
another chemical compound freezes, having the chemical 
formula Cu; Aso; it contains 32.2 per cent. of arsenic. 
Beyond this point the temperature gradually falls again 
to a minimum at the alloy with about 35 per cent. of 
arsenic. The curve then rises to another summit at 
740 deg., forming the compound Cuz, with 37.24 per cent. 
of arsenic. From this position the curve descends to 
702 deg. with the alloy containing 41 per cent. of arsenic ; 
this is nearly the practical limit of the direct combination 
of copper and arsenic. 

The top surfaces of many of the alloys were photo- 
graphed. The types of pattern visible on the etched 
surface depend upon the position of the freezing-point on 
the curve. For alloys whose freezin; int is on or near 
the summit of a curve, the whole of the section is com- 
posed of. one substance, generally made up of crystal 
grains having fine boundaries. hen, by addition of 
copper or arsenic, a summit of a curve is left, the lines be- 
tween the crystal grains widen and become filled with a 
network of matter differing from that of the crystals, and 
generally showing a more or less striated appearance, so 
characteristic of eutectics. As the bottom of a curve 
as from a summit is reached, the eutectic occupies 
the whole surface. It is noticeable that the alloy of 
minimum fusion of copper-arsenic alloys has an ex- 
tremely fine striated structure. Any deviation iu compo- 
sition from the eutectic proportion causes the breaking up 
of this striated pattern, and grains of one of the con- 
stituents appear in the eutectic matrix. 

A microscopic examination was also made of polished 
sections of the various alloys. ‘hese when viewed in 
daylight are all copper-coloured in those with little arsenic, 
and gradually get paler as the arsenic is increased. When 
the alloy with 19.2 per cent. is reached, the surface 
Yaga of a pale blue coleur, and this is continued up to 
the compound CusAs, containing 28.34 per cent., which is 
of a deeper blue colour. The alloys between 19.2 and 
28.3 per cent. have a paler blue tint, because the blue con- 
stituent is associated with a constituent richer in copper, 
forming a eutectic mixture. The alloy with 30 per cent. 
is of a light purple colour, and when the compound 
Cu;Aspis reached, containing 32.2 per cent., a full reddish- 
purple is obtained. This purple colour maintains up to 
the limit of these experiments with 45 per cent. of arsenic, 
but gets gradually paler. 7 oe 

The paper concludes with a detailed description of the 
—— alloys, fully illustrated by excellent photomicro- 

raphs. 
. Mr. Swinburne, referring to the melting-point of 
arsenic, which the author thought could only be obtained 
by experiments made under t pressure, observed that 
the effect of pressure on the me —— of solids is 
very small, and that probably at ordinary pressures the 
melting-point of arsenic was very close to its volatilising 


int. 
Dr. Perkin hoped that the author would supplement his 
researches by making conductivity measurements of the 
series of alloys. : a ; 

Dr. C. H. Desch made some es comparisons 

or and those 

published by other investigators in the case of the 
analogous series of copper-antimony alloys. ie 

Mr. E. G. P. Bousheld contributed a paper on “ Ex- 
periments with a New Primary Cell.” The cell consists 
of an inner porous pot containing nitric acid and a carbon 
pole, and an outer vessel containing sodium hydrate 
solution and a metal pole,  eoaggec zinc—t.¢., a solution 
of from 12 per cent. to 15 per cent.; using solutions of 
maximum conductivity with zinc and carbon poles on 
open circuit, an electromotive force of 2.6 volts may be 
obtained. Not only does the cell possess this compara- 
tively high electromotive force, but it may be short- 
circuited far longer than most cells before it runs down. 
A cell short-circuited through a total resistance of 
0.61 ohms gave a current of 4.18 ~—e which fell to 
2.61 in an hour, 2.38 in 24 hours, and 1.75 in six hours. 
A smaller cell gave a fairly constant current of about 
0.8 aapees for 20 or 25 hours. Discharge curves are 

ven in the r. E 
Aelia othe tte nitric were experimented with. Some 
of them gave higher electromotive forces, but no oop 
acid possessed the same “lasting powers.” The effect o 
using various metals instead of zinc was also tried ; some 
of these gave higher electromotive forces than the zinc, 
but the high ings were quite transi’ Using two 
carbon poles, the electromotive force was about 1.35 volts. 
The cell is then similar to Becquerel’s platinum cell, — 
which the plates are immersed in acid and caustic potas 
respectively. a 

Mr. Ww. TR. Cooper referred to the disadvantages “ 
both nitric acid and caustic soda as electrolytes. The 











ApriL 29, 1904. ] 


ENGINEERING. 





‘619 





igh electromotive force of the cell was only 
pe ceti it rapidly fell to a working value of 1. 
He would like to have seen comparative tests made, say, 
with a bichromate cell. - ‘ 

Mr. J. Swinburne mentioned a suggestion made by Dr. 
Swan, that the cell would be improved if it were con- 
verted into a three-fluid cell with a neutral electrolyte 
—e.q., NaNO;—in the mid-compartment. = 

Mr. Bousfield also contributed a “‘ Note on Determining 
Accurately the Percentage of Ozone in Gases not Disso- 
ciated by Moderate Heat.” Difficulty was found in deter- 
mining accurately the quantities of ozone formed in 
different electrolytic reactions. The potassium iodide 
test is sufficiently accurate for most purposes ; but for 
very accurate work it is not satisfactory, as an error of 
5 per cent. or more is often obtained with a slightly 
alkaline solution, and an error of as much as 1 or 2 per 
cent. with an acid solution. Estimating the ozone by 
weight, using glass globes for that purpose, was also 
found to be somewhat uncertain, due to the condensation 
of moisture on the glass. The method recommended by 
the author is a measurement by volume. A _ certain 
quantity of gas containing ozone is measured. This gas 
is then over some substance, such as heated 
platinised asbestos, which is capable of converting ozone 
into ordinary oxygen. On again measuring the gases, an 
increase of volume due to the breaking down of ‘‘0;” 
into m2 molecules is found. From this increase of 
volume the quantity and pesseninge of ozone originally 
present is readily calculated. description of the 
simple apparatus required for the measurements is given 
in the paper. 


_—_ 








THE MANAGEMENT OF BELLEVILLE 
BOILERS AT SEA.* 


H.M.S. ‘*Goop Hope.” 
By Engineer-Lieutenant E. F. Baker, R.N. 


So much has been said from time to time to the dis- 
credit of the Belleville boiler that one almost wonders how 
it is that ships fitted with them are able to steam at all ; 


NOTE-ETS. ON BOILERS STANDS FOR ELEMENTS” 


Fig.1. 
































N& 2. 
.| ETS.10. 


ne 8. 
ETS.10. 

















teri tr re 
'47 258 36 8 


284N7S8 062 981 
De ee ee ce Be ee ee ee Be | 
N? I. 
ETS.6 





Ne 4, 
ETS. 9. 


Nc 3. 
ETS.8. 


N¢ 2. 
ETS. 8. 





Ne 5. 
ETS. 9. 


N° G6.| N°Z7. | N° 8. 
ETS.8) ETS.8.| ETS. 


en 
37 4812 

















eg eg ee 
'S59 2610 








Ne i. 
ETS.9. 


Lamy ames 


Ne 2. 
ETS. 9. 


Leg oe ee 


26f0 3 




















= 
E) 


284 N73 9851 
fa ae a ee el fat 





Ne 4. 
ETS.9. 


Ne 3. 
ETS.9. 


we @. 
ETS.9. 





Ne 5. 
ETS. 9. 


Lm mm om | 


(59 


Ne 6G. 
ETS. 9. 


N¢ 7. 
ETS. 9. 

















5 


2610 37H 


oir. 

Ne I 
ETS. 9. 

Ne? 8 

ETS.9 
4812 

Ne 2. | N23. Ne 4. 
ETS. 9./ ETS. 9. | ETS. 9. 
7i 4812 

951 

N° 1 
ETS. 9. 








Neo |. 
ETS. 9. 





J 
2610 


126 4 
= —v—T—| 


Ne 4. 
ETS. 9. 


Ne 3. 
ETS. 9. 





Ne 2. 
ETS. 9. 





N° 5. ] N° G6. | Ne 7. 
ETS. 9./ ETS. 9.) ETS, 9. 


TSS Fee TIT Tre 























Pe Eat EN ae aOMeeE, Ta gue 
NUMBER OF ELE 
COMPOSING THE BOILER. PepSirerscmmataicn 


THE NUMBERS IN FRONT OF THE BOILER ARE THE 
NUMBE: RS OF THE FURNACE DOORS. 


(426), 
and yet in spite of the or 
ii 


hesies of those ‘‘ who know,” 
ships fitted with these 


ers set out on voyages to all 


* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, April 22, 1904. 


or 1.9. | and 


parts of the globe, and not only reach their destinations, 
come back again, but are ready to repeat the pro- 


gramme. 

That there is a certain amount of perverseness about 
the Belleville boiler cannot be denied, but it has 
proved over and over again that so long as it is reasonably 
treated it will do its work in return. ; ‘ 

As it has been thought that the experience gained with 
these boilers in H.M.S. Good Hope, and the treatment 
arising out of this experience, might prove of interest to 
the members of the North-East Coast Institution of Engi- 
neers and Shipbuilders, the following remarks have been 
compiled, and are now submitted for their consideration. 

H.M.S. Hope” is a first-class armoured cruiser of 
14,100 tons displacement and 30,000 indicated horse-power, 
which is intended to give the ship a speed of 23 knots. 

Steam is supplied by 43 Belleville boilers, which are 
designed for a pressure of 300 Ib. per square inch, and 
which are fitted with economisers. The boilers are 
arranged in eight groups, as shown in sketch, Fig. 1, 
below, the groups being distinguished by letters, and 
the boilers composing each group by numbers. The com- 
position of the different groups is as follows :— 

Group A consists of two 10-element boilers. 

B consists of two 9-element and four 8-element 
boilers. . 

C consists of three 10-element boilers. 

D consists of two 9-element and six 8-element 
boilers. : 

E consists of four 9-element boilers. 

F consists of eight 9-element boilers. 

G consists of four 9-element boilers. 

» FH consists of eight 9-element boilers. 


Under ordinary conditions a pressure of from 225 Ib. to 
250 lb. of steam was kept in the boilers, giving from 
200 1b. to 225 lb. pressure in the engine-room. _ 

When the ship was first commissioned, the maintenance 
of steam and the details as to cleaning fires were ina large 
measure left to the chief and leading stokers, who received 
their orders from the officers of the watch as to the pres- 


” 
” 





sure to be kept, the thickness of the fires, and the number 
of fires to be cleaned each watch. As the ship is not 








































































































T 20 
Fig. 2. | 
| 
PARTICULARS OF COAL EXPENDITURE AND FIRING (300 
| H.M.S.“GQOD HOPE: 
te < 280 
4 St | INTERVAL OF FIRING 
Se S 2 IN MINUTES 
er | t= | USING 2,3,&4 
S| Se - 260 
v=) ry SHOVELS FULL 
oe |e AT A TIME. 
ge ce 
G 40 
% 40 
s®/2e/s |4 
1 5-17 )16 22-5 |30 | 
25] 6.46/12 18 «(|j24 2.20 
5 7-750 16 i20 
1-75] 9-04/8-8 |12-85/17-6 
2 10-34)7.5 |11-26)15 c acm 
225/11-63/6-6 [10 /13-2 § 
25 | 1292/6 9 |l2 1 ae 
2:75) 14-21/5-45] 8-18)10-9 | dae 
3 |158-54/5 7-5 |10 kK 
S 
3-25/16-83| 4-61 | 6-92] 9.21 / = 
3-5 [18-1 |428} 6-42] 8-56 ay 
375 6 |8 : 
a |e 5-64 7-5 - 
425 /2 1-2 5-29] 7-06 % 
45 |23-26 5 8-6 s 
4-75/|24-55 473) 6-3 420 
5. |25-65 45|6 j yl 
S 
“hoo 
/ 60 
FA 60 
We 40 
aed : 
| 20 
40 70. 80 90 700 710 720 
e268) Scale of Revolutions per Minute. 


fitted with reducing valves (like some of the earlier Belle- 
ville boilered ships), this arrangement proved most un- 
satisfactory. : : 

Most of the men, having just come out of ships fitted 
with cylindrical boilers, treated the Belleville boilers as 
they were accustomed to treat the former. When the 
pressure dropped, everybody fired up, with the result 
that it went up- with a run, as also did the coal consump- 
tion, and this method of stoking was accompanied with 
clouds of smoke. Then the firing would cease, and in a 
short time the pressure would drop as fast as it had pre- 
viously risen, and the same performance would be re- 
pented, with the same unsatisfactory results. 

Again, the men would wait until the pressure was up 
before cleaning fires, when several would be s at 
once, with the natural result of a rapid falling of the pres- 
sure, and then some of the fires would be scamped, and 





the next watch would have more than their proper share 





to clean, and probably the steam would be down all the 
watch., The variation in the steam pressure and the con- 
sequent irregularity of the feed, as well as the quantities 
of smoke made, were at times considerable, owing to the 


been | difficulty of effectually controlling the working of the 


boilers. The irregularity in the steam pressure under 
these conditions is not surprising when one com the 
quantity of water under treatment in the cylindrical and 
Belleville boilers respectively. 

The following particulars offer a ng between a 
cylindrical boiler and two Belleville boilers of similar 
a ag power, as far as the quantity of water dealt 
with in each case is concerned, and the quantity repre- 
sented by 10 in. in the gauge-glass. To make the com- 
parison as fair as possible, the grate areas have been taken 
as nearly equal as possible; and in the case of the cylin- 
drical boiler the water below the. centre of the lower fur- 


naces has not been included. 
PaRTICULARS OF BOILERS, 
Cylindrical Boiler :— 

Diameter 15 ft. 6 in. 
Length ... i ae ans S$; 
Maximum diameter of furnaces 3 ,, 74 in. 
Number of furnaces ... 4 
Grate surface ... i 95.6 sq. ft. 
Diameter of tubes 24 in. 
Length of tubes ; 6 ft. 3 in. 
Number of tu ie phe ne 538 
Water dealt with at working height 390 cwt. 
Water represented by 10 in. in the 

gauge-glass” ... iss a Pre 58 ,, 

Two Belleville Boilers :— 

Diameter of generator tubes 4 in. 
Length of generator tubes ... 7 ft. 64 in. 
Number of elements ... oes 16 
Grate surface ... a ae ... 96.7 sq. ft. 
Water dealt with at working height 46.3 cwt. 
Water sugpengeind by 10 in. in the 

gauge-glass* ... ee -s .. 21.7 owt. 


* The difference between the quantities represented 
by 14 in. and 4 in. in the glass, 


The ratio.of the quantity of water under treatment in 
the Belleville boiler to that in the cylindrical boiler is, 
therefore, as 1 is to 8.42. Asa matter of fact, the differ- 
ence is probably ter, as it has been assumed that the 
water in the Belleville boiler when steaming is ‘‘ solid,” 
as in the cylindrical boiler, which is a very questionable 
assumption. The large volume of water in the cylindrical 
boiler performs a function similar to that of the flywheel 
in the engines, in that it stores up the surplus heat energy 
above that actually required, with a slow rise of pressure, 
and gives it out again when required with a slow fall. 

With a cylindrical boiler a good gauge glass full of 
water can be put into the boiler before cleaning fires, 
and the drop of pressure can be checked by easing down 
the feed and working the water level down; the steam 
pressure when oe also be checked by putting 
more water into the boiler. With the Belleville boiler, 
however, no such liberties can be taken. The ratio of 

uantity of water represented by 10in. in the glass in 
the Belleville boiler to that in the cylindrical boiler is 
DA te einen as 1 is to 2.67. To use an apt expression, 
‘*the lungs of the cylindrical boiler are in the water ; of 
the Belleville boiler in the fire.” : 

The above-mentioned differences will show the necessity 
for more system and regularity in the treatment of the 
Belleville boiler, which is only possible with a thorough 
control of the firing and cleaning. To control the firing 
the first thing necessary is to determine the quantity of 
coal required to_be burnt at the different speeds To do 
this a diagram (Fig. 2) was prepared showing the number 
of skids per hour corresponding to the different revolu- 
tions, which is worked out on the basis of 2.5 lb. per indi- 
cated horse-power per hour. 

The skid used held 2.5 cwt. of coal, which by trial 
was found to average 23 shovels‘ul. This makes the 
shovelful equal to 12.17 lb., or 1 ton equal to 184 shovels- 
ful, and 1 cwt. equal to 9.2 shovelsful. 

As a matter of fact, for the average stoker in H.M.S. 
Good Hope this quantity was rather | and 10 Ib. per 
shovelful, equalling 11.2 shovelsful per hundredweight 
and 224 shovelsful “a ton, is probably nearer the mark. 

At the top of the diagram is a table giving the con- 
sumption in pounds per square foot of grate, and the 
interval of time in minutes between firing the same 
furnace using 2, 3, and 4 shovelsful at atime, correspond- 
ing to the number of skids of coal ag boiler per hour. 
The procedure then was to read off the di m the total 
number of skids of coal corresponding to the revolutions 
ordered, to divide this quantity by the number of boilers 
in use, which gave the number of skids per boiler per 
hour. By consulting the table the officer of the watch 
could then determine the number of shovelsful to be 
tired at a time, and the interval of time between each 
firing of the same furnace. 

The order for firing was given by ringing gongs in the 
stokeholds at the required intervals. Now there are two 
ways of giving the time: (1) by sounding the gong for 
each furnace, and (2) by sounding the gong when a round 
of all the furnaces was to be commenced. The latter way 
was adopted, as it was found simpler to arrange, and was 
— y, applied to groups composed of different numbers 
0 ers. 

The following were the objections to the former :—In 
the first place it involved continual bell-ringing, and con- 
sequently increased the chances of confusion ; secondly, 
it was necessary for the stoker to be continually on the 
alert for a bell to ring for each furnace, and in the event 
of any diversion, such as his attention being taken away 
by, say, a skid, taking charge in the stokehold, &c., ha 
might miss hearing the bell, and, consequently, one of 
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more intervals would be dropped. But the principal 
objection was due to the different composition of the 
various groups. Thus, for instance, suppose the ship 
were steaming with, say, A, C, and D groups. 

The composition of the groups is as follows :— 

A—1 and 2 with 6 furnaces. 

C—1, 2, and 3 with 9 furnaces. 
D—1, 2, 3, and 4 with 12 furnaces. 
D—5, 6, 7, and 8 with 12 furnaces. 

If a furnace was fired up each time the gong was 
sounded, and the rate of combustion of the group 
was x lb. per square foot of grate per hour, then the rate 
of combustion of the A group would be 2 lb. per square 


PARTICULARS OF COAL 


werful enough to be heard above the noise of the stoke- 
Rold, added to which in time they showed signs of fatigue. | 
Instead of these bells, gongs made of 4-ft. lengths of | 
solid-drawn steel boiler tubing were used, which were 
hung up in the stokeholds in use, and were sounded by a | Fig. 
stoker provided with an engine-room clock for keeping | 
the time. Two stokers were told off for firing each group | 
of four boilers; one attended to Nos. 1 and 2, the other | 
to 3and 4. To distinguish them they will be referred to | 
as A and B. 
The furnaces were numbered from left to right, com- | 
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mencing with the left wing furnaces, then the centre 
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foot of grate, and of C group = 2 x = 14a lb. persquare 


foot of grate. 

The matter could be rectified by firing up A group with 
every other ring, and with the C group passing ever 
fourth ring ; or else by firing a furnace each time the bell 
rang till they had all been fired, and then allowing six 
rings to pass with the A group and four with the C 
group. 

Both arrangements introduce complications and make 
an opening for disobeying orders—a proceeding which 
must always be avoided. 

In the first case a man, by having \his attention sud- 
ony taken up with something else, or being by nature 
tired (a disposition not altogether urknown in the Navy), 
—_ skip three or four rings without being found out, 
and when found out might deny that he had done so, or 
plead ignorance. 

The second alternative has this additional disadvantage 
—that firing up all the furnaces, and then pausing, does 
not tend to impress upon the stoker the great principle 
underlying the management of these boilers—namely, 
mgebnty of treatment. a 

he same difficulty as to the composition of the dif- 
ferent groups also arises when only a portion of either 
E, F, G, or H groups is in use, and not all four boilers 
composing the group. 

The timing was at first attempted by means of a clock 
which, at the required intervals, completed the stokehold 
bell circuit. Some difficulties were experienced with this 


ones, and then the right-wing furnaces. The numbers of 
the furnaces are shown in Fig. 1, page 619, in front of 
each furnace. 

The mode of procedure was as follows :—On the gong 
bring sounded, A fired up Nos. 1 and 2 furnaces with the 
number of shovelsful ordered ; then he sang out ‘‘ Three 
and four,” which B fired up. On completing No. 4 fur- 
nace, B sang out ‘‘ Five and six,” which A fired up, and 
so, passing the word from one to the other, A and B com- 
pleted one round of firing of all the furnaces in the group 
of boilers. “A would then wait till the gong sounded | 
again, when another round of firing was commenced, and 
carried through in the same manner. ; 

In order to ensure the utmost larity it was im- | | 

ressed upon the men that the interval between successive 

urnaces should be as 1 as possible—i.e., the interval 
between Nos. 11 and 12 equal to that between 12 and 1, 
or 1 and 2, &c. 

_The firmg and consequent steam pressure were en- 
tirely controlled by the officers of the watch, who 
obtained the partic of the firing in the first instance 
from the diagram, and then varied the interval of time 
between each round of firing to suit the steam pressure. 


The most convenient pressure-gauge for the adjustment | 
of the interval was found in this case to be the gauge of | 
the auxiliary steam service, which, being less liable to | 
sudden fluctuations of pressure than the others, gave 
more aneeoninenety the mean pressure of all the boilers 
om nO. : 4 
indicated horse-power per hour), the interval of time 














stretch of time, but was increased and 


clock, which in time were overcome, but the bells proved | to be lengthened out'as the pressure went up, but the 
unequal to the task. Inthe first place, they were not | error was on the right side. As a matter of fact, the 
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Per I.H.P. 
per Hour. = Skids. 


time to time by half a minute or more, resulting in a very 
Coal for main engines at 2 lb, = 53 + 8 = 61. 


easy fall or rise of pressure. 

In this way the worry about the steam pressure was 
taken off the chief and leading stokers, except 4 
so far as working the draught-plates was con- 
cerned, which, een, ‘ew once the aig PLAN CF UPPER AND LOWER BUNKERS 
opening to suit the rate of combustion eee 
Hes ratte | required but little alteration. The Fig.5. | REN SARA GTE NE TORE 

rincipal items to which these two stokers 
ad to attend to were :— 











































































1. That the proper number of shovelsful 4 
were fired at a time. : i 5 
2. That the furnaces were fired in succes- oz!) 
sion as numbered. 22 ry 
3. That each round was commenced when =). Fs 
the gong was sounded, and completed before it | NS o 
was sounded again. uz 181 i * 
4. That the interval between the rounds e | z 
was equally divided up between the furnaces. : 
5. That the fires were kept level and the Q 3 
grate uniformly covered. +3 4 
The diagram (Fig. 2, page 619) was after a - 5 
time discarded, as, although fairly correct at FI 
low —_ it was in excess of the coal re- 0 a ~ 
quired at the higher speeds. This was due Sie : ci ly 22 
to the addition of the coal used for auxiliary Ful |e Sle or 
purposes, which at low powers is a consider- x = Ha 
able fraction of the total quantity, this frac- o92| [ZEl|Ere a2rons || o/3/2 no 
tion becoming smaller as the power increases, a2] {Ps wz 8 3035 
and consequently the consumption in pounds ora) {go . Fleja Sr 
r indicated horse-power per hour becomes é x 
fons at the same time. This led to the dia- oe! jw olZ|e& w 
gram (Fig. 3, page 620). bzw of 82 \5 | bz 
On this diagram the coal for the main en- ary & "FS \la oF 
gines is plotted out at 1.5, 1.6, 1.7, 1.8, 1.9, and > 4</9 
2 lb, per indicated horse-power per hour. The 02 08 of 3 2 
auxiliary coal, amounting to 1 ton, or 8 skids 25 26 no as 
per hour, was added to the coal for the main - + ele} OP, 
engines, — i _ pene coal sen bn a ‘5 Hi-4 42 TONS 3 - 
poses. ny itional machinery above the o a 
auxiliary machinery generally in use had also +4 6 Hse 48 TONS }/-2 3 no 
to be added, such as —- hydraulic - | \ z Ls 
pumps, extra evaporators, &c. 
The coal for auxiliary purposes and addi- 02 re} 
tional engines is given at the top of the dia- 36 : s o6 
ram, and has been obtained by actual trial. r ° 3 _ 
nfortunately, by October last the only ws ° ° 
reliable trial results available were those of 22 oe 
the auxiliary coal under ordinary conditions, Ft wl ul yo 
and a dynamo at full load. The total coal = z - 
thus found was divided by the number of e : . x 
boilers in use as before, and the particulars ee He] i ez 
of firing to suit obtained from the firing-table. oe #2 
In addition were given speed and revolution 
curves to enable the coal to be determined o \ rR 2 
with either the speed, power, or revolutions $2 3 
given. | 














Thus given thes , by following the speed- 
i THE FIGURES ON THE GROUPS OF BOILERS ARE THE 


line across to where it cuts the revolution 
CONSUMPTION IN. TONS PER DAY AT A RATE OF 
COMBUSTION EQUAL TO 18 LBS. PER SQ.FT. OF GRATE, 
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(6264.F) 
LBS. PER 1.H.P. POR HOUR 


Coal for main engines at 1.8 Ib. = 48 + 8 = 56. 


‘curve, and then down along the revolution line, the re- 
1.6 lb, = 43 + 8 = 51. 


volutions could be read off the revolution-scale, and up 
again along that line to the coal curves, the coal could 
be read off the right-hand scale thus :— 

(1) Given speed = 16.5 knots. 


Revolutions = 79 per minute. and down the revolutions coul 





Given the power, by following up the power line to the | of the numbers of skids per hour to I C 
speed curve ; along the speed line tothe left the speed | number of skids the corresponding revolutions per minute. 
could be read off; along to the right to the revolution line | On the slide are, to the same scale, the logarithms of the 

be read; up along the| numbers of boilers in use, from 8 up to 43. On the right- 


| line again to the coal curves, and along to the right, the 
coal cold be read thus :— 
(2) Given power = 6500 indicated horse-power. 
Speed = 15.7 knots, 
Revolutions = 75.5 od minute. 
er I.H.P. 
: . per Hour. Skids. 
Coal for main engines at 2lb.= 46 +8=54 
2 1.8 Ib. = 41.5 + 8 = 49.5 
“s ms 1.6lb.=37 +8=45 


The next step was to do away with the dividing, for 
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which purpose the slide-rule, illustrated in Fig. 4 (page 620) 
was made. On the left hand of the slide are the logarithms 
scale, and alongside thé 
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hand side are the logarithms of the number of skids per 
boiler per hour, with the rate of combustion in pounds per 
square foot of te, and the corresponding intervals of 
firing, using 2, 3, 4, 5, and 6 shovelsful at a time. 

This rule, which was only intended for rapidly deter- 
mining the particulars of firing, was made out on the 
basis of 2.3 1b. per indicated horse-power per hour for all 
purposes, and consequently shared the same defect with 
po oy 1, page 619, with this difference, that the 
coal was underestimated at the lower powers, whereas at 
from 12 to 16 knots it was fairly correct. To rectify this, 
the left-hand column should be the logarithms of coal for 
main engines at 2 1b. per indicated horse-power + 8 skids. 
For convenience, the zero on the slide was made to corres- 
pond with the mark ‘‘8.” 

To use the rule, the slide was moved down till the mark 
corresponding to the number of boilers in use was in line 
with the mark of the revolutions ordered, when the mark 
‘*8,” or zero, corresponded with the mark of the skids per 
boiler per hour, pounds per square foot of grate, and firing 
intervals. The particulars of the firing could by this 
means be obtained at once without reference to any 
diagram. 

At steam tactics, when the speed might vary from, say, 
8 to 16 knots, the following scheme of controlling the 
firing was found convenient :—The interval of time was 
not altered, only the number of shovelsful to suit the 
revolutions. Use was made of the stokehold telegraph to 
indicate the numbers of shovelsful to be used. 

On the stokehold telegraph were six divisions, marked 
**voice-pipe,” ‘‘full-speed,” ‘“‘half-speed.” ‘‘slow,”‘‘ stop,” 
the sixth being a blank. The second, third, fourth, and 
fifth divisions were used, with the following interpreta- 
tions :— 

** Full-speed.”—Fire up 6 shovelsful, and then drop 
down to 5, when the steam has been got hold of. 

* Half-s .”—Fire up four shovelsful. 

‘“* Slow.” —Fire up three shovelsful. 

The blank space.—Fire up two shovelsful. 

With the telegraph at ‘“‘stop,” the fires were sprinkled 
as required to keep the bars covered, when the gong was 
sounded, 

As at steam tactics the safety of the ship may be en- 
dangered by a failure to carry out the orders pepe it 
was left to the discretion of the chief stoker to add an 
extra shovelful or two if the steam commenced to drop 
until they had got hold of it again. In the engine-room 
the procedure was as follows:—Say the maximum speed 
ordered was 16 knots, the number of boilers in use being 
16. By the slide-rule the firing for 80 revolutions came to 
five shovelsful every 9.78 minutes (say 9? minutes). 

Firing four, three, and two shovelsful at the same 
interval, the corresponding revolutions came to 74, 66, 
and 56 per minute. Then, for 80 revolutions, the tele- 
graph was put at “‘full speed”; for 66 to 74 revolutions 
at ‘* half _— ”: for 56 to 66 revolutions at ‘‘slow”; and 
for 45 to 56 revolutions the blank s If the revolu- 
tions ordered were, say, 60, for which three shovelsful 
was too much, and two not sufficient, the stokehold tele- 
graph would show three shovelsful, with the result that 
the steam would go up. It was in these cases left to the 
discretion of the chief stoker to have a round or two of 
two shovelsful, and then carry on with the three again. 


Creanine Fires. 

During the early part of the commission the fires were 
thoroughly cleaned by burning them down, shutting off 
the boiler, removing all the dirt and clinker, re-lighting 
the fires, and connecting up the boiler when ready. This, 
however, was found unsatisfactory on account of the time 
wasted, so, instead of shutting off the boiler and cleanin; 
the furnaces right out, the boilers were kept connected, 
and only one furnace cleaned at a time. 

On the face of it this arrangement looks simple enough, 
as all the left-hand furnaces could be cleaned in one 
watch, the centre ones in the next, and the right wing in 
the third. The objections were, especially when steaming 
with a large number of boilers, that a petty officer might 
easily by mistake clean the wrong fires in a group, and so 
upset the order of cleaning. It was also found that the 
burning down and cleaning was too slow a process, often 
considerably affecting the steam-pressure, added to which, 
unless seen to, the bars immediately in front of the doors 
alone were cleaned, the spaces between being left un- 
touched, Eventually this arrangement was given up, and 
the old one of dealing with all the furnaces of a boiler at 
a time adopted again, with this difference, that instead of 
burning down and cleaning, the fires were kept going all 
the time, and clinkered instead. By this means the fires 
could be kept as clean as was required for efficiency as 
long as the coal lasted ; or, in other words, before the fn 
got so dirty as to require thoroughly cleaning, the coal 
round about the group was as low as it was considered 
advisable to work it to. 

In the event of a single group only being lighted up in a 
boiler-room, and, consequently, there being plenty of coal 
to use, it was found cheaper in the long run to let the 
group out after about four days’ steaming, and lighting up 
another group. The group could then be thoroughly 
cleaned, and got ready for lighting up again. 

The question of coal supply and the selection of the 
boilers for steaming will be dealt with later. 

Owing to limited space, the number of men that could 
be worked in a stokehold was also limited, and in order to 
get the clinkering done expeditiously, it was found ad- 
visable to institute a regular routine for clinkering. 

Each group of four boilers was manned by a party of 
four stokers under a — officer. — wh. 

For convenience, the stokers will be distinguished by 


the letters A, B,C,andD. ; 
A and B have been dealt with as far as the firing is 

concerned. The duties of C and D were to get out coal, 

assist with the clinkering, and draw and send up ashes, 





It was left to the petty officer to tell off the hands so as to 
ng in the changes at the fires, and the getting out of 
coa 

When one of A’s boilers had to be clinkered, the 
clinkering was done by A, assisted by either C or D, 
while B fired up ali the furnaces in their proper order, 
except the one actually being dealt with by A. 

Before commencing a boiler, the leading stoker would 
see that there was caliclens coal alongside the boiler for 
firing up after the clinker had been drawn, as well as for 
the remaining three boilers. A commenced with the left- 
hand furnace by ansing the good fire back and to the 
right, loosening the clinker with the slice, and pulling it 
out with the devil. After all the clinker had been re- 
moved, the fire was drawn back and spread over the bars, 
and C (or D), who had been holding the shovel - before 
the furnace to keep the heat off A, fired up until the grate 
was properly covered. He would then clear away the 
clinker from in front of the furnace, and move the remain- 
ing coal along, all ready for firing up the next furnace 
after the clinker had been drawn from it, and the fire 
re-spread over the bars, This gave A aspell before starting 
the centre furnace, which was dealt with in a similar 
manner, as also the right-hand furnace. By having the 
men told off in this way the clinkering took very little 
time, as each man knew exactly what he had to do. 

The result proved quite as as when the fires were 
burnt down and thoroughly cleaned out, and it was less 
expensive. 

he next thing to be considered was the interval be- 
tween clinkering a boiler. At the start the interval 
chosen was every eight hours, which on a passage worked 
all right, as the rate of combustion was from 14 lb. to 
17 lb. per square foot of grate; but when manceuvring 
with a squadron at a low speed, with a few knots in hand, 
the interval was found too short and led to waste, so it 
was lengthened out to twelve hours. 

This arbitrary way of determining the interval between 
the clinkering was not considered satisfactory, and the 
matter was goneinto, resulting in the following formula :— 


-*x where N = the number of boilers to be clin- 


kered each watch. 
Y = the rate of ee in pounds 
per square foot of grate. 
» mathe wed of boilers in use. 
This is based on the assumption that at a rate of 15 lb. 
per square foot of grate per hour the fires require clinker- 
ing every eight hours, and that the interval should vary 
inversely as the rate of combustion. 
The proof of the formula is :— 


The interval between clinkering = 78 hours. 


The number of fires to be clinkered a day = 
24 od 


ib, \* OX 
(78 ) 


The number of fires to be clinkered each watch = 


YX_YVy 
6 30 
6 © 


Having determined the number of fires to be clinkered 
in each four-hour watch, a rough sketch was made of the 
boilers on a slate, and the boilers were numbered from 
left to right, commencing forward. First the odd num- 


bers of boilers were taken, amounting to ¥ ; but should 


there not be sufficient odd numbers, the difference was 
ccs with the even numbers, commencing with the 
owest. 

The following is an illustration of the procedure :— 
Given the ship steaming with B 4-6, D 1-8, and E 1-4. 
Rate of combustion, 18 Ib. per square foot of grate per 


hour, then N = 36 x 15 = 9, the number of boilers to be 








clinkered each watch. 
SketcH or Borers. 
B4. B5. B6. 
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petiae = oe ny 
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} j 
EL. E2, EX E4, 
Orders to Chief Stoker. 1st Watch. 
1st hour clinker .. ae Bé4 and B6 
2nd ” D2, D4, and D6 
8rd pe D8 and E2 
4th ” E4 and BS 





_ The interval of clinkering is seven hours, with an occa- 
sional six-hour interval. As the equation for clinkering 
involves multiplication and division, it might also 
a the slide-rule, and so the process be further | 
sim 

Of course, as in the case of the firing, this was not in- | 
tended to be a hard-and-fast rule, and just as the officer 


Letters and Numbers of Boilers to be Clinkered during the 
Different Hours of the Watch. 





Hours of the Watch. 





8rd Hour. 


1st Hour. | 2nd Hour. 4th Hour. 
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| 
of the watch altered the firing interval to suit the steam, 
so the senior engineer-lieutenant altered the constant of 
the clinkering emu to suit the quality of the coal. 
As guides both these rules were very useful, but espe- 
cially when steaming with 2 or 3 knots in hand, and alter- 
ing revolutions from time to time. 


. Coat Suppty.! 

Reference was made, when dealing with the clinkering, 
to the coal supply, and the effect of the distribution of the 
coal on the working of the boilers. ; 

From the sketch of the bunkers (Fig. 5, page 621) it 
will be seen that the following quantities of coal are 
available for the different boiler-rooms :— 


No. ee ... 457.5 tons + 76 mga oa tons 
5, i gsi Sat lias Rare Seat a* 55 
ee | a SAS oa 3 897.1 ,, 

As a group of boilers without any coal alongside it is of 
no use for driving the ship, the problem was to so work 
the boilers on a ge as to leave coal enough alongside 
each group to allow of steaming at full speed if required. 
When possible, one day’s steaming was left alongside 
each group. 

Working on this basis, the table below gives the amount 
of coal left in each boiler-room, the quantities available 
for making the passage, and the number of days’ steaming 
thus allowed for each room :— 


BS a 
vas a 4 = Di 8,10 ={ pz 2,14 ={ 








| 
Tons of Coal | Tons of Coal | Number of 

~ ‘or One y’s| Available for | Vy! 

|for One Day’s) Available f | Da 








8 

| Steaming. | Passage. Steaming. 
Pe es 81.5 =| 452 | 5.54 
No.2... = si 112 487 | 4.35 
No. 3 ., : ae 126 461.5 3.66 
RX ee ee. 6.12 


The greatest quantity of coal was in No. 4 room, which, 
¥ «Naan was worked most. The next room is 

o. 1. 

From the table it will be seen that, except No. 4 room, 
four days was about the limit a room could be steamed, 
and for this period clinkering was found quite sufficient 
to meet all requirements. 

In the appendix will be found the method adopted in 
constructing the diagrams, Figs. 2 and 3, as also copies of 
the orders issued referring to the firing and clinkering of 


boilers. 

Although there is nothing “= scientific about this 
paper, it is hoped the matter will prove of interest to 
the members of the Institution, —— as it goes to 
nape that even the much maligned Belleville boiler may 

y suitable treatment be not only tamed, but made as 
tractable, economical, and orderly as any of her more 
distant relatives. ’ 

In conclusion the writer desires to acknowledge his 
indebtedness to Mr. J. C. Henderson, of Wallsend-upon- 
Tyne, for his assistance in the compiling of this paper ; 
also to thank my Lords Commissioners of the Admiralty 
for their kind permission granted to him to read this 
paper before the Institution. 





APPENDIX I. 
ConstrucTION oF Dracram (Fig. 3, page 620). 
(See Fig. 6, page 621.) 


Given A and revolution curves. = 
Draw K L parallel to base line and divide into 25 equal 


rts. 
PeThrough M, the 20th part, draw the perpendicular 


From P set off PB equal (to scale) to the skids of coal 


r hour. 


For 10,000 I.H.-P. at 2 Ib. per I.H.-P. per hour. 

PB=10,000 ix28* =71.42 skids per hour (*2.5 cwt. 
per skid). 

Through B draw H BCO, and Ctage. * TAC, cut- 
ting HBC OatC; thenQC:PB::1: Tix28 (to scale) 


or ~ pal : skids of coal per hour at 2 1b. per I.H.-P. 
per hoar. ¥ 
Through S draw S U perpendicular to base line ; then 


2.5 
: ss : : mee Tate at =O seal 
eee i a5 e) 
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ae 
or as I.H.-P.: skids per hour at 2.5 lb. per I.H.-P. per 
hour. ; : : 

similarly, the intersections of H B C O with the perpen- 
dioulars Geoegh 1.5, 1.6, 1.7, &., are to QC :: I.H.-P. 
the skids per hour at 1.5, 1.6, 1.7, &., 1b. per LH.-P. 

r hour. But the coal is uired at given revolutions, 
ok as, say, 95. Through draw the horizontal line 
D V, cutting the revolution curve at D, through D the 
vertical line D E, cutting the ad curve at E, and 
‘through E the horizontal line EF, cutting Q R at F. 
Through O and F draw OF GI. Then the intersections 


tical lines through 1.5, 1.6, 1.7, 1.8.... . and 
riety, F GIare equal (to scale) to the skids per hour 
for 95 revolutions at 1.5, 1.6, 1.7, 1.8... . and 2. lb. per 


J.H.-P. per hour. 


APPENDIX II. 
ConsTRUCFION OF SLIDE-Rute. (See Fig. 7, page 621.) 

Scale = log. of numbers x 20 in inches. 

Thus coal at 40 revolutions for main engines at 2 1b. per 
indicated horse-power per hour = 13 skids: total coal + 
auxiliary = 21 skids. 

Log. 21 = 1.3222193, scale = 26.444386”. : 

Coal at 120 revolutions for main engines = 213 skids. 

Total coal at 120 revolutions = 221 

Log. 221 = 2.3443922, scale = 46.807846”. 


Slide— 


Log. 8 = .9030900 scale = 18.0618” 

Log. 43 = 1.63345 »» = 33,669" 
Firing table— 

Log.1.1= .004139 ~~ =. ..On7” 

Log. 7 = .845098 » 28° 16.901° 


Scale for clinkering fires :— 
Log. 4= .6020600 a 12,0412” 
Log. 38 = 1.57975 3 31.595” 


Position of Scales :— 
At 40 revolutions total coal=21 skids. 


Skids per boiler per hour using 8 boilers = ats log. 
21 —log. 8 

1,3222193 

-9030900 


“(3191293 = 2.085 skids per hour. 


Distance of 2.085 from the top of right-hand scale 
=.3191293 x 20 in. = 6.382586”; but 1.1 skids = .827” 
from top of scale .*. with the division 8 on the division 
for 40 revolutions, the zero must be 6.382586" — .827” = 
5.555586” from the 1.1 division, and as that division is 
.6173 above the 40 revolutions division, the zero must 
5.555586” —.6173” = 4.93826” from the division 8 on the 
slide, 

Clinkering Scale :— 

At 40 revolutions with eight boilers the numbers of 

boilers to clinker in each watch is 
21 x 2.5 x 112 21 x 2.5 x 112 


~ BB72x8 x8= 53.72 x 30 


(log. 21 + log. 2.5 + log. 112) — (log. 53.72 + log. 30). 


1.3222193 1.4771213 
3979400. 1.7301360 
2.0492180 3.2072573 
3.7693773 
3.2072573 
-5621200 = 3.649 Toscale = 11.2424” 
Log. 4 = .6020600 To scale = 12.0412” 


.°. the division for four fires per watch must be 
12.0412”— 11.2424 = .7988” below the mark for 40 
revolutions. 


INSTRUCTIONS TO THE OFFICERS OF THE WATCH WITH 
REGARD TO Stokine, &c., H.M.S. ‘“‘Goop Hope.” 


When revolutions are ordered, look up on diagram the 
number of skids of coal per hour corresponding to the 
revolutions ordered. Divide the quantity by the number 
of boilers in use, which gives the number of skids per 
hoiler per hour. 

The table on = pee gives the interval of firing, using 
2, 3, and 4 shovelsful at a time for consumptions varying 
from 1 to 6 skids per boiler per hour. Order the most 
convenient interval of firing, using 2, 3, or 4 shovelsful 
at a time pee mn to this interval. When the 
revolutions are inc , it is necessary to increase the 
number of shovelsful, and reduce the interval of time 
beyond those actually required for the revolutions ordered, 
and gradually come down to those corresponding to the 
revolutions ordered. If, when steaming at a uniform 
speed, the steam pressure continues to rise, it is prefer- 
able to increase the interval of time to decreasing the 
number of shovelsful at a time, and vice versd when the 
steam pressure falls. The most suitable interval of time 
Jies between 5 and 10 minutes. 


DisTRIBUTION or STOKEHOLD Hanns on WatTcu. 
The distribution of work among the stokehold watch 


keepers is to be as follows :—Two stokers firing four 
ilers, one firing 1 and 2, the other 3 and 4; two stokers 
Getting = — . a of — is to assist men at fires 
Shicing, clinkering, and sending up ashes, The 
stokehold plates are to be kept swept up. " 


ms When steaming at ordinary rates—i.e., consuming 





about 18 Ib. of coal per square foot of grate per hour— 
each fire is to be thoroughly clinkered once every eight 
hours—the odd numbers in one watch, and the even 


P. : | numbers in the next. 


While clinkering is in progress, the stokers attending 
to the firing of the other two boilers will fire all the fur- 
naces in their proper order, except the one which is bei’ 
clinkered. The stoker ——e to the boiler in whic 
the fire is being clinkered will do the clinkering, assis 
by one of the two stokers told off for getting out coal. 


INSTRUCTIONS FOR CLINKERING F'IrREs. 


The number of fires to be clinkered during each four- 
_— watch is to be determined by the following for- 
mula :— 


N => where N = number of boilers to be clinkered 


each watch. 

X = number of boilers in use. 

Y = rate of combustion in pounds per 
square foot of grate per hour. 


When N includes a fraction, the fraction is to be neg- 
lected when less than 0.5; and when 0.5 or more, the next 
highest number is to be taken. 

his formula is based on the assumption that when 
burning coal at the rate of 15 1b. per square foot of grate 
per hour the fires should be clinkered every 8 hours. 
Should the coal form clinker at a greater rate than usual, 
the number N given by the formula would be increased. 
The number of fires clinkered in a watch is to be spread 
equally over the whole watch as far as — to ensure 
as uniform a rate of combustion as possible. 

A slate will be kept in the engine-room, which is to be 
made out at the commencement of each watch for the 
information of the chief stoker of the watch, showing the 
distinguishing letters and numbers of the boilers to be 
clinkered each hour. 

When the number of fires to be clinkered each watch 
has been determined, proceed to number the boilers, 
commencing from the forward (videsketch), 

The first watch will commence veceggnsrn Bos the odd 
numbered boilers, and then the even numbered (should 


the odd numbers not prove sufficient) until X = boilers 
have been clinkered. The next watch will carry on 
where the former left off, and complete the number of 


boilers with odd numbers, and so on. 
Jllustrations.—Steaming with C, D, and E at 18 lb. 
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INTERNAL-COMBUSTION MOTORS.* 
By Dueatp Currx, M. Inst. C.E. 

Durine the past 25 years engineers have applied 
internal-combustion motors to all manner of uses in powers 
ranging from the tiny half horse-power motor to the 
huge 2000 horse-power engine. They have adapted the 
motors to the consumption of many different kinds of in- 
flammable gases and vapours, and they have continuall 
increased both mechanical and thermal efficiency uatil, 
at the present time, these motors es with steam in 
almost every field. For small and moderate powers their 
advantages greatly outweigh those of steam; and, ac- 
cordingly, we find that here they have displaced steam 
and revolutionised the application of power in towns for 
the industries requiring only moderate forces. At first 
these motors were practically limited to the use of town 
gas ; and, although the heat efficiency was much superior 
to that of steam, yg the gas fuel was more expensive per 
heat-unit than the cheaper coals which could be used 
under steam boilers. This led to the Ps ewan of pro- 
eo, Mr. Dowson, which extended the gas-engine 
field by ucing the cost per heat-unit to less than half 
that of coal-gas. Later, the heavy hydro-carbons were 
pressed into the service in the form of paraffin and 
petroleum oils, and this widened the field to include 





* The ‘‘ James Forrest” lecture, 1904, delivered at the 





* Cancelled by later instructions, 


Institution of Civil Engineers, Thursday, April 21, 1904. 
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icultural motors and motors required in positions 
where no town gas or producer-gas-was available. In 
this field engineers are indebted to the labours princi- 
pally of Messrs. Priestman and Messrs, Hornsby. 

Light hydrocarbons had been early u in these 
motors; but it required the advent of the motor-car, 
with the beautiful small high-speed engines originated by 
Daimler, to make petrol consumption a matter of com- 


ted | mercial importance. The production of these petrol 


engines is now conducted in all countries on a very 
scale indeed ; and the desire to utilise local inflammable 
material has led to the use of alcohol in similar small 
motors specially arra forthatfuel. = 

The demonstration, by Mr. B, H. Thwaite in 1895, that 
the so-called waste gases from blast-furnaces could be used 
in gas-engines has led to the introduction of the very large 
gas-motors now becoming common both on the Continent 
and in this country. é ‘ 

Other gases are utilised for these motors: in America 
natural gas, wood gas; and in Britain and the Continent 
water-gas and coke-oven In making these numerous 
applications the engineer has met all manner of difficulties 
—mechanical, physical, and chemical; and, with the 
assistance of such scientific knowledge as existed, he has 
overcome many, and skilfully evaded others. 

Much has been done, but more still remains to be done 
before finality can be said to be even approximately 
err il ht rather to point out wha’ 

tis my privilege to-night rather to point out what re- 
mains to be done than to describe what has already been 
done. Nevertheless, it is desirable to say something as to 
what has been done in order to appreciate from the past 
history the probable line of future progress. In the past 
the work of the physicist, the chemist, the engineer- 
physicist, and the engineer, has been fully called 4 to 
enable the existing position to be attained. Much know- 
ledge is now available on multifarious points in con- 
nection -with the motors, and they are undoubtedly 
better understood to-day than at any previous time. 
Many old fallacies have disappeared, although, unfortu- 
nately, some new ones have taken their place. Much 
difference of opinion still exists on physical and chemical 
points of the highest abstract scientific interest ; but all 
are agreed, so far as tice is concerned, on certain main 
features. These leading features are: initial compression 
of the working fluid ; exposure of the flame to the smallest 
area of cooling surface for the shortest time; and the 
use of the lowest flame temperatures consistent with 
high available pressures. In many cases motors de- 
viate somewhat from these understood requirements ; 
generally not from ignorance on the part of the de- 
——_ but from some stern practical necessity. Some 
of these matters, both practical and scientific, will be 
here discussed. 

Development has followed two main lines. First, im- 
provements relating to the motor itself, including changes 
in the thermodynamic cycle, followed in the treatment of 
the working fluid and the inflammable gas within the 
motor by the modification of such details as admission 
valves, igniting devices, governing devices, and water and 
air-cooling devices. Starting-gear has also been carefully 
studied, and, both from the thermodynamic and the 
mechanical point of view, it may be safely said that these 
motors have attained a great measure of perfection. 
Secondly, llel with the improvements relating to the 
motor itself have proceeded those relating to means of 
generating the inflammable, gaseous, or vapour fuel in- 
tended to operate the motor. These improvements have 
related to the economical production of ordinary coal-gas, 
to the effective production of producer-gas from anthracite, 
bituminous non-caking coal, coke, and other solid fue’ 
to the treatment of heavy and light hydrocarbons an 
alcohol to produce an effective inflammable vapour, and 
to the purification and collection of blast-furnace gas, 
coke-oven gas, and natural gas. 

With regard to mechanical improvements, four well- 
marked divisions may be considered:—(1) Motors for 
town ; (2) motors for heavy oil ; (3) motors for light 
oil and alcohol; and (4) motors for producer and blast- 


furnace gas. ae i 

To illustrate these four divisions the diagrams* shown 
have been prepared. 

Fig. 1 is an — of an engine of standard for 
town gas, giving about 60 horse-power, as made by the 
National Gas-Engine Company, Limited. 

Fig. 2 is a sectional plan of a Hornsby heavy-oil engine. 

Fig. 3 is a section of a Daimler engine of 60 horse- 
power, made by the Daimler Company at Cannstadt, as 
used in the Mercedes car which won the Gordon-Bennett 
race last year. 

Fig. 4 shows drawings of a 22-horse-power Daimler 
motor, which was used in one of the successful competing 
cars at the Automobile Club trials of last year. 

These engines—the Mercedes and Daimler—operate 
with petrol. A 

Fig. 5 shows the most recent form of Crossley engine 
for Bsn and blast-furnace gases. This is an engine 
“ 7 — seaamdaidan 

ig. 6 is the latest ‘‘ Nati ine, intended to 
indicate 300 horse-power in one hinder, to be used for 
operation with producer or blast-furnace gas. 

Fig. 7 shows in section a 250-horse-power engine of the 
well-known ‘‘ Premier” type, also for producer or blast- 
furnace gas. : 

Fig. 8 shows a 600-horse-power Crossley engine of a 
somewhat different type. 

The — of dimensions such as 60 horse-power are 
built without water-cooling applied either to piston or 
exhaust valve, As will be observed from the large 





* So many of these diagrams have been published in 
ENGINEERING from time to time that it is not n 





to reproduce them now, ; 
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TABLE I.—HEAT BALANCE-SHEET FROM 1882 TO 1900, WITH OTHER PARTICULARS OF ENGINES. 






































| } 
| | | HEAT PROPORTIONS. Heatin 
6 E .H.- eating 
Name of | SSS bar eng of rg na |Compres-| Expan- | i [Standard | l : * s Hye Benet 
Experimenter | ‘| Engine. i ee ee Rejected in Water | Rejected | ); + ; 
| | LH.-P. Circulation. ia Schaust. Difference Values. |Total.' Taken, 
Dia. Stroke | 
in. in. | | | 
| 1 } 
Slaby.. ..| 1882 6.75 x 13.7 160 pyi Pv1s7 | cr 0.33 0.16 0.51 0.31 0.02 radiation — ‘1.00 0.48 Lower Deutz 
eel | | 0.155 | 
Thurston ..| 1884 85 x 14.0 160 it 0.88 - | - 0.17 0.52 0.155 conduction and’ ;/ 1.00 | © 0.515 ” | Crossley 
2.66 radiation eye 
: . 1 | = 
arenas } 1sss_ | 9.5 x 18.0 160 PV | pyi@s) 0.39 | 0.221 0.432 0.355 *° -|1.008| 0,565 us | ” 
| | ‘ 0.039 | 
Serta trials }| 2888 | 9.02 x 14.0 200 Pviw | py = 1 | ag7 | 0.211 0.352 | sos |! tor, iediading 1.00 | 0.575 " i{ Griffin, 
Arts trials Bz | | rejectedin blank |) |  6-eycle 
| | | air charge aad | 
1 ss ; Beck 
. ” 71. i—— | . | c 
Kennedy ..| 1888 7.5 x 15.0 210 i P V1.298 3 | 086 | 0200 | | 0.585 ” | Coenen) 
1 j | | j | 
Capper ..| 1892 8.5 x 18.0 160 P VL332) pyis74!| -— | 0.39 0 228 0 389 0405 1/1022) 0.58 » | Crossley 
ppe eee y 
1 7, 
Robinson ..| 1898 | 10.9 x 180 | 170 7 0.48 | 0,287 0.33 0.383 | 1.00 | 060 | 4 | National 
{26.0 x 26.0 150 = ey a ss ee. SW | | eo 
Humphrey .. it | 2 cylinders {é } v6 oe Ak pag | 7 0.47 | 0.278 “tpubaiee 0.48 | 1.00 | 0,59 | Higher | Crossley 
Witz .. —..| 1900 | 51.2 x 55.13 95 eee eee | | 0.55 | 0.28 0.52 0.20 ‘ | 1.00 | O5t | Cockerill 


pet | F. 


Crossley and ‘‘ Premier” engines, both pistonsand exhaust 
valves are carefully water-cooled. 

These illustrations show clearly the extreme diversit 
of construction utilised in these engines. The fix 
engines of moderate power, such as Figs. 1 and 2, may 
almost be considered as having reached a standard type, 
although small modifications still continue to be made. 
In engines using town built in Britain, ignition is 
usually accomplished by incandescent tube, and governing 
by the method known as “ hit and miss,” while on the 
Continent engines of similar dimensions usually fire with 
the electric spark, and often govern by throttling, or a 
modification of the throttling method. Starting-gear is 
now used for all these engines. The stand eavy- 
oil motor of to-day may be considered of the Hornsby 
type, shown in Fig. 2; and here vaporisation of the heav 
oil is effected by injection into a hot chamber in suc 
manner that no great mixing takes place during the 
suction stroke. On the compression stroke the air taken 
into the cylinder is forced into the combustion chamber 
and it there mixes with the inflammable vapour diffused 
through the exhaust gases. The heat of the chamber, 
which is only partly water-jacketed, is sufficient, when 
taken together with the heat of compression, to cause 
ignition, so that this type of engine requires no external 
igniter once it is started. Governing in these engines 
is effected by reducing the oil charge ; and, as mixing is 
imperfect, this can be done down to very light loads. 

he car motors are very commonly made of the inverted 
vertical type, as shown in Figs. 3 and 4, and they run at 
speeds of from 600 revolutions up to and even over 1200 
revolutions per minute. In these engines the cylinder 
and combustion spaces are well water-jacketed, and now 
both inlet and exhaust valves are usually positively 
operated. Ignition is effected electrically, sometimes by 
a magneto machine and sometimes by accumulator and 
induction coil and jump spark. Many varied types of 
nF however, are now used for motor-car purposes, 
and it cannot yet be said that the motor-car engine has 
attained fixity of type, although for the present the 
inverted vertical engine is in the ascendant. Consider- 
able variations in the construction of motor-car engines 
may be expected within the next few years. 

The large gas-engines, too, are still in a state of rapid 
flux as to cycle of operation and details used in carryin 
out the cycle. It is only necessary to look at Figs. 5, é 
7, and 8 to see how widely experienced makers vary in 
their ideas of what is required in large engines. Figs. 9 
to 20 show examples of other engines, mostly Continental, 
applied to large powers, These engines are: the great 

ockerill engine, which is the largest in dimensions of 
any yet built with a single cylinder; the latest Deutz 
engine, —y 2 cylinder, double-acting, of 250 horse-power ; 
the large Koerting engine of Clerk cycle up to 1800 
horse-power; and the helhauser engine of 
modified two-cycle, somewhat on Clerk lines, of 500 
horse-power. 

Photographs also are shown of examples of many of 


these engines. These drawings are all from engines of 


the latest types by the various makers, to whom I desire 
to express my thanks for so freely placing all these details 
at my disposal in order to bring before the Institution 
i of the most recent work in these motors. It 
would be fascinating to describe the various details and 
applications, but time forbids; These examples sufti- 
ciently prove to you, if proof be needed, the wide range 
now covered in this subject. It is only necessary to say 
a few words as to these mechanical details. In all in- 
ternal-combustion motor construction lift-valves are now 
quite universal ; slides have entirely disappeared. Igni- 
tion in England is eee mostly by the hot tube 
with timing valve for small engines, and by magneto for 
large engines, while the spark and magneto are used ex- 
Pe ie | for motor-car engines. The eto api 

destined ultimately to supplant all other modes of ignition. 


In starting the smaller fixed engines, modifications of the 
hand-pump method are largely in use. For large engines 
com air, stored in a reservoir, is almost exclu- 
sively adopted. As to the number of impulses given to 
the crank, this is now entirely a matter of arrangement 








| formulate a quantitatively accurate standard engine of 








the difficulties of piston-rods and stuffing-glands have 
been overcome by the elaborate system of watering now 
so common; and, accordingly, engines such as the 500- 
horse-power Crossley, Fig. 5, are very usually arranged 
to give two impulses per revolution'to the same crank, 
= like the steam-engine. As the Otto cycle is used, 
owever, two cylinders are required in the gas-engine to 
do the work of one inthe steam-engine. In all the very 
large engines, the multiplication of impulses is very gene- 
any adopted. This is shown by Figs. 10 and 16, where 
two double-acting Deutz engines are seen. In the 
Koerting engine, two impulses per revolution are given 
by utilising the Clerk method of charging the  geraped by 
means of separate pumps driven by a crank at right 
angles in advance of the main crank. The large engines 
are governed generally by either throttling or cutting off 
the total charge at varying points in the suction stroke. 
By this method consecutive impulses are maintained 
through the whole range of load. : 

So much for mechanical details. It is now desirable to 
consider the question of heat efficiency, because here will 
be found the main ground where the physicist and 
chemist can assist the engineer. 

Table I. gives heat ce-sheets from 1882 to 1900, 
showing the results obtained by many well-known engi- 
neers from different engines tested between these dates. 
The table shows a steadily increasing efficiency from 
1882 to 1900. In Slaby’s first test the heat converted into 
indicated work was only 16 per cent. of the total heat 

iven to the engine, and this has risen to 28 _ cent. in 

898 and 1900, as shown by tests of the Crossley and 
“National” engines. Higher efficiencies than these are 
claimed, and it may now be — that heat efficiencies 
of 30 per vent. and slightly over have been really attained 
by these engines. cee! 

The table shows another peculiarity in the numbers 
indicating the heat rejected in the water circulation. 
This proportion has been steadily diminishing, and it 
reaches a minimum in the large Crossley engine tested by 
Mr. Humphrey, where the heat loss to the water-jacket 
is only 24.2 per cent. of the whole heat supplied. In 1882 
and 1884, the tests of Slaby and Thurston show heat 
rejected in water circulation as 51 and 52 percent. The 
Society of Arts trials show a reduction in one case in the 
Crossley engine to 43 per cent. and in the ‘‘Griffin” 
engine to 39 per cent. when the unaccounted for heat is 
included. In Humphrey’s test of the Crossley engine of 
1900, as has been said, the heat loss to the water circula- 
tion was 24.2 per cent. In Robinson’s test of the 
‘* National ” engine in 1898 the heat loss was 33 per cent. 
In only one of the recent engines—the large Cockerill 
engine, tested by Professor Witz in 1900—does the heat 
loss remain as high as in 1882. An examination of the 
heat rejected in the exhaust, on the other hand, shows a 
tendency to increase. Adding conduction and radiation 
to the heat rejected in the exhaust, Thurston’s figures 
become identical with Slaby’s; and this, compared with 
later figures, shows an inerease from 31 per cent. to practi- 
cally 40 per cent., and in sae. raf ‘experiments to 
48 per cent. In only one case—Witz’s experiment on the 
Cockerill engine—is this heat loss shown smaller. In 
these figures, then, we find steadily increasing indicated 
efficiency, steadily diminishing rejection of heat in water 
circulation, and steadily increasing rejection of heat in 
exhaust gases. From this it is evident that although 
engineers have succeeded in increasing the amount of heat 
converted into work and diminishing the heat flow through 
the sides of the cylinder, they have increased the dis- 
charge of heat with the exhaust gases. — 

To understand the reasons for this it is necessary to 
consider briefly the thermodynamics of this subject so 
far as it is at present understood, in order to see whether 
further knowledge is required to enable the meaning of 
the relative losses and gains in these engines to be better 
appreciated. Although the general thermod ics of 
the internal-combustion motor may be considered to be 
broadly understood, yet ve and chemical knowledge 
of the properties of air and other gases at high temperatures 
is as yet insufficient to enable the physicist or engineer to 








s - 


sys x Re Py is; to formulate a conceivable engine 
in which all heat losses by conduction and radiation are 
suppressed, and where the efficiency is the full efticiency 
of the particular cycle under the assumed conditions, 
whether perfect or itiperfect. 

The present position of the theory of the internal-com- 
bustion motor 1s in the state of that of the steam-engine 
at the time of Watt, before the accurate determination of 
the properties of steam. - As Watt knew of the latent 
heat of steam, but did not know all its —— accu- 
rately through a considerable range of pressures and 
temperatures, so engineers now know of a similar absorp- 
tion or suppression’ of heat existing in gaseous explosions 
without knowing accurately its causes or proportions 
under all the variousconditions of practice: It is, perhaps, 
in this-task of settling the data for an accurate standard 
engine of comparison that the physicist and chemist can 
assist the engineer most effectively. So far, by following 
the broad lines indicated, heat efficiencies have improved 
from 15 per cent. to 30 per cent.; and, without doubt, 
further improvement in efficiency will be made ; but with 
present knowledge it would be impossible to say that the 
next twenty years would carry us from the 30-per-cent. 
efficiency of to-day to, say, a 60-per-cent. efficiency. That 
efficiencies can be increased much further cannot be 
doubted. This is evident from an examination of the 
change in efficiency which may be produced under certain 
conditions in an engine operated by pure air. Such a 
standard was first pro by me in a paper read before 
the Institution in 1882. In wr vad and it was recognised 
for the first time that a standard most nearly 8p rOXxi- 
mating to practical conditions of that day would give 
constant efficiency for a given compression volume for ail 
maximum temperatures above the temperature of com- 
pression. The standard = comparison, which 
would correspond most closely with to-day’s — is 
an air-engine operated between a maximum and minimum 
volume as follows :— ; ; <a 

Adiabatic compression of air from maximum to mini- 
mum volume; addition of heat at minimum volume, 
raising the temperature from the temperature of com- 
pression to the maximum temperature ; adiabatic expan- 
sion to maximum volume, and discharge of heat at maxi- 
mum volume. | : 

Assuming constant specific heat of air —. the 
temperature range, it can be shown that the efficiency is 
constant for all maximum temperatures—that is, for alk 
heat additions above the temperature of adiabatic com- 
pression. If y for air be taken as 1.408, then 


owt =f _\ 
T 


E = efficiency 
1 _ minimum volume 
7 maximum volume 
Efficiencies calculated from this formula for various 


values of 1 are shown in Table IT. as follows :— 
Tr 


Taste Il.—Air Standard Efficiencies. 


: E ; 0.55 
1 ase +6 0.61 
-. oss oo 0.70 
i 0.43 iw 0.85 
: os? | a 





If, then, the com ion space be diminished in our 
supposed engine, it is seen that the heat efficiency steadily 
increases from 0.246 at } to 0.85 at r}5. No engines have 
been constructed with a compression ‘space so small as 
one-hundredth of the total volume. Ordinary — 
however, now goes up to one-seventh, and even eae Sent 

is exceeded in one or two cases. Within practica ° 
limits, then, if air had been the only working fluid, an 
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its properties were as assumed, then efficiency could be 
improved within the range of one-half to one-seventh 
compression volume from 0.25 to 0.55. In the older 
engines, with considerable heat losses, the expansion curve 
followed PV14 very closely; and accordingly these 
numbers could be considered as the standard efficiencies 
and deduction only made for heat flow through the sides 
of the cylinder, tending to keep up the expansion line to 
the adiabatic. It is found, however, that with modern 


- engines having minimum surface exposure and larger 


dimensions the expansion curve falls more slowly than 
the apparent adiabatic. In an engine of usual design of 
large size, the extreme appears to be P V!2, Assuming 
air to be of constant specific heat, this can only mean 
that heat is being added during the whole expansion 
stroke to an extent sufficiently great not only to make up 
for the loss through the sides of the cylinder, but to 
prevent the whole of the work being done at the expense 
of the initial energy of the working fluid—that is, heat is 
added during the expansion stroke. In such a case heat 
is added to the working fluid, not only at minimum 
volume, but also during the whole expansion. In this 
case it will be found that the efficiency is not constant for 
all heat additions above the temperature of compression ; 
and, as expansion P V1? may 7 taken as an extreme 
case, I have calculated various cases approximating to 
those met in practice. 


‘TaBLe III.—Air Standard: Efficiencies with Heat added 
during Expansion. 








Compression P V1.408, 
Expansion P V1.2. 
| Compression |__ EA wien 2 
1 P V1.408, } 





> Expansion |  E}. Ep. E3. Ey. 
| PVi4d08, | Max. Max. Max. Max. 
E. |1600 dg. C.|1600dg. C.|1000 dg. O. |1000dg. C. 
| Suction | Suction | Suction | Suction 


| Odg. C. 100 dg. C.; Odg. C. |100 dg. C. 











| 
; | 043 | 0.385 | 0.380 | 0.378 | 0.367 
< | 0.47 | 0.424 0.417 | 0.415 0.401 
3 | 0.55 | 0.476 0.468 | 0.462 0.440 
* | 061 0.521 0.507 | 0.591 0.467 


| 
Table III. shows the result of these calculations. The 
first column shows the efficiencies of standard engine, as 


iin Table II. Column E, shows efficiencies of adiabatic 
‘compression of air and expansion P V1.2, where the maxi- 


mum temperature is 1600 deg. and the suction tempera- 
ture is 0 deg. Cent. Column E, deals with the same case, 
unaximum temperature 1600 deg., suction temperature 
100 deg. Column E; deals with maximum temperature 
1000 deg., and suction temperature 0 deg. Column Ey, 
deals with maximum temperature 1000 deg., suction 
temperature 100 deg. The temperatures 1600 deg. and 
1000 deg. are taken as the extremes used in gas-engines 
for effective work, and 100 deg. is taken as the suction 
temperature which is ordinarily attained in most gas- 
engines. It will be observed that the efficiencies fall 
-considerably from the standard efficiencies. The greatest 
fall takes place with the longest expansion. From these 
numbers it is evident that an air cycle operating so that 
heat is added as expansion p , in addition to heat 
added at constant volume, is less efficient than an 
engine where all the heat is added at constant 
volume. In the extreme example, the efficiency be- 
-comes reduced to 0.76 of the standard efficiency— 
that is, it falls from 0.61 to 0.467—that is, the effect 
of adding heat on the expanding stroke in this par- 
ticular case, by reducing the efficiency from 90.61 to 
0.47, makes the high-compression pressure due to one- 
tenth volume of compression no better theoretically than 
that due to one-fifth, when no heat additions during the 
‘stroke are made. The loss is less serious where the 
maximum temperature is 1600 deg.; and low suction 
temperatures favour closer approximation to the standard. 
The cause of the loss in efficiency becomes evident when 
the heat additions during expansion under these circum- 
stances are compared with the heat additions made at 
constant volume. 

Table IV. shows the proportion of heat added during 
expansion to total heat added at constant volume, heat 
added at constant volume being taken as unity. 


TaBLe 1V.—Heat added during Expansion. Heat 
added at Constant Volume 1. 





Compression P V1.4¢8, 
Expansion P V1.2, 








1 ' = 
7 Maximum | Maximum Maximum, | Maximum, 
1600 deg. C.' 1600 deg. O. | 1000 deg. C. | 1000 deg. O. 

Suction {| Suction Suction, Suction, 
Odeg.C. | 100deg. C. 0 deg. C. 100 deg. C. 

; ost | oss | 0408 | 0.622 

; | O40 | Oaee | 0.486 | 0.660 

. | us 

7 | 0496 || 0.600 | 0.640 0.962 

. 0.616 0.738 | oss | 1.55 


ad 
i= 


Taking + as one-tenth, the heat added in the 1600 





constant volume, while in the 1000 deg. to 100 deg. Cent. 


case it is 1.55 times that quantity. these heat addi- 
tions are made at lower and lower compressions, it is 
easy to see that, under these circumstances, lower effi- 
ciencies are obtainable. These figures clearly show the 
desirability of adding all the heat, if possible, at constant 
volume—that is, of avoiding all heat additions during 
expansion. If this cannot be done, then as little heat as 
possible should be added during expansion, and the 
maximum ‘ temperature should be kept up while the 
suction temperature should be kept down. 

Taking another deviation to imitate what sometimes 
occurs in practice, the heat addition is assumed to 
made so that one portion is added at constant minimum 
volume, another part is added at constant pressure 
during the first tenth of the stroke of the piston, then 
the expansion is continued P V1? to the end of the stroke. 
Compression is still P V1, In this case, with maximum 
temperature 1600 deg. Cent., and suction temperature 
0 deg. Cent., E, is 0.406 ; while with the same maximum, 
but suction temperature 100 deg. Cent., E, is 0.358 for 


; = one-tenth. Here there is a great falling off from 


0.61 to 0.406 and 0.358 depending on suction temperature. 
These, however, are extreme deviations, which are avoided 
as much as possible by gas-engine designers. It is well 
known to gas-engine constructors that to get the most 
economical diagram possible the ignition must be fairly 
sharp and the maximum temperature must come as nearly 
as possible to the compression end of thestroke. Igniting 
is always adjusted in actual engines to produce this con- 
dition. It is not very common to have expansion curves 
so flat as P V'**, but expansion P V*** is very common. 


Taking here compression as P V1"*°S and equal to one- 
fifth, efficiencies are as follow :— 


1600 deg. Cent. to 0 7 Cent... E;=0.45 
1600 deg. Cent. to 100 deg. Cent. ... E,=0.446 


This case corresponds to a more common expansion 
curve, and here it will be seen that the number 0.45 or 
0.446 deviates but little from the standard efficiency, 
which is 0.47. 

In all these cases the expansion is not considered as 
adiabatic. It has been assumed that the specific heat of 
air is constant. If, however, it be ultimately proved 
that the specific heat of air is not constant, the efficiency 
numbers obtained from similar calculations will not be 
greatly changed, because variable specific heat assumes a 
change in the internal energy of the working fluid, which 
is equivalent in its effects to heat added during an expan- 
sion stroke—that is, the heat which has to appear later 
in keeping up the expansion line above the ordinary 
adiabatic assumed for air must be stored up in the work- 
ing fluid in the first instance, use of the inc 
specific heat at constant volume. Whichever proves to 
be true, constant specific heat with continued combustion, 
or varying specific heat with completed combustion, the 
effect upon efficiency will be very much of the same order 
as has been here calculated. 

Notwithstanding the knowledge that our air cycle will 
deviate from a cycle of constant efficiency under the 
assumed conditions, yet the gas-engine cycle may be con- 
sidered to be fundamentally one of this nature. In all 
modern engines of the explosion type the attempt is 
made to add all the heat as early in the stroke pect vps 
because heat added at the beginning is generally recog- 
nised as being more effective than heat added towards the 
end. This becomes evident on comparing the efficiencies 
obtained in actual engines with the stan efficiencies 
given at Table II. Table I. shows, in the column headed 
‘BE, standard air cycle,” the efficiencies caloulated in 
accordance with Table II.—that is, the efficiencies of the 
standard air cycle for the particular compression volume 


of each engine; the compression volume 1 is given in 
r 


the next column. In the column ee” the ratio of 


the actual efficiency to the standard efficiency is given, 
and there it will be seen that this varies from 0.48 in 
Slaby’s experiment to 0.6 in Robinson’s, The ratio is 
practically the same in the Humphrey test of the la 
Otto engine, and in the Robinson test of a ‘‘ National” 
engine. ; f 
This comparison of efficiency of a standard air-engine 
with that of the actual engine is even more interesting 
in cases where a series of experiments have been con- 
ducted with the same engine, varying compression only. 
Such experiments have been made by Professor Meyer, 
in Germany, and by Professor Burstall, in England. 
Taking Professor Meyer’s results, I have calculated out 
the air standard efficiency for the different compressions, 
which ranged from 40 lb. per square inch to 80 lb. per 
uare inch above atmosphere. 
ie Table V. the results of this com m are shown. 
The first column shows the actual efficiency, the second 
the air standard efficiency, and the third the actual upon 
standard. The fourth column shows the revolutions per 
minute of the engine. 


Table V.—Calculated from Professor Meyer's 
Experiments. 





Air Actual | Revolu- A 
Actual dard |accac | tions per | Dimensions of 
Efficiency. Siddom. Standard. Minute. Engine, &. 





Engine 7.8 in. in dia- 








0.250 0.44 0.58 257 meter by 11.8 in. 
0.244 0.42 0.58 249 stroke. Com; 
0.214 0.37 0.58 {| 251 sion varies 
0.188 0.83 0.57 226 401b. to801b. above 
atmosphere. 





deg. to 0 dex. Cent. case. is 0.616 of the heat added at 








In this case, although the air standard efficiency varie: 
: from 0.33 to 0.44, the ratio of the actual efficiency to the 
standard was practically constant at 0.58. In the case 
where the number becomes 0.57, this is evidently due 
to the lower rate of revolution of the engine in that test. 
The first and second parts of Table VI. show the actual 
and air-standard efficiencies calculated by me from Pro- 
sessor Burstall’s tests (‘‘Gas-Engine Research,” Institu- 
oe Mechanical Engineers) for the highest and lowest 
results. 
TaBLE VI.—Calculated from Professor Burstall’s Tests. 








_ | Actual |g Alt Actual ‘Maximum Dimensions of 

Efficiency. Priciency, Air Standard. “ture, | Engine, &. 

' | deg. Cc. | 
First. 

A? 0,189 0.38 0.57 145 | : 
BY O22 | O. 0.59 1098 «= | 6 in. in dia- 
C7, 0.219 0.48 0.51 1154 | meter by 
D8; 0.231 | 0.47 0.50 1094 12in stroke. 
i} Revolu- 
Second, ' tions about 
Al) 0.166 | 0.33 0.50 | 1761 || 2 Com- 
B2 0.187 | 0.36 0.52 17a: AL cere 
cl 172 | 043 0.40 1749 | 80 Ib. 

Di oust | 047 0.38 1487 | | | 1 108. 





The tiwst and last columns have been taken from Pro- 
fessor Burstall’s tables ; the second and third columns 
have been calculated from the details given by him. 

It will be observed that all the higher efficiencies were 
obtained with maximum temperatures of about 1100 deg. 
Cent., and all the lower efficiencies with temperatures of 
about 1700 deg. Cent. It will be further observed that 
the first two tests, A? and B®, the ratio is 0.57 and 0.59. 
In the second two, C’ and Dé, it falls to 0.51 and 0.5. In 
A! and B also this ratio is less—0.5 and 0.52, but in C! 
and D! it falls to 0.4 and 0.38. 

It is interesting to com these results with the 
numbers found in Professor Meyer’s experiments, where 
the actual efficiency divided by the standard efficiency 

ves practically a constant 0.58, whereas in Professor 

urstall’s experiments the ratio varies from 0.38 as a 
minimum to 0.59 asa maximum. In both sets of Professor 
Burstall’s experiments, at a certain stage of com ion, 
to raise compression to C7 and D8 a projecting block was 
attached to the piston beyond the junk ring. This pro- 
duced an annulus between the combustion gs; walls 
and the pecjecting block, so the heat of the pa dl was 
rapidly lost, more rapidly with high tem ture than 
with the low temperatures ; so that, i of efficiency 
increasing with increased compression, in the high tem- 
perature cases the efficiency actually fell, so as to be less 
at high compressions than at low compressions ; that is, 
instead of a continued increase of efficiency with increased 
pe a at a certain point the efficiency fell instead 
of rising. 

These experiments very clearly show the prejudicial 
effect of high temperatures in increasing heat a and 
also the evil effect of cooling surfaces of certain configu- 
rations. 

From these numbers it may be taken that in motors of 
ordinary commercial construction of to-day the actual 
efficiencies vary from 0.5 to 0.6 of the air standard effi- 
ciencies, conan on the dimensions of the engine and 
the success of the designer in arranging the shape of the 
combustion space, and also, of course, upon the perfection 
of the action of the valves. The deviations of the actual 
from the air standard efficiencies are, of course, due to 
heat losses to cylinder and piston, heat additions at’ im- 
proper periods, varying specific heats due to the fact that 
the working fluid of the gas-engine is not pure air, and 
possibly to change of specific heat with changing tempera- 


ture. 

Many useful lessons can be gathered from these tables, 
From them it is evident that, under whatever conditions 
the assumed air-engine be operated, diminution of com- 
pression volume means increased efficiency ; and from the 
comparisons of the actual with the air-standard effi- 
ciencies it is also apparent that large engines approach 
more nearly to the standard efficiencies than small ones, 
and that loss is occasioned by high flame temperature 
and by improperly-disposed: cooling surfaces. 

(To be continued.) 





CANADIAN STEEL-MAkiING.—A quantity of Sydney steel 
has been forwarded to England in order that its suit- 
ability for the manufacture of rails may be tested. The 
rails produced from the steel are to be laid at different 

ints on the Inter Colonial Railway, and are to be tested 

y actual service. 





Tue Crry or Lonpon Drrectory.—This directory, 
published at 12s. 6d. by W. H. and L. Collingridge, at 
the City Press office, Aldersgate-street, London, E.C., 
has often been the subject of commendation in these 
columns, because it serves a unique ae in i 
everything that concerns the ancient active corporate 
life of the City of London. Such a directory yields 
much information of almost absorbing interest, for in the 
records of the histories of the livery companies there are 
incidentally introduced many incidents of national im- 
portance. We have similar narratives of all the institutions 


well as the usual street, trade, and 
In the latter it is noted after each 


directories. 
name whether the first, 


second, or third floor is occupied. Mr. Chamberlain’s 
Tariff Commission is dealt with amongst the City institu- 
tions, as the editor considers that this insertion is justified 
owing to the interest, irrespective of party, which is now 





aroused in the fiscal controversy, 


in the City—co social, philanthropic, &c.—as ° 
y—corporate, philanthropia,  &c.—as 
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‘* ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


Comprtzp sy W. LLOYD WISE. 
UNDER THE AOTS OF 1883—1902. 


given in 
may be obtained at the Patent Office Sale | 
of Specifications S. | 


the uniform of ~ 





The date of the advertisement dl the soe oH 
- is, in each case, Ae aaierieen , unless . The Firm of Gebruder a Pg a ee ur, 
may, time within months date of | ® 8.) January 
. oy eh Complots 5 ms of | 1, 1904.—This invention relates to an eenensenk ts multiple- 
cou] centrifugal pumps with pump wheels surrounded by 


the advertisement o Specification, 
i erste ot the Patom O to the | 
Patent ice at the Patent Ofce of eppaiton tothe grant of 


ELECTRICAL APPARATUS. 


4077. H. A. Mavor, W. F. Grafton, and Mavor | 
and Coulson, Limited, G . Alternate-Current 
Electric-Motors, (3 Figs.) February 20, 1903.—This inven- 


tion has reference to a electric-motor armatures 
carrying embedded short-circuited conductors of high conduc- 
tivity metals. According to this invention, the lengths of high 
conductivity metal are united and electrically connected by me 

fused to or fused and run upon the ends of the said lengths. The 
len, A of high conductivity metal are connected together at 
each end of the armature by a ring of metal. The fusion between 
the lengths and common end connections might be effected elec- 
trically, but it is preferred first to melt the metal which is con- 
stituted the common connection, and then to cast the melted 
metal upon the projecting ends of the lengths, whilst the arma- 












































(6077) 


ture is supported on blocks C. When thus supported, the ends 
of the lengths A project into a channel D formed by a mould 
made up of rammed sand E contained in a flask Ff and supported 
by a board G placed on the pe end of the armature, the flask 

F being supported by a — and blocks H! of wood resting on 
a lower flask I. The mould is formed with pockets and channels 
J for the purpose of receiving the molten metal to form the 
common connection and leading it to the channel D, wherein it 
surrounds the upper ends of the lengths A and forms an efficient 
mechanical and electrical junction therewith. The common 
connection at the other end of the armature is similarly produced. 
After the common connections have been cast on the ends of 
the lengths A, they are turned and finished so as to run in balance. 
(Accepted March 2, 1904.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

883. A. J. Boult, London. (Berlin Anhaitische Mas- 
chinenbau-Actien-Gesellschaft, Berlin, Germany.) Pneumatic 
Ri 5 Figs.) January 13, 1904.—In the 
pneumatic riveting machines hitherto employed, which always 
give blows of the same force, a serious drawback is that rivets of 
different sizes are treated in anabsolutely uniform manner. This 
invention has for its object the remedying of the above drawback 
and the provision of a device by means of which one and the same 


Fig.t. 


esi 
































4 Yuta, \y 
ti Al 


























Se 
a 


N 
$ 
‘ 
‘ 
. 












| 
if 
b= wing to th ion of the t diff 
9 ie CO-0} on e two pressures, a eren- 
SSLRCTED ADSTTHDER THR AOE OF 1860-108. | is aa) 
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| pressure area of the striking pl 
Ly 








riveting machine can be made to deliver blows of different force, 
prea aa Loan ye pressure of air. Over the free end of the | 


strik unger @ is a hollow cylindrical pressure piston 8, | 

guided tna pina, aleve, seroma on tthe ing 
lunger. e lunger cy pressure 

ae an so that so is between 


are them and the sleeve d a’ 
hollow space ¢, in open communication, by means of a tube A, 
with the comp 


-air supply-pipe. The air pressure in the | 


chamber e tends to force the hollow cylindrical pressure pane b | tion so disposed as to readily clear existing platforms. The 
lates eanvil | girders 1 are connected at their ends to metal plates attached 


orward against the upper one of es against t 
8, and at the same time tends to soften the blow of the striking | to the inner sides of the headstocks 17, and to which are also 
plunger @ driven by the hammer. This reaction is exactly the ; 

per unit of surface as the pressure acting on the hammer, so Fig 1 

Tish ecta che preswie i. the chamber ee made larger, the 
on wi e cl c le er, the - 
be reduced ; and, conversely, if the counter- xs 
r is reduced, the striking 
action will become greater. tering the counter-pressure 
area it is therefore possible to obtain a variable riveting action, 

it is only n to put into the cylinder f a corre- 


ecessary 
spo! ly shaped striking plunger in order to vary the striking 
power of the machine. (Accepted February 24, 1904.) 


guide apparatus, in which the guide apparatus, as also the inter- 
ediate parts formed with transit channels, are fitted as single 
bodies tely into the pump casing, which is formed in one 
piece. e object of the invention is to facilitate the introduc- 
tion of the several s which have to be given an accurately- 
prescribed position relatively to each other, as also relatively to 
the pump casing, without requiring any devices that only serve 
for this purpose. The casing of the pump is designated by a, the 
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" sf 2 attached the outer ends of the diagonal braces 18, the inner ends 
pump-wheels by b, the guide apparatus by c, the intermediate | of which are secured to the outer sides of the girders 1 at the 
piece by d, and the pump-cover by e. The guide apparatus c and | parts thereof where brackets are provided to take the centre and 
the intermediate piece d constitute as separate parts the fixed | side bearings for the bogie trucks. (Accepted March 2, 1904.) 
inner part of the pump. The casing, the guide oeeeeens, the | 
intermediate part, and the cover are bored to receive the T-bolts/; 9076. W. R. S. Jones, London. Wheels. [5 Figs.) 
that fit the bores accurately, and are screw-threaded at one or! April 22, 1903.—This invention has reference to improvements in 
both ends. The parts c, d, and ¢ are by this means brought into} railway and tramway vehicle wheels of a composite type. Accord- 
the prescribed position relatively to each other and to the casing, | ing to this invention the tyre and spokes only are cast in one 
and are at the same time pres against each other, and secured | piece, and the nave is added after the casting has cooled down 
firmly to the casing. The transverse channels / are so arran | and is free from excessive tensional strains, and is by suitable 
that the bolts / pass through the guide iggy ve without coming | machinery so formed as to produce such intimate connection with 
in contact with the water flowing through. (Accepted February | the spokes, by filling up the interstices between and around 
24, 1904.) them as, in its practical aspects, to resemble one piece. The 
flanged tyre 1 and spokes 2 are cast in one piece of metal without 
RAILWAYS AND TRAMWAYS. | the nave 3, which is afterwards combined with the inner ends of 
the spokes when these and the tyre have cooled down so as to 
13,435. A. Reichwald. London. (The Firm o, Fried. | avoid tensional strains being set up in such parts during cooling. 
Krupp, Essen, Germany). Metal Disc Wheels. [5 Figs.)| The nave 3 may conveniently be formed from a metal blank of 
June 16, 1903.—According to the present invention, a disc wheel is | 
composed of rings, which may be three in number, and which are wg. 4. 
welded together. Where the wheel is to be composed of three | cee 
rings, it consists of an angular ring a@ produced under a press or | Sg oan liaiie 
steam hammer in a die, and having a flange standing at or about | eae 
right angles to its axis, a conical ring } likewise pressed in a die, | 
and a ring c bent up froma rolled piece of iron, T’shaped in cross. | 
section, this ring having thus the finished felloe on its outer peri- | 
hery. These three rings are welded together, being placed in a 
ie in which the internal periphery of the ring c and the external | be y- 





6 


poe of the ring @ somewhat overlap. The conical ring } 
welded on to one side of the first ring to form the completion of 
the hub. The ring c, having been bent to its circular form, has 
meeting ends, and this radial seam of the ring may be welded in 
the die simultaneously with the formation of the wheel, or the 
join of the ring may, if desired, be sapere 4 welded alone on a 
stamping press. The advantage of the manufacture described lies 

in the fact that a single press or steam hammer is sufficient for the (9076) i 
manufacture, the disc rolling mill, which necessitates heavy ex- 

penses to maintain and run, being dispensed with. The three 


rings of which the wheel is composed are shown in position in the 
die'it Fig. 2 shows in vertical costes the finished | rivet shape, which, after being heated to a welding temperature, 


in . 1, and 

disc wheel in the die. (Accepted March 2, 1904. is inserted between the inner ends of the spokes 2, and by suitable 
. " ’ dies and hydraulic pressure is pressed pn sere) the inner ends of 

1491. HL. séveuty, London. Wagons. [4 Figs.]| the spokes so as to firmly connect them together and form a nave 
January 20, 1904.—This invention has reference to a construction | of approximately the external shown. The wheel thus 
of railway vehicle wherein the side lers or sole bars are dis-| formed is afterwards bored and in the usual manner. If 
pensed with, so that the body of the vehicle can be increased | desired, theinner ends of the spokes may be formed with notches 
sufficiently in width for the purpose o ing heavy loads | 4, into which portions of the nave 8 extend, as shown in Fig. 2, 
without + ene its penal 8 without interfering with the | to give greater security. the construction described, railway 

n gauge, 
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construct For ehicle, according to | wheels of great prin ty Bln mag and simplicity, and lighter 
this invention, has a centrally arranged longitudinal box-like | than ordinary built-up wrought-iron wheels of the same diameter, 
girder 1, to the Seed vanes which are secured the horizontal | can be constructed in a rapid, economical, and convenient 
portions of a number of u ly exte: transversely arranged | manner, so as to avoid excessive tensional strains on the spokes. 
metal ribs or side frames 3, having lower corners $4 , and | (Accepted March 2, 1904.) 

to the a of mt ere pr a — of apenas” 
arranged or girders portions of which are upwardly 
and outwardly inclined and secured to the rounded pb on por-| Locomotive Heap-Licuts.—Fully 37,450 of the 42,000 
tions 3 of the ribs, or side frames, 3. The ribs, or side frames, 3 | Jocomotives in the United States still retain the oil-lamp 
are connected together at their r ends by bars or angle-irons | ang ordinary planished reflector for head-lights. About 
6 and socused te pintens 60 Seems sides, bottom, and ends of | 3999 have electric head-li hts, using the ordinary reflector, 
the vehicle. The arrangement is such as to form a strong and | B lights, using the | wea 
comparatively light combined underframe and vehicle body, the and generating the electric current with a small s' 
longitudinal lower side portions of which have a rounded forma-| motor of the reciprocating or turbine type. 
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LITERATURE. 


of Steel, by F. W. Harporn, Assoc. 
The Maoliwpe, ¢f,sneultin, ? Metallurgist and Analytical 

Chemist to the Indian Government, Royal Indian 

Engineering College ; with a section on The Mechanical 

Treatment of Steel, by J. W. Haut, A.M. Inst. C.E. 

London: Charles Griffin and Co. 1904, - 
THis is a very welcome book, its subject being 
one of prime importance to engineers, and yet 
one upon which many have not the opportunity 
of gaining information by practice at first hand. 
It is additionally welcome because the author has a 
thorough knowledge of the scientific principles 
which are involved in the metallurgical arts, com- 
bined with a wide acquaintance with works practice 
as actually carried out in the steel industry. To 
use a current expression, the book is both practical 
and theoretical. We are not acquainted with any 
other work in the English language which deals in 
the same way with the testing of materials, the con- 
struction of furnaces, and the principles of design in- 
volved in the production of rolling-mills and other 
machinery in the working-up of steel for the uses 
of the engineer. Happily, the industry of steel- 
making is one of continual advance, and Mr. 
Harbord is in the fortunate position of being able 
to make himself acquainted with the technical 
developments as they arise, an advantage of which 
he has taken full advantage, for the work is fully 
abreast of the times in the information given. While 
speaking of the general aspect of the book, reference 
may be made to the large number of illustrations— 
about 500 in all. These appear to have been mostly 
prepared especially for the work, and well fulfil 
what should be the object of all illustrations—to 
elucidate the text. It is a detail in which technical 
works sometimes fall short, there being too often an 
appearance of the drawings and the descriptions 
having been prepared independently of each other. 
It is no doubt tempting for an author, who may, 
perhaps, have become somewhat wearied with the 
detail of his work, to adopt drawings ready to hand 
rather than undergo the task of preparing fresh 
ones. The full titles or explanatory legends at- 
tached to the engravings are a most useful addition, 
and will be especially welcome to the student, as 
they will enable him, after reading the text, to 
follow the descriptions in brief without turning 
over the pages. In short, the book bears evidence 
throughout of painstaking revision, careful proof- 
reading, and a generous determination to consult 
the convenience of the reader, which should excite 
the gratitude of all students. 

The book is divided into four sections, dealing 
with :—(I.) The Manufacture of Steel; (II.) Re- 
heating ; (III.) The Mechanical Treatment of Steel ; 
and (IV.) Finished Steel. The third section, as 
indicated by the title-page, is by Mr. J. W. Hall. 

The historical part of the subject is treated 
in an interesting manner, and does not occupy 
undue space in the In looking through it 
one is impressed with the courage and tenacity of 
Bessemer in bringing his brilliant conception to a 
practical issue. The many difficulties he had to 
overcome, both in subduing the forces of Nature 
and the obstructions of man, must have broken 
the heart of anyone less stoutly equipped than this 
great inventor. The details as to the construction 
of converters, cupolas, ladles, mixers, and the 
mechanical appliances of a steel-works plant, are 
all put forward in a masterly manner, and well 
illustrated by engravings and diagrams. The 
respective advantages and disadvantages of the 
various methods of working, such as bottom 
casting, as against top casting, of ingots, are dis- 
cussed in a way that could only be undertaken 
by one well acquainted with the merits of the 
processes dealt with. The subject is well up to 
present date, and some examples of notable steel 
plants are given. 

In dealing with the basic process, particulars are 
supplied as. to the manner of preparation of basic 
material, whilst in the description of the process 
the various operations are dealt with in a brief but 
effective manner. In the manufacture of steel in 
small converters it is pointed out where this work- 
ing may be used advantageously. The small con- 
verters, both fixed and rotating, are largely in use 
in Sweden, a country to which belongs the honour of 
having first carried out the Bessemer process on a 
commercial scale. When the Iron and Steel Insti- 





tute visited Sweden some few years ago, the 
Swedish process came as a revelation to a good 
many members who had not made themselyes 








acquainted with the method of working in that 
country. The Clapp-Griffiths converter, which is 
a fixed side-blowing converter, very similar to the 
Swedish form; the Robert converter, the Wal- 
rand-Legenisel process, and the Tropenas process 
are illustrated and described. In speaking of small 
converters in general, the author says that ‘‘al- 
though they still have some enthusiastic sup- 
porters, with a few exceptions—where manufacturers 
find it necessary to make their steel in compara- 
tively small quantities, under their own supervision 
—these converters are used almost exclusively for 
steel castings, and even under such circumstances 
the general concensus of opinion seems to be that 
the small open-hearth plant gives better all-round 
results. For castings, especially where small ones 
have to be made, and metal has to be kept 
extremely hot and fluid, these small tipping con- 
verters undoubtedly offer certain advantages over 
the Siemens furnace.” 

In dealing with the chemistry of the acid Bes- 
semer process, the author gives references to 
various workers, both in this country and abroad. 
The three stages in the process are explained, and 
the reactions are dealt with at some length. This, 
of course, is a subject with which Mr. Harbord is 
fully conversant, and the information is conveyed 
in a lucid and simple manner that is refreshingly 
free from what may be described as academical or 
professorial ‘‘ side.” If Mr Harbord has a thing 
to say, he says it in a manner that can be most 
easily understood. The mass action of the con- 
verter, the function of the slag, the effect of silicon 
and manganese on pig iron, oxidation of impurities, 
sulphur and its elimination, and recarburisation, 
are all dealt with, among other subjects, in a 
simple and pleasing manner. 

The chapter on gas-producers opens with the 
theory of the subject. The producer itself is 
described, and the chemical reactions which are 
carried on in the manufacture of producer-gas are 
dealt with. A number of illustrations of modern 
apparatus are given. The original producer intro- 
duced by the late Sir William Siemens is illus- 
trated and described, as well as the more modern 
Siemens producer. Other types mentioned are 
those of Wilson, Dawson, that of Duff—which is 
largely used in connection with ammonia-recovery 
plant—the Thwaite producer, the Fraser-Talbot— 
which has been introduced from America by Mr. 
Archibald Head, the English representative of the 
Wellman Seaver Company, of Cleveland, Ohio— 
and others. The Fraser-Talbot producer was 
illustrated in our issue of October 2, 1903. The 
Mond producer, which has attracted so much 
attention lately in connection with the recovery of 
by-products, is also described and illustrated, a 
diagram of a Mond plant for ammonia recovery 
being given. The calorific properties of the gas, 
the efficiencies of various producers, and other 
matters are also discussed. The author points out 
that ‘‘ nothing is probably of greater importance in 
fuel economy than keeping a regular and systematic 
check upon the working of the producer by frequent 
analyses of the coal used, the ashes, and the evolved 
gas. It is not an uncommon thing to find pro- 
ducers working under similar conditions as regards 
fuel varying in efficiency from 50 per cent. to 
60 per cent. or 75 per cent. This means that one 
producer is burning 70 tons of fuel to produce the 
same amount of heat as the other is producing from 
only 50 tons. In some American works samples of 
gas are taken from the producer once or twice every 
twelve hours, and an average sample from the 
main gas culvert every two hours, the whole results 
being tabulated and plotted each week.” The 
author considers that if this example were followed 
in all our English works, the saving in fuel would 
td astonish some of our steel-makers. 

ater gas and natural gas are also mentioned in 
connection with this subject. 

The author next treats the open-hearth process 
on very similar lines, giving fully - illustrated 
descriptions of the ordinary plant in use. He also 
deals at some length with the tilting furnace, 
which, of late years, has been coming into favour 
in America, and offers great advantages with 
the basic process. The Campbell furnace, which 
revolves on its own axis, and the more modern 
Wellman-Seaver, which is mounted on rockers and 
kept tilted to any required angle, are illustrated 
and described. A number of illustrations are 
given of the various forms of gas and air valves, and 
various other details of construction are also 
described. The Wellman mechanical charging 


machine, for the open-hearth furnace, is illustrated, . 
and its method of action explained. Ladles, 
cranes, and other details of plant are dealt with, 
after which the reactions that take place in the 
Siemens process are discussed. The Batho furnace 
is described and illustrated, details being given of 
the method of working. The Darby recarburising 
process, the Saniter process, the Bertrand-Thiel, 
and the Talbot continuous process, the Tynham 
process, the Monell process, and others are dealt 
with at greater or less length, the arrangement of 
milling shop and plant generally being illustrated 
by several large engravings and folding plates. 

In the section devoted. to steel castings, the 
metal that should be employed for various pur- 
poses, with analyses, descriptions of moulds, the 
effect of annealing, and other matters, are dealt 
with. In the chapter on the production of shear 
and crucible steel, the various well-known pro- 
cesses are described and illustrated, whilst the 
different qualities of material produced and their 
uses are dealt with. There is a chapter on armour- 
plate manufacture, in which the Harvey and Krupp 
processes (amongst others) are treated upon. th 
the latter the author quotes from the Krupp 
patent, but is careful to add that ‘‘ how far the 
method therein described is actually used in 
practice it is hard to say, as the details of the 
manufacture of armour-plates at Krupp’s works are 
not made public.” The direct process of steel 
manufacture receives some attention, three or four 
pages being given to the subject. Such processes 
as have been introduced, however, have not been 
able to compete to any serious extent with the 
established methods on the Bessemer or Siemens 
system. 

We next come to the section of the work which 
deals with re-heating, for which Mr. Harbord 
and Mr. Hall are jointly responsible. The 
various re-heating furnaces are described and 
illustrated at some length, after which the an- 
nealing of material at the re-heating furnaces 
is dealt with. The various appliances in use 
are described, including the hydraulic charger and 
the Wellman-Seaver charger, which is the most 
recent form of horizontal charger. This machine 
consists of a pair of cross-girders attached to end 
carriages, and is provided with travelling wheels 
running on rails near the roof, as in the ordinary 
overhead travelling crane. The longitudinal travel- 
ling is performed by an electric motor at a speed of 
300 ft. per minute. The gripping contrivance is 
similar in action to that of the ordinary adjustable 
spanner, and it will take the ingot and slab and 
place it in the furnace. The charging with heavy 
ingots, which are now generally forged under the 

ress, and which, therefore, need only one end to be 
eated, is carried out in a different manner, and a 
rter-bar, suitably balanced, can be used, the whole 
ing lifted by a crane; when such ingots have 
to be rolled, however, they must, naturally, be 
completely heated, and other means have to be 
taken. One way—followed at Essen and at Sheffield 
—is to construct the bottom of the furnace on a 
wheel truck, which can be entirely withdrawn. 
The Wellman-Seaver electric overhead charger is 
illustrated. It consists essentially of a travelling 
crane carrying a crab, means being taken to stead 
the ingot. An ingot tumbler, by the aid of whic 
the ingot is suspended on a live roller, and a 
charger for inclined furnaces are also illustrated. 

We have probably said enough to give an idea of 
the scope of the work so far; and there is really 
little to add in the matter of criticism. So far as 
we can see, the descriptions appear to be all accurate, 
and the drawings well prepared. The authors do not 
deal largely with speculative or controversial matter ; 
but where conclusions are drawn, they are such as 
agree with the generally-received opinion. 

We now come to the third section of the book, 
which deals with the mechanical treatment of steel, 
and is by Mr. T. W. Hall, an engineer who has 
made a special study of steel-works machinery. 
This section embraces a very complete description 
of the varied types and latest modifications of 
rolling-mills, the aim of the author being to give 
the information in such a form that it can be 
understood by those not — engaged in the 
trade, and perhaps not fully acquainted with all 
the technical terms used in works. In dealing 
with general principles, it is pointed out, firstly, 
the need for putting mechanical work into steel, 
bringing forward the well-known reasons for the 
necessity of such operations. Particulars are given 





of the introduction. of the rolling-mill, and there 
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are illustrated descriptions of various types of 
mill, and the mechanism involved in their con- 
struction. There is also a chapter on special 
forms of rolling-mills, such as the Dowlais, Lauth’s 
Mill, and the Universal Mill, Wenstrom’s Mill, and 
Grey’s Mill. The methods of handling material at 
the rails follow. In this part of the work roller 
beds, live roller gears, lifting-tables, tilters, skids, 
and other mechanical devices are dealt with, while 
rolling-mill engines, cogging-hammers, shears, hot 
and cold saws, and other apparatus of this nature 
are also described. Plate and sheet-mills, armour- 
plate mills, rod mills of various descriptions, and, 
in short, rolling-mills of all descriptions receive 
due attention. 

The next part of the book deals with the hand- 
ling of material in the stockyard, illustrations of 
some of the most recent designs being given. The 
author discusses British and foreign practice, 

inting out the American custom of using three- 

igh mills in place of the reversing mills, more 
common in this country. Some of the cogging 
mills put down in the United States during recent 
years, however, are of the reversing type. In 
dealing with forging by hammer some examples 
of the steam-hammer are considered, after which 
follows a chapter devoted to forging by the press ; 
illustrations of both presses and hammers are given. 
Next in succession come fluid compression, the 
manufacture of tubes by various systems, and 
wire-drawing. Methods of protecting steel from 
corrosion, the practice followed in making mechani- 
cal tests, the influence of alloys on the physical 
features, and heat treatment are given, the work 
ending with a section on the microscopic examina- 
tion of steel, a number of micro-sections being 
reproduced from photographs taken of eight dif- 
ferent steels, containing from 0.130 to 1.30 per 
cent. of carbon. 

Our review of this book has necessarily been of 
a cursory nature. From what has been already 
said our readers will gather that it is a work of 


high ‘excellence—a fact of which the absence of | po 


criticism bears evidence. There is a useful index, 
in which the reference word is given in sensibly 
large type, that.enables the reader to quickly find 
details of the mass of information contained in 
the 750 pages of the book. 


‘Cours d@’Economie Politique;” Professé a IUEcole 
Nationale des Ponts et Chaussées. Par C. Co.son, 
Ingénieur-en-Chef des Ponts et Chaussées, Conseiller 
d’Etat. Published by Gauthier-Villars, Paris, 55, Quai 
des Grands-Augustins. [In three volumes ; price of the 
first two, 10 francs each. ] 

In these times of fiscal problems, when one has to 

wade through a mass of statistics, and is sometimes 

carried out of one’s depth by reason of the number 
of conflicting statements that are published, it is 
restful to be able to emerge for awhile from one’s 
immediate and confusing surroundings, and to take 
up a well-written book on political economy, such 
as the one whose title we give above. It contains 
the lectures delivered at the Bridges and Roads 
National Schools, one of the foremost technical uni- 
versities in, France, by Mr. C. Colson, an eminent 
civil engineéy, whose works on mercantile harbours, 
transportation and tariffs, railways, and other com- 
mercial and international subjects, are accepted as 
standard publications. The first volume of his 
lectures on political economy is dated 1901, and 
forms a large octavo of 600 pages. It treats of 
property, production, exchange, labour, and social 
problems, and lays down those general principlesthat 
are received in every country ; the deductions drawn 
by the author are based largely on the comparison 
between French and foreign practice, and this 
renders them of great interest to the British public. 
The second volume has only lately been issued ; 
it contains 775 pages, and deals in detail with 
finance and commerce. We should like to be able 
to reproduce in full man: of the conclusions 
arrived at by Mr. Colson, for they are evidence that, 
although occupying an official position, he does 
not hesitate to adopt an independent course, and 
put views before his students which are opposed to 
those in vogue with the Government. As it is, we 
are compelled to narrow down our remarks within 
small limits of Ore and we shall deal only with 

a few of the author’s statements, as representin 

the ideas of a man who, living in a highly pro- 

tected country, does not fear to reckon up what is 


the cost of Protection to the average citizen. 
Mr. Colson says that a - who wish to 
protect home manufactures by 


imposing a duty 


on similar products of foreign manufacture raise 
the price to the consumers of all the goods in 
regard to which the duty actually works. The 
duty is atax on the goods that enter the country, 
but the amount the State receives does not in any 
way represent the economical effect of the tax ; 
this amount is only a very minor portion of the 
extra cost to the consumers. The greater part of 
the burden thus thrown upon the public is absorbed 
by incidental expenses which result from a bad 
direction given to the productive forces of the 
country, or else constitutes an increase in rent to 
the benefit of land and property owners, whose 
land and capital could otherwise have been turned 
to account for the production at a profit of the 
duty - paying goods. It is not a fact, says Mr. 
Colson, that ‘a duty compensates for the natural 
inferiority of a covntry; on the contrary, it 
increases it, changing at the same time the 
form in which this inferiority is manifested by 
substituting dearness of products for cheapness of 
labour. Cost of living, it should be remembered, 
increases much more rapidly than salaries and wages. 

It is not a fact, either, that a nation has more 
interest in exporting than in importing. But in 
order to continue exports, maritime traffic, and 
supplies to the colonies, when the cost of all ele- 
ments of production has been increased in the home 
market, a nation is compelled to try and favour the 
exporting industries by freeing them of all excess 
in cost; and for obtaining this the means are 
extremely complicated, and cause great inconve- 
nience. The upkeep of the mercantile navy 
becomes most costly, and the maintenance of the 
colonial markets necessitates limitations highly 
detrimental to -the development of the said 
markets. It is not possible to combine duties in 
such a manner as to protect certain home products 
without damaging others ; duties serve as a useful 
support only to those industries which had not 
beforehand sufficient life in themselves. The other 
industries—those which would have continued to 
ssess sufficient vitality to extend their output 
throughout the world—suffer a restriction in their 
activity, and for this reason a number of means of 
action get artificially removed to other uses. The 
author finds such a result dangerous in that it tends 
to divert the attention and energy of business men 
from a natural line of progress to the search of 
political and parliamentary influences, and adds 
that it is very difficult for politicians not to be 
directly or indirectly subsidised by business men 
when the success of every branch of agricultural, 
industrial, and commercial activity depends more on 
the decisions taken by public authorities than on 
intrinsic vitality. Finally, by isolating more or less a 
home market an incentive is created towards the 
formation of monopolies and trusts ; and although 
the abuses of the latter have, as the author admits, 
been greatly exaggerated of late, they nevertheless 
constitute a danger, and the danger is greater the 
higher the duty. Therefore, concludes Mr. Colson, 
a nation causes considerable harm to itself when it 
takes on the yoke of Protection. 

Judging from the contents, and from the 
general tenour of the books, we take this to be 
an absolutely impartial opinion, the expression 
of which has in no way been influenced by 
the possible results to our French friends of 
the fiscal question that has been raised by one 
party in Great Britain. The author also makes 
the following interesting remark. He says that 
it is generally when private works are absolutely 
full with orders that the Government decides 
upon a huge programme, the carrying out of 
which raises immediately all prices to an abnormal 
extent, and when a crisis occurs and reduces 
the resources of the budget, the Government stops 
suddenly all further work, thereby aggravating the 
effects of the crisis. He knows of no government 
(he evidently finds that the experience of one of 
the Pharaohs is too ancient to provide a case in 
point) having formed a reserve during periods of 
prosperity to be used during bad years, and having, 
for instance, encouraged railways to submit stoically 
to the numerous recriminations of the public when 
at a loss to meet all traffic demands, and to reserve 
their orders for new stock for the time when private 
works are slack. We agree entirely with Mr. 
Colson in wishing that this procedure were followed 
—or, shall we say, were ible. We fear, how- 
ever, that right-minded Josephs, to act successfully 
as Prime Ministers in such involved undertakings, 
will not be readily forthcoming. The books further 
deal at great length with French commercial, in- 





dustrial, and financial practice, and with the re- 
lations between France and her colonies ; they are 
well printed, and the complete indices greatly 
facilitate rapid reference to any subject. 
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Frencu Raitways.—The length of line in operation 
upon the six great French railway systems and the French 
State lines at the commencement of April was 23,754 
miles ; the corresponding length of line in operation at 
the commencement of April, 1903, was 23,652 miles. It 
follows that new lines have been brought into operation 
during the past twelve months to the extent of 132 miles. 

Pig IN 1HE ZOLLVEREIN.—The production of pig of all 
kinds in the Zollverein last year was 10,085,634 tons. 
This total was made up as follows :—Rhenish West- 
phalia, 4,009,227 tons ; Siegen, Lahn, and Hesse Nassau, 
718,106 tons ; Silesia, 753, tons; Pomerania, 134,770 
tons; Hanover and Brunswick, 357,779 tons; Bavaria, 
Wurtemburg, and Thuringia, 159,403 tons; Sarre district, 
735,968 tons; and Lorraine and Luxembourg, 3,217,328 
tons. Of the pig made in the Zollverein in 1903, 1,798,778 
tons were casting pig or first fusion pig; 446,701 tons 
Bessemer pig; 6,277,777 tons Thomas pig ; 703, 130 tons 
steel pig and special pig ; and 859,253 tons refining pig. 
The greatest production of Thomas pig was effected in 
Rhenish Westphalia, which turned out 2,446,333 tons, 
and Lorraine and Luxembourg, which had an output of 





2,595,025 tons. 
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THE CONTROL OF FURNACE 
COMBUSTION. 


Tae determination of the amount of carbon 
dioxide contained in the combustion gases affords 
the best criterion for the economical working of a 
furnace. With perfect combustion, all.the oxygen 
of the air passing through the grate would be con- 
sumed by the burning coal, and no more air be ad- 
mitted than was necessary for this purpose, In that 
case the maximum temperature realisable with the 
respective fuel would be produced. Whether that 
temperature would be fully utilised is a second 
question, depending upon features with which we 
are not concerned in this article. Our problem is 
the control of the combustion by a determination of 
the resulting carbon dioxide and of other quantities. 
For occasional tests of this kind we have long had 
the apparatus of Orsat and others, in which the 
dioxide is absorbed by caustic potash. This chemi- 
cal analysis is reliable, but not very expeditious, 
and hence little suitable for constant control. 
There was, therefore, a demand for a recording 





apparatus of this type which would perform the 
analysis, at regular intervals, several times in the 
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course of an hour, and ‘record the result. The 
Ados apparatus, which we described some years 
ago,* does this successfully. 

_ There are also static methods for the determina- 
tion of the carbon dioxide. Since the weight of com- 
bustion gases varies with their contents of carbon 
dioxide, direct weighing of two balloons containing 
the one air, the other the combustion gas, will give 
useful information. But the method is manifestly 
delicate, and less suitable for the boiler-room than 
for the laboratory. In the first instance the differ- 


ence in weight is not very large: When the pro-, 


portion of carbon dioxide varies between 0 and 21 
per cent., the temperature being constant, the 
weight of a cubic metre of combustion gases will 
vary between 1292 and 1404 grammes. Further, the 
combustion products should be dry and free of dust 
and ashes—conditions difficult to realise in furnace 
flues. The dasymeters—another kind of balance— 
labour less under these objections. The buoyancy 











of a large bulb filled with air is determined in the 
flue gases; temperature compensation is easily 
effected with this method. Before we describe the 
Krell-Schultze apparatus, which we illustrate below, 
we will mention the Strache-Jehoda system. In 
this system the gases pass through two capillary 
tubes, arranged in series, with a caustic potash bulb 
interposed ; the velocity of the flow of gas will be 
reduced in the second capillary in the ratio of the 
volume of the carbon dioxide to the total air 
volume, and the percentage of CO, can be deduced 
from the readings of two differential pressure gauges. 

The Krell-Schultze recording hydrostatic balance 
combines several of the features mentioned, and 
several advantages of importance for technical ap- 
plication are claimed for it. There are no movable 
pieces, apart from the liquid thread and a com- 
pletely encased clockwork ; the apparatus may be 
set up anywhere, and consists essentially of metal 
tubes ; a single analysis with a non-registering ap- 
paratus does not occupy more than a minute. The 
design is due to Mr. Krell, of Nuremberg, and the 
apparatus has been improved and for some years 





has been manufactured by Mr. G. A. Schultze, of 
Berlin, a firm established in 1850, which makes a 
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speciality of technical thermometers and cognate ap- 
paratus. The principle is simple. Two verticahtubes 
are placed within an enclosure. Air passes through 
the one, the combustion gases to be tested passing 
through the other ; the diameters of the two tubes 
are adjusted for approximately equal rates of flow. 
The lower ends of the tubes communicate with a 
differential pressure gauge, consisting of a cylin- 
drical box and a very slightly inclined calibrated 








* See ENGINEERING, vol. Ixxiv., page 265, 


glass tube, in which a thread of coloured alcohol 
moves. The position of the thread marks the 
percentage of the carbon dioxide; and when it is 
photographically printed on a revolving drum, a 
continuous record is automatically obtained. 

Figs. 1 and 2 show the tube system ; Fig. 3 is a 
view of the pressure gauge, or micromanometer ; 
Fig. 4 shows the suction device. The brass tubes 
a and b, joined above, have a height of 1.75 
metres (5 ft. 9 in.), and a diameter of about 30 
millimetres (1.2 in.). The tube g, through which 
the gases are drawn off, and which communi- 
cates with the suction device, is a gas-pipe of 


4 in. in diameter ; j is a regulating gauge joined to 
g. When the tap A is opened, air passes up }, 
and the combustion gas flows up a, entering 
through the feed-pipe d and the cock f. We have, 
therefore, two columns of gases, whose weight will 
differ chiefly owing to the presence of carbon 
dioxide in a. The three-way cocks / and k com- 
municate with the pressure gauge, Fig. 3. -The 
cylindrical box q, which is cast in one piece with the 
base, and then bored, has a diameter of about 4 in. 
Over the end of the calibrated glass tube fits a 
metal tube 7, which is bent downward in the box ; 
both are held by the gland which is screwed into 
the box. The lid is also screwed into the box; 
to fill the box we remove the stopper i, which is 
attached to india-rubber tubing. The liquid is 
coloured alcohol, and to balance the pressure of the 
alcohol vapours the two small alcohol cups w (see 
Fig. 1) are inserted in the two connections. The 
two cocks k and / (Fig. 1) must be opened simul- 
taneously, lest the alcohol be spurted into the tube, 
and are therefore connected byarod. The cock », 
at the bottom of the tube a, remains normally open ; 
any water condensing in the combustion gases flows 
into the receptacle z. 





Fig. 3. 


The base of the micromenometer is carefully 
levelled and the glass tube inclined, according to 
the style of instrument, 1 in 400, 1 in 200, 1 in 
100, 1 in 50, and 1 in 10. The length of the 
glass tube is always 200 millimetres (8 in.). As 
such tubes are not absolutely uniform in bore, a 
compensated scale is added, as can be seen in 


Fig. 3. 

The calibration is in millimetres, and each divi- 
sion corresponds to ;3,5 millimetre of water. The 
percentage of carbon dioxide is read off on the 
slide on which the corrected zero is marked. 





| When the instrument is to register automatically, 
| the whole apparatus is fixed on «. larger base, which 
| bearsalso the photographic camera, while an elec- 
| tric incandescence lamp is placed above the glass 
|tube. The drum in the camera revolves once in 
every twelve hours. 

The determination of the percentage of carbon di- 
oxide is only one use to which this manometer is put. 
To obtain good control of combustion itis necessary 
to know the actual draught at eany moment, and 
also the temperature of the combustion gases. 
For the latter measurement G. A. Schultze recom- 
mends a type of simple pyrometers, vresently to be 
mentioned ; for the former, the pressure-gauge 
already referred to. The gauge proper remains as 
it was, but the vertical tubes are replaced by two 
tubes or gas-pipes of equal bore, which are taken 
| into the flue or passage in which the velocity of the 
| air current is to be determined. The two pipes are 
encased in a longitudinally split sleeve and 
through a gland into the flue, where they end on 
both sides of a little disc, whose position with 
regard to the air current can be adjusted from out- 
side. The tube ends form nozzles at right angles 
to the disc, and the whole device therefore repre- 
sents two Pitot tubes for the exploration of the 
pressure gradient in the respective section. The 
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disc is made in two sizes—11 millimetres and 22 
millimetres (nearly an inch) in diameter, and the 
corresponding diameters of the Pitot tubes are 
land 2 millimetres. The two Pitot tubes should, 
throughout their length, be under the same tem- 
perature conditions, and therefore be lagged. 

It is obvious that this method affords more re- 
liable information concerning the actual draught—- 
that is to say, the real quantity of air passing 
through the furnace—than the determination of 
the pressures below and above the grate and in the 
chimney. For in the latter case we depend upon 
the difference in pressure produced by the resist- 
ance which the moving air meets. If we imagine 
the grate bars practically empty, that resistance 
will be practically nil; if they become more and 
more charged with coal, the resistance will increase, 
but the available cross-section will be reduced, and 
the air supply be therefore diminished. Paul 
Fuchs, a few years ago, made experiments demon- 
strating that the pressure gradients really allow us 
to plot the velocity of the air currents, while the 
determination of pressure differences at various 
spots may mislead us entirely. 

Several pairs of Pitot tubes may be joined to the 
same pneumometer of G. A. Schultze, and switched 
in by opening the respective cocks. Apparatus of 
this kind have been installed in public schools, for 
instance, for the better control of the ventilation. 
The pneumometer marks the pressure gradient 
p, from which the makers of this instrument 
deduce the velocity of the air current by Reck- 
nagel’s formula p = 1.37 s v*/2g, where s is the 
weight of 1 cubic metre of air, 1.293 kilogrammes 
at 0 deg. Cent., and normal barometer. - The 
temperature and barometer corrections can easily 
be made with the aid of tables, and the tem- 
perature measurements in furnace flues are per- 
formed with the aid of the pyrometer of Schultze. 
These are glass tubes made of Jena boro-silicate 
glass 59'", which does not become plastic below 
667 deg. Cent. (1230 deg. Fahr.) and can resist very 
high internal pressures at temperatures of 500 deg. 
Cent. and above. The bulb is filled with mercury, and 
the capillary with carbon dioxide gas undera pressure 
of 20 atmospheres (285 lb. per square inch). The 
mercury cannot evaporate at this high pressure, 
and the indications of such thermometers are stated 
to be quite reliable. The thermometers are 
mounted in strong steel tubes, several feet or yards 
in length, and packed in them with a metallic 
powder. In order to facilitate reading they are 
either provided with a cylindrical lens for optical 
magnification of the scale, or arranged as electric 
telepyrometers, or combined with the photographic 
recording device above referred to. In the latter 
case we obtain three continuous curves, of the 
carbon dioxide percentage in the combustion gases 
and of their temperature, and of the speed of the 
air current ; and these three curves should enable 
an engineer to keep his furnaces under a far more 
efficient control than he could secure even with the 
best stokers. 

Professor Bunte has tested the hydrostatic balance 
for the registration of the carbon dioxide per- 
centage in the boiler-room of the Technical High 
School at Karlsruhe, and has found that the curves 
agree very well with the results of chemical analyses. 
The indications of the instruments have also been 
corroborated in other works, and they are recom- 
mended, among other bodies, by the Magdeburg 
Verein fiir Dampfkessel - Betrieb. We have on 
other occasions referred to the excellent services 
which the electric thermometer and thermocouples 
of Callendar and others have rendered to the engi- 
neer; and Mr. Threlfali’s researches have quite 
recently drawn attention again to the usefulness of 
the Pitot tube. The importance of such investi- 
gations to the engineer need not be emphasised, 
and the scientific study of the prevention of coal 
waste is more likely to help us to a clearer atmo- 
sphere than is legislation. 








RAILWAYS IN CHINA. 

Tne Boxer troubles and the great pressure of 
work thrown on the shoulders of the consular staff, 
in consequence of its having to grapple with the 
many complications arising out of a new condition 
of things when order was finally restored, has been 
the cause of a long interval in the publication of 
any important reports on commercial and indus- 
trial affairs in China. One has now been issued on 
the trade of Tientsin for the years 1900-1903, 
written by Mr. J. W. Jamieson, commercial attaché 





to His Majesty’s Legation at Peking, which, among 
other things, contains some information regarding 
railways in North China, of which some parts will 
be interesting to our readers. 

After experiencing many vicissitudes at the hands 
of military administrators of various nationalities, 
the Imperial Railways of North China reverted 
to their original owners in the course of 1902, 
and, having since then been repaired and 
thoroughly reorganised, are paying handsomely. 
While the lines were still under military control, 
the Peking terminus was brought up to the main 
gate of the Tartar city, and the traveller now finds 
himself deposited within a few yards of Legation- 
street. A branch line was built from Peking to 
Tungchon, 14 miles away—the head of navigation on 
the Pei-ho, and the former port of Peking, whither 
in the old days all tribute rice was brought. This 
rice travels now almost exclusively by rail from the 
sea direct, but the earnings of this branch have not 
come upto expectation. It may ere long, however, 
be carried along the base of the triangle to Ku-yeh, 
and bring the capital into even more direct touch 
with the coast. 

On the return of the Court to Peking after the 
Boxer troubles, a line 254 miles long was built from 
Kao-pei-tien, on the Peking-Hankow line, to the 
Western Tombs, so that now His Majesty can per- 
form his sacrificial rites there with the minimum of 
inconvenience and loss of time. The much discussed 
extension from Kon - pangtzu — 56 miles west of 
Newchwang—to Hsimmin T’un is now an accom- 
plished fact, and the traflic thereon is said to be large 
and remunerative. It is 69} miles in length, but it 
is unlikely that it will be carried farther by its 
present owners. The total mileage of the Imperial 
Railways of North China is thus brought up to 
580, and extensions of the system by building 
a chord line from Tientsin to Paoting, and from 
Feng-t’ai, vid the Nanku Pass to Kalgan—100 and 
115 miles long respectively—are spoken of. The 
former would link up the Pei-han line directly with 
the sea, and might interfere seriously with the traftic 
earnings of the existing line to Peking. As Kalgan 
is just outsde the Great Wall on the confines of 
Mongolia, the latter would bring Tientsin so much 
nearer to its sources of woul supply; and in 
the interests of trade expansion its construction 
ought not to be deferred. In what direction it may 
then push forward to join the Trans-Siberian trunk 
line, whether north-westwards vid Urga to Verk- 
neudinsk, or due north vid Dolonnor to Khailar, 
remains to be seen. The results of the present 
war between Japan and Russia will not only settle 
many political questions, but also many engineering 
proposals. 

The Belgian and French railway syndicates have 
not been by any means idle. Rapid progress has 
been made in the construction of the Pei-han line, 
and its two ends ought to meet at Yungtzu, on the 
Yellow River, in a month or two. Like the 
Imperial Railways, it suffered damage at the hands 
of the Boxers, but not to the same extent ; and by 
way of indirect compensation it availed itself of 
the opportunity afforded by the absence of the 
Chinese Government to shift its terminus from 
Lu-Kou-ch’iao to the main gate of the Tartar city— 
Peking—where the width of a street only separates 
the two stations. At the present time it is work- 
ing down to Shun-te, on the borders of Howan, 
and the formidable task of bridging the Yellow 
River is to be taken in hand in the spring. When 
the northern and southern sections get in touch with 
each other, another Belgian group of financiers, 
known as the ‘‘Compagnie Génerale des Chemins 
de fer et Tramways,” will proceed to carry into 
operation a concession they obtained last year for 
the building of a line from K’ai-feng, the capital of 
the province of Honan, to Ho-nan-fu, in the same 
province. The whole has to be completed within 
two years from date of commencement, and the 
company has then the option of extending the 
western branch to Hsian, the capital of Shenhsi. 
Eventually, K’ai-feng will be connected with Yen- 
chou, in Shantung, as, when the Tientsin-Chin- 
kiang line is approaching completion, the Chinese 
Government, has promised to entertain applications 
for the construction of a line from that town to 
K’ai-feng. So far, however, no steps have been 
taken by either the British or German concession- 
naires to get to work on that very important trunk 
line, although, as Chinan will soon be connected with 
Tsingtao, ter activity may be expected. 

The Peking syndicate’s 80-mile mineral line 
from Ch’ing-hua to Tao-K’on is now completed, 





and taps the anthracite deposits of Shanhsi, where 
they project into Honan, and it is intended to bring 
their output down by way of the Wei river and the 
Grand Canal to Tientsin, or by some route not yet 
determined, to the Yangtsu. The engineering 
difficulties, however, are great; but if these were 
overcome, it would open up one of the richest coal 
and iron regions in the world. A year or so ago 
subscription lists for a loan of 40,000,000 francs at 
5 per cent. were opened for the building of the 
Cheng-ting-T’ai-yiian Railway, a concession ob- 
tained by the Russo-Chinese Bank. This line, 
125 miles long, starts from a town in Chihli, on 
the Pei-han line, and has to cross a high range in 
order to reach the capital of Shanhsi—a province 
hitherto practically closed to the outer world. Its 
construction will prove by no means easy, and it 
is doubted whether it can be carried out for the 
amount estimated. 

It is evident that, although little information has 
been given on the subject, railway construction is 
making progress in China; and when the various 
lines now in hand are completed, they will have 
great results on the commercial and industrial con- 
ditions of China. New industrial centres will be 
opened up, and even the distribution of the present 
trade will be altered. Mr. Jamieson points out that 
a great contest for commercial supremacy—be it 
in imports or in exports—must ensue between 
Hankow and Tientsin, and as Hankow from her 
geographical position starts the race with many 
points in her favour, and will, in the end, be found 
to be the largest market, the merchants of Tientsin 
should fit themselves to the altered conditions. 
What is true of these two places, moreover, is true 
of others, and proves that the engineer does more 
to alter economic conditions than any other factor 
in social evolution. 








ELECTRICITY AND LAW IN THE 
UNITED STATES. 

Tue fact that the law concerning electricity in 
America is administered independently in all States 
of the Union naturally leads to the discussion of a 
number of cases in the American courts. Although 
the decisions of American judges are not binding in 
any court of the United Kingdon, yet they are re- 
garded with considerable favour; and if any new 
principle which has its origin in the vagaries of 
electricity as a means of distributing light and 
power requires elucidation, the energy of the 
lawyer who refers to the United States Law 
Reports is well repaid. 

lt is for this reason that the ‘‘ General Digest ” 
(American and English) which was recently pub- 
lished, containing reports of (inter alios) all the 
cases heard in America during the first half of the 
previous year, is likely to be of service to those who 
desire to be up to date in the law of electricity. It 
may be convenient if we summarise a few of the more 
important cases, notes of which are to be found in 
this volume. They must, of course, be read with 
full knowledge of the fact that the principles of 
English common law, though often recognised in 
America, are nevertheless in many States very 
materially affected by legislation. 

Accidents arising owing to the escape of 
electricity appear to be the most fruitful source 
of actions. In the case of: Neal v. Wilmington 
(53 A. 328) it was decided that where a guy-wire 
supporting an electric trolley line fell and became 
charged with electricity, and the defendant elec- 
trical company had notice thereof, it was its duty 
to exercise such care: to prevent injury as a 
reasonably prudent man would exercise under the 
circumstances, considering the dangerous character 
of the wire, the existing conditions, and surrounding 
circumstances. 

From this it may be assumed that if a trolley 
wire, or other wire conveying a powerful current, 
were to fall on land belonging to the company, they 
would not be liable to make good injuries sustained 
by a trespasser who should stumble against it. If, 
on the other hand, the trolley wire fell in the street, 
the company would be held liable for the con- 
sequences. So, in another case (the Lexington 
Railway Company v. Fain) (71 S.W. 628), it was 
declared to be the duty of an electric company 
to know the condition of its wires, and to use the 
utmost care to keep them safely protected by 

roper insulation, in order that those exposed to 
likelihood of contact with them may escape Injury ; 
and 4 direction to the jury that the company 1s 
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only required to use such means as will prevent the 
escape of the current is too favourable to the 
mpany. 

On t the other hand, an electric-lighting company 
are not bound to exercise anything more than 
ordinary care and foresight. In the case of Quincy 
Electric Company v. Bauman ((1903) 67 N.E. 807) 
an action was brought to recover damages where 
the injury was caused by a trolley wire broken 
in a storm of unprecedented violence. The judge 
directed the jury to the effect that “ The law 
imposes on a person or corporation transmitting 
electricity over the streets of the city for gain 
the duty of so maintaining their wires and other 
fixtures and appliances that they will withstand the 
ordinary and usual storms of all parts of the year, in 
that section of the country in which its plant is 
located.” This direction was held to be erroneous, 
inasmuch as it charged the defendant company with 
the absolute duty of maintaining its wires so that 
they would withstand the ordinary and usual 
storms, when the law requires only ordinary care 
to accomplish such result. can 

If, however, an electrical company lay their wires 
in such a position that they are likely to come in 
contact with, and inflict injury upon, persons using 
highways and other public places, they must 
answer for the consequences. So, in the case of the 
Consolidated Electric Company v. Healy (70 P. 884), 
an electric company laid its wires on the viaduct of 
a city street, outside of, but close to, the roadway, 
between which wires and way there was a railing or 
balustrade, over which small boys were in the habit 
of climbing and getting close to the wires. These 
wires were defectively insulated, of which fact, and 
of the habit of the boys, the company had 
knowledge. One of the boys, when in the act 
of climbing, was killed by coming in contact with 
the uninsulated wires. It was decided that the 
company were liable. Again, in the case of the 
Lexington Railway Company v. Fain (ubi supra), 
an electric company, which permitted a pulley wire 
used in lowering and hoisting an arc lamp to remain 
without proper or any insulation, and to come 
in contact with the feed-wires, and become so 
charged with electricity that a boy passing along 
the side walk, and taking hold of the wire where it 
passed round the reel on the pole at a point 44 ft. 
above the ground, was killed by the current, was 
found guilty of negligence. 

Contributory negligence on the part of the person 
injured may, however, relieve the company. Thus, 
in New Omaha Thomson-Houston Electric Light 
Company v. Johnson (93 N.W. 778), where an 
action was brought for injuries alleged to have 
been received by stepping on scrap iron electrically 
charged from the wires of the defendant light 
company, the evidence was held to show that the 
injury was received by voluntary contact with 
defendant’s guy-wire after notice. Contributory 
negligence, however, must be clearly proved before 
it will be accepted as a defence. 

Thus, in the Consolidated Gas Company v. Brooks 
(53 A. 296), where a paintér was killed by coming 
in contact with a live electric wire running up the 
side of a house on which he was working, the court 
would not be justified in directing a verdict for the 
defendant, an electric-light company, on the ground 
that there was no evidence from which a jury could 
conclude that it was neglectful-of any duty, though 
no one saw the accident, and there was no testimony 
t» show how it happened. 

One other. case may be usefully noted. In 
Laclede'v. Stillwell (71S.W. 380) it appeared that 
by a contract a manufacturer agreed to take‘a 
supply of electricity to the extent of 7} horse- 
power, an additional sum of 2 dols. to be paid for 
any greater power taken. He also agreed to take his 
entire supply from the same source for five years, 
and that the contract should then continue for 
periods of five years, and that in no case should the 
total payment in any one year be less than 180 dols. 
It was held that this was an agreement to take 
power during the life of the contract, and not 
merely at such times during the life of the contract 
a3 the manufacturer should think proper. 








WEST RIDING RIVERS. 
VI.—Trave Errivuents: Roya Sewace 
Commission’s THIRD Report—(concluded). 

, Tat the manufacturers have not received due 
enefit from the Act of 1876 is, at any rate as 
regards the smaller urban districts, largely due to 








themselves. In nearly all those districts where 
connéction with the sewer is freely permitted the 
privilege has. been grossly abused. Some connec- 
tions were made without consent long before any 
idea of rivers’ purification existed. Others were 
allowed by express resolution, without any con- 
trolling regulations, in the days when young and 
hopeful authorities launched boldly into a sea of 
troubles with their primitive sewage works. Many 
of the districts which receive polluting trade 
effluents receive the very dregs and scum of the 
foul staple-trade refuse—soap, greasé, oil (animal 
and vegetable), log-wood and other dyc-waste, 
fibrous matter and flocks, and the filth expressed 
from contaminated rags—thrice worn-out and ver- 
minous-—in addition to the sulphuric acid necessary 
to carbonise these for the production of ‘‘ shoddy.” 
This mixture of solids is discharged without regula- 
tion, coming in flushes almost filling a small 
sewer ; the liquors are often boiling hot, giving off 
columns of vapour by the manholes into the road- 
way ; the screens are choked, and the settling-tanks 
filled with the filthy mass, much of which: is not 
amenable to bacterial treatment, even without the 
sterilising influence of the acids. 

These things bring failure, and the sewage works 
become a by-word. Thus warned, the neighbour- 
ing authority, which has still to carry out its sewage 
disposal, goes more warily to work, and is inclined 
to take every advantage of the provisos of the 
Rivers’ Pollution Prevention Act. In this manner 
the unscrupulous disregard of all obligations to- 
wards the solution of this most difficult” part of a 
difficult problem in one district reflects injury upon 
its neighbours, and so evil breeds evil. It is but 
reasonable to conclude that if a rivers board, with 
its independent authority, strong and united, finds 
opposition and difficulty at every point with traders 
of a certain caste, much more will the sewer autho- 
rity, whose largest ratepayers they are, and on whose 
councils the offenders may sit. ‘‘ Forewarned is 
forearmed.” Let those whom it concerns see that 
any predominating influence in this direction which 
may prejudice river purification, by giving a sewer 
authority a burden it cannot well discharge in full, 
is checkmated at the very outset. One means 
would be to give the river authority in any district 
at least concurrent powers to enforce the regula- 
tions of the sewer authority, under which liquid 
trade pollution is admitted to the sewers. But 
concurrent powers are often felt to be invidious 
in their application. 

Having demonstrated that the law relating to 
trade effluents is but a chip of the great block of 
English law—in its indecision and want of clear 
pregnant force—the Commissioners expound their 
remedies. ' 

The Commission's Remedies.—In setting forth 
these the report is full and clear, but by no means 
decisive. In drawing their conclusions the Commis- 
sioners have greatly profited by the ripe experience 
gained since 1892 by the inspectors of the northern 
conservancy boards, as we may call them, in the 
Merseyand Irwell, and the West Riding River Basins 
respectively. Supplementing the valuable evidence 
of these gentlemen and many others by a’ personal 
examination of works where sewage is being treated 
in combination with trade effluents,~the Com- 
missioners determine that it is practicable in the 
great majority of cases to purify mixtures of sewage 
and trade effluents if the manufacturers adopt 
reasonable preliminary measures. That with regard 
to separate treatment by the manufacturers they 
are satisfied that, in some cases at least, the purifi- 
cation of the trade effluent by itself would be a 
difficult problem ; also that it is generally more 
costly to do so than when mixed with the sewage, 
and that in many cases it is impossible, owing to 
want of suflicient space for the necessary works. 
Here the Commission appear to overlook one point 
—namely, that separate treatment at each factory, 
or, at any rate, for each kind of effluent, if adequate, 
is the best—(1) from a riparian point of view, as 
simplifying the question of water diversion; and 
(2) from the economic point of view, as more certain 
to lead to the recovery of the waste products. ° Of 
course, the if is the rub. The construction of 
works to any necessary extent may be enforced on 
a manufacturer, but how to enforce their proper 
use passes the wit of man ; unless, as in the case of 
the remarkable Smith-Leach evaporative process 
for treating the superior class of wool-washers’ suds, 
everything which can pollute is practically re- 
covered, water included—a process also: applicable 


' available, all pollution is clear waste of commodity, 


and there is no great difliculty in getting a man, 
once he has started and has grasped the meaning of 
things, to put money in his pocket by enforcing the 
proper use of such works. 

The Commission also say that the local authori- 
ties, as well as the manufacturers, consider that the 
obligation to receive trade effluents should be laid 
upon every local authority ; and that such a change 
in the law would raise the average~standard of 
purification, and at the same time, as we have seen, 
would simp‘ify the problem of river pollution by 
reduciog the number of works under surveillance, 
and ‘‘we are therefore of opinion’ that the law 
should be altered so as to make it the duty of the 
local authority to provide such sewers as are neces- 
sary to carry trade effluents as well as domestic 
sewage, and that the manufacturer should be given 
the right, subject to the observance of certain 
safeguards, to discharge trade effluents into the 
sewers, ” 

The Commission refrain from suggesting what 
the safeguards should be, and ‘think it impossible to 
provide them by direct enactment;-each district 
being left to franié its-own regulations, subject to 
confirmation by a central authority. ‘‘In most 
cases, however, these regulations could provide 
definite standards for the different manufacturers 
as regards preliminary treatment.” This is vague. 
‘*Detinite standards for the different manufac- 
turers” may be intended to mean uniform standards 
for each of the different processes of the same 
manifacture, but is lacking in clearness. Un- 
doubtedly, standards are imperative ; and if they 
are to be left to the discretion of each authority, 
inequality of treatment and the same handicapping 
of trade in one district as compared with another 
that we now see will continue. Undoubtedly, such 
trades should be placed ona uniform basis through- 
out the country, no matter where the works may 
be ; and such uniform basis can only be secured by 
uniformity of standard, which, again, can only 
originate from a single authority. This the Rivers’ 
Pollution Commission said clearly. It is question- 
able if anything will satisfy the great staple trades 
but the certainty of equal treatment so far as it can 
be got. 

Provision is to be made for excluding trade 
effluents which cannot be purified by the local 
authority, and in cases of small districts to exclude 
the effluent from large factories newly established ; 
or, as an alternative, to exact some contribution 
towards the first. cost, or cost of treatment and’ 
maintenance of works, or both. We note that one 


provision is conspicuous’ by its absence, which 
enforces itself upon us as indispensable ; to wit,’ 
that in all cases the regulations under which trade, 
effluents are to be admitted to the sewers’shall _ 
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clude the recovery of the waste products. 
economic basis of trade demands that some means 
shall be devised to ensure that the advance of the 
prevention of waste shall accompany the advance 
of rivers’ pollution prevention. nie 


The vital matter of riparian rights is not over-' 


looked, it being recognised that the use of stream 


water is the very basis of an immense amount of 


pollution, the discharge of which into a sewer 
would become illegal abstraction. - In these cases 
the manufacturer is not to be relieved by statute 
of his liability to return the water he uses into the 
stream; and although in strict law it does not ap- 
pear necessary, the local authority admitting trade 
effluents is to be expressly exempted from liability 
for the violation of riparian’rights created by the 
discharge of fouled stream-water into a sewer. Of 
course, this, as a rule, imposes a fatal disability 
upon the polluter of stream-water. He cannot 
use the sewers for such stream-water, and yet cannot 
escape the duty of purification. But as he’ gets 
his water free of cost, he is the better able to meet 
the cost of purification ; and if he chooses, he can, 
asa rule, buy town water, and with it the right of 
using the sewers. 

It is this extensive use and pollution of stream: 
water which has imposed an impassable barrier to 
those. schemes—simple in more senses than one— 
for great trunk sewers linking together all the 
districts in one valley, and discharging at a single 
outlet.. Water abstracted must be compensated ; 
but how? By the construction of impounding 
reservoirs, at, say, fourpence or sixpence per thou- 
sand gallons of daily flow? Combinations of this 
kind will not pay for compensation. 

Coming to the question of terms of admission, 





to many other trade effluents. With such a process 


copious extracts from the evidence are cited, chiefly 
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from manufacturers, some expressing their willing- 
ness to pay, others objecting on the score that they 
are large ratepayers, and that therefore the cost 
should come out of the rates ; which is an equally 
cogent reason for throwing the whole cost of 
smoke-prevention on the rates—a reductio ad 
absurdwm which common-sense rejects. It is an 
axiom in the economy of trade that the entire cost 
of production comes out of the consumer. If this 
be so, then, in the long run, the cost of treating 
trade etiluents, under just charges, cannot become 
a burden to the manufacturer. Again, if it be, it 
is by no means a great one to begin with, where 
the works are favourably situated, and, as science 
advances, must needs diminish ; waste, like dirt, 
being but matter in the wrong place. 

In dealing with this knotty subject, the Com- 
missioners take special pains to defend the claim 
for free admission, and give categorical reasons. 
They say :—‘‘We cannot, however, disregard the 
following considerations.” 

‘*(a) Under the existing law the local authority 
are not empowered to make a special charge.” (Nor, 
we may reply, are they compelled to accept a special 
burden, amounting in some cases to double the 
cost of, and maintenance of, a scheme of sewers 
and sewage treatment.) 

‘¢(b) The evidence shows that though it would 
be practicable, were such a charge made, to 
ascertain what that charge should be, it would in- 
volve a very large amount of labour to settle this 
charge in respect of each manufactory.” (The 
amount of labour, unless out of all proportion to 
the result, of which there is no question, cannot 
affect the justice or policy of a charge.) 

**(c) In the interests of the community it is 
desirable that most trade effluents should, subject 
to certain safeguards, enter the sewers and be 
purified by the local authority.” (But how, again, 
does that interest affect the policy of a charge? It 
is the interest of the community to do many things 
’ which nevertheless are charged for.) 





, = 








‘*(d) In the interest of manufactures no new 
restrictions which are not essential should be 
imposed.” (A reasonable charge for special services 
rendered cannot be justly deemed the imposition of 
a restriction.) 

‘*(e) A distinction ought to be made between the 
cases where the manufacturer complies with the 
regulations as to preliminary treatment and the 
cases where he does not; and many important 
witnesses, representing local authorities, have 
strongly expressed the view that no special charge 
should be made in the former class of cases.” 
(Would not the distinction be best made by dis- 
criminating between him who complies and him 
who does not ?) . 





‘* Having regard to these considerations, we are 
of opinion that generally no special charge should 
be made to the manufacturer in those cases in which 
the regulations as to preliminary treatment are 
complied with.” oe 

e trust we shall not be found wanting in due 
respect if we say in plain language that the above 
considerations suggest special pleading. The issue 
before us is not how to save certain classes of 
manufacturers from any part of a legitimate trade 
expense, and to throw that part on others, who 
| bear their own trade expenses unaided, but to effect- 
ually prevent the trade of such classes from being 
destroyed or injured by the operation of a wise law 
enacted subsequent to the establishment of their 
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factories in positions so confined as to prevent com- 
pliance with that law at a reasonable cost. If we 
keep this issue clearly and steadfastly before us, we 
shall serve all and injure none. 

It must not be forgotten that the abnormal abuse 
of rivers has from the outset been an encroachment 
upon the rights of others, for which some practicable 
restitution is now being demanded in the common 
interest of all. Let not this partial restitution also 
be at the cost of others. By what right is one 


great ratepayer, say a machine-maker, shipbuilder, 











or electrical power producer, or, it may be, even a 
railway company, to be compelled to pay towards 
the cost of another ratepayer’s commodity? More- 
over, does not the imposition of a uniform charge 
meet the injustice inflicted by the riparian rights 
which step in between the user of stream-water and 
his right of sewer discharge ? 

The Commissioners themselves see the necessity 
of a special charge, even when preliminary treat- 
ment is adopted, ‘‘ where there are special circum- 
stances as regards volume, quality, or otherwise,” 
and it seems to us that a uniform charge per 
thousand gallons, according to class, in addition to 
compliance with certain uniform standards, with a 
special charge under special circumstances of volume, 
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quality, and otherwise,” would meet the needs of 
justice in a practical way. 

The Commission propose that the amount of the 
charge would be fixed by agreement between the 
parties, or, in default, by a superior authority. 

A point of special importance in the report is the 
provision for a specially low charge for the ad- 
mission of trade effluents in cases where it is found 
that a manufacturer cannot purify it at a ‘‘ prac- 
ticable and reasonably available cost,” and there- 
fore, under the present law, is free to continue the 
pollution of the stream. Here the onus of proof as 
to impracticability of treatment is to fall upon the 
manufacturer ; but it is not easy to discover the 
principle on which, under the amended law, favour ~ 
1s to shown to manufacturers relieved of that 
disability. Once more the strict line of equity 
coincides with the line of least resistance, and the 
charge made should have, as far as possible, fair 
relation to the relief afforded. Under this principle 
no proof is needed of disability. The offender 
the choice of two courses; treatment by himself, 
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and treatment by:the- sewer_authority.- If he.can- 
not himself, or thinks he cannot, purify his effluent, 
either wholly or in part, he can turn it into the 
sewer on the same terms as his neighbours. Why 
should his present position for ever give him an 
advantage over his rivals and competitors? Are 
Englishmen for ever to be the hide-bound slaves 
of precedent? -and. shall they for ever hand on 
privileges to a_favoured few without rhyme or 
reason? To do so is.to encourage disability to 
treat effluents, and even between the conception 
of.a law and its enactment, or between its 
-enactment and coming into force, it is easy to see 
how disability may be created by otherwise utilising 
the available space. 

Prescriptive Rights. — Here the Commissioners 
step from an uncertain footing on to sure ground ; 
they say :—. 

‘*We consider that all (?) manufacturers should 
be placed on the same footing, and that the pro- 
posals which we have made as to preliminary 
treatment by the manufacturer, and as to a special 
charge being made upon him by the local authority 
in certain cases, should apply equally to the manu- 
facturer whose trade effluent already passes into 
sewers, and to the manufacturer who is only pro- 
posing to obtain a connection.” But in those cases 
in which a right to discharge into the sewer has 
been purchased by agreement, the agreement is to 
stand. This is equity. It is true that in the Brad- 
ford Act of 1897, already described (see page 59 
ante), prescriptive right was recognised and had a 
value placed upon it; but in that case, instead of 
being confirmed by a general statute, it was can- 
celled by a private Act, for which a Parliamentary 
Committee thought compensation was needed for 
excluding the woolcombers’ suds from the sewage of 
Bradford. 

Here is a clear abrogation of prescriptive rights 
without compensation by the Commission, and also 
a proper abrogation. But prescriptive rights exist 
in many forms. At present, the manufacturer who 
cannot purify his sewage by ‘‘the best. practicable 
and:reasonably available means” has a. prescriptive 
right; to:pollute : thie stream; as a riparian ‘point of 
view, into which his effluent discharges, .. Why, we 
again ask, is thereto be recognition in one case and 
nob-recognition in the other / 

Borrowing Powers. — Extension of borrowing 
powers of local authorities to meet increased cost 
of sewerage and sewage works is proposed. 

Trade Sewers.—Also it is proposed to enable the 
local authority to construct a trade sewer or system 
of trade sewers, if necessary, and also works for 
the partial treatment of trade effluents before they 
are mixed with the ordinary sewage. 

Sewage Disposal.—The Commissioners think it 
desirable that the local authority should have power 
to deal with sludge at the expense of the manufac- 
turer, but should not be compelled to do so... If 
compulsion be found necessary, it is to be exercised 
by a superior authority, as is afterwards explained. 


(To be continued.) 








THE PROGRESS OF EGYPT AND THE 
SOUDAN. 

THE recent rapprochement between France and 
Britain will. be of:enormous advantage to Egypt, 
as it releases a large surplus fund needlessly held 
in reserve ; and with this money there may at once 
be carried out many uew_productive works of the 
first importance to the future advantage of Nile- 
land. ‘This liberation of capital is but a merited 
acknowledgment of the success of the administra- 
tion of Lord Cromer and his staff. No one can 
read the sound common-sense report which his 
lordship has just prepared on the finances, admini- 
stration, and condition of Egypt and the Soudan 
(Cd. 1951) without realising the solid basis on 
which the future of Egypt is being founded. 
Perhaps the outstanding characteristic is the desire 
to impress the native with the view that everything 
is being done for his benefit. This has ever been 
the keynote of British colonial or administrative 
policy. Indeed, the principal ground for criticism 
is, as a rule, the over-indulgence begotten of the 
anxiety to be fair and to win the confidence of the 
native. As-a result of an early admission — of 


natives to citizenship and to corporate control— 
most minor offices in the administration are filled 
by Egyptians—there is a tendency towards a lack 
of elasticity in matters of detail, and Lord Cromer 
seeks wisely, through the English members of his 
staff, to breathe into the Egyptian officials the spirit 





of intelligent and useful administration, and espe- 
cially to make every effort to overcome the evil 
effects of past misrule. As Lord Cromer himself 
puts it, what is wanted in Egypt is ‘‘ not a race of 
automatons, bound hand and foot by a rigid set of 
bureaucratic formule,” but a body of public ser- 
vants able to take an intelligent and really useful 
part in the administration of their country. ‘‘ What 
is required is a little less routine and a little more 
common-sense and businesslike aptitude.” There 
are other places nearer Whitehall where such sound 
advice, if accepted, would be immensely beneficial ; 
but that is another story. 

In view of the release of the fund to, which 
we have referred, it is important to note that Lord 
Cromer regards it as of the first importance that 
railways should be extended even in advance of 
irrigation works. Railways are ‘‘the most crying 
need of the country.” There has been some pro- 
gress ; the capital expenditure on the Government 
lines since 1883 has been E3,612,0001. (£E=20s. 6d.); 
but this is barely enough, and all will hope that 
Lord Cromer may realise his idea of spending an 
equally large sum within the next few years. The 
traffic has increased satisfactorily ; the number of 
passengers has multiplied fully fivefold in the 
twenty years, and the tonnage of goods nearly 
threefold. The gross receipts, however, have 
barely doubled, while the net revenue has gone up 
from E745,000/. to E1,270,0001. These figures refer 
only to the Government Railways, which, as his 
lordship never. ceases to emphasise, should be 
administered on sound commercial principles. For 
this reason he points out that very extensive repair 
work must soon be carried out at the cost of 
revenue, and that increased capital expenditure 
must be incurred for extensions to meet the grow- 
ing demands of the traffic, and to compete success- 
fully with the Nile boats. There has been, by the 
way, great improvement in the river fleet, steamers 
being largely employed ; and for six months in the 
year communication by freight - carriers is con- 
ducted to 426 miles south of Khartoum. Even in 
Low Nile navigation is possible quite as far south 
by-native boats. The question as to how far it is 
desirable for railways to compete with the Nile 
traffic is discussed by Lord Cromer, who finds, not 
only from the experience in this country, but from 
that of some colonies, that it is of the highest im- 
portance to prevent monopolies. He believes that if 
the Egyptian State Railways were sold to a com- 

ny, an arrangement might be made with the 

ile boat-owners which would terminate competi- 
tion between river craft and railways. The 
absorption of English canals by railway com- 
panies is a case in point. Such competition may 
affect railway receipts, but it is advantageous 
for the whole country: the gain goes as directly 
as possible into the pockets of the people, there 


to fructify. 
The possibility of England securing a fair share 
of the E3,000,000/. which may probably be spent 


on the extension of the Egyptian railways in the 
near future is indicated by the fact that during the 
past year 42.6 per cent. of the total value of the 
railway contracts (404,871/.) came to this country, 
the supplies sent by us consisting principally of 
first-class carriages, electric lighting plant, and 
signalling apparatus. In connection with this work 
the traffic manager speaks in a most satisfactory 
manner, and urges that in all cases the firms should 
send representatives to study the requirements of 
the company. Belgium comes second with 27.8 per 
cent. of the total; Austria-Hungary third, with 
10 per cent. ; Germany fourth, with 8.25 per cent.; 
United States fifth, with 5.67 percent. ; and Turkey 
sixth, with 4.75 per cent., mostly for timber. The 
Belgian contracts were mainly for roofs, bridges, 
and goods wagons, where a high standard of work- 
manship is not necessary. British locomotives on 
the Soudan railways are, by the way, pronounced 
a distinct success : American goods engines do good 
work; they have need of very few repairs to 
motion, but ‘‘their arrangement of spring beams 
and hangers give trouble, and their tube-plates 
are too thin according to English ideas.” 

There are also three light railways in Egypt : 
one 505 miles long ; another, 68 miles ; and a third, 
104 miles ; a total of 677 miles. On these light 
railways the results are satisfactory, improvements 
having been effected in administration. ‘As to the 
Soudan railways, the Wadi Halfa-Kerma line, it will 
be remembered, was made primarily for military 
reasons—to overcome the: difficulties of transport 
over the Nile Cataracts; the work of construction 





had to be carried out very rapidly, with the result 
that although the line has only been in operation for 
a few years, the condition isso unsatisfactory that it 
is not only dangerous for traffic, but involves such 
heavy repair expenses as to result in a loss to the 
Government of 20,0001. perannum. The line from 
Wadi Halfa to Khartoum, however, shows an in- 
creasing traffic, but it is being carried on below cost 

rice, owing to recent reductions in the freight rates, 

he Soudan Government, therefore, are upon the 
horns of a dilemma : they must either work the rail- 
way profitably by increasing the rates, which would 
kill the trade, or they must subsidise trade by work- 
ing the railway at rates which do not cover the cost 
of transport. Lord Cromer inclines to the latter 
alternative, but he considers that the situation is a 
strong argument for. pushing forward the line be- 
tween Suakin and Berber. This latter route, passing 
through a more promising country, offers a much 
shorter route to the seaboard from Khartoum. The 
existing line along the Nile Valley would be utilised 
as far as Berber, and the new line, trending north- 
eastwards, would reach the coast of the Red Sea at 
Suakin in 332 miles. The railway to Halfa, on the 
other hand, is not only longer, but there remains 
900 miles of transport on the Nile before the sea- 
board is reached. As coal at Khartoum is now seldom 
less than 41. per ton, and often nearer 61., the dc- 
crease in the distance of transit is of vital import- 
ance to native industry, while for the developmer t 
of export trade the difference in distance, as state, 
carries its own significance. The new line, 332 
miles long, is to run northwards through Suakin, 


turning thence in a south-westerly direction, strik- 


ing the Atbara about 20 miles from its junction 
with the Nile. From this point it runs paralk 
with the river, and joins the existing line to Khar- 
toum about a mile north of the Atbara Bridge. 
The steepest gradient is 1 in 100, and the sharpest 
curve 5deg. The cost per mile will work out to 
about 52501. Good progress is being made. A 
quay has been constructed at Suakin, and a pontoon 
and a 20-ton floating steam-crane are in course 
of erection, to enable heavy railway stores to be 
dealt with easily. Store-sheds have been erected, 
and every preparation is being made for the first 
consignment of railway material, which is due in 
July or August next, when also the first of the 
heavy engines required for construction is expected. 
Lord Cromer says that he will be disappointed if 
the line is not in working order early in 1906. 

Second only in importance to transport is the 
question of irrigation of the rich soils of Upper 
Egypt and the Soudan. It is now recorded that 
the total cost of the Assouan dam and the Assiout 
barrage, as finally ascertained by the last payments, 
is K3,439,864/.; but if to this be added the interest 
and sinking-fund charges, the ultimate total cost 
will work out at E4,598,880/. More good has been 
done to the people of Egypt by this expenditure 
than by the E100,000,0001. of debt which Ismail 
Pasha contracted, ‘‘and for the most part squan- 
dered.” It is yet too soon to measure definitely 
the results of the perennial irrigation works ; Lut 
the experience of the past year is most. promising. 
While the flood of 1903 was fairly abundant, the 
river was late in rising, and under former condi- 
tions the situation would have been disastrous. 
Water stored by the great dam was first added 
to the river supply on March 10, beginning with 
1,000,000 cubic metres per day, and culminating 
with 20,000,000 cubic metres on June 25. As the 
discharge of the Nile in June was only some 
20,000,000 cubic metres, the water stored by the 
dams practically doubled the available supply at 
the most critical period for the irrigation of the 
summer crops ; otherwise there would have been 
great difficulty in saving them. The advantage, 
however, was not so obvious as would have been 
the case had the climatic conditions been more 
favourable to the growth of grain, &c. These 
materially affected the ultimate issue, but the 
general result has been a considerable increase 1n 
the rental and sale value of the 170,000 acres of 
land which have been added to the area of perennial 
irrigation. : 

This area, however, represents but a small part 
of that which will yet be artificially watered, and 
yield grain and cotton in abundance ; and owing to 
this there is solid reason in the contention put for- 
ward for a united Nileland, since the claims of Upper 
and Lower Egypt will not only conflict with each 
other, but must ultimately be at serious variance 
with the interests of the Soudan. This is a point 
clearly enunciated by the Hon. Sidney Peel in his 
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recently published work,* in which the progress of 
Egypt and the Nile are traced in a most entertaining 
way. Sir William Garstin, who, as Lord Cromer 
says, is incomparably the highest living. authority 
on all matters connected with Nile irrigation, recog- 
nises the importance of the subject ; and the day may 
come when, in order to provide the additional 3500 
million cubic metres of water storage required, Lake 
Victoria or Lake Nyanza may require to have their 
level raised, and 2000 miles of the Nile banks 
regularised to prevent the flooding, which is 
not only inconvenient to agriculture, but a waste of 
water. Regulators at the lakes would serve, in 
some degree, for flood protection, as well as for 
storage for summer use ; while the flood waters of the 
Blue Nile and Atbara, fed by rains in Abyssinia, 
could be more effectively intercepted in the Soudan. 
As Mr. Peel points out, the exports of cotton from 
the Soudan, as well as Egypt, should be counted by 
millions of kantars instead of tens of thousands, 
since only perennial irrigation is needed. ‘‘The soil 
is there, the climate is there, the water is there, and 
the irrigation works will come.” It would be better 
than the American cotton in colour and staple, and 
each acre yields a profit of 12s. 6d. per crop ; but 
the new railway, reducing the cost of fuel, &c., 
will increase this to 75s. The potentialities with 
irrigation and operations on a large scale are there- 
fore enormous, and we shall await with consider- 
able expectancy Sir William Garstin’s report on 
Upper Nile irrigation projects. 

In connection with this improvement in the agri- 
cultural condition by irrigation, a somewhat remark- 
able state of affairs has developed; Lord Milner 
called Egypt the ‘‘ Land of paradox,” and we have 
proof of the aptness of this statement. Usually 
compensation is paid forimprovements made, butthe 
Egyptian Government, as the improvers here, have 
to make compensation for improving the agricul- 
tural prospects. The landowners are actually 
making them pay not only for the area required 
for canals, &c., but are charging for the land at a 
higher rate, consequent upon the improved pro- 
spect. Thus, when the Assiout works were first 
taken in hand, it was estimated that the cost to 
the Government would be about E2/. per acre 
benefited ; but in some of the provinces it has cost 
E4/. and E5l. per acre. This is because the value of 
land has increased. Again, labourers’ wages have 
gone up about 40 per cent. in two or three years. 
Thus in the case of the 451,000 acres of basin land 
in the provinces—Assiout, Mineh, Beni-Souef, and 
Gizeh—the cost of conversion will amount to about 
E7l. per acre. But there is no doubt in Lord 
Cromer’s mind as to the remunerative character of 
this work ; and he points to the fact that in connec- 
tion with work already carried out, extending to 
170,000 acres, there has been an increased rental of 
K3l. per acre, and an increased sale value of E301. 
per acre. In other words, taking the whole 170,000 
acres of basin land under perennial irrigation, he 
finds that the first cost was E1,990,000I., that the 
annual rental has been increased by E510,0001., 
and the present sale value by E5,100,000/. Thus, 
while the Government will gain through the special 
rate chargeable in a few years’ time on converted 
land—about 10s. 3d. per acre—there will be a very 
direct gain to the landowners and all dependent 
upon them. 

The Fellaheen is not over anxious to discover to 
the Government Inspector the improved condition 
of his treasury, but all the facts point to such in- 
creased prosperity. The total foreign trade of 
Egypt, for instance, has in ten years increased 
from E21,000,0001. to E35,000,000/., and an 
analysis of the returns shows evidences of wider 
prosperity. There have been large increases in the 
imports of wood for building purposes, and Lord 
Cromer notices that every village which he visits 
contains houses in which the doors, window frames, 
&c., are made of wood. More families now live on 
butcher’s meat than was formerly the case. The 
quantity of common soap imported has enormously 
increased, and there has been a marked increase in 
the importation of beds. Thus all along the line the 
rising imports afford conclusive proof of the grow- 
ing prosperity of the country. Sir Rudolf von 
Slatin, the Governor-General of the Soudan, says 
that everywhere he went he found the population 
larger and wealthier, flocks and herds more 
numerous, security prevails, and general satisfac- 
tion is expressed with the present rule. Mr. Peel 


*“The Binding of the Nile ny 
By the Hon. Sidney 5 aly ile and the New Soudan. 
12s. 6d. net. ] 
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writes of Egypt that wages have increased in some 
places as much as 50 per cent., and with the rise 
has gone ‘on an enormous improvement in all the 
conditions of life. The Fellaheen are building 
better houses, they are better fed, disease is less, 
and they are happier in every way. All this means 
increased imports. 

The value of cotton exports constituted 89 per 
cent. of the total—a fact which indicates the im- 
portance of perennial irrigation. Something is being 
done towards the development of minerals. The 
Government are, however, determined to exclude 
the adventurer and the bogus promoter, and lay 
down a condition in concessions that the working 
capital should, at least, be one-third of the total 
share capital. Nearly all the Egyptian territory 
lying between the Nile and the Red Sea has been 
allotted, in areas of different sizes, to private syndi- 
cates, the license usually being for a period of 
thirty years, and renewable every fifteen years. 
The rent is E2l/. per acre, and a royalty of 1s. 10d. 
is levied on the annual distributable profit arising 
under, or in connection with, the commission. For 
coal the rent is only Ell. per acre, and the Govern- 
ment take no share in the profits of the undertak- 
ing, the hope being that cheap coal—the primary 
desideratum for industry—-will ultimately be found. 
The Government, however, propose to stipulate 
that in all cases smoke-consuming apparatus must 
be used. Even in the matter of education the 
Government have in mind the future development 
of the country, and are encouraging, as far as pos- 
sible, technical and mechanical education, since the 
economic conditions of the country are rapidly 
changing : new wants are growing up ; steam, elec- 
tricity, and labour-saving machinery are in wider 
use, and are creating a demand for skilled labour 
of a superior sort. The educational authorities are 
therefore, developing, as far as possible, schools for 
mechanics and artizans will be educated to comply 
with modern conditions, rather than to follow the old 
system of cottage handicrafts. Sir William Mather’s 
gift to the Gordon College, at Khartoum, of a com- 
plete technical workshop apparatus, containing all 
that is necessary for the establishment and organi- 
sation of departments for manual training and 
technical instruction, is, therefore, invaluable. 
Apprentice-students spend alternate days in the 
workshop and in the class-rooms. 








RAIL-AUTOCAR FOR THE PARIS, LYONS, 
AND MEDITERRANEAN RAILWAY. 

A few months ago* we gave an illustrated descrip- 

tion of the motor-car adopted by the Paris-Orleans 

Railway Company. We now illustrate in Figs. 1 to 3 
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on page 632 the type designed by the Paris, Lyons, 
and Mediterranean Railway Company, and built, like 
the Paris-Orleans motor-cars, by M. Purrey, of Bor- | 
deaux. As shown in Fig. 2, the covered platform in | 
front carries the steam-boiler, and is fitted with the | 
levers and connections for working the car. The seating 
accommodation is for thirty-six passengers, and is in 


the middle portion of the car; the guard’s compart: | 


| 


* See ENGINEERING, vol. lxxvi., page 560, 
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ment is on the rear platform, which also affords stand- 


ing room for a dozen ngers. Unlike the type 
designed by the Pasieidleans Railway, no compart- 
ments are provided for engers’ luggage or for the 
mails. The boiler and the engine are similar to those 
we described in connection with the Paris-Orleans car, 


The chief dimensions of the engine are as follow ; — 


Diameter of high - pressure cy- 


linders ... ee sek .. 140m. (5.51 in.) 
Diameter of low-pressure cy- 

linders ... ses ‘ibe er | ee 
Stroke -200 ,, (7.87 ,, 


The engine, which is illustrated by Figs. 4 and 5, 
subjoined, is bolted to four gusset-plates riveted to the 
underframe. It drives the car by chain transmission, 
the chain-wheels on the crank-shaft being 0.360 m. 
(14.17in.) in diameter, while those on the driving-axle 
have a diameter of 0,540 m. (21.26 in.). The wheels 
are 0.930 m. (36.61 in.) in diameter, and in order to 
attain a speed of 60 kilometres (37.3 miles) an hour, 
the engine has to run at 514 revolutions. The chains 
and the engine are enclosed in a dust-proof casing. 

These motor-cars have been built for nger 
traffic on the branch line from Alais to Port !’ Ardoise, 
on which they have been tested, with good results. A 
motor-car, in full working order, weighing therefore 
23.8 tons, was first run alone; subsequently it was 
made to haul one and then two 14-ton trailers. The 
line is 58 kilometres (36 miles) in length, with nume- 
rous curves 400 and 500 metres (1310 ft. and 1640 ft.) 
in radius, and gradients of 18 and 20 millimetres (1 in 
56 and 1 in 50). With the motor-car alone, running 
at a medium speed, a boiler pressure between 8 
and 10 kilogrammes (113 lb. to 142 lb. per square 
inch) was sufficient ; the coke consumption amounted 
to no more than 2.7 kilogrammes per kilometre 
(9.5 lb. per mile), and the water evaporated was 
4.5 kilogrammes per kilogramme of coke. When 
the car hauled a trailer and ran at the same 
medium speed, the boiler pressure had to be raised 
on an average to 14 kilogrammes (200 lb. per 
square inch), the coke consumption being 2.9 kilo- 
grammes per kilometre (10 lb. per mile), and the 
water evaporation 4.9 kilogrammes per kilogramme 
of coke. ith two 14-ton trailers, and running at 
medium speed, the coke consumption was 3.9 kilo- 
grammes (13.8 lb. per mile), and the water evapora- 
tion 4.5 kilogrammes only per kilogramme of coke. 
When running at high speed, the boiler pressure 
becomes very unsteady. Thus, with the motor-car 
working alone, the pressure is constantly oscillating 
from 8 to 20 kilogrammes (113 lb. and 284 lb. per 
square inch). The coke consumption is 3 kilogrammes 
per kilometre (10.6 lb. per mile), andthe water 
evaporated is 4.5 kilogrammes per kilogramme of coke. 
Difficulties were found in adhering to the time-table, 
more especially when the car was made to haul a 
14-ton vehicle at the higher speed. In this case the 
pressure varied as above, and the terminus was reached 



































| practically at the right time, thanks to a down gradient, 
which rendered it possible to make good 7 minutes 
that had been lost in running up an incline. 


The 
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ELLIS AND EAVES’ SYSTEM OF INDUCED DRAUGHT. 
CONSTRUCTED BY MESSRS. DAVY BROTHERS, LIMITED, SHEFFIELD. 
(For Description, see opposite Page.) 
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average coke consumption was 4.3 kilogrammes per | gramme of coke. The stability of the car is good, | feed-pump. This is driven by the rear axle. A number 
kilometre (15.21b. per mile), and the water consump-| even at the higher speed of 37.3 miles; every part|of modifications have been carried out, but it will 
tion remained constant at 4.5 kilogrammes per kilo-| of the mechanism worked satisfactorily, except the | probably be necessary to instal a steam-pump. 
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ELLIS AND EAVES’ SYSTEM OF INDUCED DRAUGHT APPLIED TO MARINE BOILERS. 
AND CO., LIMITED SHEFFIELD. 


CONSTRUCTED BY MESSRS. JOHN BROWN 
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RECENTLY there has been considerable development 
in the use of induced draught on the Ellis and Eaves 
system for land boilers, not only of the water-tube 
type, but especially of the Lancashire design. These 
land installations are being carried out by Messrs. 
Davy Brothers, Limited, of the Park Iron Works, 
Shettield, who have secured the manufacturing rights 
for such from the owners of the patent, Messrs. John 
Brown and Co., Limited, Atlas Works, Sheffield. 
We illustrate on the opposite page an installation 
of five Lancashire boilers, with which very satisfactory 
results have been obtained ; while on this page are 
given sectional drawings of a marine boiler fitted with 
the same system (Figs. 5 and 6). The outstanding fea- 
tures of the Ellis and Eaves arrangement, as applied to 
both marine and land steam generators, are the placing 
of an exhausting fan at the base of the funnel to 
induce draught, and the interposition of an air-heating 
system between the smoke-box and the fan inlet, so 
that a larze proportion of the heat in the waste gases 
is utilised to raise the temperatures of the incoming 
air, which subsequently passes along ducts placed on 
either side of the smoke-box, and is discharged both 
above the fire-bars and through the ash-pit into the fire. 

The arrangement secures ail the general advantages 
of mechanical draught, and has several additional 
recommendations peculiar to itself. 
designed and carefully - proportioned boiler it is pos- 
sible to add to the generating capacity, per unit of 
weight or size of boiler, to the extent of from 30 to 40 
per cent., giving a proportionately higher horse-power 
for a given weight, or reducing the weight for a corre- 
sponding horse-power. There is also, as we shall 
presently show, increased economy ; and it is usually 
possible to burn an inferior quality of coal than where 
natural draught is relied upon. The induced hot-air 
feed insures a perfect combustion within the furnace, 
as hot air unites more freely than cold air with the 
gases given off by the fuel. There is thus less chance 


of the gases finding their way up the funnel without 


With a-well-: 


ignition within the boiler, which means that there is 
a considerably reduced quantity of carbon emitted 
from the funnel in volumes of smoke. Again, less of 
the heated air is required per pound of coal consumed 
for complete combustion than when cold air is used. 
In the Ellis and Eaves system, where an induced 
draught is adopted, there is no tendency of dust to be 
driven into the stokehold from the ash-pits or through 
the fire-doors and smoke-box seams, or brickwork 
in land boilers ; nor is there any likelihood of acci- 
dent to firemen from the opening of doors without 
due regard to air-pressure valves. In earlier arrange- 
ments of induced draught one great obstacle was that 
the high temperature of the furnace gases at the base 
of the funnel destroyed the fan, but with the Ellis and 
Eaves system this disadvantage is overcome by the 
abstraction from the waste gases, before they reach 
the fan, of a large proportion of their heat, which is 
then used for raising the temperature of the air 
delivered to the furnace. 

Thus, where the Ellis and Eaves arrangement has 
been fitted on board ship, carefully collected data show 
that while the temperature in the: stokehold was 
74 deg., the air drawn from the stokehold through the 
air-heating system for use in the furnace was raised 
to 350 deg.; while the temperature of the waste gases, 
which, when measured at the smoke-box, was 650 deg., 
was reduced by passing first through steam-super- 
heaters, and afterwards through the air-heaters, to 
380 deg. There was thus absorbed from the waste 
heat going up the funnel 275 deg., which was con- 
verted into useful work :—(1) In the superheating 
of the steam; and (2) in the heating of the air 
before it entered the furnace to assist combustion. 
The results were obtained on board the s.s. Inchkeith, 
which has the Ellis and Eaves boiler system, and has 
in combination with it superheaters for increasing the 
temperature of the steam driving the oe mapsre n- 
sion engines. By this arrangement probebly the highest 
economy in steam propulsion yet realised was attained, 

















and the results.are therefore of interest. The Inch- 
keith hasa oe carrying capacity, when loaded, 
of 5700 tons, and when steaming on the North Atlantic 
at 1259 indicated horse-power, the coal consumption 
per hour was at the rate of 0.98 lb. per unit of power 
developed by the main engines throughout the ol 
longed trial. The quantity of water evaporated from 
and at 212 deg. Fahr. was 12.72 lb. per pound of coal, 
82 per cent. of the calorific value of the fuel being 
utilised, showing that the efficiency of the boiler as a 
steam-generator was exceptionally high. In ordinary 
practice—i.e., without superheating and with triple- 
expansion engines—the results have proved almost as 
satisfactory, the coal consumption being 1.3 lb. and 
1.4 Ib. per unit of power in certain cases. As to the 
increased rate of combustion, it is found that. in 
Atlantic liners 28 lb. to 30 lb. can be economically 
consumed per square foot of grate; in intermediate 
steamers, 25 lb.; and in ocean tramps, 20 Ib. to 22 Ib. 
per en foot of grate. The arrangement of induced- 
draught ——— on board involves the least incon- 
venience. While the fans are placed in the uptake, their 
driving enginesare removedentirely from the stokehold. 
As a rule, they are placed on a platform in a recess 
in the engine-room, so that they are always in view of 
the engineers ; the shaft from the engine to the fan 
is well supported. with water-cooled ring-blocks. 
The system, too, admits of an easy regulation of the 
draught to secure the required rate of combustion for 
any quality of coal used ; the passage of air to any one 
furnace can be temporarily shut off to enable the furnace 
to be cleaned ; and the pressure of air may be increased 
separately in any boiler, to compensate for one boiler 
being temporarily shut. down for repairs. In addition 
to the induced draught drawing all dust with it into 
the boiler, it promotes a circulation of air down through 
the ventilation cowls, so that the temperature is, as a 
rule, cooler in the stokehold than in the engine-room. 
There are advantages peculiar to the Lancashire 
boiler to which brief reference may be made. In the 
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installation which we illustrate on page 636 the fan 
placed at the chimney base has been proportioned to 
ensure a vacuum of about 2in. It draws the gases 
from the side flues, through the box containing the 
tubes for heating the air of combustion, which is drawn 
into this heating-box, and circulates outside the tubes 
through which the hot gases are passed. The air is 
led in pipes to the furnace front, which is closed 
except for the small space under the fire-bars. In our 
illustrations, the path of the air and the flow of the 
furnace gases are marked by arrows, which show the 
directions. A small quantity of cold air is drawn 
through the fire-bars, but the heated air, which attains 
a temperature of over 300 deg., is delivered partly on 
the top of the fire. The result is to ensure complete 
combustion at once, no smoke being formed. At the 
same time combustion takes place uniformly all over 
the furnace, and there is no excessive concentration 
of heat on certain parts of the furnaces, which is very 
liable to be the case with some forms of forced 
draught. 

Messrs. Davy Brothers first applied the system to 
a Lancashire boiler in their own works, with the 
ultimate result that a large number of their clients 
have decided to instal the system. The boiler at their 
works was 8 ft. in diameter and 28 ft. long, and 
under the new conditions this boiler produced 
10,180 lb. of steam per hour, whereas the maximum 
evaporation without the induced draught was onl 
7000 lb. per hour, so that in this instance the instal- 
lation of the Ellis and Eaves system increased the 
steaming quality by 45 per cent. 

With regard to coal consumption, we append results 
which show an evaporation of 10.45 lb. of steam per 
pound of coal from and at 212 deg. Fahr., as com- 
pared with 8 lb. of steam before the installation of 
the system of induced draught. The trial results are 
as follow :— 


Particulars of Test on a Lancashire Boiler 8 Ft. in Dia- 


meter by 28 Ft. Long, Fitted with Ellis and Eaves’ 

Patent System of Induced Draught. March 5, 1902. 
Duration of trial : oe _ 6 hours 
Kind of fuel used ..Rothervale washed 

nuts of average 
quality. 
Average draught at fan suction .. os 2 in. 
»» Observed steam pressure .. .. 84 mpl aad sq. in. 
» temperature of feed water oe .. 142 deg. Fahr. 
aa ” gases entering  air- 

heater.. Re - os - oe ae) ” 

Average temperature of gases at fan -. -667 ” 
2s - air entering air-heater 100 ae 
” heated air entering 

fires .. 7 — 7 ne on. ae a 
Average fan revolutions .. 3862 per minute 
Total coal fired - 6480 Ib. 

» refuse oe 406 ,, 
Percentage of refuse.. 6.2 per cent. 
Coal fired per hour .. sik ~ - 1080 Ib. 
Coal consumed per square foot of grate per hour 30 ,, 
Water evaporated per hour from temperature 

of feed-water (142 deg. Fahr.) to mean boiler 

pressure (84 lb. per sq. in.) ve si 3 10,180 Ib. 
Water evaporated per hour from and at 212 deg. 

Fahr. .. se om ae ee os “e 11,291 ,, 
Water evaporated per pound of coal from tem- 

perature of feed-water to boiler pressure 9.42 Ib, 
Water evaporated per pound of coal from and 

at 212 deg. Fahr. .. ‘is os bs - 10.45 ,, 
Water evaporated per pound of combustible 

from temperature of feed-water to boiler 

pressure , oe + - me >s 10.00 ,, 
Water evaporated per pound of combustible 

from and at 212 deg. Fahr. = = a 11.15 ,, 
Water evaporated per square foot of heating 

surface from and at 212 deg. Fahr. .. . .. 13.28 ,, 
Water evaporated per square foot of grate sur- 

face from and at 212 deg. Fahr. “ - 313.6 ,, 
Total water evaporated in six hours 6108.3 gals. 


REMARKS, 

Hot-air ex under grate full open. Hot-air dampers over 
grate sides full open. Hot-air dampers over grate top closed. 
Ashpit-door slides closed. 

Observations were taken at intervals during the trial, and at no 
time was smoke visible. 

The trial started at 9.30 a.m., the fires having been cleaned at 
8.30 a.m. 

The tanks for measuring weter were placed one on top of the 
other, the top tank having been viously measured and 
graduated, This tank was filled, and the water was then allowed 
to run into the lower tank. The mean temperature of the water 
in the tanks was 62 deg. Fahr. This water was then pumped 
through one of Green’s patent economisers, and was there heated 
by escaping gases from the boiler toa mean temperature of 142 deg. 
Fahr., at which temperature it was admitted into the boiler. 

The greater steaming quality of the boilers to which 
the system is applied is still better shown by a com- 

ison between the performances of a boiler fitted at 
essrs. Steel, Peech, and Tozer’s works by Messrs. 
Davy Brothers. Originally th» firm had been working 
two boilers 7 ft. in diameter by 30 ft. long, and to meet 
the conditions they had to force them considerably, 
with the result that the economy had very materially 
decreased, the water evaporated per pound of coal 
from and at 212 deg. Fahr. being only 5.88 lb. To 
do the same work, they decided to put down a boiler 
of 9 ft. in diameter and 30 ft. long, with Ellis and 
Eaves draught, with the result that not only was 
steam easily maintained, but the fuel economy was 
improved. Thus the water evaporated per pound of 
coal from and at 212 deg. Fahr. was 10.18 1b., while 
the coal consumed per square foot of grate per hour 
-was slightly less—31.6 1b., as compared with 34 lb. 





The water evaporated per square foot of grate from 
and at 212 deg. Fahr. was increased from 199.9 lb. to 
322 lb. Of course, this greater economy is accounted 
for partly by the original boiler having been driven 
too hard. At the same time it is obvious that the ap- 
plication of the system of induced draught greatly in- 
creases the steaming quality of a boiler of given 
dimensions, so that the capital cost involved in the 
installation is in large measure nullified by the less 
number of boilers required for a given duty. Equally 
good results have been achieved by the installation 
which we illustrate on page 636. In this case an 
installation of five boilers has been put up at the 
Manver Mains Colliery, near Sheffield, in connection 
with a very fine installation of mining machinery, 
including electric plant, air-compressor, and winding- 
engines. The air-compressor, by the way, has valves 
of the Corliss type fitted to the air - compressing 
c or and this application we hope to iNustrate 
shortly. 

The boiler drawings we reproduce illustrate very 
clearly the general arrangement. Each of the five 
boilers is 9 ft. in diameter and 30 ft. long, the grate 
designed for use in the case of hand-firin ing 
42 square feet; but as they are now mechanically-fired, 
the bar surface has been reduced to 36 ft. The point 
of interest is, of course, the arrangement of the 
draught ; arrows show the direction in which the 

ases travel, and the path of the air for combustion. 

he fan has a double inlet with a suction on each 
side, and is provided with two engines for driving it. 
It has a capacity of 60,000 cubic feet per minute, 
and the engines are of the simple double-acting type, 
with one cylinder 94 in. in diameter, with 9 in. 
stroke. Each engine is of sufficient power to drive 
the fan, so that one of them is installed for emergency. 
It will be noted that the brick setting of the boiler is 
very simple and inexpensive, no main flue bein 
required. The boilers in this installation are fit 
with McDougall’s patent stokers, but any system may 
be applied in connection with this system of draught. 

e append the results of the evaporative trials which 

have been made recently with the Lancashire boilers 
at Messrs. Steel, Peech, and Tozer’s works by Messrs. 
John Brown and Co.’s representative in conjunction 
with Messrs. Steel, Peech, and Tozer’s and Messrs. 
Davy Brothers’ representatives. 


Duration of test e *e 7 56 as 6 hou 
Kind of fuel burned . .. Rothervale nuts 


Average draught at fan ae ee 2in. 
Average observed steam or pied .. 153 Ib. per sq. in. 
Average temperature of feed water . 50deg. Fahr. 
— temperature of gases entering air- 

eater... s . 


= fe. i. oe . 793 deg. Fahr. 
Average temperature of gases at fan os ae ” 
Average temperature of air entering air-heater 74 ” 
Average temperature of heated air entering fires 293 9 
Average fan revolutions - .. 741 per min. 
Total coal burned in six hours 8174 Ib. 
Total refuse in six hours .. 

Percentage of refuse 


445 ,, 
os 5.44 per cent. 
Coal burned per hour ws 1362 Ib. 


Coal consumed per square foot of grate per hour 31.6 ,, 
Water evaporated per hour from temperature 

of feed water to boiler pressure oa 6 11,400 ,, 
Water evaporated per hour from and at 212 deg. 

Fahr. .. re as w ES ts ‘e 13,877 ,, 
Water evaporated per pound of coal from tem- 

perature of feed water to boiler pressure .. 8.36 ,, 
Water evaporated per pound of coal from and 

at 212 deg. Fahr. .. ae on nN = 10.18 ,, 
Water evaporated per pound of combustible 

from temperature of feed water to boiler 

pressure as oe - os oe 20 &8 ,, 
Water evaporated per pound of conibustible 

from and at 212 deg. Fahr. = ee ‘3 17 » 
Water evaporated per square foot of heating 

surface from and at 212 deg. Fahr. .. wa 12.6 ,, 
Water evaporated per square foot of grate from 

and at 212 deg. r. “eA tes 35 S22, 
Total water evaporated in six hours 6840 gallons 








REDMAN’S SYSTEM FOR CLEANING AND 
PAINTING SHIPS. 

Tue rapidity with which ships can be cleaned and 
painted is, it need hard] rb an important matter 
to ship-owners, for, other things being equal, any 
system which reduces the time that a vessel has to be 
in a dry dock is a distinct gain ; it being understood, 
of course, that the cleaning and painting are as well 
done in the shorter time as in the longer. 

It was with the object of effecting this saving of 
time that the mechanical process which we are about 
to describe was thought out and perfected. The 
saving of paint and the better treatment of the sur- 
faces painted were also kept in view. The ordinary 
method of painting ships by hand in dry dock is waste- 
ful, even with the most careful men under good super- 
vision, apart from the cost of the staging that is re- 
quired in order to carry out the work. In the mecha- 
nical process to which we have referred the surfaces are 
first thoroughly cleaned by means of Tilghman’s sand- 
blast apparatus, which leaves all the metal surfaces 
bright, and does particularly good work among rivet- 
heads. In certain cases a rotary steel brush is also 
used, which’is driven pneumatically by a small three- 
cylinder engine, and may be held in the hand and 
easily moved from place to place as required. After 


the surfaces are cleaned, the paint is sprayed on by 


means of compressed air blown through a special 
atomiser, which breaks up the paint into a fine mist, 
in which form it settles on the plates with a smooth 
even surface. The force also with which the paint 
strikes the plates enables it to penetrate into cracks 
and corners in a way that is not attainable with ordi- 
nary hand-painting, the air pressure used being about 
15 Ib. per square inch. 

The method of carrying out the operation of painting 
will be better unders on reference to our illustra- 
tions on page 633, which represent a steamer in posi- 
tion in dry dock ready to be painted. In these views 
Fig. 1 is a plan of the dock, Fig. 2 a transverse 
section, and Fig. 3a longitudinal section through one 
end of the dock, showing the barge outside the gate. 
These views show clearly how the plant is arranged. 
The pumping-barge A, Figs. 1 and 3, is placed out- 
side the dock, and from it is led a pipe B, which is 
laid along the centre of the dock for. its whole 
length ; and at points 80 ft. apart in this pipe are 

laced cast-iron [T pieces, which are bolted to 3-ft. 
engths of 3-in. deal, and at each side of these T’s 
a #-in. cock is placed, wherewith to regulate the 
supply of compressed air to each side of the dock. 
Flexible branch pipes, each 50 ft. long, are led from 
these cocks, and are coupled to the painting-machines, 
shown at C, Figs. 1, 2, and 3. These painting- 
machines we shall refer to more in detail presently. 
In the case of a vessel 450 ft. long by 50 ft. beam, 
ten of these machines are said to be capable of lay- 
ing on one coat of paint up to a 19-ft. water-line in 
three hours, and the same time would be required for 
a second coat. Draught marks and Plimsoll marks can 
be written by hand, or stencilled in by the machine. 

The great point in this method of painting is to 
have a good supply of compressed air, with the heat 
of compression left in it. The most suitable pressure, 
as before said, is 15 lb. per square inch, which will 
atomise the finest paint. Materials which require 
heating can also be used, as well as black varnish and 
common tar. There are two cocks on each paint 
machine which regulate the supply of air and paint, 
and these are controlled by an attendant, who works 
by signal from the operator. The paint tubes from 
the machines are each 25 ft. long, so that with the 
50-ft. branch air-pipes at 80-ft. centres every part of 
the ship’s bottom is easily reached. 

Each of the paint-tubes is made of two sizes, of 
flexible metallic tubing, the inner one being }-in. bore 
for conveying the paint, and the outer one # in. for 
the air, the latter travelling along the annular space 
between the two pipes. hen it is required to clean 
the paint-pipe, it is only necessary to stop up the 
nozzle ; the air will then travel back along the internal 
tube, and force nearly the whole of the paint out of 
it. A little naphtha blown through completes the 
cleaning. 

If care be used, no paint need be deposited any- 
where but on the ship, or where it is required, and it 
is claimed that the surface which is produced by this 
method of painting, even with only one coat of well- 
made paint, is such that it will bear microscopical 
examination without disclosing any pin-holes or ‘‘ holi- 
days,” even though the paint may be too thin to scrape 
off. This should prove a great advantage over hand- 
painting, because even with two coats by the latter 
method it is often possible to find pin-holes in great 
numbers. The insides of peaks, bunkers, &c., can 
be painted as easily as the outside of the vessel. 

Special helmets are provided for men who wish for 
them, when it is necessary to work in a confined space. 

We come now to the apparatus by which the paint 
is forced along the flexible tubing to the point of 
application. This is shown in detail in Figs. 4 and 5, 
page 633, the former being a sectional elevation and 
the latter a plan. The apparatus, however, requires 
very little explanation, all its parts being so clear] 
shown on the drawing. It consists of a portable tan 
which contains the paint or other material to be used. 
At the bottom of this tank there is a small rotary 
pump E which is actuated by the handle F. The 
paint is forced by this pump through the pipe G till, 
at the nozzle, it meets the air which has entered at 
the point H, and it is blown out in the form of fine 
spray. The supply of air and paint can be regulated 
by the cocks shown. Fig. 6 isfrom a photograph, and 
shows the machine in operation. 

The Mechanical Scaling and Painting Company, 
Limited, 146, Fenchurch-street, London, E.C., have 
an iron barge, 60 ft. long by 18 ft. beam, which is used 
in the cleaning and painting operations we have 
described, and this forms a floating workshop 
and shelter for the men in charge of the work. 

We recently had an opportunity of seeing this 
system of cleaning and painting ships in operation, 
and can only think that it must prove of great advan- 
tage as a means of saving labour and material, and 
also as a producer of better work. It is the invention 
of Mr. J. Fell Redman, M.I.N.A., consulting engineer, 
38, Leadenhall-street, London, E.C. 

We understand that a dozen vessels averaging 4200 





‘tons each, and also many iron buildings have been 


painted by this method. 
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MERCHANT SCOUTS. 
To THE EpiTor OF ENGINEERING. 

S1r,—One of the most important —_ read at the 
recent meetings of the Institution of Naval Architects 
was a communication from Lord Brassey on the subject 
of merchant scouts. Several admirals were present at the 
reading of this paper, and, as they one and all expressed 
opinions adverse to Lord Brassey’s proposals, it may be 
of some public interest to examine the nature of their 
objections. 

Lord Brassey suggests the employment of fast mer- 
chant steamers as scouts in time of war, not as substi- 
tutes for cruisers, but as auxiliary vessels, specially valu- 
able on account of their high rate of speed and coal 
endurance. He suggests that they should be fitted with 
removable armour, and asks whether this can be done 
without increasing the cost unduly or ‘penne their 
commercial efficiency for peace service. The armour is 
to be removable in order that it may be left on shore in 
time of peace. ies 

Referring to your report of the meeting in ENGINEER- 
1NG of the Ist ult., Admiral Sir Digby Morant “thought 
there would be very great difficulties in making a ship fit 
for ordinary mercantile duties suitable for portable 
armour,” and instanced that ‘‘some years ago he was 
ordered to fit out certain merchant ships for naval pur- 
poses, and provided protection by an arrangement of the 
coal-bunkers.” The comparison is not a fair one. In the 
case proposed by Lord Brassey the steamers are to be 
specially built, so that every requirement can be provided 
for in the first instance. In the case referred to by Sir 
Digby Morant the steamers were built presumably with- 
out regard to the purpose for which it was afterwards 
attempted to use them, and consequently there would be 
every difficulty in making them suitable. ; 

Admiral Fitzgerald’s opinion was ‘‘that ships fit for 
scouting purposes would not be suitable for mercantile 
work. It was true Lord Charles Beresford had said that 
no ship would form a better scout than the ‘ocean grey- 
hound,’ but at that time the fast ships we now have 
did not exist.” He overlooks the fact that if the speed of 
cruisers has increased meanwhile, the speed of the ** ocean 
greyhound ” hasalso increased, and that, as Lord Brassey 
says in his paper, ‘‘no vessels of war have as yet been 
equal to the ocean liners.” . 

Referring to speed and ‘coal endurance, Admiral Fitz- 
gerald remarked that ‘‘there seemed to be some mis- 
apprehension as to what were scouting duties; and he 
would point out that it was only necessary for these 
vessels to go out and bring back news to the fleet. He 
did not believe that the system of having portable 
armour was one that could be relied upon, as it would 

take a long time to put on the plates, the armour would 
be kept on shore, and, at the outbreak of war, it might 
not be near the ship for which it was intended.” j 

War does not break out in a few days, and by the time 
negotiations were broken off there would, in most cases, 
be time for a ship to get to her armour. 

As the proposal only refers to vertical side armour on 
the pod or midship portion of a long steamer, the 
greater portion of the plates would be standardised, made 
to gauge, and interchangeable ; so that any armour would 
fit any subsidised steamer that happened to be nearest to 
it. Under such a system the plates could be put on 
any boat in a very short time. : 

The same remark applies to Lord Brassey’s suggestion 
with regard to bulkheads (he does not ask for armoured 
bulkheads). The subsidised steamer would be built with 
rivet-holes in such of her frames as were intended to 
carry bulkheads when on war service. The greater 
portion of the b peeps would be made to standard gauge, so 
that they could be put in at once, and only the edges of 
the plates nearest to the hull would need shearing, punch- 
ing, and riveting to finish them. 

In this way a subsidised steamer could be quickly fitted 
with a large number of extra bulkheads, so that in order 
to sink her it would be necessary to pierce a number of 
compartments. 

Admiral Fitzgerald said ‘‘it would be noticed that in 
the Far Eastern waters the Japanese were working with- 
out scouts ; on the whole he thought it would be better to 
spend money on building cruisers than on subsidising 
merchant vessels.” 

_I should be glad to know on what evidence Admiral 
Fitzgerald bases this astounding statement. If there is 
one thing clear about the Japanese naval campaign, it is 
the constant use made of destroyers as scouts. 

Admiral Fitzgerald was a member of the Admiralty 
Committee appointed to consider the question of mercan- 
tile auxiliaries. We have seen the nature of the reasoning 
on which he rejects Lord wr scheme. It would be 
interesting to know whether the consideration by the 
Committee of the proposal to employ high-speed ocean 
liners as naval scouts was in any way influenced by such 
reasoning. And also whether the eight naval scouts now 
building at a cost of 2} millions, of which the first was 
laid down on June 8 1903, are the result of any decision 
taken by that Committee. 

As the matter is one of grave national importance, in- 
volvin the outlay of very large sums of money, I should 

glad if some service member would call for papers on 
the subject. 

Admiral Sir E. Fremantle, fortunately, was “‘inclined 
to take the side of Lord Charles Beresford ; he considered 
no other ship so good as an ‘ocean greyhound’ for scout- 
ing purposes ; he was not in favour, however, of arranging 
vessels for taking armour in the way suggested by Pro- 
fessor Biles ; these portable arrangements did not work 
well. He remembered one case—that of the Shannon— 
in which the vessel had an adjustable ram, which could 
be _— or unshipped in times of peace or war.” 

In other words, he compared fitting a mass of steel, of 
enormous weight, on the extreme end of a ship where the 


movement would be greatest, where also facilities for 
attachment are at a minimum, with Professor Biles’s plan 
of fitting armour-plates into recesses amidships, vie 
the movement would be far less, and where there would 
be the best possible facilities for securing them in place. 
In the instance quoted the ram would have to a 
blow struck by the whole momentum of the ship at what- 
ever speed she might be moving; in the pro case the 
armour would only have to bear the blow struck by a shot. 

By _the subsidised auxiliary system the Government 
would obtain the use of some of the fastest steamers in 
the world. Lord Brassey says :—‘‘The expenditure on 
subsidies for the twenty-eight ships does not exceed the 
cost of a single cruiser of the County class.” In time of 

these vessels would be earning money, whereas 
scouts built specially for the Navy, and not employed in 
commerce, would not only earn nothing, but, on the con- 
trary, would a constant source of expense to the 
country. The fact of not using a steamer does not prevent 
pag Even when she is doing nothing she is expensive ; 
for there is the interest on capital, the salaries of officers 
to see that she is properly cared for, the wages of men to 
clean, scrape, and paint all the to prevent deteriora- 
tion, the cost of periodical docking, of paint, stores, &c. 

If we were always at war, and if scouts were in con- 
stant use, it would, no doubt, be better ‘to build special 
vessels for naval use only. 
of peace are far in excess, and it is therefore important to 
consider the requirements of peace, and, if ible, to 
combine them with those of war. By combining the 
requirements of war with those of trade, more and faster 
steamers would be placed at the service of the Govern- 
ment for a given expenditure. 

Besides having an increased number of available scouts, 
the Government would ensure more high-class tonnage 
being built in this country, and its remaining under the 
British flag at the time when it was most wanted. The 
Navy estimates would be relieved from the cost of the 
—— of such steamers and of the enormous expense 
which inevitably arises when vessels pass a certain age, 
require new boilers, &c. The sum voted for subsidies, if 
prudently expended, would always be represented by 
steamers of the most modern type, the subsidy being 
withdrawn after a fixed term of years, and granted to 
boats of newer construction. 

Admiral Fremantle ‘‘ agreed with Lord Charles Beres- 
ford that if he were in command in the Atlantic, and 
wanted to send to the West Indies, he would have grave 
doubts if a cruiser could make the voyage satisfactorily ; 
but if he had such a vessel as the Campania, he would 
have confidence that she would make the voyage at 
21 knots.” This reads like a serious reflection upon the 
efficiency of somebody—is it the designers or the engi- 
neers in charge? : ; 

We have the ablest designers it is possible to obtain. 
pa f failure to attain perfection is due to the stringency 
and the conflicting nature of the conditions of the problem 
before them—conditions far more difficult than those 
imposed upon the designer of a merchant vessel. 

To obtain the same efficiency and reliability as prevails 
in the mail service, it would be necessary to run a 
new ship of war incessantly for a long period. For 
merchant steamers we generally require a six months’ 

uarantee; and yet, sometimes, after running a boat 

ard, and after a most exhaustive inspection at the end 
of that period, a defect may subsequently come to light. 
The men in charge n testing quite as much as 
the machinery. e man who is always driving his 
engines at their top speed gets used to it, and thinks 
nothing of it. On the other hand, the man who 
rarely, or never, drives his engines at full speed, who 
— most of his time looking at them “‘laid up,” is 
placed at an immense disadvantage, and as a natural 
result he does not do justice to himself, or to his engines, 
in a time of emergency. Marine engineers should be 
trained up to the highest speed conditions, and their 
education should not be begun when war is declared, but 
should be completed in time of peace. 

A reference to Lieutenant Baker’s able paper, reported 
in your last issue, shows the need of training stokers for 
collaies cruising conditions. The facts he has elucidated 
make one shudder to think of what might be the state of 
things in the stokehold of a ship of war under campaign 
conditions. : 

Under Lord Brassey’s scheme the cost of this prolonged 
testing of steamers and education of men will be borne by 
the owners; it will not only go on publicly, but con- 
tinuously, and the Admiralty will thus be able to watch 
the performance of any boat, and to decide whether she 
is worth the subsidy or not. The Government would 
know the extent of its cc ge in connection with any 
particular steamer; and last, but by no means least, upon 
the owners would fall the expense of up-keep. 

In 1894, Lord Charles Beresford said ocean liners were 
absolutely necessary ; no other ship could do the work 
required as well as ‘‘ ocean greyhounds,” built for speed 
in any weather. In 1894, Admiral Boys also spoke 
strongly in favour of their employment; but this year, 
unfortunately, no admiral spoke in support. 

We have practical men for designing the ships, and if 
it has not been made clear that all who have charge of 
them should be practical also, the reported speeches of 
these senior officers ought to make it so. 

To sum up the position: merchant steamers which can 
be used as scouts in time of war are strongly advocated 
by practical men, admirals among them; the adverse 
opinions recently expressed by certain other admirals 
have been examined, and found to rest rather upon ser- 
vice prejudice and conservatism than upon practical 
appreciation. 

I am, Sir, your obedient servant, 








Frep. Epwarps, M.I.N.A. 
62, Bishopsgatc-street Within, London, E.C., May 4, 1904, 





But, fortunately, the periods | P® 


INTERNAL-COMBUSTION MOTORS. 
To THE Eprtor or ENGINEERING. 

Str, —In your issue of the 29th ult. is published the 
first portion of Mr. Clerk’s James Forrest lecture, and in 
view of the importance of this annual lecture, no less than 
in Mr. Clerk’s high standing as an authority on the gas- 
engine, I should like to point out that the figures given 
in Table I., showing the progress in heat efficiency from 
1882 to 1900, are not complete. 

Thus Mr. Clerk gives the result of Mr. Humphrey’s 
test on a 400-horse-power Crossley engine, but not that of 
the 500-horse-power ‘‘ Premier” engine, tested by the 
same authority at about the same time; and as this result 
was the best reached by an engine of the explosion type, 
it should have been included. 

I notice that all the figures, except the last two, are 
based on the lower calorific value of the gas, and that 
these two are based on the higher value ; but that, as one 
of the engines was working on Mond gas and the other 
on blast-furnace gas, the English engine is placed at a 
Sennen, inasmuch as it used a gas much richer in 

ydrogen. 

Of course, all comparisons of thermal efficiency between 
engines using different gases should be on the lower 
calorific value, as this is the only way to make a fair com- 
rison. 
I have, unfortunately, not got the analysis of the gas 
used in Professor Witz’s test, but judging from the usual 
composition of blast-furnace gas, it has very little hydro- 
gen, either free or combined, and, therefore, the ay 
and lower values would be nearly the same; but in Mr. 
—— ’s test there would be a considerable difference, 
and the Crossley engine would show an efficiency of 
0.312 instead of 0.278. 

The efficiency column in Mr. Clerk’s Table I. should 


then read :— 
—_ ny 
- per Indicat : 
—— — Horse-Power. Lower Ty op neg 
- Calorific Value eae ae 
of Gas. 
Deutz 
Slaby... 0.16 6.75 in. by 137 in. 
Crossley 
Thurston 0.17 8.5 in, by 14 in. 
: Crossley 
Society of Arts 0.221 9.5 in. by 18 in. 
: Griffin 
Society of Arts 0.211 9.02 in. by 14 in. 
Bec 
Kennedy 0.209 7.5 in, by 15 in. 
Crossley 
Capper 0.228 8.5 in. by 18 in. 
National 
Robinson 0.287 10 in. by 18 in 
Cockerill 
Witz... 0.28 to 0.29 = 5§1.2in. by 55.13in. 
Crossley 
Humphrey ... 0.312 Two cylinders, 
26in. by 36 in. 
Premier 
Humphrey ... 0.377 Two cylinders, 
284 in, by 30 in. 
Yours faithfully, : 
J. H. Hammon, 


Sandiacre, near Nottingham, May 4, 1904. 








A RESEARCH ON AERODYNAMICS. 
To THE EpiTor or ENGINEERING. 

Srr,—Under the above heading, in your issueof A pril 22, 
T notice a letter from Doctors Finzi and Soldati, calling 
attention to an extensive research on aerodynamics pub- 
lished by them in ye § 1902, in the Transactions of the 
College of Engineers of Milan. 

IT have only within the last three weeks seen a copy of 
this paper, which was kindly forwarded to me by the 
authors, and I should like to express my highest admira- 
tion for the very complete and careful way in which the 
distribution of pressure on surfaces has experi- 
mentally determined, and I hope that a translation into 
English of this valuable paper will soon be made. 

As some of your readers who are interested in the 
subject may not have seen the paper, will you allow me 
to point out that what the authors call an ‘‘ analogous” 
method to the one used at the National Physical Labora- 
tory, and which they discarded in favour of a whirling 
table, was that of the flow of air in a horizontal channel. 
The disadvantages of this method, owing chiefly to irregu- 
larities in the flow, are well known, and, indeed, obvious, 
and it was, quite naturally, discarded. By the use of a 
vertical channel, which was the method adopted in the 
experiments at the National Physical Laboratory, « 
uniform distribution of the flow could be fairly easily 
maintained ; and I still venture to think that in many 
ways this method is preferable to the use of a whirling 


table. 

Yours truly, 
May 3, 1904. T. E. STANTON, 
[We hope to publish an account of the experiments of 
Dr. Finzi and Dr. Soldati at an early date.—Ed. E.] 








Tue WorLb’s PETROLEUM.—Returns compiled by the 
Geological gee of the United States place the pro- 
duction of petroleum throughout the world in 1902 at 
185,151,089 barrels. In this aggregate the United States 
and Russia figured for 91.44 per cent. For many years 
Russia was the leading petroleum-producing country, but 
the production of the United States inc in 1902 to 
the extent of 19,377,722 barrels, while the output of Russia 





declined 4,628,515 barrels. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 20. 

Exports of copper from April 1 to 15 amounted to 
6799 tons. Lake copper is quoted 133 dols.; electro- 
lytic, 134 dols.; —e 122 dols.; domestic demand 
is restricted to small lots. The market for pig lead 
has developed a firmer tone: official prices are 4.50 
dols. in 50-ton lots; small sales are being made at 
4.60 dols. to 4.75 dols.; an improving demand for 
spelter has hardened prices to 4.424 dols. at St. Louis ; 
quick-silver is quoted at 45 dols. per flask. 

An estimate as to probable steel-rail business this 

ear puts the requirements at | million tons less than 
last year. Notwithstanding this, the steel-rail makers 
propose to hold 28 dols. as the selling price. They 
argue that nothing is to be gained by reducing prices, 
and they are probably right, although railroad-builders 
assert to the contrary. The Pennsylvania Railroad 
Company has recently cancelled 10 per cent. of its 
orders for steel rails ; several corporations are borrow- 
ing money, most of which is to be expended in im- 
provements of various kinds. There will be less 
track extension this year than last, unless the policy 
of railroad-builders should be changed between now 
and August, of which there is a possibility. Several 
very heavy orders for railroad tools and shop equip- 
ment were placed last week. There is very little 
demand for steel plate for car construction ; but this 
does not signify much, as the great steel-car builders 
are running under yearly contracts. 

The tone of the steel market is strong by reason of 
a general expansion of demand for nearly all kinds of 
eye, steel rails being excepted. Pig-iron capacity 

as been increased, and additional furnaces will blow 
in during the remainder of the month. Prices have 
been slightly advanced on paper within a week ; but 
this advance refers only to early deliveries for small 
lots. Bessemer pig is very strong in small lots, and 
the Bessemer iron makers are presenting a very bold 
front. During the past month seventeen blast-furnaces 
have been blown in. Bessemer pig for May delivery is 
quoted at 13.50 dols. at furnace, and basic 13.25 dols. 
Basic is likely to weaken by a supply of 400 tons 
daily on the open market, which will be furnished 
by the Clairton Steel Company after May 1. Last 
Saturday the Illinois Steel Company shut down 
its billet-mill converters and rod mills indefinitely. 
The industries in general are enjoying fair pro- 
sperity ; but there is lacking that briskness of 
demand which enables producers to sell their raw 
material at topmost prices. The most encouraging 
feature in the situation is the heavy borrowings of 
railroad corporations for purposes of improvements. 
Since the first of the year the amount borrowed foots 
up about 200,000,000 dols. The banking interests 
look favourably upon these borrowings, as the money 
is to be expended in providing facilities for increasing 
traftic. ading railroad managers recognise that 
they did not forecast the future correctly ten years 
ago, and they are now adopting a more far-reaching 
policy. They are looking ah ten years, and are 
preparing to expand capacity before the additional 
capacity is absolutely needed. None of the borrowing 
is for speculative enterprises, but for sound companies. 
The stockbrokers do not look upon these loans favour- 
<a there is not sufficient uncertainty involved to 
enable them to run the market up and down, and to 
boom and depress prices at their pleasure. There is 
an abundance of money in the banks, the clearing- 
house banks having at present over 300,000,000 dols. 
in cash reserve. The big failures that have occurred 
during the past few months—such as the Lake Superior 
crash, the shipbuilding affair, and other big failures— 
have scared the investing public out of the market. 
We are not looking ae to much stock specula- 


tion this year. 
April 27. 


The gold export movement up to to-day amounts to 
10,500,000 dols. There is an abundance of money in 
the banks, and railroad companies are large borrowers. 
Most of it is on short-time notes. It is estimated that 
during the past six months upwards of 300,000,000 
dols. have been borrowed in this way with the idea of 
—_ yment, but it is more probable that these loans 
will be turned into fixed capital before they are paid. 
A large amount of new securities awaits the invest- 
ment humour of the public. The general public has 
departed from the stock markets because of the 
oppressive failures in several instances, and there is 
no — sign of a revival of confidence which the 
banking and stock-broking interests would like so 
much to see return. No doubt the spirit of invest- 
ment will return in due time; but for the present 
there is a plethora of capital and a minimum of 
speculation. 

The February railroad earnings are just being made 
known. Experts say the earnings—both gross and 
net-—are as satisfactory as could be expected. The 


railroads have been expending money lavishly in 
improvements and extensions, in anticipation of a 
rowth in traffic which will warrant the outlays. 
he stock markets are noting this fact ; and as it may 


be a long time before these improvements will produce 
revenue, a slight reaction in stock values is noticeable. 

The crop conditions are all favourable so far as 
reports have been received. There is nothing in the 
way of another prosperous season, and the banking 
interests are discounting the fact. The railroads are 
placing only small orders for structural steel, rails, 
and machine-tools ; heavy orders were anticipated. 
This does not apply, however, to three or four of the 
larger systems, who are carrying out their policies of 
improvement as mapped out early in the year. The 
railway system generally will, doubtless, want large 
supplies of machinery ; but the benefit of this trade 
will probably not be felt until toward Midsummer. 

An official of the Canadian Improvement Company 
is authority for this statement, that the Spyre Loan to 
the Consolidated Lake Superior Company will be paid 
off as soon as the necessary details can be carried out. 
The Canadian Legislature will furnish 2,000,000 dols. 
for one of the subsidiary interests of that great corpo- 
ration. 

Our great Pencoyd Works resumed work on Monday 
—the blooming mill and the 28-in. rolling mill—and the 
mill when running full time produces 150 cars of freight 
per day. The United States Steel Corporation will 
probably purchase this week somewhere from 50,000 
to 100,000 tons of Bessemer pig, the present price of 
which in the open market is 13.35 dols. for April 
delivery and 13 dole. for May. The announcement of 
this intended large purchase has caused an advance in 
the asking price to outside small buyers to 13.50 dols. 
The iron and steel situation continues on the even 
tenour of its way. Crude producing capacity will be 
increased 4,000,000 tons per year when all the fur- 
naces now under construction are producing; this 
fact has a very conservative effect on the trade in 
general. A good deal of this increased capacity will be 
under the control of the United States Steel Corpora- 
tion, but there is enough independent producing capa- 
city to give that company a good deal of trouble. 
There is very little heavy buying, and probably will 
not be much to announce, because of the ability of the 


the requirements of the country. The rail-makers 
recognise that railroad - building will call for less 
material this year than last, but there will be no change 
in price from 28 dols. The makers of light sections, 
from 14 dols. upwards, are doing a very good business 
by reason of the demand for rails of light section for a 
variety of industrial requirements connected with 
manutacturing, mining, and transportation enter- 
prises. While we will not have a demand that will 
strain capacity, the slackening-up of trade will not be 
sufficient to interfere with the purposes of the com- 
binations which exercise, on the whole, a healthful 
control over the markets. 








New Suow- Rooms or Messrs. BROADWOOD AND Sons, 
LimiTeD,—A number of the leading members of the 
musical profession and others were entertained at dinner 
last Monday evening by Messrs. Broadwood and Sons, 
Limited, in their new show-rooms in Conduit-street, W.., 
in order to celebrate the opening of these premises. Mr. 
W. H. Leslie, the chairman and managing director of the 
company, presided. Sir A. Mackenzie, in responding to 
the toast of ‘‘ Music,” said that he thought the schools of 
music in this country were doing their duty honestly, and 
even brilliantly. Sir F. Bridge proposed the toast of 
“‘The House of Broadwood.” 


Contracts.—The Electrical Committee of the Partick 
Corporation have accepted Messrs. Bruce Peebles and 
Co.s’ tender for a 500-kilowatt traction generating 
set, and also for an extension of the main switchboard. 
—Messrs. Ernest Scott and Mountain, Limited, of the 
Close Works, Newcastle, are supplying an electric pump- 
ing plant to the Consett Iron Company. The erm will 
be driven by three independent motors, each of 130 horse- 
power ; and the generating plant to be also supplied will 
consist of two steam-driven sets of 370 kilowatts capacity. 
The same firm are also supplying electric pumping 
— of 420 te horse-power to the -Weardale 

‘oal, Coke, and Steel Company, the generator in this 


case being rated at 400 kilowatts. They are also sup- 
plying a 150-kilowatt steam-dynamo to the Old Silkstone 


lliery, near Barnsley.—The ——— Government 
have ordered a triple rock-cutter plant, for the removal 
of rock under water without explosives, from the patentees 
of this system, Messrs. Lobnitz and Co., Limited, Ren- 
frew, for service in the River Uruguay.—Messrs. Man- 
love, Alliott, and Co., Limited, engineers and contractors, 
Nottingham, have just received an important contract 
from the Corporation of Winchester for the erection of 
a combined refuse-destructor and power plant, to be 
used in conjunction with the sewage pumping machinery. 
—The Great Western Railway Company have just given 
an order to the Lister Electric Manufacturing Company, 
Dursley, for another batch of their variable-speed motors 
for operating tools at the Swindon Works. — Messrs. 
Clarkson, Limited, of the Steam-Car Works, Chelmsford, 
are supplying motor-buses to Torquay, the North-Eastern 
Railway Company, the Eastbourne Corporation, the 
Great Western Railway, and the two principal London 
omnibus companies.—The Otis Elevator Company have 
supplied seven electric passenger lifts, four freight eleva- 
Ltors, and ten service elevators to the Savoy Hotel exten- 
sion. 





iron and steel-making interests to promptly supply all" 





NOTES FROM THE NORTH. 
G iascow, Wednesday. 
Glasgow Pig-Iron Market. — Business was done on 
Thursday at 44s. 6d., and the only transaction reported 
on Friday was at 44s. =. seven days, and the market 
closed Jast week with buyers at 44s. 6d. and sellers at 
44s. 64d. The settlement prices on Thursday were :— 


‘Scotch, 52s. 3d. ; Cleveland, 44s. 6d. ; and hematite pig 


iron, 54s. 6d. per ton. There was no market on Monday, 
that being the first Monday of May. There was very 
little change in the condition of the pig-iron market on 
Tuesday morning. The tone was steady, and a small 
business of about 1500 tons of Cleveland warrants was 
done at 44s. 7d. cash and six days, and 44s. 74d. ten days. 
In the afternoon some 2000 tons of Cleveland iron 
—— hands at 443. 7d. cash, and 443. 84d. one 
month. The tone continued ny: with a slightly firmer 
tendency at the close. The market continues inactive, 
but steady. This morning the turnover only amounted to 
1000 tons of Cleveland warrants, which were dealt in at 
44s. 64d. and 44s. 8d. 26 days, with closing buyers at 
44s. 6d. cash and 44s. 74d. one month. Hematite iron 
was quoted nominally at 54s. 3d. buyers and 54s. 9d. 
sellers one month. The market continued in a lifeless 
condition in the afternoon. There were no cash or month 
transactions, the only dealings being two lots of Cleve- 
land, which changed hands at 44s. 6d. five days. The 
tone was dull, with closing buyers at 443. 54d. cash. The 
settlement quotations are 53s. 3d., 44s. 6d., and 54s. 44d. 

r ton. ematite iron is unchanged. That of the 

est Coast (Cumberland) is nominally 55s. to 56s. per 
ton, but several of the more favourite brands are 


being quoted at 1s. to 2s. per ton higher. East 
Coast and Scotch, while nominally unchanged, are 
somewhat steadier at 53s. 6d. and 57s. 6d. r ton 


delivered at the steel works in the respective districts. 
The following are the quotations for No. 1 warrant and 
makers’ iron :—Clyde, 58s. ; Gartsherrie, Summerlee, and 
Spare 58s. eo he pcg a ; st inet 
the foregoing ship’ at w ; Glengarnock (ship 

at Ardrossan), 58s. 6d.; Shotts (shipped at Leith), 60s. ; 
Carron (shipped at Grangemouth), 61s. 6d. per ton. There 
is no fresh feature with regard to the pig-iron market 
during the past week. In the warrant market business 
was again on a most restricted scale, with the closing price 
of Cleveland showing an advance of 44d, per ton for the 
week. The shipments of Middlesbrough iron continue on a 
ye scale, with the result that stocks in makers’ hands are 
reduced toa minimum, and the public storesare being freel 
drawn upon; and should this continue for any lengt 
of time, the market must advance. The American market 
is telegraphed regularly every week to Glasgow for publi- 
cation, and the last telegram that has come says that 
Bessemer pig iron is quiet at 13 dols. per ton at Pitts- 
burgh for May delivery ; basic is.12 dols. 75 cents. It is 
not denied that the Steel Trust within the past week 
bought pig iron for May delivery. All pig-iron markets 
are very dull, but there is no pressure to sell. On the 
other hand, the position in Germany, owing to activity 
in the home trade, is distinctly improving. The number 
of furnaces in blast is 85, being the same as at this time 
last year. Connal’s Glasgow stock is 9625 tons—a decrease 
of 25 tons on the week. 


The Scotch Steel Trade.—The Scotch steel-makers, at a 
meeting held in Glasgow last week, finally decided to 
continue the working agreement entered into some time 
ago until the end of December. In ordinary course the 
arrangement would have terminated at the end of June ; 
it was, however, - recognised that the ‘‘community of 
interes‘s” theory had worked so well that it was unani- 
mously decided to hold together until the end of the 
year. No further change in quotations has been made. 


Sulphate of Ammonia.—The sulphate market: has lost 
its firm position. The holders have stuck to their guns 
well, but are now forced to abandon their recent attitude. 
The price now is 12. 5s. or 120. 6s. 3d. per ton for prompt, 
and with little interest evinced in future business. 


Clyde Shipbuilding —Launches in April.—This branch 
of local industry during April was without special feature. 
The output consisted of 27 vessels of 34,820 tons in all ; 
compared with the output of the corresponding month a 

ear ago, it showed an increase of 11 launches and 2875 tons. 
For the four months of the year the total of 144,188 tons 


is slightly higher than the best total for the corre- 
eet period in past years,, The most important vessel 


launched during the month was the twin-screw steamer 
Port Kingston Sor the West India mail service, built by 
Messrs. A. Stephen ‘and Sons, Linthouse, a vessel of 
7400 tons. The other vessels launched during the month 
included the following:—The Highland Heather, a screw 
steamer of 4780 tons, built by Messrs. Russell and Co., 
Port Glasgow, for Messrs. H. and W. Nelson, Li verpool 
the Indus, a screw steamer of 3500 tons, built for Messrs. 
John Nourse, Limited, Liverpool, by Messrs. Charles Con- 
nell and Co.; the Muraji, a screwsteamer of 3240 tons, built 
for Messrs. Elder, Dempster, and Co., Liverpool, by the 
Clyde Shipbuilding and Engineering Company ; the rest 
were all vessels of tons and less, down toaferry steamer 
of 40 tons, built for the Clyde Trustees by Mr. D. M. 
Cumming, Blackhill, on the Monkland Canal. The 
launches in the four months amoun to 96 vessels an 
144,188 tons. The corresponding totals in the same four 
months of last year amounted to 60 vessels of all sorts, and 
reached 119,675 tons. 


The Lothians Coal Trade.—The prices of coal have 
been reduced 6d. per ton by one of the collieries in Mid- 
lothian. ‘Trade is dull, and contract rates are rather 
down. Jewel coal, 93. to 9s. 6d. per ton; steam coal, 
7s. 6d. to 83. ; double nuts, 7s. 3d. to 7s. 9d. ; dross, 53. 
to 5s. 9d. per ton. 
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NOTES FROM SOUTH YORKSHIRE. 
: agg 1 Srakaanian. ss 
he Iron and Steel Trades.—There are few movemen 

of phen ing on in the local iron and steel branches. 
In some of them there is less doing now than at this 
period last year; but others are better employed. There 
is an increasing demand for high-speed steels, but com- 
petition is keener than ever. : 
stated, are growing rather weary of receiving samples 
with requests for arranged tests, and some have gone so 
far as to declare that they will mot make another. The 
houses who were earliest in the market and who estab- 
lished a reputation for their material are doing well with 
it. There is comparatively little business in the old 
tool steels, and the demand for the ordinary qualities of 
crucible steel is unusually quiet. The most important 
fact in connection with the railway branches is the pro- 
spect of good work in the conversion of the “dead” 
buffers of existing wagons to “‘live” buffers. Within 
the next few years 400,000 such wagons have to be so 
converted, cad this will furnish welcome employment. 
The railway companies are still ordering materials very 
sparingly. 

The South Yorkshire Coal Trade.—In the coal trade 
business is moving rather more freely. Buyers of steam 
coal for shipment endeavoured to get in at 6d. per ton 
under the contract price with railway companies, but 
most of the leading owners were firm, and quotations 
now show an upward tendency. At present the pros- 
pects of a good shipping season are more encouraging 
than they were. In house coal business continues to 
taper off, and wholesale mts are pressing for conces- 
sions. As the pits work fuller time, common coal will 
become more plentiful ; but there is now a fair market 
for all that is produced. The output of coke is well 
maintained. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change here, but a cheerful 
tone prevailed ; buyers showed more disposition to do 
business than they have done of late, and quotations for 
all qualities of Cleveland iron were advanced. + Producers 
of Cleveland pig were not pressing sales at all, as the 
are confident that the highly satisfactory statistical posi- 
tion will cause prices to further advance in the early 
future. The general quotation for early f.o.b. delivery 
of No. Sean Cleveland ois iron was 44s. 9d., and a 
good few sales were recorded at that figure. No. 1 was 
463. 3d., and No. 4 foundry 44s. 6d., and there were com- 
plaints of difficulty experienced in obtaining full deli- 
veries. The lower qualities of Cleveland pig also showed 
a movement in the right direction. Grey forge was 
44s, 14d. ; mottled, 43s. 44d. ; and white, 43s. East Coast 
hematite pig was very dull, and the make was reported 
to in excess of requirements. Quotations were 
stationary. Nos. 1, 2, and 3 stood at 52s. 6d. for earl 
delivery ; No. 1 at 53s.; and No. 4 forge at 51s. Spanis 
ore was quiet. Rubio of 50 per cent. quality was obtain- 
able at 15s. 3d. ex-ship Tees. 


Manufactured Iron and Steel.—Quietness characterises 
the manufactured iron and steel industries. Many 
branches are now slack, but producers do not seem in- 
clined to endeavour to tempt buyers by lowering quota- 
tions. Prices alter very little. Common iron ton are 
61. 2s. 6d. ; best bars, 62. 12s. 6d.; iron ship-plates, 
61. 7s. 6d. ; iron ship-angles, 6/. 2s. 6d. ; steel ship-plates, 
5l. 12s. 6d.; steel ship-angles, 5/. 5s. ; steel boiler-plates, 
71. ; steel joists, 5. 5s.; steel sheets (singles), 7/. 5s. ; 
steel sheets (doubles), 77. 15s.—all less the customary 
24 per cent. discount. Heavy sections of steel rails are 
4/. 10s. net at works. 


Shipments of Iron and Steel.—Shipments of iron and 
steel for the month of April were pretty , and com- 
pared well with those of the previous month, and for the 
corresponding period a year ago. From Middlesbrough 
they totalled 141,342 tons, 96,757 tons of which were pig 
iron, 12,333 tons manufactured iron, and 32,252 tons steel. 
To this should be added 13;968 tons cleared at Skinnin- 

ove. Scotland again took most. of the pig iron sent 
rom the Tees—viz., 31,328 tons, whilst Germany received 
17,063 tons, and Sweden 8565 tons. “India was the best 
customer for both manufactured airon:and steel, taking 
3001 tons of the former, and 7106 tons of the latter ; 
5083 tons of steel went to Portuguese East Africa,” and 
4810 tons to Siam. 


Coal and Coke.—Demand for gas coal, as is usual at 
this season of the year, is quieter, and deliveries on 
contracts are gradually becoming smaller. Fy ao 
run from 7s. 10}d. to 8s. 3d. f.o.b. Bunker coal is rather 
easier, and is put at 7s. 9d. to 8s. 3d. f.0.b., according to 
quality.. Manufacturing coal is quiet. Household coal 
1s rather dull. Coke is in very good demand, both on 
home and foreign account. Average blast-furnace quali- 
ties are fully 14s. 6d. delivered here, and export kinds 
are in the neighbourhood of 163. 6d. f.0.b. 














NOTES FROM THE SOUTH-WEST. 

, Cardiff.—The inquiry for steam coal has not been par- 
ticularly active, but prices have been fully maintained, 
and have even been tending upwards, while May is 
expected to prove a busy month. The best large steam 
coal has been making 16s. 9d. to 17s. 3d. per ton, while 
secondary qualities have brought 15s. 3d. to 16s. per ton. 
Small steam coal has not been in very great demand, and 
business in house coal has, of course, fallen off with the 
advance of the season. The best ordinary house coal has 





Engineering firms, it is| to Cardiff 


been making 13s. 9d. to 14s. 9d. per ton, while secondar 
ualities have brought 10s. 6d. to 13s. per ton; No. 
hondda large has quoted at 15s. per ton. Patent 

fuel and coke have shown no change, but prices have been 

generally firm, foundry coke making 18s. to 19s. per ton, 

and furnace ditto, 16s. to 17s. per ton. As regards iron 

ore, Rubio has made 14s. per ton; Almeria, 14s. to 14s. 3d. 

per ton; and Tafna 15s. per ton—charges including freight 

or Newport. 


Wages in Wales,—It was decided by the executive 
council of the South Wales Federation, at a meeting at 
Cardiff, to make an ——— for an advance in wages. 
It is understood that the demand will be for an additional 
3? per cent. 

South Wales Conciliation Board.—Sir Michael Hicks- 
Beach, M.P., has been ta scrap by the Lord Chief 
Justice to be the independent chairman of the South 
Wales Conciliation Board. Although Sir Michael de- 
clines at present to make ay statement on the subject, 
we learn that he has consented to accept the new position 
to which he has been called. 


Welsh Coal for the Extreme East.—Shipments of Welsh 
steam coal to the Extreme East were again heavy in 
April, the total being about 185,000 tons as compared 
with 35,000 tonsin April, 1903. The aggregate shipments 
for the first four months of the year were 673,400 tons, or 
more than 500,000 tons in excess of the shipments in the 
corresponding period in 1903. It is tolerably certain that 
the whole of the increase is for war purposes, and prin- 
cipally for Japan. It is understood that Japan has 
already arranged for the shipment of about 60,000 tons 
in May. : 

Improvements of the Usk.—Proposals are about to be 
submitted to the Newport Harbour Board to carry out 
works on the east side of the Usk, which, it is hoped, will 
have the effect of removing the insecurity which is felt at 
the obstruction at Powderhouse Point, on the west side 
of the river. For some years past the Harbour Board has 
been dredging the place. There is a disposition on behalf 
of a large number of members of the — committee 
to regard the danger which has arisen at the point on the 
western side of the river (where the steamer Pentland 
became a wreck some years ago) as the result of opera- 
tions which were carried out on the opposite side, not 
far from the site of the Severn Dry Company’s 
premises. Not only did the Harbour Board clear away a 


y gravel patch which existed in the middle of the bed of the 


river, but it also proceeded to cut away an angle which 
stood on the eastern bank, with the idea of straightening 
the course for ships coming in from sea. Ever since that 
time there has been a siltage on Powderhouse Point, not- 
withstanding all the dredging which has been carried out 

ear by year. The proposal now finding favour with the 

redging Committee is to restore by artificial means the 
angle which was removed from the eastern side of the river. 
An embankment, secured by piles and ually filled in 
at the back, is pro to be placed in the spot where the 
straightening work was done some years since. It is 
estimated that this may be carried out for about 60002. or 
80007. There is no idea at present of erecting wharves 
upon the embankment. 

The Welsh Anthracite Combine.—Saturday was the date 
fixed for the operation of options on the part of the South 
Wales Anthracite Coal Combine. We learn that the 
options were not taken up, but that an effort is to be 
made to float a proposed company. 








MISCELLANEA. 

Tue secretary of the Tramways and Light emp 
Association announces that the meeting called for to-night 
(Friday, May 6) at the Society of Arts, to consider the 
question of ‘‘ Running Powers,” has been postponed until 
a later date, of which due notice will be given. 


The Board of Trade have recently confirmed the under- 
mentioned Order made by the Light Railway Commis- 
sioners:—Aldershot and Farnborough Light Railway 
\Amestines) Order, 1904, amending the Aldershot and 

arnborough Light Railway Order, 1902. 


According to Poor’s Manual, the tramway lines of the 
United States have now an aggregate.length of 24,561 
mileg0f which but 281.4 miles“aré“worked by horses, 
142.2 miles by dummy engines, 267.8 miles by cable, and 
the rest by electricity. There are now 52,119 motor-cars 
running on these latter lines. 

One of the special features of the Health Exhibition of 
the Sanitary Institute, at Glasgow, to be held in Jul 
next, will be a Municipal Exhibit arranged by the dif- 
ferent departments of the Glasgow Corporation. he 
Cleansing Department propose to arrange for, amongst 
other things, exhibits of a model up-to-date destructor and 
the Globe fertiliser, the gas and electric pe gem the 
latest developments in illumination, and the sewage 
departments the substances derived from what were 
formerly waste —— The other departments of the 
Corporation will also be well represented with their 
different interests, and we feel sure that the visitors to 
the Exhibition will be interested in witnessing the pro- 
gress that has been made in municipal enterprises by 
the Glasgow Corporation. | 


Posters form such a very important part in the com- 
mercial side of many businesses that Messrs. Spottiswoode 
and Co., Limited, the well-known Government printers, 
of 8, New-street-square, London, E.C., have we an 
exhibition of desi by their own staff and other artists, 
suitable for advertising the most varied descriptions of 
wares. These designs are both in monochrome and colour, 
and range from broad, flat tints and bold lines to work 





almost rivalling the miniature in quality, They can be 


reproduced by Messrs. Spottiswoode in any size, in letter- 
press or =e printing, to suit the wishes of 
customers. Whilst primarily intended as posters, these 
designs would, in some cases, serve also as most attractive 
covers for manufacturers’ catal and could not fail to 
draw the attention of those who have money to spend or 
orders to place. 


In his meget to the Gloucester County Council, Mr. 
Robert Phillips, A.M.I.C.E., the county surveyor, notes 
that the use of the steam-roller greatly improves the 
wearing qualities of a road laid with limestone; and he 
has accordingly been able to extend the use of this ma- 
terial in substitution for the more ex ve granite ; 
though, of course, even at its best the limestone road is 
more muddy and more dusty than a granite one. There 
are 1142 miles of road now under the charge of the county 
surveyor, of which 1042 miles are rural roads, the annual 
cost of which ranges between 30/. 18s. and 67/. 6s. per 
mile, the average being about 55/. per mile. The cost of 
materials has enuned about half the total cost, The 
urban roads repaired by the County Council total 34 
miles, and the cost of them for the past year has averaged 
2062. per mile, the maximum being 488/. 4s. 9d., and the 
minimum 127/. 19s. per mile. In the highest figure is in- 
cluded a grant towards the cost of paving. 


At a recent meeting of the American Electro-Chemical 
Society, Messrs. C. F. Burgess and Carl Hambuechen 
gave an account of their work on electrolytic iron. They 
are now able to produce this on a commercial scale, the 
metal as it is removed from the cell assaying 99.9 per cent. of 
Fe., the remaining impprity being mainly hydrogen, which 
can be driven off by heating the metal to a white heat. 
As deposited the metal is hard and brittle, but by heating 
it becomes tough. Its melting point is extremely high, 
being close to that of platinum. Sheets ? in. thick have 
been deposited, the electrolyte used being ferrous sulphate, 
containing a little ammonium sulphate. The current 
density at the cathode is from 6 to 10 apes per square 
foot, and the temperature should be 30 deg. cent., and 
the electromotive force 1 volt. _Wrought-iron or steel 
plates are used as the anodes, which have proved better 
than cast-iron plate. About 2.2 lb. of the metal can be 
obtained per kulowatt-hour. 


The Zoelly steam-turbine, due to Herr von Zoelly, 
of the Escher- Wyss Company, Zurich, and which 
is being developed by a Ss syndicate,t including 
ais a of Essen, and the Allgemeine Elektricitits- 
Gesellschaft, of Berlin, is descri in asmall - 

hlet by Max Dietrich, just published by Mr. C. J. E. 

olckmann, of Rostock. The turbine resembles that 
patented by Parsons in 1892, in that there are a number 
of wheels revolving in separate compartments, between 
which the whole drop of pressure is divided ; but whereas 
Parsons proposed to use reaction wheels, impulse wheels 
are used in the Zoelly turbine, as has, of course, been 
done by several other steam-turbine designers. The 
novelty of the Zoelly turbine consists in the peculiar 
type of bucket used. bucket is simply a spoke in 
a wheel, these spokes being clamped between two centre 
plates mueh in the same way as the buckets of a Laval 
turbine are secured in place. With this system of con- 
struction it is claimed that there is no difficulty in runnin 
the wheels at very high peripheral speeds. The whee 
are shrouded to reduce air resistances, as also the rim, 
save opposite the supply nozzles. It is stated that one 
of these turbines, of 400 horse-power, has been runnin 
for some time at the works of Messrs. Escher, Wyss, an 
Co., and has proved satisfactory both in reliability and in 
the matter of steam consumption, though no particulars 
as to the latter are given. 





Personat.—Mr. Cecil E. Lugard, who has for several 
years been chief of the Electrical Department of Messrs. 
Ashmore, Benson, Pease, and Co., Limited, Stockton- 
on-Tees, has now entered into tice as a consulting 
éngineer, at Field’s Buildings, Middlesbrough. 





Cuttery.—The exports of cutlery from the United 
Kingdom in,March were valued at 56,249/., as compared 
with 51,2187. in‘March, 1903, and 50,254/. in March, 1902. 
The largest eayorte of cutlery were made to the United 
States, Australia, and Canada, the shipments in March 
comparing as follows with the corresponding shipments 
in March, 1903, and March, 1902 


1904, | 1903. | 





Country. | 1902. 

aie £ | & 
United States | 749 | 7487 4314 
Australia .. | 8193 | 6285 8497 
Canada 6735 | 3179 


6558 | 


The aggregate value of the cutlery exported in the first 
quarter of this year was 155,8630,, as compared with 
159,922/. in the corresponding period of 1903, and 146,901/. 
in the corresponding period of 1902. The following were 
the largest shipments :— 





Country. 1904. 1908, 1902, 

| & £ £ 
United States xa ..| 18,784 23,471 17,802 
British South Africa 15,087 36,487 29,886 
ritish India ye 17,684 16,054 14,6:7 
Australia 26,574 16,472 27,240 
Can: 15,822 16, 10,994 


It is satisfactory to observe that British cutlery still 
maintains a hold upon American markets. At one time 





it appeared possible that it would be edged out altogether. 
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MARINE STEAM TURBINES. 

THE progress towards popularity of the marine 
steam turbine is gratifying, but it is generally 


realised that the one important question yet to be 
determined is that of-relative economy as compared 











with the existing. triple-expansion reciprocating | 


engine ; while some doubt may yet exist as to the 
reliability of the thousand curved segments, which 
form the blades mounted on the shaft and on the 
fixed casing, and which enable the steam to give 
rotary motion to the shaft. Time alone can decide 
the latter point, but it is encouraging to know that 
examinations of turbines which have been running 
for some years show practically no change on the 
surface. Although the turbine has been in use 
now for many years driving dynamos at electric 
stations, the application for marine purposes 
dates only from 1897—in the Turbinia, a more 
or less experimental craft. The first practical 
application in a commercial ship was in the 

ing Edward in 1901. The success of this 
steamer resulted in a second vessel being ordered, 


658/and credit for enterprise in this direction is 


due not only to the Hon. Charles Parsons, but 
to Messrs. Denny’s firm, and to Captain John 
Williamson, who has for so many years been closely 
identified with the Clyde passenger traflics These 


vessels gave satisfactory results ; but naval archi- 
tects generally were not quite convinced that 
the turbine-driven A yrs was sufficiently large 
in diameter or had sufficient area to give efti- 
ciency in a heavy seaway. It is well known 
that as turbines require to be driven at a ve 
high speed of rotation, the propellers used wit 
them are limited in both diameter and area. 
The diameter of propellers in such vessels as 
are now in service is only about one-half that of 
screws driven by reciprocating enginés of equal 
eee the blade surface being only about one- 
ourth. Messrs. Parsons and Messrs. Denny, how- 
ever, entertained no doubt—probably from experi- 
ence—of the behaviour of the ships in seas met with 
in the Firth of Clyde, and they guaranteed satisfac- 
tory results. in Channel service, whereupon the 
South-Eastern and Chatham Railway Company and 
the London, Brighton, and South Coast Railway 
Company decided to adopt the system in their 
respective Channel services between ~Dover and 
Calais and between Newhaven and Dieppe. This 
decision was of high importance, in respect that it 
enabled a demonstration to be made last year of 
the efficiency in the very heavy seas which are 
experienced in the English Channel. 
hen Messrs. Biles, Gray, and Co. were con: 
sulted by the Midland Railway Company regarding 
the construction of four vessels for the new Hey- 
sham and Irish service, we understand they in- 
vestigated this question, and, as a result, the 
directors of the company determined-to take the 
cautious course of constructing two of the vessels 
on the turbine system, and two with reciprocating 
engines. As all four vessels are alike in their 
design, differing only in the type of propelling 
machinery adopted, a unique opportunity is offered 
for thoroughly testing the comparative economy of 
the two systems. It is true that the Admiralty, 
who have closely watched the progress of the 
turbine, have sought for opportunitiés for com- 
— trials in naval vessels, Sir W.G.‘Armstrong, 
hitworth, and Company having consistently ad- 
vocated the application of the system to warships ; 
but up till now a series of misfortunes has pre- 
vented the carrying out of complete trials in 
warships. It will, however, be possible at an 
early date to compare the performance of two 
torpedo -boat destroyers and two third - class 
cruisers, the only varying condition in each 
class of ship being the propelling machinery. 
But it is scarcely necessary to again enforce the 
point that Navy ships differ materially from mer- 
chant ships. In the one case the full speed is 
almost the exception, 90 per cent. of the steaming 
being done at low powers, whereas the merchant- 
man is always running at full speed. Because of 
this, the designs of turbines for war and merchant 
ships necessarily differ, and, moreover, there is 
doubt as to whether a high efficiency can be realised 
at low powers. Shipowners, therefore, regard with 
keen interest and expectancy the results of the 
performances of these Midland vessels, and hopo 
that the Midland Railway Company, with their 
characteristic progressive policy, will do what they 
can to assist towards the solution of the very 
important problem now occupying so much atten- 
tion. The company have, in the past, done corre- 
sponding service for the locomotive engineer on 
several occasions, the splendid series of trials con- 
ducted by Mr. S. W. Johnson, the late locomotive 
superintendent of the company, in connection with 
the compound locomotives, being a case in: point.* 
What is wanted is that two of those ships, say 
the Londonderry, fitted with turbine machinery, 
and launched by Messrs. Denny on Friday last, 
and the Antrim, tried last week with successful 
results by Messrs. John Brown and Co., or the 
Donegal, launched on Saturday by Messrs. Caird 
and Co., should be sent to sea together so as to 
eliminate weather and sea conditions, and that a 
series of exhaustive trials at various speeds should be 
conducted, and careful data collated to show the 
consumption of water and also the consumption of 
coal of equal calorific value in each ship. Such a 
series of trials would at once overcome the diffi- 
culties hitherto experienced of eliminating many 
variants, and would afford data which would be 
both reliable and precise. Engineers would readily 
accept such evidence of the efficiency, or otherwise, 
of the turbine, because such trials would be under 
the directions of Professor Biles and his partner, 
Mr. Gray, who have had such long experience with 





* See ENGINEERING, vol. Ixxv., pages 170 and 415, 
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experimental research and the design of channel 
steamers. 

In the Antrim and Donegal the engines and 
boilers are exactly the same; and with a view to 
arriving at the best possible results with recipro- 
cating engines, slightly different propellers are 
being tried, so that the better vessel of the two may 
be looked upon as representing the best that can 
be done with reciprocating machinery. In the 
Londonderry the boilers are exactly the same as in 
the two vessels named, but the steam pressure has 
been reduced because of the belief that with a tur- 
bine there is nothing like the same gain due to 
higher pressures as with reciprocating engines. 
This reduction of pressures, and its consequent 
reduction of weight, may be considered as an 
attribute of the turbine. The size of turbine has 
been fixed so as to give about the same power, and 
therefore equal speed, as in the ships with recipro- 
cating engines. In a comparison between the 
results of the Londonderry and those got with the 
reciprocating-engine ships we shall see all the 
advantages inherent toa turbine. This advantage 
largely shows itself in reduced displacement—about 
200 tons ; but as it is anticipated by the builders 
of the Londonderry that they will attain a higher 
mg there may be a still greater advantage. In 
the Manxman, the fourth vessel of this class, 
shortly to be launched from Messrs. Vickers’ works 
at Barrow-in-Furness, the boilers are exactly the 
same as in the Antrim and Donegal, but the steam 
»ressure is 200 lb., as compared with 150 lb. in the 

ondonderry, and the size of the turbines has been 
fixed so as to give the maximum power for which 
the boilers can supply steam. This, of course, 
involves a greater weight of turbine machinery 
than in the Londonderry, but the total is still less 
than that of the reciprocating engines in the other 
vessels. We have thus two cases for comparison of 
turbine machinery—one with fixed conditions as to 
speed and power, to give a measure of the advantage 
of the turbine over reciprocating machinery ; an- 
other in which the speed and weight of machinery 
are practically unlimited ; and we shall see what 
extra speed this system can maintain. This scheme 
puts the experiment on a scientific basis, and the 
ships, while satisfactory to the Midland Railway 
Company, will produce data of the highest value to 
engineering science, and to the development of the 
turbine. 

The photographs which we reproduce on pages 646 
and 647 will carry some suggestion of the extremely 
fine lines of the ships. They approach the Admiralty 
coeflicient of 0.5, now adopted in many of our finest 
cruisers, so that the propulsive efficiency should 
be satisfactory. The vessels are 330 ft. long, have 
a beam of 42 ft., and a depth, moulded, to upper 
deck of 18 ft. Carrying a cargo of 300 tons dead- 
weight, and with the full complement of 180 first- 
class and 80 third-class passengers, the dis- 
placement will be 2600 tons at a draught of 
13 ft. 6in. in the case of the vessels driven 
by reciprocating engines, and 2400 tons at a 
draught of 6 in. less for the turbine - driven 
steamer Londonderry. This reduction in weight 
is practically all due to the adoption of the turbine 
machinery. The steam-generating system in all 
the ships is alike. There are two double-ended 
boilers and one single-ended boiler; but, as we 
hope to illustrate the machinery later, we need not 
enter into details now. The reciprocating engines 
for the Antrim and the Donegal are of the four- 
cylinder triple-expansion type, the power being 
uniformly distributed throughout the four cylinders; 
while in the turbine system there are three turbines 
one high-pressure mounted on the centre shaft, and 
two low on the side shafts. The reversing turbine 
is usually fitted in the same casing abaft the low- 
pressure turbine on the side shafts ; these working, 
of course, in vacuum while the ship is going ahead. 

Deferring the detail description until we illus- 
trate the ships, we may deal here with the inte- 
resting question of weights. One large item in 
the economy of weight is in the shafting, and 
this fact is very well indicated in two of the 
photographs which we reproduce—the one showing 
the stern of the Londonderry, the triple-screw 
boat launched by Messrs. Denny, and the other the 
twin-screw reciprocating- engine boat Donegal, 
launched by Messrs. Caird. The diameter of the 


propeller-shaft in the reciprocating engines is 12 in., 
as against 8 in. in the turbine ship ; the weight of 
the latter is only 45 per cent. of the former. The 
propellers differ in diameter very materially, as it is 
anticipated that the reciprocating engines will run 





at 180 revolutions, whereas the turbine propellers 
will make 500 revolutions in the case of the side 
propellers, and 600 in the case of the centre pro- 
peller. The Donegal’s propellers have a diameter of 
11 ft., there being three blades ; while the London- 
derry’s propellers are four-bladed, and have a 
diameter of 5 ft. 6 in. The ratio of pitch to 
diameter is less in the turbine boat than in the 
others. It is obvious that with an increase of 
revolutions for the same speed there would be a 
corresponding reduction of pitch. If the ratio of 
itch to diameter be constant, the number of revo- 
utions is inversely proportional to the diameter. 
It has been found by experience that when so great 
a reduction as this is made, the diameter of the 
propellers becomes too small for efficiency, and to 
obtain increased efficiency the diameter is increased. 
This involves a greater peripheral speed, and con- 
sequent loss due to the friction of the blades ; 
but, again, for other reasons, increased speed more 
than counterbalances this. In fact, at the present 
time, the turbine itself has passed beyond the ex- 
perimental stage, while the problem of the pro- 
peller connected with the turbine is still not finally 
settled. In connection with the propellers of the 
reciprocating engines, it may be stated that the first 
of these vessels, the Antrim, had a preliminary trial 
last week, and obtained the teeusel: speed with less 
than the indicated horse-power provided. It may 
also be stated here that the Princess Maud, built by 
Messrs. Denny for the Larne and Stranraer route, 
and the fifth turbine vessel built by the firm, who 
have six others on hand, exceeded by 2 miles per 
hour the guaranteed speed of 20 knots. In the 
more recent vessels the initial trouble of small 
diameters of propellers seems to have been over- 
come, for whereas in the Turbinia, the Cobra, the 
Viper, and the King Edward more than one pro- 
peller was placed on each shaft, we now have a 
reversion to the ordinary practice of a single pro- 
peller. This simplifies the stern structure, as is 
shown in the photographs reproduced, and brings 
the turbine ship more into line with ordinary prac- 
tice. The differences in hull structure involved 
are thus gradually being eliminated, although the 
multiple shafts involve cutting away of the dead- 
wood, and the adoption of a balanced rudder. 
These features, however, are not peculiar to tur- 
bines, but have been adopted in vessels having 
reciprocating engines. 

It has been very clearly demonstrated by Mr. 
Parsons, in his contributions to the various societies, 
that one of the most important elements of efficiency 
in the turbine is that of terminal steam pres- 
sures. Everything that can be done to reduce 
this adds to the efticiency of the turbine, while 
a corresponding addition to the initial pressure 
produces a comparativelysmall effect. Consequently, 
the boiler pressure of vessels fitted with turbines 
has been kept comparatively low—from 150 lb. to 
170 1b.—while every effort is being made to reduce 
the back pressure by increasing the vacuum. In 
the reciprocating engines the air-pumps are usually 
driven off the main engines. In the turbine vessels 
this has never been the case: the air-pumps are 
driven independently, sometimes in conjunction 
with circulating pumps, and sometimes completely 
alone. In one of the Midland turbine boats— 
the Manxman — building at Messrs.. Vickers’ 
works, this latter arrangement is followed, with 
the addition .of a vacuum augmenter, to which 
we shall refer in dealing -with the trials of the 
vessel. In the case of the other turbine ship, 
Messrs. Weir are fitting a- combination equipment, 
consisting of their‘independent air-pumps, supple- 
mented by dry-air pumps worked in conjunction 
with the circulating-pump engines. In the two 
ships with reciprocating: engines, again, Weir's 
independent beam air-engines are used, as these 
represent the tendency, becoming more pronounced 
in recent designs, of. freeing the main engines from 
all. auxiliary complications. The results of the 
trials of these pump installations will be looked 
forward to with great interest, as the relative ad- 
vantages will be determined in the forthcoming 
steam trials of these vessels. 

It may be thought that there are some disadvan- 
tages in the turbine which will. outweigh its advan- 
tages; but it is difficult to find them. The space 
occupied is the same, the weight is lower in the 
ship, so that while the weight of machinery is less, 
other weights may be placed higher. The facility 
for overhaul is certainly as great in the turbine 
machinery as in the other type, and anyone who 
has seen a turbine-engine room will admit that it 





lacks the crowded appearance of a reciprocating- 
engine room. The propellers being smaller, there- 
fore project less beyond the line of the ship, 
and are less liable to damage. It is difficult to say 
how the centre propeller could possibly be injured. 
In the later installations the go-astern turbines 
have been steadily increased in power: in the King 
Edward this power was comparatively small ; in the 
Queen it amounted to one-half of the full go-ahead 
power of the engines; in the Londonderry aud 
Manxman it will be a still higher proportion— 
about 60 per cent. 

The cost of manufacture can hardly be com- 
pared with that of reciprocating machinery, as 
the turbine production is in its infancy. All the 
years of effort which have been put into cheapen- 
ing the cost of reciprocating engines have yet to 
come to the turbine. Yet even with this disad- 
vantage the turbine is not appreciably more 
costly than the reciprocating engine. In the 
case of the Londonderry, which affords a direct 
comparison for speed with the other ships, 
the additional cost is less than 2 per cent. of 
the total cost of the vessel. Undoubtedly, as the 
manufacture becomes more systematised the differ- 
ence will be on the other side of the ledger. As 
to cost of upkeep of turbines, experience is prac- 
tically nil; but there is no evidence to show that 
there is anything to fear on this account. The 
cost of running, so far as’ attendance is con- 
cerned, is undoubtedly less, ‘there being in 
existing vessels at least two men less in the 
engine-room than in the case of ships with 
reciprocating engines of equal power and speed. 
With respect to coal consumption, which is the 
important thing in the cost of running machinery, 
the trials of the new boats will afford complete 
information ; and we hope that the comparative 
results, not only on trial, but on service, for which 
arrangements are being made, will be placed at 
our disposal in the near future. 

To illustrate the growth of the turbine, we 
may remark further that the electric-light and 
power plant of the Londonderry is being driven 
by small Parsons turbines, while in the case of the 
Manxman it is being operated by De Laval tur- 
bines; and the electric current, in addition to 
running the lights, will operate steering apparatus 
in duplicate of the ordinary steering gear. The De 
Laval turbine seems, at least, to be as suitable for 
the small power installation as the Parsons, and 
the comparative results of these two turbines will 
be looked forward to with interest. In short, these 
comparatively small Channel steamers seem to be 
of an unusually interesting type, and, in addition, 
to have possibilities of education which many of 
the larger vessels do not possess. 








ELEMENTS AND COMPOUNDS. 

To the engineer who refrains from philosophising, 
the distinction between elements and compounds 
appears simple enough. A substance is elementary 
when all its particles show the same properties, 
and when no mechanical, physical, or chemical 
treatment can separate from it any particle differ- 
ing from the others. The metals are elements, their 
alloys compounds. In practice, we do not know any 
substance which is absolutely homogeneous ; it is, 
we say, because no substance is quite pure. Im- 
purities are considered as alien—something foreign 
to the substance. That is, we prescribe ideal con- 
ditions for the elements, with as much, or as little, 
right as we lay down the law for perfect gases. We 
all retain a lurking conviction that there is, after 
all, only one kind of matter, and that its properties 
change with the conditions. Would it not be more 
consistent formally to admit that the only difference 
between elements and compounds consists in the 
supposed impossibility of proving the so-called 
elements to be compounds ? ; 

This question was answered in the affirmative in 
the Faraday lecture which Professor W. Ostwald, 
of Leipzig, delivered before the Chemical Society on 
Tuesday, — 19. The lectures are given in the hall 
of the Royal Institution, where Faraday taught ; and 
the invitation to address the Society from Faraday’s 
chair, and to accept the Faraday Medal, is an 
honour that Professor Ostwald has shared with the 
great men Dumas, Cannizzaro, A. W. Hofmann, 
Wurtz, Helmholz, Mendeleieff, and Rayleigh. Pro- 
fessor Ostwald is, perhaps, in a more direct sense 
than any of his predecessors a pupil of Faraday, 
though he never saw him. The word ‘‘ion,” which 
may be said to stand foremost in Ostwald’s creed, 
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was uttered for the first time, in its modern sense, 
by Faraday ; the problems of catalysis, to which 
Ostwald has devoted much study, came under 
Faraday’s hands ; and Ostwald’s energetics lead him 
to the conclusion which Faraday, coming back to 
the standpoint of Boscovich, expres-ed by saying 
that the atoms are only mathematical points whence 
the forces emerge, or where the directions of several 
forces intersect. 

It:is from this standpoint that Professor Ostwald 
dealt with the theme—Elements and Compounds. 
Born in the Baltic provinces of Russia, he studied 
and taught at Riga and Dorpat before he accepted 
a call to Leipzig, where he soon gathered around 
him a school of physical chemists, who look up to 
him as to one of the fathers of modern electro- 
chemistry. Nothing of this is to be found in his 
lecture. There is not a table, not an atomic weight, 
not a coefficient, not even an allusion to modern elec- 
trochemistry to be found in it. It is an outline 
of bold novel conceptions, in an original garb, 
based upon chemical dynamics, without any elec- 
trical support. It may bé interesting to the engi- 
neer that in one of his chief tasks and arguments, 
Professor Ostwald was guided by the ideas of 
a metallurgist, Franz Wald, -the chief chemist 
of the Kladno iron works, in Bohemia—a man 
who has, so far, met with little recognition. It is 
possible, Professor Ostwald stated in the opening 
of his lecture, to deduce from the principles of 
chemical dynamics all the stoichiometrical laws: 
the laws of constant proportions, of multiple pro- 
portions, of combining weights. That this was 
possible had been denied by all investigators, until 
Franz Wald first gave the proof. To make this 
assertion means. to step on somewhat volcanic 
ground; Professor Ostwald was quite aware of that. 
He is prepared for severe criticism, and he will 
receive it.. For to the majority of the chemists, 
Dalton’s atomic hypothesis in its modern form is a 
theory. But the various radiations that have 
been demonstrated of late have cast strange lights 
on many subjects, and we need to suspend judg- 
ment until we gain clearer views. 

Professor Ostwald starts from equilibrium. 
We have equilibrium when the forces balance 
one another, so that no motion ensues, or where 
no variation occurs in the properties of the 
system ;_in the most general sense, equilibrium 
denotes a state independent of time. ‘To attain 
equilibrium, temperature and pressure, and, 
therefore, volume and entropy, must remain 
constant ; and that is only possible in a homo- 
geneous system. Solutions or gaseous mixtures, 
of different concentrations at different spots, are 
not homogeneous. In water in contact with 
water vapour we have two different states without 
homogeneity. Here we are introduced to the new 
concept of ; Willard Gibbs: a phase, in which the 
temperature and pressure are the same everywhere, 
but the specific volume and specific entropy change 
from one body to another. The phase may be dis- 
tributed over any number of parts. The millions 
of globules of butter in milk form one phase, 
the watery solution of casein and milk sugar forms 
another ; milk is a two-phase system. Excluding 
gravitation, electricity, surface tension, &c., and 
considering only heat and volume-energy as the 
sole forms of energy involved, we may say that 
every system consisting of only one phase has two 
degrees of freedom. That would apply both to an 
elementary gas like oxygen, and to a mixture of 
whisky-and - water which can only change, in 
pressure and temperature. Every one-phase 
system: hag a limited sphere of existence; the 
solid or liquid may with lowered pressure pass 
into the gaseous state. The sphere need not be 
limited on all sides, however ; there is apparently 
no limit on the side of low pressure and high tem- 
perature for gases ; for solids not on the side of high 
pressure and low temperature. But if we exceed 
the limits of existence of a phase, a new phase will 
be formed. The boundary lines between the dif- 
ferent phases represent the interdependent values 
of temperature and pressure for the possibility of 
the co-existence of the two phases. By admitting 
this co-existence we lose one degree of freedom, and 
we introduce the ratio between the masses of the 
two phases, 

As a rule, the properties of both the phases 
will change during the transformation of one phase 
into another. When we evaporate sea-water at 
constant temperature, the density of the residue 
grows continually higher, while the pressure—and 
therefore the density of the vapour—goes on de- 





creasing. When we evaporate distilled water, the 
properties of the residue and of the vapour 
remain unchanged during the whole transmuta- 
tion. Bodies of the first descriptions we call 
solutions, bodies of the second class hylotropic 
bodies. We might call the latter chemical indi- 
viduals or substances ; but the term ‘‘ hylotropic ” 
body is broader. Graphically represented, with 
temperature or pressure as ordinate, and the por- 
tion of the first phase converted into the second 
as abscissa, the hylotropic body gives a straight 
horizontal line; the solution yields also a con- 
tinuous line which will not be horizontal, however, 
and, asa rule, is curved. If the ordinates mean 
pressure at constant temperature, and the change 
is from liquid into vapour, the curve will slope 
downward. At higher temperatures we get similar 
curves above the first curve. In any case the 
residue will always be less volatile, and the dis- 
tillate more volatile, than the original solution. 
There need not be any end to this separation by 
continued distillation. But practically we shall 
come to a limit of volatility on both sides, which 
signifies that every solution can be resolved into 
two or more components which are hylotropic 
bodies. Thus we arrive at a relation between the 
properties of a solution and the nature and pro- 
portion of its hylotropic components. 

The boiling points of all solutions formed by two 
hylotropic components yield us three types of 
curves. The curve may rise continually, or it may 
have a maximum boiling point, or a minimum, at 
some spot. The solution corresponding to that 
point—the distinguishing point of Willard Gibbs 
and of Konovaloff—must hie as a hylotropic 
body, though it is a mixture. This seems to con- 
tradict what was said above. But if we trace a 
series of boiling-point curves for different pressures, 
the distinguishing points may either lie on the same 
vertical, or they may not; in the latter case, the 
distinguishing point will shift to the right or left 
as the pressure varies. In the first instance, when 
the points lie all on the same vertical, the hylo- 
tropic body will be a chemical individual or a sub- 
stance in Ostwald’s sense; not an element, of 
course. A substance in this meaning is a com- 
pound or solution, such that the ratio between 
the components is independent of temperature 
and pressure—between certain limits. But this 
is essentially the law of definite proportions, the 
first of the stoichiometrical laws ; and if we grant 
that much, we can deduce the laws of tnultiple 
proportions, and of combining weights.- The de- 
duction sounds a little like arguing in a circle, 
we must confess ; but the matter has to be studied. 

We just made the reservation, ‘‘ beween certain 
limits.” If we exceed the limits of pressure and 
temperature, within which the body behaves as 
hylotropic, then the body will assume the properties 
of asolution whose distinguishing point shifts as the 
temperature changes. It becomes possible then to 
separate the body into its components; and we call 
this state the state of dissociation of the substance 
in question. Most substances, of course, behave in 
this way. But we know substances which have 
never been transformed ~into solutions, and whose 
sphere of existence covers all accessible states of 
temperature: and pressure ; such “substances we 
style elements, and they are now defined as 
substances which never form other than hylo- 
tropie phases. As now the relation between a 
compound substance and its elements admits of one 
qualitative and quantitative interpretation only, 
we must always, in resolving a substance, come to 
the same elements in the same proportions—the 
conservation of the elements. 

We have not gairied much by this roundabout 
way of oxpiaining what we all understood before, it 
may be objected, But it is a most suggestive way 
of approaching problems which confront us. How 
are we to picture elements to ourselves, however, 
on this ground? For Professor Ostwald, matter is 
only a complex of energies, which we find together 
in the same place. It may fill the space homo- 
geneously, or in a periodic or grained manner. If 
we adhere to the grains, we have a substitute for 
the atomic hypothesis. The decision between the 
hypotheses is a purely experimental question. 
Many facts,. including chemical facts, certainly can 
be described by a homogeneous or non-periodic 
distribution of energy in space. Then comes the 
question : What energetic properties underlie the 
concept of a chemical individual? What renders 
it possible for us to isolate a substance from 
a solution is that the available energy of the sub- 


stance is a minimum, compared with that of all 
adjacent bodies. A minimum of vapour pressure 
is always accompanied by a minimum of avail- 
able energy, and is also the characteristic of a 
hylotropic body. The differences between the 
several substances are connected with the differ- 
ences in their specific energy content, such as 
specific volume and specific entropy which we can- 
not change at will, while temperature and pressure 
can be changed at will. There may be more than 
these two characteristics of different subjects ; 
Professor Ostwald did not follow that issue up, Take 
these two characteristics for a system of planar co- 
ordinates ; then the elements will be single points 
in the plane. We raise ordinates from these points 
representing the available en of each element. 
Between the points (of the elements) inthe plane will 
be situated the points of all possible solutions, each 
of which will have its evade energy, and the 
corresponding points in space will form a con- 
tinuous surface, As now each element has its point 
in a relative minimum, the surface as a whole will 
have the shape of the ceiling of a cavern from 
which stalactites are hanging down; the end of 
each stalactite represents an element. : 

How can we pass from one element to another ? 
Only by going up the stalactite vid the higher parts 
of the surface. If we imagine a drop of water at 
the end of one stalactite as representative of 
the element, then we should have to make that 
water travel up the stalactite, and descend 
another, in order to into the state of 
that second element. his can only be accom- 
plished by accumulating an appropriate amount of 
available energy in the element to be changed, but 
that cannot be pushed ad libitum. We cannot 
compress a gas nor concentrate electricity beyond a 
certain pressure ; the metals would flow, and the 
insulation break down ; and thus we cannot trans- 
mute the elements, because we cannot concen- 
trate sufficient energy. These last embryonic con- 
siderations were not suggested to the lecturer by 
the transmutation of radium into helium. Professor 
Ostwald expressed such views some years ago to 
Sir W. Ramsay ; but without the now more or less 
accepted experimental change of radium into helium, 
he would not have brought these matters before the 
meeting. We have to see how this accomplished 
transmutation fits into his hypothesis. As the 
atomic weights become higher and higher, the 
stalactites from the ceiling become shorter, until 
they form simply different slopes in the ceiling. 
The drop of water could pass round the corners of 
these slopes. It is an exceedingly bold, not to say 
fanciful, simile. But, at any rate, it would be 
compatible with the enormous amount of free 
energy with which we have to credit radium, which 
seems to be capable of giving out heat under all 
conditions; and the circumstance that elements 
like radium appear to have only a temporary exist- 
ence, while the resulting helium is a most sluggish 
body—a very long stalactite—would not controvert 
this view. 

_ The many rays and radiations emanating from 
radium may represent other intermediate forms of 
energy leading to the formation of other temporary 
elements which we'have, so far, been unable to fix, 
and which we may not succeed in fixing. For the 
concentration of high energy for long periods offers 
very great difficulties ; it isa question, for instance, 
whether a pressure of several thousand volts could 
be maintained for months. ; 

This is briefly the essence of Professor Ostwald’s 
lecture. He does not deceive himself concerning 
the strength of his arguments. ‘‘ Such suggestions 
are questions put to Nature. If she says ‘ Yes,’ 
then we may follow the path a little further. If 
she says ‘No,’ then we must try another path.” We 
may join in the hearty applause which the large 
audience accorded to the lecturer on the invitation 
of the President of the Chemical Society, Professor 
Tilden, and of. Professors Dewar, Thorpe, and 
Lord Rayleigh, and we may yet maintain an atti- 
tude of appreciative reserve. We are not all con- 
vinced of the transmutation of radium into 
helium. The atomic theory has done splendid 
service, and will continue to do so; so have the 
theses on modern electro-chemistry advocated by 
Professor Ostwald. The peep into his mysterious 
energy cavern is fascinating; but the cavern 
needs a great deal of light, as Professor Dewar put 
it. We cannot conclude more. appropriately than 
with Lord Rayleigh’s remarks: ‘‘ We have just tried 
vo pick up a few of Professor Ostwald’s ideas, at 





least by their tails. ‘Twenty or thirty years ago, 
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we thought that we understood the course of 
Nature—at any rate, in the rough—looking to the 
future for the elucidation of details. We are more 
modest now. We recognise that we may have to 
face a revolution.” 








POWER-STATION DESIGN, 

Tue principal conditions to be observed in the 
design of steam-power stations, having regard for 
the commercial success of the whole undertaking, 
formed the subject of a paper read by Messrs. C. 
H. Merz and W. McLellan, before the Institution 
of Electrical Engineers, on April 28. The power- 
stations to which the authors particularly referred 
were those with an output of 5000 kilowatts and 
over ; though, of course, smaller stations must to a 


. great extent conform to the same conditions. Re- 


liability of supply is of paramount importance, and 
must be ensured even at the expense of economy of 
production, though the designer must not for a 
moment lose sight of either of these essentials. 
Economical production depends upon keeping the 
capital costs and running expenses to a minimum, 
because a low capital cost is equivalent commercially 
to a low annual cost. A further reason for keeping 
the capital cost as small as possible is that the con- 
tinual improvement in design of generating plant 
may render the existing machinery obsolete in a 
comparatively short space of time, and thus 
require its replacement at a considerable further 
expense. The relative importance of capital cost and 
running cost at different load factors was shown by 
a number of plotted curves, from which it appears 
that with a load factor of 30 per cent., and coal at 
6s. per ton, a saving of 1l. per kilowatt in capital 
cost would have a greater effect on the running 
costs than a reduction of 6 per cent. in the coal bill. 
With a lower load factor the question of limiting 
capital expenditure becomes of greater importance 
still. The main features which beur on the eco- 
nomical working of a power-station may be broadly 
summarised under four heads—namely, simplicity 
of design ; subdivision of plant and apparatus ; 
labour-saving devices ; and provision for extension. 
Simplicity of design renders attendance easier and 
breakdowns less liable to occur ; although, on the 




















other hand, the very simplicity prevents the possi- 
bility of minimising the consequences of a break- 
down by some more or less complicated connection 
of plant. The tendency seems to be in the 
direction of greater simplicity, and this is no 
|doubt justified by the greater reliability of the 
apparatus now installed. The use of the ring type 
of main steam-pipe is, for instance, becoming 
jrarer; and the switchboard connections show 














Fie. 2. Tar S.S. ‘“Doneaat,” Constructep py Messrs. Carry ann Co., Limrrep, GREENOCK. 


the same tendency to simplification. The sub- 
division of plant and apparatus is closely con- 
nected with the previous feature. Reliability of 
supply is best ensured by having a number of 
entirely independent units, so that any accident 
is limited in its effects. The crowding together of 
a number of steam-pipes or water-pipes In one 
trench is very liable to lead to trouble, even if the 
units to which they belong are separate, and the 
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same may be said of cable connections. Labour- 
saving devices generally represent a considerable 
amount of capital sunk, and their adoption should 
only be decided on after a careful calculation of 
the economy to be effected. It is very questionable 
whether, taking all things into consideration, the 
mechanical stoker justifies its existence for power- 
station work, save in cases where there are excep- 
tional labour difficulties ; automatic machinery in 
general is not necessarily cheaper or more reliable 
than the labour it displaces. To make suitable 
provision for future extensions requires a good 
foresight as to what the future requirements are 
likely to be. It is not necessary merely to make 
the building sufficiently large to allow of the 
installation of additional units of specified size, 
but the possible adoption of a different type of 
plant, such as steam-turbines or gas-engines, must 
not be overlooked. If a future extension to 
buildings or plant is hindered, or made difficult, by 
the necessity of alteration of existing arrange- 
ments, the extra expense of such alterations must 
have a permanent effect upon the profits of the 
station. 

In this country the choice of prime movers is 
confined to steam-engines, either high or low 
speed, steam-turbines, and gas-engines. The rela- 
tive merits of high-speed and low-speed engines 
have been discussed so frequently that it may be 
assumed that no more remains to be said on the 
subject. It is only in this country that the ques- 
tion has arisen, as neither in America, nor on the 
Continent, has any advance towards high-speed 
engines been made. Every year steam-turbines 
claim increasing attention, and have already been 
adopted in the largest stations in this country, on 
the Continent, and in America. The only type 
that has stood the test of extended use in units of 
any size is that invented by the Hon. ©. A. Parsons, 
who has done so much towards the development of 
this form of motor. The turbines designed by 
Rateau, Curtis, and Stumpf are of too recent date to 
allow of their performances and mechanical features 
being reliably estimated. It may be noted that 





all these later designers allow the steam to expand 
adiabatically in suitably-proportioned nozzles, as in 
the Laval turbine, before impinging on the wheels. 
Thus the steam acts by giving up its kinetic energy, 
the pressure being practically constant except in 
the nozzles ; whereas in the Parsons turbine the pres- 
sure falls along the whole length of the turbine. 
The latter system allows a lower speed of rotation, 
and certainly works well in practice, while the former 
does not demand so high a degree of accuracy 
in the construction. Turbines of any type have 
many inherent advantages over reciprocating en- 
gines: they are cheap and simple, take up far less 
room, and cause no vibration. If they can be made 
to compete in steam economy and reliability with 
reciprocating engines, the elimination of the latter 
is only a matter of time. Tests of.steam consump- 
tion of the Parsons turbines show that in the larger 
sizes the results are quite as good as those of re- 
ciprocating engines, and the cost of upkeep and 
repairs comes out decidedly less. The capital cost 
of a power-station will, moreover, be reduced from 
15 to 20 per cent. by the adoption of turbines, even 
at their present price, which we may expect to see 
materially reduced in the future. If there had been 
any demand ten years ago for 2000- kilowatt 
generating sets, it is probable that turbo-alternators 
would be the only type of large size generating 
units at the present day. 

The high thermal efficiency of gas-engines has 
long rendered their use attractive to power-station 
engineers ; but at present they can hardly be con- 
sidered as a serious rival to steam-turbines. The 
turning moment is so uneven that difficulties arise 
in keeping synchronism, and the driving of rotary 
converters at the end of a long length of cable 
would not be an easy matter. The difficulties of 
keeping synchronism may, however, be largely 
overcome by the use of a turbo-alternator set in 
parallel, which will act as a sort of a flywheel, and 
steady the whole system. This composite arrange- 
ment is to be used at the Blaydon power-station at 
present being erected by the authors. 

The position of the power-station should be as 


central in the district it serves as is consistent with 
a cheap supply of coal; water, &c. The authors 
consider that the auxiliary buildings, such as offices 
and stores, should always be separate from the 
station proper, their relative position being decided 
on with regard to present needs as well as future 
extensions. These, buildings, including repair-shops 
as well as all sidings, should be completed before 
the construction of the power-house is begun, as 
the use of them will be a great. convenience and 
economy in the subsequent work. The tendency 
of the modern station is towards what may be called 
the ‘‘ complete unit system,” in which the various 
sets of plant are kept entirely distinct, the only 
points of contact being the railway siding, the 
cooling pond, and the main busbars. Each unit 
would have its own auxiliary plant, and would, 
under normal conditions, work quite independently 
of the others. A steel-frame structure is the most 
satisfactory type of power-house, the spaces being 
filled in with brick, concrete, or. corrugated iron. 
The switch gallery should run down one side 
of the engine-house, or parallel to it, if in a 
separate building. On the opposite side are 
placed the boilers, each opposite the engine it 
serves, the ,condensers also being arranged as 
near as possible to their respective engines. In 
short, the whole lay-out should be designed 
with the idea of avoiding crossings and obtain- 
ing the shortest run of all connections, whether 
cables or pipes. When turbines are used, owing 
to the small floor space they occupy, the boilers 
must either be arranged in groups at right angles 
to the engine-house, or be placed in a two-story 
building, otherwise the turbines have to be spaced 
so widely that a large amount of room is wasted. 
The arrangement of the auxiliary plant, including 
piping and cables, is a most important factor in the 
design of the engine-room. The Continental 
method of stowing it away in a basement is essen- 
tially bad from every point of view, except that, 
erhaps, the engine-room looks tidier, All auxi- 
iary machinery should be so placed that supervision 
and attention are easy, and in turbine stations the 
best place is undoubtedly on the engine-house 
floor, where room is plentiful, and the main crane 
is available when needed. 

Another point of great importance is the provi- 
sion of spare plant and the proportion it should bear 
to the output of the station. A great economy may 
be effected by making the relative capacity of all 
apparatus forming a complete unit equal, due regard 
being had to the overload capacity and the relia- 
bility of the respective parts. The various com- 
ponents of each generating unit should have a 
simultaneous point of maximum efficiency, and 
their overload capacity should be sufficient not only 
to deal with ordinary emergencies, but: to take the 
load over the peak, or to allow any unit to be out of 
service for inspection or repairs. The flexibility of 
the steam-engine allows of a large overload without 
much difficulty, but in the case of a gas-engine 
additional plant must be installed, and any addi- 
tional plant provided merely to take care of the 
peak involves capital charges out of all proportion 
to its earnings. The authors think that, by proper 
attention to spares and overload capacity, the cost 
per kilowatt ret rent output of a power-station 
can be reduced from 20 per cent. to 40 per cent., 
according to the load factor. 

About 10 per cent. of the power. generated in a 
station is used in driving the auxiliary machinery, 
and as the repairs and labour bill for it is a con- 
siderable item, it is evidently worth while to devote 
some attention to this class of apparatus. Auxiliary 
machinery is for the most running at full load 
whatever may be the load on the main engine ; 
hence it will be responsible for about 15 per cent. 
of the coal bill, and economy of operation becomes 
imperative. Although no general rule can be laid 
down, it will usually be found advisable to adopt 
electric driving for boiler-house machinery, such as 
stokers, conveyors, economisers, and fans; circu- 
lating and air-pumps also are best driven electri- 
cally, except in the case of slow-speed engines, 
when the air-pumps can advantageously be worked 
from the crosshead, or other d Boiler feed- 

umps are now so standardi that it is best to 
instal a steam-driven set, particularly as the speed 
is so variable. Where the station is of sufficient 
size to warrant it, a special unit may be put down 
to supply current for the electrically - driven 
auxiliaries, though a method which is more con- 
sistent with the complete unit system would be 
to drive each set of auxiliaries from its own parti- 
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cular generator through a transformer across the 
generator terminals. Exciters for the fields of the 
main alternators may be safely coupled to the end 
of the alternator shaft, provided steam-turbines or 
high-speed engines are employed. As small bat- 
teries are generally necessary to operate distance- 
controlled switch gear, and for emergency lighting 
purposes, they may be conveniently used to excite 
the fields of the exciters ; while if the latter should 
break down, the batteries could be connected direct 
to the fields of the main machines. 

The vital importance of reliability of the switch 
gear in a station justifies any expense necessary 
to attain it. The maintenance of switch gear is 
comparatively inexpensive, but the capital expendi- 
ture for good apparatus is considerable. Sub- 
division is absolutely necessary to limit the con- 
sequences of any failure, and this is the characteristic 
of the Ferranti type of board, which has proved 
so successful for high-tension work. Oil-break 
switches—first introduced on the Ferranti board— 
are now recognised as essential for breaking high- 
tension circuits, and they should be of sufficient 
capacity to deal with the worst short-circuit current 
that may occur. The bus-bars should be of bare 
copper, carried on porcelain insulators in separate 
chambers. All instruments should be worked on 
the low-tension side of the transformers, one set of 
the latter being all that is necessary. With the 
large sizes of boards now in use it is often necessary 
to control the switch-gear from some central point, 
and for this purpose either electrical or mechanical 
means are suitable. Automatic overload devices to 
open the switch are preferable to fuses, but the 
difficulty of getting them to work satisfactorily and 
with the necessary time-limit has caused many engi- 
neers to let the overload take care of itself, and to 
adopt instead a reverse current cut-out which will 
open the machine circuit if a motoring current of a 
predetermined value should occur. All low-tension 
work should be kept quite separate from high- 
tension parts, and the authors strongly recommend 
that wiring should be carried on insulators in pre- 
ference to laying it in pipes. 

Complete tor hahents, records are as valuable to 
the engineer as engine-house records, and the 
boiler-house will give a greater return for any 
trouble spent upon its management than any other 
department of the station. Pemanent apparatus 
should be installed for making tests, and the latter 
should be conducted weekly by a trained member 
of the staff. All coal should be weighed as it enters 
the station, and again as it is fed to the boilers 
from the bunkers. Coal and flue gases should be 
analysed, and temperatures noted. 

The authors disclaim any attempt to deal fully 
with the details of design of plant and apparatus, 
the object of the paper being more to call atten- 
tion to the fundamental principles underlying the 
choice and arrangement of the components of a 
power-station than to treat of the details of the 
parts themselves. 








THE IRON AND STEEL INSTITUTE. 

Tue usual annnal general meeting of the Iron 
and Steel Institute was opened at the Institution 
of Civil Engineers, Great George-street, yesterday, 
the chair being occupied by the President, Mr. 
Andrew Carnegie. he proceedings commenced 
with the reading by the Secretary of the 


REPORT OF THE CoUNCIL, 


dealing with the present status of the Institute 
and its work during the preceding year. From 
this it appears that the membership has had 
a net gain of 91 names, new members to the 
number of 161 being added during the year, 
whilst 39 members have died, and 31 more have 
ceased to belong to the Institute. Amongst the 
losses by death the Council specially note the 
names of the Hon. Abram S. Hewitt, a former 
gold medallist ; Sir Joseph Psase, for many years 
one of the Institute’s trustees: Mr. R. Fothergill 
and Mr. R. de Wendel, who was President of the 
Reception Committee at the Paris meeting of 
1900. Several members of the Institute have, 
during the past year, received honours from 
the chiefs of their States. Few of these distinc- 
tions have, however, we note, been granted by the 
British Crown, which still adheres too much to the 
tradition of but seldom rewarding scientific emi- 
nence, and Sir Alfred Hickman and Sir James 
Steel are therefore the only members of the Insti- 
tute who have received an honorary distinction 
from this source during the past twelve months. Sir 





W. T. Lewis has, it was stated, been appointed a 
member of the Trades Disputes and Trade Com- 
binations Commission, and Mr. Stead has been 
elected an F.R.S.—a fairly earned distinction, 
which, we are certain, will give pleasure to his 
numerous friends. He has also been appointed to 
represent Great Britain on the Council of the Inter- 
national Testing Association. The financial status 
of the Institute is, it appears, excellent ; last year’s 
expenditure included a grant of 2001. to the 
National Physical Laboratory, one of 1001. to the 
Engineering Standards Committee, and one of 51. 
to the International Testing Association. The 
report refers to the Barrow meeting as an eminently 
successful one, and expresses the gratitude of the 
Council for the excellence of the arrangements made 
by the Executive Committee, of which Mr. J. M. 
While waschairman, and to the Mayor of Barrow and 
Mr. Victor Cavendish, M.P., and owners of works 
in the neighbourhood for their generous hospitality. 
In recognition of his services as honorary secretary 
of the Reception Committee, the Council have pre- 
sented a piece of plate, suitably inscribed, to Mr. A. 
Butchart. The next meeting of the Institute 
will be held at New York, on October 24 to 26, 
where the necessary arrangements are being 
made by an influential committee, of which Mr. 
John Fritz, a former Bessemer medallist, is 
President. In conjunction with the West of 
Scotland Iron and Steel Institute, the Institute 
have reprinted during the year the classical report 
of Bunsen and Playfair on ‘‘The Gases Evolved 
from Iron Furnaces,” which was originally pub- 
lished in 1845. The Bessemer Medal, the report 
proceeds, was awarded to Sir James Kitson, and 
the Andrew Carnegie Gold Medal to Mr. Alfred 
Campion, of Cooper’s Hill, for his researches on 
‘*The Heat Treatment of Steel under Conditions of 
Steel-Works Practice.” A special medal was also 
awarded to Dr. O. Boudouard (Paris) for an inves- 
tigation into points of allotropic change of iron. 
There were a large number of candidates for 
the Carnegie Research Scholarships, the success- 
ful competitors being Messrs. C. O. Bannister, 
(London), Pierre Breuil (Paris), K. A. Gunnar 
Dillner and A. F. Enstrém (Stockholm), and J. C. 
Gardner (Middlesbrough). Further grants have 
been made to Messrs. A. Campion and Percy 
Longmuir. The representatives of the Institute 
on the governing body of the National Physical 
Laboratory are Sir Bernhard Samuelson and Mr. 
R. A. Hadfield, whilst Mr. A. Cooper and Mr. 
George Ainsworth have represented the Institute 
on the Engineering Standards Committee, and Mr. 
David Evans and Mr. William Beardmore act in a 
similar capacity on the Technical Committee of 
Lloyd’s Registry. The Council state that a party 
of the Liége Society of Engineers, which enter- 
tained the Institute in 1873 and 1894, are visiting 
London in September, and steps are being taken 
by the Institute to ensure them a cordial welcome. 

The retiring Members of Council, whose names 
were announced at the Diisseldorf Meeting, are :— 
Vice-Presidents—Sir J. G. N. Alleyne, Bart.; Mr. 
G. J. Snelus, F.R.S.; and Mr. James Riley. 
Members of Council—Mr. William Beardmore; Mr. 
David Evans; Mr. Victor Cavendish, M.P.; Mr. 
Arthur Cooper; and Mr. W. Evans. Owing to 
the election of Mr. Carnegie as President, a 
vacancy arose on the Council, which was filled by 
the election of Sir Benjamin Hingley, Bart., as 
Vice-President, and of Mr. John M. Gledhill, of Sir 
W. G. Armstrong, Whitworth, and Co., Limited, 
Manchester, as Member of Council. 


TREASURER’sS Report. 


The Secretary next read the Hon. Treasurer’s 
report, which showed the finances of the Institute 
to be in a flourishing condition. The receipts and 
expenditure were both the highest in the history 
of the Institute, the receipts being 5424]. and 
the expenditure 5205/., leaving a credit balance this 

ear of 219]., as against a debit of 1161. last year. 

he income from the Carnegie Scholarship Fund 
was 6241., and the expenditure 553/., whilst the 
securities in the bank had a market value, when 
checked on December 31 last, of 92531. 


Tue BesseEMER Gotp MEDAL. 


The next business was the presentation of the 
Bessemer medal, which this year has been awarded 
to Mr. R. A. Hadfield, whose discoveries in metal- 
lurgy secured for him a position of scientific emi- 
nence, whilst still quite a young man, and who, as 


years have gone, has continued to add to our! 





steadily growing knowledge of the properties of 
metals and alloys. His scientific papers, inaugu- 
rated by an account of his epoch-marking dis- 
coveries in manganese steel, communicated to 
the Institution of Civil Engineers in 1888, already 
are twenty in number, and will undoubtedly be 
greatly increased, both in quantity and value, before 
the termination of his career. It is given to but 
very few to obtain eminence both in research. and 
in the conduct of business, but the remarkable 
success of the steel foundry at Sheffield of which 
Mr. Hadfield has been managing director since 
1888, having been appointed to this most respon- 
sible position at the early age of 29, is a striking 
testimony to his possessing the qualities needed 
for success. in both careers. The years which 
have since elapsed have been the period during 
which not only the bulk of Mr. Hadfield’s scien- 
tific work has been done, but have been marked 
by an enormous development: of his business re- 
sponsibilities. The works now cover an area of 
over 90 acres, and include the largest foundry in 
the world. Size is, however, the least remarkable 
feature of this foundry, for here, though more espe- 
cially in the war-material department, castings are 
produced giving results hitherto attainable only 
with the best forged steels. . It would be im- 
possible to adduce more striking testimony of the 
value of scientific knowledge in foundry practice. 
Mr. Carnegie, in presenting the medal, remarked 
that it had had many distinguished recipients 
before, but it had never been presented with a 
greater unanimity of opinion as to the great value 
of the work done by the new medallist, whose 
achievements it would be superfluous in him to 
record. Mr. Hadfield was at the top of his pro- 
fession, and must regret that there were no other 
heights for him to attain. His establishment at 
Sheffield was unique in its special line, but he 
would find that a man who was master of his work 
was eventually mastered by that work. 

In reply, Mr. Hadfield referred to the difficulty he 
had in adequately expressing his thanks and appre- 
ciation for the high honour conferred on him by the 
Council, an honour which he considered was not 
bestowed merely on himself, but also on the town 
from which he sprang, and which was still the leading 
centre of the world for the highest quality of ma‘erial 
and the wide range of special products. He thought, 
however, it was a pity that instead of gold the 
medal was not made of steel, particularly if some 
of Bessemer’s first product could have been 
obtained with which to make the medals. He 
felt it peculiarly gratifying that he received the 
medal from the hands of Mr. Carnegie, from 
whom he had years ago received much kindly 
encouragement and assistance, and he expressed to 
him, as representing America, the hope that the 

eatest possible success would attend the St. 

ouis Exhibition. As to his own achievements, 
which the Institute had seen fit thus to recog- 
nise, he would only claim the merit of persistent 
hard work. The labour involved in metallurgical 
research was very great. At the time of the 
discovery of manganese steel the systematic study 
of the iron alloys was almost virgin ground, 
and he wished to acknowledge the assistance and 
co-operation he had received from numerous 
friends, such as, to mention a few names only, 
M. Osmond, Professor Barrett, Dr. Sorby, Dr. 
Fleming, Professor Kennedy, Professor Arnold, 
Mr. Stead, the late Mr. J. F. Barnaby, Professor 
Ledebur, and Mr. H. M. Howe. He had also to 
acknowledge his great indebtedness to his own 
staff, some of them, alas, no longer here. As of 
some historic interest he placed on the table speci- 
mens of the first manganese iron alloy made by 
him twenty-two years ago—in September, 1882— 
which he offered to the Institute. The specimens 
represented the three critical points in manganese- 
iron products—viz., the brittle percentage contain- 
ing about 5 per cent. manganese ; the very tough 
roduct with 11 per cent. manganese; and the 
Eaeder one with 17 per cent. of manganese. : 

The following papers were then read and dis- 
cussed :—‘‘ Explosions Produced by Ferro-Silicon,” 
by Mr. A. Dupré and Captain M. B. Lloyd. ‘The 
Manufacture of Pig-Iron from Briquettes at 
Herring,” by Professor Henry Louis. ‘* Notes on 
the Production and Thermal tment of Steel in 
Large Masses,” by Mr. Cosmo Johns. In the 
afternoon there was an exhibition of pyrometers, a 

per on which will be read and discussed to-day. 
™ our next issue we shall give a complete report 
of the remaining proceedings. 
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NOTES. 
A NorasiLe Frre-Test. 

We have pleasure in announcing that an English 
firm—and not a large one either—has achieved a 
record fire-test at the British Fire-Prevention 
Committee’s testing-station. Although the official 
technical report is not yet available, the fact that the 
‘‘ Brick-wood” partition under examination with- 
stood the very fierce fire of the Committee’s test for 
four hours, followed by the application of water, is 
sufficient to show that something unusual has 
been attained, and the tester (Mr. Jabez Thom- 
son, of Northwich) must have every reason to 
be satisfied. The temperature exceeded 2000 deg. 
Fahr. for some three hours of the test. The 
water was applied by a steam fire-engine for five 
minutes. Under the British Fire-Prevention Com- 
mittee’s standards this partition will now rank as 
affording ‘‘full” protection against fire, and de- 
servedly so. No other piece of construction has, 
so far, attained this. e have no doubt that 
there is other work in the country that may merit 
this classification; but until it has been duly 
tested under the Committee’s equitable conditions, 
its claims, naturally, lack confirmation. The best 
records held prior to the present one were for 
floors by Millar’s Jarrah and Karri Wood Com- 
pany, by the Columbian Fire-Proofing Company, 
and by the Banks System; but none exceeded 
a three-hour test. Australian hard wood, con- 
crete systems, and porous brick thus hold the day, 
both by careful investigation and by actual fire 
experience. The hard tile and terra-cotta advo- 
cates will thus be soon entirely outpaced by 
concrete and porous brick; and it will probably 
only rest with the two latter as to which shall 
definitely take the final lead. Our own view is 
that porous brick will gain the day for vertical 
work, concrete with steel bars reigning supreme for 
horizontal—i..e, floor—work. 


THe 25-Knot Cunarp ATLANTIC LINERS. 


The contract has now been definitely arranged 
and signed for the construction of the two high- 
speed Atlantic liners, for which provision was 
inade in the agreement between the Government 
and the Cunard Company, the Government, to put 
it briefly, practically guaranteeing interest on the 
money—about 23 million sterling—required for 
building the two vessels, on condition that they 
will be at the disposal of the Admiralty and other 
departments for merchant cruisers and other mari- 
time service. Very considerable interest has been 
taken in the negotiations, principally owing to the 
fact that a speed of 25 knots is to be maintained. 
This involved great size; the dimensions are 
now fixed at 760 ft. of length and 88 ft. of beam, 
so that the displacement, even although no cargo 
be carried, will be between 32,000 tons and 33,000 
tons when the vessel leaves Liverpool. To get the 
speed, between 66,000 and 70,000 horse-power will 
require to be developed, and a measure of the cost 
of the engine power is afforded by the fact that the 
coal consumption will exceed 1000 tons per day. 
But not alone in size and speed do the vessels mark 
a great advance: the adoption of the Parsons 
steam-turbine as the prime mover will invest them 
with great interest. We have already given general 
particulars of the turbine machinery, but it may here 
be stated that there will be four shafts, each with 
one powerful go-ahead turbine, the high-pressure 
units being on the side shafts, so as to enable the 
shaft to be as near the shell of the ship as possible, 
while the low-pressure units will be on the inside 
shafts. These latter will extend much further aft 
than the wing shafts, and the propellers willtake 
the place of the ordinary twin screws, with the 
deadwood of the ship between them cut away. 
The lines of the ship aft will be specially 
fine, so that although the wing propellers are 
well forward from the stern, the blades will 
not project beyond the vertical line of the 
hull, e understand that the turbines are being 
so proportioned as to enable the revolutions to 
be 140 per minute, so that the propellers will be 
of sufficient size to ensure efficiency in a heavy 
Atlantic seaway. The inner shafts will also be 
fitted with go-astern turbines Howden’s system 
of draught will be adopted in connection with the 
cylindrical boilers, which will be divided into three 
separate units, and thus there will be three funnels. 
It goes without saying that the Cunard Company, 
with their great experience and desire to please 
their patrons, will see to it that the vessels are 
perfect from the habitable, as well as from the 





mechanical and structural, standpoints. As has 
been anticipated for some months now, one vessel 
will be built by Messrs. John Brown and Co., 
at their Clydebank works, where so many high- 
speed vessels have been created, and the other 
by Messrs. Swan and Hunter, the machinery for 
the latter being by the Wallsend Slipway and 
Engineering Company, also on the Tyne. 


Sr. Louis Exursirion. 


The great Exhibition at St. Louis, to commemo- 
rate the centenary of the acquisition of Louisiana 
by the United States by purchase from Napoleon, 
was formally opened to the public last Saturday. At 
the conclusion of the inauguration speeches and cere- 
monies, President Roosevelt, at Washington, pressed 
a button, which unfurled the flags, set the machinery 
in motion, and started the great cascades. The Ex- 
hibition is on a much more elaborate scale than any 
previous undertaking of the nature. The grounds 
measure 1240 acres, of which 128 acres are covered 
with buildings to accommodate the principal ex- 
hibits, and it is estimated that no less than 
10,000,000/. has been spent in the work of prepara- 
tion. A conspicuous feature of the Exhibition is 
to be the amount of machinery in operation. Every 
exhibitor who has been granted a prominent posi- 
tion is expected to further this idea as much as lies 
in his power, and demonstrations of almost every 
process of production and manufacture will be given 
at the various stands. Completely equipped fac- 
tories for the manufacture of pens, hats, shoes, jewel- 
lery and a large number of other articles are erected, 
and heavier trades are represented by smelting- 
furnaces and iron-foundries on a commercial scale. 
Nineteen foreign governments have erected national 
pavilions, and thirty others have more or less 
elaborate displays. ‘The Imperial Chinese Govern- 
ment are, for the first time, represented in any 
international exhibition, viceroys having previously 
undertaken the preparation of whatever exhibits 
were shown by that country. In this instance 
China ranks with England, France, and Germany in 
the amount spent by the Government on the display 
of national productions, and the Chinese pavilion 
contains a collection typical of the highest attain- 
ments of native art and civilisation. The Japanese 
national exhibit is worthy of the enterprise of that 
country, and is at present more nearly complete 
than any other. France and Germany are very 
behindhand, and Russia is not officially repre- 
sented at all, having cancelled its arrange- 
ments on account of the war. Among the fea- 
tures of the Exhibition are the largest organ in the 
world, with 145 stops, and pipes 60 in. in diameter ; 
artificial cascades over wilieds “over 90,000 gallons 
of water per minute; an iron statue of Vulcan 
50 ft. high ; a floral clock with a dial 100 ft. in 
diameter, the minute hand of which weighs 2500 Ib. ; 
the largest boiler-plate ever rolled, and many 
other objects claimed to be the largest of their kind 
on earth. 


Tue Braprorp INDUSTRIAL EXHIBITION. 


In commemoration of the opening of the Cart- 
wright Memorial Hall, an industrial exhibition has 
been opened in Lister Park,-Bradford. The Hall, 
which is largely the gift of Lord Masham, forms a 
splendid memorial to the inventor of the power- 
loom and circular comb, two machines which have 
made Bradford what it is to-day—the centre of a 
vast manufacturing district, second only in im- 
portance to that which it immediately adjoins, and 
of which Manchester is the centre. Since the 
introduction of the wool-comber and the power- 
loom, some sixty years ago, vast strides have been 
made in manufacturing, although it has been truly 
said that Bradford could not at one time compete 
with the production of fine woollen and worsted 
fabrics as made in France. This was largely due to 
the fact that the whole of her looms were busy with 
the production of staple fabrics. Manufacturers, 
under the circumstances, have had no incitement 
to attempt to compete with the finer foreign pro- 
ductions. There has, however, during the last few 


of goods manufactured in and around Bradford. At 
the present time her looms are able to produce, and 
her dye-houses to dye, fabrics which compare favour- 
ably, and which compete in any market, with those 
designed and manufactured on the Continent. The 
exhibition being held at Bradford should be worth 
visiting, if only to see the display of the woven 
fabrics. Beyond being a vast manufacturing dis- 
trict, Bradford and the towns which surround it 
possess many firms employed in the making of 





spinning and weaving machinery. It was to be 
expected, therefore, that in addition to the display, 
however large, of textile fabrics, there should be 
one, quite as important, of the special machinery 
employed. There is, however, an entire absence 
of spinning machinery, while only a few firms are 
exhibiting looms. We hope to describe these in 
detail later. There is one firm, possessing a wide 


‘reputation, exhibiting four looms, producing Brad- 
ford fabrics, and this is the largest separate exhibit 
‘of textile machinery in the Industrial Hall. One 
‘novelty we noticed was an improved form of the 


‘Seaton loom, which caused such a furore some 
years back. Anexhibit entirely worthy of Bradford 
is that which has been brought together by the 
Technical College. The idea ~— in view through- 
out the preparation of this exhibit has been the 
illustration of the character of instruction in the 
‘various college courses. It includes, in one form or 
another, every stage in the manufacture of Bradford 
goods, and will prove to the more interested visitor 
‘one of the chief features of the whole exhibition. 
There are a number of stands devoted to the dis- 
play of electrical and mechanical machinery, but 
such a class is hardly representative of Bradford. 
‘As we have stated before, we were disappointed in 
the machinery section ; we had hoped that Bradford 
would have risen to the opportunity of demonstrat- 
ing to the world what her machinists were capable of. 








THE MIDLAND RAILWAY STEAMERS. 
One of the four new steamers for the Midland 
Railway Company proceeded on her preliminary trials 
last week, and two were launched. The ship tried 
—on Thursday, April 28—-was the Antrim, built by 
Messrs. John Brown and Co., Limited, who have again 
illustrated the splendid facilities for rapid construc- 
tion of their Clydebank yard. She has reciprocating 
engines, and attained a speed of 20} knots; her ap- 
pearance is shown by the photograph we reproduce on 
ge 648. Messrs. William Denny and Brothers, 
umbarton, launched their turbine-driven ship, the 
Londonderry, on Friday, April 29: a stern view of 
this vessel is given on page 649, Messrs. Caird and 
Co., Greenock, launched the reciprocating engine 
steamer, the Donegal, on Saturday, and for com- 
parison we reproduce a similar stern view on page 
648. To the important problems associated with the 
company’s steamers we refer at length in our article 
on page 644. Here it may be said that the vessels 
are 330 ft. in length, 42 ft. in breadth, 18 ft. in 
‘depth to upper deck, and 25 ft. 6 in. to promenade 
deck. Built of mild steel, to scantlings approved by the 
Board of Trade, the vessels are amply sub-divided by 
water-tight compartments. The first-class accommo- 
dation is situated amidships, and the third-class 
between the main and mizzen hatchways, while accom- 
modation is provided for drovers at the after end of 
vessel. Above the promenade deck amidships there is 
a shade-deck, which forms an airy promenade for first- 
class passengers in fine weather,.and shelters the deck 
below during rain. The first-class accommodation is 
in a large deck-house, and consists of private cabins 
having one, two, and four berths. On the upper 
deck there are a number of one, two, and four-berth 
cabins. The dining-saloon is on the deck below, 
immediately forward of the boiler-room. It is lighted 
by round lights, and also by an overhead trunk sur- 


rounted by a dome skylight. The accommodation for | 


third-class passengers marks a considerable advance on 
the ordinary channel steamer, there being a number 
of separate four-berth state-rooms, in addition to a 


large saloon. The vessels are ventilated on the thermo- ' 


tank system, which secures a supply of suitably 
warmed air driven by electric fans through trunks to 
all compartments of the vessel. 








BgLcian Briquettes.—The exports of briquettes from 
Belgium in the first three months of this year were 


126,052 tons, as compared with 161,914 tons in the corres- ° 


ponding period of 1903, and 153,535 tons in the corres- 
pane period of 1902, In these totals the exports to 

rance figured for 64,720 tons, 93,055 tons, and 94,947 tons 
respectively ; and those to the United States for 21,450 
tons, 24,000 tons, and 13,300 tons respectively. 


Tue INSTITUTION OF CiviL ENcingERS.—The twenty- 





s ing t ninth annual dinner of the students of the Institution of . 
years necessarily been a great extension in the range | C 


ivil Engineers took A. on Friday last at the Trocadero 
Restaurant, Sir W. H. White, president of the Institu- 
tion, taking the chair. In replying to the toast of ‘‘ The 
Institution, Secretaries, and at the chairman spoke 
highly of the work done by Dr. Tudsbery, the secretary, 
and in touching upon the present position of the In- 
stitution remarked how thoroughly the policy of admission 
by examination had been justified by its results. Pro- 
fessor W. C. Unwin, in proposing the health of the 
students, explained the reasons for the different examina- 
cone for internal and external nee for the ae 

egree In neering—a point whi been rai y 
Mr. H. W. Fitesimona, B.Sc., Stud. Inst. C.E, 
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SOCIETY OF ENGINEERS. 


THE Jubilee Meeting of the Society of Engineers was 
held at the Royal United Service Institution, itehall, 
on Monday evening, May 2, Mr. D. B. Butler, President, 
in the chair. The p ings were commenced by the 
reading of a ‘‘ Jubilee Retrospect,” being a brief history 
of the Society from its inception to the present time, by 
Mr. Perry F. Nursey, Past-President and Secretary. 
After referring to his election as a member of the Society 
in 1858, four years after its inauguration, and to the fact 
that, in one capacity or another, honorary or otherwise, 
including that of President, he had worked for it without 
a break ever since he was elected, Mr. Nursey proceeded 
to point out that although the Society was established in 
1854, it was not then known by its present name. For the 
first three years of its existence it was called the tay d 
Club, having been founded by students of Putney Col- 
lege, an institution which formerly existed for the educa- 
tion of engineers, The founders were Robert Monro 
Christie, Henry Palfrey Stephenson, and Alfred Wil- 
liams, the latter of whom held the office of honorary 
secretary and treasurer to the day of his death in 1894. 
The members used at first to meet periodically at the 
offices of Mr. Christie and Mr. Stephenson, when various 
points of engineering practice were introdnced and dis- 
cussed, on the lines of the pare discussion system, now 
so largely in vogue in the United States, an which was 
——— oe upon one occasion last year by the 
Society. In 1855, however, the formal reading and dis- 
cussion of papers was commenced. In course of time a 
set of twenty-four rules was framed, and out of these 
from time to time have been evolved the comprehensive 
rules and by-laws by which the pov, bo now governed. 

At the annual meeting of the members of the Putney 
Club, held on December 7, 1857, Mr. Nursey stated that 
the Society was re-christened by its present name—The 
Society of Engineers. At that date the number of 
members had increased to 54 from 25, which latter was its 
strength at the close of 1855. This increase of numbers 
necessitated a larger meeting-room, and No. 4 Committee 
Room in Exeter Hall was taken for that purpose. In 
course of time the committee room proved too small, and 
the lower hall was engaged for the meetings, which were 
held there for some years. A prominent feature of the 
year’s work in 1858 was the awarding, for the first time, 

remiums of books for I gs read a the year, the 
frat recipients being Mr. James Amos, for a paper on 
“The New Hydraulic Lift of the Thames Graving Bock, ag 
and Mr. John Glynn, jun., for a paper on “ Dr. Clarke’s 
Water-Softening Process.” The year 1861 was marked by 
the holding of a conversazione in the lower hall, Exeter 
Hall, on June 11, which function was successfully repeated 
in 1863. The latter year marks the introduction by 
Mr. Williams of vacation visits to works of engineering 
interest, the first visit being to the Southern Outfall of 
the Main Drainage Works. Later on in the year the 
Northern Outfall was visited. 

The year 1863 witnessed the institution of the class of 
honorary members, although none were elected until 
1865. ag oo earliest honorary members were Lord 
Playfair, Sir William Fairbairn, Sir John Herschel, Sir 
Joseph Whitworth, Dr. Percy, and Professor Macquorn 
Renkine. In 1864 the question of issuing certificates of 
membership was discussed, but their issue was not then 
considered desirable. They were, however, adopted in 
1867 in their present form. Coming to later times, Mr. 
Nursey observed that the year 1900 merited notice as 
being that in which the present honorary secretary and 
treasurer, Mr. George Burt, presented the Society with 
the handsome badge of office in gold and enamel worn 
by each successive president. 

Proceeding to generalities, Mr. Nursey next touched 
upon the membership roll and the useful work done by 
the Society during its ean years of existence, Referring 
to the figures of membership of the Society in its early 
days, he said that the rate of subsequent progression had 
been somewhat i lar. In 1893 the Society touched a 
maximum, when it had a record number of 522 members. 
After that it declined a little, but in 1902 the previous 
record was beaten by one, the membership — at 523. 
Last year witnessed a marked advance upon that, the 
Society numbering 540 members at the close of the year. 
“* And,” said Mr. Nursey, “‘we are still on the increase, 
inasmuch as during the present year we have, so far, 
elected eight new members, which, with the seven to be 
balloted for at the close of the present meeting, practi- 
cally brings our numerical strength to 555 members and 
associates.” 

As regards the useful work done by the Society, Mr. 
Nursey said :—‘‘I find that we have published forty-four 
volunies of Transactions, including that for the past year. 
They contain 10,124 pages, and embody 371 papers, illus- 
trated by 588 plates and 294 smaller engravings. In 
some cases the same author has given us several eee. 
Amongst these may be mentioned Mr. Baldwin Latham, 
with eight papers ; Mr. Arthur Rigg, with “— papers ; 
Mr. Vaughan Pendred, with six papers; Mr. C. J. Light, 
with six nor che Mr. Henry od eg et four papers; 
and myself withftwenty-two papers, including in all cases, 
except that of Mr. Light, a presidential address.” 

“Such, then, in brief,” said Mr. Nursey, in conclusion, 
‘is the record of the Society for the first half-century of 
its existence. To me it is a record of pleasant memories 
and associations—of memories of those with whom I 
have worked shoulder to shoulder, but who have passed 
away, and of associations with those who have taken 
their place, and with whom I am now working to promote 
the general interests of the Society, which work to its 


executive has ever been, and still is, a labour of love. I 
refer here to our members of Council, who are the worthy 
successors of our worthy se nye coe f Palfrey Stephen- 
son, Robert Monro Christie, and Alf 


Williams.” 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


FEsBRvARY. 


Marca. 


APRIL. 














4 


= 


ah ee WR EL SG at eR ee a 2 ea eee 


HR Gh ba aa ee Ab a 





an 


3.4 
(6280) 














& 0 12 6 B22 Hw 
FEBRUARY. 


73g 7 8 


nS 722 BBA F¢EC EURUBMWUM LU BY 
MARGH 


Lt 


rt eT a EO 
AREER 


























APRIL 


In the accompanying diagrams each vertical line represents a market day, and each horizontal 
line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and 1. in all 
other cases. The price of quicksilver is per bottle, the contents of which vary in weight from 


70 lb. to 801b. The metal prices are per ton. 


Heavy steel rails are to Middlesbrough quotations. 





Tin plates are per box of I.C. cokes. 





Tue Suez CanAt.—The transitrevenue of the Suez Canal 
Company in March amounted to 427,200/., as compared 
with 348,0002. in March, 1903, and 402,400/. in March, 
1902. The aggregate collection for the first three months 
of this year amounted to 1,159,253/., as compared with 
976,622/. in the first quarter of 1903, and 1,087,516/. in the 
first quarter of 1902. The aggregate net ‘burthen of the 
vessels flying the English which passed through the 
canal last year was 7,403, tons; Germany ranked 
second, with a correspondlng total of 1,773,365 tons; and 
France third, with 781,379 tons. 


PHOTOLINOL.—On Friday last an exhibition of a new 
photographic material called ‘‘Photolinol” was held to 
demonstrate its suitability for large wall diagrams, maps, 
shop blinds, stage scenery, &c. The material is a 
somewhat translucent linen fabric, coated on both sides 
with a sensitive silver emulsion, and on development a 
secondary image is formed on the back of the material, 
which tly ge eed the picture when viewed by 
transmitted light, whilst the ordinary ir on the front of 
the canvas is sufficiently strong for viewing by reflected 
light. The fabric may be sponged to remove dirt, and it 
may be finished in oil or water-colour, as the surface takes 
both readily.. Photolinol is being put on the market b 
Messrs. J. J. Griffin and Sons, Limited, 20 to 26, Sar- 
dinia-street, Lincoln’s Inn Fields, W.C., and is sold in 
cut pieces in regular photographic sizes, or in rolls 10 ft. 
and 15 ft. wide. 


Royat InstrrvTion.—The annual meeting of the 
members of the Royal Institution was held on Monday 
last, the 2nd inst., Sir James Crichton-Browne, M.D., 








treasurer and vice-president, in'the chair. The annual 
report of the committee of visitors for the Dap 1903, 
testifying to the continued prosperity. and_ efficient 
a of the Institution, was read and adopted, 
and the report on the Davy-Faraday Research Laboratory 
of the Royal Institution, which accompanied ‘it, was also 
read. Seventy new members were elected in 1903. Sixty- 
two lectures and twenty evening discourses were delivered 
in 1903. The books and pamphlets presented in 1903 
amounted to about 229 volumes, making with 694 volumes 
(including periodicals bound) purchased by the managers, 
a total of volumes added to the library in the year. 
Thanks were voted to the president, treasurer, and the 
honorary secretary, to the committees of managers and 
visitors, and to the professors, for their valuable services 
to the Institution during the past year. The following 
gentlemen were unanimously elected as officers for the 
ensuing year :—President—the Duke of Northumberland. 
Treasurer—Sir James Crichton-Browne. Secretary — 
Sir William Crookes. Man Dr. a E. Arm- 
strong, Sir William Abney, Mr. Shelford Bidwell, Sir 
Alexander Binnie, Mr. J. H. Balfour Browne, K.C., 
the Hon. Sir Henry Burton Buckley, Sir Thomas A. De 
la Rue, Bart., Dr. J. A. img | Sir Victor Horsley, 
Lord Kelvin, Dr. Ludwig Mond, Sir Owen Roberts, Sir 
Thomas Henry Sanderson, Sir Felix Semon, and Mr. 
W. H. Spottiswoode. Visitors—Dr. J. Mitchell Bruce, 
Mr. J. B. Broiin-Morison, Dr. F. Clowes, Dr. Mackenzie 
Davidson, Mr. W. B. Gibbs, Mr. Francis Fox, Mr. C. E. 
Melchers, Mr. R. Mond, Mr. J. Callander Ross, the Hon. 
Walter Rothschild, Mr. Maures Horner, Mr. A. A. 
Campbell Swinton, Mr. J. J. Vezey, Dr. G. Johnstone 





Stoney, and Mr. G. P. Willoughby. 
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TRYING-UP, PLANING, AND THICKNESSING MACHINE. 
CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LTD., NEWARK-ON-TRENT. 








On this page we illustrate a machine constructed by 
Messrs. A. Ransome and Co., Limited, Newark-on- 
Trent, which is commonly known as the ‘‘ over and 
under planer,” and combines the functions of a hand- 
feed planer and a thicknessing machine. It is, in fact, 
a panel-planer, with a superposed table made in two 
halves, with a space between them, through which the 
cutters work. 

When used for trying-up, the timber is simply passed 
by hand over the cutter, and, being pressed firmly to 
the table, and also against the fence, the cutter planes 
its underside perfectly true and straight, taking out 
any twist which the piece may previously have had. 
By lowering or raising the front table the cutter can 
be readily set so as only just to skim the surface of the 
wood, or to remove as much as } in. The wood having 
been trued up as above described, it is laid on the 
lower table and fed under the cutter by a series of 
revolving feed-rollers, as in a panel-planing machine ; 
and, as the lower table is below the cutter-block, the 
piece leaves the machine after this second passage, tried 
up perfectly true, planed on both sides, and reduced 
to a perfectly uniform thickness. 

Although it is now some years since this useful 
type of planer was first invented, it is only quite 
recently that Messrs. A. Ransome and Co., Limited, 
have perfected it, with a view to increasing its feeding 
power and general efficiency, by introducing the fol- 
lowing improvements, which will be fully appreciated 
by all who are practically acquainted with joiners’ 
machinery :— 

1. The distances between the feeding-rollers and 
pressure-pads in front and behind the cutter-block 
have been increased, for, when these are too close to 
one auother, the rollers influence the pressure-pads, 
and the best work is not obtainable in consequence, 
especially when planing thin stuff. . 

2. The spindle of the cutter-block has been made 
stronger, and the bearings proportionately larger, thus 
enabling a heavy cut to be taken, and at the same time 
leaving an absolutely true surface. The cutter-track 
has been increased, thus giving a better cutting angle 
and a more satisfactory shearing cut than a smaller 
block. This increase in the cutter-track enables the 
cutter-block to be run at a slower speed, entailing less 
wear and tear on the bearings, while at the same time 
the speed of the cutting edge is fast, being 4050 ft. 
per minute, The cutters are attached to the blocks by 
dovetailed headed bolts, sliding in grooves, instead of 
by fixed studs. This enables cutters to be used with 
slots at different distances apart. The block is also 
provided with two dovetail slots planed in the opposite 
faces, for securing small moulding or beading irons. 

3. The diameter of the feed-rollers is now 44 in. 
instead of 3 in., and all the gear-wheels which drive 
the feed have machine-cut teeth. 

4. The top tables are supported as close up to the 
cutter-track as possible, which enables the machine to 
produce most perfect work, for, when the edges of the 
table overhang the supports, a certain amount of 
vibration takes place, which affects the work. 

5. The screws for raising the bottom table are fitted 
with ball thrust washers, reducing the friction to a 








minimum, and making the adjustment of the table 
considerably easier. 

In addition to the above we may mention the fol- 
lowing :— 

(a) The pressure-bars at front and back of cutter- 
block are of malleable steel alloy instead of cast iron. 

(6) The fence is arranged to cant. 

(c) The top tables are arranged to slide back easily 
in order to facilitate getting at the cutters for adjust- 
ing and sharpening. 

(d) The guard over the cutters is made adjustable 
to suit different widths of stuff. 

(e) The cutter-block bearings are provided with an 
oil-well, and automatic lubrication by means of a 
felt pad. 

(f) A brass scale and pointer are provided for in- 
dicating the thickness of the piece being cut. 

(g) The machine is provided with three rates of 
feed to suit different kinds of wood. 

The machine is made in three sizes—to take in 24 in. 
by 74 in., 18 in. by 74 in., and 15 in. by 6 in. re- 
spectively. 








BELGIAN SteEL-Maxkinc.—The attention of Belgian in- 
dustrials has been a good deal occupied of late with the 
formation of a steel-works syndicate. It is proposed to 
fix production for the present at 96,000 tons per month, or 
at the rate of 1,152,000 tons per annum. The Sambre and 
Moselle Company has at present, however, refused to join 
the syndicate, and this may prove fatal to the proposed 
combination. 





Tue New ContinentaL Express.—On Sunday, May 1, 
a new express train was put into service between Liver- 
1 Street and Harwich, in connection with the Hook of 
olland route of the Great Eastern Railway Company. 
The previous day a large number of representatives of the 
Press accepted an invitation of the company to take part 
in the trial run, the guests being also taken for a trip in 
the s.s. Berlin, and subsequently provided with a 
luncheon at the Great Eastern Hotel at Harwich. The 
train consists of nine corridor coaches, besides the usual 
luggage and brake vans, the length over buffers being 
653 ft., and the total weight 420 tons. The coaches, 
which include three restaurant cars, provide accommoda- 
tion for 119 first-class and 272 second-class passengers. 
They are luxuriously upholstered, steam heated, and 
liberally fitted with electric light, provided by separate 
dynamos connected to the carriage axles on the Stone 
system. In spite of the weight of the train and the 
very heavy gradients, one engine only, of the Claud 
Hamilton class, is employed, and the journey, from 
Liverpool Street to Parkestone Quay, is made in less than 
14 hours, speeds of over 70 miles an hour being main- 
tained on favourable sections. The fuel consumption on 
the trial run was 8 cwt. of coal and 100 gallons of liquid 
fuel for each journey. Mr. J. F. 8. ay, the general 
manager of the company, in ae to the toast of the 
success of the Hook of Holland route, mentioned that 
during the ten years the route had been cones the num- 
ber of passengers by it had practically doubled, being now 
over 104,000 annually; the power and tonnage of the 
company’s boats had increased in the same ratio, and the 
growing popularity of this route to the Continent amply 
justified the expense the directors had incurred in pro- 
viding for the comfort of passengers. 





WARD'S TRIPLEX PISTON-RINGS. 


WE illustrate below a new form of — pack- 
ing, which is the invention of Mr. 8. A. Ward, of 
Sheffield, and is being manufactured by Messrs. 8S. A. 
Ward and Co., Broad-street-lane, Sheffield. The 
packing consists of three rings, two of which are split 
and the other solid ; and all three are kept in place in 
the piston by a junk-ring, as shownin our illustration, 
Fig. 1. Fig. 2is an elevation of the piston, and shows 
the position of the bolts which secure the junk-ring. 

The ring A, shown in section in Fig. 1, is turned an 
easy fit to the ee. and has one side bevelled. The 
ring B is turned the exact size of the cylinder, and is 
bevelled at the same angle as A. It is then sawn 
through. The ring C, which constitutes a strong 
spring, is turned to a slightly larger diameter than the 
inside of B, and is sawn through and fitted inside the 
latter, as shown. The saw cuts in B and C are not 
placed opposite one another in the piston, and all three 
rings are held in place by the junk-ring D, as before 
stated. 

The advantages claimed for this arrangement are 
the following :—Friction between the ring B and the 
cylinder is reduced, because steam getting within the 
block cannot blow the ring B out to against the cylinder, 
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the ring A being solid, and strong enough to resist the 
pressure of the steam which is transmitted through 
the bevel on A, and is taken by the sides of the piston 
block ; so that the tendency is to keep the rings a 
perfect fit sideways in the block. The little wear that 
always takes place in the block allows the rings to 
expand in diameter, and so take up any slight wear 
there may be in the diameter of the cylinder. On 
account of the full force of the spring-ring C being 
resisted by the ring A, the wear of the cylinder by the 
rings is consequently almost entirely prevented. The 
frictional contact between the two broad rings prevents 
their being easily crushed in by the pressure of steam, 
yet they are quite free to move in the piston-head, and 
allow for any little irregularity in the alignment of 
the engine. Another advantage claimed is that there 
are no steel springs and small parts to break and 
cause accidents. 

We understand that these pistons have been found 
to work remarkably well under the high temperature 
of superheated steam, and the friction, as compared 
with that of an ordinary piston, is very much reduced ; 
in fact, a 20-in. piston fitted with these rings can be 
pushed backwards and forwards in the cylinder with 
one hand, yet when coupled up and full boiler pres- 
sure turned on, the rings are perfectly steam-tight. 

The rings are made of soft cast iron, and are equally 
suitable for high and low-pressure pistons and piston- 
valves. 








INDUSTRIAL NOTES. 

For the first time in history organised labour has 
been called upon to undertake the responsibilities of 
Government—to direct its policy and administer its 
affairs. Fortunately, the experiment is first tried 
in British dominions, by British subjects, and in the 
colony best adapted for so bold an experiment—Aus- 
tralia. The defeat of the Government, on the Arbi- 
tration Bill, led to the opportunity—some would say 
disaster. We can only speak of it as an incident in 
party political strife ; the results, far or near, will 
enable us to deal with it as a policy, on its own merits, 
in comparison with the ebb and flow of opinion in Euro- 

States, and the effects upon the well-being of the 
community. Hitherto, the “Ins” and “Outs,” in party 
government language, have been of the same class, 
only modified by circumstances. They belong to the 
governing classes, and Lord John Russell, in his work 
on Government, pointed out that the inevitable result 
of such combinations was legislation in favour of the 
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particular interests represented broadly by the party 
who, for the time being, held the reins of power in 
the State. Labour, as such, had no place in any com- 
bination or coalition of parties. Labour is supposed 
to represent ‘‘ the people.” But it depends upon the 
bro definition of that term, and its inclusions, 
whether “ the people,” in the sense used, comprises 
the whole community, for that, after all, is, or ought 
to be, the real meaning of the term “‘ the people”—that 
is, the nation. 

The Labour Party in the Australian Commonwealth 
has accepted the responsibilities of office. They 
have formed a Ministry, and every member of it, 
except one, is identified with the labour movement. 
The Labour Party seems to have arisen out of the 
failure of an attempted general strike some fifteen 
years ago, when it was —— to suspend all the 
machinery of production and distribution as a drastic 
method of compelling public attention to the inequality 
and injustice of the existing social system and the 
conditions of employment in the Australian colonies. 
Reform by violent means failed; then it was deter- 
mined to organise labour and try constitutional 
methods. The growth of the movement has been 
phenomenal. But the Labour Party in the State 
is at present eg 4 about one-third ; it will have to 
depend upon the help of one or the other of the two 
other sections for its Ministerial life. A coalition of 
the other sections would terminate its tenure of office; 
but that might mean the annihilation of one of the 
parties and the consolidation of the Labour Party. As 
it is, it would seem that the new Ministry will assert a 
policy of its own, such as may command the support 
of the masses of the people, and thus ensure a pro- 
longed existence. The character of the men is spoken 
of as high-principled, honest, and incorruptible. They 
are able and united. Their leader is said to be an able 
and practical politician, They are all comparatively 
young men. They have no easy task. If they attempt 
to go too fast, all the other sections will criticise and 
blame them; if they go too slow, they may evoke 
dissent in the minds of their own supporters. A bold, 
honest, prudent policy might carry them through and 
win golden opinions from the general public. 





The nineteenth quarterly report of the General 
Federation of Trade Unions explains the grounds of 
objection to the importation nf Chinese into South 
Africa ; it is not because of colour, any more than they 
would object to play cricket with an expert because 
he happened to be black. It is the system under which 
the Chinaman is hired and the conditions of his 
life as a hired slave that are objected to. An analysis 
is given of the occupations of the British Army, which 
shows that a very large proportion is composed of what 
is generally termed unskilled labour of one kind or 
another. Keference is also made to the Trade Union 
Tariff Committee—a ‘‘ mysterious body,” not known 
to the organised trades of the country. 

Attention is called to the Trades Cisnetes Bill, and 
to the action taken by its opponents. An analysis is 
given of the results of the voting last year, in which 
the position of all sections is set forth. Each member, 
present and absent, will have to give an account of his 
vote in the divisions both of last year and the present 
year. The financial position of the federation is strong. 

he balance in hand, regarded as a reserve fund, is 
98,883/. 1s. 5d. Never before was there so strong a 
body outside of the organised unions, and in this case 
the body is governed by the authorised representatives 
of the unions. The income for the past quarter was 
8168/. 15s. 3d., of which 1008/. 6s. 1ld. was in the 
shape of interest on investments. The expenditure was 
27371. 2s. 11d., the chief item being in connection with 
the engineers’ disputes in Dundee—now happily settled 
—Paisley, and St. Helens. Other disputes were of small 
dimensions or were speedily settled. The fear that 
the federation would provoke strikes has not been 
realised. No fewer than twenty-four unions partici- 

ated in strike pay in the quarter :—Engineers, 
1247/. 2s. 6d.; five others between 100/. and 200/.; all 
the others were under 100/. The Labourers’ Union 
made no large claim in the quarter. The quarterly 
management expenses amounted to 286/. 19s. 6d., in- 
clusive of salaries, printing, postages, rent, fuel, gas, 
committees, and miscellaneous. The special articles 
comprise :—‘‘ British Interests in Macedonia,” ‘ Fede- 
ration of the Empire,” ‘‘ Federationists and their 
Unions,” ‘‘ White Labour or Yellow Slaves,” and a 
portrait and notice of the Mayor of Darlington, and 
Member of Parliament for one of the Durham consti- 
tuencies. The attitude of the federation is peaceful 
and conciliatory, so that its influence will be for nego- 
tiation rather than for strikes. 





The great strike on the Hungarian railways col- 
lapsed after a few days but the losses incurred and 
the inconveniences were very great during its continu- 
ance. This is another illustration of the difficulties 
of workmen’s disputes with the State. In Hungary, 
as in Victoria, the railways are under State control ; 


-in-both the strike was a failure: in Victoria, under 


popu'ar government with a strong lakour party, just 





as much as in Hungary, where coercive measures are 
in full force. The experience is not favourable to 
State employment from the Socialists’ point of view. 
In the case of the Hungarian workmen the public 
rather regard their claims as reasonable, but the 
methods adopted for redress are condemned. In any 
case the men were handicapped in a way not likely to 
occur in this country, in Australia, or America, for 
the major portion of the men were liable to be called 
up for military service, and then they could be ordered 
to do the work of the State on the railways. They 
have little power politically, and therefore cannot 
exert much influence in public affairs. The strike 
may have one good effect—it has called attention to 
the conditions under which the men work. In this 
country, at least, the men can air their grievances and 
demand redress in their own way if they keep within 
the well-defined law. They can also call upon their 
representatives in Parliament to voice their views in 
the House of Commons ; moreover, they can by depu- 
tation interview the Minister most concerned if the 
conditions are bad, or thought to be bad. In Hungary 
they have no such power ; hence the ill-timed strike 
which ended in total failure. 





The problem of Chinese labour in South Africa is 
not yet solved ; indeed, we have only just reached the 
initial stage. It would appear that the negotiations 
with the Chinese Government and the final form of 
the regulations had hardly been concluded at the close 
of last week, so that any importation prior to May 1 
would not have been legal. Indeed, any deportation 
of Chinese labourers prior to the final arrangement 
would, presumably, be illegal. It remains to be seen 
how the immigration will be received. British work- 
men declare that their antagonism is not directed 
against the Chinese as men, or as workers, but it 
is directed against the system of hiring, housing, and 
other conditions. 





May Day happened to fall on a Sunday this year, 
and was, therefore, specially favourable for the annual 
labour demonstrations which for some years now have 
been more or less regularly organised, but which have 
fallen off. There is no longer the jubilant boast of the 
coming Social Democratic revolution. There is scarcely 
a murmur of the universal eight hours’ day. The 
London demonstration in Hyde Park only boasted of 
six platforms, and most of the speakers were from the 
ranks, only some four or five being recognised as 
leaders, and these only known during the last dozen 
years. The resolution was a well-watered epitome of 
the old cries, but so mildly put as to be hardly worth 
challenging. Its wordiness, its all-embracing inclusive- 
ness, had the effect of rendering it meaningless as a 

papness resolution. In the provinces there was 

ttle attempt at demonstration—the idea fell flat, 
strenuous effort was discarded. Labour Day abroad 
was just as quiet. In Vienna some fifty meetings 
were held, attended, it is said, by 60,000 persons ; 
processions were formed and paraded the streets, 
singing labour songs. After that the people gave 
themselves up to amusements in the beer-gardens. In 
Berlin, instead of mass meetings, the people enjoyed 
themselves in festivities, with songs, dances, and other 
amusements. In the Swiss towns there were demon- 
strations, processions, and festivities. In Madrid the 
printers abstained from work, so that no newspapers 
appeared. In all cases the gatherings were quiet—no 
disturbances, no disorder. The Social Democratic 
ideal has not caught on; the fever has subsided. 
Labour will trudge on in the old grooves, but with, 
perhaps, a greater regard for conciliation than of late 


years, 


The reports from Wolverhampton state that there 
is a good demand for best bars, cold-rolled and stamp- 
ing sheets by home buyers. Inquiries are also deemed 
to be fairly satisfactory for quantities of finished 
iron from various quarters, manufacturers thereby 
retaining a strong position. Stamping and common 
working-up sheets have been in better sale, and a fair 
business in black sheets is recorded. Steel-makers 
are also doing a good turnover. From Birmingham it 
is reported that the recent slight advances have been 
maintained, but consumers hesitate to pay the extra 
money asked. Best finished iron is in good request at 
the quotation rates, and commoner qualities have been 
firmer in price. There has been little doing in tube 
strip, but the galvanised trade has been pow hy The 
black-sheet trade has been quiet. Generally in the 
Midland districts there was a steadier tone in the 
market. There was more hopefulness as to the future, 
and there are said to be good grounds for it. The 
mills and forges are more active than for some time 
past, more employment being found for the men. 
Some of the smaller works which, for a long while 
ow have been doing very little, are working longer 

ours, and the work seems to be pretty evenly dis- 
tributed. Chain, cable, and anchor makers are 
busier, the shipping yards finding more work than 
has recently been the case. Some good orders for chains 
have been received in the district, but the tube-strip 








makers are quiet because of the slackness in the tube 
trade. The engineering and allied trades are quiet, 
without being depressed ; indeed, there are indications 
of improved conditions in some branches. In the 
hardware and other metal-using industries there are 
variations in activity, but it is significant that very 
few branches complain of real depression ; ‘‘ moderate 
to quiet,” in some cases “slack,” are the terms employed 
to describe the state of trade. 


The complaint still is that the engineering and allied 
industries in Lancashire are lacking in activity, and 
that even in those branches which have been fairly 
well employed, as in some special branches of the 
machine-tool trades, the orders in hand are being com- 
pleted faster than they are being replaced with new 
contracts. In one branch, however—that of locomo- 
tive building—a large firm at Gorton, near Manchester, 
has secured the contract for thirty-one railway loco- 
motives for the Indian State Railways. They are for 
main-line service, and are of exceptional size. This 
will cause great activity for a time, as it is reported 
that fifteen out of the thirty-one are to be delivered 
within the ensuing six months. Boiler-makers are still 
short of orders, and the general run of machine-tool- 
makers continues slack. No solid improvement is 
manifest in the textile-machine-making sections, and 
ironfounders do not describe their trade as brisk. The 
iron trades continue quiet, and, if anything, there has 
been a tendency to weakness in prices. The one spurt 
in the locomotive branch will affect other sections. 


The Coal Conciliation Board for the whole of the 
federation districts has been fully constituted, the 
basis of prices and wages agreed to, and regulations 
as to meetings, &c., have been settled. Lord James 
of Hereford has consented to be re-appointed as indepen- 
dent chairman ; Mr. Hewlett, the employers’ represen- 
tative, is appointed as president ; and Enoch Edwards, 
the men’s representative, as vice-president. It is 
thought that the present arrangements will be more 
satisfactory, and will work more smoothly than those 
in existence prior to the late conferences. It is of the 
first importance that there shall be peace in the coal 
trades, for all our industries depend upon them. 





The mechanics and deputies employed in the North- 
umberland collieries agreed on Saturday last to a re- 
duction of 1?d. per day in wages, to take effect from 
May 2 and May 9 respectively, as the pay-days fall 
due. The enginemen were asked to submit to a similar 
reduction, and the representatives present at the inter- 
view agreed to submit the request to the men. 


Sir Michael Hicks-Beach, M.P., has been gone 
Chairman of the Welsh Conciliation Board in the coal 
trades, in the place of Lord Peel, resigned. This 
will be Sir Michael’s first experience in the réle of 
arbitrator in a great industrial undertaking. 





Another dispute at the Denaby Main Collieries has 
resulted in the lock-out of 760 men. The men had 
stopped work owing to a fatal accident, as, it appears, 
was usual; the company regarded their action as a 
breach of contract, and on their return the following 
day the lamps were refused to them, and the men 
were ordered off the premises as trespassers. 





The Northern Enginemen’s Association on the 
North-East Coast has sent in an application to the 
employers fora 10 per cent. advance in wages, showing 
that a decided improvement in trade has set in, 
especially in all sections of engineering and shipbuild- 
ing along the North-East Coast. 


The Court of Appeal has decided that the deduction 
from wages of an amount of damages awarded to a 
colliery company for breach of contract is not a breach 
of the Truck Acts. Such amounts are regarded as a 
set-off to the wages due, and therefore may be de- 
ducted. It is said that the men will appeal to the 
House of Lords against the decision of the Court of 
Appeal; but whether the case is such as to deserve 
such expenditure is a matter of doubt. 








Tue ViettK Montancr.—A dividend of the Vieille 


Montagne Company for 1903 is pro i at the rate of 
ll. mal per haw. The pie se oma tes Boe for 1902 
was 17s. 8d. per share. 





Macuine-Guns 1n ActTion.—We have experienced so 
much conservatism in Government departments, and 
particularly in connection with the equipment of the 
Army, that Lieut.-Colonel E. Rogers did a useful service 
in reading a paper before the Royal United Service Insti- 
tution on Friday, April 29, on ‘‘Machine-Guns up to 
Date.” The paper is largely historical, and is made up 
almost ener of quotations from records of recent wars, 
his idea being to make it absolutely clear that machine- 
guns have clearly established their immense value under 
practically all conditions of warfare. We have not only 
the case of the Boer campaign, but in such expeditions as 
those against the Matabele tribes we have records of the 
splendid stopping power of these machine-guns. 
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NOTES ON PYROMETRY.* 
By M. E. J. Guerury, F.R.A.S., F.P.S., &. 

Some time ago I was asked to read before this society 
a paper of such a nature as to present information that 
may be discussed from an engineering, or industrial, 
point of view, and so bring forward points of interest 
and usefulness to the various branches of engineering 
to which we — s ; ; 

I have chosen the subject of pyrometry as being of 
great importance in every section of an industry that 
uses metals almost at the exclusion of all other materials. 

In the extraction of the various metals from their 
ores, in their casting, hardening, tempering, annealing, 
forging, welding—in fact, in almost any operation to 
which metals are subjected—the knowledge of the tem- 
perature at which that operation is carried on, although 
not always necessary for work, is often of great 
aid to the obtainment o' = results, and can also 
almost in every case give valuable indications as to the 
future behaviour of the material. This behaviour de- 
pends, more than it is generally believed, on the previous 
‘temperature history” of the metal ; anyone who has 
spoilt a good steel blade by over-heating it has found 
this at his own cost. : 

In choosing pyrometry as my subject, I am obliged, 
because of the wide field it covers, somewhat to restrict 
myself, and, naturally, I will do so in keeping in view 
the aim of the paper—that is, in limiting myself to, 
more or less, practical considerations, and leaving aside 
the refinements of construction and the accuracy in the 
methods of working attainable in laboratory work. 

I believe I am justified in so doing, because, although 
for moderate temperature we may find it necessary to 
read a thermometer within, say, one-tenth of a degree, 
for high temperatures such an approximation is not 
required. It would be an inappreciable fraction of the 
whole, and when we deal with figures of the order of 
1000 deg. Cent., 10 deg. more or less do not matter 
much, and it may be said that 1100 deg. Cent. are 
equivalent to 2000 deg. Fahr.; although, if you work it 
out, you will see it is not mathematically correct, as it is 
exactly 2012 deg. Fahr. 

We are the more excusable in using a rough figure that 
physicists themselves, although well equip for accurate 
work, vary often to a greater extent still. I wanted to 
know the melting-point of silver, a few days ago, and 
searched for it in all the books I happened to possess. 

TABLE I.—Melting Point of Silver. 


sil a — Deg. C. 








| 
182s| Princep .. ie ..| Air Th. (Au. Res.-C.P.) .. 999 
1836) Pouillet .. aie Pe » (Pt. Res.).. --' 1000 
1863) E. Becquerel q os me Me nk 960 
1879| Violle .. “ .. Calorimetric method .. 954 
1879| Ehrhardt and Schertel..' Air Th. (Porcelain Res.).. 954 
1887| Le Chatelier _.. .., Uses .. ee re os | OG 
1892} Holborn and Wien Air Th. (Porcelain Res.).., 971 
1892| Callendar.. a ..| Electric resistance --| 961 
1894) Barus .. States ittote(Amer. J.).. 986 
1898| D. Berthelot : ..| Interferential method .., 962 
1899) Holborn and Day .| N. Ther. (Pt. Ir. Res.) .. 961.5 
1902| C. Shaefer os ..| Gives (Ann. der Ph.) 970 
1903) Kenelm Edgcumbe(P.B.)| Authority not given «-| 1021 (2) 
\ | 


The table here shows the result of my investigation, and 
you see I had some reasons to be perplexed; it ranges from 
945 deg. to 1021 deg. Cent. Of course, some of these are 
old determinations ; but amongst the supposed up-to-date 
hooks of reference, figures are given which are far from 
the probable value (962 deg. Cent.), while one of the early 
determinations, that of E. Becquerel, was correct. 

All these figures are reported to the air thermometer 
scale with gold, platinum, or porcelain reservoir. 

In some cases, however, the agreement is much more 
satisfactory. For such a temperature as the boiling 
point of sulphur, the various experimenters agree on the 
integers, the discussion bearing only on the first decimal. 


Taste II.—Boiling Point of Sulphur. 
Callendar and Griffiths (1891).. O.P. Air (Inl. P. 760 mm.) 


444.53 
Harker and Chappuis (1898) .. O.V.N. (Inl. P. 528 mm.) 
445.27 + .088 (H. - 760] 
” = (1900) ... O.V.N. (Inl. P. 528 mm.) 
444.70 + .088[H. - 760] 
Callendur and Griffiths give 444.53 on the constant pres- 
sure air scale (initial pressure 760 millimetres) ; Harker 
and Chappuis gave, in 1898, 445.27 on the scale of the con- 
stant volume nitrogen thermometer (initial pressure 528 
millimetres). This, by using a corrected value for the 
expansion of the porcelain of which the reservoir of their 
instrument was made, became, in 1900, 444.70. The differ- 
ence 1s very small, as you see ; but they would not dream 
of splitting it, and we may hope to see in a few years the 
discussion bear on_the second decimal only, the first one 
having been agreed upon. 

7 the meanwhile we take 445, and this is as near as 

ne : 
But this is but half the temperature of melting silver, 
and, as we shall see, the boiling point of sulphur is of great 
importance for pyrometry work, and much care has been 
taken to determine it accurately. 

I propose, to-night, to pass briefly in review the different 
methods used or suggested for measuring high tempera- 
tures, paying special attention to those that require but 
simple apparatus and easy manipulation, and are there- 
fore best adapted to industrial requirements. You will 
see them tabulated there, 

I shall dwell specially on the three standard methods 
that actually may be said to have left the experimental 


* Paper read before the Arc Works Engineering 
Social Gus e Arc Works Engineering 





stage and be of current use in practice—that is, the gas} 
thermometer, the resistance thermometer, and the ther- 

moelectric thermometer. These may be used as well for 
very low temperatures.as for very high ones, and there- 

fore the general name thermometer is applied to them, 

while pyrometer is the name given to instruments adapted 

to the measurement of fairly high temperatures only, that 
could not be measured by our ordinary thermometers. 


TaBLe ITI.—Pyrometric Methods. 
I. Dilatation : 
A.—-Liquids, 


Pressure Mercury Thermometer. 
Baly.and Chorley: K. + Na. Up to 700 deg. Cent. 
Dufour : St. Above 1000 deg. Cent. 


B.—Solids. 
Wedgwood's clay pyrometer. 
Brongniart’s iron-bar pyroscope. 
C.— Gases. 
Wiborg’s dial air pyrometer. 
Princep : Air, gold reservoir. 1829. 
Pouillet: Air, platinum reservoir. 1836. 
Deville and Troost : Air, varnished porcelain res. 1863. 
Holborn and Day : Nitrogen, platinum-iridium res, 1899. 
II. Viscosity of gases. Barus, 1899. 
Ill. Density of gases. Tépler, 1895. 
IV. Spectroscopic or interferential method. D. Berthelot. 1898. 
V. Polarisation and double refraction. Joubert and Le Chatelier. 
VI. Radiation, photometric and absorption methods. 
VII. Acoustic method. Despretz. 
VIII. Specific heat. Pouillet, Violle, Siemens. 
IX. Fixed points method. 
X. Electrical resistance. Siemens, Callendar, and Griffiths. 
XI. Thermo-electricity. Le Chatelier. 


The ordinary temperatures are generally measured by 
the cubical expansion of liquids in closed vessels of a 
special shape—that is, by the thermometers which are 
familiar to all. 

TasLe IV.—Range of Ordinary Thermometers. 
Alcohol .. .. from - 120 deg. to + 78 deg. Cent. 


~ oe dice tae —204 ,,  ,, +172 deg. Fahr. 
Mercury .. al be - 89 ,, 4, + 357 deg. Cent. 
“ - - 88 ,, 4, + 675 deg. Fahr. 


We have the alcohol thermometer, the limits of 
which are —130 deg. Cent. and +78 deg. Cent. ; and 
the mercury thermometer, the working range of which 
is —39 deg. Cent. to 357 deg. Cent. The highest point 
is the boiling - point of mercury under norma! pres- 
sure. Obviously this temperature cannot be obtained 
without leaving as only record the fragments of the 
instrument—a very unsatisfactory record indeed, although 
it gives a certainty about the minimum temperature of 
the source of heat under test. 

A mercury thermometer should not be used above 
260 deg. Cent.—that is, 500 deg. Fahr.—for any length of 
time; or, for short readings, above 320 deg. Cent., or 
600 deg. Fahr., and that is our upper limit. 

Engineers are familiar with the fact that, under pres- 
sure, water can be brought to a —— temperature than 
212 deg. Fahr. without boiling. This was a clue to the 
direction of the first step towards the conquest of the hot 


regions. 

By filling the empty space above the mercury with an 
inert gas, so as not to combine with mercury, the expan- 
sion of the latter occurs under increasing pressure, and 
the boiling point of the metal recedes correspondingly. 
The gas used is nitrogen, and the bulb and stem are made 
very strong and often of special material (hard Jena 
glass). With such a thermometer we can reach tempera- 
tures up to about 425 deg. Cent., or 800 deg. Fahr. But 
if kept for some time at a high temperature—say 400 deg. 
Cent.—the zero on cooling will often be found consider- 
ably altered, as the inner pressure tends to deform the 
bulb, the effect being enhanced by the softer condition of 
the glass at high temperatures. 

Another way which may suggest iteelf is to use another 
metal than mercury. Some metals have a very low melt- 
ing point so as to be liquid: at ordinary temperature. 
You see that caesium, for instance, is liquid at 25 deg. 
Cent. or 79 deg. Fahr. Baly and Chorley replaced 
mercury by an alloy of potassium and sodium, liquid at 
ordinary temperatures, the bulb and stem being of hard 
Jena glass. This instrument may be used as high as 
700 deg. Cent. or 1300 deg, Fahr.. Dufour, by using 
melted tin and a bulb and stem of quartz, in 1900, was 
— to reach above 1000 deg. Cent.—that is, 1800 deg. 
Fahr. 

TaBLe V.—Melting Points of Metals. 
(C. Schaefer, Annalen der Physik, October, 1902.) 


Deg. C. Deg. C. Deg. O. 
Carbon Very high je -» 1100 Cadmium 320 
Iridium . 2500 Gold .. .- 1070 Tin -. 280 
Rhodium... 2000 Silver .. .- 970 Lithium .. 180 
Platinum .. 17€5 Aluminium .. 645 Sodium .. 90 
Palladium .. 1600 Magnesium .. 6C0O Gallium .. 58 
Iron .. .. 1500 Zine .. .. 419 Rubidium 88 
Nickel <a. eee, SIR .. 827 Cesium .. 26 


So much for the pyrometry by dilatation of liquids. 
This form of pyrometer ought to find favour with indus- 
trial people, as it is the simplest to use and to read. 
Why they are not of more extensive use I do not know. 
Reasons of cost and liability to break are probably the 
causes. 

The next step is to use the dilatation, either linear or 
cubical, of solids, or even their contraction, as in the old 
Wedgwood pyrometer (Fig. 1). _As everyone knows, this 
consists of two graduated rules inclined in the shape of a 
V. A conical piece of clay, just fitting the opening of 
the V, was put in the source of heat to measure, the clay 
contracted more or less, according to the temperature it 
was submitted to, and the cone would be pushed more or 
less into the V. The temperature, on an empirical scale— 
that is, on a scale found by experiment—could be ascer- 
tained from the reading of the graduation, more or less 
approximately—rather less than more—as the inequalities 
in the composition of the clay made the contraction very 





irregular, and this instrument never gave much more than 
a guess at what the ——— had probably been. 

Another attempt in this line was made by Bronguiart, 
of the Porcelain Factory, at Sevres (Fig. 2). It consists 
of a rod of iron, the linear expansion of which is indicated 
by an index moving on a circular dial. This did not give 
better results because of the changes the iron undergoes 
when strongly heated. 

The kind of pyrometer based upon the expansion of 
solids has now, I believe, but one. type .existing—the 
meldometer, invented by Joly, in which the dilatation of 
solids is measu by means of a micrometer. Joly, 
Ramsay, and others made an extensive use of it in their 
study of melting and boiling points of minerals and 
organic substances ; but it is a delicate apparatus, and 
better suited for laboratory work. 

There are now methods by which the expansion of 
metallic rods can be measured to a nicety. ‘A ray of 
light with its undulations extremely minute, but ex- 
tremely regular, may be considered as a natural micro- 


WEDGEWOODS CLAY PYROMETER. 
7. 





BRONGNIART’S [RON BAR PYROSCOPE. 


Fig.2. 





meter of absolute perfection.” These words were said by 
Fizeau, the great French physicist, in 1864,'and actually 
that natural micrometer is used, and by it lengths of the 
order of a thousandth of a micron can be measured. 
Remember that a micron is one-thousandth of a milli- 
metre. An interesting fact connected with this method 
is that the unit is so small—the wave-length of the green 
ray of cadmium is but one two-thousandth of a millimetre 
—that the number before the decimal point is exceedingly 
large, and its determination presents. real difficulties, 
while the decimal part is very easy to measure. _ : 

If you put a lens against a plate of glass, in looking 
at it by reflection you can see several very minute coloured 
rings around a white spot. These are called Newton’s 
rings. On bringing the lens and the glass closer, the 
rings get larger; on bringing them farther apart, the 
rings contract towards the centre, become a mere black 
spot, and disappear, while other rings appear at the out- 
side to replace them. You see that the motion of these 
on is an indication of the distance between the plate 
and the lens. If these are er together by the ex- 
pansion of, say, the iron rod, in Bronguiart’s pyrometer, 
that expansion can be measured to a nicety. We shall 
have only to count the rings to know the distance moved 
through. Of course, they are observed through a micro- 
scope ; it isa very pretty way. In the microscope the 
rings look like little rainbows expanding from a central 
spot, and vanishing at the circumference of the field ; but 
after you have counted fifty the interest begins to subside ; 
after a hundred they are quite monotonous. At two 
hundred you ask how many more, and when you are told 
that there are several thousand, you give it up asa bad 
job. Let us do the same now, as, clearly, this is an instru- 
ment for laboratory work only ; and as, I believe, not a 
single apparatus based upon the dilatation of solids is in 
use actually in industrial work, let us pass on to the 
dilatation of gases. 

The simplest of the instruments measuring the tempera- 
ture by the cubic expansion of gases is Wiborg’s dial 
pyrometer, built on the principle which is the basis 
of Bourdon’s steam-gauge, being the following :—When 
a flexible tube of elliptical cross-section is coiled in spiral, 
in the direction of the smallest diameter of the cross- 
section, any internal pressure has the effect of uncoiling 
the tube, while any external pressure coils it further. 
This coiling and uncoiling is made to move a pointer 
along a dial. When the reservoir R (Fig. 3) is heated, 
the gas expands ; and as the volume is practically con- 
stant, the pressure in the coiled tube increases and un- 
coils the tube. - This instrument is calibrated by com- 
parison. It is of easy use, and sufficiently accurate, but 
the changes of elasticity occurring in metals when they 
are often carried to relatively high temperatures are a 
source of trouble, and make it a necessity to often cali- 
brate and check the instrument. 

I now come to the gas-thermometer proper. Time 
forbids me to go into details, and to begin by establishing 
the first principles. To study in detail the gas-thermo- 
meter would require many an evening, and I will there- 
fore only consider the most important points. Gases 
have three great advantages over liquids and solids, and 
these are :—(1) Their sensitiveness ; their coefficient of ex- 
pansion is much larger than that of matter in the liquid 
or solid state, being 345, or 0.003665. Compare this to that 
of zine—0,0000297 which has one of the largest coeffi- 
cients of expansion; it is more than a hundred times as 
great. It is nearly twenty times that of. mercury, which 
is 0.000181, and nearly four times that of alcohol.. (2) Be- 
cause of the magnitude of their coefficient, the small 
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TaBLE VI.—Coefficients of Expansion. 


Air oa : ; -033665 
Hydrogen Pe oe Fy By - 53 -003667 
C. monoxide .. 5 Z = ae = -003667 
©. dioxide .. a és Y at ¥ -003683 
Nitrous oxide. . ~ ue a ~ “3 -003676 
Alcohol. . ek = as oe fe a -001 
Mercury ‘ a “i As - se -000181 
Zinc... a os an = - ie 0000297 
Steel + 36 percent. Ni. .. a ; -00000087 


differences existing between the dilatations of the glass 
envelopes of two different thermometers become so small, 
compared to the expansion of the gas, that they become 
negligible. So while twogood mercury thermometers are 
not comparable unless one into exceedingly elaborate 
calculations, involving the kind of glass, the atmospheric 
pressure, &c., two thermometers will be always com- 
parable if filled with the same gas. Moreover, one ther- 
mometer of another kind is not always comparable with 
itself, because of slow molecular changes in the glass; 
while in a gas thermometer the resulting error is swallowed 





Fig.3. 
9 WIBORG'S 
AIR PYROMETER 


18S 8) 


up by the magnitude of the dilatation of the gas. 
(3) They have a wider range than any other thermometer 
known. Take the hydrogen thermometer. It will record 
temperatures nearly down to 20 deg. absolute or 253 deg. 
Cent. below zero, and up to the melting-point of the 
material of which the reservoir is made. 


TABLE VII.—Boiling Points (Metals). 


Deg. Cent. 

Zinc : Becquerel (1863) - at = 932 
Deville and Troost (1880) .. oa 942 
Barus (1894) .. ae - es 920 
Callendar (Pt. Th., 1899) .. = 916 

Holborn and Day (1899) —.. os 910-930 

D. Berthelot (1900)... he - 905-929 
Cadmium: Becquerel (1863) ds _ = 746 
Berthelot (1900) re 54 ; 779 

Selenium : Troost (1882) .. -% ss > 664-683 


These reasons point to make the gas-thermometer the 
ultimate tended a all temperature measurements. You 
all know Boyle’s law, P V =k, the temperature being 
constant. If the temperature is varied, then PV =k 
(1 plus at), where a is the coefficient of expansion of a 
gas at constant pressure, or the pressure coefficient at 
constant volume. Assuming the gas to follow Boyle’s 
law, both are identical. 

By experiments, Regnault found in the middle of last 
century that a@ was nearly constant for all gases 
(Table VI.), and equal to 1/273, or 0.003665. Then P V=k 
(1 plus ¢/273) = k/273 (273 plus t), and PV=RT. This 
is the elementary formula to apply to the gas-thermo- 
meter. Thereare two methods available. We can keep 
the pressure constant and measure the variations of 
volume, or keep the volume constant and measure the 
pressure necessary to apply for this purpose. On Fig. 4 
is shown an air-thermometer adapted to both kinds of 
measurements. The gas is in the reservoir R. For use 
under constant volume, is put in — ice and the 
mercury adjusted so as to have the same height m and 
m' in both tubes ; the pressure is then that of the baro- 
meter at the time of experiment. R is then put in the 
furnace and the mercury is driven down in the left-hand 
tube. Mercury is poured in the right-hand tube, say, up 
to n, or this tube is brought higher till the mercury comes 
at m again; the volume is then the same as before, and 
the pressure is measured by m!n. By the equation above 
PV = RT, the absolute temperature T is easily obtained. 
For constant pressure observations, the mercury is merely 
kept on the same level in both tabes, either in pouring it 
out by a side cock or by lowering the right-hand tube. 
The pressure has not altered, «nd the volume of R is read 
on the scale. The absolute temperature is calculated by 
the same formula. 

This is the elementary theory—the one given in text- 
books. As a matter of fact, gases do not obey Boyle’s 
law, and the course of procedure is absolutely different. 
To go into it would involve higher mathematics, and, 
—_ a ref interesting mg 9 it would take me out 
of the limits of the paper. Fig. 5 shows Callendar’s air- 
thermometer: G is a sulphuric-acid gauge; S is alwa 
in melting ice. The mercury in the graduated tube 
is adjusted so that, T being in ice, the two branches of 
the liquid in G are at the same level. Tis then put in 
the furnace, and the level of mercury adjusted till the 
gauge is level again. An accuracy of ;; deg. up to 450 





deg. Cent. is claimed with this apparatus. Notice the 
seemingly unnecessary tubing at a and b; they eliminate 
the errors due to the unknown temperature of the air in 
the tube connecting T and M. is is, as you see, a 
constant-pressure thermometer. 

For high temperatures, the constant-pressure method 
must have the preference, as the pressure inside the hot 
tube is the same as outside, while in the constant-volume 
method the pressure inside is comparatively high, and the 
bulb not far from the viscous state; deformation is 
therefore unavoidable. 

The chief difficulties met with in the researches made 
with the gas-thermometer were caused by the bulb or 
reservoir. The first series of researches made with the 
gas-thermometer was that of Princep, in 1829. His 
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results are remarkably accurate for the time. He used a 
gold air-reservoir thermometer at constant pressure. The 
increase of volume of the gas caused part of it to be 
expelled, and this was measured by the weight of olive 
oil it displaced. Now, gold melts at 1070 deg. Cent., 
and this temperature could not therefore be reached. 
Pouillet, in 1836, used a — reservoir, and was 
thereby able to reach much higher temperatures. But 
he never had any suspicion of this fact: that platinum 
at high temperatures is permeable to the furnace gases 
and to oxygen. All his results are therefore too high. 

In 1863 Deville and Troost tried to replace platinum 
by porcelain, and used an internally-glazed porcelain reser- 
voir to eliminate the errors introduced by the unavoid- 
able little cracks existing in the porcelain, especially the 
stem tubing. These reservoirs have some drawbacks. It 
is very difficult to glaze the inside of a hollow sphere or 
cylinder, and absolutely impossible to glaze the inside of 
a tube, and because of the cracks in the latter a serious 
error is always introduced. Moreover, the dilatation of 
porcelain depends on the previous “‘ heat history ” of the 
reservoir, as there is always a permanent dilatation, inde- 
pendently of the normal thermal dilatation, and this can- 
not be avoided, even by previous annealing. At the last 
International Congress of Physics, held in Paris, in 1900, 
we heard Le Chatelier insist upon the difficulty of finding 
substances remaining impermeable to gases up to very 
high temperatures. Platinum remains impermeable to 
— other than hydrogen, but it becomes malleable and 

eformations take place. Porcelain, glass, in general 
all the similar silicate compounds, even quartz, are at 
high temperatures half fluid, and dissolve gases and even 
water bon a 

A method independent of the permeability of the walls 
of the reservoir should therefore have t advantages, 
Such is E. Becquerel’s method, in which the mass of the 
gas is variable, and also the displacement methods, in 
which the thermometer gas, non-absorbable, is driven, 
by an absorbable gas, from the reservoir into a gauge. 





Regnault (1861), Crafts (1880), V. Meyer (1885), and 
others have made with this method a good deal of valuable 
work. Its exactitude is not very great under 1500 deg. 
Cent., but above, where most solids become viscous, it 
is very important, as the measurements can be made 
with great speed. One or two minutes are sufficient. 
This was, however, more for researches upon the 
gases themselves than for pyrometric purposes. 

In 1899 Holbornand Day made a new step, and used 
a platinum-iridium reservoir filled with nitrogen, the 
alloy being impermeable to that gas at least up to bright. 
red heat Actually researches are being made with this 
instrument at the Physikalisch-Technische Reichsanstalt, 
in Germany, the completion of which is impatiently ex- 
pected by the scientific world. 

Up to the end of 190] the highest temperature 
exactly measured with the gas-thermometer scale was 
1150 deg. Cent. 

Gases have other properties, besides dilatation, that are 
made use of for pyrometry work. 

One of these is their viscosity, which increases with 
temperature, together with the volume, remaining inde- 
pendent of the pressure. Barus, in 1899, suggested that 
the measure of the temperature of a furnace may be 
obtained by observing the speed of flow of gases into 

latinum capillary tubes put in the furnace. For 

iatomic gases, the speed of flow, all other things remain- 
ing the same, decreases as the 5/3 power of the absolute 
temperature. 


vea=x/7T 58 


In an aspen described in the Comptes Rendus for 
1902, a 15 per cent. solution of soda is placed in a corked 
bottle, two electrodes dip into the — and the gas, 
liberated by electrolysis, escapes by a tube, and isled in a 
porcelain tube, 1 millimetre in diameter, in which lies a 
platinum wire. Thus a very fine annular e is allowed 
for the gas. The pressure of the gas on entering the tube 
is measured, and this depends, of course, on the speed of 
flow in the tube, the greater the speed the less the pres- 
sure. The relation between temperature and pressure is 
said to be a simple linear one. e apparatus is of small 
size; but before it is used extensively, the relation 
between viscosity and temperature must be better known, 
and the kinetic theory of gases must make a step further. 
The density of gas inside and outside a furnace can also 
be measured with the purpose of ascertaining the tem- 
perature. In this method, introduced by Max Topler, 
the difference of density is measured by the difference of 
pressure exerted by the two gases in two tubes connected 
together as a level-gauge. Tépler invented a special 
apparatus—the ‘‘ pressure level”—by which such minute 
differences of pressure can be detected by the motion of 
a liquid index in a tube. 

e come now to optical methods. As the density 
method, these are differential—that is, the properties of 
the gas at the temperature to be ascertained are compared 
to those of the same gas at a known temperature. 

We know that where a gas is compressed or has its 
temperature altered, its density p alters, and this is 
accompanied by a corresponding variation of the re- 
fractive index mu. : 

A law easily obtained from first principles, given in 
1858 by Gladstone and Dale, is expressed by the formula 

#-1=v(m- 1), 
where v is the volume of the molecules ina unit volume 
of the substance, and m the constant refractive index 
ofa molecule. By differentiation, remembering that p 
is proportional to v, we get :— 
1 BMY 8 dm 
w-1 d0 V dO m-1i1 dé’ 

where V is the volume at 0 deg. of a unit mass of the 
substance. Gladstone’s law assumes m to constant, 
and this means that the second member must vanish, as 
the differential of a constant is zero. Experiments, how- 
ever, do not verify this assumption ; but, however, if we 
can test a theory by the practical data it gives, we are 
bound to agree that results obtained by this method by 
D. Berthelot are remarkably accurate. Two pencils of 
light, emerging from a refractometer, pass in two parallel 
tubes containing the same gas. One of these is in the 
furnace, in the other the gas can be rarefied. On coming 
out, the two rays are brought together. Now, when 
two rays of light, the lengths of path of which differ 
by a fraction of wave-length, are brought together, they 
interfere—that is, the light is redistributed in alternative 
bright and dark bands. The Newton rings are nothing 
but interference bands curved into rings. The bands in 
this case are observed as the rings are, and the gas of the 
cold tube rarefied till the bands are brought to the position 
they occupied before heating. The temperature corre- 
sponding to the diminutions o: oo necessary to bring 
the tends to zero can then easily becalculated. 

As example of the accuracy attained with this instru- 
ment, which is simpler t it may appear, as we 
merely watch for a certain state of the bands instead of 
counting thousands of rings, I will give the following 
values for the melting points of ee and silver, as com- 
pared with those obtained by Holborn and Da, with 
their nitrogen thermometer with platinum-iridium ulb:— 

Holborn and Day :— Gold, 1064.5 ; silver, 961.5. 

D. Berthelot :—Gold, 1064 ; silver, 962. 

There is but half a degree difference. i 

Joubert, Le Chatelier, and Mullard have made interest- 
ing researches upon the variation of rotatory polarisation 
in quartz with the temperature, and the double refraction 
of quartz, baryte, &c. These, however, areso far without 
practical application. 5 i 

Leaving the optical methods, I will mention another 
method, due to Despretz, in which the sounds given 
by two similar organ- pipes are compared, one p 
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jnto the enclosure, the temperature of which is re- 
quired, the other having a’ movable bottom, and 
situated in free air. The bottom of the latter is 
moved till the two, notes have the same pitch. The 
sound emitted by an organ-pipe is due to a vibratin 
motion caused by the interference—analogous to opti 
interference—of two vibratory motions, one produced at 
the mouth, the other reflected at the bottom. The 
length of the pipe is so divided into sections marked by 
sole or positions of maximum pressure, alternating wit 

sitions of maximum amplitude of vibration where 
rarefaction occurs. , , 

If a closed organ pipe sounds its fundamental or 
natural note, there is a node at the bottom, and a position 
of maximum amplitude of vibration at the mouth. The 
length of the pipe L is then but a quarter of the wave- 
length / of the note. : : £4 

Knowing the length of the pipe and sounding on it its 

fundamental note, we havel = 4L. If nis the = of 
the note, we have, as the number of the wave-lengths 
vibrated through per second multiplied by the wave- 
length oy obviously the speed of propagation of the sound, 
ni=V. 
Now, for sufficiently small vibrations we have a uniform 
propagation. This propagation is a succession of compres- 
sions which follows an adiabatic law, and we have a 
velocity of a vibratory motion in an elastic medium. It 
is a function of the coefficient of elasticity of that 
medium, of its density, and of its specific heat at constant 
volume and at constant pressure. It is given by 


v=,/E Cp 
D Cr’ 
E being the elastic force of the gas counterbalancing the 
pressure p; therefore E = p. e have then 


nl= p Cc Pp 

D Cv 
nis known by the note sounded ; Z in the furnace by the 
length of the outside pipe giving the same note; - 4 is for 


=i 
air 1.666. We can calculate D in the furnace, and from it 
the temperature. We get 

V = 361 A/1 + at; and ¢ = (n? 2 — 1303) /4.7755. 

Now I come to the radiation methods. 

E. Becquerel, in 1864, seems to have, for the first time, 
indicated that the temperature of a glowing body can 
ascertained by photometric measurements of one of the 
elementary radiationsit emits. Red radiations must have 
the preference, because they are emitted first at a lower 
temperature, and give therefore a wider range. ong am 
knows that the brightness of an incandescent y 
increases with its temperature; this is the physical fact 
used in this branch of pyrometry. Below 360 deg. Cent. 
our visual impression is absolutely nil. At that tempera- 
ture, in absolute darkness, an uncertain and indefinite 
glimmer is perceived by the cones of the eye. It is called 
the ‘‘grey glow.” As the temperature increases it. is 
more distinct, but whitish. After 500 deg. Cent. only 
we perceive the first trace of red, and the light then 
goes on increasing. Bright red is attained at about 
800 deg. Cent.; cherry red at 1000 deg. Cent.; white 
at 1400 deg. Cent. The workman who hardens a piece 
of steel, judging by the colour when the moment to dip 
it has come, does nothing but radiation pyrometry. To 
the eye modern methods substitute an accurate apparatus 
of measure, the construction of which is based upon the 
laws connecting the emission of radiations of a well- 
defined wave-length with the temperature of the source. 

All these laws refer to what is called a ‘‘ black body.” 
Theoretically, a black body is absolutely absorbing for all 
radiations. Kirchhoff has established that the emissive 
power of a body is exactly equal to its absorbing power. 
A black body 8s, therefore, maximum emissive 
power, A well-known law, due to Kirchhoff, is: ‘‘ For 
radiations of same wave-length and same temperature, 
the ratio of absorbing and emissive power is the same for 
all bodies, and is equal to the emissive power of a theo- 
retical black body.” 


(To be continued.) 








INTERNAL:COMBUSTION MOTORS.* 
By Ducatp C.iErk, M. Inst. C.E. 
(Continued from page 625.) 

ALTHOUGH it is evident that the practical results follow 
the standard results with some closeness, yet much infor- 
mation is required before a really accurate standard 
engine of comparison could be formulated. Before this 
can be done considerable investigation is required into 
the actual conditions found in gaseous explosions, and 
perhaps the first question which must be definitely 
settled is that of the specific heat of air and the various 
gases which enter into the chemical action of combustion 
at temperatures ranging from, say, about 500 deg. Cent. 
to about 2000 deg. Cent.” No satisfactory determinations 
have been made at these high temperatures. It is true 
that four distinguished French physicists, Messrs. Mal- 
lard, Le Chatelier, Berthelot, an Vieille, have attempted 
to obtain values of these specific heats by following the 
beautiful method of . investigation originally wu by 
Bunsen. They took various mixtures of inflammable 
gases with oxygen and air, added diluting gases such as 
teria op carbonic gr Bonemsen &e., a etermined the 
rarious pressures an mperatures uced by gaseous 
explosions in these varied pro vices From tises ex- 
periments they attempted to deduce the specific heat of 











* The “James Forrest” lecture, 1904, delivered at the 


oxygen, nitrogen, “carbonic acid, steam, -and_ other 
To enable them to do'this, they knew, in the 

rst instance, the amount of heat in the’ shape of 
inflammable present for each explosion. They 
satisfied themselves that combustion was complete 
at maximum temperature, that dissociation was absent, 
and that other disturbing causes were eliminated. They 
then came to the conclusion that the specific heat of these 
gases had greatly increased at high temperatures. In 
my opinion these conclusions are vitiated by what I con- 
sider to be the fundamental fallacy of supposing that any 
mathematical examination of lines of cooling could deter- 
mine with any accuracy whether combustion was com- 
pleted or not. I have made many experiments on this 
subject, and my conclusion isthat combustion was not com- 
plete when those distinguished experimenters assumed it 
to be so. All gas-engine explosion experience is against 
the assumption of any possibility of proving changing 
specific heat by combustion experiments. I have made 
a series of experiments upon London’ coal-gas with a new 
apparatus of great accuracy. The curves produced are 
shown in ~*~ 21. The analysis of the fas is marked on 
the figure. From these cooling curves I have selected a 
common pressure and measured carefully the rate of cool- 
ing. from that common pec If the specific heat be 
changed, then the rate of cooling will be constant from any 
given temperature. The choice of a common pressure 
means that at the particular period of time in the explo- 


25, Fug. 21. 


3 OF LONDON COAL GAS. 


200 Pertods per sec. 





with, say, to take in air charge from the atmosphere, 
——— it to a high degree, expand ‘it, and reject it on 
the four-cycle, taking care to lubricate the cylinder with- 
out any inflammable material. At the same time the cy- 
linder cover, the cylinder walls, and the piston should 
water-jacketed, and the heat flow measured in, say, five 
distinct sections by causing as much water flow through 
each section as would keep the discharge temperature 
constant. In this way, by comparing compression and 
expansion curves together with heat flow, it would be 
possible to calculate the specific heat of air or any gas 
experimented upon without introducing the uncertain 
element of combustion at all. With a compression s 
of about 3 per cent., and a maximum pressure of about 
2000 lb. per square inch, the tem ture of about 1000 
deg. Cent. would be attained. The heat added in this 
case would be measured by the mechanical work done 
upon the air or other gas. Such experiments would be 
most valuable to the engineer ; and, properly handled, 
would be capable of giving very accurate results. 
Another method which suggests itself is to heat. the 
air electrically by means of incandescent wires, at con- 
stant pressure, keeping up a flow past the wires, mea- 
suring the temperature of the air when incandescent by 
Professor Callendar’s beautiful instrument, and absorbing 
the heat of the air in a calorimeter. This method also 
would determine positively the specitic heat of air, or any 
other gas at a high temperature. 
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Fall of Pressure tv Equal Times. 


sion vessel the mean temperature of the gases is the same. 
If the temperature of the gases be the same, and the cool- 
ing surfaces be of the same temperature, then the falling 
curve for all mixtures should be invariable. 

Fig. 22 shows the falling curves superimposed the one 
upon the other from the same point. It will be found 
that they do not cool at equal rates. The rates are not 
greatly different, but the difference is perfectly easily 
observed, and it follows a rigid general law. The richer 
the mixture exploded in inflammable gas the more rapidly 
does it cool from the same temperature, and it will 
observed that in mixtures varying from 1 in 6 to 1 in 11 
the cooling curves are ranged, the one upon the other, in 
reverse order of the richness of the mixture. This expe- 
riment is quite consistent with the idea that the only 
phenomena going on in the vessel at these periods is 
change of specific heat. Obviously in these experiments 
heat is being added in each case—in some cases at a 
greater rate than in others, 

The phenomena familiar to all gas engineers of a high 
expansion line in cases of weak mixtures also proves that 
some method of adding heat is present other than any 
mere change of specific heat. By properly proportioning 
the mixture in a gas-engine cylinder, even firing it quite 
completely at the Poginning of the stroke, it can be shown 
that almost any desired curve of fall may be obtained up 
to the isothermal line, and this, of course, is quite incon- 
sistent with the hypothesis of change of specific heat. 

The physicists would do great service to the engi- 
neers if they would determine the specific heat o! oxygen, 
nitrogen, steam, carbonic oxide, and hydrogen at these 
high temperatures by some methods which do not involve 
combustion. Several methods suggest themselves. 

The first, and most obvious, perhaps, is to compress air 
or the gas to examined in a pump cylinder, using a 


heavy powerful engine of the. Diesel class, driving the 
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pump from another motor, causing the pump to begin 





Another method still suggests itself, and this has been 
attempted by me; that is, to produce a gaseous explosion, 
then liberate the pressure through wire gauze in a vacuous 
vessel at an extremely rapid rate, so rapid as to dam 
down the entire combustion, say, in about one-hundredt 
of a second, then attempt to measure the inflammable gas 
which was not burned, and so estimate for any given 
period of a gaseous explosion, either in an engine or in a 
closed cylinder, the amount of heat evolved ‘at a given 
point. ‘ : 

These experiments are both troublesome and expensive ; 
to get accurate physical constants would involve several 
years’ work, but surely, apart altogether from the practical 
use to the gas engineer, which would be very great indeed, 
the scientific interest alone is of a high order. They would 
throw important light upon our present ideas of tempera- 
ture and temperature standards, in addition to settling 
important physical constants. 

The determination of the maximum temperatures of 
aoe explosions depends, to a large extent, on a know- 
edge of the chemical actions going on in an explosion. 
These actions are of a very complicated kind, and more 
exact knowledge as to their nature will exercise consider- 
able influence upon the future of the internal-combustion 
motor. Before attempting to calculate the temperature 
of a gaseous explosion from pressures produced by that 
explosion, it is necessary to consider the particular in- 
flammable material used to produce the combustion ; and 
it is especially necessary to consider the atomic and 
molecular volumes of the materials entering into the 
chemical action both before and after combustion. 
Assuming complete combustion, it is well known that 
& maximum explosive mixture of hydrogen and oxygen, 
or carbonic oxide and oxygen, suffers a contraction of 
one-third in the passage from the uncombined gases to 
the compounds, steam, or carbonic acid. Where these 
substances exist in moderate amount, as in coal-gas, and 
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atmospheric air supplies the oxygen, the maximum con- 
traction on complete combustion is not very serious, It 
amounts to about 2 per cent. to 3 per cent. Where 
producer-gas or water-gas is used, however, the chemical 
contraction may be much greater. In the use of bydro- 
carbons such as occur in petroleum and petrol, hydro- 
carbons, say, such as butylene, amylene, pentane, heptane, 
and octane,i t is found that instead of contractions, mole- 
cular expansions occur. The volumes of the inflammable 
mixtures and the products of combustion in oxygen are 
given in Table VIL. 

TaBLE VII.—Relative Volumes of Combustible Mixtures 

with Oxygen and Products of Combustion. 
8 vols. 8 vols. 





2 vols. ethylene C2H4+6 vols. O gives 4 vols. COg+4 vols. H,0- 












































14 vols. 16 vols. 
4 A 
2 vols. butylene CsHg+12 vols. Pi} » 8 vols, COo+8 vols. H,0 
vols, 20 vols. 
8 vols. amyleneC;Hj9+-15 volsa.0 ,, 10 vols. CO +10 vols. HO 
18 vols. 20 vols. 
A. ‘ % 
z vols, pentane C5H)2+16 vols.O ,, 10 vols. CO.+10 vols. HO 
24 vols. 30 vols. 
2 vols. heptane C7Hjg+22vols.O ,, 14 vols. C02+16 vols. H,O 
27 vols. 84 vols. 
2 vols. octane CgH),+-25 vols. 0 ie 16 vols. 0 +18 vols. H.0 
10 vols. 
s ‘ £ 2 ~ 
$ vols, alcohol O2Hg0+6 vols.0 = ,, 4 vols. CO2+6 vols, H20 
7 vols, 6 vols. 
3 vols. acetylene QoH»+5vols.0 ,, 4 vols, COp+2 vols. Hy) 


Thus, with an explosive mixture of butylene with 
oxygen, 14 volumes become 16 volumes, and with the 
corresponding mixture of amylene and oxygen 17 volumes 
become 20 volumes. In a similar mixture of pentane and 
oxygen, 18 volumes become 20 volumes, and with 
heptane and oxygen 24 volumes become 30 volumes; with 
octane and oxygen, 27 volumes become 34 volumes, With 
alcohol again, which is now coming into use in these 
=e, 8 volumes of explosive mixture expand to 10 
volumes on complete combustion. An air mixture with 
alcohol could easily give an expansion of about 6 per cent. 
In this respect alone, then, all change of molecular 
volume between the uncombined gases and the compounds 
formed after combustion must be carefully examined 
before the temperature can be estimated, either from an 
indicator diagram taken from an engine or from the re- 
sults of an explosion in a closed vessel. In the case of one 
set of chemical compounds, the real temperatures would 
exceed the apparent temperatures, and in the case of ex- 
panding chemical compounds the reverse is true—that is, 
the real temperatures would be lower than the apparent 
temperatures. To determine these temperatures, how- 
ever, by the pressure change it is necessary to know 
definitely whether combustion be complete or not, and 
that is knowledge which would be gained indirectly from 
the determination of the specific heat referred to. It 
might, however, be gained directly by the method of ex- 
plosion experiment at present being pursued by me. 

It isabsolutely necessary, however, before any accurate 
standard of a can be formulated, to know with 
some exactness the real actions occurring in gaseous ex- 
plosions, as bearing upon the proportion of combustion at 
given stages of the explosions. 


Table VIII.—Values of E for y = 1.37 and for y = 1.38, 


a e=1-(2)". | ga1-(2)™ 
r r rT 
1 ; a 
3 0,28 0.231 
1 
x 0.334 0.341 
1 
= 0.40 ), 

: 401 0.409 
. 0.449 | 0.457 
” 
ts 0.513 0.523 
‘ 

1 on . 
Ba 0.578 0.588 
1 

= 0.67 0.680 
1 oy 
+6 0.818 0.826 


A further question has to be considered in this regard : 
in the internal-combustion motor, the cycle of operations, 
charging and meg yo proceeds with one set of 
chemical substances, and the combustion at once changes 
those substances into other compounds. The question 
then arises in calculating the heat added at constant 
volume, which specific heat is to be taken, the mean 
specific heat of the working fluid before combustion, or its 
mean specific heat after combustion ? This question can- 
not be definitely answered without knowing the exact 
history of the change of the chemical nature of the work- 
ing fluid ; so that, in calculating from existing engine 
diagrams, it is im ible to say at present with accuracy, 
even how much heat has been added at the minimum 
volume, and how much is added during expansion. That 
heat is added during expansion in many cases does not 
seem open to doubt; but how much heat is added de- 
pends upon a knowledge of the chemical history of the 
working fluid within a period, in a | engine of about 
one-sixth of.a second, and in a small motor-car petrol 
engine within a period of one-twentieth to one-fiftieth of 
a second. 





These are the facts which the engineer requires before 
the properties of an engine can be formulated to be 
as a really accurate standard engine of comparison. No 
doubt a somewhat closer assumption may be made than 
has been here made by semper the gas-engine with an 
air-engine standard. It is known, for example, that the 
ratio of specitic heat at constant volume to specific heat 
at constant pressure in many gas-engine mixtures before 
explosion is 1 ; 1.38, and after explosion 1 : 1.37. Efficiency 
ao can be calculated with these constants, and I have 
calculated them and find the values slightly lower than 
those for air pure and simple. A set of values for these 
numbers is given in Table VIII. 

A calculation has been made also of the efficiency of 
two assumed cases of air standard engines where expan- 
sion and compression are both adiabatic, but where the 
adiabatic compression follows the curve P V!.*8 = constant. 
and the adiabatic expansion is P V1.6, Where the maxi- 
mum temperature is 1600 deg. and the suction tem- 

rature 100 deg. Cent., the efficiency is 0.446. If specific 

eat at constant pressure be taken as 264.5 foot-pounds, 


1_ = If the specific heat be taken as 252.4 under the 

> 

same circumstances, then the efficiency becomes 0.467. 
In the case where expansion is P V!-*’, compression 


P V138, Ly as specific heat of constant volume 264.5 foot- 
Tr ) 


gape between 1600 “ Cent. and 100 deg. Cent., then 
{ is equal to 0.441. ere, in both these cases, which 
closely resemble practical cases, the deviation from 
standard is not great. 

The lessons of the simplified standard engine of com- 
parison which has just been discussed are very clear, and 
gas-engine constructors have noted that among all un- 
certainties there emerges one certain fact, that the higher 
the compression—or, rather, the smaller the compression 
space relatively to the cylinder volume—the greater the 
economy to be obtained from the engine. They have 
seized upon this fact, and the t 25 years of English 
and Continental practice have shown steadily increasing 
compression. Improvement in this direction may be con- 
sidered as due to bettering the conditions of the thermo- 
dynamic cycle ; but pe line of improvement is also 
open, and that line is to reduce the heat losses to the 
lowest possible point. All internal-combustion motors 
suffer large heat losses because of the contradictory 

uirements of the practical cycle. The cycle requires 
a charge of working fluid first as cold as possible, then 
somgonmen of that charge without heat loss or gain, then 
combustion stg ad high temperatures, succeeded by 
expansion, also without heat loss or gain. In an ordinary 
internal-combustion motor of medium size these opposite 
conditions follow each other in the same cylinder at 
intervals of about one-sixth of a second, and in a high- 
speed petrol motor at from one-twentieth to one-fiftieth 
of a second. It-is, therefore, impossible to arrange 
cylinder conditions to minimise heat flow, because any 
attempt to keep surfaces hot to prevent heat loss at once 
introduces heat into the working fluid at a time when it 
should remain cold. Some heat loss, therefore, from the 
hot gas to the relatively cold walls is unavoidable. This 
loss, however, becomes naturally less and less with 
increase in the dimensions of the engine. 

With engines of similar proportions, the surface exposed 
for cooling flame increases as the square, while the capa- 
city of the engine increases as the cube. From this it 
follows that the larger engines should lose less heat pro- 
portionately than the small ones. This is found to be the 
case, but it is also found that in engines above certain 
dimensions the reduction of cooling surface can be pushed 
too far. This is due to the fact that an engine piston has 
to compress an inflammable mixture to high pressure 
before ignition occurs at all. If the products of the pre- 
vious combustion be not entirely removed, then in a large 
engine the temperature remains so elevated that the 
initial or suction temperature of the engine is raised, and 
at high compressions pre-ignitions occur. 


(To be continued.) 








FIRE PREVENTION ON BOARD SHIP.* 


By Epwrin O. Sacus, Chairman of the British Fire- 
Prevention Committee. 

In presenting this paper, dealing with fire prevention 
on board ship, I am rel solely by the view that the 
subject—although of eminent importance to the safety of 
human life, and of very considerable interest from an 
economic point of view—has not yet received the atten- 
tion it deserves from shipowners, shipbuilders, under- 
writers, or, aS a matter of fact, from the public 
authorities controlling our maritime affairs. I am under 
the impression that by bringing forward the subject at 
this meeting my remarks may serve as a reminder to all 
concerned, that the time has come to give the matter 
that systematic and earnest attention which is being 
accorded to many other departments relating to the 
administration of our shipping interests and the buildin 
of new tonnage, and which tend to the comfort an 
safety of the passengers and the crew, and lessen the 
ordinary economic risks of navigation. 

Being an architect, as distinct from a naval architect, 
I naturally approach the subject entirely from the lands- 
man’s point of view ; but the study of questions relating 
to fire protection on land—whether in buildings or works 
above or below ground—has allowed me to grasp the 
technical’ difficulties that have to be encountered in 
attempting to reduce existing fire hazards on board ship. 
My profession naturally makes me look upon — 
much as I would upon buildings, and to classify the 





7 Paper read before the Institution of Naval Architects. 





fire risks of our commercial fleets much as I would sepa- 


used | rate the different classes of business premises on land. 


Ships used exclusively or mainly for. passenger trade, 
ships that solely or mainly carry; cargo,- and ships that 
carry both passengers and cargo, stand in my mind as the 
three pp divisions of commercial shipping, .as seen 
from the fire point of view. The ship which serves the 

mger trade, and on which passengers congregate in 
“7 numbers, ‘stands in the same place for me as the 
building in which the public are allowed to assemble, be 
it the hotel, the common lodging-house, or the place of 
public entertainment. The cargo boat may be looked 
upon-as a building belonging to the warehouse class, 
whilst the boat which combines cargo and passengers may 
be looked upon as a tenement building, which 1s partly 
used as a warehouse, or vice versd: a combination which 
figures largely in the building problem on shore. 

As far as these three classes of tonnage are concerned, 
the pamper boat is of primary importance to the com- 
munity at large, for the fire risk here involves the public 
safety. _Where economic interests are concerned, of 
course the cargo boat probably takes the first position, 
more particularly where underwriters are concerned ; 
whilst the combined class compels both an active humane 
as well as an active economic interest. 

In respect to the safeguards that call for consideration 
in these three classes of tonnage, they may be divided— 
as on shore—into (a) constructional safeguards, (b) safe- 

uards in equipment, (c) administrative safeguards, and 

d) safeguards in fire extinguishing. All these forms of 
safeguard should be applied to our shipping, each class 
of safeguard varying in importance for the individual 
class of tonnage. 

CONSTRUCTIONAL SAFEGUARDS. 

Design.—Regarding the constructional safeguards, I 
consider the primary safeguard in design to be the one 
which is now being generally adopted on land, namely, 
that of dividing the ship into a maximum number of fire- 
resisting compartments, and this division, for the purpose 
of reducing possible fire risks, must be more extensive 
than that of the compartment system already in 
general use for the purpose of dividing the ship 
into water-tight compartments. It will be found 
easier to divide the ship -into fire compartments 
that may be deemed individual fire risks, rather 
than into the water-tight compartments generally 
associated with shipbuilding designs. The divisional 
lines of the water-tight compartments will necessarily 
serve as a basis for the fire-resisting compartments, but 
the latter should be more numerous. he horizontal 
division of a fire-resisting character does not bring with 
it any technical difficulties. The subdivision of the hold 
into smaller compartments than the subdivisions we 
generally know of 1s of little difficulty and inconvenience 
to the majority of cases. Having special regard to the 

enger boat, there is not the slightest reason why the 
ong flights of cabins and saloons should not have a more 
frequent subdivision than what is usually found in the 
subdivisions by water-tight doors. . The primary safe- 
guard against spread of fire in all ships of all classes 
will be their division into the largest number of small 
fire risks practicable with the work of the ship ; and this 
number can and should far exceed the number of divisions 
made in order to obtain water-tight compartments. 

Materials.—Turning next to the safeguards in the 
application of materials in the construction of vessels, 
I consider the reduction of combustible material 
to a practical minimum to an essential. For 
the passenger ship, however, in particular, I would 
go so far as to say that the reduction of the combustible 
material should be compulsory: and that, above all, the 
vast quantities of highly inflammable wood eae nee 
and fitments used on board our ocean greyhounds shoul 
be absolutely condemned. There is not the slightest 
reason why wood should be used at all to the extent it is 
at present, for with metal framing and the various forms 
of non-conductive «sheeting of a non-inflammable 
character, the components parts of which are, to a con- 
siderable extent, asbestos, a very considerable amount 
of the woodwork could, ipso facto, be banished, to the 
advantage of all concerned; for these sheetings economise 
space, and are excellent non-conductors where climatic 
changes are encountered. 

That wood, however, will always be necessary on board 
ship to some considerable extent, I do not wish to dispute; 
but where such wood is necessary to the comfort of 
passengers, why not use wood that has been impregnated 
in such a manner as to make it “‘flame-proof,” or what is 
more colloquially known as ‘‘non-inflammable”? In the 
same way as the New York Building Department 
requires the wood furnishings and fitments of the upper 
portion of any skyscraper to of ‘‘non-inflammable 
wood, and in the same way as our own County Council 
requires all furnishings in theatres to be rendered and 
maintained ‘‘non-inflammable,” so for ships used mainly 
or entirely for the passenger service, the amount of 
highly inflammable woodwork at present to be found 
should be prohibited in the interests of the safety of the 
passengers. No doubt proposals of this kind will be met 
to-day with the same scoffing and opposition as new safe- 

seas generally meet with in the first instance. As far 

k as 1895, I reyes f advocated that non-inflammable 
material should be made compulsory in theatres ; but it 
required the Chicago Theatre fire, with a. loss of, six 
hundred human lives, to wake up our public authorities 
in London as to the importance of this matter of non- 
inflammability, and it is only last month (February, 
1904) that we find London adopting the pro; Are 
we to wait until one of our ocean er s burns, and 
gives us a loss of, perhaps, six hundred souls, before 
this tyes is made compulsory? Surely, too, it 
would be better for the shipowner who is laying down 
new ships to specify what is necessary, of his own accord. 
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IMPORTANT FIRES IN MERCHANT VESSELS DURING THE YEAR 1903. 
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Date. | VESSEL. Gross. | Burtt, | MATERIAL. | VOYAGE. | Cargo. 
BRITISH STEAMERS, 
January ..) Banca ts .s --| 5,905 1900 Steel London—Yokohama .. va ..| General 
Be “ ..}| Clan Alpine Ets --| 38,587 | 1899 | = At Dundee from Chittagong ..| Jute, &e. .. 
5, «-| Manchester Merchant ..| 5,657 | 1900 pis New Orleans—Manchester .. Hone u8 
umber 
» «| Sagami ee as --{ 4,212 | 1902 | i Norfolk, Va.—China .. . General, including cotton, 
petroleum (acids carried 
2 on deck) 
»» ++| Egremont Castle .. --| 2,946 1890 BA Algoa Bay—Colombo .. Pe ee 
Feb. ..| Jessie Burns pas --| 3,445 | 1901 sa At Bremen from Savannah. . Cotton, &c. 
March . | Montreal .. a ne Completing at Toronto os a a 
ie Hilltarn .. «. *.| 3,549 1899 | Steel Calcutta—New York.. - General aati 
oS ..| Knight Errant .. .-| 7,464 1898 - Pombay— Antwerp .. .. General a a + 
April. | Crown Point is ..| 5,219 1900 Philadelphia—London .. General oe wel 
..| Pekin . oa | io a 1888 | * At Kobe for Bombay. . . os - os 
May ..| Dewsland .. pes --| 1,993 1883 Tron At Almeria... a ee :. Loading esparto grass ..| 
June ..| Formosa .. ok --| 4,045 1892 Steel At London from Yokohama .. Gene Ga oa ; ‘| 
ee Pindari ea ao ot rae 1891 Pe At Calcutta for Dunkirk -. Wheat, jute, &. .. cof 
July Jason ee Bs --| 7,450 1902 | = At London from China and Japan Jute, —— a. . af 
By Heathford .. - --| 8,767 1901 es Shanghai—New York as .- Valuable general .. wal 
Pe .| Karamea .. A --| 5,664 1899 nm At London for Wellington, N.Z. .. General me 
ns Craigellachie = --| 8,497 1900 Ma River Plate—Hamburg .. .. Grain 
<5 Roseley  .. ns --| 4,870 1902 | a At Port Elizabeth from New York ve 
es .-| Mayfield... ae --| 1,249 1877 | Tron At Carthagena from Blyth.. -» Coal .. on 
August ..| Algeria “« am ‘ 4,510 1891 | Steel At Leghorn va ie. es a 
er ..| Indrawadi .. of .-| 5,194 1902 | me At Singapore .. ke re v«} Tema se if Pet 
= Baluchistan bs oof S780 1897 | a — and Manchester for Bus-| General ia ac a 
sorah .. a “i 
‘i Cousins Arbib_.. --{° 2,163 | 1882 Iron Aguilas—Methil Esparto grass 
a ..| Thurland Castle .. --| 38,819 191 Steel Galveston—-Antwerp.. as Cotton, &c... as 
Sept. ..| Hilarious .. 15 -.| 3,147 1894 | ss At Bombay loading for Europe ees <o 
a .| Pilbarra.. os --| 2,664 1897 se At Melbourne from Sydney . General (including nitre) 
is ..| David Weston... ; 765 1866 Wood At St. John, N.B... e er. "3 vs He 
xe .| Umkuzi.. os -:| 2,057 1890 Steel At Calcutta loading for Cape . General “| 
October ..| Bida .. ui vs el? eae e 1901 oe Lagos—Hamburg _.. = .. Palm oil, &c. = 27 
.s . | Celtic Se oe --| 20,904 1901 e At Liverpool from New York . General . és ‘| 
Ss ..| South America .. , 4,197 1900 x At Dundee from Calcutta .. . Jute.. $ oh 
Me ..| Ovalau 8 v% «-| 1,229 1891 = Norfolk Island—Sydney . Copra, &... | 
Nov.  ..| Halizones .. > -.| 5,093 1902 cs River Plate—Liverpool is -» Maize, &&. .. oat 
e ..| Serapis .. “fe 1,964 1877 Iron Genoa for London and Antwerp ... General “at 
i Hastings (steam float) aa ae ae At Naraingang (near Calcutta) . Jute.. oat 
. Madura... ie r 4,484 1901 Steel Barry—Buenos Ayres e .| Coal .. na an 
x Veria ee od --| 8,229 1899 7a At Alexandria from Venice Hem a wa eo 
a ..| Jerseymoor ey . 3,746 1901 es At New Orleans = oP .. Part Nested cotton eal 
sie «+ | mess ae sé .-| 2,902 1900 Se Middlesbro’ and London for Santos Jute, &c. .. oa wat 
Dee. ..| Assiout ms id ..| 8,146 1889 a At Alexandria for Liverpoo! .. Cotton sil 
a ..| Ravenna .. a vs] 1,948 1883 i Leith—Norresundby .. ‘s -.| Coal’.. a wal 
si ..| Torr Head .. a --| 6,911 1894 EA New Orleans—Belfast ‘ss ..| Cotton, &c. wig 
= ..| Vauxhall Bridge .. --| 3,891 1901 re At Calcutta—loading for Bombay... x $s | 
= ..| Lady Joicey ree .-| 8,104 1898 “a W.C.S. America—Savannah - | Nitrate se 
‘5 ..| Cygnet oe one -.' 2,012 1883 da London—Leghorn .. is .. General oe | 
BRITISH SAILING VESSELS. 
January..' Glenesslin .. 8 --| 1,818 | 1885 Iron At Astoria for Delagoa Bay a | Flour 
rs .. Veronica .. be | Se 1879 Wood Ship Island to Buenos Ayres ..| Timber 
March .. Procyou.. se --| 2182 1892 Steel At Greenock from San Francisco .., Grain 
May .. Saragossa .. % --| 2,508 1902 x Liverpool—Sydney .. ‘ .-| General 
* .. Clan Galbraith .. e-| 8,349 1894 » At Cardiff oe oe we i o< 
June .. Durham .. we .. 2,008 1874 Iron Buenos Ayres—Melbourne .. ee ve 
Aug. .. Earl of Dunmore .. a] Ser 1891 Steel At Sydney from London oe) General 
| 
Oct. .. Albretina ., ig ee 701 1890 Wood Annapolis, N.S.—Monte Video ..| Deals oe 
Dec. ..; Clydesdale .. Bis .e| 2,082 1895 Steel At Tocopilla .. ey “ “i Part loaded nitrate 











Otherwise, one of these days, after some great 
catastrophe, he may find himself confronted, not <7 
with legislation regarding his future ships, but wit 
retrospective requirements in this direction; and the 
latter will be the more awkward of the two to meet. 

The ‘‘non-inflammability ” of wood is a problem which 
has been, to my mind, solved commercially. I have 
gone into the matter most carefully, and base this 
finding, not only on English, but on American and 
Continental experience. Such tests as those before the 
British Fire Prevention Committee at their Testin 
Station quite converted me from a somewhat sceptica’ 
attitude which I took up regarding the earlier demon- 
strations of the utility of impregnation. I can quite 
foresee that the foremen or the workmen in the shipyard 
may put forward all manner of excuses as to the 
unsuitability of treated wood for shipbuilding; but the 
fact remains, that the earlier difficulties live been 
overcome, and that both England and the United States 
can treat wood, which is in every way perfect, will take 
paint, will not corrode nails, and will not contain any 
poisonous chemical. What refers to woodwork on the 
passenger ship refers in a degree to the textiles, but not 
to the same extent, as it’ is well known that the propor- 
tion of textiles on board ship is quite minimal. 

As to the cargo boat, the large amount of wood at 
present to be found on board is, to a great extent, quite 
unnecessary ; and although I will not go so far as to say 
that ‘‘ non-inflammable ” wood should be compulsory on 
a cargo boat, I believe it would be in the interests of 
shipowners to reduce the amount of wood to a minimum, 
and to reduce the fire risk in the crew’s quarters and 
officers’ cabins by applying treated wood in these parts. 

Where the difficulty really arises, however, is to find 
the happy medinm for ships which comprise a combina- 
tion of cargo boat and mger boat. A practical com- 
promise can be arrived at by defining the safeguards I 
advocate for cargo ships which have accommodation for 
more than a certain number of passengers. 


SarecuaRDs or EQuipMENT. 


Regarding safeguards and equipment, the two forms of 
equipment in respect to which a great deal more attention 
should be paid are: (1) the protection of the hot steam 
Piping, and (2) careful electric wiring. 











i Destroyed by fire. 


PARTICULARS, 





..| Fire broke out at sea, considerable damage resulting, 
ae .. Fire n No. 4 hold, 600 to 700 bales of jute damaged. 
Cotton, grain, resin and Scuttled, Dingle Bay; total loss. 


Put into Cadiz; serious fire in cargo. 


At Seychelles, bunker cargo on fire ; had been burning 15 days. 
board ; 150 bales of cotton damaged. 


At Port Said serious fire on board. 

Arrived Suez; cargo in No. 3 hold on fire amongst seeds'and cotton. 

At St. John’s, N. F., cargo in forehold on fire. 

Took fire in port ; damage estimated 1500/. 

Considerably damaged by fire. 

On Fa. : a hold and contents (cocoanut oil, &c.) seriously 
amaged. 

Serious fire, No. 4 hold. 

Serious fire cargo ; 1500 bales damaged. 

Arrived Colombo; cargo on fire; No. 2 hold badly damaged. 

Fire in cargo, considerable damage resulting. 


1.) Fire in cargo, No. 3 hold. 
| Bunker coal on fire ; serious damage to cargo. 


Fire in No. 2 hold and starboard bunker ; considerable dam ge. 
Fire in bunkers ; extensive damage to ship. 

Serious fire in cargo; 1400 tons tea damaged. 

Arrived Bushire ; cargo on fire ; forehold almost all damaged. 


.| Arrived Gibraltar ; cargo on fire ; vessel beached ; serious damage 


to ship and cargo. 
Had fire in coal bunkers, which lasted five days. ; 
Took fire in port ; vessel beached ; 4000 tons cargo on board ; 
of which 1200 tons destroyed, balance nearly all damaged. 
Took fire in port; serious damage. 


| Destroyed by fire. 


On fire No. 2 hold; serious damage cargo, and Nos. 1 and 2 
*tween decks. 
Abandoned on fire; North Sea. 
Fire No. 4 hold ; wherein was stowed cotton, wood pulp, leather ; 
bulk more or less dam 
Fire No. 2 hold ; cargo badly damaged. 
Destroyed by fire, Lord Howe Island. 


..{ Put back Monte Video; bunker coal on fire; a cargo damaged. 
ar 


On fire after holds at Naples; considerable 

Scuttled ; on fire ; 5300 bales jute lost. 

Put back on fire ; port side vessel as 

Took fire in port ; 480 bales hemp damaged, also some jettisoned. 

Fire in forepeak ; 300 bales cotton damaged. 

Fire No. 4 hold ; serious damage to cargo. 

Fire Nos. 1 and 2 holds ; 1900 bales cotton damaged. 

Arrived Aalborg on fire ; cargo seriously damaged. 

Fire No. 2 hold ; quantity cotton damaged. 

Coal No. 3 hold and bunkers on fire ; extensive damage hull and 
engine-room. 

Destroyed by fire. 

Destroyed by fire. 


nage. 


.| Fire on board ; much comes f cargo; vessel also injured. 
sm). 


Destroyed by fire (incendi 


*"| Took fire in port ; vessel and cargo badly damaged. 
.| Fire broke out on 


; cargo forehold damaged. 
Main hold on fire ; serious damage vessel. 
Vessel and cargo seriously di ed by fire in Buenos Ayres roads. 
Loach ; quantity explosives discharged 
fore fire. 
On fire at Halifax ; seriously damaged. 








The Steam Pipe.—Regarding the hot steam pipe, its 
protection in many instances is quite insufficient, 
rticularly on what I will term the cheaper class of 
t—i.¢e., the minor nger boat and the minor cargo 
boat. The result is that I consider the hot steam pipe is 
prea ete | the cause of outbreaks of fire, afterwards 
attributed to spontaneous combustion or climatic con- 
ditions. I advocate that the steam pipe should have 
additional protective covering, beyond its ordinar 
isolation covering, in the form of a wire guard in all 
exposed places, so that anything lying right up against it 
does not touch the pipe or pipe coating—z.¢., that there is 
an air space intervening. 

Electric Wiring.—Regarding electrical wiring, it would 
lead too far to go into detail, but I cannot but call atten- 
tion to the fact that, as far as the electrical risk on land 
is concerned, the Chicago Theatre fire, the Metropolitan 
Railway fire in Paris, and the great Buda-Pesth ware- 
house fire—all within the past six months—are attribu- 
table in the first instance to electrical causes. It is, of 
course, true that many other forms of neglect combined 
to turn these electrical accidents into catastrophes. At 
Chicago, for instance, the electrical accident itself was a 
very minor one, but the great’ amount of inflammable 
material on the stage of that theatre turned that 
accident into a catastrophe. I fully realise that the 
electrical risk is not as + as that of the open light, 
but the danger is a hidden one, and hence of a very 
treacherous character. Any ges rg whatever in the 
electrical installation on board ship should be made 
impossible ; and I hold that greater supervision in this 
respect on board ship—and particularly on passenger 
ships—is essential. 

ADMINISTRATIVE SAFEGUARDS. 


The administrative arrangements for handling and 
storing cargo on board ship are by no means as perfect 
as they should be from the fire point.of view. It almost 
depends entirely on the individual initiative and good 
sense of some subordinate as to whether or not the 
necessary precautions are taken. 

Spontaneous Combustion.—Again, it would lead too far 
to discuss the many problems of spontaneous combustion, 
or alleged spontaneous combustion, on board ship, for 





that term frequently covers a multitude of other sins. 


But there is no doubt that spontaneous combustion plays 
an important réle in the annals of our me fires, and that 
this spontaneous combustion is mainly due to adminis- 
trative neglect. I{ would be well if some technical body 
interested in the subject, such as the British Fire 
Prevention Committee, were to collate the actual 
experience obtained of ship fires caused by spontaneous 
combustion, and further collate the various safeguards 
against spontaneous combustion in a short and_ practical 
form, for distribution among shipowners and such of 
their officials as have to do with the loading of vessels. 
That very useful Committee is at present forming an 
industrial section, and, given the necessary funds, has all 
the material at hand, also voluntary workers, to get a 
matter of this kind attended to. “At present, as I have 
said, it depends mainly on individual initiative and on 
rule of thumb, as practised by some subordinate, whether 
the stowage is carefully undertaken or not, from the 
fire point of view; and this haphazatd way of dealing 
with an important element of danger should be stopped. 

Patrols.—This question of stowage and spontaneous 
combustion is, of course, of primary importance to the 
cargo boat, or on a ship that combines cargo with passen- 

er traffic. It is also of some importance in the passenger 
at. In all classes of ships, however, I consider that the 
safeguard of a fire patrol—as ctised on land in the 
Liverpool warehouses, with regular inspection—should be 
practised, more ad gg in the holds and out-of-the- 
way corners of the ship. The additional trouble thereby 
incurred should not be shirked. 

I may, of course, again hear the question asked: Why 
all this effort? My answer is, that if the life of one single 
individual is saved annually by the effort of careful 
administration, this should recompense the shipowning 
community as a whole for the trouble taken. But apart 
from any question of human life, the bond jide fire on 
board ship is always a matter of considerable inconveni- 
ence and loss to the shipowner, which no underwriting 
money can, as a rule, recompense. é 

Rules.—Of administrative safeguards on board ship, 
there are other numerous ones which refers to the rules 
for the crew and the passengers, and particularly steerage 

mgers. These regulations are, as a rule, carefully 
Trafted and closely adhered to on most of our great liners; 
but I think that there are yet a number of safeguards that 
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IMPORTANT FIRES IN MERCHANT VESSELS DURING THE YEAR 1903—(Continued). 

















Date, VEssEL. Faced Pm MATERIAL. Voyaeer. Caroo. 
FOREIGN STEAMERS. 
January..| Dordrecht .. o s«] 2,261 1899 Steel Pensacola—Bremen .. ..| Cotton, &. ae 2 
mi ..| Hilma Bismark 716 1896 | Pm Hamburg—Malmo .. .-| General, iacluding cotton 
»  ++| Salak i ‘a s 2,519 1891 | “a Batavia—Rotterdam . eer o- ‘ 
* .-, La Touraine aes oy 9,047 1890 s At Havre for New York General > na 
March ..| Helena - : | 1,146 1899 ~ Amsterdam—Lisbon .. General 

mf ..| Theodor Wille -| 8,667 1901 a Zebu—Hamburg ‘ ihe 
April Olympia... we --| 2,837 1883 Iron At Hong Kong oe - vol aad ak 

oy --| Madrileno .. be -.| 2,900 1890 Steel At Port Arthur (Tex.) for Liverpool! Cotton, &c,.. 

9 .-| Guadalquiver --| 2,658 1888 - At Salonica .. os +e a ie de 
May -.| Hyades = ‘ss --| 8,753 1900 na At Hong Kong for Tacoma. . wid oe oe ee 
June --| Pfohl. . me on ss 760 | 1868 Wood On Lake Huron nee Sy a a a kA 

a --, Marie Paulig be --| 1,620 1881 Iron Antwerp—Cronstadt General, including cotton 

i .-| Rijnland .. 5 a 4,155 1900 Steel Amsterdam—Buenos Ayres General 

ae Empire State Ss of. Se 1862 Wood In dock at Kingston (O.) .. . ss 3s 

- ..| Venus be = --| 4,051 1899 Steel Trieste—Genoa oe ae Tallow and cotton 
July ..+ Maria Madre oo os}. Bae 1878 Iron At Antwerp... oe = ..| Loading turpentine, &c... 

a Manchuria .. ‘ 6,193 1900 Steel | Shanghai and Bombay for Havre..| Wheat, _ copra, 

cotton, &c. 
Juan Cunningham 1,138 1883 Steel Antwerp—Spain General 











‘ -. Caprera.. ns Under construction at Palermo .. es x is és ok 
Aug. .. Kawachi Maru . 6,096 | 1897 | Steel Japan—Marseilles, &c. és Copra, hides, &c. .. 
a Tonkin - ~ +s | 6,364 1898 | te Marseilles— Yokohama cn ..| General an és 
Pittsburg .. ..—..| ‘1,849 | 1871 | Wood | At Sandwich (0.) 2 
me Amiral Gueydon .. ..| 5,417 1901 | Steel Havre—Cochin ee General ++] 
Sept. ..| Klampenborg 1,785 1889 *» Blyth—Cronstadt .. 6 ..| Coal .. a7 
x ..| Vaskapu.. = ; 1,769 1901 |. re At Bourgas... ai a aN | 
i .| Excelsior .. ‘“s en 830 | 1893 Wood Seattle— Valdez Coal, &c. fe 
» | City of Everett .. .-| 2,504 | 1804 Steel At Port Arthur (Tex.) for New| Oil es | 
| York 
- | Hermine oo rr ..| 8,799 | 1900 | *” New Orleans—Trieste ve ..| Cotton, &c. (iu 
Oct. .-| Erica.. oe - --| 1,893 | 1896 » Wilmington—Liverpool ..| Cotton ‘ss 
Oct. -.| Tjilatjap .. -* --| 8,859 | 1903 Steel Samarang—Japan .. ..| Sugar re 
” ... Advance .. os oof 2,008 1900 | Comp. Montreal—Fort William ..| General | 
- -+| Manhattan .. cr «| 1,646 | 1887 Wood Duluth—Sandusky .. oe ..| Wheat 
Nov. ..| Argentino .. a --| 8,618 | 1895 Steel Buenos Ayres—Marseilles .. ..| Maize fe 
ng ees) ee Ys eee | ae ” Newport News—Hamburg.. _..| Cotton, &... 
{ | 
s Se 683 1883 Wood At Cleveland .. oibeae 55 
rs ..| Bormida .. = .-| 2,304 | 1884 Iron Leghorn—Naples ..| Silk, coffee, and grain 
» wit “so eee Steel | Hamburg—China ..| General 
of ..| Minnesota .. - --| 1,188 | 1880 | Wood ae oe .| Coal .. 
” ..| Monroe oe ae --| 4,704 1902 Steel os a0 oe oo] se 
” .., Arnold Snyken .. --| 1,742 1888 on Singapore—Tientsin .. - ..| Case oil 
Dec. ..| Adria md se --| 1,089 1880 | ra Marseilles—Fiume .. = ++ General . 
” .. Abbazia.. - --| 2,913 1883 | Iron Savannah—Trieste.... Cotton, &c... ~ ‘“ 
” -. Dordogne .. ae .-| 8,806 1889 | Steel Haiphong—Marseilles Cottonseed, oi], copra, dc. 
"0 .., Orion as - . 668 1874 Iron At Vardoe bs rs aa at ss 
- .. River Lagan a aan 803 1882 | a At Terneuze .. Jute, wool, &c. 
” .. J, Emery Owen .. ..| 1,739 | 1888 | Wood Manitowe—Buffalo Barley and oats 
FOREIGN SAILING VESSELS. 
Jan. .., Malmen.. os ‘ 647 1892 | Wood Unkualofa—Europe .. - ey oe a * 
March .. Amicitia .. »* oo} 2,288 1885 Iron At La Roque from New York - sg ae (nearly all dis- 
‘ | charged) 
» ; Tabitha ¥ — a 990 | 1873 |} Wood Pensacola—Buenos Ayres .. Timber ss 
April ..; Nereide .... -» 1,805 1890 | Steel At Cardiff for Pisagua Patent fuel.. 
August ..| Angela E. Maria .. - 664 1868 Iron At New York for Cette - i bie ” 
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might be defined in form of rules, without causing incon- 
venience. On board passenger ships, one of the most 
common abominations, from the fire point of view, is the 

nger who reads by candle-light in his bunk, and, what 
is more, often goes off to sleep, leaving the candle burning. 
A light in the cabin after regular hours should involve 
immediate inspection by whoever is on patrol duty, and 
daugerous open lights such as these should be prohibited. 
The captain should have summary powers to deal with a 
habit of this kind. 


Fink ExtIneuisHine. 


In the arrangements for fire extinguishing on board 
British ships, fire quarters are generally very perfectly 
arranged and executed, but there is not much to be said 
in favour of the fire service equipment on board ship. 
Only last year, on an ocean liner of the first order, 1 was 
absolutely astounded at the inadequacy and the elemen- 
tary character of the fire service equipment. 

Hand-Pumps, Hydrants, dc.—¥or the ordinary small 
fire on board ship, nothing is more in place or more effec- 
tive than the ordinary bucket and hand-pump. The next 
thing which should be remembered is, that a hydrant, to 
be effective on board ship, must stand charged at a fair 
pressure of, say, two atmospheres, and be so placed that 
it can be immediately brought into action. Pumping 
water at high pressure 1s not of such importance during the 
first few minutes as an efficient stream at a fair pressure, 
immediately applied without fugs or trouble. 

Steam-pumps, &c.—Steam-pumps will, of course, be 
found ready for action on any decent ship nowadays, but 
really strong and efficient manuals should be wegen in 
positions where a large number of men can easily get at 
them and efficiently handle them. These would be reliable 
stand-bys. The inefficient squirty manual of an antiquated 
type is all too common. Attention should be paid to 
matters of detail, such as good either-end =e and 
good hose. In all ships the hand-pump and hydrant 
should be accorded premier importance. 

Gas.—On the boat, however, and on the com- 
bined boat, the fire-extinguishing equipments should 
compulsorily include an extinguishing plant for the 
application of carbonic acid gas, or some other form of 





gas. This form of extinguishing is most effective, but it 
must not, of course, be considered to entirely replace 











PARTICULARS. 


Cargo on fire forehold ; serious damage. 

Serious fire in deck cargo, cotton ; extensive damage. 

Put back Port Said ; cargo on fire. 

Vessel seriously dan by fire. 

Put into Portland Roads ; fire in after-hold ; cargo badly}iamaged. 

Fire broke out at sea ; part cargo jettisoned. 

Fire on board ; forepeak badly damaged ; cargc forehold damaged. 

Serious fire in cotton ; 300 bales fire and 700 bales water damaged. 

Boiler exploded, causing fire ; steamer almost totally destroyed. 

Seriously damaged by fire. 

Destroyed by fire. 

On fire at-sea ; 300 bales cotton jettisoned ; 100 bales damaged by 
and water. 

Fire No. 4 hatch ; considerable damage. 

Badly damaged by fire. 

Vessel and cargo seriously damaged by fire. 

Fire confined to deck, which sustained heavy d 

At Port Said, cargo on fire ; serious damage ship and cargo. 





At Corunna, cargo on fire ; vessel beached. 

Badly damaged by fire. 

Arrived Messina ; cargo on fire. 

At Kobe, serious damage caused by fire following explosion of 
chlorate of potash. 

Burnt to water’s edge. 

Explosion on board, causing fire ; vessel beached, Arabian Coast ; 
seriously damaged. 

Abandoned on fire ; afterwards towed to Grimsby. 

Explosion on board, causing fire ; forepart and cargo destroyed. 

Beached, Wrangel Narrows, on fire; cargo almost entirely de- 
stroyed. 

ae as from explosion ; vessel seriously damaged ; deck entirely 

estroyed. 

Had fire on passage ; 800 bales cotton damaged. 

Put into Norfolk ; cargo on fire. 

Cargo, forehold, badly damaged by fire. 

Scuttled, Sault Ste. Marie (Mich.). 


o-| Destroyed by fire, Lake Superior. 


Had fire on board--damage not reported. 

At Portland (Dor.), cargo on fire, forehold, which contained 
| cotton, oil, walnut logs, &c.; cargo badly damaged. 

Destroyed by fire. 

Seriously damaged by fire near Porto d’Anzio; 400 tons cargo 

destroyed. 

Arrived Port Said, cargo on fire, forehold. 

Destroyed by fire, St. Clair River. 

Arrived New York, fire in hold. 

Abandoned on fire. 

Beached, Porthuan Bay ; cargo on fire. 

Arrived cargo on fire afterhold ; cotton damaged. 

Fire broke out at sea ; cargo, forehold, badly damaged. 

Destroyed by fire. 

Took fire in port ; 545 bales jute, and 43 bales wool damaged. 

Ship and cargo badly damaged by fire, Lake Michigan. 


Abandoned on fire. 
Destroyed by fire. 


.- | Destroyed by fire. 


Took fire in port ; scuttled ; extensive damage to ship and cargo. 
| Destroyed by fire. 
| Took fire in port ; serious damage ship and cargo. 


| Fire following explosion ; vessel and cargo destroyed. 
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extinguishing by water, inasmuch as it will not, as a rule, 

entirely extinguish the fire, but only keep it down, A 

fire, thus having had its back broken by the gas, still 

wants handling with water, as a rule; and there are 

many points in a ship quite unsuitable for the application 

of gas, which is mainly intended for use in the holds. 
EXPENSE. 

Having given my views on these various safeguards, I 

shall, of course, be immediately confronted with the 
uestion of expense thereby incurred. I do not consider 
the additional expense to so very great, but even if 
there be some additional capital outlay in the first 
instance, the loss of interest thereby involved should be 
rtly made up by a reduction on the underwriting rates, 
Both as to the ship and its cargo. The additional 
division into compartments is not a great expense. The 
application of non-inflammable materials, though at first 
sight an apparently heavy item, involves but a very small 
percentage on the total expenditure of furnishings and 
titments in an up-to-date passenger ship. The expense 
for the administrative safeguards is minimal, and that for 
the fire extinguishing equipment likewise. In fact, if 
only shipowners and shipbuilders would take the matter 
to Lest, they would find that the moment they really 
wished to make their vessels safer from fire, they would 
be able to do so ata vin & small cost ; whilst, of course, as 
long as they look upon the safeguards with disfavour, the 
extra expense will be described as enormous. 
MeEn-or-W ak. 

It will be noticed that the whole of the ships I have 
dealt with are ships of peace and commerce. I have 
purposely not touched upon the question of war vessels, 
as I do not consider a public gathering of this description 
the right place to discuss in detail, with examples and 
forcible object lessons, what I respectfully urge to be the 
short-sighted policy of the Admiralty in matters of fire 

revention. The wry, Ook peace, i.e., the rapid liner, is, 

owever, probably to me an auxiliary cruiser, and all 
that has ee said regarding non-inflammability and fire 
prevention for the ocean greyhound will have a very 
special bearing on these ships in time of war. 

Curiously enough, instead of serving as an example to 
the shipowner in the direction of fire-prevention, the 





Admiralty has apparently allowed the prejudice against 
the imaginary disadvantages of impregnated wood to 
discouft many of its great improvements in the general 
design and equipment of our men-of-war; whilst other 
safeguards rae pointed to do not find a sufficiently 
important place in the Navy. I only trust that we ree 
not have a naval war during the next ten years, in whic 
to pay the penalty of this error on the part of the 
Admiralty. Within ten years, if not sooner, the wisdom 
of according greater attention to the fire risk will have 
been appreciated ; and although this will then necessitate 
a somewhat costly re-fitting of the warships now being 
laid down or approaching completion, we shall have had 
the time necessary for making up for the faults of to-day. 
By that time, too, no doubt, the example set by the 
Admiralty will commence to have a beneficial influence 
throughout our shipping world. 


CoNCLUSION. 


In conclusion, I would repeat that this paper is only 
intended to serve as a reminder in respect to a very 
important and much-neglected subject, and I trust it will 
lead to discussion in this room and elsewhere. Whether 
the safeguards I point to are, as I believe, feasible or not, 
is for you to say; for I speak merely as the layman and 
longshoreman, who holds that much of the experience 
obtained on land can be applied to our ships, and that 
without great expense or inconvenience. _ 

That fires on board ship occur, and, what is more, occur 
with increasing frequency, no one will deny, and I am 
afraid that many a fire at sea has been hidden to the 
world by that terrible word ‘‘ missing,” to be found all too 
often in the shipping records. As to the past year, 1903, 
I would add that, according to Mr. Harold Sumner, of 
the Liverpool Underwriters, there are over 300 fires on 
record for the past twelve months, in ships of over 
500. tons register. Of these, 108 were of a serious 
character, and I append a detailed list as to their character 
and the tonnage involved. Such figures and facts speak 
for themselves, and at the same time will, I trust, prevent 
anyone from perhaps thinking that a ship’s fire on sea 1s @ 
rarity, and the subject of fire prevention on board ship is 
matter of all too small humane and economic importance 
to merit attention and systematic efforts. 
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LIFTING AND HAULING APPLIANCES. 


3888. T. S. Miller, South Orange, New Jersey, 
U.S.A. Loading and Unloading Apparatus. [9 Figs. | 
February 18, 1903.—This invention relates to conveying —— 
and has for its object, primarily, the transfer of goods from 
a barge or other vessel alongside of a dock to cars or other re- 
ceptacles upon the dock. Ais the boat to be unloaded,‘ C is a 
trestle on the dock for the track of cars D to be loaded. E is the 
bucket by which the load is transferred. F is the boom adapted 
to overhang the boat, and secured at its inner end to a super- 
structure G. I is the mast or masts from which the outer end 
of the boom is supported. J isa reversible rope drum, and j is 
an endless rope coiled around the same and extending toa sheave at 
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the outer end of the boom. K is a carriage supported by the rope/j, 
and carrying sheaves between which the bucket rope L* passes. 
When the bucket E is loaded in the boat, it is hoisted towards 
the carriage K, and as soon as it is clear of the hatch of the 
boat, the carriage K is moved inwardly by the rope j so as to 
swing the bucket, as it is raised inwardly into its discharging 
position above the hopper H. The flexible or floating support 
afforded by the rope j for the carriage K prevents danger of 
damage from any collision which may occur between the bucket 
and carriage due to the bucket being carelessly hoisted too high. 
The mast I and base of the boom and superstructure G are 
mounted on a trolley M running on guideways m mounted on 
the trestle C parallel with the side of the barge. (Accepted 
March 2, 1904,) 


RAILWAYS AND TRAMWAYS. 


13,227. H. E. Brown, Slough, Bucks. Automatic 
Vacuum Brakes. [3 Figs.] June 12, 1903.—This invention 
relates to improvements in or connected with automatic vacuum 
brakes, and has for its object to provide improved means for 
enabling such brakes to be applied rapidly in cases of emer- 
gency. The invention consists in the employment of an air- 


valve, comprising three chambers, the lowermost of which is | 


in communication with the train- pipe, and has a valve-con- 
trolled opening communicating with an intermediate chamber, 
which is itself in communication with the atmosphere, an upper 
chamber being in communication, by a leakage e, with 
the lower chamber, and being separated from the interme- 
diate chamber A a oy carrying the aforesaid valve, 
which is normally held on its seat es a spring in the upper 
chamber, @ represents the swan neck, and b the valve ng ; 
¢ is the bottom chamber, d the intermediate chamber, and 
e the top chamber. The bottom chamber ¢ is in direct com- 
munication with the train- pipe; the intermediate chamber d, 
through the orifices f, is in communication with the atmo- 
sphere, and is separated from the upper chamber e by the dia- 
phragm g. h is the valve, which is secured to the diaphragm g, 
and normally closes communication between chambers ¢ and d. 
The valve fits somewhat loosely on the spindle j, so that there is 
a slight leakage passage provided between the chambers c and e. 
The exposed surfaces of the diaphragm g and valve h in the 
chamber d are of about the same area, so that when a vacuum is 
generated in the train-pipe a, chambers c and e, the valve h is 
equilibrated by the p of the at here on its face and 
upon the diaphragm, the spring k being adjusted to obtain and 
regulate the amount of over-balance required to put the valve h 
into action. When, in case of emergency, the vacuum in the 








| train-pipe is suddenly reduced, the pressure of the air admitted 
to the train-pipe rises sufficiently to overcome the tension of the 
spring k, whereupon the valve / opens and admits a further supply 
of air to the train-pipe, and through the leakage passage to the 


| 





| 
| 





chamber e, so as to cause the vacuum to be entirely and quickly 


destroyed, and the full pressure of the atmosphere to enter the 
brake cylinder, and instantly apply the brake. (Accepted Feb- 
ruary 24, 1904.) 


E. Weixl, Marburg, Styria, Austria. | 


360, J. . 

| Automatic Couplings. [8 Figs.] December 14, 1903.—This 
| invention relates to an automatic railway coupling which can be 
| operated from the side of the vehicle. One-half of the coupling 
| —viz., the link chain—has an end link comprising a ring 1, a fork 
| 2, and an uncoupling hook 3. This end link is connected to the 
next link 5 by a horizontal pin, on which it can turn to a limited 
| extent. To the last link of the chain is attached one end of a 
| spiral spring 14, the other end of which is fixed in a guide 15. 
| The last link, and, indeed, the chain itself, can slide within the 

guide. When in the position of rest, the end link and the link 5 
| project from the mouth of the guide. When two carriages meet 

for the purpose of coupling, the ring 1 is deflected towards the 
| draw-hook 19 by one of the plates 18, 18a secured to the side of 


ae 


the draw-bar of each carriage and made to slide upwards on the 
slanting back of the draw-hook, while pivoting on the link-pin 4. 
By this means a spring-pressed safety guard 20 is raised from off 
the draw-hook, and the ring allowed to enter the hook, the guard 
then moving back on to the draw-hook and securing the ring in 
the hook. If two re thus coupled automatically during 
impact, are to be uncoupled again, a lever 23, finding a suitable 
fulcrum on an extension on one of the plates 18, 18a, is inserted 
into the uncoupling hook 3 and moved in the direction indicated 
by arrows, so that the ring is lifted out of the draw-hook, and, 
spring 14 contracting, the chain is drawn back into the guide. 
Similarly, the second pair of couplings may be released by a lever 
fulcrummed on an extension of deflecting plates secured to the 
side of the second draw-hook. (A ‘ebruary 24, 1904.) 


7222. W.S. Sages, Sheffield. Couplings. [10 Figs.) 
March 28, 1903.—This invention relates to improvements in 
the central coupling and buffering mechanism to be used with 
the flexible vestibules which form the means of communication 
between adjacent railway carriages ; and the chief object of the 
invention is to meet the requirements of railway companies 
desiring to adopt the vestibule system and automatic coupling, 
| with means for coupling the same with the ordinary screw 








pore iy or with links and pins during the transition period. To 
enable the coupling to couple with a link and pin, and also to act 
| asa buffer, a block or aged eet B is constructed to fit within 
| the mouth of the coupler head A, having a front face B? upon the 
| same plane as that of the head, and preferably a projection B* to fit 
into a recess formed in the head to act as a support. When in 
| the position shown, it fills the opening or mouth, to which it coin- 
| cides in form ; and through an opening in front made through the 


+ H, a link can be passed and be secured by the vertical pin D. 
he front part of the head and block is pre to receive direct 
buffing impact upon its face. (Accepted F ry 24, 1904), 





' STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


| 27,087. W. P. Thom Liverpool. (H. Holzwarth, 
| Hamilton, Ohio, U.S.A.) Frarbines. {1 Fig.] December 10, 
| 19038.—This invention relates to improvements in —- and 
stuffing-boxes for turbines. 1is the turbine shaft having its end 
|2 reduced. The sleeve 7 is rigidly secured to the shaft and pro- 
| jects from the point of union with the shaft over the inner end 
| of the reduced portion 2 into a recess 10 formed in a collar 11, 
| which projects outwardly from the turbine head 3. The tubular 
| aperture in the collar 11 through which the portion 2 of the 
shaft is enlai at 15, and the sg between the collar 
and shaft is at this point filled wit pe, as shown, 
and a nut 17, screwed upon the outer surface of the sleeve, is 
provided with a follower flange 18, which extends within the 
sleeve and compresses the packing. The collar 11 is also provided 
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| with an outwardly projecting rib 20. A ring 21 fitting a channel 
| in the bushing 5 is d upon the rib 20. In the above de- 
| scribed construction it will be observed that the motive fluid 
| following the shaft must pass outwardly over the sleeve 7, and 
| then underneath said sleeve and the collar 11 before it reaches 
| the packing 15. By the time it reaches the packing there will be 
sufficient water of condensation to effectually prevent material 
leakage ; any motive fluid, however, which passes the packing 
15 is effectually pocketed in the space enclosed by the ring 21, 
and serves to expel oil dripping from the bearing through a duct 
and aperture 32, thus preventing the oil from accumulating and 
following the shaft into the turbine, when the latter is at rest. 
The ring 21 not only serves to pocket the motive fluid which 
leaks past the packing 15, but also serves to hold the collar 11 in 
position. (Accepted February 24, 1904.) 


26,977. G. W. Koehler, Karlsruhe, Baden, Ger- 
many. Valves. [1 Fig.) December 9, 1903.—This invention 
relates to valves, and has for its object to provide an improved 
stop-valve of the screw-down type, which closes automatically 
in the event of a burst gy in the pipe at the exit side of 
the valve. The valve casing a@ is constructed with a wide neck. 
The outside diameter of the main valve c is slightly smaller than 
the inside diameter of the neck. A ring d, which fits accurately 








the bore of the neck, rests loosely on the upper edge of the main 
valve, and is pressed down upon the valve by a spring e. Theneck 
above the valve cis therefore constantly filled with boiler steam. 
The valve spindle g is hollow, and enters the valve casing through 
a stuffing-box. A spindle m is arranged within the spindle g, and 
its lower end is adapted, when the spindle g is screwed down, to 
close a hole nin the main valve. To open the valve the spindle 





g is screwed upwards by means of a hand-wheel f, and the steam 
pressure on the under side of a collar gon the spindle m causes 
this spindle to follow the upward movement until a collar p 
thereon meets a nut 0. Meanwhile steam is flowing through the 
hole 7 to the exit side of the valve. Further rotation of the hand- 
wheel f er the springy. When the steam pressures above 
and below the main valve have become completely equalised, the 
main valve will be lifted by the spring r. Any burst in the pipe 
on the exit side of the valve produces a diminution of pressure 
on that side, and the valve automatically closes without the aid 
of the attendant. This is by reason of the fact that steam is 
im ned within the neck of the casing above the main valve c, 
and cannot escape owing to the ring d acting as a check-valve. 
The expansion of this steam thus causes the automatic closure of 
the valve. In its downward movement the nut o of the valve c 
strikes against the collar p, and draws the spindle m down with 





it. (Accepted February 24, 1904.) 
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“Fogether, the casting d, to which the ordinary swell of 
box is hinged, pony ba 





662 


ENGINEERING. 





[May 6, 1904. 





TEXTILE MACHINERY. 


7316. G. Kellett, Little Heston, Bradford, Yorks. 
Shuttles. (2 Figs.) March 30, 1903.—This invention relates to 
improvements in that class of weaving shuttles in which the 
or tongue is capable of slight longitudinal movement against 

ring pressure to reduce the liability of the weft sloughing off 
the end of the bobbin, and its object is to provide an efficient and 
compact arrangement. The tongue-block 2, pivoted to the shuttle 
by the pin 4, is made with a cylindrical hole 5. A spiral spring 6 is 
mounted on the shank of the tongue 8, and the hole 5 is e 
enough to receive this shank and surrounding spring. One end 
of the spring 6 abuts against a collar 9 secured on the shank by 
the taper-pin 12 passed through the collar and the shank. A short 
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sleeve 14 filling the shank is cut externally with a screw thread to 
fit a female thread formed in the outer end of the hole 5, and the 
spring 6 is more or less compressed between the sleeve 14 and the 
collar 9. .To prevent the tongue 8 rotating in the hole 5the pin 
12 is made long enough to P pyeted into the slot 16 cut through the 
undersidé of the block 2. e sleeve 14 has preferably one or more 
slits 20 cut in it, so that the slit part is capable of being compressed 
more tightly round the shank by screwing it further into the 
hole 5. This notonly allows a certain amount of adjustment to 
take up wear, but it makes the sleeve fit spring-tight in the hole 
and reduces liability for it to become loose. (Accepted February 
24, 1903.) 


7228. J. L. Rushton, Bolton, Lancs. Brakes for 
Doubling Frame Spindles. [3 Figs.) March 28, 1903.— 
This invention relates to improvements in the arrangement of 
brakes for doubling frame spindles and the like, and the chief 
object of the improvements is to ensure the release of the 
spindle when the knee of the operative is removed from the brake. 
According to this invention there is employed a spindle brake 
consisting of a leather or other block carried in a frame 7, having 
two pivots placed in grooves or recesses on the upper surface of a 





collar or washer 9 placed on the spindle 1 below the spindle rail, 
and secured in position by the usual tightening nut 10, which 
fixes the spindle pillar to the rail. The lower portion of the 
brake frame 7 is so se that unless the brake be actually 
pressed against the spindle wharve 2 by the knee of the operative, 
the brake 7 will always move back on its pivots and away from 
the spindle 1 into the position shown in dotted lines. The grooves 
or recesses in the collar or washer 9 are so formed that the brake 
frame 7 can only fall away a predetermined, but sufficient, distance 
from the spindle wharve 2. (Accepted February 24, 1904.) 


6898. A. Heaton, Liversedge, Yorks. Loom Shuttle- 
Boxes. {4 Figs.) March 25, 1903.—In rising and falling shuttle- 
boxes for accommodating two, three, four, or more shuttles, the 
shelves or partitions on which the incoming shuttle is received 
from the shed have hitherto been riveted to the casting formin 
the body of the shuttle-box, but it has been found in practice that 
the rivets are loosened in working owing to the vibration; and some- 
times the whole box and shelves have been cast in one piece of 
malleable iron. According to this invention, which is applicable to 
shuttle-boxes of any size, the shuttle-box is made of one piece of 
sheet steel, bent and cut out in such manner as to form the 
required number of cells.. @ represents a flat piece stamped out 


Fig./. 
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sheet steel, which is then bent into the required shape, the 
b indicating the re-entrant angles, artd the dotted lines ¢ the 
tt angles formed in so bending. The box — t 

ui 


casting ¢, ning the eye-balled lugs /, 
through which is passed the ordi greg ages Jeet 
movement of the swell, are riveted to the box, and longitudinal 
slots are cut between certain of the shelves A to allow of the 
picker working therein. Openings i may also be made between 
the lugs f and left in the casting ¢, as usual, to reduce the weight 
of metal. Strips of metal j are fastened on at two opposite corners 
of the box to fit into the slides in the loom framework, in which 
the box rises and falls, these being, of course, the parts most 





exposed to wear. When worn, the strips j can be readily removed 
and replaced. (Accepted March 2, 1904.) 


8856. T. Pickles and B. , Burnley, Lancs. 
Motion fl .] April 20, 1903.— 


Take-up Looms. 
Pee | The improvements relate to the take-up motion of looms, and 


have for objects to obtain an improved actuation of the catch or 
ratchet-retaining pawl of such motion in the stopping and re- 
starting of the loom, as well as to reduce friction and consequent 
wear in the eee of the finger-rod which operates such stop- 
waged The pawl a is fulcrummed at b, and the finger-rod c, which 

as hitherto carried this pawl, is independently mounted at a 
higher level on the loom. By this means the length of the finger- 


arm d@ attached to such rod ¢, and — by the stopping-lever D 


k of the loom, is reduced. A second arm e is mounted upon the 
finger-rod c, and projects above the pawl a. The arm eé is con- 
nected to the pawl a by a link f, which passes through a slot in 
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the arm, and is provided with a nut g, whereby, when the finger- 
rod is actuated by the stopping-lever and the arm ¢ is raised, the 
link f is lifted by the latter, and so disengages the pawl from the 
teeth of the ratchet h. It will be seen that when the loom is in 
motion, the pawl may move to clear itself, tooth by tooth, without 
amnens the finger-rod, the links being wore g lifted in the 
slot in the arm e; but that when the finger- is operated, on 
the stopping of the loom, the pawl is lifted thereby clear of the 
ratchet. e finger-rod not being in motion during weaving, con- 
siderable reduction of friction at its bearings results. (Accepted 
March 2, 1904.) 


12,341. B. Walker, Shelley, near Huddersfield. 
Pile Fabrics. [6 Figs.) May 30, 1903.—This invention relates 
to improvements in looms for weaving looped, cut or t cut 
pile fabrics in which the pile is formed from the warp. For this 
— there are employed a number of pile-forming wires or 
needles 8, mounted the warp-way of the piece. These wires 8 
extend through the reed 5 and are secured immediately behind 
it to uprights 9 fixed in a cross rail 12, or rather to a plate 10 
thereon. ie uprights 9 are of such a length that the — 10 
in which they are secured does not interfere with the shedding 
of the warp. The other ends of the wifes or needles 8 rest upon 
the cross plate 14. The tops of the uprights are made poin or 
round, and eyes are made through them to receive the reduced 
ends of the wires or needles. A reciprocating comb 20, with the 
teeth mage Suan tne and the same pitch as the uprights, is 
located in a plane immediately behind the uprights, and the lower 
ends of the teeth reach below the tops of the uprights. The shed- 
ding mechanism is so arranged that when the pile-forming ends 
of warp are lifted they pass from between the uprights to between 
the teeth of the comb; and whilst there the comb is moved 
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longitudinally far enough to bring the ends over the next space 
between the gage so that when the ends pass down they lie 
on the side of the wire to that from which they are raised. In 
this way the ends are made to cross the wires; and when the 
lying-down weft is beaten up, such ends form loops round the 
wires. The next time the ends are lifted the comb is moved in 
the reverse direction and the ends pass down into the space 
between the re oy from which they were first lifted. The ends 
thus on the wires thi the same ing in the 
reed as the wires on which they are looped. The height of the 

e is by the thickness or depth of the which 


can be chan; Oe ee re there- 
- | with, or a =" the uprights of a different pitch may be 
used with a comb to When wires are 


they are reduced in depth in front of the part 25, where the weft 
is beaten up, and in any case they are bent down so as to 
Te Erre wee $0 Ke. Bab Sewvee tee shuttle race when down. The 
comb 20 may be reciprocated in the direction of the arrow, Fig. 2, 
by the lever 30; a cam 35 on a horizontal shaft 36 en the 
lower end of the lever and actuates it at each revolution. The 








reverse motion is effected by the spiral] ing 38. (A 
February 24, 1904, . silat ¢ 


8806. G. Pott and R. W: n, Motherwell, 
Lanark. Cen Machines. [1 Fig.) April 18, 1903. 
—This invention relates to centrifugal machines of the Weston or 
self-balancing type, and it has for object to provide improved 
thrust and journal ball-bearings in conjunction with an oil-bath 
in a machine furnished with a solid rotating spindle for driving 
the basket. The —— end of the rotating spindle A has fixed 
on it a ring B, formed with a deep depending flange B!, between _ 
which and the spindle is an annular space, whereinto projects a 
tube C, secured at its lower end to a flange D! on the buffer ring 
The ring D, D;, and tube C form an annular oil-bath, into 
which the flange B! dips. Near the lower end of the flange B!, as 
shown, on a renewable sleeve thereon, are formed a number of 





shallow grooves, and on the inner surface of the buffer ring D, or 
of renewable rings fitted therein, are formed a correspond. 
ing number of raceways, between which and the grooves are 
fitted rows of balls G! to form a journal ball-bearing for the 
spindle A. A thrust ball-bearing to support the weight of the 
spindle A and the centrifugal basket is formed by a ring H seated 
under a collar B2 at the upper end of the depending flange B! and 
a loose ring I, seated on an inclined surface formed on the inner 
periphery of the buffer-ring D, a row of horizontally-disposed balls 

ing interposed between these rings H and I. e thrust- 
bearing and the journal-bearing are within the annular space 
forming the oil-bath, and are immersed in the liquid lubricant. 
(Accepted February 24, 1904.) 


10,943. C. B. Gray, Silverto Essex, and T. 

oper, Wiits. Paeumatic Tyres. [10 Figs.) 
May 13, 1903.—This invention relates to pneumatic tyres and par- 
ticularly to the edges of the tyre or cover, whether the edge be 
enlarged by the formation of a bead or not. In carrying out the 
invention the tyre or cover is formed of fabric made of one or 
more layers, each layer composed of threads F—single or compo- 
site—laid side by side, and at the edge of the cover turned round 
so as to form a loop F!. Usually there would not be less than two 
of these layers arranged ae eo in the tyre, so that the threads 
cross at a suitable angle. special feature of this invention is 
the manner in which the layers are connected together, and the 
whole edge, and indeed the whole fabric, strengthened. This is 
accomplished by stitching bate a the fabric so that the stitches, 
which are made of strong th , wire or other suitable material, 
pass one or more times through each loop F! or pair of loops. 


Fwg.1. 























placed between the two layers for strength urposes, and 
also through the thickening ee Le ee Oe 
thickening the edge and forming a bead, should such edge be 
required. Although a continuous thread or wire H would 
be ours ed for this stitching, detached fastenings could be em- 
loy ; for example, staples K could be used, sta) 

the whole thickness of the = The staples K are pre- 
ferably made of wire, round on one side 8 
that the legs of the two — would pass through each pair 


of loops, it their flat 
to the fabric, and thus vent cutting. In place 


allow pone Bee Ds emplo to secure the ends of the cords F, and 


e pins may be allowed to on both sides of the cover, so 

Teonde He this constitutes a secure form of 
anchori the beads are readily secured to the fabric, as 
well as the cords ef the fabric secured together, and is more easily 
carried out than the stitching referred to above. (Accepted 


February 24, 1904.) 
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course. Referring to our two-page engraving of | cast-iron column supporting the head in which the 
THE YERKES OBSERVATORY. April 29, it will be seen that the pier senportings the | polar axis of the Saahramndal is mounted, this head 
(Concluded from page 594.) ‘telescope is founded on a mass of concrete, this | being shown in detail by Fig. 6, subjoined. The 

We have now to deal with the mounting of the | concrete base being 34 ft. long by 24 ft. wide by | column is formed of five rings, each cast in a single 
40-in. telescope, the general design of which is |5 ft. thick. On this is built a brick pier 24 ft. by | piece, except the base-piece, which is 18 ft. long by 





























clearly shown by the section, Fig. 4, forming the | 20 ft. at the base and 19 ft. 6 in. by 15 ft. 6 in. at| 14 ft. wide at the foot, where it bears on the stone 
two-page plate published with our issue of April 29. | the top, this pier being capped by four stone slabs| capping. The base-piece is5 ft. high, and it tapers 
This week we publish, on the present page and on| 18 in. thick. The top of the stone capping is 21 ft. | by easy curves to the oF where its dimensions 
pages 664, 665, 668, and 669, and on our two-page above the concrete base. are 10 ft. 4 in: by 6 ft. It will be seen that the 
plate, various details, to which we shall refer indue|. Bolted down to the pier just described is the! shape of the base-piece is such as to give greater 
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bearing area on the north side (the right-hand side 
in Fig.4), where the major portion of the weight 
falls. The base is strongly ribbed, and, as shown 
in the section, the ribs under the curved portions 
extend right down to the cap-stones. 

To the base-piece are bolted the four remaining 
rings of the column, these being all of rectangular 
section, tapering upwards at the rate of § in. per 
foot. Each section is about 6 ft. 6 in. high, and 
the uppermost of the four forms the chamber con- 
taining the driving-clock. An interior view of the 
chamber is given in Fig. 43 on page 669, to which 
we shall have occasion to refer later on. Fig. 9, 
subjoined, is the reproduction of a photograph 
taken during the erection of the column, while 
Fig. 10 shows the head of the column with the 
polar axis in position and the declination axis being 
lifted into place. 

It is, of course, essential that the polar axis, on 
which the whole telescope revolves, should be accu- 
rately parallel to the axis of the earth ; and as the 


shells of the bearings carrying the axis are cast in | 


Fig. 12, while their arrangement is further shown | of the cell, the latter thus bearing upon three 
by the section at A B, Fig. 13. _ Bolts are provided | points. By means of the three pairs of bolts and the 
for securely fixing the head to the column after abutting screws the cell can, of course, be adjusted 
adjustment ; and inasmuch as the use of the adjust- so as to bring the object-glass accurately- square 
ing-wougee may leave spaces along the worye gts feos the axis of the ee gs 4 oxy the 
e surfaces of the head and column, each of the) tube carries numerous attachments, as will be seen 
side bolts has placed close to it a 1-in. screw, which | from the views, Figs. 41 and 42 on page 668; but of 
= yy the sanee of we column —s. = we shall _— magn * : : ¥ 
and can be adjus » take a bearing against the | e may now return e polar axis and its 
bottom of the head. Any distortion of the head connections. This axis is shown in position in its 
casting due to the tightening-up of the holding- | bearings in Fig. 6’on page 663, while Figs. 15, 16, 
— a is gs avoided. One - the holding- teal +d _ Hs ore pg show ae in 
own bolts, with its accompanying bearing-screw, | detail. e axis, which weighs ns, is a hollow 
is shown in the section, Fig. 14. The head is sur- | steel forging, the shaft for giving motion to the 
rounded by 4 gallery, to which access is given by a | telescope in declination passing through it. The 
spiral staircase placed on the south side of the|axis is 13} ft. long, 16 in. in diameter at the 
column, as shown in the general view on our two- | upper end and 12 in. in diameter at the lower 
page plate published on April 29, this staircase also | bearing. The bearings are lined with babbitt 
giving access to the clock-chamber already men- | metal, but they are relieved of the major part of 
tioned. The view, Fig. 5 on page 597 ante, repro-|the load by roller bearings, the arrangement of 





duced from a photograph, also gives a good idea of | which is shown in Figs. 6, 15, and 16. There are 
the head and its surrounding gallery. | three of these roller-bearings, the uppermost being 
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one piece with the head, it is necessary that the 
head itself should be provided with means of ad- 
justment on the top of the main column. The 
arrangements for this purpose are shown by Figs. 11 
to 14 on page 665, which represent the details of’ 
the junction between the head and the column. 
The adjustments required are of two kinds—namely, 
first, an adjustment in level, to enable the polar 
axis to be set at an angle to the horizontal exactly 
corresponding to the latitude of the site of the tele- 
scope ; and, secondly, an atljustment in azimuth 
to enable the head to be so set that a vertical plane 
=— through the ce:tre line of the polar axis 
ies exactly in a north and south direction. 

To enable the first of these adjustments to be 
made, the head of the column is arranged tp bear at 
its north and south ends upon a pair of wedges, one 
of which is shown in the section, Fig. 11. Each 
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So far our description has more or less followed 
the course of erection of the instrument, but before 
describing the polar and declination axes and their 
attachments it will be convenient to give some par- 
ticulars of the telescope tube which they carry. As 
already stated, the object-glass has a focal length of 
about 61 ft., and the tube carrying it has a length 
of 59 ft. 9in., with a diameter at the centre of 
52 in. The tube is made in five sections, the centre 
one being a short and stiff section, of the diameter 
just named, while the other sections taper from the 
centre in both directions, as will be seen on refer- 
ence to the general view which formed the subject 
of our two-page engraving published on April 29. 
The tube is built of steel plates, riveted up, all 
rivet-holes being drilled. Each section is furnished 
at each end with an angle-steel ring, the sections 
being bolted together through these rings. The 


wedge is controlled by a pair of screws, one at eect! weight of the tube is about 6 tons, and it isa 
tyery rigid structure. 

At the object-glass end the tube has attached 
to it the object-glass cell, which we have already 
described, the attachment being made by six bolts, 
disposed in pairs. Between the bolts of each pair 


end, as shown, and by this means the angle of the 
lar axis can be adjusted with great accuracy. 
he adjustment in azimuth, on the other hand, is 
effected by four screws, which enable either end of 
the head to be shifted laterally on the column. 





Three of these screws are shown in the plan, 


is an-abutting screw, which bears*against the flange 
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situated just above the upper fixed bearing, and the 
load taken by it being adjusted by the levers 
marked a in Fig. 6. Details of this bearing are 
shown in Figs. 17, 18, 19, and 20 on our two-page 
engraving, and it will be seen that the rollers form- 
ing it are themselves provided with ball-bearings at 
their ends. The rollers‘are 16 in number, and each 
is 3} in. in diameter by 5? in. long. 

A second.ring of live rollers encircles the polar 
axis just above the lower fixed bearing ; but in this 
case the tendency of the axis is to press against the 
upper half of the fixed bearing, and the roller 
bearing is arranged to exert a downward pressure, 
the load on it being adjusted by the curved lever 
marked b in Fig. 6. This bearing also consists of 
16 rollers, but the latter are in this case 24 in. in 
diameter by 3} in. long. The details of this ring of 
rollers are shown in Figs. 21 to 24 on our two-page 
engraving. Finally, the end thrust of the polar 
axis is taken by the double ring of ball-bearings 
shown in detail by Fig.-16. ae 

We must now deal with the mode of giving 
motion to the polar axis, and through it to the 
telescope. Provision has to be made for effecting 
movement of this kind in three ways—namely, first, 
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a fairly quick movement for approximate setting 
on any object ; secondly, for imparting to the axis 
the motion given by the driving-clock, which causes 
the axis to revolve once in a sidereal day; and, 


thirdly, a slow movement for accurate setting or 
for rs, any necessary correction of the clock 
motion. n considering these movements, it 
must be remembered that the mass to be put in 
motion weighs about 22 tons. : 
For effecting the first of these movements— 
namely, that for quick setting—there is fixed on 
the polar axis a large bevel-wheel, marked ¢ in 
Fig. 6, this wheel being geared into by a bevel- 
pinion fixed on a horizontal shaft, which is con- | 
nected at its other end to the arrangement of 
gear shown in detail in Figs. 26, 26, and 27 
on our two-page engraving. This gear enables 
the quick motion in right ascension to be given 
either by the hand-wheel shown (which is readily 





divided circle, which enables the approximate 
position of the telescope in right ascension to be 
conveniently read from the gallery. This circle 
will be seen in the perspective view, Fig. 5, given 
on page 597 ante. 

ext, as to the arrangements for driving by clock 


and the slow adjustments. Referring to Fig. 15, 


which shows the aed end of the polar axis, it will 
be seen that just below the flange by which that 
axis is connected to the declination axis sleeve it 
is encircled by a casting run loose on it, and which 
forms the centre of the worm-wheel to which the 
clock is geared. This casting is shown in detail in 
Figs. 28 to 30 on our two-page plate, and it will 
be seen that around the upper part of the boss 
(see Figs. 15 and 28) is formed a V-groove, which 
is engaged by the right-ascension clamp, to be de- 
scribed later on. The teeth of the worm-wheel are 
cut in a separate ring, 7 ft. 3} in. in diameter, which 
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accessible from the gallery surrounding the head 
of the column) or by electric motor. There are 
two of these motors, placed in the clock-room, 
and they are available for giving motion either to 
the right ascension gear, with which we are now 
dealing, or to the declination gear, of which we 
shall have to speak later on. The motots are 
controlled by reversing - switches placed near the 
hand-wheels, and so arranged that the motors only 
move the telescope so long as the switches are 
gripped by the operator. The switches are auto- 
matically thrown out of action by stiff springs as 
soon as the grip is released. Special provision is 
also made for operating the switches from the 
movable floor by means of cords (as shown by 
Fig. 40 on page 668) as well as from the gallery. 
The use of the electric motors for giving the quick 
motion in right ascension necessitates the clamping 
of the hand motion, and this is effected by electro- 
magnets arranged as shown in Fig. 27, the act of 
an the electric motor supplying current to 
these ets, and vice versd. Near the bevel- 


wheel ¢ there is fixed on the polar axis a coarsely- 
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is attached to the central casting, as shown in 
Fig. 30. It will be noticed from Fig. 15 that 
ball-bearings are provided to support the worm- 
wheel and its connections, so that the pressure due 
to its: weight may not cause sufficient friction 
between the wheel and the collar beneath it to 
rotate the polar axis when the clutch is disen- 
gaged.. The worm-wheel is driven by the worm 
shown with its bearings in Fig. 31, the gear by 
which the worm-spindle is connected to the shaft 
roceeding down to the clock being shown in 
ig. 32, while Figs. 33 and 34 show other details. 

aving explained the manner in which the 
driving-clock is connected to the worm-wheel, we 
have next to describe the mode of coupling the 
worm-wheel to the polar axis, and of giving the 
pr wisagay Ag desired slow motion in right ascen- 
sion. e portion of the worm-wheel boss forming 
the clamp is encircled by a ring having a long arm 
d, Fig. 6, the outer end of which is coupled to the 
slow-motion gear, shown in Figs. 7 and 8, page 663. 
This slow-motion arm and gas ig are similar 
in form to the declination slow- motion arm, 





shown separately at e in Fig. 6, and, as in 
that case, the clamp -ring is cut away at one 
portion of its circumference to receive a bronze 
wedge-piece f. This wedge - piece can be forced 
into the clamp groove in two ways—namely, by 
hand-gear or by an electro-magnet. When operated 
by hand, it is forced into onl preva by. a screw, 


actuated by the inclined jointed shaft g, which is 
connected by gearing and a shaft ing through 
the declination axis, to another t which extends 


down the telescope-tube to the eye-piece end, where 
it is provided with a small hand-wheel conveniently 
placed for the use of the observer. This wheel is 
marked ‘‘ R.A. clamp ” in the view of the eye end 
of the telescope, given in Fig. 41 on 668. The 
alternative method of operating the clutch by 
electro-magnets will be understood on reference to 
the view of the declination arm e, in Fig. 6, the 
arrangements on the right-ascension and declina- 
tion arms being similar. From this it will be 
seen that mounted on the arm are a pair of bell- 
crank levers, the shorter arms of which are so 
coupled to the sliding wedge-piece already men- 
tioned that when the longer arms of the oe Phar 
are drawn together, the wedge is forced into the 
clamp groove. To draw the longer. arms together 
powerful electro-magnets capable of exerting a pull 
of from 1000 Ib. to 1500 Ib. are provided, these 
magnets being coupled to one arm, while their 
armatures are connected to the other. To utilise 
this arrangement the current has only to be switched 
on momentarily, as the ends of the bell-crank levers 
when drawn together by’ the magnets. are held 
by a catch. To release the clamp the current is 
switched on to another pair of magnets, which 
withdraw the catch just mentioned. The supply 
of current to the clamping and unclamping magnets 
is controlled by the switch at the eye end of the 
sare a marked ‘Switch for R.A. clamp,” in 

ig. 41. 

Referring now to Figs. 7 and 8, it will be seen 
that the outer end of the slow-motion arm d carries 
a nut, through which passes a screw h, which is 
carried by bearings mounted in suitable brackets 
cast on the casing of.the declination axis, or declina- 
tion sleeve, as it is called. The declination sleeve 
being firmly bolted to the polar axis, it is evident 
that by operating this screw the polar axis can be 
rotated relatively to the slow-motion arm d, and— 
if that arm be clamped—relatively to the worm- 
wheel, which is driven by the clock. In this way a 
slow motion can be given to the telescope in right 
ascension. To effect this movement by hand the 
following arrangement is employed :—At one end of 
the screw his mounted a spur-wheel which gears into 
a corresponding wheel mounted on a short shaft, 
this shatt passing through the wall of the declina- 
tion sleeve and carrying at its inner end a bevel- 
wheel as shown in the section, Fig. 7. This bevel- 
wheel in turn engages with a corresponding bevel- 
wheel mounted on a shaft which ; up the 
declination axis, and is coupled by another Pv of 
bevel-wheels inside the telescope-tube (see Fig. 35 
on our two-page engraving) to another shaft which 
extends to the eye end of the telescope, where it is 
provided with the hand - wheel marked ‘R.A. 
slow motion” on the right-hand side of Fig. 41. 
For the convenience of the observer a duplicate 
R.A. slow-motion hand-wheel is provided in the 
position shown on the left-hand side of Fig. 41, 
this duplicate wheel being carried on a short shaft 
which is coupled to that carrying the first-mentioned 
wheel by a pitch-chain, as shown in Figs. 41 and 42. 

In addition to being operated by hand the R. A. 
slow motion can also be actuated by an electric 
motor, as follows :—Referring again to Figs. 7 and 
8, it will be seen that the nut through which the 
screw h passes carries at one end a toothed wheel 
which is engaged by a pinion sliding on the short 
shaft i, this shaft being provided with a feather for 
driving the pinion. At one end this shaft carries 
a worm-wheel which gears into a worm formed on 
the spindle of a small electric motor. Thus, by 
bringing this motor into action in one direction or 
the other, the nut carried by the arm d ¢an be 
rotated, and the desired slow motion thus given to 
the telescope. The electric motor is controlled by 
the switch at the eye-end of the telescope, marked 
‘‘ switch for R.A. slow motion” in Fig. 41. This 
switch is so arranged that current is only supplied 
to the motor so long as the switch is pressed. 

Having described the movements in right-ascen- 
sion, we have now to-.deal with the arrangements 
for moving the telescope in declination, and we 
must in the first place say a few words respect- 
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ing the declination axis and the way in which 
it is mounted. The declination axis is 12 in. in 
diameter by about 114 ft. long and weighs 1} tons. 
Like the polar axis, it is a hollow steel forging, and 
at one end it is provided with a substantial flange, 
by which it is bolted to the telescope tube, as shown 
in Figs. 6 and 35. The axis is contained in the 
declination sleeve, and at the end farthest from the 
telescope tube this sleeve is provided with a tubular 
extension, on which are placed the balance-weights 
required to counterpoise the weight of the tele- 
scope-tube and its attachments. By the use of a 
long extension of this kind the weight of the neces- 
sary balance-weights can be kept within moderate 
limits. 

The bearings for the declination axis are lined 
with babbitt metal, and are carried by the de- 
clination sleeve—the hollow casting which has 
been already mentioned as being bolted to the 
upper end of the polar axis. The weight of the 
telescope, of course, tends to throw a heavy load 
on the bearing next the telescope tube when the 
declination sleeve is in an approximately horizontal 
position, while when the sleeve is in the position 
shown in Fig. 6, this same weight produces a cor- 
respondingly heavy end thrust. Owing to this 
variation in the direction and amount of the pres- 
sures to be dealt with, the task of relieving the de- 
clination axis main bearings of a portion of their 
load by means of balance-weights and roller-bear- 
ings is not so straightforward as in the case of the 
polar axis, but it has nevertheless been accom- 
plished in a simple way. 

Referring to Figs. 35 and 36 on our two-page 
engraving, it will be seen that the declination axis 
is encircled close to the telescope tube by a ring 
fitted with roller-bearings, similar to that which we 
have already described as fitted to the polar axis. 
In the case of the roller-bearing of the declination 
axis, however, the encircling ring has projecting 
from it two lugs (one of which is marked j on 
Figs. 35 and 36), which receive the spherical ends 
of a pair of counterbalance levers. Each of these 
levers has a spherical fulcrum bearing, as shown at 
k, while its other end is formed into a kind of eye, 
as shown in dotted lines at l, Fig. 6, so as to en- 
circle a boss which forms the fulcrum for a second 
lever, which acts on the end of the lever kl, and 
carries balance-weights at m, these balance-weights 
being situated inside the declination sleeve. The 
adoption of this compound system of balance-levers 
pr 08 the whole system of levers and weights to 
be compactly arranged, while the spherical bearings 
enables the levers to act in any direction, the 
counterweight thus taking effect on the roller-bear- 
ing, and relieving the fixed bearing of pressure, 
whatever may be the position of the declination 
sleeve. The end thrust exerted by the declination 
axis in certain positions is received by ball-bearings, 
placed at n, Fig. 6; these bearings being arranged 
to resist pressure in either direction. 

As in the case of the polar axis, provision is 
made for giving to the declination axis a quick 
motion for approximate setting of the instrument, 
or a slow motion for final adjustments ; and either 
of these motions can be given by hand or by 
electro-motor. The arrangement for giving quick 
motion can be readily traced out by an examination 
of Fig. 6, page 663, and Figs. 25, 26, 27, 37, and 
38 on our two-page engraving. As in the case of 
the right-ascension motions, a hand-wheel and an 
arrangement of electro- motor, together with a 
clamp worked by electro-magnets, are provided, by 
means of which motion can be given to the shaft 
marked o in Figs. 6and 25, At the end of this shaft is 
a bevel-pinion which gears into a bevel-wheel fixed 
on an inclined shaft pp, This latter shaft is not 
continuous, but is made in two parts, connected by 
the ‘“‘ jack-in-the-box” gear at g. The object of 
this ‘* Loge cae atin ” gear we shall explain 
presently; for the moment we shall regard the 
shaft p as continuous. At the lower end of pis a 
toothed pinion, which gears ‘into an idle pinion, 
which, in turn, gears into » toothed wheel fixed on 
the end of a shaft which passes up through the 
centre of the polar axis. The arrangement is 
clearly shown in Figs. 37 and 38. ferring 
again to Fig. 6, it will be seen that the shaft which 
traverses the polar axis carries at its upper end a 
bevel-pinion which gears into a bevel-wheel keyed 
on the declination axis, and in this way any motion 
given to the shaft p moves the telescope in de- 
clination. 

We have now to explain the objects of the 
‘* jack-in-the-box” gear at g. The arrangements 





we have described would give perfect command 
of the position of the telescope in declination 
if the polar axis were fixed ; but this axis is not 
fixed, and as it is rotated by the action of the clock 
in order to enable the telescope to follow a star, it 
is evident that this movement would, if the shaft 
passing up the polar axis remained stationary, cause 
a continuous movement of the telescope in declina- 
tion. To counteract this, it is necessary that the 
shaft passing through the polar axis should rotate 
with that axis, and that this motion should be 
quite independent of that given to the shaft by the 
quick-motion gear. In other words, the adjust- 
ment of the instrument in declination must be 
effected by the motion of the internal shaft rela- 
tively to the polar axis ; and when no such adjust- 
ment is being made, the polar axis and the shaft 
traversing it must move together. This end is 
secured by the ‘“‘ jack-in-the-box” gear q. This 
gear consists of a bevel-wheel keyed on the lower 
part of the shaft p, a pair of bevel-pinions mounted 
on a short cross-shaft carried by the upper part of 
the shaft p, and a second bevel-wheel mounted on 
a tubular shaft which surrounds the upper portion 
of the shaft p, and carries at its upper end.a toothed 
wheel rv, which is geared to a corresponding wheel 
mounted on the polar axis. The effect of this 
arrangement is that through the ‘‘jack-in-the-box”’ 
gear the internal shaft is made to rotate with the 
polar axis so long as no independent movement is 
given to it by the rotation of the upper part of the 
shaft p. 

The arrangements for giving slow motion in 
declination will require but brief description, as 
they are identical in principle with those employed 
for giving slow motion in right ascension, already 
described. In the case of the declination slow 
motion, however, the arrangements for operating 
the clamp and the slow-motion screw by hand are 
more simple, as the necessary shafts can be carried 
direct to the eye end of the telescope. The declina- 
tion clamp and slow-motion arm are shown at s and 
t, Fig. 6, while Figs. 41 and 42, page 668, show the 
positions of the corresponding hand- wheels and 
switches at the eye end of the telescope. 

An interesting detail in connection with the de- 
clination axis is the method devised for giving 
motion to the indices which enable the approxi- 
mate position of the telescope in declination to be 
read off from the setnadiy-atelaedl circle fixed on 
the declination sleeve. This circle is a prominent 
feature in the ~~ view, Fig. 5 on page 
597 ante, and it is also shown in section in Fig. 6, 
page 663. The boss carrying the two index arms 
is fitted with roller-bearings, and is mounted on 
the tubular extension of the declination sleeve to 
which we have already referred as being provided 
to carry the counterweights. Now these index 
arms must move with the declination axis ; but the 
latter terminates some distance within the end 
of the declination sleeve, the space beyond its end 
being occupied by the gear already described in 
connection with the shafts by which the declination 
axis is traversed. To communicate the motion from 
the declination axis to the indices therefore, the 
following device has been adopted :—At the end of 
the declination axis is mounted a toothed wheel, 
and into this gear three pinions mounted on short 
shafts which pass out through the cover at the end 
of the declination sleeve. Two of these shafts, 
which are carried by brackets fixed inside the de- 
clination sleeve, are indicated in Fig. 6. At their 
outer ends these shafts carry other pinions which 
gear into a toothed wheel formed on the boss which 
carries the index arms, and in this way the arms 
are made to rotate synchronously with the declina- 
tion axis. 

The construction of the eye end of the telescope 
is shown by the views to which reference has been 
made above, and also by the section, Fig. 39 on our 
two-page engraving. From this latter view it will 
be seen that the focussing is effected by three screws, 
placed 120 deg. apart, which traverse three nuts 
projecting from the focussing tube, each screw 
carrying at its outer end a pinion, which engages a 
geared ring situated so that it can be conveniently 
rotated by the focussing handles. It will be noticed 
that the focussing-tube, with its connections, is 
mounted on a casting, which is bolted to the end 
of the telescope-tube by screws ing through 
holes larger than the screws themselves, so that the 
seer of the eye-piece mounting can be adjusted. 

his adjustment, which is necessary to bring the 





optical axis of the telescope accurately at right 
angles to the declination axis, is effected by four 


pairs of radial bolts and thrust-screws placed 90 deg. 
apart. Two of these adjusting-bolts are shown at 
u, u, Fig. 39. 

The clock by which the telescope is driven is 
shown by Figs. 43 and 44 on page 669. It is, as 
we have already mentioned, placed in the upper 
section of the supporting column, this chamber 
also accommodating the electric motors for giving 
the quick motions in right ascension and declina- 
tion. The clock is driven by a weight of 850 lb., 
which falls at the rate of 14 ft. per minute, and 
which is suspended by a steel rope wound upon 
the grooved drum shown by Fig. 44. This drum 
is not keyed on its shaft, but is mounted on roller- 
bearings, as shown. The arrangement for winding 
up the weight without interrupting the clock— 
an operation which can be effected either by hand 
or by electric motor—is as follows :—At one end of 
the barrel are a pair of studs, on each of which is 
mounted a toothed pinion. These pinions gear into 
a toothed wheel v which is made solid with the 
shaft, and also into the internal gear of a wheel 
which is mounted loose on the shaft close to the 
barrel. Externally this last-named wheel is also 
furnished with teeth, which drive the clock train. 
So long as the shaft is fixed, the wheel formed in 
one with it serves as an abutment for the pinions 
carried by the drum, and as the drum rotates they 
drive the wheel v and through it the clock. 
The winding of the latter is done by either 
of the sets of gear shown at the left-hand side 
of Fig. 44. One set of gear consists of a bevel- 
wheel keyed on the drum-shaft and actuated by a 
bevel-pinion ; while the other consists of a worm 
and worm-wheel. It will be noticed that the worm- 
wheel is loose on the shaft, but drives the latter 
through a ratchet-wheel bolted to it, and which is 
engaged by a pawl carried by the bevel-wheel w. 
The two winding gears (the first of which is worked 
by hand and the other by electric motor) can thus be 
used independently of each other. A ratchet-wheel 
xis fixed at the other end of the drum-shaft to 
prevent motion from being given in the wrong 
direction. 

When the clock is being wound, the internal 

teeth of the wheel v serve as the abutment for the 
two pinions gearing into it, and thus the driving 
pressure on the clock train is preserved while the 
drum is rotated in the direction necessary to lift 
the weight. The electric motor used for winding 
is so arranged that the switch controlling it is 
operated automatically, and the motor started after 
the clock-weight has run down a certain distance, 
the motor being again automatically stopped just 
before the winding up is completed. The winding 
—which causes no disturbance in the driving, and 
produces no appreciable tremor inthe instrument 
—is effected in about five minutes. 
When making stellar observations with the tele- 
scope, the polar axis has to be driven at such a rate 
that it rotates once in a sidereal day, which equals 
23 hours 56 minutes 4.09 seconds mean time, while 
for following the sun a slower rate, and for follow- 
ing the moon a still slower rate is required. As 
it is undesirable to interfere with the action of the 
governor when oncecarefully adjusted, the threerates 
of driving just mentioned are provided for by fitting 
the clock with three trains of gear, either one of 
which can be readily brought into action for driving 
the telescope. The clock governor is of the same 
type as that employed on the clock of the Lick 
telescope, of which we gave detail engravings on 
page 399 of our forty-sixth volume. This governor, 
which is exceedingly efficient, is also shown in 
Fig. 43 on page 669. We may mention that small 
adjustments of the governorare effected by rotating 
the governor weights on the pins which pass through 
them, the centres of gravity of the weights not being 
coincident with the centre of the pins. 

It is, perhaps, difficult for those who have not 
had practical experience in astronomical observing 
work to realise quite fully the practical difficulties 
which have to be surmounted in imparting the 
necessary accuracy of motion to such a telescope as 
that with which we are dealing—a telescope in 
which the parts, weighing some 22 tons, have to be 
driven at the rate necessary to counteract the daily 
rotation of the earth. Under these circumstances 
we may, perhaps, be permitted to quote here some 
remarks made by the then President of the Insti- 
tution of Mechanical Engineers, when delivering 
his address three years ago. He said :— i‘ 

‘‘For instance, the mounting of such a giant 
telescope as that at the Lick Observatory, at Mount 





Hamilton, or that at the Yerkes Observatory, at 
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Williams Bay, Wisconsin, is a task far beyond the 
powers of any ordinary instrument - maker, and 
is really a piece of engineering work requiring not 
only the highest mechanical skill in its design, 
but the command of exceptional workshop ap- 
sliances for its execution. Thus in the case of the 
Yerkes telescope, which has an aperture of 40 in., 
the weight of the whole instrument is no less than 
70 tons, while the —_ which have to be put in 
motion to set the telescope on a star weigh 22 tons ; 
and this weight must be capable not only of being 
readily moved by the observer, but of being kept 
moving steadily at the rate necessary to counteract 
the rotation mf the earth, and thus maintain the 
object under observation in a constant ition in 
the field of view. As the conditions to be satisfied 
in this case constitute a problem which does not 
often come before mechanical engineers, I may, 
perhaps, be allowed to give a few facts which will 
serve to indicate the difficulties to be overcome. 
The popular idea of these large telescopes is that 
they afford enormously magnified images of celestial 
objects ; and there is, so far, a foundation for this 
belief in the fact that, with a large telescope, a 
greater magnifying power can be employed than on 
a small one ; and so in the case of such objects as 
the moon, planets, nebulz, or comets, exhibiting 
definite areas, the images may be larger than they 
could be in smaller instruments. But one of the 
chief advantages of these large telescopes is not the 
greater size of images which they are able to give, 
but their greater resolving power, or their power of 
showing details which in a small telescope would be 
entirely lost. This power is illustrated, for instance, 
by the effect when observing the fixed stars. These 
bodies are at such enormous distances from us that 
even in the most powerful telescopes they behave 
as simple points of light, and present no area 
which can be increased by magnification. It is 
quite true that when a star is observed in a good 
telescope, a defined disc is seen; but this—the 
spurious disc, as it is called by astronomers—is a 
diffraction effect; and it follows from the wave 
theory of light that the dimensions of this disc, ex- 
pressed in angular measures, will decrease in direct 
proportion to the increase in the diameter of the 
object-glass of the telescope used. In a good 5-in. 
telescope the spurious disc shown by a star of about 
the seventh magnitude—or a star having a bright- 
ness a little less than half that of the faintest star 
which can be seen with the naked eye—will have a 
diameter of rather less than 1 second of arc; and 
it thus follows that to be seen as independent 
objects in such a telescope, two stars must be not less 
than about one second of arc apart from centre to 
centre. But in the Yerkes telescope of 40 in. 
diameter, the diameter of such star discs would be 
under one-eighth of a second of arc; and thus two 
such stars, which are but one-eighth of a second of 
arc apart from centre to centre, can be seen as 
clearly separate objects, and their relative posi- 
tions measured. 

‘‘ It has been necessary to mention these facts to 
explain the problem to be satisfied in the case of 
the mounting of the Yerkes telescope. In that 
telescope the star images, of which I have just 
spoken as having an angular measure of rather less 
than one-eighth of a second of arc, will have a 
linear measure at the focal plane of about 7390 in. 
in diameter. Now this focal plane is situated at a 
distance of’ about 32 ft. from the polar axis on 
which the telescope rotates; while the spider- 
webs—or so-called ‘‘ wires ”—of the micrometer 
used for star measurements will have a diameter 
of from about ggg in. to qq in., or, say, @& 
mean of about gg55 in. The problem thus 
is to move this 22-ton mass with such steadi- 
ness, in opposition. to the motion of the earth, 
that a star disc 5,455 in. in diameter can be 
kept threaded, as it were, upon a spider web 
sooo 0. in diameter, carried ata radius of 32 ft. 
from the centre of motion. I think that you will 
agree that this is a problem in mechanical engi- 
neering demanding no slight skill to solve ; but it 
has been solved, and with the most satisfactory 
results. The motions are controlled electrically ; 
and respecting them, Professor Barnard, one of 
the chief observers with this telescope, some time 
ago wrote as follows :—‘ It is astonishing to see 
with what perfect instantaneousness the clock takes 
up the tube upon the application of the electric 
clamp in right ascension. The electric slow motions 
are controlled from the eye end. They move the 
telescope slowly in right ascension and declination. 
Their motion is beautifully steady. So exact are 





they that a star can be brought from the edge of 
a field and stopped instantaneously behind the 
micrometer wire.’ ” 

Altogether the mounting of the great telescope 
at the Yerkes Observatory is a piece of mechanical 
engineering work which reflects the greatest credit 
on its constructors; and Messrs. Warner and 
Swasey deserve the heartiest congratulations on the 
successful results they have obtained. The manner 
in which electric motors have been utilised to 
relieve the work of the observers is a point of 
special interest, and no little ingenuity has been 
displayed in the arrangement of the switches and 
of the connections necessary to transmit the current 
to the clamps and motors mounted on the moving 

ts of the instrument without interfering with 
the perfect freedom of motion of the telesco 
itself. As indicating the facilities for handling the 
instrument afforded by the quick- motion motors 
we may mention that if the telescope be placed on 
the west side of the pier and pointed to the 
meridian at 50 deg. north declination, it can be 
reversed and directed to the same point, but with 
the telescope on the east side of the pier, in 
1 min. 50 sec. This reversal means that the polar 
axis carrying the load of 22 tons has been turned 
through 180 deg., and the telescope moved in 
declination through an arc of 100 deg. We may 
add that the time required to rotate the 90-ft. 
dome through an entire revolution is 6 minutes, 
while the moving Hoor can be raised through its 
full range of 23 ft. in 3? minutes, or lowered in 
3 minutes, the speéds in this case being those con- 
sidered most convenient for the observer. 

Much might be written about the various special 
acessories for spectroscopic, photographic, and 
other work used in connection with the telescope 
we have been describing, but space will not permit 
us to deal with these matters on the present occa- 
sion, although many of the appliances are of high 
interest from a mechanical as well as an astro- 
nomical point of view. We, however, give on 
page 668, in Figs. 45 and 46, two views of the 
micrometer for double-star observations and similar 
work. This, like the mounting of the telescope- 
mounting, was made by Messrs. Warner and 
Swasey, to whom we have to express out indebted- 
ness for furnishing us with the drawings from which 
the illustrations of the present article have been 
prepared. 

It only remains to say that it is a matter for 
sincere congratulation that such an admirable in- 
strument as the great Yerkes telescope should be 
in the hands of men having not only the ability, 
but the energy to utilise most fully its powers of 
work. The names of the director—Professor George 
Hale—of Professor E. E. Barnard, Professor 
S. W. Burnham, and Mr. G. W. Ritchey, are a 
guarantee that astronomy will benefit to the utmost 
from the instrumental appliances at their disposal. 








WEST RIDING RIVERS. 


VII.—Trave Errivents: A New CeEntraL 
AUTHORITY. 

In the second division of their report the Com- 
missioners deal with the important question of 
creating a central authority, empowered to settle 
differences between local authorities and manu- 
facturers. The chief questions upon which differ- 
ences may arise are as follow :— 

1. The refusal of a local authority to allow a 
particular trade effluent to enter their sewers. 

2. The refusal of a local authority to construct 
or enlarge sewers for the purpose of a particular 
manufactory. 

3. The question of varying general regulations 
as to preliminary treatment by the manufacturer. 

4. The amount of the special charge to be 
imposed on the manufacturer. 

5. The removal of sludge. 

For the reasons already set forth, the questions 
referred to in the third and fourth items should 
not be dealt with by the local authority if uniformity 
of treatment is to be ensured to every trade through- 
out the country ; but by the central authority, or a 
special body of assessors. 

The evidence placed before the Commission 
showed a practical consensus of opinion that a 
central authority was imperative, and the following 
conclusion of the Commissioners was inevitable :— 
“In our opinion a properly equipped central 
authority is essential, and we unhesitatingly recom- 
mend the creation of such an authority.” 





With this decision all who know the subject 
will agree. It has been proved. that the Law 
Courts are totally unfitted to determine these 
technical disputes. The high technicality of the 
issues enable the expert to throw a lay mind 
(by which we mean the ordinary judicial mind) 
into a pitiful chaos of doubt and perplexity, 
such as Impelled a County Court Judge te confess 
that he could not understand much of the expert 
evidence, nor did he think counsel understood it 
either ; while the trained scientific mind would 
pierce at once to the kernel of truth, and do justice 
quickly. 

The proposed central authority is to have the 
following permanent chief officers :— 

1. An administrative head. 

2. A bacteriologist having special knowledge of 
the bacteriology of sewage, trade effluents, and 
water supply. 

3. A chemist having special knowledge of the 
chemistry of sewage, trade effluents, and water 
supply. 

4. An engineer having special knowledge of 
geology and water supply. 

It should also be provided with a laboratory, and, 
of course, have the power to conduct inquiries, 
call witnesses, and enter premises, &c. 

It is noticeable that although the engineer is to 
possess special knowledge of water supply, a 
special knowledge of drainage and — treat- 
ment is not demanded. There is a significance in 
this to which we desire to draw pointed attention. 
Whom is this absence of that special knowledge, 
which one would think all-important, to benefit ? 
The art and practice of drainage and sewage treat- 
ment has developed many devices for throwing dust 
in the eyes of the inspector ; there are many make- 
believes and back-doors. Why,. therefore, is the 
special knowledge of this art not to be insisted 
upon? Echo answers, ‘*‘ Why ?” 

In paragraph 48 we come to a recommendation 
which needs weighty consideration. ‘‘The work 
of the central authority will be so intimately con- 
nected with the work of the Local Government 
Board that it will be desirable to make it a new 
department under the Local Government Board 
rather than an entirely separate department.” 

Here we touch upon a matter of grave import. 
How does this suggestion meet the facts we have 
already set forth as leading to the appointment of 
the Commission itself? The lak Government 
Board is an overworked department ; all who have 
dealings with it know that. It is difficult to get 
its decisions without prolonged delay; and ita 
obstruction of the bacterial method of sewage 
treatment and its hide-bound unreasoning adher- 
ence to the use of land without rhyme or reason, 
have been the despair of all who have had to 
deal with: them in those matters. In this Board 
the country had a body of men who for sixty years 
had been, or should have been, the depositories of 
every fact relating to the treatment of sewage ; and 
yet, so little did they posses the country’s con- 
fidence, that a special commission had to be 
appointed by the unanimous call of the pro- 
fessional men engaged in the solution of the sewage 
problem to enable them to make a new departure 
as the fruit of scientific research. Is it to be 
expected that a central authority from such a source 
will gain the country’s confidences? To ourselves 
it appears clear that what is needed is a totally 
independent authority, having its own special work, 
and capable of tracing errors to their source, no 
matter what other department may be involved. 

Many of the witnesses suggested the Rivers 
Board of each district as a first court, with the 
Central Board as an appellate tribunal only. The 
report deals fully with this suggestion. e Com- 
mission set forth their personal knowledge of the 
character of the work done by the existing Rivers 
Boards, and express their satisfaction therewith. 
They find also that while some of those against 
whom action has been taken by them have com- 
plained, generally speaking, both the local autho- 
rities and the manufacturers admit the just and fair 
administration of their duties; and many have 
expressed their confidence in these bodies as a first 
court for the settlement of differences between the 
local authority and the manufacturer. 

Seeing this, the Commission are of opinion that 
at any rate the following differences might properly 
be referred to rivers boards in the first instance, 
with the right of appeal to a central authority :— 

1. Differences between the manufacturers and 
the local authority as to variation of the general 
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regulations respecting preliminary treatment to 
meet particular cases. 

2. Differences as to the amount of the special 
charge to be imposed on the particular manu- 
facturer. 

3. Disputes as to whether the preliminary treat- 
ment adopted by the particular manufacturer com- 
plies with the regulations. 

4. Differences as to the removal of sludge. 

They think, however—at aiy rate for the present 
—that the following cases should be dealt with by 
the central authority alone :— 

(a) Refusal of a local authority to allow a 
particular trade effluent to enter their sewers. 

(b) Refusal of a local authority to construct or 
enlarge sewers for the purpose of a particular 
manufactory. 

‘““As regards (a) the difficulty would, in 
most cases, arise in consequence of the unusual 
nature of the effluent, and it is undesirable that 
each Rivers Board should be put to the expense of 
providing such a staff of skilled advisers as would 


investigate such 
special problems 
as would be in- 
volved.” 

** As regards (b), 
these complaints 
‘are already dealt 
| with by the Local 
\Government 
Board so far as 
they relate 1o a 
failure of the local 
authority to pro- 
vide suflicient 
sewers for ordin- 

requirements ; 
and we think it is 
better to leave this 
matter entirely in 
the hands of the 
i central authority.” 
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If, as the Commissioners propose, the local ‘autho- 
rity are to be empowered to. draw up the code of 
regulations as to preliminary treatment, and to 
assess the charge or charges for admission, no 
exception can be taken to the Rivers Board as a 
first court in which to settle such differences. 
Really and truly they would be a first Court of 
Appeal, unless it be premised that all charges and 
regulations shall be confirmed by the Rivers Board 
as a condition precedent to their formal adoption ; 
and no better court could be had. But, inasmuch 
as we do not concur with the Commissioners that 
the power of prescribing regulations and charges 
should be vested in the local authority, the only 

uestion with us is, whether to give the Rivers 
hare this power, and, if so, without appeal ; to 
which conclusions the Commissioners’ approval of 
the Rivers Board as the sole Court of Appeal would 
bring us. Careful consideration and breadth of 
view are clearly demanded before answer is rendered 
to this important question. Given a Rivers Board 
with the moral force and the exchequer of a vast 
community behind it—a Board such as those of 
the Mersey and Irwell and the West Riding—the 
problem is not so difficult. With their vast 
resources, a competent scientific staff would not 
be a burden too heavy to be borne. But if, as 
we shall presently see is the view.of the Commis- 
sioners, there are to be Rivers Boards throughout 
the country, it may be otherwise. Probably the 
solution will be the creation of Boards controlling 
areas and interests sufliciently large to ensure the 
needful resources and dignity of a strong adminis- 
trative body. 

Some may regard Irish precedents with a jaun- 
diced eye, and certainly the Irish Land Commis- 
sioners have not succeeded in pleasing landlord 
and tenant alike ; but a leaf from their book might 
give a key to the right solution of this difficult 
part of our problem by the appointment of a Board 
of Referees to deal with this question alone ; the 
question, that is, of regulations and charges as 
between trader and authority.. On the other hand, 
the use and maintenance of the works should be left 
to the Rivers Boards’ jurisdiction, it being of the 
last importance that the inspecting and controlling 
authority in the district should have the fullest 
powers to see that the works are a living force, 
and not allowed to fall into disuse, misuse, or 
disrepair. 

If we are asked, Why not be content with the 
Rivers Board as a first Court of Ap to rectify any 
lapse on the part of the local authority? the 
obvious reply is, There will be no appeal by manu- 
facturers against too low a standard of preliminary 
treatment, fixed by a local authority as a matter 
of policy to attract manufacturers to the district. 
Consequently there will be no guarantee against 
that danger which is even now causing an outery— 
namely, inequality of treatment in different dis- 
tricts competing for the same trade. To securé 
uniformity, it seems clear that the power to assess 
the charge and to dictate the preliminary treat- 
ment alike in its construction, maintenance, and 
use should be one and the same throughout the 
kingdom. The Commissioners themselves . have 
laid down the principle ‘‘that all manufacturers 
should be placed on the same footing” (par. 34) 
so far as relates to old connections and new connec- 
tions with the sewer. Clearly it cannot stop here ; 
uniformity of trade restriction on the pollution of 
rivers, whether of charge or of preliminary treat- 
ment, seems urgent, the manufacturers being placed 
on the same footing, not in one re only, but 
as far as possible. If not, dissatisfaction will be the 
result, and the Act will fall short of its 2 ar a 
- In seeking arguments on the other side it may be 
replied, Why should uniformity inone item of trade 
cost more than in another? If the cost of making 
dirty water clean is to fall equally on each member 
of a particular trade, why not the cost of the clean 
water, or of gas, electricity, or any other trade 
expense? Further, on what ground can a central 
authority control the charge of a | gpa authority 
for any commodity which they sell in the publie 
interést or for any servicé, they may render? 

As to the latter objection, the legislative control 
of the price of gas charged by gas companies and 
the carriage of goods by «railway and canal com- 
panies is an interference exercised in the public 
interest. True, @ corporation has the regulation 
of its gas or water charges, but this is no unmixed 
good, as those ratepayers know who see the general 
interest sacrificed to trading interests under the 


| plea of large consumption. 
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But the former is the main argument for district 
control. As against it, to begin with : The circum- 
stances determining the cost of water, gas, elec- 
tricity, or other commodity vary to a degree not 
paralleled in the treatment of sewage, and the price 
must be ruled by the cost of production. In any 
case the trader has had a free choice of the site of 
his works, and has weighed the pros and cons ; and 
if natural advantages and disadvantages cause the 
price of gas and water to be doubled as compared with 
some other district, he knows it to be so, and cannot 
complain. A town is not to be deprived of the legi- 
timate benefits which have fostered its trade from 
natural causes. The problem of river purification 
is yet in its infancy ; the taking over, per saltum, 
of the legitimate trade expense of treating trade 
effluents efficiently is still more recent ; and with 
the operation of new principles common - sense 
demands the use of these securities which give 
justice to the greatest number. 

The argument that a standard imperative for 
one river may not be reasonable for another may 
be regarded as another blow at uniformity. The 
denser the population and the grosser the a 
the more need that a given standard should not be 
relaxed. In such a case the interests in the stream 
and the danger of pollution are alike greater, and 
we should remember the power of the accumulation 
of little things. 

Even the argument of a big river and a small 
factory should not prevail. Let it be known 
that the equilibrium of trade burdens in this matter 
must and will be resolutely pursued. Fair play is 
a jewel beyond price. Probably a full considera- 
tion of all the circumstances will bring those con- 
cerned to the same conclusion as the Rivers’ Pollu- 
tion Commission of 1872—uniformity of standard 
in each trade throughout the kingdom ; and if to 
this we add uniformity of charge, none can com- 

lain. 
4 Protection of the Sources of Water Supply.—The 
Commissioners, having been requested by the Presi- 
dent of the Local Government Board to make a 
recommendation dealing with the whole subject of 
water-pollution, say :— 

‘The central authority which we have recom- 
mended should be set up for the determination of 
differences between the local authorities and the 
manufacturers should deal also with this matter. 
For this purpose it will be desirable to add an 
— maga to the staff of the central authority. 
We do not, however, consider that the central 
authority should take the place of local bodies in 
regard to the protection of rivers and other sources 
of water oat. On the contrary, we think local 
powers should be utilised to the fullest extent 
possibJe.”” 

They then say :— 

‘** 62. In our opinion such powers can only be 
fully utilised by the formation of Rivers Boards 
throughout the country, and we therefore recom- 
mend that such Boards should be formed.” 

They lay stress on the point that a Rivers Board 
has jurisdiction over practically the whole of a 
watershed, and agree with previous Commissioners 
that this is indispensable, and also that the combi- 
nation under such Boards is (? should be) suffi- 
ciently large to secure the appointment of skilled 
officers, and especially of a skilled chief inspector, 
at an adequate salary. They make, however, no 
proposal as to the precise combinations necessary 
for a complete system of Rivers Conservancy, not 
having sufficient information on this head; and 
they suggest that it should be one of the first duties 
of the central authority to ascertain what grouping 
(or subdivision) of: different counties would be 
most effective, and then to take steps to constitute 
Rivers Boards for such areas. Having found cer- 
tain causes of the pollution of water supply, other 
than can be dealt with under the Rivers’ Pollution 
Prevention Act, the Commissioners recommend 
that it should be the duty of Rivers Boards to 
inspect public water supplies, and to report to the 
central authority any cases of dangerous pollution 
of such supplies which they may detect. 

No mention is made of the treatment of stream 
compensation water, nor of the control and regula- 
tion of stream courses with a view to the preven- 
tion of such interference with the channels as may 
lead to increased deposit of silt and liability to 
floods; without which the term ‘‘ Rivers Conser- 
vancy is a misnomer. Whethera national system 


of Conservancy Boards should forthwith have power 
to carry out works for the better control of rivers, 
the costs whereof shall be defrayed by rates levied 





upon owners or lessees concerned, is more than| salt to the water, there was 1 fresh generation of 


doubtful. 
Let first the powers of controlling, advising, and 
directing the operations of riparians be vested in 
them. Procedure will be tentative, and the experi- 
ence thus gained by their skilled advisers should 
enable them to see clearly what is wanted and how 
to secure and apply it. By this means the economy 
of our English rivers may gradually be advanced 
to the footing of that of other highly civilised 
countries. Surely it is time that science stepped 
in and stopped the recurrence of such consequences 
of excessive rainfall as the beautiful Thames valley 
witnessed last year, in the waste of waters which for 
weeks and months desolated thousands of acres of 
fair corn-lands and a host of riparian towns and 
villages, to say nothing of railways, roads, and 
other lines of communication. 

Functions of Central Authority.—They are to 
superintend the prevention of the pollution of 
water, and to direct such inquiries as they may see 
fit, and stimulate and support Rivers Boards in 
the energetic discharge of their duties. As regards 
pollution of water supplies of a specially dangerous 
character, they are to investigate cases brought to 
their notice by the Rivers Boards, and, when satis- 
fied that dangerous conditions exist, to bring them 
before the notice of the authority supplying the 
water ; and, if necessary, to compel such authority, 
or other responsible parties, to adopt such means 
as they may consider fit for removing or diminish- 
ing the danger. Such orders to be enforced by 
mandamus. 

Powers of entry at all times to gathering grounds 
and water works, to take samples and make obser- 
vations, to be conferred on the officers of both the 
Rivers Boards and of the central authority. 

In paragraph 74 a further duty of a most im- 
portant kind is suggested as proper for the central 
authority with the aid of the Rivers Board—namely, 
to collect information as to waste water pumped 
from mines (probably this means all water issuing 
from mines, whether by gravitation or pumping); and 
as to the abstraction of water from one district for 
the supply of another district to the detriment of 
the water supply of the district affected. This 
plainly points to the vital subject of underground 
water, the law relative to which, on the authority 
of Mr. Mansergh, Past-President of the Institute 
of Civil Engineers, is set down as ‘‘a hass.” The 
Commissioners entirely agree that the collection 
of such information should precede legislative inter- 
ference. 

For reasons not set forth, the adaptability of the 
recommendations of the report to the ‘‘legal, ad- 
ministrative, and other conditions ” of Scotland and 
Ireland is reserved for further consideration. 








THE IRON AND STEEL INSTITUTE. 

In our last issue we reported a part of the pro- 
ceedings of the sitting of the Iron and Steel Insti- 
tute on Thursday, May 5. Taking them up at the 
point at which we broke off, we have, first, to give 
the awards of scholarships for 1904 made under the 
Carnegie Trust. The following is the list of success- 
ful candidates :— 

John Dixon Brunton, manager of W. N. Brunton 
and Sons’ wire mills, Musselburgh; H. C. H. 
Carpenter, assistant in National Physical Labora- 
tory; E. G. L. Jones, demonstrator, Royal 
School of Mines; E. A. Wraight, demonstrator, 
Royal School of Mines; Frank Rogers, 1851 
Exhibition Scholar at Cambridge University ; 
Walter Rosenhain, scientific adviser to Messrs. 
Chance Brothers and Co., Limited, Birmingham ; 
Octave Boudouard, demonstrator in chemistry at 
the College of France; Pierre Breuil, Director of 
the Testing Laboratory of the Conservatoire des 
Arts et Metiers (receives the Carnegie Gold 
Medal) ; Percy Longmuir, assistant at National 
Physical Laboratory (receives a special silver 
medal). 


Exp.Losions oF FEerro-Smicon. 


After reading the paper by himself and Dr. Dupré 
on ‘* Explosions of Ferro-Silicon,” which we repro- 
duce on another page, Captain Lloyd stated that 
since the printing of the paper their experiments 
had been carried further, and these had shown 
that they must withdraw their suggestion that 
the danger of these explosions might be obviated 
by storing the material in water. A sample 
Pp in water on March 10 had ceased to visibly 
generate gas by March 16, but then, on adding some 


At present we are without experience. | gas which was still slowly proceeding. 





Another 
sample placed in water generated no gas whatever 
between March 26 and April 24, but the addition 
of salt on the latter date immediately gave rise to 
an evolution of gas. It was thus obvious that ferro- 
silicon could not be stored under salt water. 

The discussion was opened by Mr. Watson Gray, 
who drew attention to the circumstance that 50 per 
cent. ferro-silicon was a remarkably unstable pro- 
duct, disintegrating at all temperatures, even 
without the addition of water. The manuf *ctyrers 
knew its peculiarity, and teemed it, therefore, into 
melted paraffin wax, so as to exclude moisture ; but 
the disintegration took place just the same. The 25 
per cent. ferro-silicon and the 75 per cent. ferro- 
silicon behaved quite differently. The latter would 
remain stable for years, even if it contained a certain 
proportion of calcium. 

Mr. Stead, who followed, stated that he had had 
a sample of the same material as the authors of the 
paper, and his experiments confirmed those made 
by them in that phosphoretted hydrogen formed 
a part of the gas evolved; but in his sample 
acetylene constituted half the total gases generated. 
The water in which he had placed his sample was 
very strongly alkaline, and the ferro-silicon soon 
disintegrated into a very fine powder, which con- 
tinued to evolve gas for over a month. The experi- 
ments seemed to show that calcium phosphide was 
soluble in molten ferro-silicon, and was thrown out 
of solution on the solidification of the latter, each 
grain of the ferro-silicon being thus embedded in a 
jacket of calcium phosphide, which was disintegrated 

y water. The fact that the phosphorus in this 
case remained in combination with the calcium 
rather than with the iron was, he considered, of 
very great interest. 

Mr. Harwood, of Hull, said that he had found 
that though an 80 per cent. ferro-silicon gave no 
evolution of gas if immersed in cold water, gas was 
produced if the water was hot. He did not think 
it would be practicable to protect the material by a 
coating of tar, as suggested by the authors, as the 
ferro-silicon disintegrated so much, even when kept 
dry, that it would soon be unprotected. 

. Chappuis, of Paris, spoke next, and demurred 
to the suggestion that the presence of phospho- 
retted hydrogen was responsible for the ignition of 
the gases generated. fact, the presence of 
phosphorus was carefully avoided in manufacturing 
ferro-silicon, which therefore seldom contained 
more than a trace of this element. He thought 
that the cause was to be found rather in the presence 
of siliciuretted hydrogen, some forms of which were 
spontaneously inflammable. If ferro-silicon was 
made in the same furnace as previously used for 
making calcium carbide, the formation of some 
silicide of calcium was unavoidable, which, if placed 
under water, would give rise to a spontaneously 
inflammable gas. 

In reply, Captain Lloyd regretted the absence 
of Dr. Daaes, who would have been better able 
than himself to deal with the chemical criticisms 
brought forward. He couldsay, however, that the 
gases collected from their samples never contained 
siliciuretted hydrogen. 


Pic Iron From BriQueEttes. 


The next paper taken was by Professor Henry 
Louis, M.A., of Newcastle, and described ‘‘ The 
Manufacture of Pig Iron from Briquettes, at 
Herring.” The author stated that the Herrang 
mining property was situated about 60 miles north 
of Stookhelm, and 30 miles east of the famous 
Dannemora mines, and lay on the sea coast, an 
excellent harbour being available. The ore con- 
sisted of lenticular masses of magnetite, which, rich 
in the centre of each deposit, gradually shaded 
off into poorer ore. Most of the depos:ts were 
small, but there were many of them, and they had 
been traced in one case to a depth of over 300 ft. 
In addition to magnetite, the ore contained iron 
and copper pyrites, zinc blende, and galena. Near 
the surface the ore was practically free from sul- 
phur, but the amount present increased rapidly 
with the depth. By hand picking a very high 
class ore could be obtained, but generally, as 
mined, it contained about 35 to 40 per cent. of 
metallic iron and 1 to 1} per cent. of sulphur; 
the phosphorus was low, rarely exceeding 0.005 
per cent. It was first attempted to separate out 
the really high-class ore by hand sorting, but 
this proved financially impracticable, and the pro- 
perty, it appears, is now worked on a plan 
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devised by Professor Louis, in which the ore is 
magnetically concentrated by machines devised by 
Mr. Gustaf Gréndal. The ore as mined is conveyed 
by aerial cableways to the crushing works, where it is 
broken and crushed wet. The pulp runs to mag- 
netic concentrators, which take out the magnetite. 
The latter is conveyed by an aerial cableway to 
the briquetting house, where it is stamped into 
briquettes. These are passed through a briquet- 
ting furnace, the time of — being prolonged 
so as to get rid of all the sulphur in the 
ore. Sea water is used in the concentrating 
plant, ‘the amount taken being 180 gallons 
per minute. The output of the concentrating 
plant is 636 tons per week, the iron content 
being raised in the process from 40 per cent. in 
the crushed ore to 65 per cent. in the concentrates. 
The ore is reduced by charcoal obtained by 
sea from the sawmills in the Baltic. There 
are two furnaces, 47 ft. 3 in. high by 10 ft. 
in diameter at the boshes. The charge consists of 
530 lb. of charcoal, 1190 lb. of briquettes, and 
90 ib. of limestone. The charcoal used is under 
14 ewt. to the ton of pig. The waste gases of the 
furnace are used to heat the briquetting furnaces, 
and also to drive gas-engines in a central power- 
station, from which power is furnished for running 
all the machinery both at the furnace and the mines. 
The engines are of the Deutz double-acting four- 
cycle type, and drive three-phase generators supply- 
ing current at 800 volts. 

The discussion was opened by Mr. A. P. Head, 
who said that he had visited the works in question 
last July, when he had been much struck with the 
ingenuity displayed in the design of the ball mill 
and the magnetic separators and concentrators. The 
site of the works on the sea coast was an innova- 
tion for Sweden, where the steel works had gene- 
rally grown up in the neighbourhood of water falls, 
giving a cheap supply of power, but having gene- 
rally poor methods of communication with their 
markets. Inthe older works the timber near had 
been cut down for fuel, which had now to be sought 
further a-field ; but at Herring its easy communi- 
cation by sea with the timber ports of the Baltic 
promised it a practically inexhaustible supply of 
charcoal fuel. 

Dr. Weiskopf, who spoke next, said the paper 
described an attempt to deal with a certain class of 
ore which had hitherto proved commercially un- 
available. Professor Louis, however, gave no 
particulars of the cost of the necessary separation 
and concentration. Mechanically there was no 
difficulty in performing these operations, but 
hitherto every attempt made had failed commer- 
cially, owing to the cost of the processes ; and he 
doubted whether the methods described in the 
paper would prove more fortunate. . 

Professor Bauerman followed, saying that he 
had a special interest in the paper, in that some 
thirty years ago he had investigated the ores in the 
district with a view to shipping them to Newcastle ; 
but those of Herring were then rejected owing to 
the high sulphur content, though in other respects 
they were of excellent quality. He suggested that 
the long period which the ore spent in the kiln got 
tid of some of the difficulties of smelting magnetite, 
which was thus oxidised to hematite—a result not 
obtained with the ordinary Swedish kiln. 

In reply, Professor Louis said that the long 
period spent in the kiln was not intended to effect 
the change suggested by Professor Bauerman, but 
to get rid of the sulphur ; and were it not for this, 
the output might be three times as great. He 
found that oxides of iron appeared to soften and 
agglutinate at about 1300 deg. Cent., thus render- 
ing them more suitable for the blast-furnace after- 
wards. As regarded the questions of economics 
brought forward by Dr. Weiskopf, he had purposely 
avoided mentioning costs in his paper; but he 
thought that any experienced works manager could 
make a very good guess as to what these costs were 
likely to be from the description of the processes 
given. He could only say that up to the present 
time the results attained had been perfectly satis- 
factory from an economic standpoint. 


Heat TREATMENT OF STEEL. 


The next paper read was by Mr. Cosmo Johns, 
and was entitled ‘‘Notes on the Production and 
Thermal Treatment of Steel in Large Masses.” 
This paper we shall shortly print in full; but in 
the meantime, in order to render the course of the 
discussion intelligible, we may say. here that the 
main object of the paper was to emphasise the fact 





that laboratory methods cannot be applied direct 
to the heat treatment of steel in large masses. 
Methods quite successful with small specimens of 
steel must therefore be very greatly modified before 
application to masses of steel weighing 70 or 80 tons, 
such as are used for the forging of large propeller 
shafts. The method of casting heavy ingots at the 
Vickers works was described. The mould used is 
a chill mould, lined with non-conducting material 
at the upper end, so that the top portion of the 
ingot is solidified last, the result being that the mass 
of the metal below was absolutely free from pipes 
or blow-holes. It showed also no evidence of segre- 
gation. Samples taken from opposite ends of a 
93-ton ingot showed practically the same chemical 
composition, and, in view of the results obtained, 
the author expressed a strong view as to the 
uselessness of the ‘‘ fluid compression” process. 
To get good results it is, however, essential, he 
stated, that the steel shall be properly melted and 
thoroughly killed before being poured into the 
ladle. Treatment in the ladle with aluminium and 
the like leads to segregation in the casting, and 
should be avoidedy The acid process was, more- 
over, stated to be the only suitable one for the pro- 
duction of really high-class steel. 

The discussion was opened by Mr. W. F. Beard- 
shaw, who considered the question raised of very 
great importance. In fact, the heat treatment of 
steel was in importance second only to the chemical 
composition, and this treatment must vary with 
the size of the mass dealt with. Some years ago 
his firm had made saws for cold-sawing steel, and 
got excellent results with metal } in. thick ; but on 
trying to make saws gin. and $ in. thick the same 
results could not be obtained. The matter had 
been further investigated in an attempt to stan- 
dardise methods, and it was found that every } in. 
increase in size of bars between fin. and {in. involved 
a modification of treatment if the best results were 
to be obtained. With steel of similar composition 
to that mentioned in Mr. Johns’s paper, he had got 
somewhat higher results. Thus with bars 1}in. 
square, oil hardened and annealed, they got 49 tons 
ultimate tensile strength, a yield point of 38 tons, and 
an elongation of 23} per cent. on 2in. With bars 
6? in. in diameter, similarly treated, the tensile 
strength went up to 57.86 tons per square inch, the 
elastic limit to 45 tons, whilst the elongation was 
18 per cent. on 2in. In this case, however, the 
exterior of the bar was found to differ from the 
core. In addition to variations due to heat treat- 
ment, steel was also affected by the amount of work 
it received, different results being obtained if a 
particular bar were forged down from a 10-in. ingot 
or from a 14-in. one. To secure proper heat treat- 
ment his firm used two pyrometers in their furnaces, 
one being a check on theother. Even so, care was 
necessary to make sure that the temperature mea- 
sured was that of the metal, and not that of the walls. 
Thus in lowering the temperature, the metal cooled 
more quickly than the walls, and in the absence of 
care, errors would thusarise. With reference to the 
statement made in the paper that the endurance of 
a metal under vibratory tests was proportional to the 
elastic limit, he wished the Council would arrange 
to have this point thoroughly investigated, as,’ if 
true, it would be of great importance. He might 
note that in the Manchester experiments on ‘‘ high- 
speed steel” the power taken for a cut was found 
to be proportional to the elastic limit, and it might 
therefore be possible to estimate in this way the 
elastic limit of a metal whilst cutting it, which, if 
feasible, would save steel-makers much loss. 

Mr. J. M. Gledhill, from Messrs. Armetrong, 
Whitworth, and Co., could not let the remarks of Mr. 
Johns re fluid compression pass unchallenged, but 
would first express his indebtedness to the author 
for publishing data only obtainable from those who 
dealt with steel in large masses, and most of the 
author’s conclusions he could confirm from the ex- 
perience of his firm. He was surprised, however, 
to note that tyres received no special treatment, 
since he thought that the subsequent heating they 
underwent in putting them on to the centres was 
at too low a temperature to undo the good effects 
of the treatment. Proceeding, he thought it was 
very late in the day to question the advantages of 
fluid compression in ingots of circular section. 
Some nonsense had, it was true, been talked 
about the process, which was a purely mecha- 
nical one, and had no effect on the cheimical 
composition, as had been sometimes ignorantly 
alleged. The process had great advantages in 
securing homogeneity, which it was difficult to 





attain by mere heat treatment. Some time ago 
he had had a heated argument as to the merits of 
the process with a Sheffield steel man, who vehem- 
ently maintained it was useless, but the very next 
morning he had heard this same man question his 
manager as to whether certain cracks in a long shaft 
were really very bad. Such cracks would not have 
occurred had the ingot been fluid compressed. By 
fluid compression they did not absolutely abolish 
piping, but this piping and segreg tion was then con- 
fined to quite a small space at the centre of the 
top of the ingot, and they knew exactly where it was. 
On cutting it out by a trepanning tool the whole 
of the rest of the ingot was valuable, and the 
loss in waste metal was accordingly reduced to 
under 5 per cent. The pressure used ranged from 
2 tons up to 4 tons per square inch. The 
Russians had tried to abolish the piping en- 
tirely by using an extremely high pressure, but 
although they bulged out the ingot mould into a 
barrel shape by excess of pressure, they failed to 
abolish the pipe. In view of the fact that the 
rocess had been adopted at Bethlehem and 

reusot, in Russia, and by leading Sheffield and 
Glasgow firms, he must repeat that it was: very 
late in the day to find fault with the system of fluid 
compression. A special advantage of the method 
lay in the fact that it was possible to use circular 
ingots. The attempt to make a circular ingot in a 
chilled mould without fluid compression caused the 
development of cracks, owing to the still fluid metal 
shrinking away from the solid skin produced by the 
chill. _As a consequence, it was necessary to make 
the section of the ingot like that shown in the 
annexed diagram, Fig. 1, and then segregation was 
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liable to occur at the projections resulting in lines 
of weakness in the finished article. 

Continuing the discussion, Mr. Harbord stated 
that in some work carried out by Mr. Campion at 
Cooper’s Hill, on a 6-in. round bar, the central metal 
proved of different quality from the outside—a fact 
which clearly showed the influence of mass in the 
results obtained. He demurred, however, to Mr. 
Johns’s claim that the best steels could not be made 
by the basic process. If he meant merely that it 
was impossible to do this when phosphoric ores 
were used, he would agree ; but with hematite ores 
reduced in the basic furnace there was no difficulty 
whatever in making first-class steel, since with 
such ores it was possible to recarburise the 
metal in the furnace, because, there being no 
phosphorus in the ore to start with, there was 
none to be reintroduced in the process of recar- 
burising. In this way it was possible to get a 
purer and better class of material than by the 
acid process, and steels could thus be made con- 
taining carbon in all percentages from 0.1 up to 
1.3 per cent. with phosphorus always less than 
0.02 per cent., and generally under 0.01 per cent. 
In Germany axles and tyres were generally made 
of steel thus produced. With reference to vibra- 
tory tests, he could not agree that the results thus 
obtained always varied proportionately, with the 
elastic limit of the material, since his own experi- 
ments quite failed to bear this out. : 

Professor McWilliam, who followed, said that the 
author, whilst stating that laboratory results ob- 
tained with small specimens of steel could not be 
applied directly to heavy work, had, nevertheless, 
admitted the value of such experiments as a _— ; 
and he knew that other makers of heavy steel were 
keeping a careful watch on the work done in re- 
search laboratories. The necessary modifications 
by which corresponding results were obtained in the 
steel works coma then be devised by the manage- 
ment of the latter. As to fluid compression, he 
thought, despite the able advocacy of Mr. Gledhill, 
that most outside observers would agree with Mr. 
Johns as to the uselessness of the process. In its 
day it was undoubtedly of great value, but much 
improvement in the casting of heavy ingots by other _ 
methods had been effected of late years. He had 
seen the methods employed by Messrs. Vickers, 
Sons, and Maxim, Limited, described by Mr. Johns, 
and could answer for their efficiency. He had him- 
self, years ago, done something on the same lines 





in making crucible cast steel. The importance of 
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thoroughly ‘‘ killing” the metal was very great, 
as it was advisable to avoid any addition to the 
metal in the ladle. Sometimes, of course, it might 
be necessary to add aluminium, but there was 
always a danger attending this. It was interest- 
ing to compare the ingot moulds used at Messrs. 
Vickers’ works with that advocated by Mr. Grinell 
in his paper of two or thrbe’ years back, in which 
it was claimed that it was unwise to try to abolish 
blow-holes entirely, as the alternative was a 
pipe extending nearly to the bottom of the 
ingot. As to the matter of vibratory tests, he 
could not himself agree that they followed the same 
course as the tensile tests. Perhaps, if the maxi- 
mum load was kept below the elastic limit, the 
comparison would hold; but at the Sheffield 
Laboratory they strained the bars a little beyond 
this, so as to get results quickly, and there was 
then no f ghespe neers A between the endurance of 
a bar and its elastic limit. 

Mr. Carulla, of Landore, thought the paper 
would have been valuable if it had done nothing 
more than evoke Mr. Gledhill’s contribution to the 
discussion. If he (Mr. Carulla)had risen before this, 
he should have agreed completely with Mr. Johns, 
and was therefore glad to have had the case for 
fluid compression so clearly and forcibly put. As 
to the matter of the suitability of basic steel when 
high quality was aimed at, he was of opinion that 
ultimately the basic practice would overtake the 
theory, according to which basic steel should be the 
purest and .best made. 








In reply, Mr. Johns said he seemed to have no 
adverse criticisms to reply to, and his task was thus 
lightened. The results mentioned by Mr. Beard- 
shaw, which were somewhat higher than: those 
quoted in his paper, were not really comparable 
with the latter, since although the ‘Steels were of 
similar composition, Mr. Beardshaw’é' specimens 
were of small section, whilst his were taken from a 
shaft 26} in. in diameter and 84 ft. long.’ As to 
the basic process, Mr. Harbord would seem to sug- 
gest that the quality of the metal depended merely 
on the sulphur and phosphorus content; but he held 
that it was equally important to get rid of the 
oxygen, and this could be done in the presence of 
an acid slag only, so that it was impossible to make 
axles and tyres of the same quality in a basic fur- 
nace. As to Mr. Gledhill’s remarks, he would 
say that he considered circular ingot moulds totally 
wrong. Such moulds presented the least pos- 
sible surface for the escape of heat, and hence 
ingots must cool more slowly in them. It 
was important to covl the ingot as soon as 
possible so as to fix an outer shell. Hence 
circular moulds should be used for nothing but 
small work, and even for that they were now being 
eae The sole advantage Mr. Gledhill was 
able to adduce was a saving in metal, the amount 
it was necessary to cut away being, it was said, 
only 5 per cent., and certainly Messrs. Vickers 
would make no attempt to work down to this limit. 
Those that did not know how to cast a solid ingot 


' without it, might well adopt fluid pressure ; but that 
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| it was possible to avoid segregation by other means 
was well shown by the ae he had given of 
specimens from an ingot weighing 94 tons. Here 
the difference in carbon content of specimens cut 
from opposite ends of the ingot was only one point. 

Mr. Carnegie then adjourned the meeting till 
the next day, remarking that the gist of Mr. Johns’s 
paper was that an ounce of prevention was better 
than a pound of cure. 


PYROMETERS. 


In illustration of the report of the Committee 
on pyrometers suitable for metallurgical work, an 
exhibition of these instruments was held on the 
afternoon of Thursday, May 5. Amongst the 
instruments shown was the Callendar ws coco 
thermometer, with its recorder, made by the Cam- 
bridge Scientific Instrument Company, and also a 
Whipple temperature indicator. Another recording 
resistance thermometer, constructed on somewhat 
similar lines, was exhibited by Messrs. Baird and 
Tatlock, of Glasgow. The originators of the type, 
Messrs. Siemens Brothers and Co., also showed an 
electrical platinum thermometer ; but the principle 
is now so well known that it is unnecessary to refer 
to these further here. The same firm, however, also 
showed their water pyrometer, which, it was stated 
in the discussion, is that relied upon to obtain the 
temperature of armour-plates at the Whitworth 
Works whilst undergoing the complicated heat 








treatment now considered essential. Balls of 
metal—copper, iron, or platinum—are placed in 
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the furnace, and when they have acquired the full 
temperature, are drop) into water, and the 
furnace heat determined by the rise in temperature 
of the latter. 

A highly interesting recording pyrometer, based 
on the alteration of the viscosity of a gas with tem- 
perature, was shown by the Steinbart-Uebling 
Company. Air from the furnace is sucked through 
a very small hole maintained at the furnace tem- 
perature ; it is then cooled down to 100 deg. Cent., 
and sucked through a hole of the same size as that 
first named, and finally expelled into the atmo- 
sphere. The head necessary for suction is obtained 
by a steam-jet, and is kept absolutely constant on 
the suction side of the cooler orifice. The vacuum 
in the space between the orifices then alters with 
the temperature of the air entering the hot orifice, 
and thus forms a measure of the temperature. 
The waste steam from the suction-jet serves to keep 
constant the temperature of the cooler orifice at 
100 deg. Cent. A highly ingenious recorder is 
combined with this pyrometer, and this recorder 
can, by the use of air-tight tubing connecting it 
with the pyrometer, be placed at any desired dis- 
tance from the furnace. The instrument is not 
new, and has been employed in many steel works 
for some years. Perhaps the most interesting of 
the instruments shown were a number of dif- 
ferent types of optical pyrometer. In one of 
these, due to Mr. Walter Rosenhain, and made 
by the Cambridge Scientific Instrument Com- 
pany, the heated body, the temperature of which 
is desired, is inspected through a telescope, 
in the field of which is a platinum wire which can 
be heated by an electric current. The current is 
increased until the wire. vanishes in the bright 
field, and the temperature is then deduced from the 
readings of a delicate ampere-meter which measures 
the current passing through the wire. With an 
instrument of this kind it is possible to take the 
temperature of a distant mass of molten metal, for 
example, as it is being poured into the moulds. An 
instrument embodying the’ same principle was also 
shown by Dr. R. Hase, of Hanover ; but in this 
the radiation from the hot body is broken up by a 
prism into a spectrum, and part of this spectrum is 
then balanced against the light of a small electric in- 
candescent lamp which serves as a standard of refer- 
ence. This instrument, like Mr. Rosenhain’s, requires 
the use of electrical connections to the telescope ; 
but in the Mesuré and Nouel optical pyrometer, 
made by M. E. Ducretet, of Paris, the instrument 
is entirely self-contained. This pyrometer is 
based on the fact that if a source of white light 
is viewed through crossed nicols, complete extinc- 
tion of the light never occurs, owing to the 
composite character of the light. At one posi- 
tion of the nicols, however, a very slight motion 
of one of the nicols causes the colour of the field 
of view to change from violet to red. A similar 
phenomenon is observed if a hot body below the 
temperature necessary for the emission of really 
white light is observed ; but the position of the 
nicols at which the sudden change of tint takes 
place is different, and can therefore be used as a 
measure of temperature which can be read directly 
from a graduated arc moving with the nicol. 

The discussion on the Committee’s report was 
taken on Friday morning, May 6, and was opened 
by Mr. Stead, who, referring to the collection of 
instruments on view the previous day, stated that 
only a few years ago the only pyrometer available 
was the Siemens copper ball (water) pyrometer, 
which was followed by the Siemens electric resistance 
pyrometer, an instrument which had since been 
greatly improved. The choice of a pyrometer, he 

roceeded, depended on the particular conditions 
in which it was to be used, as not all were suitable 
for the same purpose. Moreover, it was not exactly 
a simple matter to get the temperature of a mass 
of steel in a furnace ; and many published results, 
he was sure, were unreliable, the temperature 
really measured being that of the furnace, and not 
that of the steel. He himselt had used the Le 
Chatelier pyrometer ; and with this placed between 
two bars, weighing 90 lb. per yard, which were 
being heated, the temperature recorded was 800 deg. 
Cent. ; whilst when placed above the bars the tem- 
perature indicated was 1000 deg. Cent. The precau- 
tion mentioned had been adopted in the experi- 
ments made at the Bolekow- Vaughan Works by Mr. 
Richards and himself; and by keeping the bars 
between which the couple was placed very close 
together, he thought they had obtained results very 
near the true temperature of the metal. In labora- 








tory work there was less difficulty, as holes could be 
drilled in the specimen under test; but this was 
inadmissible in commercial work. It might, however, 
be possible to drill the hole for the pyrometer in a 
heavy saddle of metal, and to place this over the mass 
of steel of which the temperature was required. No 
doubt many others had found and overcome the 
same difficulties in obtaining accurate temperatures 
as himself, and the matter was of great interest, 
since it was very importent to get really reliable 
results. 

M. Le Chatelier, who spoke in French, followed, 
and was succeeded by Professor McWilliam, who 
said that the Le Chatelier pyrometer had been used 
exclusively by Professor Arnold and himself in 
their work. Its introduction had proved the salva- 
tion of the scientific metallurgist as the cyanide 
process had proved that of the South African gold- 
fields. With respect to what Mr. Stead had said, 
it was, of course, true that in the laboratory 
they worked under more or less ideal conditions. 
Holes for the pyrometer could be drilled in the 
specimen under treatment, and vacua produced 
in the containing vessels, and other precautions of 
a similar character taken, which were impossible 
in practical steel-making. Yet, though in the latter 
case these ideal conditions must be departed from, 
the instruments could nevertheless be used quan- 
titatively even here, since one could determine by 
observation that with a certain pyrometer read- 
ing, a certain result was obtained, although this 
reading might not accurately represent the actual 
temperature of the mass of metal. Some forms of 
pyrometer were only available for taking the tem- 
perature of spaces. For example, it would not be 
safe to place one made up with a porcelain tube 
between two masses of steel. Nevertheless, even a 
‘* space ” temperature was useful, and by allowing 
for the influence of time and mass much good work 
could be done. In both types of electrical pyro- 
meter the deterioration of the platinum, or plati- 
num-rhodium wires had to be faced; but when 
we ggg 4 protected from iron oxide he found they 

ad a fair life. From a casual inspection of the 
optical pyrometers on view the previous day, he 
thought they seemed well suited for taking the 
temperature of molten metal when teemed into an 
ingot or acasting. Mr. Percy Longmuir had shown 
conclusively that the actual casting temperature 
was a matter which must be taken into account in 
the future, the difference in results obtained with 
one and the same metal cast at different tempera- 
tures being extraordinary. 

Mr. Campion spoke next, and said that none of 
the pyrometers available were perfect, each having 
its good and its bad points. Some were suitable only 
for taking the temperature of a hot space, whiist 
others, like the thermo-couple, could be placed very 
close against a hot mass of metal. He himself had 
always used this latter type in his experiments ; 
but one difficulty met with was the relatively short 
life of the wires, which soon deteriorated, and 
needed some more efficient means of protection. 

Professor Henry Louis wished to comment on 
the omission from the Committee’s report of a type 
of pyrometer of which he could speak very highly 
—-viz., the Seager cones. For many practical pur- 
poses-it was suflicient to ascertain the temperature 
within-a limit of 50 deg. Cent., and here the cones 


-had great-advantages, whilst for. low temperatures 


alloys could be-used ; and he would remind members 
of the’old blast-fuinace plan of deducing the tem- 
perature of the blast from the time taken for a 
zinc or lead bar to cut in the hot-blast of the 
tuyeres. 

Professor Turner, who followed, said he wished 
to support Professor Louis in his contention as to 
the usefulness of pyrometers based on the melting- 
points of metals and alloys. Whilst great advances 
had been made in pyrometry of late years, he still 
thought there was a field open for simpler types, 
and was reminded of a story told of F nen sa by Pro- 
fessor Tyndall. Faraday was appointed on a light- 
house commission charged with taking photometric 
measurements of the intensities of the lights. The 
most elaborate apparatus was provided by some of 
the members, whilst Faraday’s photometer con- 
sisted simply of a scarf-pin with a bright spherical 
knob, in which he compared the brightness of the 
image due to the lighthouse with that due to the 
standard lamp. His results proved quite as trust- 
worthy as those obtained with the most elaborate 
precautions. Simple methods, he held, were im- 
portant, and ona maintain their place. At Bir- 
mingham he had introduced a modification of the 








melting-point method of determining temperatures. 
Little blocks of tin, lead, zinc, antimony, silver, 
and copper were placed on a plate of fireclay, 
together with similar blocks of any alloys of which 
the melting-point was to be determined. The 
whole was then placed in a muffle, and the heat 
turned on. The time was then noted at which the 
blocks melted, and the results were finally plotted 
as a diagram, the known melting-points of the 
reference metals being plotted as ordinates, and 
the times as abscisse. It was then easy to 
read off this diagram the unknown melting- 
points of the alloys. It would be seen that a 
number of determinations could be made at the 
same time. Further, the student, having to watch 
the muffle during the process, acquired a knowledge 
of the appearance associated with certain tempe- 
ratures, and had, moreover, impressed upon him the 
higher cost of a given increment of temperature as 
the temperature increased. The method, moreover, 
crowded together points at low temperatures, whilst 
for higher temperatures the scale opened out, which 
was the reverse of what was obtained with most 
pyrometric methods. Experiments of this kind 
made with K,0O,, Na,CO,, and Na,SO, showed that 
all three melted before silver did, and that conse- 
quently the published fusion points of these salts 
were entirely wrong. The method, it would be 
seen, could also be used to calibrate a pyrometer 
throughout its whole range at one operation. 

Mr. J. M. Gledhill differed from Professor Louis, 
who considered that an error of 50 deg. was not 
very important in practice, since in armour-plate 
manufacture it was necessary to work to a much 
closer limit. Such a plate had to be heated accu- 
rately to six or eight different temperatures, all of 
which were critical temperatures, and these, more- 
over, varied with the analysis of the plate. They 
lay between 1600 deg. and 1700 deg. Fahr., and 
must be attained within a limit of 10 deg. or 20 deg. 
Fahr., up or down. It would be impossible to 
attain this without the use of a pyrometer ; they 
had tried several, including the Le Chatelier. They 
had, however, fallen back on the Siemens water 
pyrometer, which for temperatures between 1600 deg. 
and 1700 deg. gave them results right within 20 deg. 
Fahr. The Siemens electrical pyrometer was also 
used in the furnaces, but only as a check on the 
other. The plan followed was to attach a wire to 
the ball, this wire being protected by asbestos. 
The ball was then placed on the plate, and covered 
with a mound of sand to protect it from the direct 
action of the furnace. After remaining here for 
15 minutes it was quickly withdrawn, and the wire 
being cut, the ball fell into the water-tank, and the 
temperature of the plate was then read off the scale 
attached to the latter. 

Mr. Thwaite said his attention had been drawn 
to the Mesuré and Nouel pyrometer thirty years 
ago, and he could recommend it for taking the 
temperature of a mass of steel, whilst for space 
temperatures the Le Chatelier pyrometer, intro- 
duced sixteen yearsago, met allrequirements. He 
would like also to mention the James Murray pyro- 
meter, depending upon the vapour pressure of 
mercury at high temperatures—a type of instrument 
which had proved very useful in its day. 

Mr. Enoch James, who spoke next, claimed to 
have been, at least indirectly, the cause of the first 
application of the Le Chatelier pyrometer to the 
blast - furnace. ~ The’ late Sir William Roberts- 
Austen, whilst taking a party of students over 
Dowlais, had been struck with the device used for 
recording the time at which the stoves were changed 
over, and Mr. Martin had asked him if he could not 
apply a recorder to the Le Chatelier pyrometer. 
This was done ; but it was not long before a certain 
deficiency appeared—viz., that it was not then 
possible to tell till next day what the temperature 
was ; and, further, the instrument read from right 
to left, instead of from left to right. By fitting up 
a deflecting mirror, and adding a scale, both these 
objections were overcome. 

Mr. Weldon Hansen, of the Clarence Works, 
thought that the views of a works chemist might 
be of interest. As to Professor Turner's method 
of determining melting-points, he might remind the 
meeting that Sir Lowthian Bell had done the same 
thing thirty years ago; but whilst the plan was all 
right for students, it was not suitable for works 
use. He had tried the Murray instrument men- 
tioned by Mr. Thwaite, and it worked well, 
but was, of course, now out of date. The Le 
Chatelier pyrometer had been in use at the Clarence 
Works for fourteen or fifteen years. At the outset 
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pase 
Sir Lowthian Bell had feared it would prove too 
delicate for works use, but this was not so; and 
the original instrument was working to-day as well 
as ever, although the galvanometer had once had a 
Lad fall. They had several in use. For recording 
the temperatures he did not think they could beat 
the Uehling instrument, of which they had fifteen in 
use at Clarence. He had found pyrometers fitted 
with porcelain tubes were all unfitted for works 
use, as the porcelain soon cracked. 

Sir Lowthian Bell, referring to his early re- 
searches, stated he had used the Siemens water 
pyrometer in these simply because there was no 
uther ; but now he had the Le Chatelier in use, 
with wires leading from the furnaces to the office. 

Mr. Rosenhain, as another works chemist, stated 

that he had found the Le Chatelier instrument at 
fault when it was desired to take a continuous 
record for months of furnace temperatures between 
1300 deg. and 1500 deg. Cent. It would not stand 
exposure to these for more than half-an-hour or so. 
As to the wires themselves, he found the alloy 
stood better than the pure platinum, and he was 
now using two different platinum-iridium wires as 
his couple. The great difficulty was to protect the 
wire at these high temperatures from the furnace 
gases. He had tried a material which would just 
melt at the highest temperature reached, but then 
there was a serious lag, and, in fact, nothing would 
stand a temperature of over 1300 deg. Cent. for 
more than a few minutes. With lower tempera- 
tures, such as were used in annealing and harden- 
ing steel, this difficulty did not arise, and for such 
purpose he considered the Callendar resistance ther- 
mometer and recorder the most useful type. The 
temperature could be read off at any moment, as 
the pen point was always in sight, and no develop- 
ment was necessary, as with photographic’recorders. 
He could not agree with a previous speaker that 
galvanometers were not delicate instruments, and 
had found it necessary to protect them by air- 
tight casings, even when kept standing in one room. 
An objection to the. thermopile lay in the fact that 
it was delicate at both ends, so to speak. . In the 
course of his experiments on the protection of the 
couple, he embedded it in fireclay direct. Thus 
protected, it behaved in a verycurious manner. In 
a reducing atmosphere it corroded through in a few 
minutes, and then acted as a little battery, the 
fireclay at the high temperature acting as an elec- 
trolyte. On closed circuit it soon polarised, re- 
covering its activity on opening the circuit. This 
experience well showed the great caution required 
in using ordinary insulators at high temperatures. 

Professor Arnold spoke next, saying he had used 
the Le Chatelier pyrometer for fourteen years, and 
submitted it to the most exhaustive tests, both in 
research and workshop use, and there was none 
that they liked better at the Sheftield Laboratory. 
Here they had a central station, to which was 
coupled all the pyrometers in use, some of which 
were quite 200 yards away. Any of these instru- 
ments could be switched in at the central station 
when needed. For ordinary work he thought the 
Le Chatelier the best type, while as a recording 
instrument he; preferred the Uehling. As to what 
Professor Turner had stated, he would say that‘he 
had made hundreds of experiments on the melting- 
points of salts, and was certain the published results 
were correct. ‘ 

Mr. Hadfield, in replying. for the Committee, 
said it had been impossible to include in the paper 
every type of instrument, but additions would be 
made to the text. The remarkable advance made 
in pyrometers was due, he considered, to.M. Le 
Chatelier. Not one of the different pyrometers was, 
however, quite perfect: some, for example, were difti- 
cult to handle, whilst others wore out too quickly. 
In conclusion, he wished to point out that for stan- 
dardising such instruments Great Britain was no 
longer dependent on Germany; the work could now 
be done at the National Physical Laboratory. 

In our next issue we shall conclude our report of 
the discussion on the remaining papers read. Of 
these, one dealt with the manufacture of coke in 
Hiissener ovens, and the other with some researches 
on the cooling curves of iron carbon alloys carried 
out at the National Physical Laboratory. 


(To be continued.) 
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BORSIG’S WORKS IN GERMANY. 
(Continued from page 605.) 
Water-Tuse Borers. 

THE type of water-tube boiler constructed by the 


firm is illustrated on pages 672 and 673 (Figs. 97 to 
99), and follows generally the lines of many large- 
tube boilers, with front and rear headers, connecting 
with the steam-drum on top, the water circulating 
threugh the inclined tubes 
rear headers. In other words, the boiler consists 
of an upper and a lower portion. 
portion comprises a system of tubes connected. by 
héaders at each end, and the upper portion is a 
cylindrical vessel containing the steam space, and 
carrying the various valves, water-gauges, &. 
The tubes are inclined at an angle of about 


tween the front and 


The_ lower) 


12 deg. The headers are welded out of extra-mild 
basic steel, and stayed by screw stay-bolts, with 
the heads riveted over. The section of the headers 
is such that free circulation of steam and water is 
ensured, the spacing of the tubes having been 
determined by complete and exhaustive tests, so as 
to allow the most favourable conditions of circula- 


tion, this being facilitated by bringing water direct | . 


from the upper drum to the lower rows of tubes. 
In order to, facilitate the passage of the steam 
from the lower into the upper portions of the 
boiler a funnel is placed above the front header at 
its connection with the steam space, as shown in 
Fig. 97. 

Special means are provided for removing deposit 
at an easily accessible part of the boiler. To this 
end transverse separating-plates are placed in the 
steam-drum between the above-mentioned funnel 
and the back. header, so that the water thus 
inclosed does not directly circulate. The feed water 
passes first into this space, and is here heated ; any 
deposit contained in it is precipitated, so that, 
generally speaking, only pure water enters the 
system of tubes. The deposit itself can be re- 
moved at any time by means of a pipe connected to 
the blow-off cock, fitted to the steam-drum. 

Great care is taken to render all parts accessible, 
a large manhole being provided in the steam-drum. 
Opposite the end of each of the tubes there is a 
hand-hole on the header ; it is closed by a cover, 
the steam-tight joint of which is on the inside. 
In order to allow for the expansion of the tubes 
the lower end of the back header is carried. on 
rollers, and the back end of the cylindrical drum is 
so supported that it can move with the expansion 
caused by the heat. 


SUPERHEATERS, 


The superheater, arranged by the firm for work- 
ing in combination with any ordinary class of steam 
boiler, consists of one or more pressed steel headers, 
which are tested by hydraulic power up to from 
450 lb. to 700 1b. per square inch. In these headers, 
sets of serpentine-curved solid-drawn tubes of special 
mild steel are fitted in the path of the hot gases. 
As a result of circulation through these coils, and 
of the comparatively small internal diameter of 
the tubes, the current of steam is split up into 
jets in close contact with the tube surface, so 
that not only is the absorption of heat great, but 
the tubes do not suffer from the high tem- 
perature. In'addition, they are made sufficiently 
thick to allow for a considerable accumulation 
of heat, and consequently the amount of super. 
heat is constant, and not liable to variation 
with the changing of the temperature of the heating 
gases—a variation which must necessarily result 
during firing, by opening of fire-doors, cleaning 
bars, &c. Owing to the smooth external surface 
of the tubes, and their small diameter, all deposit 
of ash, &c., is avoided. As a special precaution, 
however, doors are provided in the masonry, in 
suitable positions, so as to allow of the cleaning 


of the whole length of the tubes, and of the divid- 
ing walls of the superheater, by means of a steam 
jet, while the boiler is still kept at work. 


The tubes are so arranged that they can expand 


freely with the temperature ; all steam-tight joints 
are outside the range of the gases, and accessible 
at all times, 
covers for this purpose are arranged in the 
opposite wall, these covers being co-axial with 
one of a group of tubes. 

steam can be easily regu 
can be shut off altogether by moving a single lever, 
and, by means of an adjustable valve, water can be 
admitted for regulating the steam temperature. It 
is also possible to arrange for supplying saturated, 


Each tube can also be reached ; 


The temperature of the 
lated. The superheater 


superheated, or ‘‘mixed” steam, as may be re- 
quired, a thermometer being fitted to show the 
exact state of the steam produced. 


(To be continued.) 








THE ENGINES OF H.M. CRUISERS ‘“‘ KENT,” 
‘* LANCASTER,” AND ‘* CORNWALL.” 

On page 680 we illustrate the engines of three of 
the County class of cruisers. M.S. Kent was built 
at Portsmouth and H.M.S. Cornwall at Pembroke, 
while H.M.S. Lancaster was built by Messrs. Sir 
W. G. Armstrong, Whitworth, and Co., Limited, at 
Elswick Shipyard, the machinery in all three cases 
being supplied. by Messrs. R. and W. Hawthorn, 
Leslie, and Co., Limited, St: Peter’s Works, Newcastle- 
on-Tyne. 

The main oh ome machinery consists of two sets 

of triple-expansion four-cylinder vertical engines, 
working at a steam pressure of 250 lb. per square-inch. 
The diameter of the high-pressure cylinders is 37 in., 
that of the intermediate 60 in., and that of each of 
the low-pressures 69 in., the stroke being 42 in. The 
engines run at about 145 revolutions per minute when 
developing: 22,000 indicated horse-power. 
The engines are balanced on the’ Yarrow, Schlick, 
and Tweedy system, the high and intermediate cylin- 
ders being in the centre, and the two low-pressure 
cylinders at the ends. The high and intermediate 
cylinders are each fitted with piston-valves, the low- 
pressure valves ge treble-ported slide-valves. The 
main crankshafts, which are hollow, are made in two 
pieces for each engine—i.¢., with two crank throws on 
each piece. This enables the centres of the two 
adjacent cylinders to be brought as close as possible. 
The main bedplate frames are steel casings, and each 
cylinder is supported by a back column of cast iron of 
Y shape and two forged steel frontcolumns. The main 
condensers are four in number, having a total cooling 
surface of 23,000 square feet ; they are arranged two 
in each engine-room, and are fitted with suitable shut- 
off valves, so that either condenser can take the steam 
from both low-pressure cylinders should it be necessary 
to shut off one condenser for repairs. The vessels are 
fitted with all the auxiliaries customary for machinery 
of this class. : 

While the engines are alike in all: three ships, 
H.M.SS. Kent and Lancaster are fitted with Belleville 
boilers, whereas the Cornwall is fitted with Babcock 
and -Wilcox boilers. ° 

In the case of the two former vessels the ‘boiler 
installation consists of thirty-one Belleville boilers 
fitted with economisers. The total heating surface is 
50,300 square feet, and the total grate area is 1610 
square feet. The boiler installation of H.M.S. Corn- 
wall consists of twenty-four Babcock and Wilcox 
boilers, these having a total heating surface of 56,604 
— feet, dnd a total grate area of 1623 square 

eet. 

The steam trials of all three vessels proved very 
satisfactory, those of H.M.SS. Kent a Lancaster 
having taken place a few months ago.~ The following 
are the results obtained from the trials of H.M.S. 
Cornwall :.— - 

















j 
| 30 Hours’ | 30 Hours’, 8 Hours’ 
Ses | Trial at | Trialat Trial at 
4500 16,000 | 2%,000 
| LHP. | LHP. | LHP. 
Steam pressure on boilers a er 225 | 242 
Mean air — its a unt | ‘ Ts 
ir : tar’ a 9 7 48, 
Revolutions | por, |: 9.8 | 1363 | 117.2 
Undicated Starboard .. 2380 8,161 | 11,284 
horse-power | Port Se 2420 8,826 | 11,415 
‘Total indicated horse-power..' 4800 ‘16,487 | 22,699, 
Mean speédin knots .. ..| 15.3 21.835 | 23.689 
Coal per indicated horse-power | 
perhour .. ée rae 1.73 | 1.69 1.94 
Water per indicated horse-power | 
per hour for both main and | 
auxiliary engines aa Wl? TRO 17.45 | 17.9 


! 


It will be remembered that the earlier vessels of the 
County class did not realise the anticipated speed of 
23 knots, and it was found necessary to introduce certain 
modifications in the propellers, with a view to improv- 
ing the speed performance of the ships. With the pro- 

lers as originally fitted, the best speed obtained with 
ELMS. Kent was 22.6 knots, whereas with the altered 
propellers the Lancaster obtained the high speed of 
24.01 knots as a mean of two long-distance runs ; while 
the Cornwall obtained a speed of 23.689 knots as a 
mean of eight hours’ steaming. The — obtained 
by the Lancaster is believed to be the highest speed 
obtained in point-to-point steaming by any vessel of 
the class, but was borne out by the Cornwall, which 
on one pair of runs also gave a speed of practically 
24 knots. We may mention that at one att of the trial 
the machinery of the Cornwall was developing upwards 
of 24,000 horse-power without any excessive forcing of 
the boilers, and this power could certainly have been 
maintained for a considerable period if necessary. 
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CONSTRUCTED BY 





























Fig. 2. 


On this page we publish illustrations of a very 
compact and useful universal milling machine, with 
vertical spindle and rack-cutting attachment, which 
possesses some points worthy of notice. It if manu- 
factured by Messrs. Kearney and Trecker, of Mik 
waukee, Wis., the general selling agents for whom are 
Messrs. Hill, Clarke, and Co., Boston, New York, and 
Chicago. The machine has a very high rate of feed 
for the table, the speed varying from 4 in. to 16 in. 
per minute, the latter, it is claimed, being about 10 in. 
faster than has hitherto been attempted on other 
similar machines. The vertical attachment is new, 
and is placed very high on the machine, which gives a 
range of 20 in. under the vertical spindle, and the 
machine is well adapted for the heavier class of tool- 
room work and general manufacturing purposes. 

The horizontal, vertical, and dividing head spindles 
have taper holes and threadec ends which correspond, 
so that all tools will interchenge. The cutter arbor 
is of tool steel and has a clutch collar drive, so that it 
is impossible for the arbor to slip and damage the 
taper hole. Spindle speeds are in geometric progres- 
sion, and vary from 14 to 342 revolutions per minute 
in sixteen changes, accommodating all sizes of cutters 
from }in. to 10 in. in diameter, and the = are 
plainly shown on a suitable plate attached to the 
machine.” The feed is automatic in all directions 
(cross, vertical, and table), is engaged or reversed by 
the same handle on the front of the machine, and 
no two fecds can be engaged at the same time. It is 


* 


positively driven, with gear change mechanism run- 


fing in oil, the variation being from 0.007 in. to| 


0.250 in. per revolution of spindle in twelve changes, 
giving a large number of available feeds, varying from 
4 in. to 16 in. per minute. The knee is a box-section, 
and there is no hole through the top to cause weakness 
under side strains. The table can be swivelled in 
either direction to 50 deg. before striking the frame. 
It has three T-slots, oil channels, and pockets at the 
ends, the latter being so constructed that the centres 
can be used at the extreme ends when it is necessary 
to take in long work. The dividing head and tail- 
stock have some good features. The worm-wheel is 
double the usual size, and the worm is placed directl 
on the index shaft. Universal indexing, dividing all 
numbers to 360, may be carried out. 

The following advantages are also claimed for this 
machine :—The gearing for spiral drive is completely 
covered with the h at any elevation; the head 
interchanges with the vice on the graduated base, so 
that it can be set at any angle, and a graduated 
elevated tailstock is provided, so that the tail centre 
can be set in line with the head spindle without 
special fixtures. 

Another feature of the machine is that the spindle 
can be set at any angle, from vertical to horizontal, 
and is positively driven from @ spur- screwed on 
the main spindle and large steel 


spindle. Only five minutes are required to change from | Fi 





a horizontal to a vertical spindle milling-machine. 


| 





MILWAUKEE MILLING MACHINE. 
MESSRS. KEARNEY AND TRECKER, ENGINEERS, 





MILWAUKEE, U.S.A. 
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‘These two positions are shown in Figs. 1 and 2, 


| 


vel on the vertical | enlarged views of these two positions being shown in 


i. 3and 4. Fig. 5 is a detail of the spindles. 


he rack-cutting attachment is driven from the 
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STEAM-HYDRAULIC FORGING-PRESS. 


CONSTRUCTED BY MESSRS BREUER, SCHUMACHER, AND CO; 


vertical spindle, and will cut ae with angles 
greater than 50 deg. The following are some of the 
leading dimensions of the machine :— 


Table feed 30 in. 
Cross feed 10 ,, 
Vertical feed... 2 Si 18 ,, 
Working surface of table... ... 10 in. by 44 in. 
Index centre swing... oe eg 12 in. 
Index centres take in length aoe 25 ,, 
Face of column to centre of vertical 

spindle... ie si ‘ik re Tt ,; 
End of vertical spindle to top of 

table in lowest position i a 








STEAM-HYDRAULIC FORGING-PRESS. 

Durine the last few years forging - presses have 
largely superseded the large steam-hammers, mainly 
owing to the disadvantages possessed by hammers 
compared with presses. These disadvantages, which 
are inherent with hammers, are well known. 

The duration of the effect.is extremely short, owing 
to the rapidity with which the blow falls ; the effect is 
also always more or less superficial, and the material 
therefore is not thoroughly worked through. Owing to 
the enormous foundation necessary, the cost of putting 
down large hammers increases out of all proportion to 
their size ; whilst a press only needs sufficient founda- 
tions to carry its own weight, as it takes up its pressure 
and transmits none of it to the ground. The way in 
which the hammer works, especially in large sizes, 
necessitates frequent and costly repairs, with con- 
Sequent stoppages, which with presses are almost 
entirely absent. The vibration entails much annoy- 
ance and damage in the neighbourhood of hammers, 
and is frequently the reason why permission for their 
erection is refused. The method of operating a press 
allows the work to be better handled, and more accurate 
forging to given dimensions. 

Moreover, the large heavy hammers do not work 
faster than a press, owing to the long stroke. The 
quantitative capacity of a press is, therefore, much 
greater than that of a steam-hammer. A further great 
advantage of & press, compared with a hammer, lies in 
the qualitative improvement in the forgings. .With 
. a there is no guarantee that the internal blow- 

oles will be pressed out, or the material thoroughly 
worked. In the case of the press, however, the pressure 
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can be exerted for} any desired 
transmitted right to the centre o 


riod, so as to be 
P the forging. This 
has been clearly proved in practice. 

It is claimed, Eacerer: that the question becomes 
somewhat different with: medium and small - sized 
steam-hammers, which, whilst possessing all the dis- 
advantages of the larger hammers, have the advantage 
that they can be worked very rapidly—i.e., with a 
proportionately large number of strokes ; this rapidity 
of movement being one of the principal properties of 
steam. Many attempts have been made to replace 
these smaller hammers by presses. These attempts, 
until recently, however, were not very successful, 
owing to the fact that the small presses have not been 
able to work with the rapidity required for medium 
and small-sized work. Messrs. Breuer, Schumacher, 
and Co., of Kalk, have, however, designed and made a 
small steam-hydraulic forging-press, for which they 
claim that it combines the advantage of the press on 
the one side and of the steam-hammer on the other. 
This tool we illustrate in Figs. 1 and 2, above, 
and it will be seen that it retains rather the shape 
and appearance of a steam-hammer. All the move- 
ments which influence the speed of working are 
operated by steam, while the actual pressure is gene- 
rated hydraulically. 

As shown in Fig. 2, the press consists for the main 

art of a cast-steel standard, to the top of which is 
bolted the cast-steel hydraulic-pressure cylinder, below 
which come the adjustable square guides for the tup 
or hammer. The steam-lifting cylinder is arranged 
over the hydraulic cylinder, so that as soon as the 
hydraulic pressure is released, the lifting piston raises 
the hammer. 

The standard also carries the steam cylinder of the 
driving gear or intensifier. The pump cylinder is 
connec by means of a crosshead. and two rods 
with the piston of a steam cylinder, so that the 
water from the pump cylinder is forced into the 
hydraulic cylinder, and the work pressed as soon as 
steam is admitted below the piston of the rear steam 
cylinder, When the steam-lifting cylinder raises 
the hammer, the water is forced back into the pump 
cylinder. 

A further arrangement is provided by means of 
which the bea: cylinder can be first filled from 
a tank, so that in forging, the intensifier only has to 
supply sufficient pressure water for the work, econo- 


(6267.8) 


mising pressure water, and limiting the steam consump- 
tion to the amount required for actual forging. 
Forging is, however, not the only purpose for which 
the press can be used; for, as the pressure can be 
exerted as long as desired, bending work can be done 
as — light flanging work, which is frequently 
uired. 

n order to meet all requirements, the presses are 
made in various sizes—200, 300, 400, and 500 tons—- 
and are particularly suitable for turning out forgings 
from billets of 200 to 400 millimetres in diameter. 








LonDON AND NortH-WESTERN ELEcTRIFICATION.—In 
order to ascertain the relative advantages of electric and 
steam traction, the London and North-Western Railway 
Company is making arrangements for the electrification 
of its Newport-Pagnell branch, which leaves the main line 
to the north at Wolverton. The distance of 4 miles, with 
sopmes at the two intermediate stations of Bradwell 
and Great Lingford, is now accomplished by steam loco- 
motion in 12 minutes. The new system will be similar 
to that developed by the Lancashire and Yorkshire 
Company between Liverpool and Southport. 





GREAT TELEGRAPH ANNIVERSARY.—The present month 
has witnessed the sixtieth anniversary of the despatch of 
the first Morse telegraph message in the United States. 
It was on May 1, 1844, that the first telegram was sent 
between Baltimore and Washington, announcing the 
result of a convention at Baltimore, at which Mr. Henry 
Clay was designated for the American Presidency. The 
immense progress which has since been made by land and 
submarine telegraphy is shown in the fact that, in round 
figures, 1,000,000 telegrams and cablegrams are now. de- 
spatched throughout the world daily. A recent compila- 
tion upon the subject arrived at an annual te of 
364,848,474 telegrams. In this vast total Great Britain 
figured for 92,471,000 ; the United States for 91,391,000 ; 

rance for 48,114,151; Germany for 46,008,794; Russia 
for 18,565,867; Austria for 15,057,176; Belgium for 
14,411,487 ; Hungary for 14,370,439; Italy for 9,064,488 ; 
Spain for 5,393,872; Holland for 5,088,104 ; and Sweden 
and Norway for 4,311,657. The first submarine telegraph 
message was despatched in June, 1850, from France to 
Great Britain, over a cable uniting Dover and Cape 
Grisnez. The subsequent extension of the submarine 


telegraph system has been simply marvellous, comprising, 

as it now does, 235,625 miles of cable. Account must 

be taken of the development of the telephone, which is 

a rely more and more importance, especially in the 
ni 





tates. 
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“NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 4. 

THE fact that Lake ore will sell at about a dollar a- 
ton cheaper than last year will have an important 
bearing on the iron trade. About 15,000,000 tons will 
be shipped during the coming season, and there is a 
stock at the lower Lake ports and furnaces of about 
6,000,000 tons. The demand for iron and steel products 
continues light, owing to a deeply-seated conviction 
that midsummer and autumn deliveries can be nego- 
tiated at something less than present ruling prices. 
While the tone of the market is not strong, it is by no 
means weak, because the requirements are pretty well 
known, though, they do not size up to a magnitude 
which means firm and steady prices. The American 
Bridge Company is in the market this week for large 
quantities of material, one estimate putting the amount 
at 75,000 tons. The Bessemer pig-iron makers are fight- 
ing hard to maintain their big profit of 4.50 dols. per 
ton, which they have been enjoying so long; but 
it is a question whether they will be able to maintain 
this advantage. This large profit is denied to exist 
by the makers, but the buyers figure it out 
that way. There will be no heavy transactions 
in Bessemer pig for some little time, as the United 
States Steel Corporation will not be an active buyer. 
Lower prices for foundry are in sight, by reason of the 
increased furnace capacity in foundry production. 
Makers of crude iron are endeavouring to induce 
buyers to anticipate their requirements for the third 
quarter of the year. This means a sufficient shading 
to overcome the present objections of buyers. In 
finished material there is very little change outside 
of the prospective heavy business in bridge iron. The 
railroad companies, or a good many of them, have 
finally decided to prosecute long-projected bridge- 
building, and there is a strong probability that bridge- 
building will assume much larger proportions than are 
at present indicated. It would take a very little con- 
cession on plate and structural material to bring about 
the placing of a large amount of bridge-building work. 
The tone of the market will be improved should the 
railroad companies resolve upon an aggressive policy 
in improvements, and there is a strong impression 
— financial managers of railroads that this 
will the policy pursued. In machinery lines 
great activity prevails for heavy machinery, such 
as machinery for power-houses, locomotive shops, 
better equipment of large engineering plants, and 
the like. Activity in light machinery is not worth 
notice. There isa great deal of inquiry for equipment 
of mining enterprises, and the builders of pipe-lines 
are making it quite interesting for pipe manufacturers. 
Last week orders for over 20,000 tons of pipe from 
6 in. to 12 in. in diameter were placed, and the in- 
quiries now on the market will probably. result in 
business within the next ten days for at least as much 
more, The conveyance of oil by pipe-lines is being 
extended over longer distances. Besides, oil is being 
developed in many localities, and it is found that pipe- 
lines form the most economical method for its quick 
transportation. The cast-iron pipe makers are par- 
ticularly favoured with profitable business, and, with- 
out a single known exception, all plants are filled with 
work that will carry them into at least midsummer. 
An improving tone is apparent in this and two or 
three other directions. Locomotive builders, in a 
recent interview, stated they saw no reason for appre- 
hending any less activity in their shops during the 
year. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Only a small business was 
done in the pig-iron market on Thursday. The quotations 
opened easier, but recovered, and closed firm, Cleveland 
at the finish showing a gain of 4d. per ton forcash and 1d. 
for one month. Thesettlement prices were :—Scotch iron, 
52s. 3d. ; Cleveland, 44s. 44d. ; Cumberland hematite iron, 
54s. 44d. per ton. Friday did not bring much change, 
either in prices or in demand or business, but when the 
market was opened on Monday, it was again inactive 
and easier, the turnover consisting of 1500 tons of Cleve- 
land warrants, which were dealt in at 44s. 7d. eleven 
days, and 44s. 8d. one month, with closing cash 
sellers at 443. 7d. Buyers of hematite iron were quoted 
at 54s. 3d. one month. In the afternoon the tone was 
steady ; but there was little doing. Cleveland warrants 
to the extent of 1500 tons chai hands up to 44s. 64d. 
cash, and 1000 tons were alsu done at 44s. 7d. two mont 
The settlement prices were :—52s. 3d., 44s. 6d., and 
54s. 44d. per ton. The market was more active on Tues- 
day forenoon than it has been of late, the turnover of 
Cleveland warrants being 7000 tons. Prices were steady 
at 44s. 6\d. cash and thirteen days, and 44s. 7d. one 
month ; but the tendency was easier towards the close, 
when there were dealings at 44s. 6d. seventeen and fifteen 
days. In the afternoon 1000 tons of Cleveland warrants 
were dealt in at 44s. 64d. one month. The tone was dull, 
and closing buyers were quoted 4d. down from the fore- 


noon at 443. 54d. cash and 44s. 6d. one month. The settle- 
— prices were :—52s, 3d., 44s. 6d., and 54s. 44d. per ton. 
he market quotations of warrant and makers’ iron No. 1 
are :—Clyde, 58s. ; G 
58s. 6d.; Langienn, 6 


errie, Summerlee, and Calder, 
93.; Coltness, 70s. 6d.—the foregoing 





all ship’ at Glasgow ; Glengarnock (shipped at Ardros- 
san); Shotts erred at Leith), 60s.; Carron (shipped at 
Grangemouth), 593. 6d. per ton. There is absolutely no new 
feature to report with regard to the pig-iron markets of 
the past week. American reports show a growing feeling 
of dulness, but no indication has yet transpired that the 
German syndicate require to press sales here. On reports 
from America and Germany the course of the markets natu- 
rally, to a greater extent, depend, and any weakening in 
either centre must be reflected here. Home trade reports 
are somewhat mixed—in some departments strong, in 
others weak ; but the state of makers’ stocks here and in 
Middlesbrough show that consumption is quite equal to 
the present vurtailed production ; but how long production 
will be curtailed to its present limits Scotch and Mid- 
dlesbrough producers can alone answer this question. The 
number of Ronnees in blast in Scotland is 86—the same 
as at this time a year ago. Furnaces in Cleveland are 
apparently working badly. The pig-iron market was 
steady, but very idle this morning, there being only one 
transaction in Cleveland warrants at 44s. 54d. cash. The 
afternoon session was completely idle, with Cleveland 
Care 4d. lower at 44s. 54d. cash and 44s. 64d. one 
month, 


Steel.—East Coast and Scotch hematite iron are un- 
altered at 53s. 6d. and 57s. 6d. per ton delivered to the 
steel works in the respective districts. American reports 
are very unfavourable, and billets and bars are again 
being freely offered in our market. .A fillip has been 

iven to the steel trade this week by a report that three 

ile bridges at Cairo have been contracted for by Sir 
William Arrol and Co., the work to be carried out jointly 
with Messrs. Head, Wrightson, and Co., of Stockton. 
The work is one of great magnitude, one of the bridges 
being a third of a mile long, in spans of 140 ft. There 
was great competition to secure. the contract ; at least 
thirteen engineering firms sent in tenders. 


Dominion Steel and Iron for* Glasgow.—The steamer 
Trold has just sailed from Sydney, N.S., for Glasgow, 
with a cargo of 1400 tons of steel and 2100 tons of pig iron. 


Kilmarnock New Gas Works.—Yesterday the Kilmar- 
nock Town Council opened their new gas works which 
they have constructed at a cost of about 38,000/. in the 
te ig part of the town, Riverbank, in the district 
called Riccarton, instead of on the most elevated part 
of the town. In the year 1866 the make of gas in the 
Corporation gas works was 56,000,000 cubic feet, and 
this year the make has reached, or is expected to 
reach, 160,000,000 cubic feet, so that the gas industry has 
done exceedingly well, and the manufacture is in the 
hands of Mr. William Fairweather, who has designed 
the Riverbank Works. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Trade of Hull.—The Hull Corporation Parlia- 
mentary Committee are still much exercised over the 
dock question. Awhile ago sanction was obtained from 
Parliament for the construction of a joint dock. The 
work was to be completed in seven years, but five of them 
have already gone, and nothing has yet been done. In 
the meantime it is complained that the trade of Hull is 
seriously suffering, and at the present there seems no 
prospect of relief. 


The Hull Coal Trade.—The total amount of coal re- 
ceived at Hull during April last amounted to 303,200 
tons, as compared with 309,344 tons received in the corres- 
ponding month of last year—a falling off of 6144 tons. The 
tigures for the four months already gone are again re- 
markably close, the third port having this year received 
1,038,432 tons, against 1,039,360 tons last year, the balance 
in favour of last year being less than 1000 tons. Exports 
last month amounted to 91,195 tons, against 85,798 tons, 
the fluctuation being a general one, though it may be 
noted that Sweden took 30,980 tons, against 27,021 tons, 
and Germany 12,843 tons, against 8113 tons. Coastwise 
exports during the month amounted to 19,989 tons. 
Denaby and Cadeby collieries head the list of individual 
contributing collieries with 52,856 tons, Carlton Main 
and Grimethorpe coming second with 16,608 tons, and 
Kilnhurst and Thrybergh third with 14,472 tons. 


The Iron and Steel Trades.—The iron market is still 
without any special feature of interest. Most consumers. 
are fairly supplied up to the end of the half-year, and 
there being so much uncertainty about the future of trade, 
they are unwilling to go —— Stocks of foundry iron 
in the hands of makers are low and prices are firm. Some 
manufacturers of Bessemer and Siemens steels report that 
they are doing a very fair business—on the whole, more 
than at this time last year. They also find that users are 
increasing their orders, and this they regard as an en- 
agg. sign that trade in certain branches is on the 
mend. In the heavy industries generally there has been 
an increase in the output ; but the lighter branches are 
still without improvement. The number of men out of 
employment in the cutlery, plating, and kindred trades is 
unusually large. 


South Yorkshire Coal Trade. — Business generally is 
quiet, especially in domestic fuel, and this week there 
has been a drop in es averaging from 6d. to 1s. per 
ton. In steam fuel the shipping season has not yet made 
any marked improvement in the despatches to the 
Humber ports, and manufacturing fuel is barely holding 
its own. The latest quotations are as follows :—Mor- 
tomley, 13s. per ton; silkstone branch, 12s. 6d. per ton ; 
Wallsend, 12s. per ton ; silkstone (hand-picked), 11s. per 
ton; high h ditto, 10s. 6d. per ton; screened silk- 
stones, 93. 6d. to 103. per ton; ditto high hazels, 93. to 
9s. 6d. per ton; Barnsley house, 9s. to 10s. per ton; 
ditto seconds, 8s. to 8s. 6d. per ton; Barnsley hards, 





8s. 9d. to 9s. per ton ; ditto unscreened, 83. to 83. 3d. per 
ton ; Parkgate hards, 8s. to 8s. 6d. per ton; steam nuts 
6s. 6d. to 7s. per ton; best Barnsley slack, 43. 9d. to 
5s. 9d. per ton; pit slack, 2s. 6d. to 3s. 6d. per ton; 
foundry coke, 18s. to 193. per ton; steel-melting coke, 
22s. per ton ; blast-furnace coke, 11s. to 12s. per ton. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday there was only 
a thin attendance on ’Change, and the market on the 
whole was quiet, but foundry qualities of Cleveland pig, 
owing to their scarcity, became a little dearer than ra 
have been of late. There were several complaints of 
short supplies of foundry iron, and in some instances 
sbippers 7 that vessels had been delayed in con. 
sequence of difficulty experienced in obtaining iron. 
Makers were able to take a og Be stand, and 
some of them were in no hurry to book orders, believ- 
ing that they are likely to make better terms in 
the near future. The general market quotation of 
No. 3 g.m.b. Cleveland pig was 44s. 104d. f.0.b. 
Merchants sold small — at that figure, but several 
makers asked a rather higher price. No. 1 was 47s., and 
No. 4 foundry, 44s. 74d. Forge kinds of Cleveland pig 
were fairly plentiful, and, as a result, they were rather 
7 in price. Grey forge was 44s.; mottled, 43s. 6d.; 
and white, 43s. East Coast hematite pig was little 
inquired for, and the production being in excess of require- 
ments, it was not surprising to find quotations tending 
downwards. . Makers, however, were most reluctant to 
admit that quotations were lower, and they declared that 
for some time past rates m such as to leave them 
little or no profit. Nos. 1, 2, and 3 were on sale at 
52s. 44d., and No. 1 was offered at 52s. 104d., these prices 
being 1}d. below the quotations recently named. No. 4 
forge hematite remained at 51s. Spanish ore was 
rather quiet ; but dealers reported that a fair number of 
sales had been made of late. Rubio (50 per cent.) was 
15s. 3d. ex-ship Tees. To-day quotations were unaltered, 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades may be described as quiet, and in one or 
two branches slackness is very apparent, but rates are 
upheld. With the position anything but encouraging, it 
is gratifying to hear of even small orders, and the 
statement that Messrs. Bolckow, a, and Co. have 
contracted for two lots of steel rails, the orders together 
only amounting to some 10,000 ng pleasing to relate. 
Quotations stand :—Common iron bars, 67. 2s. 6d.; best 
bars, 62. 12s. 6d.; iron ship-angles, 6/. 2s. 6d.; iron ship- 
plates, 62. 7s. 6d.; steel ship-angles, 5/. 5s.; steel ship- 
plates, 5/. 12s. 6d.; steel boiler-plates, 7/.; steel joista, 
51. 5s.; steel sheets (singles), 7/. 5s. ; and steel sheets 
(doubles), 77. 15s.—all less the customary 24 per cent. 
discount. Heavy sections of steel rails are 4/. 10s. net 
~% = Old iron rails are 60s. ; and old steel rails, 


Coal and Coke.—Coal shows very little change. Bunkers 
are rather plentiful and somewhat easy. Coking coal is 
pretty firm. Large quantities of coke continue to be 
taken up, both for home and foreign use, and quotations 
are very firm. Medium blast-furnace qualities are quite 
= = — here. Export coke is about 16s. 3d. to 

. 6d. f.0.b. 








ExecrricaL SwitcH-GEAR AND PROTECTIVE DEVICES. 
—As a sequel to the paper recently read before the 
Institution of Electrical Engineers by Messrs. Merz and 
McLellan, in which attention was called to the importance 
of automatic protective devices in connection with the 
—_ of a central station switchboard, Messrs. E. 
W. Cowan and Leonard Andrews gave a series of demon- 
strations of such apparatus made by Messrs. Cowans, 
Limited, at their tsar in 82, Victoria - street, 
Westminster, 8.W., on Friday and Saturday last. The 
old differentially-wound shunt and series cut-out, and 
the more recent moving coil wattmeter type were 
shown, and experiments conducted to show the un- 
satisfactory nature of these device when the_bus-bar 
volts were below normal, as would occur with a ba 
short-circuit on the system. Messrs. Cowan’s device em- 
bodies the differential principle, but the iron circuit 1s 
similar to that of a ‘‘ Manchester” dynamo, the plunger 
being parallel to the fields, and carrying the resultant flux 
of the opposing coils. The iron circuit is so proportioned 
that the shunt-wound limb is greatly over-saturated at 
normal voltage; hence the apparatus works perfectly 
under any conditions that can occur in practice. An 
ingenious time-limit device was also exhibited, which 
retards the cutting out of the circuit for a period in- 
versely proportional to the magnitude of the excess current. 
This was extremely simple and by far the most satis- 
factory design with which we are acquainted for the 
purpose. A discriminating cut-out for alternating current 
was shown, in which current generated in one or other of 
two coils of a transformer, according to the direction 
of the main current, passed through one of two opposing 
coils and attracted an armature to the corresponding 
side. The armature closed a relay ‘circuit in the 
usual way. The secondaries of the discriminating trans- 
former were also connectéd in series with red and green 
lamps respectively, whereby the attendant could see at 
once the direction of the current flowing, and also esti- 
mate its magnitude. This type of cut-out appears to be 
a considerable advance upon the usual induction motor 
type. There were also shown apparatus for automatically 
isolating a faulty feeder without danger to the circuit, 
even though the potential at the sub-station end of the 
feeder should fall to zero, and a model of Cowan’s dis- 
tance controlled switch-gear was displayed and explained. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam coal trade has been rather dull, 
the demand for best and second-class large having been 
inactive. It has been noticed, however, for some time 
past that tonnage has been taken up freely for Cronstadt, 
while orders are still in the market for the same destina- 
tion. The best large steam coal has ae from 16s. 3d. 
to 16s. 6d. per ton, while secondary qualities have made 
14s. 9d. to 16s. per ton, The house-coal trade has 
naturally become less active with the advance of the 
season ; the best ordinary descriptions have made 13s. 6d. 
to 14s. 6d. per ton, while secondary qualities have brought 
10s. 6d. to 13s. per ton; No. 3 Rhondda large has been 
quoted at 15s. 3d. to 15s. 6d. per ton. Foundry coke 
has brought 18s. to 193. per ton, and furnace ditto 16s. 
to 17s. per ton. As regards iron ore, Rubio and Almeria 
have made 14s. to 14s. 3d. per ton, while Tafna has made 
15s. per ton, charges including freight to Cardiff or 
Newport. 

Bristol Beating the Record.—It is satisfactory to find 
that 1903-4 was a record year for Bristol. The foreign 
tonnage which entered amounted to 1,100,000 tons, being 
an increase of 170,000 tons over that of the previous year, 
which was itself a record. The coastwise tonnage also 
amounted to over 1,000,000 tons, or 115,000 tons in 
excess of the previous year. The dues reached a total of 
149,000/., being 20,000. over the returns for the previous 
twelve months. 

More Welsh Coal.—For some time past the company 
which works the Ton Philip Colliery, Cefncribbwr, has 
been prospecting fora seam known as the Rock Fach, 


and it succeeded a few days since in discovering it. The}. 4), 


seam is 4 ft. in thickness, and will secure‘a very consider- 
able increase in the colliery’s output, ‘which is now 300 
tons per day. 

Electric Light at Exeter.—The Exeter new electric 
power-station, equip at a cost of 48,000/., was formall 
opened on Tuesday by the Mayor (Mr. F. J. Widgery). 

he buildings erected are divided -into bays forming 
the boiler-house, engine-room, and office respectively, 
with annexe buildings for economisers, boiler feed- 
pumps, &c., and a shaft 155 ft. high, with an internal 
diameter of 8 ft.6 in. The boiler-house is a lofty 
building, 102 ft. long and 55 ft. wide, containing at 

resent three water-tube boilers fitted with super- 
ret each capable of sepplying steam for 500 horse- 
power, to which will shortly be added the boilers from 
the old station, bringing the total up to 2700 horse-power. 
The engine-room is a lofty and well-lighted buildin 
102 ft. long by 45 ft. wide, lined throughout with glaz 
bricks, with a floor of Terrazzo marble paving, to insure 
cleanliness. Galleries are provided to give immediate 
access from the various offices and the boiler - house. 
There are at present installed four steam alternators of 
a total capacity of 1300 kilowatts, which can deal with 
the supply to 50,000 lamps, or their equivalent.. The 
remaining space will be filled by special generators for 
the tramways. 


A Great Western Railway Veteran.—The funeral of 
Mr. Matthew Robinson, who was for many years loco- 
motive superintendent of the Great Western Railway at 
Bristol, took place on Monday afternoon at Arno’s Vale 
Cemetery. 


The Proposed Anthracite Combine.—A meeting was held 
at Swansea on Thursday, between the promoters of the 
proposed anthracite combine and the colliery owners who 
are prepared to be bought out ; but no final decision was 
arrived at, the meeting being adjourned. It is reported 
that the promoters announced their ability to underwrite 
214,000/. out of 886,000/.- required, leaving it to the 
vendors to undertake the rest of the capital. 


The Usk.—The question of improving the Usk by 
straightening a bend near the Severn Dry Dock Com- 
pany’s works on the eastern side of the river, has been 
again brought before the Dredging Committee of the 
Newport Harbour Board. The object aimed at is to restore 
a strong ebb current which formerly washed the Power- 
house Pointand keptitclearof obstruction. Sincethematter 
was first before the committee, the scheme has grown. 
It is not now intended to build a permanent training wall, 
but to carry out works which may be looked upon as 
anexperiment., Colonel Lockwood, M.P., the chief land- 
owner, is stated to have given his consent to the building 
of a wharf ere gor he himself will not undertake any 
financial liability), which may be a forerunner to the de- 
velopment of the eastern side of the river for loading 
and discharging oe ay The committee in the end de- 
cided to recommend the Harbour Board to carry out 


such works, which i 
por 20,0000.” ich are roughly estimated to cost 18,0007. 








_ PERSONAL.—Messrs, Joseph Wright and Co., of the 
Neptune Engineering Works, Tipton, have appointed 
Mesers. S. Chapman and Co., of 5, Carr-street, Blackfriars, 
Manchester, their representatives for the County of Lan- 
coalire.— The Committee of the British Corporation for 
i e Survey and Registry of Shipping have appointed Mr. 
Drmoan McArthur, at present assistant to Mr. James 

axton, consulting engineer, &c., Belfast, as a surveyor 
sf the registry at the head office in Glasgow.—Mr. John 
Ferguson, M. Inst. C.E., has removed his office to 
: entral House, 75, New-street, Birmingham.—Mr. Her- 
vert W. Umney, M. I. Mech. E., 46, King William-street, 


E.C., has been ae agent in the London district 

- Bowie and Co., of the Barrowfield 
w.— Messrs. Rubery and Co., of the 
, Darlaston, have appointed as their 
_agent Mr. Herbert W. Umney, 
King William-street, E.C. 


for Messrs. W. 
Rope Works, Gl 
—— Iron Wor 
mdon and district 
M.I. Mech, E, 46, 





MISCELLANEA. 


THE next meeting of the Bath and West and Southern 
Counties’ Society will be held at Swansea on May 19 to 
24, and the show will include, as usual, a display of imple- 
ments and machinery. 


In answer to a question in the House of Commons on 
Friday last, Mr. Pretyman stated that the average annual 
cost of maintaining in commission a first-class battleshi) 
of, say, 13,000 tons, is approximately as follows :—Fu 
pay, wages, &c., of officers and crew, 40,369/.; victualling, 
14,604/.; coal, 23,6007.; stores and repairs, 95487.; naval 
ordnance stores, 5500/.; or, in round figures, a total 
cost of 94,0002. 


On the Milan-Gallarate Porto Ceresio Railway, on 
which goods trains are drawn by steam locomotives, 
whilst the passenger traffic is worked electrically, the 
potential of the rails, which are used as returns, is so 
great that horses have been knocked down at level 
crossings. In order to avoid the necessity of providing a 
greater section for the return current, the operating com- 
pany have adopted the plan of rendering the ground at 
such points highly conducting by burying copper wires in 
the soil. 

According to the Génie Civil, ferro-concrete railwa; 
sleepers are now reg. Pai: experimentally on the rail- 
way from Voiron to Saint Béron, France. This line is 


of 1-metre gauge, and the sleepers are 5.9 ft. long by 7 in. 
wide and 54 in. deep: They weigh 231 Ib. each, and cost 
about 3s. 9d. each. The concrete used consists of 33 kilo- 


grammes of cement mixed with 40 litres of sand, and the 
reinforcement of steel bars weighs 8.4 kilogrammes per 
eeper. Under the most unfavourable conditions it is 
— that the first cost will not exceed that of 

oak sleepers more than in the proportion of 5 to 3, whilst 
the life will be four or five times as long. 


The report on the progress of the Simplon tunnel works 
during the month of April shows that an advance of 292 
metres (962 ft.) was made, of which 555 ft. were on the 
south side. The working face on the north is now 6.39 
miles from the portal, and that on the other side is 5.19 
miles from the south entrance. The average number of 
men employed has been .2058. On the north side the 
mean advance has been 13.1 ft. per day; and the tem- 
perature of the rock at the working face has been 
116.6 deg. Fahr. On the south side the advance has been 
at the rate of 19.9 ft. per day; and the temperature of the 
rock has been 102 deg. Fahr. - The outflow of water is 
160.5 gallons per second. 


_One of our special correspondents at the St. Louis Exhi- 
bition writes that on the opening day, May 1, everything 
was very much behindhand, many of the buildings even 
being incomplete, some indeed being barely s' . The 
roads through the grounds were in many parts unworthy 
of the name, and few exhibits where arranged or even in 
place. The Palace of Machinery was not even floored in 
many places, and for disorder resembled the floor of a 
foundry. The Palace of Transportation was further 
advanced, the floor being complete, but the locomotive- 
testing shed was not half ready, and would not be com- 
plete for at least. three weeks. Pennsylvania 
consolidation engine will be the first to be tested here. 
The British National Building was one of the few 
finished, and all thé sections in which Great Britain has 
really taken an interest were practically so. 


In a recent issue of the Electrical World and Engineer, 
Mr.'B. Wiley describes the remarkable transmission line 
by which power is conveyed from the Carrie furnaces, 
Braddock, across the Monongahela River to the Home- 
stead Steel Works. «The river is crossed in a span of 960 ft. 
by four aluminium cables 800,000 circular millimetres in 
section, and hence about 1 in. in diameter. They weigh 
.736 Ib, per foot, and have a conductivity 63 per cent. of 
that of an equal section of copper. They have been de- 
signed to have a maximum dip of 36.86 ft. at the maximum 
summer temperature. The material has an ultimate 
strength of 32,000 lb. per square inch. The greatest load 
is due to wind pressure, which is taken as equal to 40 Ib. 
per square foot ; but as no allowance has been made for 
the ‘form factor,” the stresses deduced are much the 
same as if a wind pressure of 80 lb. per square foot had 
been allowed for, and the proper form factor taken into 
account. 


The Automobile Club announces that fina! arrange- 
ments have now been made for the motor-boat race 
between Calais and Dover, which has been organised by 
the Automobile Club of France. The distance is 22 nau- 
tical miles, and the start will be made at 10 a.m. on 
August 8. Entries will be received at the Automobile 
Club of Great Britain up to July 15 next. The conditions 
of the contest prescribe that every boat must be unsink- 
able, and that every person on board shall wear a life- 
belt. Boats up to 12 metres in length must carry an 
anchor weighing 40 kilogrammes, with a chain 40 metres 
long, and in the case of boats longer than this the anchor 
must weigh 60 kilogrammes, and the chain be 60 metres 
long. , Sidelights or charts and a compass must be carried. 
Competitors are advised to get an official certificate as to 
thé size of the motor before it is put on board, which may 
be obtained on application to the official measurer, Mr. 
J. A. Smith, of 47, Leadenhall-street, E.C. 


The Home Office has issued a memorandum of recom- 
mendations concerning underground sub-stations. Where 
these are of sucha size that a man can enter, it is essential, 
it is stated, that the dimensions should be such as to give 
him room to move without danger of coming into contact 
with the live wires. The height should be at least 7 ft. ; 
and in the case of an arched roof, this height should be 
measured to the springings.and-not tothe crown. Am 





le 
space must also be left for the workman to walk past the 


transformer and to work the switches, and the latter 
should not be fixed on the wall above the transformers 
in such a way as to bring an attendant using. them into 
ximity to the transformers. For a small station of 75 
lowatts capacity, the minimum area should be 50 square 
feet, and the minimum width 5 square feet. If the station 
is not square in plan, the two switchboards must not be 
fixed directly opposite each other. The entrance should 
not be through the roof. For each additional 5 kilowatts 
Seow the floor area should be increased by 5 square 
eet. 


It appears that up to now applications from British 
firms Tor space in the Machinery Hall of the “— 
International Exhibition, 1905, are very limited. The 
probable reasons for this are ignorance on the part 
of British manufacturers of the importance of Liége 
as an industrial centre, and of the size and scope 
of the Exhibition. The Machinery Hall will cover 
24,400 square metres (about 29,000 square yards). 
France and Germany have each taken over 3000 
sete melee, and the United States some 600 square 
metres ; and there is no doubt that, from a mechanical 
point of view, this will be one of the most important 
exhibitions ever held in Europe. it is to be hoped, 
therefore, that-our manufacturers will come forward in 
sufficient numbers to make the British section worthy of 
the country. The Exhibition should be of particular 
interest to manufacturers of all descriptions of mining 
plant, as concessions are now being granted for exploiting 
the enormous Limbourg coalfields ; and as these mines are 
sure to be equipped‘with up-to-date plants, there is no 
reason why our manufacturers should not obtain their 
share of the work. Prospectus, &c., may be obtained 
from the executive committee at Lidge. 


The Automobile Club, whose reliability trials have done 
so much towards the perfecting of the motor-car, are now 
arranging for similar trials of motor-boats, and have issued 
a code of rules to govern the contest, which has been 
drawn up by a strong committee, in which are included 
Sir J. I. Thornycroft, F.R.S., Mr. A. F. Yarrow, Mr. 8S. 
F, Edge, Captain Dixon, and Major Lloyd, of the Royal 
os mage ¥ and Lieutenant M. 8. Cumming, of the Royal 
Navy. The rules, of which copies can be obtained on 
application to Mr. Basil H. Joy, the technical secretar 
to the club, provide for a trial of 20 hours’ duration. All 
boats must be completely equines’ with the usual tackle 
supplied to rowing or sailin ts of similar size; and 
they must, moreover, be fitted with an efficient exhaust 
silencer, the use of which throughout the trials will be 
compulsory. The fuel carried must suffice for the whole 
run of 20 hours. The date for the trial has been fixed for 
7 26 and 27 next, and the venue will be Southampton 

ater. 








NorTHERN OF FRANCE Rattway.—The revenue of this 
great undertaking last year was 9,595,701/., while the 
working expenses were 5,214,342/, The company repeats 
for 1903 the dividend of 16} per cent. paid for 1902. 


TureeE Monrus’ Sxrpwrecks.— Lloyd’s Register of 
British and Foreign Shipping have this week issued their 
oer return of vessels totally lost, condemned, &c., 
or the three months ending with September, 1903, 
earlier issue being im ible, as the information was not 
all collected until March 20 last. In all 164 vessels, of 
128,997 tons, are included, which is about an average, the 
total of the March quarter, 1903, having been 185 vessels, 
of 151,744 tons ; but in the corresponding quarter of 1902 
the tonnage was 106,032 tons. Of the total in the quarter 
under review, 52 were steamers, ting 71,749 tons, 
and 112 were ships of 57,248 tons. recks accounted for 
60 per cent, of the losses, collision and foundering being 
the next chief causes. A point of interest is that Britain 
still maintains a creditable position amongst the principal 
maritime nations, having a low percentage of loss to total 
tonnage owned—0.34 per cent. ; Peat og is at 
the top with 1.96 per cent. ; Sweden next with 1.06 per 
cent. ; Norway third with 1 per cent. ; then the United 
States, 0.56 per cent.; Holland, 0.37 per cent. ; France, 
0.34 per cent. ; Germany, 0.30 percent. ; Denmark, 0.23 
per cent. ; and Italy, 0.22 percent. The majority of these 
rates show a satisfactory state of affairs, and it is hoped 
that it will continue. 





Contracts.—The Admiralty have placed H.M.S. 
Warrior in the hands of Messrs. Day, Summers, and Co., 
Limited, of Northam Iron Works, Southampton, for con- 
siderable structural alterations and repairs. We under- 
stand that the contract is a large one, and that the vessel 
will be in the hands of the contractors for some months. 
—Messieurs H. Hersent et Fils, the well-known French 
contractors for rock excavation under water, have ordered 
asecond patent rock-cutter from Lobnitz and Co., Limited, 
Renfrew, for their works at Dakar.—Messrs. Graham, 
Morton, and Co., Limited, of Leeds, have large contracts 
in hand for the Corporations of Dublin, Leeds, Bradford, 
and Oldham, and for the Battersea Borough Council, and 
also for the War Office at Waltham Abbey.—Messrs. 
Isaac Storey and Sons, Limited, of the Empress Foundry, 
Manchester, have secured from the Preston Corporation 
for their tramways generating-station the contract for 
condensing plant, cooling-tower, and pipe-work.—The 
Birmingham Corporation have just an order with 
the British Westinghouse Electric and Manufacturing 
Company, Limited, for three-phase generating plant of 
an te capacity of 3000 kilowatts.—Messrs. Mel- 
drum Dosthetn of Manchester, have just completed a 
contract for the erection of a two-grate refuse-destructor 
at Kettering. The waste heat of this destructor is used 





to geneze te steam for electric lighting. 
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DETAILS OF MOUNTING OF THE 40-IN. TELESCOPE AT Tp y 


* CONSTRUCTED BY MESSRS. WARNER AND @FASEY 


(For Deseriy , see J 
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THE ELECTRIC LIGHTING BILL, 1904. 

A MEASURE of very. great importance to those 
who are interested in the supply of electricity was 
introduced into the House of Lords on May 2. 
Time and again we have emphasised the fact that 
the Electric Lighting Acts required amendment, and 
it would seem that a measure of reform is now to be 


683 |allowed. The Bill, which was introduced by Lord 


Wolverton, embodies most of the recommendations 
made by a Joint Committee appointed, in 1898, to 
consider various questions relating to the supply of 
electricity. In the first place the Bill, if it becomes 
law, would empower the Board of Trade to make 
provisional orders to authorise any local authority, 


6sg | company, or person, already authorised to supply 


electricity in any area ‘‘ to acquire compulsorily, for 
the purpose of a generating station, any land speci- 
fied in the order, whether situated within or with- 
out the area of supply ; and in the case of a local 
authority, whether situated within or without 
their district.” This provision is, of course, sub- 
ject to proper notice having been given to 
owners, lessees, and occupiers of land, and to the 
public, of their intention to apply. for such an 
order. The proposal to allow the Board of Trade to 
decree compulsory purchase of land for generating 
stati» ‘s an important departure from the prac- 
tice which has hitherto prevailed. Under the 





Electric Lighting Act, 1882, Section 10, it is 
provided that ‘‘the undertakers may, subject 
to, and in accordance with, the provisions and 
restrictions of this Act, and of any rules made by 
the Board of Trade in pursuance of this Act, and of 
any licence, order, or special Act authorising or 
affecting their undertaking, and for the purpose of 
supplying electricity, acquire such lands by agree- 
ment, construct such works, acquire such licences 
for the use of any patented or pro processes, 
inventions, contracts, and generally do all such 
acts and things as may be necessary and incidental 
to such supply.” 

At the present time, therefore, the site of a 
generating station can only be acquired by agree- 
ment ; if compulsory purchase is required, the com- 
pany must obtain a special statutory provision ; 
the mere incorporation of the schedule to the 
Electric Lighting (Clauses) Act, 1899, is not sufii- 
cient, as Section 8 of that Act merely re-enacts 
the provision to which we have alluded. It is not 
confined, however, to lands within the area of 
supply ; it gives the undertakers power to acquire 
any lands for the purposes of the special order. 
The advantage of giving the B of Trade 
— to decree compulsory purchase lies in the 
act that the company or local authority will be 
spared the expense of obtaining a special Act of 

arliament. To the objection that a department 
should not be allowed to order compulsory pur- 
chase, the answer is, that the Light Railway Com- 
missioners already have power under the Act of 
1896 to order compulsory purchase by the promoters 
of a light railway. It is also to be observed that 
the Bill under discussion provides for the erection 
of a generating station without the area, so that 
the undertakers may acquire power to take any 
lands which may seem to them to be convenient. 

By another clause the new Bill provides that 
any company or person may be authorised by 
the Board of Trade to supply electricity in bulk 
to any competent local authority, company, or 
person for distribution, and may provide for 
such supply being compulsory. This is a recog- 
nition by public Act of Parliament of a principle 
which has already been acted upon in the private 
Acts which have sanctioned supply by what are 
known as ‘‘ bulk” companies. The provision for 
making such supply compulsory is apparently 
intended to secure the rights of companies and 
local authorities who may rely upon supplying their 
consumers from the mains of a bulk company. 

With: regard to compulsory purchase, it is pro- 
vided that the Board of Trade may, by Provisional 
Order, exclude the power of purchase given by the 
Electric Lighting Act, 1888, Section 2; but the 
local authorities interested must first be notified, 
and their objections, if any, must receive considera- 
tion. Section 2 of the Act of 1888 provides (inter 
dia) that where undertakers are authorised to 
grant a supply within any area, any local authority 
within whose jurisdiction such area, or any part 
thereof, is situated may, within certain periods, by 
notice in writing, require such undertakers to sell, 
and thereupon such undertakers shall sell, to them 
their undertaking, or so much of the same as is 
within such jurisdiction, upon terms of paying the 
then value ofall lands, buildings, works, materials, 
and plant of such undertakers suitable to and used 
by them for the purposes of their undertaking 
within such jurisdiction, such value to be, in case 
of difference, determined by arbitration ; provided 
that the value of such lands, buildings, &c., shall 
be deemed to be their fair market value at the 
time of the purchase, due regard being had to the 
nature and the condition of such buildings, &c., 
and to the state of repair thereof, and to the circum- 
stance that they are in such a position as to be 
ready for immediate working, &c. ; but without 
any addition in respect of compulsory purchase, or 
of goodwill, or of any profits which may, or might 
have been, or be made from the undertaking, 
or of any similar considerations. The effect of this 
provision is that every existing undertaking which 
is in the hands of a private company is liable to 
be bought up, sooner or later, by the local authority 
at old-iron prices. It is hardly necessary to state 
that this prospect of compulsory purchase has had 
a disastrous effect upon electrical enterprise ; and it 
is only now, at the eleventh hour, that Parliament 
is to be asked, upon the representations of a 
committee which sat in 1898, to emanicipate 
companies which may hereafter be formed. It is 
unfortunate, however, that the Legislature have not 
seen their way to adopt the full recommendation of 
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the Joint Committee. The Committee advised that 
the Board of Trade should have power to insert the 
= clause in the provisional order, ‘‘if the 
ocal authorities concerned ... can show good cause.” 
The Bill, however, merely provides that the local 
authorities interested must first be notified, and 
their objections, if any, must receive consideration. 

Perhaps the most important clause in the Bill is 
that which deprives the local authorities of the veto 
which they have so often exercised. By Section 1 
of the Electric Lighting Act, 1888, it is provided 
that, ‘‘ Notwithstanding anything in the Electric 
Lighting Act, 1882, no provisional order authoris- 
ing the supply of electricity by any undertakers 
within the district of any local authority shall be 
granted by the Board of Trade except with the 
consent of such local authority, unless the Board of 
Trade, in any case in which the consent of such 
local authority is refused, are of opinion that, 
having regard to all the circumstances of the case, 
such consent ought to be dispensed with, and in 
such case they shall make a special report stating 
the grounds on which they have dispensed with 
such consent. By the new Bill local authorities 
will be put in the same position as other opponents 
—-that is to say, they will have a right to be heard 
by the Board of Trade before the power to supply 
electricity is granted to a private company. <4 
longer will it be within their power to exercise a veto 
in order that they may at some future time them- 
selves undertake the supply of electricity. 

In other sections the Bill provides for a quin- 
quennial instead of a seven-yearly revision of the 
maximum price, and amplifies and amends the 
provisions of the Electric Lighting Clauses Act, 
1899, as to the certification of meters. Another 
section of the Bill provides that ‘‘ Where any local 
authority authorised to supply electricity have 
entered into a contract under Section 11 of the 
Electric Lighting Act, 1882, with any company or 
person authorised by any provisional order to 
supply electricity, the Board of Trade may, upon 
such terms and conditions as they think fit, exempt 
that company or person from any provisions con- 
tained in the provisional order, which appear to 
the Board of Trade such as to prevent the company 
or person carrying the contract into effect.” We 
sincerely hope that time may be found during the 
present session to place this useful measure on the 
Statute Book. 








INTERNATIONAL BRIDGE 
COMPETITION. 

THE awarding of contracts for large bridge struc- 
tures for our colonies and dependencies to Conti- 
nental and American firms on one or two recent 
occasions raised some doubt as to the relative 
efliciency of British firms building steel structures, 
and especially bridges of magnitude, while at the 
same time the fact was utilised to the fullest extent 
for advertising purposes by the successful countries. 
We have time and again shown that this regrettable 
failure of our bridge-builders was due not so much 
to any lack of efficiency on their part, as to the 
peculiar conditions prevailing in this country in 
regard to the design of bridges, and also to the 
congestion of work at the time preventing some 
establishments from complying with the demand for 
early delivery. The bridge across the Atbara, in 
the Soudan, for Lord Kitchener's strategic railway 
to Khartoum is a case in point ; there designs were 
specified, but firms were invited to submit alterna- 
tive schemes on the presumption that thereby they 
might be able not only to reduce the cost, but to 
minimise the time requisite for construction—a most 
important matter. The American firms, almost as 
a matter of course, succeeded in producing plans 
with such details as cheapen and facilitate manufac- 
ture, and their tenders were preferred to those of 
British firms; but it is only fair to add that some of 
the larger concerns in this country were too fully 
employed to enter the competition. The outstand- 
ing difficulty in such cases is that, with very few 
exceptions, our bridge-builders have hitherto been 
satisfied to work to the designs of consulting engi- 
neers, instead of adopting the American system, 
under which every constructor has a large and 
expert staff to make designs not only suitable for 
any condition, but having details settled with due 
regard to the special machinery available for cheap 
and rapid completion. There are one or two 
notable exceptions in this country, and it is largely 
because of this that the Arrol design for the new 
bridges over the Nile at Cairo has been accepted, 





and that the work will be carried out by Sir 
William Arrol and Co. and Messrs. Head, Wright- 
son, and Co., who submitted a joint tender with 
this design. The success of the British scheme in 
competition with thirty-two others, submitted by 
the best-known firms on the Continent and by 
American designers through European firms, is 
therefore gratifying from the national point of view, 
as it indicates that not only from an economical 
standpoint can our manufacturers compete with 
Continental firms, but that when they apply them- 
selves to the important matter of independent 
design, their results are preferred by such an en- 
gineering commission as that which considered 
the schemes submitted to the Minister of Public 
Works of the Government of Egypt. 

The Arrol firm have thus demonstrated the value 
of the experience gained with the Forth, Tay, 
Tower, and other bridges, and Sir William Arrol 
as chief, Mr. A. 8. Biggart as managing director, 
and Mr. J. E. Tuit, the director under whose 
immediate supervision the designs were prepared, 
are to be felicitated on the issue of their efforts. 
The whole of the designs and calculations were 
made in Sir William Arrol and Co.’s London office, 
in accordance with their usual practice. 

It is doubtful, however, whether we can soon 
attain to the high degree of ap gegen of 
American practice; there the field is so wide, 
and the demand for bridge structures so great 
for home use, that it is possible for firms to 
specialise and work to stock patterns. Consulting 
engineers in America do not attempt to lay down 
such full details of construction as is the case 
with the engineers at Westminster ; and from this 

oint of view America profits. The practice must 

come as universal in this country. On the one 
hand we have the experience of such a firm as Sir 
William Arrol and Co., who have had their 
attention focussed for many years on_ the 
problem—how to attain the most economical form 
of bridge between two given points; they have 
therefore an enormous amount of accumulated 
data. On the other hand, there is the engineer 
who, by force of character and outstanding 
ability and success, has reached the highest 
rank as a consultant, but who nevertheless has 
not been able to concentrate his attention 
upon one department of engineering activity, 
owing to the great variety of work which he has 
had to supervise ; consequently a very large amount 
of the details of design is left to juniors, whose 
training has been similarly varied, probably without 
specialisation in any one direction. It might be 
possible to indicate many instances where the 
result has been inimical to economical construction. 
A frequent cause of unnecessary expense is the lack 
of due attention to manufacturers’ standard sizes. 
We take, for instance, the case of angles where the 
limit of united sides, or breadths, is, say, 11 in.; a 
member 6 in. by 5in. could easily be rolled to 
the required thickness to be of requisite strength ; 
but it frequently happens that, instead, an 
angle 6 in. by 6 in. is used, without any 
material advantage, and yet involving, because 
of its excess in united breadths, an increase 
in cost of 5s. per ton per inch of united breadth. 
These points are, as a rule, kept more strictly 
in view in the drawing-office of the bridge- 
builder, all details being designed to suit manufac- 
turing appliances. While the design is thus made 
to the approval of the consulting engineer, a 
material reduction in cost results. Even if we 
cannot adopt the wholesale style of the American 
builder by manufacturing girders toa stock pattern, 
we can at least mend our ways in the direction 
indicated so as to produce a structure at the mini- 
mum cost. This is the lesson which the success of 
the English tender in the Cairo competition clearly 
demonstrates ; and a consideration of the features, 
not only of the successful design, but of the others, 
is instructive. 

The invitation for tenders was issued about the 
end of last summer, the work including three road- 
bridges over the Nile, at the south end of the town 
of Cairo, to connect the town with the fashionable 
quarters at the Zoological Gardens, near totheGhizeh 
prison. At this part there is the Rodah Island, 
dividing the channel of the Nile intotwo. The main 
channel necessitated a bridge 535 metres (1755 ft.) 
long, and it was decided to construct, across the 
channel between the island and Cairo proper, 
two bridges nearly a mile apart, one of them being 
83 metres (272 ft.) long, and the other 67 metres 
(220 ft.). The main bridge is two miles further up 





the Nile than the existing Pont Kasr-el-Nil, and 
affords an alternative carriage route from Cairo to 
the Pyramids. The intention is to lay a double 
electric tramway line across the large bridge, as well 
as across both the smaller structures, the new road 
being built north and south on the island to con- 
nect the large bridge with both the smaller struc- 
tures. Electric tramway communication with the 
Pyramids will thus be extended right into Cairo. 
In response to the invitation thirty-three designs 
were sent in by thirteen firms, several of them 
submitting alternative designs, and-a list of these 
tenders is given in the table which follows :— 
Design A 9,200,000 fr. (368,000/.) 
Pearson (London) Belgian »  B 10,000,000 ,, (400,000/.) 
steel 3» © 8,200,000 ,, (328,000/.) 
»» D_ 9,100,000 ,, (364,0001.) 
Pearson (London) English { Design A - 360,0002. ) 
steel > oe B (363,5( 07.) 
Irregular offer—deposit made in form of cheque. Time 
required, 30 months. 
ee ‘ 5,000,000 fr. (200,000.) 
Time required, 30 months. 
fr A 4,580,000 fr. (183,200/.) 


*Arrol (Glasgow) 


»  B_ 4,950,000 ,, (198,0002.) 
» © 5,100,000 ,, (204,0007.) 
»  D_ 4,490,000 ,, (179,600/.) 


Time required, 30 months. 


Harkort, of Duisburg ee 24 ryt fr. (330,4C0/.) 
esign 10,085,000 ,, (403,200/.) 
Jackson (London) .... » B 10,195,000 ., (407,8001.) 


Time required, 30 months. 
Rass et Cie., of Bile (Swit- are . 5,609,000 fr. (224,360/.) 
” 


*Compagnie de Fives-Lille 
(French) 


005,000 ,, (240,2000.) 
rerland) © 6,387,000 }, (255,4802.) 


Time required, 30 months. 


Design A 4,930,000 fr. (197,200/.) 
Monguier and Kessle .. » B_ 4,730,000 ,, (189,200/.) 
s» © 4,680,000 ,, (187,2C0l.) 


Time required, 30 months. 


Société des Ponts et Travaux { Design A 4,950,000 fr. (198,000. ) 
Neufs de Paris »  B_ 5,150,000 ,, (206,0002.) 


Time required, 30 months. 


*Société Anonyme de Constructions 
Mecaniques, Cail (France’ : 5,110,000 fr. (204,400/.) 


Time required, 30 months. 
Design A 3,510,000 fr. (140,400: 


r i.) 
Large bridge » B_ 8,590,00Q_,-(143,600/.) 
© 4,610,000 ,, (184, 4001.) 
ae eee eee 
*Daydé an . 44 4 ) 
Pillé < S3-metre ,, © 450,000 7” ¢ 18,0004 
(France) » w 420,000 ,, ( 16,800 
” > 90, os ( Fry 3 
375,000 }, ( 15,0001. 
67-metre ,, { © 875,000 7 ( 15,0001.) 
\ ” D _ 375,000 », ¢ 15,0000.) 





Time required, 24 to 830 months, according to design selected. 


Société Anonyme de Com- 3 190,C001 
Ptmon Alcanique, du Pea 0 Garou 


Sol (France) 
Time required, 26 months. 


5 No. 1 4,481,000 fr. (179,2401.) 

z's 4,451,000 ,, (178, 0401.) 

2 4,331,000 }, (173,2401.) 

Sista tthe » 4 promod ” ee eeer} 

rge bridge 5 4,334, (173,3602. 

er of Sete * Haba 
i 7 4, ’ 

(Belgian) 8 4.724000 |, (188,9601.) 

9 1. 4,620,000 }, (181 800 ) 

No.1 1. — '670,800 ;, ( 26,832.) 

ee yy 2 1. 613,600 ,, ( 24,5441. 

3. 595,300 5, ( 23,8121.) 





\ 
Time required for large bridge, 2 years ; and for small 
bridges, 8} months, 


Padova Rolin et Cie. (mer- a A 5,124,000 fr. (204,960. ) 
chants at Cairo) »  B 4,448,600 ,, (177,9441.) 


Time required, 25 to 28 months. 


The designs, received on February 1, were sub- 
mitted to a commission of experts appointed by 
the Minister of Public Works. In the first week 
of March this Commission eliminated from the 
competition all the designs with the exception of 
the four against which asterisks have been put in 
our table; the reasons for rejection being the 
great expense, unsuitability of design, or want of 
conformity to the conditions laid down in the 
specification. The firms whose tenders were still 
retained for more careful consideration were, giving 
them in alphabetical order, : 

1. Sir William Arrol and Co., and Head, Wright- 
son, and Co. 

2. Société Cail. 

3. Daydé and Pillé. 

4. Compagnie de Fives-Lille. ‘ 

M. Fontviolant, the well-known bridge engineer 
and professor of the Polytechnic, Paris, was for a 
long time at Cairo explaining the merits of the design 
and the calculations by the Fives-Lille firm. M. 
Résal, who was also at Cairo in a similar capacity 
for the Cail design, was one of the engineers for the 
Alexandra III. Bridge in Paris, and is professor of 
the Ecole Centrale, Paris, and a great authority 
on bridge-designing. It is believed that these two 
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gentlemen were responsible for the designs of these 
firms, and they may certainly be considered the 
greatest authorities on the Continent on bridge- 
designing. All three French designs had great 
merits. 

The Commission ultimately recommended the 
Arrol design for final acceptance, and the work, 
as we have already stated, will therefore be carried 
out by Messrs. Arrol and Co., and Head, Wrightson, 
and Co. From the list we publish it will be observed 
thatthe price of the successful tender is 5,000,000 
francs (about 200,000/.), and if the details given of 
the tenders of the other three firms marked by an 
asterisk are considered, it will be noticed that there 
is a very close approximation to the amount of the 
successful tender ; but it is right to point out that 
the preference for the Arrol design was not due 
to cost ; the price is about 18,0001. higher than 
some of the others. There was a striking simi- 
larity in the nature of the structures. This is 
partly due to the general dimensions and _par- 
ticulars given in the invitation to tender. There 
it was laid down that the main bridge should 
be 535 metres (1755 ft.) long between abutments, 
with an opening portion having two clear passages 
of 84 ft., which, with the central pier, required a 
swing span of 216 ft. The position of the swing 
span close to the Island of Rodah was also 
defined; and it was decided, further, that the 
operating gear should be electric, which gives very 
rapid motion. 

here was very considerable latitude possible in 
treatment in the decorative elements ; although the 
importance of minimising cost could not be lost sight 
of. As the bridge is at one of the many picturesque 
parts of a river rich in romance and history, it 
was necessary to make the structure harmonise 
with the scenic beauty of the landscape. Indeed, itis 
certain that the bridge will become the equivalent of 
our Rotten Row, and its width of 67 ft. was de- 
termined accordingly. In the hot season the cool 
breezes encourage promenading, riding, and driving 
over the river to the Zoological Gardens and the 
desert. .In the Arrol design, and, indeed, in the 
other three schemes which were finally considered, 
the very sensible view was taken that a bridge 
designed as a pure scientific structure, suited to 
its requirements, needs no extraneous embellish- 
ment; simplicity in itself can yield a pleasin 
effect, so that such excrescences as rosettes an 
shields become offensive to the eye. In the treat- 
ment of those parts of the cast-iron cylinders 
above water-level, in the curvature of the main 
girders, in the design of the cast-iron parapet, 
with its elaborate light standards, ch espe- 
cially in the finish of the masonry abutments 
at the entrances to the bridge, such opportunity 
was afforded for appropriate embellishment, in 
conformity with sound theory, that the ssthetic 
requirements of the case were easily met without 
material increase in cost. An important point is 
that the whole of the steel work in the four designs 
preferred was placed below the surface of the road- 
way, so that the view from the bridge, as well as 
from the banks of the Nile, was effective. In some 
of the other designs there was such a lack of con- 
ception of the fitness of things that huge parallel 
lattice girders were adopted to carry the roadway 
on the bottom flange, with details as rough and 
devoid of artistic effect as a railway bridge built in 
the prairies of America. Some of the designers 
were prodigal in their use of ornamentation, and 
the effect is little more pleasant, while the cost 
would have been materially greater. It seems 
difficult, for the great majority of bridge-designers 
to grasp the first principle of art—that true con- 
formity to the requirements with judicious com- 
bination of angles and curves may satisfy the eye, 
because it carries with it a clear indication of its 
fitness. The Arrol design has not only struck the 
happy mean, but is particularly effective in its 
assimilation of the classic architecture of Egypt. 
Although the drawing submitted indicates sphinxes 
as the finale to the masonry structure, the exact 
form of statuary is not a part of the design ; the 
builders wisely leave that to the sculptor. 

Coming now to a consideration of the structural 
details, the bed of the river is here, as elsewhere, 
Nile deposit—sandy mud ; and it was determined by 
the specification that the pressure on this ground 
should not exceed 5} tons per square foot. It was 
further specified that the foundations were to be 
carried down to a depth of 92ft. below the water 
surface of high Nile. The existing bed of the Nile 
at this point is about 50 ft, be!ow high Nile, so 


that the minimum depth to which the foundations 
were: to be carried below the bed of the river was 
42 ft., the maximum being some 70 ft. Sir 
William Arrol’s firm, however, have recently been 
working to a depth of 90 ft., under comp air, 
at the foundations of the Barrow Bridge, in Ireland, 
in water-bearing ground. The form of the founda- 
tions at the Cairo bridge was not specified, the 
only stipulation being that they were to be con- 
structed under compressed air, so that they could 
be examined. In the Arrol design piers consisting of 
two cast-iron cylinders of varying diameter have been 
adopted ; these cylinders will be filled with Portland 
cement concrete. Some of the other designers 
adopted the same system, while a few preferred 
masonry piers constructed within a caisson oblong in 
plan. This latter alternative is, of course, the most 
substantial ; but it is very expensive, especially where 
the width of the structure is so great as in this 
instance. As the other method makes a sound 
structure, capable of carrying the load effectively, 
there appears to be no reason for expending the 
excess sum involved in masonry piers. 

In determining the diameter of the cylinders 
throughout the pressure of the superstructure on 
the concrete was limited to 9.2 tons per square foot. 
‘This figure is ample for the purpose, as the concrete 
will be composed of four parts of Abu-Zaabal 
basalt, two parts of sand, and one of Portland 
cement, and no account has been taken of the 
support afforded by the cast iron or steel form- 
ing the cylinders. As the cylinders are to be 
carried for such a considerable distance into the 
subsoil, it has not been considered necessary to 
insert diagonal bracing between them, but a heavy 
girder is to be carried between the tops of each 
pair of cylinders, connected to them by long 
holding-down bolts. 

It is a further striking fact that the four firms 
whose designs were the last to be considered have 
adopted an arrangement of cantilever girders, which, 
although not unique, is somewhat unusual. As 
shown in the Arrol design, the main girders while 
bridging the 140 ft. between two piers, are made 
to project as cantilevers over half the distance of 
the two next spans, being connected at the ends by 
means of a pin joined to the end of the cantilever 
arm of the next girder; each girder is thus 280 ft. 
long. The explanation of this similarity of design 
is probably not far to seek. The problem set was 
to construct a bridge between two given points to 
carry a given live load with the minimum of 
metal, and at the least cost possible, consistent 
with esthetic requirements. The latter suggested 
a girder with a curved bottom member, and, conse- 
quently, the cantilever type became preferable, 
because the depth between the top of the piers and 
the level of the roadway was limited to about 11 ft., 
and would have precluded any rise of arch in view 
of the span (140 ft.) and the load to be carried. 
With an ordinary single span the greatest stress, of 
course, comes at the middle, whereas with the 
cantilever system adopted the stress at this centre 
point is reduced by the weight of the overhanging 
cantilever, the maximum stress occurring over the 
piers. The cantilever adopted is the old primitive 
system, with two points of support, whereby no 
anchorage system is required. 

In proportioning the sections of these longitudinal 
girders, as well as of the cross girders, the allowable 
stress is 7.5 kilogrammes per square millimetre (4.76 
tons per square inch), and on members of the struc- 
ture subjected to alternate tension and compression 
it is 6 kilogrammes per square millimetre (3.81 tons 
per square inch), The maximum stress for the main 
girders will not exceed 8.5 kilogrammes per square 
millimetre (5.40 tons per square inch) on the section. 
This may be concluded to be the maximum stress 
allowable in tension; the compressive stress has 
been taken as 80 per cent. of the tensile stress. In 
the case of rivets, 80 per cent. of the maximum 
allowable tensile strength has been accepted as the 
standard. The clear width of roadway is to be 
65 ft. 7 in., made up of a footpath 8 ft. 2 in. in 
width on each side, and a roadway 49 ft.3in. A 
double tramway line is to be placed on one side of 
the road way, leaving the other side clear for carriages, 
&c. ; and, owing to the greater loads and stresses, 
the longitudinal girders under the tramway lines 
are to be closer together. There are to be five main 
girders. in the cross-section at unequal distances 
apart. The footpaths are to be carried on over- 
hanging cantilever brackets, the supports for 





which will be worked into the main decorative 


' scheme. 





NATIONAL PROFIT IN TRON AND 
STEEL MANUFACTURE. 


No one disputes thé fact that. while statistics 
themselves may be accurate, they can, by a process 
of elimination, be made to prove almost diametri- 
cally opposite arguments, and it is for this reason 
that the fiscal problem has become more or less 
tiresome to many men of sound reasoning capacity, 
who realise the possibilities of serious error by 
the triumph either of the zealous reformer or of 
the complacent economist satisfied with existing 
conditions. Moreover, even if the statistician be 
anxious to be accurate, he finds irreconcilable varia- 
tions in classification, not only in the British figures 
of one period as compared with another, but in 
the returns of countries between which com- 
parison is desirable. Even in such a simple 
matter as the production of iron ore, mere 
tonnage is not a fair basis of comparison owing 
to the ey wide difference in the percentage of 
pure metal in the ore, and consequently in the 
amount of iron which may be produced from a 
given quantity. Similarly, with coal, the calorific 
value is an important element. With cotton yarn 
the value is in inverse proportion to the coarseness. 
Like variants apply to other items of commerce, 
apart altogether hen the disturbing influence of 
changes in price due to market manipulation, so 
that from beginning to end the task of the purist in 
statistical science is extremely difficult. Again, 
when estimating the excess of imports over exports 
asa standard of national profit, there is the very 
serious question as to the effect on national pro- 
sperity of home manufacturing for home use. It 
is for these and other reasons that we have con- 
sistently refrained from entering upon any investi- 
gation of the statistics of trade in their relation to 
the Y gery of fiscal reform, and if we now glance 
briefly at the paper on ‘‘Some Statistics of the 
World’s Iron and Steel Industries,” read by Mr. 
William Pollard Digby, at a meeting of the Society 
of Arts, on May 4, it is simply because he deve- 
lo a pretty imagination in his analysis of 
statistics. 

We use the word ‘‘ imagination ” not at all in its 
fictional sense, but rather because Mr. Digby has 
offered a suggestive method which might be followed 
in other departments of economic science where an 
absolutely accurate basis of comparison is possible. 
Adopting the sensible basis of the yearly average 
of quinquennial periods beginning with 1868, he 
arrives at the excess of exports over imports in 
the iron, steel, and engineering trades, with the 
view of establishing a more or less arbitrary con- 
ception of comparative progress in national profit, 
measured in terms of the amount of foodstuffs 
per head of the population that may be bought by 
such excess. While confining himself to iron and 
steel and machinery, he excludes cycles, sewing- 
machines, hardware, cutlery, telegraph wire, imple- 
ments and tools, ships and their machinery, because 
these are not included in the returns of the two 
principal competing countries—the United States 
and Germany. Here we have an instance of a 
frequently recurring difficulty in comparison ; the 
inclusion or exclusion of these important items of 
international trade materially affects the general 
conclusion. Nor is he able to get comparative 
figures for years antecedent to 1874 in the case of 
the United States, and of 1879 in the case of 
Germany. 

The excess of exports he regards as profit to 
be used for exchange against imports of food 
or luxuries; whilst an excess of imports he 
treats as a loss of produce or services rendered, 
which another department of the country’s com- 
merce or industry must make good. Of course, he 
is very careful to point out that home manufactures 
for home consumption very materially aftect the 
issue. As a basis for comparison of the relative 
progress of Great Britain, the United States, and 
Germany, in excess of exports over imports, Mr. 
Digby takes as standard the yearly average of the 
British excess in the quinquennial period 1893-7, 
calling it 100, and shows that a maximum in excess 
or profit was attained in the period 1888-92, the 
comparative figure being 125—i.e., 25 per cent. 
more than in 1893-7. Only once since 1868 has 
the yearly value of profit in any quinquennium 
been less than 100—namely, in 1878. , when 
it equalled 91. For the five years ending 1902 
it was only 107, which is lower than the average 
in three. of the quinquennial periods since 1868. 
The United States, which first showed an excess of 
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exports over imports of iron or steel manufactures 
in the 1893 7 quinquennium—equal to 10, or one- 
tenth of the excess in British foreign trade in the 
same period—now has an excess equal to 59, more 
than half the British standard excess. ‘Germany, 
whose profit has uninterruptedly risen since 1878, 
now has a profit value of 52—i.¢., about one-half 
the British standard in 1893-7. Mr. Digby finds 
that our lack of advance upon this standard is 
compensated for by decrease in food prices. In 
other words, he contends that, owing to the 
cheapening of food, established by Sauerbeck’s 
food index prices, our recent profit in iron and 
steel, measured by excess of exports over imports, 
will purchase as much food as in any previous 
porate excepting only 1888-92, when there were 
slightly better conditions. In the purchasing 
power of this excess there has been little change 
in 20 years. When, however, the increase in 
population is taken into account, the figures are 
not quite so favourable, as it is shown that the 
British profits per head of population, expressed 
in the amount of food which may be pur- 
chased by it, have decreased since the zenith— 
in the quinquennial period of 1888-92—by 50 per 
cent. ; and although our excess of exports on this 
hasis still stands at more than threefold that re- 
corded for the United States, and almost threefold 
that recorded for Germany, the condition does not 
at first sight seem favourable, in view of the rapid 
increase recorded for both the competitors, especi- 
ally by Germany. 

The position in the United States is very striking, 
as in fifteen years there has been a change from an 
average deficit—i.e., an excess of imports over 
exports —of over 3h million sterling in one quin- 
quennium to a profit of nearly 3 milllon sterling 


in the next, and of over 17 millions in the third—a 


condition probably without parallel in the world’s 
industrial history. The corresponding condition 
in this country in the same quinquennial periods 
was a profit of 35} million sterling in the first, 
28} millions in the second, and nearly 30} millions 
in the third. In the case of Germany the profit 
was 9.219, 12.2, and 14.65 millions sterling respec- 
tively. Thus, the average total excess of exports 
in the case of this country still equals that of both 
the other countries combined. 

The falling off in profit per head of the popula- 
tion is, as Mr. Digby points out, very largely due 
to the importation of iron ore. He enters into a 
consideration, of the proportion of imports of iron 
ore in the three respective countries; but, as we 
have pointed out, the metallic value per ton so 
varies as to materially influence the result. It is 
well known that there has been a great diminution 
in the British output as against an increase 
in the British consumption, whereas in Ger- 
many and America the same shrinkage in home 
supply is not operative. Mr. Digby points 
out that the ratio of value of imported ore to the 
value of exported pig iron has risen from 26.2 per 
cent. in the quinquennium ending 1877 to 130.8 
per cent. in the most recent five years ; while the 
proportion of imported ore per 1001. value of ex- 
ported iron and steel goods, other than pig iron, 
has risen in the corresponding period from 4.411. 
to 20.891. This shows that our imports of iron 
ore have increased in twenty-five years five 
times in relation to the exported iron and 
steel manufactured. Dealing with pig iron, 
the author of the paper deduces from the 
Board of Trade returns that in the United 
Kingdom the consumption has increased at a 
greater rate than the growing production, but the 
excess in the past fifteen years has continued 
fairly stable at A oat 124 per cent. In the case of 
Germany there is a great parity between produc- 
tion and consumption ; but, despite the United 
States’ rapid growth as a producing country, the 
consumption is still slightly in excess of the pro- 
duction. Taking the consumptien of the United 
Kingdom in 1893-7 as the standard (equal to 100), 
Mr. Digby finds that the position in the United 
Kingdom from 1873-7 to the most recent quin- 
quennium is represented by an increase in con- 
sumption from 79 to 111, while production has 
increased from 91 to 124. Meanwhile Germany 
increased its consumption from 33 to 118, and 
its production from 28 to 114. In the United 
States the consumption has risen from 35 to 
194, and the production from 31 to 202. These 
comparisons are of tonnage, so that here, again, 
the quality of the iron is an important factor. 
From first to last, therefore, Mr. Digby’s analyses 





of iron and steel statistics, while interesting, 
and, as we have pointed out, suggestive in 
treatment, cannot be accepted, save as one more 
general contribution towards a problem as intricate 
as it is important. 





THE BRADFORD INDUSTRIAL 
EXHIBITION. 

In our notes on the above Exhibition in last 
week’s issue we mentioned the paucity of textile 
machinery exhibits. A second visit has confirmed 
the impression then obtained that Bradford has 
not risen to the occasion offered. If the really 
excellent display of textile materials was supported 
by a similarly excellent and comprehensive exhibit 
of the various machines employed in their produc- 
tion, much greater interest would be aroused in 
the machinery section than will probably be the 
case. In studying the various stands devoted to 
textile fabrics we were struck with the very excel- 
lent plan of having the fabrics made up into dresses 
for ladies’ wear. Atthe stand of Messrs. Lister and 
Co., Limited, Bradford, some twenty-five dresses 
and cloaks are shown, and are excellent examples. 
The other firms exhibiting in this section have also 
contributed some beautiful fabrics, which are a 
credit to the district in which they have been 
manufactured, and which will easily bear compari- 
son with any foreign-made articles of a similar 
class. We are sure that this section will attract 
a number of visitors, who will be amply rewarded 
by their inspection. 

As we mentioned last week, the Bradford Tech- 
nical College have collected a noteworthy exhibit, 
illustrative of the various stages of woollen manu- 
facture. The first section in the manufacture of 
wool embraces preparing and spinning, which is 
illustrated by a number of specimens of material 
from each machine, together with photographs of 
the various machines through which the materials 
have passed. The woven fabrics have been designed 
entirely by the students of the department. Many 
beautiful tapestries and other elaborate fabrics are 
shown onthe stand. The research work which has 
been undertaken by the college is illustrated by a 
record of tests made for various firms in the city. 
The department of chemistry and dyeing, which is 
a very important one in such a district as that of 
which Bradford is the centre, is well represented. 
A number of dyed patterns are shown, and also a 
collection of the natural and artificial dye-stuffs 
employed. Experimental dyeing has not been 
overlooked, and the special appliances employed in 
such work are shown. ‘Taken altogether, the 
exhibit is an excellent one, and is entirely worthy 
of the important technical college it represents. 

We will now endeavour to trace as far as possible 
the progress of wool through the various processes 
from the raw state to the finished fabric, and illus- 
trate it by a description of the various machines 
shown in the Industrial Hall. 

There are no washing-machines shown, although 
in practice this is, after sorting and blending, the 
first treatment wool undergoes on entering the mill. 
After washing, it is dried and then presented to the 
carding-engine, a machine in which foreign matter 
is removed, and the fibres of the wool are laid in 
something approximating to parallel order, being 
delivered in the form ofa sliver. The sliver is then 
combed—a process which we shall refer to later— 
or is drawn by means of a gill-box. The latter 
consists essentially of a set of metal combs, the 
needles of which are caused to enter the material 
asit is being drawn through the box, and to open 
out the fibres while further parallelising them. 
The metal combs are called “fallers,” consequent 
upon their peculiar action. They are caused to 
travel in the same direction as the slivers, but at 
a greater speed. After reaching a certain point 
they drop from the plane in which they have been 
moving to a lower one, the needles drawing out of 
the material. The fallers are carried forward by 
means of revolving worms, another set being em- 
ployed to carry them back on the lower plane to 
a point below their original starting position. On 
reaching this point they are again forced upwards, 
re-introducing the needles into the sliver, and re- 
commencing their action. An improved con- 
struction of this appliance is shown on Stand 
No. 130 by Messrs. James Holdsworth and Co., 
Halifax. They have introduced a special disc and 
spring by which the fallers are moved easily and 
steadily from the lower to the upper positions, and 
vice versd, 





On Stand 15 a model square-motion wool-comber 
isshown. Two feeding-heads seize the wool, and 
lash or fling its free end into a revolving circular 
comb. A beard or fringe of wool is thus formed by 
this action, which is removed by fallers similar to 
those described above. The wool, which is in the 
form of an untwisted ribbon or sliver, is finally 
drawn away from the outer edge of the comb circle 
by means of drawing-rollers. Next to this machine, 
on Stand 16, is shown a Noble comb. This machine 
is constructed with three circles of needles, one of 
large diameter, into which the wool is pressed, and 
two others placed within it in such positions that 
the wool, vt pushed into the needles of the large 
circle, also lies in those of the smaller comb circles. 
Special brushes are employed to press or ‘‘ dab” 
the wool into the teeth of thecomb. Owing tothe 
fact that the circular combs revolve in diverging 
paths they naturally divide the wool between them, 
the larger circle retaining the long fibres, and the 
smaller circles removing the shorter ones. The 
combed sliver is removed from the circles by 
rollers, the longer fibres in one sliver and the 
shorter ones in the form of waste, which is known 
as ‘‘noil.” 

From the comb the sliver (made up into a ball 
and now called a ‘‘ top”’).is taken to the first of a 
series of spinning machines something similar to 
those employed in spinning cotton. There are no 
examples of spinning machines exhibited. The 
yarn is afterwards bleached or dyed as required, 
and is wound upon different classes of bobbins 
according to its ultimate use. At Stand 127 Messrs. 
Wilson Brothers Bobbin Company, Limited, Gars- 
ton, Liverpool, show a number of bobbins for all 
purposes, also various shapes and sizes of shuttles. 

The yarn that is to be used as a warp is wound 
upon flanged bobbins which are placed in the 
‘*creel” of a warping frame. On Stand 140 an 
improved type of warping machine is shown. It 
consists of a V-shaped creel which holds the bobbins 
of yarn, the ends of which are passed over guide- 
rollers and between the teeth of a split comb before 
being wound on a large reel or ‘‘ swift.” A warp 
may contain in its width anything from 3000 to 
4000 ends of yarn, laid side by side on a beam or 
roller. It is obviously impossible to mount so 
many bobbins in a creel of ordinary capacity if 
easy and accurate work is to result. What is 
done, therefore, is to mount a small number of 
bobbins only, and by winding the warp in sections 
obtain the necessary number of ends for the desired 
width from them. The warping machine shown 
on Stand 140 was, when we inspected it, producing 
a warp containing 3430 ends, laid on a warp beam 
or roller 61 in. wide. To form this warp only 108 
bobbins were employed, 32 sections having to be 
made. The reel revolves, and winds upon its sur- 
face the desired length of yarn. When this has 
been done, the split comb and its special attach 
ment is operated so as to divide the threads into 
two portions, elevating one half of them and 
lowering the other or alternate ones, to form what 
is known as a “lease.” Cords are placed in the 
division of the lease to maintain it, so that ‘‘ lease 
rods” may afterwards be readily introduced when 
the warp is placed in the loom. The reel is re- 
versed to form a second section, which occupies 
a position on the reel adjacent to the first. 
The machine we saw on Messrs. J. Knowle’s 
stand was very well made, special attention having 
been paid to small details, to expedite the pro- 
duction of the sections and simplify the 
work. In action the reel is positively driven 
and may be made variable. It can be easily 
adjusted to suit the state of the bobbins and class 
of yarn being worked. 

After the warp has been made and wound upon 
the beam or roller, it is taken to a drawing-in 
frame, where the separate ends of yarn are drawn 
through the eyes of the loom healds or harness. 
The object of the healds is to lift the threads to 
form a division of the warp, through which the 
shuttle containing the weft can pass, and in so 
doing form the pattern of the fabric. There may 
be any desired number of shafts or sets of healds 
used in a loom, according to the class of* goods 
being woven. After the threads have been drawn 
through their respective heald eyes, they are passed 
between the dents or teeth of a closed comb, called 
a ‘‘reed,” made from thin strips of metal, supported 
above and below by two semi-circular pieces of 
wood. The warp is then taken to the loom and 
placed in position, the healds being attached to 
cords which are in turn attached to the ‘‘ dobby 
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or other shed-forming mechanism. The reed is 
fitted into an oscillating frame, called the ‘‘slay.” 
The slay also supports the shuttle-boxes and forms 
a ‘‘race,” along which the shuttle runs when a pick 
of weft is being thrown across the loom and between 
the divided warp threads. The purpose of the reed 
is to beat the weft into position after the shed has 
been cloged and before it is opened again to receive 
another pick. 

On Stand 141 Messrs. George Hodgson, Limited, 
Bradford, are showing some excellent examples of 
their looms, designed to. weave woollen and worsted 
fabrics at high speeds.. Each of the four looms is 
on the same principle, but is constructed to pro- 
duce different classes of cloth. One loom is weaving 
a heavy Scotch woollen plaid designed to be used 
as a travelling rug ; om the others, dress fabrics 
are being woven, and heavy worsted cloth for men’s 
wear. It will probably be sufficient if we describe the 
construction of one‘loom. There are many difficul- 
ties to be overcome in producing fabrics of this kind. 
The travelling rug being woven on No. 1 loom con- 
tains seven colours in the working out of its design. 
On each side of the loom four boxes are employed 
to contain the various weft shuttles, which leaves 
a vacant box for the reception of the shuttle driven 
across the loom. In cases where such an extensive 
colour design is being woven, it will be seen that 
with only one vacant box very little latitude is 
allowed. It behoves the constructor, therefore, to 
arrange his mechanism so that smoothness of run- 
ning is assured, and that no danger will arise 
from any complication of the pattern chain which 
operates the movement of the boxes. In the 
present case all the motions are driven from the 
main or crank-shaft of the loom. This is an ex- 
tremely important point. Should any of the various 


weft threads fail through breakage or exhaustion, | g 


the weaver is required to turn the loom back to the 
place in the pattern at which it has done so. If 
all the motions were not operated from one main 
shaft, then this work would be extremely difficult and 
arduous. As it is, in. the present case, on turning 
the loom back, the pattern mechanism is also re- 
versed, the boxes are moved into the position 
they occupied when the pick broke, the cloth 
is let off the roller upon which it was wound, 
and the exact length of warp taken up by the warp 
beam. Therefore, when the pick is found, all that 
is necessary for the weaver to do is to re-furnish the 
exhausted shuttle with weft and to start the loom, 
assured in the knowledge that no break has occurred 
in the pattern. The loom is made of various 
widths, from 54 .in. to 120 in. reed space, a term 
synonymous with the width of the warp yarn in the 
closed comb mentioned above. The principle upon 
which the shuttle-box motion is constructed is that 
of the swing lever, which permits the number of 
working parts to be reduced to a minimum, and at 
the same time assures a very easy rise and fall of 
the boxes. The motion being an eccentric one, the 
boxes commence with a slow movement, and return 
gradually to rest, the maximum speed being obtained 
in the middle of the stroke. The mechanism which 
operates the boxes is governed by a pattern chain 
made of thin steel strips, upon which pegs are 
mounted according to the design required. These 
pegs operate ‘small levers, which in turn actuate the 
box motion proper. The healds are operated by a 
dobby and lifting ¥ppliance. It consists of a series 
of vertical hooks, which.are moved in and out 
of contact witha horizontal bar. The latter has 
a rising and falling motion. The vertical hooks 
are operated by a pattern chain similar to the one 
used in connection with the box-motion; and in 
the present case both sets of chains are mounted 
on the same supporting frame. The lift of the 
horizontal bars, carrying with it the hooks to which 
are attached the cords of the healds, raises the 
threads of the warp to form a shed of about 9 in. 

deep, so as to permit the passage of a large shuttle— 
a rather important matter with such heavy fabrics. 

The whole of the gearing wheels are machine-cut 
(those intended to drive the dobby being of solid 
steel). All brackets have, and are fitted to, milled 
and planed faces to ensure solidity and steadiness 
in working. The loom framing has been designed 

with a view to strength. 

During the past few years a number of “auto- 
matic looms” have been invented. The term 
automatic” is rather a misleading one to the 

ordinary person. It means really a loom which, 

on the exhaustion of the weft, instead of stopping, 

48 a loom does ordinarily, will replenish the shuttle- 


weft, or will insert a pirn containing weft into 
the exhausted shuttle, forcing out the empty 
one. Messrs. George Hattersley and Sons, 
Limited, Keighley, on Stand No. 129, have three 
looms fitted with a self ‘‘shuttle - changing 
motion” weaving Bradford goods. As the weft is 
carried through the shed by the driven shuttle 
it passes in front of a grid formed in the 
slay. As the slay moves. forward to beat up the 
weft, a small pivoted fork passes between the 
interstices in the grid,, being tilted by the weft. 
If the weft is absent, the hinder part of the fork, 
which is formed with a hook, engages with a hammer- 
headed lever which is. oscillated every second pick. 
The weft fork is attached to the knocking - off 
handle of the loom. An ordinary loom would be 
stopped until the weaver re-started it with a fresh 
supply of weft; but in an automatic loom the 
operation of the fork brings the replenishing 
mechanism into operation. In the present case the 
loom is brought to rest, the driving-belt passing on 
to a loose pulley which brings into action a wheel 
fixed on a shaft mounted in the framing of the loom 
near the floor. By this shaft four tappets are 
carried, the relative positions of which are fixed, 
and which respectively open the front of the 
shuttle-box, eject the spent shuttle, place a full 
shuttle in the box, and re-start the loom. On this 
stand we also inspected a winding-machine frame 
for winding woollen yarn on to paper tubes, ordi- 
nary worsted spools, and also various sized pirns. 
A special feature of this machine is that by very 
slight. adjustment it will wind on to any of the 
above without any friction whatever on the yarn. 

On Stand 143 Messrs. D. Sowden and Co., 
Shipley, show similar looms fitted with a self- 
shuttling attachment designed to weave Bradford 
oods. The looms are well made, and designed 
with a view to'strength. 

On Stand 124 an extremely ingenious type of 
automatic multi-colour loom is exhibited. It is a 
variation of the Seaton loom, and is very distinct 
from the ordinary type.. The weft pirns are dis- 
carded, and in their place large bobbins are em- 
ployed, which are mounted on supports beneath 
the shuttle-box. The shuttle isa thin steel frame 
having at either end nipping-jaws. The lengths of 
weft-yarn are drawn upwards through the grooves 
of a semi-circular guide-plate, which is operated to 
bring any colour desired opposite the end of the 
shuttle-box. When the shuttle enters the box the 
outward jaws open and seize the thread presented 
to them. The shuttle is then driven across the 
loom, a correct length of thread being cut off for 
each pick. The loom shown on the stand is weav- 
ing a Tartan plaid containing eight colours, any 
number up to thirteen being permissible. 

On Stand 125 a plain loom, made by Messrs. 
J. Pilling and Sons, Colne, is shown, fitted with 
several improvements, the inventor of which is 
Mr. Thomas Pickles, of Messrs. Robert Pickles, 
Limited, Cairo Mills, Burnley. This gentleman 
places no reliance on the automatic loom, and 
asserts that the best possible work is not yet being 
ee from the existing types of looms. He 

as made many improvements which are certainly 
noteworthy, one of the most important being a 
weft fork which is so constructed that the forward 
portion, which has to come in contact with the 
weft, is entirely separated from the tail-piece which 
operates the mechanism for stoppingthe loom. He 
has fitted the slay with a lignum vite ‘‘trash- 
board,” or race, upon which the shuttle runs, and 
has discarded the old metal plates which are 
usually placed in the shuttle-boxes. Instead 
of forming the weft-fork grid of metal, he uses 
catgut cords, which he maintains will not hurt the 
most delicate weft when it is pressed against them 
by the fork prongs. Many other minor improvements 
have been applied to the loom, which is weaving 
at the high rate of 270 picks per minute. 
Although somewhat disappointing as an exhibit 
of textile machinery, this section of the Exhibition 
will well repay a visit. 








AMERICAN SHIPPING SUBSIDIES. 
Ir is apparently the intention of those now in 
control of legislation at Washington to postpone 
further consideration of the ship subsidy question, 
as well as the question of changes in the tariff, until 
after the Presidential election. Speaking recently 
in Philadelphia, the Secretary of the Treasury said 
that the United States ranked first in natural re- 


in, foreign commerce, but was at the very foot in 
‘* facilities for transporting these resources to the 
ports of other countries.” He did not wish to be 
understood as ‘‘intimating that the only way to 
secure a merchant marine ‘ was’ by means of a sub- 
sidy,” but American manufacturing industries had 
‘*been developed under the fostering care of 
the Government,” the trans-continental railroads 
were the ‘‘ fruit of wise, though. severely criticised, 
legislation,” the country was ‘‘fast acquiring a navy 
to be proud of,” and the American people were 
‘* willing to pay the price of a merchant marine.” 
What Mr. Shaw wants just now to investigate this 
subject is a commissién, which, at the convening of 
the next session, will ‘‘file a well-considered re- 
port,” and that then such action will be taken as in 
the wisdom of Congress shall be deemed desirable. 
It looks as though he was put forward, or permitted 
to step forward, to represent the attitude of the 
Administration, and, perhaps, to suggest the pro- 
gramme of the party in power on the shipping ques- 
tion. But whatever may be the attitude of the 
Administration, this question does not escape discus- 
sion, and Bills to deal with particular aspects of it are 
introduced into Congress. The other day there was 
filed the report, authorised by the House Committee 
on Merchant Marine and Fisheries, on an amended 
Senate Bill ‘‘to require the employment of vessels 
of the United States for public purposes.” The 
Bill requires all Government supplies transported 
by sea to be carried in vessels either owned by the 
Government or flying the American flag. The 
report bases the necessity for the Bill on the 
ground that it is never safe to. depend on foreigners 
for the defence of the country. It says that the 
United States now owns. thirteen passenger and 
freight transports, and that should these be inade- 
quate for the necessary transportation of Govern- 
ment supplies and troops, ships flying the American 
flag only may be used in addition. ‘There might be 
a difficulty in carrying this into practice, seeing how 
limited is the number of American vessels qualified 
for the work; but an amendment in the Senate 
virtually permits the President to nullify it at his 
discretion. As the Bill now reads, only American 
vessels shall be used for the transportation of army 
and navy supplies, whether to the Philippines or 
elsewhere, ‘‘ unless the President shall find that 
the rates of freight charged by said vessels are 
excessive and unreasonable ; in which case contracts 
shall be made under the law as it now exists.” 
This puts the responsibility upon the President of 
determining what charges are excessive and un- 
reasonable, and of deciding whether American 
vessels shall be employed exclusively for the ser- 
vice or whether it shall be open to competition. 
There is no doubt that when the whole question 
is taken in hand, a scheme of subsidies will be 
were with the object of neutralising the 
eavier cost of constructing and of handling 
American vessels. It will be remembered that 
some time ago the president of the International 
Navigation Company testified that the building of 
the St. Louis and the St. Paul, as a condition of 
admitting the Paris and New York to American 
registry, had cost 2,550,000 dols. for each vessel, as 
compared with 2,000,000 dols. for construction on 
identical plans and specifications in British ship- 
ards. The president of the Atlantic Transport 
ine also stated that in having vessels built both 
in the United States and in Great Britain, 
‘‘identical in size and design,” the cost in one 
case had been 30 per cent. and in another 50 per 
cent. higher in the United States. At the same 
time it was asserted that the ‘‘ cost of operating a | 
ship under the American flag as to wages and 
food is higher by 30 to 40 per cent. than 
on foreign ships,” and -‘‘ other expenses of 
operation under the American are equally 
in excess of the cost under other flags.” ta 
merchant fleet worthy of the Navy and of the 
country is a great desideratum from the American 
int of view may be granted, but such a fleet 
uilt up on, and rendered possible only by, subsidies 
can ely be an unmixed blessing for America. 
The figures of comparative cost of constructing and 
of working American and English vessels are no 
doubt subject to many qualifications ; but, suppos- 
ing them to be substantially correct, itis a question 
whether they are an argument in favour of sub- 
sidies. It has been maintained that, in spite of the 
high standard of Her in the United States, the 
materials for shipbuilding can be produced at less 
cost than in any other country, and that even the 
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not cost. substantially more. Mr. Cramp, the 
Philadelphia builder, who is an advocate of sub- 
sidies, declared in a magazine article some years ago 
that the first cost of ships is not a ‘‘ serious factor 
in competition that may occur between this country 
and Great Britain for a share of the traffic of the 
ocean.” He put the stress entirely upon the cost of 
operating after the ship is built. But, supposing 
it is true that building ships cost 25 to 30 per cent. 
more under the American flag, the inference is that 
it is much cheaper to have trade in foreign vessels. 
This view, we observe, is taken by the New York 
Journal of Commerce, which says :—‘‘It enables 
us to get more for the exports, as less will have to 
be deducted for transportation, supposing that cost 
to come out of their value, and to pay less for the 
imports, as it will cost less to bring them to our 
ports ; in other words, the real balance in the trade 
will be more in our favour. It pays us to have the 
carrying done rather than to do it ourselves. So 
far as return upon capital is concerned, it is doubtful 
whether there is any material difference now between 
the demands of this country and the most advanced 
countries of Europe ; but if capital does not go into 
building and operating ships for the ocean-carrying 
trade, it is because it can, under present conditions, 
do better in other employments. If our higher 
standard of wages is what makes it impracticable 
to build and operate ships for this trade, in com- 
petition with others, it is solely because that 
standard can be maintained in other employments 
and not in that. Both capital and labour do that 
which will give them the best return, and from the 
proceeds they hire others to do what it will not pay 
them to do.” 

This is a purely:economic and commercial argu- 
ment, and admittedly has nothing to-do with 
patriotism or pride, or the possible value of a mer- 
cantile marine as a naval auxiliary ; but it is in- 
tended to meet arguments which pretend that 
subsidies would be of economic and commercial 
benefit to the United States. It might be elabo- 
rated to great length. Under the subsidy policy, 
it is declared, Americans would be able to pay the 
high wages and build ships, and meet the high cost 
of operating and sailing the ships, in competition 
with those of other countries, and without increas- 
ing the cost of ocean transportation, and thereby 
the mercantile marine would be built up, labour 
and capital would have increased employment, 
and there would be no added burden upon com- 
merce. But the cost of transportation has to be 
paid, and it must come out of the production of 
the country. Ifsubsidies could have the promised 
effect, it would only be because the Government 
paid a large part of the cost of transportation direct 
to the shipowners. If the Government paid it, the 
pense would have to furnish the funds, and the 

urden would be transferred from the shippers to 
the general body of producers, and would be ely 
increased in the process. Freight rates would not 
be visibly higher, but there would be an invisible 
charge upon the industries and trade of the country 
much larger than that which now goes to foreign 


shipping. 








PRINTING AND STATIONERY 
EXHIBITION. 

AttHovucH the International Printing and Allied 
Trades Exhibition, which was opened at the Agri- 
cultural Hall, Islington, on Saturday, April 30, 
and closes to-morrow, contains no very striking 
novelties, it is nevertheless well worth a visit, 
whether from a printer's, a lithographer’s, or an 
engraver’s point of view. Nothing so representa- 
tive has been held since the great Caxton centenary 
of 1877 at South Kensington, and since that date 
printing and the allied arts have made very rapid 
strides. 

The present Exhibition has been originated and 
promoted by Mr. F. W. Bridges, the proprietor of 
the Caxton Magazine, and has een supported by 
over 300 exhibitors, who represent almost all 
branches of printing and the allied industries. 
— 500 modern machines of various kinds are 
assembled in the building, and various processes, 
including printing, die-stamping and embossing, 
envelope - making, paper - bag - making, cardboard- 
box-making, &c., may be seen in operation. 

Type-casting machines are well in evidence, both 
Linotypes and Monotypes being well represented ; 
and among composing-machines there are two which 
call for rather special notice from the fact that not 
only are they new, but they contain some interesting 





features. The machines to which we refer are 
made by the Pulsometer Engineering Company, 
Limited, of Reading, for composing and distri- 
buting type, and may be seen in operation at Stands 
Nos. 7 and 8, and are well worth a visit. For the 
former it is claimed that it is simpler and cheaper 
to build, and of greater speed and lighter touch 
than any ‘‘ loose type” machine hitherto invented. 
It will take any founder’s type, and will set 
three bodies—e.g., minion, brevier, and bourgeois— 
without alteration. -The distributing machine is 
made so as to take the unnicked type of any 
founder by a change of sieve, and it will distribute 
fast enough to keep pace with a composing ma- 
chine. Messrs. Salmon and Son, Woodley, near 
Stockport, show one of their guillotine cutting- 
machines with improved clamping arrangement, in 
which the clamping power is obtained entirely 
apart from the cutting mechanism, and on the up- 
ward movement of the knife ; the machine, there- 
fore, takes no power to clamp the paper while the 
cut is being made, and the full amount of pressure 
is obtained before the knife commences to cut. 
The machine runs with very little vibration. Some 
folding - machines are also shown, for which it 
is claimed that all the working parts are in full 
view of the operator, and are very easy to get at, 
that there is an almost total absence of tapes, and 
that the sheets are held securely during the whole 
process of folding. 

Messrs. Cundall and Sons, Limited, Airedale 
Ironworks, Shipley, exhibit a printing machine 
with a new self-feeder, and also a quod-demy-size 
latest model book-folding machine, which takes a 
sheet 48 in. by 35 in., and any size downwards, 
and folds to register 2, 3, or 4 folds, making 4, 8, 
16, or 32 pages. It is fitted with a Vickery feeder, 
and requires no constant attention. A parallel 
folding appliance is also attached, after the second 
fold, which arrangement allows two or more sixteen- 
page books to’ be folded-out of the same sheet at 
the same time, enabling 8000 sixteen-page hooks to 
be folded per hour accurately. The machines can 
be altered to different sized sheets, or from one fold 
to another, in a very short space of time, and it will 
hold highly-glazed and slippery paper accurately. 
Another good point about the machine is that it 
does not smear the ink if the paper is folded direct 
from the printing machine. A feature of the Exhibi- 
tion, which attracts a great number of spectators, is 
the model printing office of Messrs. John Haddon and 
Co., Salisbury-square, E.C., which may be seen at 
stands Nos. 173 to 182. This exhibit occupies 
about 2000 square feet, which is the largest space 
allotted to any exhibitor. Here may be seen all 
the various operations of printing carried out on 
modern lines. A gas-engine driven with producer- 
gas is the motive power. This drives a dynamo 
which supplies electricity to motors on the ma- 
chines and also supplies light. A large number 
of printing machines may be seen running, among 
which are one with a guaranteed speed of 1600 
per hour, and another with a guaranteed speed 
of 2500 per hour, which has a novel attach- 
ment for interleaving while the machine is run- 
ning at top speed. The composing-room is fitted 
up entirely with type cast on the threefold 
labour-saving principle of standard-line and unit 
set on point y- There is also an extensive 
show of cabinets, frames, &c., and various other 
a, mpage relating to printing. This firm have 
also on view a machine for slotting or mortising 
blocks. Messrs. Kampe and Co., 76, High Holborn, 
E.C., also have a very good exhibit of general 
printing machinery, including cutting-machines and 
slotting-machines. 

The substitution of aluminium plates for litho- 
graphic stones, and the practical use to which they 
can be put, are well shown at Stands Nos. 106 to 
121, where the Aluminium Rotary Press, Limited, 
180, Fleet-street, E.C., have a very fine exhibit of 
machinery in operation. Simultaneous single, two, 
and three-colour work from aluminium plates can 
be executed in the following sizes :—Largest size 
sheet, 44 in. by 64 in.; the smallest size, 35 in. by 
48 in. The use of aluminium plates instead of litho- 
graphic stones appears to be gaining ground, for 
many distinct advantages belong to it. In the first 
place, the weight of a plate is only about 1 per 
cent. that of a stone of equal area, and the price 
of the larger plates is said to be from one-fifth 
to one-tenth that of the best quality stone, and, of 
course, the storage room required for the plates is 
much less than that for stones. These are great 
advantages when we consider that colour-work of 





the highest class can be produced from aluminium 
lates. 

An exceedingly interesting exhibit is that of Mr. 
J. Eliot Hodgkin, which illustrates the growth and 
evolution of the minutize of the type-founder. Fron 
the early cut types of wood, by the stages of woode. 
punches and lead matrixes, the progress is show. 
to the soft lead types from which thousands of 
impressions have been taken, and to the composite 
moulds used for casting the hard type-metal letters 
as used in most printing-offices of to-day. At a 
future date we hope to describe these processes 
more in detail, for it is impossible in a brief 
notice like the present to mention more than a 
very few of the exhibits that are really worth 
seeing at this Show, and we must entirely leave 
to others the work of describing the many beau- 
tiful examples of printing which have been exe- 
cuted in colours, and adorn many parts of the 
Hall. They are, however, well worth a visit, 
if only for the pleasure they give from an 
artistic point of view, quite apart from any 
technical interest they may have. In conclusion, 
however, we feel bound to record our regret that 
the ‘‘ printing and allied trades” should not have 
seen fit to supply a catalogue better illustrative 
of high-class printing than the one offered to the 
public. 








NOTES. 
Power TRANSMISSION IN WoRKS AND FACTORIES. 


Ir is not always an easy task, when designing 
a new factory or workshop, to decide as to the best 
methods of generating and applying power to the 
various machines in different parts of the building, 
and if this difficulty is felt with regard to a new 
place, where things can be arranged to a certain 
extent to suit the convenience of the designer, how 
much more does it not occur when old-established 
works have to be reconstructed. There are many 
things to take into account which, at the first glance, 
may not appear to be of any material importance, 
and it frequently requires much thought and a wide 
experience to enable an engineer to attack such 
problems with credit to himself and to his em- 
ployers. No two problems of the kind are ever 
exactly alike, which fact it is that brings such a 
tax on the experience and judgment of the designer, 
although at the same time the satisfaction due to 
attacking and overcoming fresh difficulties, though, 
perhaps, more ethical than otherwise, may be 
taken as an asset on the side of success. It may, 
we think, be said with truth, that it is only 
within quite recent years that the difficulty of 
arriving at a wise decision as to the best way 
of driving a certain factory has become so much 
more troublesome than it used to be in the 
days when -the source of power was, in almost 
every case, a steam-engine of more or less perfect 
construction, which could be placed almost any- 
where to suit the convenience of the designer. 
Now, however, since the advent of the gas-engine 
and electricity, things have changed, and the de- 
signer has to consider whether he will employ 
(a) a central generator with an electric motor to 
each machine, or driving several machines through 
short lengths of shafting ; (b) a central engine and 
separate shafts connected. by belts, or ropes, and 
clutches ; or (c) separate gas or oil-eigines to each 
department or group. In some cases the advan 
tages of two different systems inay appear to be 
so nearly balanced as to leave little to choose 
between them, whereas in reality it is highly pro- 
bable that there is some important feature belong- 
ing to one which may be overlooked, but which at 
once places a considerable gulf between the two, 
so far as the superiority of one over the other is 
concerned. This being the case, any information 
likely to be of assistance to an engineer when de- 
signing drives is welcome, and therefore a little 

per entitled ‘‘Notes on Various Methods of 

ower Transmission in Works and Factories,’ 
sent us by the Unbreakable Pulley and Mill-Gear- 
ing Company, Limited, West Gorton, Manchester, 
containing, as it does, many practical hints of 
value, will find a place in the engineer’s library. It 
is divided into ten sections, which may be placed 
under the following heads, as bearing on the sub- 
ject :—A. Distance of motive power from machines 
or of machines from one another. B. Arrange- 
ment or grouping of machines. C. Requirement 
for sectional or overtime working. D. Proportion 
of machines standing idle or working intermittently. 
E. Requirement for adding machines or extensions, 
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F. Amount of wer required for individual 
machines. G. Reliability and need for duplicate 
or stand-by plant. H, Initial and working cost of 
transmission plant. I. Cost of driving transmis- 
sion plant. J. Convenience and cleanliness. Under 
these headings much information is given in a 
condensed and useful form. 


Fast Trains ON THE GREAT WesTERN Raliway. 


It is quite evident that the Great Western Rail- 
way mean to maintain their reputation for high 
speed, upon which we commented in our article of 
the 29th ult. Several very smart runs have been 
performed during the last few weeks, of the 
merits of which any railway might well be proud. 
Of these runs we may especially notice two. 
The first was valuable for two reasons—first, be- 
cause it shows what can be done with a very heavy 
load by the latest type of Great Western engine ; 
and, secondly, it gives us some idea of what ‘‘ La 
France” will have to do if it is to prove itself 
a better engine than those we can make in 
England. The particulars are as follow :— . 


Cornish Express. 
Locomotive—Albion, No. 171. Driver—Burder. 
Load :—12 eight-wheel coaches. 
dining-car, 


” ” 
dynamometer-car. 


4 vehicles = 350 tons. 


{ o— | Speed. 








Miles Chains wa 
Paddington .. -. dep.; 19.60 | 

36 0 Reading +» pass} 11.27 | 583 

77. +22 Swindon » | 32.9 | 589 

106 «669 Ss Bath =. 7) on | eee 65.7 

1s =. 28_—sé Byristol.. ae arr. | 12 48} 55.2 


One permanent way slack of 3 minutes at Cricklade Bridge. 
Very strong 8.W. wind. i 

Paddington to Bristol, 118 miles 28 chains, in 118} minutes = 
59.9 miles per hour. 
The second run was made by the Great Western 
mail train when bringing up the American mails 
on Monday last, the 9th inst. This train conveys 
mails only, the passengers being sent on by a 
later special train. The mails conveyed in this 
case were those brought by the North German 
Lloyd steamer Kronprinz Wilhelm, which arrived 
at Plymouth at 8 a.m. The mails were landed at 
Millbay Dock at 9.4 a.m., and the train left the 
dock at 9.19 a.m.—remarkably sharp work. The 
details of the run are as follow :— 


Great WesTeRN Raliway. 
Special American Mail, May 9, 1904. 








Miles Chains — 
Plymouth Dock .. -.. dep.| 9.19.0 

os (Millbay Crossing) ,, | 9.23.10 
52 69 Exeter = 3 .. pass 10.22.12| 53.7 
83 52 Taunton ois nA os |10.50.1 66.4 
127 62 Bristol Pyle Hill .. arr.|11.26.29| 726 

és dep. |11.30.12 

129 41 Bristol Eastdépét .. -» pass)11.33.51 
139 50 Bath .. re be ue 11.43.50 | 60.5 
169 17 Swindon ak s ay yy |12.9.47 68.3 
193 30 Didcot me ca a »y |12,29.20 74.2 
210 39 ‘Reading .. yy |12.42.21 78.9 
246 39 |Paddington .. £3 “are.| 1.9.5 78.2 








Permanent way slack to dead slow at Cricklade Bridge. 
Average Speed. 
Plymouth to Paddington—246 miles 39 chains in 226 mins. 
48 secs. = 65.2 milesper hour, ~* 
Plymouth to Bristol—127 miles 62 chains in 123 mins. 19 secs. 
= 62.1 miles per hour, 
Bristol to Paddington—118 miles 57 chains in 99 mins. 46 secs, 
= 71.3 miles per hour. 
Load = eight-wheel mail vans to ee. 
ington. 
Locomotives :—“ City of Truro” (four-coupled eit 8in.) to 
Bristol. 
“Duke of Connaught” (7 ft. 3 in. single) to 
Paddington. 
Such running would have somewhat astonished 
even Brunel, who, more than anyone else, realised 
the capacity of his broad-gauge track for high-speed 


work, 


THe Moror-Car REGULATIONS. 


The committee appointed by the Local Govern- 
ment Board to consider what regulations should be 
made with reference to heavy motors on highways 
have issued certain recommendations which are of 
much interest to those who use or manufacture this 
class of vehicle. It is recommended, in the first place, 
that the maximum weight of 3 tons and 4 tons for 
unladen motor-cars, mentioned in Section 1 of the 
Locomotives on Highways Act, 1896, shall be in- 
creased to 5 tons and 64 tons respectively. This 
will enable motors of a much heavier design to be 
manufactured. It is also suggested that the total 


“lon each axle. 


gross weight on any one axle of a motor-car, when 
laden, shall not exceed 8 tons. The gross weight 
to be carried on the axle of a trailer is not to exceed 
4tons. All heavy motors and trailers must carry 
labels on their off-sides, stating the weight of the 
car unladen and the gross weight to be carried 
on each axle. Important modifications are also 
suggested with regard to the tyres of heavy motors. 
The committee recommend that in the case of 
metal tyres the width of the tyre of every wheel of 
a motor-car exceeding 2 tons in weight unladen 
shall be regulated as follows :—(a) If the wheel is 
3 ft. in diameter, the width of the tyre shall be not 
less than } in. for every 73 cwt. of the certified gross 
weight to be carried on the axle to which the wheel 
is attached. If the wheel exceeds 3 ft. in diameter, 
the foregoing rule shall apply, with a proportionate 
increase above the 7} cwt. in the ratio of 1 cwt. for 
every 12 in. increase in the diameter of the wheel. 
If the wheel is less than 3 ft. in diameter, the fore- 
going rule shall apply, with a proportionate decrease 
below the 7} cwt. in the ratio of 2 ewt. for every 
12 in. decrease in the diameter of the wheel ; pro- 
vided always that the width of tyre shall in no case 
be less than 5in. (b) That in the case of a motor- 
car exceeding 2 tons in weight unladen, and in the 
case of a trailer exceeding 1 ton in weight unladen, 
the diameter of any wheel having a metal tyre shall 
not be less than 2 ft. («) For the purpose of the 
above measurements, the diameter shall be the 
extreme diameter of the wheel measured from the 
outside of any tyre or other portion of the wheel 
which will come into contact with the ground. It 
is recommended that metal tyres should be smooth 
and flat, or that they should merely have transverse 
bars. The edge of the tyre should be slightly 
curved, so as to prevent a cutting edge running on 
the road. The maximum speed of a motor-car 
shall be regulated as follows :—(a) In the case of a 
motor-car having its wheels fitted with metal tyres 
the speed shall not exceed (i) 8 miles an hour when 
the certified gross weight on any axle exceeds 
3 tons, and does not exceed 6 tons; (ii) 5 miles an 
hour when the certified weight on any axle exceeds 
6 tons, or when the weight of the vehicle unladen 
is 3 tons, or over 3 tons, and a trailer is used. 
(b) In the case of a motor-car having its wheels 
fitted with non-metallic resilient tyres, the speed 
shall not exceed 12 miles an hour when the certified 
gross weight on any axle exceeds 3 tons, and does 
not exceed 6 tons. No motor omnibus or other 
passenger motor of or exceeding 3 tons in weight 
unladen shall be used to draw a trailer. Every 
motor-car of or exceeding 3 tons in weight unladen, 
and every trailer, shall be constructed with springs 
It is presumed that the above 
recommendations will be acted upon by the Local 
Government Board when framing new regulations. 


Srncie-Puase Exvecrric Rainways. 


Many of the witnesses examined before the 
Royal Commission on London Traffic have insisted 
on the electrification of the suburban railways 
running into the Metropolis as the only means 
of providing for the future growth of the 
capital. At present the railways are taxed to their 
utmost capacity, morning and evening, and it is 
practically —— for them to carry more 
passengers. Nevertheless, London still exercises 
its attraction, and draws from the provinces a 
constant stream of recruits to further increase the 
congestion. The business man now _ spends 
nearly two hours a day in travelling between 
his home and his office, and the prospects are 
that this long period will not suffice in the 
future unless more speedy means of transit can 
be found. It is conceded that the electrifi- 
cation of our suburban lines would effect an 
immense improvement. In the North, where 
they are quicker to act than we are in London, the 
Tyneside railways and the line between Liverpool 
and Southport have been converted to electric trac- 
tion ; and with regard to the latter, Mr. Aspinall 
has explained the reason. The traffic had outgrown 
the terminal facilities at Liverpool, and he had to 
choose between a new station and novel methods of 
working. Terminal stations are the despair of 
railway managers, for they halve the capacity of 
their systems. A suburban train can be completely 
emptied and refilled in two minutes, but to take off a 
locomotive, couple on a second, draw out the train, 
and then run the first locomotive into a siding to 
wait for the next train, can seldom be accomplished 








in less than four to seven minutes. An electri- 
cally-driven train can run in either direction, and 


all the delay due to changing locomotives is avoided. 
Further, owing to its rapid acceleration, it can 
make 50 per cent. better speed as a stopping train 
than a steam-hauled train. Hence it is clear that 
the future of the suburban train depends on elec- 
tric traction. ‘That is universally admitted. Diver- 
gence of opinion commences when the precise 
system of electrification is discussed. So far, all 
electrified railways have been fitted with the third 
rail for carrying the current, and the later examples 
have had a fourth rail for the return. Up to last 
year—even up to the present year—there was no 
other system possible, although its disadvantages 
were apparent to all. A rail on the giound level 
charged to 550 or 600 volts is a constant menace to 
the platelayers, and in case of a derailment may 
give rise to an alarming short-circuit. If the corre- 
sponding fuse, or automatic circuit-breaker, should 
fail to act promptly, an alarming conflagration may 
besetup. We were glad to see that a.recent witness 
before the Commission, Mr. Philip Dawson, advo- 
cated the use of single-phase alternate - current 
motors for suburban railways. The inventions of 
Signor Finzi and Mr. B. G. Lamme have put us in 
possession of a railway motor which is almost as 
flexible as the direct-current railway motor, and 
has the great advantage that it can be worked from 
a trolley wire carrying 2000 or 3000 volts. A rail- 
way of 100 miles or so in length is being equipped 
in America by the Wantinghauss Company, and 
if the result is as satisfactory as fs anticipated, it 
will introduce an entirely new set of conditions in 
suburban railway traffic. There will no longer be 
any necessity for the third rail with its cumbrous 
and dangerous fittings at ground-level, while step-up 
and step-down transformers, with rotary converters, 
will be abandoned. Already there are railways in 
Switzerland and Italy working with trolley-wires 
carrying high-pressure currents, on the three-phase 
system, and working successfully within the limita- 
tions of that system. The limitations of the single- 
phase system, however, are very little narrower 
than those of the direct-current system as regards 
the motor, while they are much wider as regards 
the conductors. One great advantage is that the 
conductor is cheap to instal, so that a trial can be 
made on a selected section of line without great ex- 
pense, and with very little disturbance of general 
traffic. We are not within sight of the electric 
driving of long-distance trains, and any system we 
adopt must permit of the continued use of the loco- 
motive on the same lines as the electric trains. 
Nothing lends itself so easily to this as the trolley- 
wire. 








WATER-TUBE BOILERS IN THE JAPANESE 
NAVY. 


To THE Eprror or ENGINEERING. 

Str,—When writing our letter of April 18 we did not 
wish to draw comparisons between any types of boilers, 
and especially not to carry on a controversy about their 
respective value. Our intention was solely to caution your 
readers against results of trials given without sufficient 
details. Notwithstanding Mr. Harding’s assertion, the 
technical conditions under which the trials in question of 
Miyabara and Niclausse boilers have been conducted 
were not similar. 

According to the data (or ratios of utilisation) given on, 
page 549 of ENGINEERING, the ratios between heating and 
grate surface—that is to say, the ratios of utilisation— 
were 35.9 for the Miyabara and 30.4 only for the Niclausse 
boiler ; this means a superiority of 20 per cent. in favour 
of the former. Further, the durations of the comparative 
trials were not the same. Mr. Harding will be able to 
verify that if he is in possession of the complete results, as 


we are. 

The boiler of the.torpedo-boat Agile (she is not a tug- 
boat) is not a small boiler, since it permits of sbeneniiig 
1000 horse-power. 

Mr. Harding seems to: believe that the circulation in 
our boiler may be defective ; the best proof of its excel- 
lence is the fact that, after 8 hours of working at a rate 
of 18 lb. per square foot, 6 hours at 40 1b., 4 hours at 
61 lb., and 2 hours.at 71 Ib., there was not one tube show- 
ing the slightest trace of fatigue (quoted from the official 


report). 

The case of the tug-boat mentioned by Mr. Harding, 
working for two years without opening out, was nothin 
extraordinary ; we can quote a whole series of Frenc 
ships fitted with Niclausse boilers, and having steamed 
for seven and eight years without the slightest leakage at 
their tubes. @ may name, out of them, the Menhir, a 
tug-boat like that mentioned by Mr. Harding, which has 
had 38,000 hours of firing without the slightest incident 
and without having changed any of her tu ; 

We also have a very great number of boilers working 
on land for more than ten years in most important power 
— for electric lighting—for instance, those of Paris, 

yons, Rheims, Nancy, Toulon, &c.—and the successive 
orders we receive are as many proofs of the entirely satis- 
factory results given. by them. 








We must beg to apologise for asking once more the 
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courtesy of your columns for the insertion of our answer, 
and are, 


Paris, May 10, 1904. 


Yours faithfully, 
J. AND A. NICLAUSSE. 








MERCHANT SCOUTS. 
To THE Eprror OF ENGINEERING. : 

Srr,—Mr. Edwards’ letter, published in your last issue, 
opens up a very interesting question. He has deal 
chiefly with the om pee aspects of the subject, as he is 
eminently qualified to do; but I think he has rather 
passed over the question of policy involved. 

By building naval scouts as a new and special class of 
warships, the Admiralty have deliberately disregarded 
the opinions of one of their most up-to-date admirals, as 
recorded in Lord Charles Beresford’s evidence before the 
Select Committee on Steamship Subsidies. Lord Charles 
Beresford pointed out that the chief desiderata were 
reliability and efficiency, such as can only be guaranteed 
by fast mail steamers. Sir Charles Cayzer tried hard to 
get him to approve of smaller vessels than the “‘ ocean 
greyhounds,” such vessels to be specially designed as 
naval scouts ; but Lord Charles Beresford was not to be 
moved from his well-grounded opinion. _ 

Mr. Edwards does not discuss the vital question of 
spend; and whereas 25 knots may be the top speed to- 
ay, it will certainly not be so the day after to-morrow. 
hesitate to quote from Russian naval statistics at the 
resent tragic juncture, but there are at least two cruisers 
in the Russian Navy stated to be capable of steaming 

25 knots—namely, the Rurik and the Askold. 

Nor has Mr. Edwards gone into the question of arma- 
ment, though this is second in importance only to speed. 
It is admitted that for a scout to obtain and bring back 
information vital to a naval commander at sea she must 
be able to pierce the enemy’s screen, and, if engaged, to 
fight her way out. The armament of the eight new 
Sentinels is to consist of ten 12-pounders and eight 
3-pounders ; but, however useful these little guns might 
be in fighting off torpedo-boats, they would be absolutely 
useless against foreign naval auxiliaries, who will almost 
certainly be armed with two or more guns of calibre 
corresponding to our 4.7. 

I cannot find that any of the small fast-sailing packets 
owned by our chief railway companies have been built 
under subsidy ; though for scouting work in home waters 
probably no class of vessel would be more suitable. They 
can keep the sea in all weathers, are ready in considerable 
number at a moment’s notice, and could certainly be built 
to carry an armament superior to that of the ordinary 
destroyer. 


May 10, 1904. 


or 


I am, Sir, your obedient servant, 
GIBRALTAR. 








FURNACE-CONTROL APPARATUS. 
To THE Eprtor or ENGINEERING. . 

Srr,—I have read with considerable interest the notice 
of the Krell-Schultze CO, registering and recording appa- 
ratus, so lucidly described in your current issue. For 
the benefit of other engineers who, like myself, are inte- 
rested deeply in any appliance whith gives promise of 
either directly or indirectly pte | the cost of power 
generation, I may say that I have had installed by the 
Smoke-Preventer Company, Limited, Blackburn, the 
sole agents for Great Britain, one of the Krell-Schultze 
instruments referred to in your notice. The recorder has 
been at work for some time past, and has so far proved 
sensitive and reliable. I am at present carrying out 
exhaustive tests of the steam plant here, and shall 
pleased to send you the results I obtain should you desire 
to publish them. : : 

rusting you will kindly insert this letter, 
T am, Sir, yours faithfully, 
ALFRED S. GILEs. 
County Borough of Blackburn Electricity Department, 
Jubilee-street, May 11, 1904. 

[We shall be glad to receive the results of Mr. Giles’s 

experiments, which he kindly offers to send.—Ep. E.] 








Raitways IN SourH YorksHIRE.—The details are 
under consideration of a p new railway in South 
Yorkshire, designed with the view of facilitating the deve- 
lopment of the large coalfield lying between Doncaster 
and Shireoaks and Kiveton Park, which is now being 
gradually opened up. Towards the latter end of 1901 there 
were several schemes for projected lines in this district, 

romoted by the various companies interested, and notabl 

f the Midland, the Great Northern, the Great Central, 
the North-Eastern, and the Lancashire and Yorkshire. 
Ultimately the parties concerned a to accept the 
line which was being jointly promoted by the Lancashire 
and Yorkshire and the North-Kastern ag my and 
to make that the basis of a joint scheme. is — 
ment received the sanction of Parliament in 1902, and the 
scheme is now about to becarriedout. The proposed line 
is to commencenear Laughton ky ajunction with theShire- 
oaks and Maltby Railway, now being jointly constructed 
by the Midland and Great Cent~al Companies, and it will 
pass near Maltby and Tickhil! = which have at 
present no railway communication) to a junction with the 
Great Northern Railway at Black Carr, three miles south 
of Doncaster ; and it will thence ed to a junction 
with the Great Central Railway at Kirk Sandall, some 
three miles south-east of Doncaster. The new line, 
which is to be some 16 or 18 miles long, with double sets 
of metals, will develop a valuable mineral traffic, designed 
as it is to facilitate the conveyance of coal both south- 
wards to London, and to Goole, Hull, and Grimsby for 
shipment. Mr. E. Parry, C.E., of Nottingham, is the 
engineer appointed to superintend the construction of the 
line. 





LAUNCHES AND TRIAL TRIPS. 


THERE was launched on Thursday, the 28th ult., from 
the Ailsa Shipbuilding areenys yard at Ayr, the steel- 
screw tug Espafia, which has been specially designed 
and constructed for service in the Canary Islands. The 
machinery is by Messrs. McKie and Baxter, Govan. 


The s.s. Parana, built for the Royal Mail Steam 
Packet Misa was launched by Messrs. Workman, 
Clark, and Co., Belfast, on Thursday, the 28th ult. The 
new boat hasa deadweight capacity of 6200 tons, and mea- 
sures 390 ft. by 48 ft. by 28 ft. 9in. Sheis intended for the 
ee trade between the Argentine and Great 

ritain. 


On Thursday, the 28th ult., Messrs. Short Brothers, 
Limited, Pallion, launched a steel-screw steamer, nam 
Ruperra, for Messrs. John Cory and Sons, Limited, of 
Cardiff. The length is 357 ft. 6 in.; breadth, 51 ft.; 
depth, moulded, 27 ft. 7 in. The vessel is to be fitted 
with triple-expansion engines by Messrs. John Dickinson 
and Sons, Limited, of Sunderland, having cylinders 
25 in., 42 in., and 68 in. in diameter, with a stroke of 
45 in., steam being supplied by two large steel boilers 
working at 180 lb. pressure. 


On Friday, the 29th ult., Messrs. Ropner and Son, 
of Stockton-on-Tees, launched from their yard a steel- 
screw steamer named the Crane, and of the following 
dimensions — viz :— Length, 281 ft. 6 in.; bi th, 
38 ft. 3in.; depth, 20 ft. The engines will be of the 
triple-expansion type, by Messrs. Richardsons, West- 

th, and Co., Limited, Middlesbrough, having cylinders 

in., 35 in., and 59 in. in diameter by 39 in. stroke, 
steam being supplied by two boilers 15 ft. by 11 ft., 
working at 170 lb. pressure. The vessel has been built 
to the order of the General Steam Navigation Company, 
Limited, London. 














The twin-screw steam tug Seti was launched on Satur- 
day, the 30th ult., from the new shipbuilding yard of 
the Tranmere Bay Development Company, Birkenhead. 
The tug has been specially built and designed for the 
shallow waters of the Nile, and only draws 3 ft. 6 in. of 
water with the maximum load on board. The dimensions 
are:—Length, 60 ft. by 13 ft., by 6 ft. depth, moulded, 
and she will be capable of towing five 100-ton lighters at 
a _ of over 5 knots. The twin-screw engines and 
boiler are being built by Messrs. John Jones and Sons, 
Liverpool. 





There was launched on Saturday, the 30th ult., from 
Chatham Dockyard, the first-class armoured cruiser 
Devonshire, and the following particulars have been 
officially supplied :— 


Length between perpendiculars 450 ft. 
Breadth, extreme ... ats ay 68 ft. 6 in. 
Draught of water—forwa: an ma o., 

” ” —aft ... ee 25 ,, Dos 
Displacement i ee 10,700 tons 
Engines __... is 8d .... Inverted triple- 

? expansion 
Boilers e ss Wiss ... . Cylindrical 6, 
Niclausse 22 
Indicated horse-power of engines 21,000 
gus uA RS ts. 23 knots 
aker of engines ... ... Thames Iron Works, 


Shipbuilding, and 
Engineering Co. 


Coal stowage os nes ie 1600 tons 
Complement — sks 656 
Armament : ’ 
Four 7.5-in. breech-loading guns; six 6-in. breech- 
loading guns. 


One 12-pounder, 12 cwt.; one 12-pounder, 8 cwt. 
Twenty-three 3-pounders ; two 0.303 Maxims. 
Rpele tabi, submerged, two in number. 
Torpedoes—nine 18-in.; four 14-in. 
Armour : 
On sides, 6 in., 44 in.; bulkhead, 44 in. 
On barbettes, 6 in.; casemates, 6 in. 
Fore conning-tower, 10 in.; communication tube, 


6 in. 

7.5-in. gun shield, 7}-in., 54-in., and 44-in.; roof two 
floor, 2 in. 

Protective plating on bow, 2 in. 

Protective-Deck Plating : 

Main deck, two thicknesses of 4in. forward; and 
thicknesses of § in. amidships. 

— two thicknesses of § in., and one 
of ? in. 

Lower deck, two thicknesses of gin. forward and 
amidships ; two thicknesses of 1 in. aft. 


First keel-plate laid... ... March 25, 1902 
Weight of hull when launched... 5735 tons 


Robert W. Craigie, Admiral-Superintendent. 
Mr. T. Mitchell, R.C.N.C., Chief Constructor. 


On Saturday, the 30th ult., Irvine’s Shipbuilding and 
Dry Docks vg ae Limited, launched from their ship- 
yard at West Hartlepool the s.s. Adriatic, a steel-screw 
steamer built to the order of Messrs. W. “E. Cockerline 
and Co., mae She —— 336 ft. by 47 et A 24 ft. ator 
pet goed the triple-expansion type are suppli 
and fitted by Messrs. Richardsons, AWestgarth- and Co., 
Limited, Hartlepool, having cylinders 24 in., 38 in., and 
64 in. in diameter by 42 in. stroke. There are two large 
single-ended boilers working at a pressure of 160 Ib. 


The steam trawler Kingfisher, building to the order of 





Messrs. John T. Rennie, Son, and Co., of London and 
Natal, by the Goole Shipbuilding and Engineering Com. 
ny, was launched from the latter’s yard at Goole on 
pander, the 30th ult. She is of the following dimensions : 
Fry Teal —— 22 ft.; pee od ft. ae En- 
nes of the triple-expansion with cylin- 
, noe 124 in., 21 in., and 34 2 in diameter, ~ a 4 in. 
stroke, supplied with steam from a large single-ended 
boiler to a working pressure of 180 Ib: per square inch. 


Rae 18 vee eee Sid Sere the Rend wo from 
the t shipbuildi essrs. Swan unter, 
and Wighten Richardson, Limited, Wallsend-on-Tyne. 
a steel-screw? steamer named the Newburn, which has 
been built to the order.of the Newcastle Steamship Com- 
pany, Limited. The leading dimensions of the vessel 
are :—Length over all, 350 ft.; beam, extreme, 47 ft.; and 


ed | depth, moulded, 27-ft. 3 in.;-and she is expected to carry 


a ae cargo of over 5800 tons on a light draught of 
water. e machinery has been constructed by the 
Wallsend Slipway and Engineering Company, Limited, 
and consists of a set of triple-expansion engines having 
cylinders 234 in., 39 in., and 66 in. in diameter by 45 in. 
stroke, steam being supplied by two large single-ended 
boilers working at 180 Ib. pressure. The engines are 
et to drive the vessel at a speed of 9 knots in 
ordinary work at sea. 





On Monday, the 2nd inst., there was launched from 
the yard of the Sunderland Shipbuilding Company, 
Limited, the steel-screw steamer Skjold. The dimen- 
sions of the vessel are :—240 ft. between perpendicu- 
lars by 364 ft. extreme breadth, 7 19 ft. deep, built 
to carry 2200 tons deadweight. The main engines are 
by the North-Eastern Marine Engineering Company, 
Limited, Sunderland, and have cylinders 18 in., 29 in , 
and 48 in. in diameter by 33 in. stroke, steam being sup- 
plied by a large boiler, working at a pressure of 160 lb. 
per square inch. The vessel has been built to the order 
of Mr. L. H. Carl, of Copenhagen. 


On Wednesday, the 4th inst., H.M. water-tank vessel 
Pelter, which Messrs. oe Summers, and Co., Limited, 
of the Northam Iron Works, Southampton, have just 
built to the order of the Admiralty, went out for her 
official steam trial with most satisfactory results. The 
trial consisted of an eight-hours run at full speed, when 
the engines developed a mean indicated horse-power of 
368 when running at 176 revolutions, and on the measured 
mile a speed of 9.6 knots was obtained. The engines 
are of the triple-expansion type, with cylinders it in. 
18} in., and 30 in. in diameter, with a stroke of 21 in. 
The boiler is 11 ft. 6 in. in diameter by 9 ft. 3 in. long, 
designed for a working pressure of 140 1b. per square ok 
The vessel is also fitted with a powerful fire-engine, and 
pump for filling and discharging the water-tanks. 





SouTH-WESTERN POLYTECHNIC. —A conversazione was 
held at the above institute, which is situated in Manresa- 
road, Chelsea, S.W., on Saturday last, the 7th inst. In 
addition to an excellent musical programme and gymnastic 
displays, the various laboratories were open to the 
visitors, the whole attracting a large gathering. In the 
mechanical engineering laboratory is a Riehle 50-ton 
testing-machine fitted with au phic gear, several 
experimental engines, and a number of machine-tools. 
Adjoining this is situated the electric-lighting plant of 
three sets, totalling 124 kilowatts. The electrical labora- 
tories are well supplied with machines and instruments, 
which were arranged, as far as possible, to interest the 
non-technical assembly. In the physical department an 
exhibition of vacdum tubes and other apparatus attracted 
much admiration ; ‘and numerous lectures, as well .as 
interesting experiménts and objects on view, in the 
chemical, metallurgical, biological and io labora- 
tories, all contributed to an entirely successful evening. 





NEWcasTLE-ON-TyNE.—The members of the northern 
district of the Incorporated Association of Municipal and 
County Engineers met on Saturday at Newcastle-on- 
Tyne. A poner goftritated by Mr. F. J. Edge, city 
engineer, New le, on ‘ Newcastle-upon-Tyne and 
Some of its Mut I “Works,” was taken as read. Mr. 
poe. referred briéfty to the ee of the city : its coal 
trade and engineering and shipbuilding and its principal 
physical features. e mentioned a proposal for the 
extension and equipment of the quay included in a Parlia- 
mentary Bill of this session. The existing quay, he said, 
was 4400 ft. in length, and the — extension 1050 ft. 
It was intended to construct better sheds, railways, and 
sidings, to rebuild some of the existing quay walls so as 
to permit of a depth of water at the quay of 20 ft., and 
to construct the new quay so that there would be a 
depth of water against the quay at low water of 25 ft. 
The whole of the railways and cranes on the exist- 
ing and new quay would be worked by electric power, 
the estimated cost for the whole of the works being 
540,000/. There were no quay walls at present under 
construction, the Finland Wharf having been completed 
about August, 1902, and the further rebuilding postponed 
until the general scheme now before Parliament should 
have been passed. The quay walls were constructed on 
concrete monoliths 30 ft. in length and 20 ft. wide. The 
construction oe tramways we = er «Sind 
repave some of the principal streets, and 91,000 squa 

rd in the cit; were now paved with wood, while 

neta . gore weed with ve oe 
water supply, the gas supply, and the supply of electric 
for private consumers was in the hands of companies, 
the Corporation owning only the electric power-station 
for the tramways and public lighting by electricity. 
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TURTONS BUFFER FOR MINERAL WAGONS. 


Fig. 









































In view of the fact that our railway companies have 
given notice to private owners that they must convert 
their dead-buffer wagons into wagons having springs, 
some cheap and simple method of effecting this is 
now an important matter to the owners of such stock. 
Several of the railway companies have issued a sheet 
showing a form of self-contained buffer which they 
wish to have used, and the method whereby the buffers 
are to be fitted to the old wagons. In order, however, to 
effect the alteration required, it is necessary in this case 
to cut away the end of the sole-bar a, as shown by the 
dotted line at b in Fig. 1, above. As this, however, 
means a new headstock, and considerable labour in 
addition to the new buffers, it is, if possible, to be 
avoided. .With this end in view, Mr. G. Turton, 20, 
Montgomery-road, Sheffield, has designed a form of 
spring buffer which effects the desired change with 
very little structural alteration to the wagon, and forms 
a oa job than the method shown in Fig. 1, it being 
claimed that the spring buffer itself is of a cheaper 
and better form, as it will always maintain a true 
horizontal position, and need not be taken off the 
body frame when a new spring is required. The 
arrangement is shown in Figs. 3 to 7, and is so 
simple as to require very little explanation. It 
will be seen that it is not necessary to cut any- 
thing away from the headstock, and very little 
from the projecting part of the sole-bar. In 
order to remove the spring it is only necessary to 
take off the clip round the buffer-plunger, shown in 
Figs. 6 and 7, and withdraw the buffer. In order to use 
the regulation 3-ton helical spring a slight modification 
in the arrangement just described is made, and is shown 
in Figs. 8,9, and 10. In this design it will be seen that 
an alteration has been made in the tube which guides 
the plunger on the base-plate, and the plunger has been 
made releasable by a slight alteration to the two half- 
washers on it. The single bolt through the plunger has 
been done away with, and a bolt on each side substi- 
tuted. In this case there is only a groove round the 
shank of the plunger. Two other improvements, also 
in the type shown in Figs. 8, 9, and 10, are :—Firstly, 
that a lip is cast on the casing and brought over the 
end of the sole-bar, thus making a more secure job, and 
forming a stop for the buffer-head, so that when the 








Fig.3. 
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latter is drivea home there is space enough left to 

revent a man’s hand from being jammed ; the four 

lts also that secure the buffer to the sole-plate have 
their nuts pinned, as shown. 

Either of the two preceding types can be supplied, 
and the buffers may also be had made in wrought iron, 
though in the latter case the cost is, of course, more 
than when cast iron is used. 








INDUSTRIAL NOTES. 

THE annual report of the Boiler-Makers and Iron- 
Ship-Builders for 1903 is a bulky volume of 500 pages. 
It includes the general report and office accounts, 
reports of branches and committees, and a detailed 
account of the benefits paid, and of the aggregate 
income and expenditure, in. detail. The year 1903 
commenced under adverse conditions : trade was bad ; 
there was a total of 9283 members on the funds, 
of whom 6363 were out of employment—a number 
equal to 13 per cent. of the aggregate membership of 
the society, Reductions in wages, assented to or pro- 
aa were general throughout Great Britain and 
reland ; but the settlement of those disputes resulted 
in a slight impetus-to trade until, by the end of May, 
the number on the funds fell to 6647, of whom 3979, 
or about 8 per cent., were unemployed, apart from the 
sick and superannuated. Just at the time when trade 
was beginning to revive, the report says, “‘ the govern- 
ing classes contemplated a rn st in the country’s 
fiscal policy. Naturally, capital became shy, and im- 
mediately a change for the worse took . Our 
hopes were dashed to the ground, and ante by month 
our figures (of men on the funds) mounted up until, on 
December 31, we had a total of 10,352 on our funds, 
of whom 7222, or nearly 154 per cent. of the total, 
were out of work.” And the report goes on to 
state that the Tariff Reform agitation has had the 
effect of injuring our oversea trade, and consequent] 
of the shipping trades generally, both as rega 
new construction and repairs. It is urged that 
the agitation is having serious consequences, as capi- 
talists do not know what may happen in the near 
future. 

The report proceeds to discuss the Taff Vale case, 
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the Trades Disputes Bill, asthe outcome of that case, 
and the importation of Chinese into South Africa. 
The condemnation of the latter is most severe. Labour 
representation is regarded as one of the best means 
whereby labour can be safeguarded in the future. 
Demarcation difficulties arose in connection with the 
union in‘ several instances ; in two instances the 
matters were threshed out before an impartial arbi- 
trator; in both the union were successful. The 
yea eed question has also been the source of 
differences and disputes between the union and the 
Shipbuilding Employers’ Federation, and the union has 
suggested impartial arbitration. This matter is now 
in abeyance, as the suggestion has not been agreed 


upon. 

On January 1 of this year (1904) the society had 292 
branches, with an aggregate of 48,582 members. This 
shows an increase of seven new branches, but one old 
one was closed; the increase of members was 212, 
after allowing for deaths, members out of benefit, and 
exclusions. fn addition 600 widows of members were 
paying for funeral benefit. 

Although there was a continuous drain on the funds, 
by. depression in trade throughout ad 7 the result 
on thé finances was not very serious—did not seriously 
shake the financial status of the society. The decrease 
in funds amounted to 17,844/. 11s. 10d.; but the year 
closed with a balance in hand of 397,243. 19s. 1d. 
with which to start the new Fm eng The total’ 
income for the year was 179,650/. 17s. 3d.; the total 
expenditure was 197,495/. 9s. 1d. The income was 
less by 5529/. 17s. 4d. than in 1902, and the expendi- 
ture was 30,229/. 16s. 3d. more. Both sets of figures 
denote the depression in trade and the drain on the 
funds. 

The chief items of income were :—Contributions, 
158,0697. 4s. 7d.—decrease compared with 1902, 
4954/. 5s. 7d.; nominations and entrance fees, 
27881. 8s. 2d.—decrease, 1406/. 33. 10d. The interest 
on branch accounts amounted to 3250/. 9s. 7d., 
and from investments, including the superannuation 
reserve fund, 7887/. 4s. 7d. In addition there was 
returned by the Board of Inland Revenue, as returned 
income-tax, 480/. 12s. 5d.; total interest from all 
sources; 11,6187. 6s. 7d. The value of this source of 
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income is strongly urged upon the members. The 
chief items of expenditure were as follow :— 
ey over pe 


Unemployed,homedo- £  s. d. 8. 

nation, and travel- 

ling ... ... 71,422 7 6 1460718 2 
Sick benefit ... 45,592 310 404210 2 
Superannuation bene- 

Tee cS ... 21,147 12 7 2,786 511 
Medical officers 

(branches) ... 7,764 15 0 302 15 9 
Funeral benefit 7,275 1 0 Decrease 
Accident benefit 8,012 5 0 
Benevolent grant . 6,085 8 1 
Disputes . 121414 7 


The above shows how large a proportion of the funds 
go in purely provident benefits, and how small a sum 
is spent on labour disputes. There was, in addition to 
the above, 3314/. 3s, 10d. disbursed in benevolent 
grants from local branch funds, 38/. 10s. given to 
hospitals, and 212/, 12s, 8d. as fees to special sur- 
geons in serious cases. The administrative accounts 
show a large expenditure, but they cover all the 
salaries for the general office and 292 branches, in- 
cluding secretaries, presidents, vice-presidents, trea- 
surers, auditors, sick stewards, and minor officers ; 
also printing, stationery, and postage, rents of offices 
and club-rooms, fuel and light, rates and taxes, cost of 
committees and deputations, public meetings,’ con- 
gresses and conferences, and all miscellaneous items of 
expenditure. 

he aggregate expenditure during the last thirty-six 
years has been as follows :— 


£ 

Out-of-work benefit 772,020 
Fares to situations 7,361 
Sick benefit ee . 637,569 
Surgeons and medical relief ... 143,704 
Funeral benefit—Members and wives 133,88 
Accident benefit—called ‘*Bonuses”’... 99,420 
Superannuation allowance __... = 86,546 
Benevolent grants to distressed mem- 

bers os ie an a ie 98,242 
Total for provident benefit 2,078,751 
Total for labour disputes a ... 100,157 
Aggregate amount . 2,178,908 


Such a record is worthy of commendation. It dis- 
poses of the idea that a really first-class trade union 
is merely or mainly a fighting - machine or organi- 
sation. The method in which the balances in hand 
are disposed of proves sound financial procedure. As 
much as possible is invested in first-class securities— 
Corporation stock, Commissioners’ trusts, the London 
and North-Western, the Midland, Great Western, and 
the North-Eastern Railways, and Sir W. G. Armstrong, 
Whitworth, and Co., Limited, &c. The banks allow 
interest on the branch balances, so that a good solid 
income is derived from the investment of the funds. 
The report is full of detail, arranged in such a manner 
that the members can test for themselves the figures 
set forth, both as to the general office accounts, the 
branch accounts, the district committees, and the per- 
sonal sums granted in particular cases. It seems to 
say—We have nothing to hide—you are welcome to 
all the facts. 


The Jron and Steel Workers’ Journal for May con- 
tains a variety of matter and statistics bearing upon 
the fiscal controversy in its relation to the iron and 
steel trades. It would seem that there are no more 
strenuous opponents of the proposed change in our 
fiscal policy than the iron-workers. As regards employ- 
ment one short table gives, from the census returns, 
the yrowth in the volume of employment from 1851 to 
1901 inclusive; the increase in the fifty years was from 
95,000 to 216,000 men. But, as pointed out, the 
volume of production has enormously increased—in 
greater proportion to the numbers employed. On these 
points the employers generally seem to agree with the 
operatives, but there is not agreement as to the work 
ot the Tariff Commission. The attitude of both sec- 
tions was fairly represented at the luncheon given 
to Mr. James Cox, the operatives’ general secretary, 
at Brierly Hill, and at the { meeting in the Town 
Hall in the evening. All interference was deprecated 
to injure, the 
trade. At the last meeting of the Midland Wages 
Board the wages of puddlers were reduced by 3d., and 
of millmen 24 per cent., from April 4 to June 4, in 
accordance with the net selling price of iron as certi- 
fied by the ac_ountants. The report of the accountant 
to the North of England Coneiliation Board is also 
given, the net selling price being 6/. 0s. 6.17d. per ton, 
that of the Midland district being 6/. 5s. 9.75d. per 
ton. Barsand plates are the dominant factors in both 
cases. The arbitration award in the dispute with the 
Leeds Steel Works was adverse to the claims of the 
men, who demanded arbitration when the reduction 
was made at the time of the labourers’ recent strike at 
these works. 


The report of the Associated Iron-Moulders of 
Scotland is a little more satisfied in tone as to the 





state of trade, which is more favourable; at the 


same time it is compelled to record a slight in- 
crease in the number of unemployed members of the 
union. But the outlook is better, especially on the 
North-East Coast of England, where the men are seek- 
ing an advance in consequence of the improvement in 
trade. There was a slight increase in membership dur- 
ing the month, and a gain of 78/. 2s. in funds, although 
the expenditure was large for the time of year. Idle 
benefit, superannuation allowance, and funeral benefit 
were the chief items of expenditure beyond the usual 
management expenses. The report gives an instance 
of the operation of the fair wages clause in public con- 
tracts. Some months ago nye ane arose between a 
Kilmarnock firm and their operative pattern-makers, 
which eventuated in a strike, use the firm refused 
to pay the wages demanded. Recently the firm ob- 
tained. a contract from the London County Council for 
locomotives, and the fair wages clause compelled the 
firm to raise the wages of the pattern-makers in order 
to comply with the terms, otherwise the contract would 
have been lost. But the effect of the clause is such 
that the non-union men who refused to come out on 
strike gain the accruing advantage just the same as the 
union men. The non-unionists are reminded of this as 
an argument for co-operating with the union in all 
wages disputes. The report calls attention to the 
alleged inferiority of British workmen as compared 
with American workmen, but does not see where the 
superiority of the latter comes in. The curious thing 
is that American employers seem to be satisfied with 
American workmen and their methods. British em- 
ployers, on the other hand, do not appear to be 
satisfied with the British workman. 


Reports from the Wolverhampton district as regards 
the iron and steel trades are more reassuring. Satis- 
factory business is being done, it is said, and manufac- 
turers feel confident of an increasing demand during 
the current quarter. Those engaged in the bar, plate, 
sheet, hoop, and fine strip branches have had offers of 
good lines from home consumers, while shipping mer- 
chants have been inquiring for moderate quantities. 
In the Birmingham district market attendances have 
been larger; the improvement recently noted has 
been maintained, and the tone was better as prices 
were firmer. Business in unmarked bars has not been 
good, and prices are said to be unremunerative. 
The black-sheet trade has been inanimate ; but the 
galvanised branch is reported as steady. Generally, 
in the Midlands, the recent improvement in prices has 
been maintained ; but some say that there has been a 
slackening off in buying, as consumers have covered 
themselves for the present. Some hesitate to extend 
their orders, except upon easier terms. Makers of 
best finished iron are reported to be doing a stead 
trade; indeed, they have little to complain of. 
Makers of commoner qualities are doing their best 
to stiffen prices ; but there is not sufficient unanimity 
to enable them to make an advance. The steel trade 
is improving through the absence of German com- 
petition. As regards the engineering and allied 
trades, there is but little change; but it is in the 
direction of increased activity, especially in some 
sections. In the general run of hardware and other 
iron, steel, and metal-using industries the variations 
in activity are greater ; but for the most part firms are 
from fairly to moderately employed. Some complain 
of being quiet, others slack ; but it is exceptional for 
any to report serious depression in trade. 





There is very little change in the position of the 
engineering and allied trades in the Lancashire dis- 
tricts, except for the large order for locomotives for 
the Indian State Railways. In some branches new 
work is coming forward moderately well, and the 
leading machine-tool-makers are kept well engaged, 
but in the ordinary run of machine-tools most firms 
complain of want of orders. Boiler-makers are slack, 
and what orders are going are said to be at low prices 
compared with the cost of material ; and yet the sellers 
of material complain of low and unremunerative 
prices. Iron-founders are rather busier, and some sec- 
tions of the textile-machine-making industry report 
improvement, but in general this branch is slack. In 
spite of the accession of contracts for locomotives most 
builders complain of scarcity of orders. The iron 
trade continues dull, the work given out being of 
limited weight, for consumers seem to expect that there 
will be further reductions in prices for various qualities, 
though there are no signs of it as yet. Finished iron 
generally shows little improvement in demand ; forges 
are only kept going from hand to mouth. There is, 
in fact, very little active life in the iron market at 
present. 





Last week the South Wales and Monmouthshire 
Coalowners’ Association served notices upon the repre- 
sentatives of the miners for a reduction in wages of 
5 per cent. The representatives of the miners there- 
upon gave notice on behalf of the workmen of a 
demand for an increase of 3} per cent. in wages. 
Whether it is a game of bluff on the part of either or 





both of the parties remains to be seen, as the matter 
will be considered at a meeting of the Conciliation 
Board. If the parties disagree, the matter will be 
referred to the newly-appointed chairman, Sir Michael 
Hicks-Beach, M.P., who would have to adjudicate ; 
this would be his first experience in that capacity. 

Marseilles is winning an unenviable notoriety for 
the number and the turbulence of its labour disputes. 
In no other large Continental city, except, perhaps, 
Barcelona, is the record so bad or the results so 
disastrous. In the early part of last week no fewer 
than 102 steam and sailing vessels were laid up, and 
later on thecrews of some other sailing vessels in the 
coal trade left their ships and ref: to sail unless 
the revised scale of wages demanded was agreed to. 
The Government placed some transports at the service 
of the authorities for facilitating the mail service, 
which had been delayed. Many ngers were also 
delayed, some having to be specially accommodated 
with hammocks, as the hotel accommodation was 
limited or inconvenient. It is reported that the 
Government consider that the administrator of the port 
might have averted or settled the strike if he had 
acted with tact, and he is to be removed from his 
office. This shows how serious the disputes have 
been at Marseilles. 


Whatever the reason, it would appear that the sig- 
nature to the Anglo-Chinese Labour Convention has 
not been given, nor any official authority for such 
signature. In the meantime the Cape Parliament 
appear to have resolutely refused to sanction the im- 
portation of Chinese into the Cape Colony. 


Mr. Sam Parks, described as ‘‘ a well-known Ameri- 
can labour leader,” died inthe Sing-Sing Prison, on 
Wednesday in last week, of consumption. He was 
convicted on charges of extorting money from em- 
ployers as a condition of the men not coming out on 
strike. When sentence was pronounced he declared 
that penal servitude would kill him. Such a crime is 
not possible in this country, whatever other faults 
workmen may have. Employers would not listen to 
such blackmailing. 


By the adoption of a piecework statement in the 
boot and shoe trade in Leicester it is probable that 
a repetition of the numerous disputes that have arisen 
of late will be obviated. The statement has been 
agreed to “4 both parties, and it is thought probable 
that it will be accepted generally. Under the new 
arrangement it is an that the finishers will be able to 
earn 2/. per week, instead of 32s. to 36s., as formerly. 


It is reported that the Midland Railway Company 
and other employers of labour in Derby have with- 
drawn the order for vaccination, which has caused 
such a display of ill-feeling in the borough. The 
Derby people generally are averse to it. 





About 200 apprentices employed at the Southwick 
Engine Works, at Sunderland, recently struck against 
the fines imposed for lost time. After a short trial 
of the bonus system, under which the fines were levied, 
the appentices left work. The firm have issued 
summonses against them for breach of contract. The 
apprentices have determined to answer the summonses 
rather than submit. 


The threatened strike of about 1000 carpenters and 
joiners in Belfast. against a proposed reduction in 
wages of 4d. per hour has been averted by a com- 
promise. 

The carpenters and joiners in the building trades, 
apart from the shipping trades, have agreed to accept 
a reduction of 3d. per hour, instead of 1d. as proposed, 
while the employers have made concessions as to work- 
ing rules, 


THE MANUFACTURE OF COKE. 

The Manufacture of Coke in the Hiissener Oven at 
the Clarence Iron Works, and its Value in Blast-Fur- 
naces.* 

By C. Lowrn1an Bett, Middlesbrough. 


Brrore the year 1901, though numerous trials of coke, 
made in different forms of patent or retort ovens, had 
been made at Clarence, we had always come back to that 
made in the old beehive ovens. Every trial had proved 
that the dirty-looking ‘‘cinders” made in the newer 
apparatus were not as as what we were accustomed 
to. It has been held that the black appearance of the 
coke was caused by its being quenched outside the coking 
chamber, and this certainly does account for retort coke 
containing, as a rule, more moisture ; the recovery of the 
by-products has been blamed for the coke not working 
well in the furnace; but even retort ovens, without this 
adjunct, have, in our opinion, never made coke good for 
the blast-furnace. I think I shall prove that, with the 
Hiissener oven, we can make a coke giving as good results 
in the furnace as that made in the beehive. 

At Clarence the coal is delivered into hoppers, whence 

* Paper read before the Iron and Steel Institute, 
May 5, 1904, 
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it is taken by a travelling-belt to a screen and Carr’s dis- 
integrator. All the coal is ground so as to pass through 
3.in. square holes. Tt is then washed on a Wood and 
Burnet washing-belt made rather longer than is usual, 
the water from the main belt being allowed to settle, and 
the silt being re-washed. a 

The analysis of the coal before and after washing is :— 


Before. After. 
Per Cent. Per Cent. 
Ash... ai ‘ 10.42 6.42 
Sulphur es 1.71 1.30 
Volatile matter ‘ 28.67 29.47 
Fixed carbon . as 59.20 62.81 


These analyses are the average of the whole of the year 


1903. 

The highest proportion of ash dealt with has been 20 

r cent., which was reduced to 9 per cent., and the coke 
contained 8 per cent. : 

During this period (52 weeks) we dealt with about 
105,000 tons of coal, and the loss in washing was 10.61 per 
cent.—taking away from the coal 4.14 per cent. of its 
original coal. The shale, which is washed out, is con- 
tinually being examined by being divided into ‘‘ coal” 
and ‘‘shale” in a solution of a specific gravity of 1.5. 
81.4 per cent. is found to consist of shale containing 
27.5 per cent. of coal, which we think we cannot recover, 
and the remaining 18.6 per cent. is coal with 99 per cent. 
of coal in it, which may be considered.as absolute waste, 
and can only be recovered at a very great cost. bef 

Tost in the washing can therefore be divided 


The coal 
into :— 
Per Cent. 
As coal - 1.77 } of the original 
As shale is 2.37 coal, 


4.14 ¥s 

The loss as shale is attributable to the splint or stone 
coal found in one of the seams in Durham, the specific 
gravity of which prevents it being washed, so that this 
2.37 per cent. may be considered as unavailable. 

The coke made from the washed coal contains 8.18 per 
cent. of ash ; made from unwashed coal it would contain 
13.26 per cent. This extra ash, with the lime necessary 
to flux it, would mean 2.27 ewt. of slag more per ton of 
iron in the blast-furnace, and would require to melt it 
heat equal to that given by 0.35 cwt. of coke. 

The coal coming from the washing-belt is allowed to 
drain for about 48 hours before going to the ovens, when 
it contains on the average 10.60 per cent. of water. This 
quantity of water we consider an advantage, even when 
not compressing the coal, as it causes the coking process 
to be performed more slowly, making the coke harder 
and more dense. 

It is a very difficult thing to decide which is the best 
form of oven for the blast-furnace manager, and I fear 
that our experience is that of everyone el-e—viz., that 
each oven that has ever been invented is infinitely superior 
to the preceding ones. I do not propose to say which 
particular form we took for our experiments before 
deciding which we should adopt, but simply to say that 
the colliery from which we got our coke is situated in the 
county of Durham, and thus the coal treated there was 
similar to the coal raised at our own collieries. Sufficient 
retort-oven coke was bought to allow one of our furnaces 
to work on it alone for six or seven weeks. Samples 
were taken day and night, and similar samples were 
taken of coke from other collieries made in beehive ovens. 
The first series of experiments were on the volatile 
matter. Ten grammes of coke were heated in a closed 
vessel, and the resulting gas was drawn off by means of a 
mercurial pump. 

The analysis of this gas was :— 











end a ae 
Tursdale Coke. Retort Coke. 
Composition. | : —_ 2 
: | Per Cent. of — Per Cent. of 
| Coke. Coke. 
CO... 0.210 0.132 
oe. | 0.136 < 0.508 
CH, 0.005 3 0.093 
fe 0.018 8 0.334 
pe oe 0.071 ~ 0.163 
j Peas a 
Total weight of gas| 0.440 1.220 
| 








Experiments were then made to see the action of a 
regular current of CO, at different temperatures on coke 
made in various ovens. Samples broken to the size of 
mustard seed were placed in the tube of a Hoffman fur- 
nace, and through the tube were passed the wires of a Le 
Chatelier electric pyrometer. All air being driven off, 
the temperature was raised, and the resulting gas analysed, 
to see what proportion had been converted into CO by 
dissolving the carbon of the coke. 





At a Temperature | CO in Gas. | 


of from CO in Gas. CO in Gas. 

_ deg. Fahr. | Tursdale Brancepeth | Retort 
1500 to 1549 ant 1 ae 1 
1550 ,, 1599 8 3.3 4 
1600 ,, 1649 5 4.7 | 7.25 
1650 ,, 1699 8 80 | 9.20 
1700 ,, 1749 2 10.5 a | 18.20 
1750 and above .. | 15.2 19.0 29.10 

| | 








. The extra solubility of the retort coke may be due to 
it being in the oven for a much shorter peri Beehive 


coke takes from 72 to 96 hours to burn, and then it is 

often left in the oven for 10 or 12 hours before being 

drawn; whereas in the case of retort coke the operation 

- Se in about 32 hours; and as the coke-maker is 
ene i 


y a manufacturer of by-products, he is anxious to 











get the oven drawn and re-charged, more especially as 
the first gas is richer than the last. sii 

In order to prove that the same action as we had ob- 
served in the laboratory took place in practice, one of the 
Clarence furnaces was put on to these three cokes :— 





























Tursdale. Brancepeth. Retort. 
Tons. Tons. Tons. 
Iron made .. 3345 5524 4698 
ewt. ewt. ewt. 
Coke used per ton = 22.67 22.75 23.77 
Burden carried per unit of coke :— 
Units. Units. Units. 
Ore .. ee 2.116 2.095 1.738 
Limestone .. 0.564 0.565 0.508 
The analysis of the coke averaged :— 
Tursdale. Brancepeth. | Retort. 
— er t wa Ps 
Per |Per Ton Per per Ton| Per Per Ton 
Cent. | of Iron. Cent. of Iron. | Cent. | of Iron. 
cewt. | ewt. | owt. 
Moisture .. 1.43] 0.32 | 0.82) 0.19 | 280) 0.66 
Ash 9.84/ 2.23 | 9.02} 2.04 | 9.90) 2.35 
Sulphur .. --| 0.99) 0.22 | 0.88} 0.20 1.08; 0.26 
Volatile matter . 1,08; 0.25 0.74; 0.17 2.47) 0.59 
Fixed carbon 86.66; 19.65 | 88.54) 20.05 83.76 | 19.91 
Total .. 100.00| 22.67 100.00 22.65 |100.00| 28.77 
| 





In these cases more coke made in the retort was re- 
quired to make a ton of iron than was the case when using 
coke made in a beehive oven, and a considerable number 
of analyses have confirmed the opinion that the consump- 
tion of coke is increased in some proportion to the solu- 
bility of the carbon in CO,, though we have not yet suc- 
ceeded in finding the exact ratio. 

Samples of the gas escaping from the top of the furnace 
were taken, and samples were also drawn out at the level 
of the tuyeres when working on retort and South Brance- 
peth coke, in order to see if there was a greater loss in the 
quantity of carbon passing through the furnace in the 
former case than in the latter. nfortunately, similar 
experiments were not made with the Tursdale coke :— 


Carbon per Ton of Retort South 
Iron at Tuyeres. sg Brancepeth. 
By calculation 17.43 17.21 
», analysis .. 16.15 17.33 
Loss... 1.28, or 7.34 p. c. 
Gain .. : oe ee .. 0.12, or 0.7 per cent. 


I ma: 24 Bcc that one of the results of these experi- 
ments has been that we now, at Clarence, take as much 
notice of the volatile matter in the coke we receive as we 
do of the ash and sulphur. This enables us to tell whether 
the coking process has been properly completed, and is 
the more necessary when using coke made in ovens 
3a by-products, as the coke manufacturer is very 
iable to draw the oven before it is, to use the Durham 
term, ‘ off.” The system employed by Mr. Hanson in 
the Clarence laboratory is as follows:—The coke, very 
finely divided, is placed in a porcelain crucible, and on to 
it is pou some half-dozen drops of benzine. This 
crucible is placed inside a larger one, and the space 
between the two filled with roughly-ground charcoal. 
The crucibles are placed just inside the muffle until the 
benzine takes fire and is almost entirely burnt off, when 
it is put into the hottest part of the muffle (a tempera- 
ture of about 1800 deg. Fahr.), and left for half an hour, 
when the inner crucible is weighed, the loss representing 
the volatile matter. In this way all air is driven off at 
a low temperature, and none of the coke itself is burnt. 
A considerable number of similar experiments on coke 
from different ovens were made, giving results more or 
less the same, and we were obliged to go farther afield 
to find a suitable cokeoven. A visit to Germany brought 
to our notice the Hiissener oven working near mn. In 
order to test thoroughly the capabilities of this oven, a 
considerable quantity of coal from the Tursdale Colliery, 
washed and ng for coking, was sent and made 
t 





into coke atthe Hiissener Works. Samples were taken 
of the dry coke made from Tursdale coal, and brought 
back to Clarence for analysis, the result being— 
Ash ic : 8.13 
Sulphur .. ie 0.93 
Volatile matter 0.27 
Fixed carbon .. 90.67 
i 100.00 


The volatile matter in the coke,was drawn off by a 
pump, and was found to consist of ©“ 


Per Cent. of 

” Coke. 

Cog 0.076 
co 0.116 
CH, 0.005 
| EN 0.012 
\ oe a0 a os ee 0.067 
Total per cent. of coke by weight 0.275 


The resulting gas, on passing CO, over the coke, was 
found to contain the following quantities of CO :— 


Deg. F. Deg. F. Per Cent. 

From 1440 to 1499.. a3 ee ue “e 1 
» 1500 ,, 1549.. oe aN Wa pit 2 
» 1550 ,, 1590.. ms Se oe ‘s 5 
» 1600 ,, 1649.. xe <é os ee 8 

» 1660 ,, 1699.. a “d at ll 

pot Re eg: A9EOS. 15 
Above 1750.. 26 


Both from its appearance and the results of a con- 
siderable number of similar experiments, we came to the 
conclusion that coke made in this particular form of oven 
was better for our purpose, and we decided to build 








sixty ovens at the Clarence Works. These were started 
in January, 1901, and have quite borne out the opinion 
we had formed. As will be explained later on, we are at 
present doubling the plant, though three years’ ex- 
perience has suggested certain improvements in the size 
of the oven. 

In order to show the difference between the Hiissener 
oven and others in general use, both in this country and 
in Germany, I have reproduced sections of the following 
ovens (see next page) :— 

Fig. 1. Semet Solvay oven. 

Fig. 2. Brunck. 

Fig. 3. Collin. 

Fig. 4. Simon Carvés. 

Fig. 5. Otto. 

The arrows show the direction in which the heating 
gas passes through the various flues, and can be com- 
pared with the similar section, Figs. 7 and 8, of the 

iissener oven, illustrated on 693. Section A A 
(Fig. 6 on the next page) is through the flues at the ram 
side; B B, through the middle of the oven; and CC, at 
the coke bench end. Between each oven there is a solid 
brick wall, which carries not only the top arch of the oven, 
but also all the superstructure, leaving little or nothing 
to be carried by the side walls of the coking-chamber. 
These walls can, consequently, be made very much thinner 
than is usual in other forms of ovens, and so allow the heat 
to pass more readily through them. There is, therefore, 
less consumption of gas for heating the coking-chamber. 

The horizontal divisions of the flues are built into this 
wall, and the bricks are dovetailed into the vertical ones, 
which in their turn are tongued and gary This arrange- 
ment permits any single oven to be laid off for repairs 
without interfering with the working of its neighbours, 
and also allows the vertical walls of the oven to be re- 
moved and rebuilt without disturbing the top of the oven 
in any way. 

At the ram-engine side the oven is fitted with ordinary 
fire-doors, in order to get up heat on starting ; and on 
each side of the charging-holes there are two loose bricks 
(marked a and 0 in the section B B) ; by taking these out, 
gas from the ovensis allowed to pass into the flues without 
going through the washing apparatus. This arrangement 
also permits the ovens to be used for the manufacture of 
coke alone, without the by-products. As soon as the 
oven is in work, and when rig mag these 
holes are permanently bricked up. The oven has three 
charging-doors and one gas off-take. 

In regular working, the gas coming back from the 
various washers, &c., enters on the ram side, underneath 
the floor of the oven, into two parallel flues, and between 
which is a solid brick wall. Each of these flues is 
connected with the upper flues of the oven on the same 
side. The great advantage of this is that the heat 
can be more easily regulated on each side of the oven. 
The gas, having passed through the bottom flues, 
rises up to the top of the oven, receiving on its upward 
course a second, and on turning into the top flue =~ 
tion C C) a third supply of fresh gas. After passing back 
in the upper flue the gas falls to the second one (Sec- 
tion A A), being enlivened by a fourth supply of gas, and 
then passes through the third flue, enlivened as before, 
down into the fourth (here it has been found unneces- 
sary to admit any more ge), and so into the waste flue 
leading to the boilers and chimney. 

It will be seen that the flues are really in two separate 
systems, each heating one half of the oven, both bottom 
and side. All the gas is forced to pass through every 
part of the flue, and cannot take a short cut to the 
chimney. As it is enlivened in so many places, the heat- 
ing of the coking-chamber is very > eo and is entirely 
under the control of the burner. large proportion of 
the air necessary to burn all the gas is admitted in the 
bottom flues ; any further supply can easily be regulated 
by means of the sight-holes, which are fixed close to the 
inlets. About 70 per cent. of the gas from the coking 
process is used in heating the ovens, and, having done 
this, under the boilers at a temperature of about 
1500 deg. Fahr., raising sufficient steam, not only to work 
the exhausters for the ovens themselves, but also for the 
by-product plant, and then leaves about two-thirds of the 
steam available for other pu 

At Clarence we have sufficient hot gas coming from the 
oven flues to work nine boilers about 30 ft. long by 8 ft. 
in diameter. The other 30 per cent. of the gas is avail- 
able as live gas for other purposes. One ton of coal 
treated in the ovens gives sufficient hot gas to evaporate 
about 24 ewt. of water. 

Diagrams, Figs, 9, 10, and 11, taken-by means of the Le 
Chatelier electric pyrometer, and photographed, are given 
on 694, showing the temperatures of the gases in the 
side flues of the ovens—the flue going to the boilers 
(Fig. 12), and so to the chimney (Fig. 13), and also of 
the mass of coke during the process of manufacture taken 
in different itions Wigs. 14 and 15). The diagram 
(Fig. 16), where the couple was lying on the top of the 
coke, shows the fall in temperature as the moisture in the 
coal is given off. 

The average of fifteen analyses of gas coming from the 
a after passing the condensers and ammonia scrub- 

rs, 18 :— 


Per Cent. by 
Volume, 
co, we ; oe ie a os pe 1.2 
co Pe Pe i am Fe ve pe 3.6 
CH. > ive e 81.5 
ctl ai 
Bs esd h bal cea ies 0.1 
N ee ee ax oe és ae ° 6.6 
100.0 


Its calorific power expressed in British thermal units is 
571.2 per cubic foot at 0 deg. Cent. and 760 millimetres. 
Calories 143.9 per cubic foot at 0 deg. Cent. and 760 mil- 
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limetres, or 5079.7 per cubic metre at 0 deg. Cent. and Per Cent. | It will be seen that the coke made at Clarence is better 

760 millimetres, _ % Sulphur... . . 1.03 than that made experimentally in Germany ; in fact, it 
he gas, after it leaves the heating-chambers of the ae plana . Pa is as good as that made in our beehive ovens. 

ovens, consists of :— 5 ee al ie pea een ag deta Yi The production of each oven was 21.96 tons of coal per 

Per Cent. The volatile matter in the coke drawn off by the | week, each charge <a of 5.86 tons of dry coal, 

a : 7.9 mercurial pump consists of :— giving 4.36 tons of coke. e time a for coking 

0.. . 3.5=16.6 of air. Per Cent. of | is 32 hours, and, from this, each oven should have made 

N ° * 88.6 Coke. | 5.25 aoe per week; in absolute work, the average 

100.00 co, Sako Retr eross ; : 0.24 | was 5.21 charges. 

PSB: mie : ee eee eS oe eae ~~ | st must be remembered that the coal contains 10} per 

The oven which is illustrated in vies Stn 8 is not the > eaten ng : 0.09 ++ cent. of water as it goes into the ovens. The diagram 

one which we have now working at ace, but repre- eat ake ; 0.13 ~—‘| (Fig. 14) shows that for 10 hours the temperature in the 

sents what we are at present building, which is, we con- Sse centre of the mass of coal remains stationary at 212 deg. 

sider, a great improvement. The principal difference is ee ee 0.82 | Fahr., until this water is driven off. .We nas spay dogma 

e benzol 


in the height, which is 2.100 metres to the crown of the 
arch, as against 1.775 metres in the present ovens. Both 


Fig.1. 





SEMET~ SOLVAY OVEN. 
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are 10 metres long, 0.475 metre wide at the narrow, 
0.535 metre at the broad end, and 0.505 metre in the 
centre. This new oven, which we intend to ch by 
means of a compressor, will, we think, make about 16 per 
cent. more coke. 

age | now explained the construction of the Hiissener 
oven, and the reasons which induced us to put it down 
at the Clarence Works, I will give you the results of the 
working, not only of the oven itself, but also of a blast- 
furnace using very little coke other than that made at 
Clarence in the Hiissener ovens. 

During the year 1903 we treated about 105,000 tons 


* 


oie coal as received from the collieries, and the yield has 


n:— 
Per Cent. 
Ot good blast-furnace coke .. 65.50 
Breeze .. oe - wn 2.19 
67.69 


on the coal so received. 

the washed coal absolutely sent to the ovens, and 
considered as dry coal (i.¢., less 10.60 per cent. of water), 
the yield has been :— 





Per Cent. 
Good blast-furnace coke Re 72.04 
Breeze .. a's = . 2.41 
74.45 


The hardness of the coke is shown by the very small 
proportion of breeze :— 


Per Cent. 
Coke 96.77 
Breeze 3.23 
100.00 


In order to test the hardness of different kinds of coke 
we have in the laboratory a cast-iron drum, revolving at 
the rate of 1000 revolutions per hour ; 28 Ib. of dry coke 
are put into this, and the drum is revolved for one hour. 
The average weight of powder passing through a 4-in. 
sieve in the case of our own hive coke is 7 per cent., 
and with the Hiissener coke 5.9 per cent., — that 
this form of retort oven makes the harder coke. 

The average analysis of the coke has been :— 





Per Cent. 
Moisture ow a i. wa ae se 3.97 
Ash on so ms i es na as 8.18 


Fig 6. 





The results of passing CO, over the coke was that:— 
Fig. 3. 





| as by-products, tar and sulphate of ammonia ; 
| works having only just been completed. 


COLLIN OVEN. 
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OCwt. per Ton of Coke. 
The yield of tar has been aC ‘6 1.06 
eo sulphate has been.. 0.33 


We also make pitch, but have only done so for a short 
time, working up a stock which had accumulated during 
eighteen months. It is therefore impossible to give the 
yield of this product. ‘ 

There is one question which is always a very serious 
one in the retort-ovens, and that is the repairs. I have 
taken out the cost over the last twelve months, after the 
ovens had been working for three years :— 


Pence per Ton of Coke. 
Wages . - is Se 0.98 
Stores a oe *e 0.62 
1.60 


which compares very favourably with other ovens. 
_ After all is said, the final proof of the coke is its work 
in the blast-furnace, and for this purpose I will give the 
workings at Clarence for eighteen consecutive weeks, 
making iron entirely from Cleveland stone. 

Seven furnaces, using Fc semipsesce A all beehive coke, made 


an average of 780 tons of iron per week per furnace, using 
per ton of iron :— 
i Cwt. 
Coke 22.73 
Ore “A 47.19 
Limestone ‘ - “s es ‘ ine 12.10 
The burden of these furnaces per unit of coke was :— 
Units. 
Ore.. “- vs ae ak 2.08 
Limestone si 0.53 


Of these, five furnaces get the blast from a common 


Their work was :— 





main. 

Make per Week, 763 Tons per Furnace. om 

Coke used (beehive) “| meet 

“3 Ore used... . 47.41 

il lia iain ae Per Cent. of CO. Limestone % as 3 = 

mi the gas contained. : se 1 i —_ 

ee 1550 .. 1599 2 a as Burden per unit of coke ees 

» 1600 ,, 1649, ” 5.0 OSES OS Be SR aaa Te aD acs eam eS A 2.09 

» 1650 ,, 1699, ” 9.0 Limestone Sey Sh tary ae ae 
” 1700 ” 1749 ” ” 15.0 . bi t the 

Above 1750 ,, at sae Tae . «185 The other two furnaces have separate engines, bu 









































































































May 13, 1904. | ENGINEERING. 693 
blowi wer is not quite powerful enough. Their| The furnace using practically only Hiissener coke was i Cwts. 
work — making a special iron, low in silicon and sulphur, which —_—— thee 8.84 

Make per Week, 821 Tons per Furnace. is sent direct to the open-hearth steel furnaces; this| Dolomite Bat 4.92 
Coke used : — : accounts for the large — of limestone used per ton 13.76 
: Owt. per Ton. of iron. The blast is blown by a very powerful engine, ‘ 
Beehive .. . naa 1.56 capable of working against a pressure of 20 Ib. per square The burden per unit of coke was :— 
Se take 7 tear ts 98 . inch. During thesame period the working of thisfurnace| 9. — 
Total... 22.75 has been :;— | Limestone 0.60 
Fig.7. 
SECTION D.D 
‘ 9-6.) 
i | : tn 
| i s 
AMI AM | | \ 
i] al IS 
. | a /i 
; ie) l \ Is 
Fig.8. | j 
SECTION .£.E; | 4 
1g 6 
) 
i 
et ei te a ee ee ok AL ER RAD PDA BOM TN BS EN: SHE SEL 
AIR ry 
ye Z. (4 ly, ly, Z, lf 4 Z. GAs 
cas WH SS: RIE. SUES SRY TA RS ee Fe a ae LS We OY OE x HOS DEY TE URE RED SET SEA SAN 
\ } es Y Z Lez Vibe 1 Z WY Y un 
a TA DRE ESS BAD ARS ETE SAN ce) SA 1 SY CN | | SA) Re BORN A SST MAAN HS PR TER SET. 
; Wp YOY VEY, “Uy z 4 YY Yd Uy ey, 
a Wn J es RR MO ed A To YE A MT NY OY OR | MED SED RE CS SL NY CNY SEA RAL: a # 
F 
& ae Ee oe : Ap = oe Te. 
Py ls lk 
9 
' bee7z4@) ~ =. , 
Ore used :— } | 
Gua | Steamed ee Week, 1163 Tons. | In order to test further the working of the Hiissener 
Cleveland calcined... 46.62. pe : Cwts, | coke, samples of the gas were taken over some days, when 
ellivare ..  ., 0.09 | Hiissener 2145 | the consumption of coke was 22.44 cwt. per ton—the re- 
DEAD | Beehive .. 1.43 | sult being :— 
; Total ore 6.71 em Carbon at the t by calculation 16.28 
Limestone .. ‘a ve a tui | Ore on - 22.88 4 2 é abe: " ps = ap 16.62 
Burden per unit of coke :— us Cleveland calcined 47.90 Chie 332: . 0.84, or 2.09 per cent. 
a . 2.05 03 % — The coke is now brought from the ovens in the furnace 
= 0.52 47.92 | barrows, care being taken that it should never go into the 
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TEMPERATURE DIAGRAMS FROM THE HUESSENER COKE OVEN. 


3. 





ours. 






TEMP. IN CHIMNEY FLUE OF BOILERS 
MAY 147" 1902. 











12 10 6 





16 14 





Hours. 


(szve.) ‘NOTE BOILERS HEATED BY WASTE HEAT 

1 FROM OVENS. NO LIVE GAS USED. 
furnace hot, and in this we find a very great advantage 
—the coke being in a much better condition. 

I feel I should not have done my duty to the gentlemen 
who have assisted me, not only in the preparation of this 
paper, but also in the experiments which led us to put 
down the Hiissener oven, if I did not express my thanks 
to Mr. Greville Jones, who is in charge of the Clarence 
furnaces, for the great attention he gave to the workings 
of the different furnaces, and to Mr. Weldon Hanson for 
the care he exercised in the analyses. 

At Clarence we think we have solved the question of 
retort-oven coke, and are perfectly satisfied with the 
results we are getting; and this is due, to a very great 
extent, to the way in which we have been seconded by 
Dr. Roelofsen, the manager of the Clarence ovens. 








EXPLOSIONS PRODUCED BY FERRO- 
SILIOCON.* 


By A. Dupre, Ph.D., F.R.S.. Chemical Adviser to the 
Explosives Department, Home Office, and Captain 
M. B. Luorp, R.A., H.M. Inspector of Explosives. 


I.—CIRCUMSTANCES OF THE EXPLOSIONS. 

Havine in view the extent to which ferro-silicon is in 
use, it seems that it isa matter of some importance that 
the Institute should be in possession of the particulars of 
several explosions which occurred in connection with a 
consignment of this material from the Cunard Company’s 
steamship Veria, at the Alexandra Dock, Liverpool. 

The vessel, which had brought & cargo from Trieste, 
was discharged on December 17, 1903, and owing, it is 
said, toa fire having occurred on the vessel, the ferro- 
silicon was detained on the quay until January 12, when 
Messrs. Beck and Co., of 61, South John-street, Liver- 
pool, removed the forty-eight drums, in which the ferro- 
silicon was contained, to a warehouse in Dacre-street, 
Bootle. 

They were seen there on a lorry by Inspector Jones, 
of the explosives tay ome of the Liverpool police, 
whose attention was drawn to them by the strong smell 
of acetylene gas; this smell, as will be shown, was doubt- 





ee read before the Iron and Steel Institute, May 5, 
1904, 








11. 









Hours. 


less due to phosphoretted hydrogen, the unpleasant odour 
of ordinary acetylene being due to the presence of traces 
of this gas. Shortly after, whilst a drum was being 
rolled from the truck on to the concrete floor of the ware- 
house, a violent explosion occurred followed by flame. 
The drums were then removed to an — yard, and during 
this removal a second drum exploded. 

It was then considered advisable to place the ferro- 
silicon in wooden barrels; this was done, and holes were 
said to have been bored in the end of the casks to prevent 
the accumulation of any inflammable gas. These 
measures were, however, of no avail, for on January 21 
a porter employed by the Liverpool Warehousing Com- 
pany was engaged in weighing some of the barrels and 
was in the act of removing one from the machine when 
it exploded. The barrel was blown to pieces, and the 
man was thrown seven or eight yards away, and, being 
severely bruised, was removed to hospital. 


II.—Cavus& or THE EXPLosions. 


A sample of the ferro-silicon was obtained by us 
through the Head Constable of Liverpool, and was sub- 
mitted to an examination with a view to ascertaining the 
— of the explosions. This examination showed 
that :— 

The substance, when moistened, evolved, even in the 
cold, an inflammable gas, which consisted, at any rate, in 
far pcm part of phosphoretted hydrogen. 

either acetylene nor siliciuretted hydrogen could be 
detected, and at most minute traces only of these gases 
could have been present. (Ferro-silicon yields no sili- 
ciuretted hydrogen with water, but only when acted on by 
strong acids. ) 

For the determination of the cause of this explosion the 
exact composition of the gas is not a matter of essential 
importance; the main point is that the gas is inflammable 
and forms an explosive mixture with air. Experiment 
has shown that 4 kilogrammes of the powdered ferro- 
silicon will make 64 litres of air explosive. Its = 
ture of ignition is low—considerably below a red heat ; 
indeed, pure phosphoretted hydrogen (PH;), which is 
not spontaneously inflammable, is stated to ignite at a 
temperature of 200 deg. Cent. 

Such a tem ture may, we think, very well be —— 
by the friction of the irregularly shaped hard lumps of 





ferro-silicon, either against each other or against the 
sides of the drum, when subjected to rough treatment. 

The experiments were made by one of us with small 
quantities of finely powdered material ; but that brings 
in mainly the element of time, and, moreover, in the case 
of a ves and brittle material like this, a quantity of more 
or less fine powder is sure to be produced during transport. 

The gas evolved by treatment with water ignites when it 
comes into contact with strong nitric acid. In none of 
our experiments, however, did the phosphoretted hydrogen 
evolved inflame spontaneously ; itis, however, well known 
that when produced under certain conditions it is liable to 
spontaneous ignition. 

From these considerations we have therefore formed 
the opinion that the explosion was most probably caused 
by water having got into the interior of the drums; the 
gas evolved formed, with the air in the drums, an easily- 
ignited explosive mixture, which was fired by the heat 
produced by the friction of the hard lumps against each 
other when the drums were moved about, or possibly by 
the spontaneous ignition of some phosphoretted hydrogen 
contained in a pocket in the material, and liberated 
pat by the breaking of a lump on the drum being 
moved. : 

Mr. G. Watson Gray, who read a note on this subject 
at a meeting of the Faraday Society on February 2, also 
attributes the explosion to the presence of phosphorus ; 
but he found acetylene and arseniuretted hydrogen among 
the gases prea in the casks, though he did not appa- 
rently find any acetylene in the gases generated by the 
sample which he boiled with water in his laboratory. 

r. Watson Gray, whose experience in metallurgical 
analysis is well known to the members of this Institute, 
has kindly furnished us with the results of his analysis of 
a piece of the metal. These are as follow :— 


Per _ 

Silicon ... 59. 

omg e ae 36.85 
Manganese 0.08 
Aluminium ..._... Sige viewers YC) 
os Ce 3 ie Te Se aes 
on _— a Sao inte P 
Sulphur trace 
Phosphorus 0.056 
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The results of this analysis, when compared with those 
given by him in his paper on the ‘ Presence of Calcium 
in High-Grade Ferro-Silicon,”* tend to show that the 
sample was of more than average purity, the percentage 
of foreign substances being under 4 per cent., whereas in 
none of those referred to is that percentage much below 
7 per cent., and that only with a low ag gees of silicon; 
but it should be noted that although the percentage of 
calcium is lower, that of phosphorus is higher in this case 
than they are respectively in any of those reported in Mr. 
Watson Gray’s paper. 


III. Precautions to Avorp Risk IN FUTURE. 

1t would appear, therefore, that these explosions are 
probably due, nob to the ferro-silicon itself, but to the 
presence of impurities, and more particularly to the phos- 
phorus compounds contained in it. The best method of 
avoiding such risks in future would be to use such materials 
only as are free from phosphorus ; or, if this be found 
impossible, to fill up the drums with paraffin oil of high 
flashing point ; or, lastly, by submerging the finely-divided 
material in water until all action has , and drying 
the material before packing, as it is improbable that on 
a large scale every particle of —- of calcium or 
other gas-generating substance would be removed by this 
latter treatment. ‘The drums used should, as an addi- 
tional precaution, be perfectly water-tight, and of such 
pre and construction as not to be liable to become 
insecure under the ordinary conditions of transport. 

An alternative precautionary measure would be only 
to send solid ingots, well reoenet f and packed in drums, as 
above described ; but we have no means of knowing 
whether such a measure would be practicable. 

Drums suitable for packing the broken ferro-silicon are 
already in common use for the purpose of packing carbide 
of calcium, though we should be sorry to be taken to mean 
that any carbide drum will fulfil the requirements, many 
of those in use, pertientony some of a manufacture, 
being considerably below a desirable standard. 

In conclusion, we would point out that although the 
accident now under consideration was not attended with 
any very grave results, the possibility of an explosion on 
a far larger scale must not be lost sight of. It is im- 

rtant, therefore, that all those who have to store or 

andle this substance should be fully alive to the ble 
dangers attaching to it, and by keeping it in a dry and 
thoroughly well-ventilated place prevent the accumulation 
of inflammable gas as far as possible. We would suggest 
also that all products of an electric smelting furnace 
should be treated with similar precautions until such 
time as enough is known about them to be certain. that 
these risks do not attach to them. 3 

We cannot conclude without expressing our apprecia- 
tion of the kindness of Mr. Watson Gray in furnishing 
us with the results obtained by him, and allowing us to 
use them for the purposes of this paper. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, held 
on April 22, Dr. R. T. Glazebrook, F.R.S., President, 
occupying the chair, a paper entitled ‘‘ Calculation of 
Colours for Colour Sensitometers and the Illumination of 
‘Three-Colour’ Photographic Transparencies by Spectrum 
Colours” was read by Sir W. de W. Abney. In three- 
colour photography, photographs have to be taken 
through a red, a green, and a blue screen, the trans- 
parencies or prints from which are then viewed. The 
exact shades and hues of these screens depend on the 
light which is used for viewing the transparencies, or on 
the colours employed in printing. ‘The present paper 
confines itself to the former case. It is well to settle 
the colours which should be used by a reference to the 
spectrum, ren:embering that if any other colours, such 
as those transmitted through glasses, are employed, 
they must inevitably be less pure.- The true guide 
to selection must be founded on the trichromatic theory 
of colour-vision, and the author has shown, in a former 
paper, that the position of the colours in the spectrum 
can be fixed with extreme accuracy: Any part of the 
spectrum below C towards A gives a colour which excites 
no other sensation than the red sensation. The green 
and the blue sensations are felt unmixed with any other 
colour sensation, though rendered impure by the sensation 
of white, at b for the former, and near the blue lithium line 
in the spectrum of lithium for the latter. Any departure 
from these positions causes an excess of colour due to one 
of the three sensations, and is not therefore advisable to 
adopt, as it increases the impurity of the mixed colours 
by adding still more, and quite unnecessary, white to the 
resulting hue. These three colours form the theoretical 
starting-point for the determination of the exact hue of 
the screens which have to be used. The determination of 
the exact hues of the screens is one which presents some 
difficulties, if resort is confined to the spectrum. A 
perions photographic plate is one on which, if a spectrum 
thrown, the opacities of deposit will represent lumi- 
nosity exactly, or the transparency taken from such a 
negative will transmit white light at every portion of the 
Image corresponding to the luminosity of the spectrum at 
that point. A perfect photographic plate does not exist, 
and hence we are driven to a plan which, not absolutely 
exact, 1s yet as near exactitude as possible. Any inter- 
mediate colour between the three standard colours can be 
matched in hue and luminosity by mixing the red and 
green together in proper proportions, or the green and blue. 
he colours of pigments can be matched by a mixture of 
two of the three chosen colours. The author has shown 
how, by means of egg d equations, it is possible to 
arrange two pigments so that the components of any 





* Journal of the Iron and Steel Institute, 1901, No. II., 
page 144, 





standard colour, say, the , are equal. Photograph- 
ing the two pigments in Chick the m components are 
made sam, we must find some medium which will allow 
only such rays to pass as will make the two ie 
equal opacity. This will be a m of some kind. ith 
more colours, similarly treated, we get an approach to 
colours at different parts of the spectrum, and we can 
then determine the screen to be used for any kind of 
plate which it is possible to use. The amounts of red 
m, and blue existing in the red, yellow, green, an 
lue pigments and white were determined ; and the 

luminosities being known, the amounts of each of three 
spectrum colours in luminosities were determined to 
make up the total luminosity of the pigment (or 
white). ss that a screen was sought for which 
would give the proportions of red on we re phic 
plate. The luminosities had to be so reduced in the pig- 
ments chosen that the red Rar aera in each was of the 
same luminosity. This was effected by making rings of 
the colours on a disc, and cutting off part of the rings by 
black. We thus have a disc in which all the rings have 

ual red luminosity. Having got three separate discs in 
which the red, the green, and the blue components are 
made equal respectively, the screens for the camera were 
found by altering the hue till the opacities in the negative 
of all the rings were equal. Having obtained the nega- 
tives, transparencies are made from them. These are 
usually placed in a triple lantern with the three colours 
behind the objective. The light coming through each is 
so arranged that the white formed by their mixture is of 
the same quality as sunlight; but as they are impure 
colours, they give more white in the picture than is to be 
found in Nature. Sir William Abney showed how to 
illuminate the transparencies by using spectrum colours, 
placing slits on the three colours which answer best to 
the three colour-sensations. 

A paper on ‘‘ Normal Piling as Connected with Osborne 
~— ’3 Theory of the Universe,” was read by Professor 
J. D. Everett. : 

The closest arrangement of equal spheres in plano is 
the triangular one in which each is touched by six. To 
obtain the closest packing in s the pile of spheres 
must consist of a succession of these tiers. 

In building such a pile, the laying of each successive 
tier gives a choice between two different positions of this 
tier relative to its predecessor. Suppose two regular 
tetrahedrons to be placed base to base, so that one is the 
reflection of the other relative to the ; and let the 
edges of one of these tetrahedrons be parallel to the six 
lines which join the centres of four spheres in mutual 
contact (say in the first and second tiers). The peculiarity 
of ‘‘ normal piling” is that the rule holds in passing from 
each tier to the next, through the whole pile. The 
other alternative is represented by the edges of the second 
tetrahedron, and gives equally close packing. If we use 
the two tetrahedrons alternately as our guides in laying 
successive tiers, we obtain the system of closest piling 
which comes next in simplicity to normal piling. It may 
be called ‘‘ anti-normal oom 

Tn normal piling every sphere belongs to six lines of 
spheres which are continued through the whole pile. They 
are parallel to the six edges of the standard tetrahedron. 
In anti-normal piling there’ are only three such lines 
instead of six. 

In normal piling every sphere belongs to four sets of 
triangularly-arranged tiers, which are parallel to the four 
faces of the tetrahedron. In anti-normal piling there is 
only one set, instead of four. 

Again, in normal piling, there are three sets of squarely 
arranged tiers, their planes being at right angles. In 
anti-normal piling there are only fragmentary traces of 
square arrangement. 

Professor O. Reynolds’s theory asserts that the universe 
is com d of infinitely hard equal spherical grains in 
approximately normal piling, which, on striking, rebound 
without loss of relative velocity ; their free paths being 
infinitesimal compared with their diameters, except in 
places where the grains are out of gear (called surfaces of 
misfit). A spherical surface of misfit is the simplest kind 
of atom of ordinary matter, and is oo as a solitary 
wave through the surrounding grains, by the transfer of 
grains across it in the reverse direction. 

The excitation of electricity by friction is explained as 
the tearing away of a cluster of grains from one part of 
a normal pile and thrusting it into another part. Dis- 
arrangements of opposite kinds are produced at the two 

laces, each involving diminished closeness of packing. 

agnetism is explained as a rotational displacement of a 
spherical cluster of grains, sufficient to cause grains near 
the equator of the sphere to slip a tooth (as it were) in 
their gearing with the grains outside, while grains nearer 
the poles have not moved far enough to slip a tooth. The 
spherical cluster is thus subjected to rotational strain 
and stress. 

Attractions and repulsions are manifestations of a 
tendency of disarranged grains towards closer packing— 
a tendency due to the continual impacts from without, 
which (asin the kinetic theory of gases) are equivalent to 
external hydrostatic ne 

Light is propagated by transverse, and Rintgen rays by 
normal, vibrations of the grains. The energy of propaga- 


tion is reduced to( yet its original amount in 56 million 


years for transverse, and in 4 millionths of a second for 
norma], vibrations. These results, together with the 
correct velocity of light, are deduced from assumed values 
of the diameter, mass, mean velocity, and mean free path 
of a grain, which also give the correct value of the constant 
of gravitation. : 

he Paper maintains ae in a struggle for existence 
between different kinds of closest piling, represented by 
separate clusters with room to change their arrangements, 
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normal piling possesses great advantages, first, in its six 


sets of lines of ahem which serve as battering-rams, and 
secondly, in its four sets of tiers in closest array, which 
facilitate the coalescence of adjacent clusters. 

A “‘ Note on the Diffraction Theory of the Microscope as 
e to the Case when the Object is in Motion,” by Dr. 
R. T. Glazebrook, was taken as read. According to the 
Abbe theory of microscopic vision, when a grating is 
placed on the stage of a microscope and illumina y 
plane waves, diffraction images are formed in the focal 
plane of the object-glass, and the images in the view-plane 
result from these, and this is undoubtedly true. The 
following difficulty has, however, been raised :—If the 
grating moved in its own plane in a direction m- 

icular to the ruling, the diffraction images do not change ; 
those seen in the view-plane move: How, then, can the 
latter i be due to the former? The answer lies in 
the fact that in the above ment the effect of the 
differences of phase among the diffracted images has 
neglected. The diffracted images are not all in the same 
phase ; their relative phases are altered by shifting the 
grating, and the image pattern in the view-field is altered 
in consequence. A simple case is considered in the paper, 
and it is proved that the image in the view- e may 
change without an alteration in the position of the 
diffracted images. ? 

An “‘ Automatic Gas-Pump” was exhibited by Mr. C. E. 
S. Phillips. The apparatus is constructed upon a plan 
which enables the pump, when once set in operation, to 
continue automatically, and to produce as perfect a 
Torricellian vacuum as is possible. It has been devised 
with a view to provid a comparatively portable 
machine suitable for special laboratory work or for re- 
searches requiring prolonged pumping, and consists of 
three distinct parts—viz., a small motor-driven mecha- 
nical pump, a four-way control valve, and a modified 
Toepler apparatus by which the final vacuum is obtained. 
Experiment has shown that the apparatus is fairly rapid 
in its action. In a preliminary trial a Réntgen-ray bulb 
of 200 ccs. capacity was exhausted in half an hour. The 
glass work is easily removed for cleaning or repairs, and 
the wood supports are fitted with adjustable brackets. 
The height of the complete apparatus is 18 in. 

There was also an exhibition of spectroscopic and other 
scientific apparatus by Mr. Peter Heele. 








MINERALS IN New South WAtkEs.—From the inception 
of the coal-mining industry until the end of 1902, New 
South Wales produced coal valued at 41,701,442/. The 
State’s total yield of gold to the same date was valued at 
49,844,135/., and its output of silver and silver-lead re- 
alised 33,781,756/. 





COAL IN THE ZOLLVEREIN.-—The production of coal in 
the Zollverein in the first three months of this year 
amounted to 30,327,834 tons. The output of Prussia 
during the three months was 28,282,970 tons; that of 
Bavaria, 351,393 tons; that of Saxony, 1,233,778 tons; 
and that of Alsace and Lorraine, 454,846 tons. The pro- 
duction of lignites in the Zollverein to March 31 this year 
was 12,348,211 tons. Prussia figured in this total for 
10,431,640 tons; Saxony, for 472,212 tons; Brunswick, 
for 383,367 tons ; Saxe-Altenburg, for 610,538 tons; and 
Anhalt, for 338,510 tons. The production of coke in the 
Zollverein to March 31 of this year was 2,979,583 tons, of 
which 2,962,572 tons were made in Prussia. The produc- 
tion of briquettes in the Zollverein to March 31 of this year 
oe 2,828,148 tons, of which 2,526,621 tons were ein 

russia, 





THE VIRILLE Montacne. — The gross profit realised 
last year yf the Vieille Montagne Zinc Mines and 
Foundries Company was 300,228/., from which must be 
deducted, however, 49,9877. for general expenses, interest 
on loans, &c, What may be regarded, accordingly, as 
the net profits of 1903 were 250,241/., increased to 252, 9417. 
by the reliquat brought forward from 1902. Of this 
amount, 144,000/. was — to the payment of a divi- 
dend for the year; and after sundry other allocations, 
including 18,3047. to the council of administration and 
45761. to the direction, had n made, a final reliquat 
of 2537. was carried to the credit of 1904. The dividend 
for 1903 was, it may be added, at the rate of 40 per cent. 
per annum upon the nominal amount: of the share 
capital. The statutory reserve fund is equal to the share 
capital, and the — has also formed special reserves 
to the amount of 193,327/.. The company carries on 
a savings bank for the benefit of its staff, and the 
amount at the credit of this bank at the close of 1903 
was 165,106/., as compared with 159,138/. at the close of 
1902, An insurance and pension fund has further been 
formed for the benefit of the ro ge employés, and 
this fund stood at the close of 1 at 67,427/., as com- 
pared with 61,1072. at the close of 1902. The production 
effected by the ee last year amoun’ to 78,133 
tons of rough zinc, 2733 tons of special zinc, and 4050 tons 
of manufactured zinc. The —— rolling-mills pro- 
duced last year 68,313 tons of rolled sheets, while its 
zinc-white works turned out 10,450 tons. The sales of 
zinc of all kinds effected in 1903 were 99,366 tons. The 
total production of zinc in Europe — is estimated 
by the company at 422,630 tons, or 23,960 tons more than 
the corresponding production for 1902. To the additional 
23,960 tons of zinc made in Europe last year, Rhenish 
and Belgian works contributed 15,000 tons ; Silesia, 1600 
tons ; Great Britain, 4000 tons ; and Austria and Poland 
2860 tons. The United States of America only increased 
their zine ——— last year to the comparatively small 
extent of 1605 tons, the American output for 1903 having 
been 139,695 tons, as compared with 138,090 tons in 
1902, The whole of the 139,695 tons made in the United 
States last year was consumed at home, ? 











696 


ENGINEERING. 





[May 13, 1904. 











INTERNAL-COMBUSTION MOTORS.* 
By Ducatp CuiERrk, M. Inst. C.E. 
(Concluded from page 658.) 


Fic. 23 shows an indicator card in which a pre-ignition 
has taken place in an engine of moderate dimensions 
under adverse circumstances.  _— : s 

This question of pre-ignitions limits the engine-designer 
in many ways, and it omes absolutely necessary to 
preserve the inflammable mixture during compression at 
a temperature below its igniting point. Any inflammable 
mixture only requires to be sufficiently compressed _to 
ignite without any other means of inflammation. Un- 
fortunately, itions of maximum economy in 
engines are also conditions which favour pre-ignition. 

n small engines pre-ignitions are rare and are not 
dangerous ; in large engines they are, unfortunately, some- 
what frequent, unless mean pressures be kept down and 
extensive cooling adopted ; and when they do occur, they 
are somewhat dangerous. 

It is unfortunate also that no exact knowledge exists as 
to the temperature of ignition of different gaseous mix- 


PRE-IGNITIONS WITH COAL GAE. 
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tures, and the engineer has been a ome to accumulate 
very considerable knowledge of the subject by the simple 
process of pushing his compression with each gaseous fuel 
as high as he dare without producing pre-ignition. If | 
with any fuel he produces pre-ignitions, then he at once 

alters his compression space and other parts so as ad 
reduce the compression. 

It is found, for example, that with weak gases of the | 
producer type, such as blast-furnace gas, compressions | 
may be carried very much farther than with very inflam- | 
ma of wy such as town gas or natural As a rule | 
it may be taken that gases which are rich in hydrogen | 
are highly inflammable, and pre-ignite readily. Such | 
dangerous mixtures can only be compressed to a moderate | 
degree without risk. It been found, for example, | 
that in petrol-engines the compression can be carried | 
higher than in heavy-oil engines, and that with some 
kinds of heavy oil compression must be lower than with | 
other kinds. On the other hand, it appears that, with 
alcohol as the inflammable material, compressions can 
carried very much higher than with petrol. 

At present the engineer knows, from previous experi- 
ence, that if he carries his compression beyond a certain 
—_ for a siete Gas, - will at once make his en oe rela- 
tively unworkable by frequent pre-ignitions. e t 
limiting element in all lodlinial tousiineien motors, Sar 
as high compressions are concerned, is this one of pre-igni- 
tion. Pre-ignitions are due to many causes—sometimes to a 
small incandescent part of metal within the cylinder ; some- 
times to a porous surface of metal within the cylinder ; 
sometimes to a hot piston end ; sometimes to an overhea’ 
exhaust: valve ; possibly to charred matter of carbon 
deposited in the cylinder. In al’ cages, however, pre-igni- 
tion occurs owing to the tendency of these engines to be 
overheated. In large engines of, perhaps, 200 horse-power 
and upwards, pre-ignitions are only avoided by excessive 
water-cooling of all parts and a plentiful tlow of cooling 
water at low temperature. 

Definite - information is much ee on the 
ignition pdints of various gaseous mixtures when treated 
under internal-combustion motor conditions in “fairly 
large volumes. Experiments, such as chemists sometimes 
conduct, in narrow glass or metal tubes are of little use in 
considering this question of pre-ignition. Such experi- 











ments, if made, would 


tions of a second to certain graduated temperatures. 
It has been found, then, that in — en; 
duction of cooling surface can be carried too far 


practical point is the more important point, so that 
for the 

Fig. , ) 
Deutz a. It will be seen that it has a long flattened 
port, deliberately designed with large cones surface, and 
be — is arranged to come close up to the end of the 
cylinder. 

Fig. 25 is a section of a 250-horse-power Koerting four- 
cycle engine in which the difficulty of over-heated com- 
bustion space and exhaust products is very frankly met. 
Here a projecting tube has been deliberately inserted 
into the combustion space provided with a water circula- 
tion to increase the rate of cooling. Such devices are bad 
from the point of view of heat economy, but they enable 


of reducing this difficulty. 








-* The “James Forrest” lecture, 1904, delivered at the 
Institution of Civil-Bngineers, Thursday, April 21, 1904. 


these large engines to operate suc ully without pre- 
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uire to be performed with com- 
mor tg large bodies of material exposed for definite 
rac 

es the re- 
; in small 
motors the better thé surface arrangements the better 
for the economy of the engine ; but in large engines the 
cooling surfaces are deliberately increased in proportions 


Bn is a section of the explosion chamber of a large 
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because each maker desires to sell an engine giving the 
greatest power as well as economy for a given price. The 
problem is, in the end, a commercial one ; and the pres- 
sure of competition in the end forces the designer to get 
not only the highest economy, but also the highest safe 
power limit for compressions and dimensions of the 


ne. 
“This question of high mean pressures is a most important 
one. In many of the engines the mean working 
pressures are relatively low—in the large Continental 
engines mostly 60 1b. per square inch or under. British- 
built ines usually operate the medium sizes at pres- 
sures as high as 90 Ib. and 100 Ib. per square inch, and the 
English engineer at present is by no means satisfied with 
the average pressures which he can safely employ in exist- 
ing large ines. To obtain high mean pressures is 
to have an engine of great power for small dimensions ; 
but if flame temperatures be reduced to prevent heat-flow 
difficulties, and save heat in this way, the mean pressure 
is also reduced. It is very desirable to reduce heat flow, 
especially in large gas-engines. . 

me time ago it appeared to me possible to reduce 
maximum temperatures while increasing mean pressures 
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AVERAGE DIAGRAMS FROM {0 1n. BY 18 in. NATIONAL ENGINE 


Fig.26. 
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Gas per LHP hour 16:7 C. Ft. 
Thermal Effic® 27-7 % 
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ignition. It is obviously better after all to have a safe 
smoothly-running iy which does not give the best 
theoretical diagram than to have an engine producing 
beautiful thermal results that is always on the verge of 
danger. While on this point, it must never be forgotten 
that the engineer frequently deliberately abandons the 
path of theoretical rectitude in order to obtain success in 
the practical operation of his mechanism. It by no 
means follows he is ignorant of this path, as is too 
often assumed by some of our more theoretical friends. 
It will be seen that the temperature at which 
pre-ignition occurs depends on the nature of the gas used ; 
and so the ae may regulate his compression, rate 
of cooling, and other circumstances to keep his mixture 
eee this point. From this it id be seen that 
one e great limitations imposed on the large engine 
is due to excessive heat flow through the’ enclosing 
walls. It is well known to engineers that this heat flow 
increases with increase of oo temperature. Not- 
withstanding this, in the smaller engines the tendency of 
recent vears to increase flame temperatures 


Gas per I.H.P. hour 13°2 C. Ft. 
Thermal Effic® 34:4 % 


by increasing the charge weight per stroke given to an 
——. I had experimented with two engines, one of 7-in. 
cylinder by 15 in. stroke, and another of 10-in. cylinder 
by 18 in. stroke. These engines, which are of the ordinary 
standard four-cycle type, are allowed to take in the usual 
charge of gas and air, and then at the end of the stroke a 
further charge of air or other inert fluid is added to in- 
crease the pressure in the cylinder to 7 lb. or 8 lb. per 
square inch above atmosphere before the return of the 
piston begins. This has the effect of increasing the 
charge weight present in the cylinder by about 40 per 
cent., and of increasing the of com: ion with- 
out, however, increasing the temperature of compression. 
Indeed, in both ex nts the temperature of com- 
pression was diminished. As the charge present 1s con- 
stant so far as gas is concerned, the maximum tempera- 
ture capable of being produced is much reduced. The 
maximum temperature in the taken by mn 
from these two engines is about 1200 deg. Cent. x 
periments were e, and it was found that the heat flow 
was reduced to about two-thirds; and, further, that the 





within the cylinders to the highest safe economical point, 


mean available pressure was increased about 20 per cent. 
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Figs. 26 and 27 show two indicator diagrams from the 
10-in. by 18-in. engine. One diagram is from the onan 
in its ordinary state; the other diagram shows the effect 
of adding air. In both cases the gas present per charge 
is practically the same. It will be observed that 20 per 
cent. more power is obtained with a proportionately 
reduced consumption of gas. The figures obtained have 
been marked upon the diagrams. ; . 

This method supplies another means of increasing the 
economy of these engines without changing the thermo- 
dynamic efficiency, simply by reducing heat losses—that 
is, in these cases the economy is effected with a heat 
cycle of unchanged thermo-dynamic efficiency by effecting 
a change in the heat-flow through the cylinder walls. 
This method of increasing practical efficiency has the 
merit of reducing temperatures all round, and preventing 
pre-ignitions in two directions—namely, by temperature 
reduction and also by reducing the average inflamma- 
bility of the charge, so that it 1s less readily ignited on 
compression. : : : 

The large ‘‘ National” gas-engine shown at Figs. 28 to 
30 is designed to work with high mean pressures and 
low flame temperatures. The front end of the cylinder 
is used to compress air into a space; this air is pa 
through ports to the charge which has been sucked in on 
the other side, and the charge weight is thus increased 
without adding more inflammable material. When 
compression takes place, the pressure rises to about 


Fig. 28. 


This loss, as has been noticed, is increased in large gas- 
engines instead of diminished. My experiments, illustrated 


in Figs. 26 and 27, show a still further reduction of heat- 
loss t h the cylinder walls, but also a further increase 
in the heat-loss to the exhaust gases. gineers should 


endeavour to find means of adding the heat required at an 
early part of the expansion in order to avoid this difficulty. 
It may very well be that the rate of combustion is too slow 
to enable all the required heat to be added early in the 
stroke. In large gas-engines it certainly appears as if 
this were the case, and this peculiarity introduces the 
possibility of improvement in efficiency by the use of 
lower speeds, giving longer periods for the combustion of 
each charge. Figs. 31 to 37 show a series of diagrams 
taken from large and small internal-combustion motors, 
with the particulars marked under each diagram ; and from 
a study of the results from large and small engines, it 
appears probable that engines running:at speeds approach- 
ing 2000 revolutions (diagrams ’shown taken by Professor 
Callendar) leave such a minute fraction of a second for 
combustion that combustion cannot be completed durin 

the stroke. Thus the same difficulty which is met wit 

in large engines is also — in small high-speed en- 
gines. If physicists or chemists could discover means of 
adding heat early in the stroke, greater efficiencies would 
be at once attained. It might be said that improvement 
in this respect could be had by expanding to a volume 





greater than that.of the original volume of the gaseous 


Wigs 6 04 


difficulty in accepting the existence of cycles of constant 
efficiency, although many such cycles exist. Two in 
particular are now ised—the Beau de Rochas 
and the Joule, or Brayton, cycle. ; 

The laws of the cooling of gases under various pres- 
sures at high ten:peratures do not seem to be known with 
any accuracy. To some extent valuable data might be 
obtained by measuring the msximum pressures tem- 
peratures of gaseous explosions, both with and without 
initial compression, in large and in small vessels, for 
—— and complex mixtures of ing dilutions. 

The cooling curves, are requ in closed vessels 
for all these mixtures. Similar measurements of such 
explosions should be made for light and heavy hydro- 
carbons, for alcohol, blast-furnace ae ener gas, coke- 
oven gas, and all the numerous inflammable gases and 
vapours now pressed into the service of the internal-com- 
bustion. motor. More determinations of this kind are 
urgently wanted, as the older experiments are now out 
of date, with the change in the composition of town gas 
and the extended use of the other gases. 

With regard to the second line of development—that 
is, improvements relating to the means of generating the 
inflammable gaseous or vapour fuel intended to operate 
the motor—it is necessary to say only a fewwords. The 
Dowson producer has been greatly improved upon ; and, 
recently, a modification known as the “suction-producer ” 





has been introduced both in Britain and on the Continent. 
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200 lb. per square inch; then, on ignition, pressure is| charge before compression. This, no doub produces | Monsieur Benier was the first to experiment with some 
obtaine ual to about 500 lb. per — inch, is | some improvement ; but, unfortunately, it greatly increases | success upon this suction-producer. Now it is rapidly 
engine has been designed for mean available pressures of | the weight and dimensions of an engine for a given power. | coming into use, and many makers are to be found, on 


bout 130 Ib, per square inch, and maximum flame tem- 
peratures of about 1200 deg. I cannot but think that it 
18 desirable in la engines to keep cylinder dimensions 
as small as possible, in order to minimise expansion diffi- 
culties and to raise the maximum working pressures to 
limits far above those at present used. This method of 
reducing temperatures appears to be worthy of great 
attention. 

The comparison of the results actually attained in 
practice with the results calculated for a standard air- 
engine shows very conclusively why efficiencies have not 
— more in po rtion to the diminished heat-losses 
through the cylinder walls. The lesson the comparison 
a is, that if in la e engines just enough heat could 
Mi added to the expanding gases to keep the expansion 
ine up to the adiabatic, then greatly increased efficiencies 
sc be obtained, and no increased loss of heat would 
pearson Sao diecbange of the exhaust. Seow thee 

curves, however, of large engines, it is evident 

— heat is added during the Pe st stroke in propor- 
thes far greater than is necessary to keep the line up to 
line adiabatic. More work is done above the adiabatic 
ine, and this at once introduces a cause of loss of effi- 
siege » 88 is shown clearly by the tables referred to. 
urther, it also introduces an increased loss by discharge 





of @ certain proportion of heat with the exhaust gases. 


The old idea among gas engineers to increase economy was 
to increase expansion beyond the original charge volume. 
It has been found, however, that this is much more effec- 
tively done by diminishing compression volume. Greater 
expansion gained in this way is gained under conditions 
which reduce cooling surface instead of increasing it, and 
impose no greater strains upon the engine relatively to 
the volume swept through than in the case of expansion 
beyond atmosphere. 
ough has now been said upon the motor itself to 
show the principles upon. which the past twenty-five 
years’ advance has been made, and to indicate, to some 
small extent at least, what knowledge is required to for- 
mulate an accurate standard of comparison, and what 
line of advance should be followed to reduce temperatures 
and increase mean pressures. : 
Before leaving the question of thermo-dynamics, might 
I suggest to the physicists that profitable study might be 
devoted to the question of the laws governing the efficiency 
of imperfect cycles? The text-books devote a great deal 
of attention to perfect cycles of operation, such as the 
Carnot cycle or the poses regenerator cycle, but little 
attention is given tothe th of imperfect cycles, which, 
after all, are the only cycles which can possibly be carried 
out in practice. y engineers are so imbued with 





the ideas deduced from the Carnot cycle that they find 


the Continent and in England, of these convenient little 
producers. The great advantage they have isthe absence 
of a steam boiler for blowing, which the 
older Dowson type, and the absence of a -holder. The 
air and water vapour required for pee uction are drawn 
through Fear incandescent fuel by the operation of the 
e itself. 
ig. 38 is a section of a Dowson guction-producer. So 
far these producers have been operated with anthracite 
and coke, but modifications are in preparation for opera- 
tion with bituminous non-caking coals of a cheaper class. 
This suction-producer offers fascinating possibilities in 
aiding the application of the combustion motor to marine 
pu Bo far the only internal-combustion motors 
which have been applied to vessels are those of small and 
moderate sizes, and of the petrol or paraffin kind ; but, 
important as are the results which have been obtained by 
their aid, they will be much surpassed by the marine gas- 
engine operated with producer-gas pr by suction- 
producers. This combination is rapidly coming within 
the range of practice,. It only requires engines now to be 
built which are able to reverse to apply the gas-driven 
internal-combustion motor to marine purposes for very 
considerable powers indeed. _ : 3 
I was pleased to observe that an authority so eminent 
as our distinguished President, Sir William White, has 
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expressed himself in favourable terms on the possibilities | 
of the application of the pereneine to marine purposes. 
Much yet remains to be done in adapting the gas-pro- 
ducer to use the cheaper kinds of fuel of a bituminous 
nature. Dr. Mond has built producers for this p 
and he is to be congratulated on his daring in attacking a 
difficult problem on a large scale. The’ results to t 
obtained from his central gas-supply station in 
South Staffordshire will be watched with the utmost 
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interest by all concerned in the combustion motor. Mean- 
time, the use of his gas installations for works of varying 
nature affords valuable experience in the production of 
gas for engines from bituminous fuel; but Dr. Mond’s 
producers can hardly be considered as approximating to 
the final solution of the difficulties of gas-production from 
bituminous fuels. It will be necessary to design pro- 
ducers which do not depend upon the recovery of ammonia 
for profitable work. The manufacturer using moderate 
power-units must be catered for by the engineer, and he 
certainly will require producers using fuel no dearer than 
he burns under his steam-boilers, and as small, at least, 
in bulk as the boiler. Messrs. Crossley have given con- 
siderable attention to the producer problem, and I am 
informed by them that they have obtained success in the 
use of bituminous fuel. This bituminous fuel problem is 
a most interesting one for the consideration of both the 
chemist and the engineer. The difficulty, of course, is to 
design a producer which shall give a high heat efficiency 
and avoid caking, and produce the minimum of tar. 

With regard to ee devices for using petrol, 

troleum, and other hydro-carbons, great progress has 

nm made, and the advent of the motor-car Ge brought 
into the field a large number of able engineers entirely 
untrammelled by any considerations of precedent. Their 
efforts have resulted in extremely interesting constructions, 
which are highly successful in vaporising and applying 
these fuels to the use of the motors. 

The question of carburettor: forlight oils presents many 
interesting scientific peculiarities, part chemical and part 
ag which require minut# investigation. 

Alcohol, too, has been pressed into the service, and its 
properties, chemical and physical, supply a fresh series of 

»roblems for the chemist, the engineer, and the physicist. 

markable results have been obtained in Germany by the 
use of alcohol. Professor Meyer’s recent tests with alcohol 
engines prove astonishing efficiency to be obtained from 
this substance. It appears that alcohol mixtures are mix- 
tures of very low inflammability, and, consequently, they 
can stand a very high compression. On account of this, 
on the usual principle of the engineer carrying his com- 
pression as high as he dares, heat efficiencies of 32 per 


cent. are stated to have been obtained by Professor 
Meyer. 


Before leaving the subject of inflammable material for | developments in connection with the internal-combustion 


use in the motor, I would say one word as to coal-gas. motor—is the application of blast-furnace gas. This gas, 
Coal-gas was the first to be used for these motors, and it | so plentifully produced by our blast-furnaces, appears 
is still the most considerably used fuel. It seems pos-| capable of supplying cheaply and continuously nearly 
sible now, in view of the incandescent gas-lamp, to dis- three-quarters of a million horse-power in Britain alone. 
pense almost entirely with the intrinsic illuminating | The purification and utilisation o this weak gas has pre- 
power in coal-gas ; if parliamentary sanction can be | sented another series of problems to the engineer, which 
obtained to this step, a very cheap gas could be sold with | he has successfully coped with. 

a very high thermal value. A gas witha thermal value! The internal-combustion motor offers, perhaps, the 
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of 500 British thermal units per cubic foot, sold at 1s. per | best instance of international industry which could be 
1000 cubic feet, would enormously benefit towns’ industries imagined. England stands at the head of all nations be 
by providing them with cheaper motive power and cheaper | the production of the smaller and medium-sized fix 
means of heating. No doubt the problem presented can gas-engines. She has produced altogether something 
be solved by our chemists, the ooctienn being to produce | approaching 100,000 engines of an average of 20. — 
a gas combining in its properties the flame temperature | power. This is greatly in excess of the whole —- 
uired for the incandescent mantle and the heating | output of — of this type taken together. © 
value and low inflammability required for the successful | other hand, tinental engineers have given more atten- 
operation of internal-combustion motors. tion to the large gas-engine—engines of 500 horse-power 





One great development—perhaps the greatest of recent | and above—and the application of blast-furnace a5 to 
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the use of the large engine. In this field of internal- 
combustion motor work Germany excels. 

In the petrol-motors for motor France appears 
to take the lead, and in heavy-oil engines England takes 
the lead. In America engineers are now giving con- 
siderable attention to the internal-combustion motor ; but 
so far, for some reason, the Americans have not shown 
in this subject the inventive and progressive spirit which 
they usually display. They have, however, taken con- 
siderable part in the application of petrol-motors to small 
vessels and boats. ; 

It may be said, however, without exaggeration that 
the whole world is now alive to the possibilities of the 
internal-combustion motor, and that p will be 
more and morerapid. These motors have almost fulfilled 
the expectations of those engineers who, like myself, 
have devoted a large part of their lives to their study and 
advancement. They are looking forward now to the 
completion of the work begun so many years ago, and 
expect, at no distant date, to find the internal-combustion 
motor competing with the steam-engine even in its latest 
form—the steam-turbine—on sea as vigorously as it does 
at present on land. 








NOTES ON PYROMETRY.* 
By M. E. J. Gueury, F.R.A.S., F.P.S., &c. 
(Concluded from page 657.) 

I am brought to go into these theoretical details by my 
wish to be as accurate and complete as possible. More- 
over, I am justified in doing so, if we consider that all 
the laws of radiation have been established for black 
bodies. Also an oven, if we suppose it to be at uniform 
temperature, is an enclosure, the walls of which are 
onither absolutely ‘‘black” nor absolutely reflecting. 

Its walls will then emit some radiation and reflect the 
others. If it is entirely closed but for a hi small aper- 
‘ture by which the radiations can be observed, the sum of 

the emitted and reflected radiations is the total radiation 
existing, and the enclosure will behave as a black body. 
So will any heated hollow body. This will be only for a 
certain range of radiations. It seems to-day well estab- 
lished that the law of variation of an elementary radia- 
tion, emitted by a black body, is an exponential equation 
of the form— 


c 
E=Cl~%e ev 


radiated ; C and c the constants ; 
1 the wave-length ; T the absolute temperature; a is a 
number depending upon the nature of the body. It is 
equal to 5 for a ‘‘black” body ; for platinum it is 6. ¢ is 
the basis of Napierian logarithms. : ; 

This equation, due to Wien, has met with some objec- 
tions; but on twoof itsconsequences physicists do agree :— 
1. The integration with regard to / gives the total radia- 
tion in function of the temperature. This is Stefan’s law. 
2. By differentiation it gives Jm, the value of J corre- 
sponding to the maximum of the function. This is the 
displacement law— 

lm x T = constant. 


From Wien’s equation if, with special apparatus—bolo- 
meters, microradiometers, &c., the description of which 
would be out of place here—the radiated energy is 
measured, the temperature may be calculated. I may 
say that radiation laws give a temperature scale which is 
identical at low temperatures with the usual thermometer 
scale, but it can be utilised at much higher — 
than the method bol thermometry permits of. They are, 
up to now, confined to laboratory work. Not so with the 
abourstiie method. Absorption also follows an exponen- 
tial law. If along the peab of a ray coming from the 
furnace we place a slab of absorbing material of coefficient 
of absorption k& and thickness <— 


I ke 


=te 
e is the basis of Napierian logarithms ; ¢ is a constant—it 
is the intensity of a standard lamp. Combining this 


where E is the ene 


equation with Wien’s, I = Ae  P, where A and B are 


constants (A = Ce * and B = c/lin the formula above), 
we get a formula of the form 


B 
ke=M-_—, 
7 T 
where 
M = log. A = constant, 
a 


showing that the thickness x of the absorbing layer inter- 
posed to reduce the intensity I to that of ¢ is therefore 
inversely as the absolute temperature of the source, sup- 
posed to be a black body. Brightness is measured, not 
total intensity ; the measures are therefore independent 
of the dimensions of the radiating body. 

In Fig. 6 I have a view of Fery’s pyrometer, based 
upon this reasoning. The rays from the oven cross the 
red glass A of the same nature as the glass A’ put in the 
path of the light from the standard lamp L. A variable 
absorbing layer is interposed by means of two glass 
wedges P, P’. The radiation crosses the plate G, and is 
focussed on the eye-piece 0. The light of the lamp is 
reflected towards the eye-piece by G, which is silvered 
for this purpose along atthin strip. d is a diaphragm 
limiting the objective o’ to an angular opening indepen- 
dent of the distance o’ G, and therefore he mdent of the 
distance of the oven. The slide shows the image 


seen on pointing the apparatus towards a hot crucible. 
* Paper 
Society, 
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One of the wedges is moved till the brightness of the two 
sources of light is the same, and the temperature ma 

directly on a calculated scale, by means of a pointer 
fixed on the movable wedge. 

The standard lamp is a 4-volt incandescent lam 
After burning for 30 hours at full voltage, it is suffi- 
ciently constant for the purpose. The temperature of the 
filament is then 1900 deg. Cent. With this apparatus, 


which belongs to the practical class, but has been put 
but recently on the market, the range is very la: with 
a sufficient sensitiveness for industrial oq oy ‘empe- 
ratures ranging from 1100 deg. Cent. to deg. Cent. 


have been measured by the motion of glass wedges only 
and without altering the red glasses A, A’, The maxi- 
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mum errors between 1000 and 1500 deg. Cent. were 
inferior to 10 deg. Cent. Plotting as abscisse the dis- 
placements of the wedges, and as ordinates the inverse of 
the eee absolute temperatures, straight lines 
are obtained, affording easy interpolations and extra- 

lations. Photometric methods are based on laws 
erived from the radiation laws. Some ray of mono- 


chromatic light issuing from the hot body is compared to 
a similar ray from a standard. The devices by which 
the two illuminations are com are various. I believe 


one of the best is that in which the properties of polarised 
light are taken advantage of : the two illuminations bein 
equalised by turning a nicol provided with a scale o 
d enabling temperature to be read directly. 
nother simple way of using radiations is to place a 

suitable body at a given distance from the body, the tem- 
| Seong of which is required, and from the temperature 

ue to the radiation, calculate by Stefan’s law, the 
temperature of the source. A lens is used to concentrate 
the heat rays upon a thermo-electric couple connected to 
a galvanometer. This method compares with Le Chate- 
lier’s thermo-electric couple within 1 per cent. (Stefan’s 
law E = K T4), 
It has been found by differentiating Wien’s formula 
that the wave length at which the maximum radiations 
occur is inversely proportional to the absolute tempera- 
ture. (Displacement law: 7m x T =constant.) Observ- 
ing the relative intensity of the radiation at two different 
wave lengths, at opposite ends of the spectrum, seems, 
therefore, a very good way to get at the temperature. I 
am not aware this has been used yet. 

The melting point of platinum seems to be the highest 
point we can actually measure. Above this the tempe- 
rature must be calculated. A formula is made use of 
according to the method of observation chosen—a curve, 
accurate within certain limits of temperature, is obtained 
by it. It is produced and the results obtained at higher 
temperatures depend on the correctness of that extrapola- 
tion, as it is called. 

Engineers are accustomed to handle the stuff they deal 
with. I am sure that, in dealing with these vibrations of 
the imponderable ether, on which, perhaps, I have dwelt 
too long, you will prefer the four methods that remain at 
the end of this rather lengthy review. 

Turning to metals, we see that they possess two proper- 
ties, almost invariable, and, for a pure metal or a well- 
defined alloy, independent of other conditions. These are 
the specific heat and the melting-point for solids, boiling- 
point for liquids, the latter being, however, dependent on 
the pressure under which ebullition occurs. 

ou all know the use of specific heat for pyrometry 
work. A ball of fireclay, copper, or, better, platinum, a 
copper vessel filled with water and jacketed with sawdust, 
and: a thermometer is all that is required for it. You put 
the platinum into the furnace, and when it has ccndbad 
the temperature of the latter you quickly dip it, without 
splashing (if you can), into the water, the temperature rise 
of which isobserved. Then if’s is the specific heat of the 
substance heated in the furnace, w its weight, ¢ its tem- 
perature when dropped in the water, w’ the weight of 
water, ¢’ and ¢” the initial and final temperatures of the 
water, w” the weight of the copper calorimeter, we have 


sw (t—t”) =(t” — ¢) (w' + .092 w”), 
where 0.092 w” is the ‘‘ water equivalent” of the copper 


vessel, 0.092 being the specific heat of copper. 
This gives 


t= (t” —¢)(w' + 092 w”’)/sw + t”. 


Pouillet found the specific heat of platinum between o 
and 1200 deg. Cent. sufficiently constant for calorimeter 
use, and this metal is generally used. If the quantity of 
water is constant the thermometer may be provided 
with a scale to read furnace temperature direct. 

This method is not susceptible of great accuracy. There 
is always an appreciable loss of heat in the transfer from 
the furnace to the calorimeter, and splashing, by reducing 
the weight of the water, introduces an error. The water 
may be weighed afterwards, but, all the same, the lost 
water has carried away with it an amount of heat suf- 
ficient to spoil the results. 

It is by this method that the only approximate mea- 
sures of the temperatures obtained by Moissan with his 
electric furnace (2000 to 4000 deg. Cent.) were obtained 


Tes ptetny by fixed points is indebted to all the 

methods we have so far passed in review for its existence. 

By repeated observations with different meth and 

various kinds of instruments, melting points of metals and 

boiling points of substances have been ascertained over 

and over again, es A in the results being but ar 
ul work. 


incentive to more 

A series of samples of pure metals and alloys, each one 
having a — melting point than the one below it in the 
series, is placed in a furnace. e highest one found 
melted gives a rough figure of the maximum temperature 
of the furnace. 


By making an —— ¢ selection of metals, and using 
also mixtures in varia roportions of quartz, sodium 
carbonate, kaolin, and feldspar, a scale without too 
large gaps can be formed. is method does not give 
continuous indications, but it was very valuable when 
pyrometry was a less advanced science, and even now it 
may in some cases be useful, If it is necessary once a 
year or so to measure the temperature of a furnace, one 
should not invest 10/. in a pyrometer, when, for a few 
shillings, one can get a series of what is called Seager’s 
cones, samples of the mixtures mentioned above having a 
well-known ae point. For temperatures below 
100 deg. the crystallisation of well-defined hydrates gives 
very accurate points ; but this is of the domain of simple 
thermometry and thermo-chemistry. 

While the various pyrenetee methods gave birth to 
the pyrometry by fix ints, this, in its turn, hel 
greatly the last two methods. I am going to quickly 
reach a practical stage. A pyrometer which is convenient 
to use, and can be easily checked, whatever is the kind of 
indication it gives, by taking that indication when it is 
put into a temperature about which there is no doubt, is 
answering all the requirements of industrial people. Such 
are the platinum resistance, and, better still, the thermo- 
electric thermometers. 

The former method is used daily in the dynamo testing- 
room of these works. To ascertain the temperature of 
an armature or a field coil its resistance is measured. 
The temperature is given by 

R¢ = R, (1 + .00426744 ¢ + .0000011193 ¢?) 
on the Cent. scale, or 

Re = Rag (1 + .0023708 (¢ — 32) + .00000034548 (¢ -— 32)2) 
on the Fahr. scale ; Ro = Rs: being the resistance of best 
conductivity eased in —r ice. The temperature is 
never very high—at least, I hope so; and this is pure 
thermometry. For high temperatures a metal which will 
not be injured by being submitted to them is necessary. 
It must have a constant resistance for a given tempera- 
ture. To save labour in calibrating, the relation between 
resistance and temperature must be ex a func- 
tion giving a simple and well-known curve ; then it is 
sufficient to measure the resistance corresponding to a few 
points, and the other values can be calculated or the 
curve drawn by some geometrical means. 

Platinum, although not answering absolutely to all 
these requirements, is so far the metal that has proved to 
be the most satisfactory for the Prony 

Siemens was the first, in 1871, to uce such an 
instrument for industrial use. It was calibrated by calori- 
metric meth : j 

Callendar, in 1887, and Callendar and Griffiths, in 1891, 
improved this instrument greatly, and in a certain range 
of temperatures no pyrometer can equal in sensitiveness 
the modern instrument of that kind. Fig. 7 shows the 
arrangement for this instrument. It is a Wheatstone 
bridge, with the platinum resistance as Rx, The leads 
between the resistance and the bridge are com ted by 
leads of exactly the same resistance and size, running 


ARRANGEMENT FOR PLATINUM 
REGISTANCE PYROMETER. 


Fig.7. 
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parallel to them, and inserted in Ry. The platinum resist- 
ance is a wire of pure annealed platinum, wound on a mica 
framework, and protected from the furnace gases by a cap 
of hard glass or porcelain, according to the temperature it 
will be submitted to. It is claimed that the temperature 
deduced from a careful observation of the resistance of the 
wire will rarely be in error by more than 0,01 deg. Cent. 
at about 500 deg., and at 1300 deg. Cent. the temperature 
may be determined directly within 0.1 deg. Cent. If this 
is a true statement, I cannot understand the apes org 
still existing in the values found for many a ting or 
boiling point, even below 1000 deg. Cent. _ y 
The formula giving the resistance of the wire in function 
of the tem ture is given with Fig. 8. 

R. and R; are the resistances of the wire at 0 deg. and 
t deg. Cent. respectively. The formula gives a parabolic 
curve, as you see. Pie: 

The temperatures given by this instrument at 0 deg. 
and 100 deg, Cent. are identical with the Centigrade scale. 
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At other points they differ from it, and they give the 
temperature in what is called platinum degrees :— 

Re — Ro 199, 

Riw = R. 

This is due to the fact that the law of variation of the 
resistance is not the same as the Centigrade scale, which 
scale is a linear one by definition. | The correction is to be 
found by experiment. You see in Fig. 8 the formula 
given by Callendar for this correction over the range 
0 deg. to 600 deg., for a sample of pure platinum. It may 
be used graphically by plotting it as a curve, as it is done 
on the figure, and the ordinates subtracted. It is the easiest 
way of applying the correction. It is a parabolic curve. 
To obtain it, three points must be known. Two are the 
melting ice and the steam points; the third is the boiling 

int of sulphur. ‘It is for this reason that this point has 
yxeen so carefully determined. Objections are raised to 
the platinum resistance pyrometer on the ground that its 
hot parts are larger than those of the thermo-electrica 


pt= 


Rt= Ro(1+dt+6t) 
( t-533x16"7t%) 


Rt= 


Pt. Resistance. 


-100° + 
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pyrometer, that they are more breakable, however care- 
fully adjusted, and that platinum has a tendency to alter 
gradually at high temperatures. In 1896 Holborn and 
Wien found that the resistance is sensibly altered by the 
furnace gases, being besides very much changed by very 
faint traces of foreign matter. Moreover, the constancy 
of the resistance at comparatively low temperature does 
not imply a similar constancy at high temperature, All 
the discussions that did arise about this pyrometer tend, 
however, to prove that for a range of about 1000 deg. 
Cent., and if the operation is performed with due care, its 
indications are more precise and trustworthy than those of 
any other instrument in everyday use. 

Lastly, but not least, comes the thermo-couple. You 
all know that in a junction of dissimilar metals, when 
heated, an electromotive force is generated that lasts as 
long as the heat is applied, and varies with the tempera- 
ture of the source: 

Pouillet, in 1836, was the first to calibrate a platinum- 

iron couple. ‘The anomalies of the iron at dark red heat 
were not yet known. These anomalies, although their 
source was not traced, caused the thermo-couple to be 
condemned as a pyrometer. In 1863 Becquerel, using a 
platinum-palladium couple and several others, found him- 
self unable to overcome the discredit in which this method 
had fallen. In 1887 Le Chatelier studied the platinum 
platinum-rhodium couple, and has advocated it ever since. 
A- series of researches made by Barus at Washington, 
from 1882 to 1887, brought to light the admirable pyro- 
metric properties of ood ar wry alloyed with per 
cent. iridium. He showed that the variations with the 
temperature are very regular, and that the sensitiveness 
of the couple increases at high temperatures. Moreover, 
the couples destroyed by the corrosive action of the 
silicates can be regenerated by fusion over a limestone, the 
constants remaining almost unchanged. The hot part is 
very small ; the electromotive force is measured generally 
by a potentiometer for accurate work, and can be cali- 
brated 1 by comparison with a Clark or Weston standard 
cell. 
Amongst the three thermo-electric couples that are 
used in practice, uerel’s platinum-palladium couple 
is decidedly inferior, use of the comparatively low 
melting-point of palladium. Platinum platinum-rhodium 
couples oon been recommended more generally, and are 
by Le Chatelier ; but the platinum platipum-iridium 
couple, used by Barus, seems to be as good, being less 
costly, not less exact, and, if the alloy is good, is more 
sensitive in the ratio of 100 to 76, according to Barus. It 
ought, therefore, to be preferred. At all other points of 
view both couples are similar. They are tenacious, 
flexible, fireproof, and the ratio of their thermo-electric 
forces is constant, even at white heat. Their thermo- 
electrical properties are remarkable and exceptional. 
Barus, amongst 50 different alloys of platinum, has not 
found their equal—a fact that may be aety due, I think, 
to the fact that some platinum alloys have a great resist- 
ance, which impair their value from a thermo-electric 
point of view. ‘ 

While oxidable metals must have their joint soldered, 
which introduces a correction due to the Thompson effect, 
in the platinum alloy couples both wires may be fused 
together, or simply be twisted sther, so as to have a 

ood contact. A limited amount of care only needs, there- 
ore, to be bestowed upon the hot part of this pyrometer. 
It can measure extremely high temperatures ; its indica- 
tions are independent of the size of the wires, and are 
instantaneous; the hot parts are relatively little affected 
by the furnace gases, and, if corroded, can be, as we have 
seen, easil nerated ; the sensitiveness is constant 
through the whole range, up to the melting-point of 





platinum—1765 deg. Cent.; the function connecting the 
electromotive force and the temperature is simple, and its 
constants do not vary with time—it is a parabolic func- 
tion. This means that the relation between the logarithm 
of the electromotive force and the Centigrade temperature 
is of the mania line form, the cold junction being in 
melting ice, and the range 400 deg. to 1100 deg. Cent. 

To calibrate the couple it is therefore enough to 
measure its electromotive force at two given tempera- 
tures; D. Berthelot recommends the ae of 
zinc (419 deg. Cent.), and of gold (1064 deg. KA 
straight line can be made to pass by these two points, and 
the temperature curve is plotted from it. ith a good 
galvanometer a sensitiveness of 0.1 deg. Cent. in the 
vicinity of 1000 deg. Cent. is claimed for this instrument. 

The late Roberts-Austen used this method for a very 
exhaustive and successful study of the melting-points of 
pure metals andalloys. He used a self-recording galvano- 
meter, the cold junction being kept in steam at 100 deg. 


]| Cent., or in melting ice the spot of light was marking a trace 


on a slowly-moving photographic pote, and the combina- 
tion of the two movements, of the spot and the plate, 
gave a curve, any irregularity of which was corresponding 
to some tem ture anomaly of the metal sale test. 
Points of this nature could not have been detected by 
observation with an ordinary pyrometer, and, besides the 
great interest they offer to the scientist, are of the greatest 
Bar in the study of the properties of metals. 

n the instrument shop we use but commercial platinum 
and platinum-iridium wires. It is therefore unsafe to 
trust a parabolic law, and the calibration was made 
throughout with the following points. You can follow on 
Fig. 9. Tin (a certain sample, marked n°4, for which the 





pase) Temperature . 


National Physical Laboratory gave the melting-point at 
225 deg. Cent.) ; lead (a certain sample, n°3, the National 
Physical Laboratory figures for its melting-point being 
324 deg. Cent.); sulphur (boiling-point, 445 yoy Cent.) ; 

ure aluminium (melting-point, 656 deg. Cent.) ; copper. 

or the latter, considerable difficulty was met with, as 
this metal is readily oxidised, and has then a different 
melting-point. The melting-point of best conductivity 
copper is-stated by Dr. Glazebrook to be 1084 deg. Cent. 
in a reducing atmosphere. It is but 1065 deg. Cent. in 
air, free oxidation going on. We were never certain of 
what was going on, and our figures for copper were 
remarkably wandering., This, together with practical 
difficulties due to the high temperature required, the 
corroding action of the molten metal on the platinum 
wires, and others, was the cause of nearly three months 
being spent in experiments before we could adopt a 
definite calibrating method. I may say that we met at 
last with success, as the calibration of our first thermo- 
couple was made in a single day, this including several 
observations for each fixed point—not less than twelve for 
copper and six for aluminium. The method used is to dip 
the junction, protected ‘by a little coating-of fire-clay, in 
the molten metal, keeping the cold junction constant 
throughout the whole calibration, and measure the varying 
electromotive force by the potentiometer. This, being a 
zero method, required the spot of light to be kept at zero 
all the time the cooling was going on, by moving the slide 
wire index ; when this motion was found unnecessary for 
a short time, varying between five to twenty seconds, 
according to the metal—that is, when the spot was 
motionless for that time—the corresponding reading was 
taken, being the freezing point of the metal, this being 
assumed the same as its melting-point. The method is 
rather delicate, but you see it gave results that are quite 
in agreement with each other, and quite accurate enough 
for the purpose. The curves are of parabolic form, their 
apex occurring below zero, and even far below the point 
corresponding to absolute zero, as a mathematical investi- 





_— of their constants has shown me to be the case. 
he lower curve is for the second thermo-electric couple, 
which I calibrated this month ; the calibration was made 
up to the aluminium point only when the slide was made. 
I obtained the copper point for it last week ; it came well 
on the parabola, at ¢e = 5834 microvolts for 1065 deg. Cent., 
the cold junction being at. 17 deg. Cent. The top curve 
is the curve for a copper-eureka couple. You see that it 
gives a much greater electromotive force ; to be able to 
trace it on the same sheet, the scale of electromotive force 
had to be reduced to one-third that for platinum platinum- 
iridium. It is the reason why this couple is used for 
industrial thermo-electric pyrometers in which the tem- 
perature is read by.the pointer of a voltmeter, on a dial 
graduated in degrées. 

This curve was obtained by comparison with the couple 
platinum platinum-iridium. There are many points a 
special study of which have proved highly interesting to 
me, but they are of a theoretical character, and woult be 
out of place here. 

_I will now conclude by quoting the last words of Barus 
himself when, in 1900, he gave us, at the International 
Congress of Physics, an elaborate statement of the pro- 
gress of pyrometry up to that date. 

‘*In a few years pyrometry will a series of 
constants as exact as those of the best-known branches of 
physics. In Germany a gas thermometer impermeable to 
the thermometric gas, and rigid up to white heat, has 
been found, thanks to the efforts of Holborn, Wien, and 
Day, at the Reichsanstalt. In England, we are indebted 
to Callendar and Griffiths for the production of an instru- 
ment remarkably sensitive from abeciute zero to 1000 deg. 
Cent. In France, the practical pyrometer, par excellence, 
has been found by Le Chatelier, and D. Berthelot has 
invented an optical method independent of the shape and 
size of the thermometric vessels, and of indefinite range. 
Since Nernst discovered that fireclays become conductors 
at high en Tape ate it is possible to heat electrically 
most infusible substances to the highest points of the 
temperature scale. We may say that actually pyrometry 
as a science is but limited by the difficulty met with in 
the fabrication of — in fireproof materials.” 

Before I end, I should like to acknowledge my thanks 
to Mr. H. Church, who kindly undertook all the work 
concerning the making of the slides, and so enabled me to 
fully illustrate these few rather scattered notes of mine on 
pyrometry, which I have tried to put together so as to 
communicate them to you to-night. 








Coa. In Mexico.—The production of coal in Mexico in 
1902 was 709,654 tons. The only coal worked at present 
in Mexico is derived from the eastern part of Coahuila. 





LUMBERING IN BRITISH CoLumMBIA.— Mr. W. H. Higgins, 
of Vancouver, has purchased the right to 150,000,000 ft. of 
standing timber on oe. Channel, 90 miles north of 
Vancouver, and he is making preparations for opening up - 
a number of camps on the claims. To bring his logs out 
of the woods.to tide-water, Mr. Higgins will make use of 
a system of haulage which, while extensively employed in 
the State of Washington, has not n tried hitherto on a 
large scale in British Columbia. He will place stationary 
engines, equipped with large winding-drums, at some 
point close to the beach where he wishes to boom his logs, 
and he will haul from the woods by cable. Ona skid- 
road, carried into the woods for a distance of 14 miles, a 
1}-in. cable will haul to the beach such logs as may be 
attached to it. Small donkey-engines are to be used to 
yard the logs from the place of felling to the main skid- 
road, tapping the district being logged. 





Duruam CoLiece or Scrence.—The front wing of the 
Durham College of Science was commenced last week, 
the foundation stone being laid by Mr. T. G. Gibson, 
who has been a generous benefactor. of the institution. 
The extension includes the principal’ wing and elevation, 
about 100 yards in length towards the peony and an 
examination hall and lecture-room 70 ft. by 50 ft., lighted 
from the quadrangle. _ The buildings are to be four stories 
in height, including a central tower 120 ft. to the parapet, 
which encloses the main entrance, opening into a spacious 
hall 23 ft. in width. -The new buildings will provide 
accommodation which experience has shown the council 
is now necessary. The principal’s room is placed on the 
left of the entrance with the council room. Beyond is 
the junior staff-room, and occupying the north-west angle 
of the block the union-room, 42 ft: square, in which posi- 
tion it is easily approached from the present entrance. 
On the right of the main entrance is the secretary’s-room, 
and contiguous thereto the clerks’ office, and an electrical 
engineering laboratory and mining laboratory. Oppo- 
site to the tower entrance is the grand staircase, and 
beyond it a large examination hall connected with the 
corridors on three sides. On the first floor is a library, 
60 ft. by 45 ft. lighted on two sides, and class- 
rooms for mathematics, literature, naval architecture, 
&c., as well as professors’ rooms. On the second floor 
are Class-rooms for languages, history, and classics, and 
botanical laboratories, museum, and lecture-room ; and, 
on the third floor, partially arranged in the roof, labora- 
tories and museum for zoology. The warming and ven- 
tilation of each room have been carefully considered, and 
will be effected on the steam atmospheric system. The 
elevation is to be of stone and brick, and the roof 
covered with tiles. Large gables enclose the angle-blocks 
on two sides, each to a height of 70 ft. The lowest stage 
of the tower saga i se an open portico of Ionic columns. 
The floors are of fireproof construction, covered with 
pitch-pine flooring, and the dadoes are of oak, pitch- 
pine, and glazed bricks. The contract, which amounts 
to 50,000/., 1s being carried out by Mr. T’. Lumsden, from 
the designs of Mr. W. H. Knowles, architect, of New- 
castle. 
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function was attended by a very large number of 
visitors. Few of the exhibits had a direct engi- 
neering interest, although, in a collection which 
embraced practically every branch of scientific 
knowledge, the proportion was not smaller than 
might have been expected. Of the objects which 
were shown many were exclusively of concern to 





| readings at the interior points of intersection sub- | film moves at the rate of ? in. to 1 in. per second, 
¢ |tracted from the sum of the readings at the ex-|so that any vertical motion of the image of the 

Tn Annual Soirée of the Royal Society was held ‘terior points gives the area of the figure in square | fibre causes a sinuous line to be recorded on the 
last Friday night, at Burlington House, and the inches. The device is a convenient substitute for | film. A heavy metal plate, suspended by a spring, 


Fig 2. 
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‘forms the stable element of the apparatus, with 
reference to which vibration takes place. This 
‘plate is prevented from having any motion other 
than vertical by the constraint of five steel rods, 
shown in Fig. 4, which have pointed ends resting 
‘in steel cups with no appreciable friction. The 
| spring is attached to the sets in such a position 


Fig. 6. 
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MALLock’s VIBROGRAPH ; CONSTRUCTED BY THE CAMBRIDGE Screntirrc INstRUMENT CoMPANY, 


biological or bacteriological experts, and hence do 
not fall within our province. The remainder we 
will deal with briefly. ; 

_In the officers’ room a radial area-scale was ex- 
hibited by Mr. R. W. K. Edwards. This is a device 
for measuring the area of any plane figure or 
closed curve, and consists of a piece of plate-glass 
engraved with about a dozen graduated lines 
diverging from a point, the outside lines enclosing 
an angle ofabout 40 deg. The glass plate is placed 
over the area to be measured, so that the outside 
lines are tangent to, or pass through, the extreme 
points of the boundary of the area. The con- 
tour of the curve then cuts every intermediate 
radial line in two points, and the sum of the 








the planimeter, and enables the areas of indicator 
diagrams and hysteresis curves to be quickly and 
accurately measured. The errors in the case of a 
circle and equilateral triangle respectively do not 
exceed 0.07 and 0.02 per cent.; and the error in the 
measurement of an indicator diagram is quite negli- 
gible compared with the limits of accuracy of the 
indicator itself. 

The Cambridge Scientific Instrument Company 
showed Mallock’s vibrograph—an instrument for 
recording a the vibrations of a floor 
or building. The magnified image of a quartz 
fibre, strongly illuminated by artificial light, is 
reduced to a dot by passing through a cylindrical 
lens, and is projected on to a travelling film. The 





that all these rods are kept in compression. To 
the plate is fastened a microscope objective, through 
which the beam of light passes on its way to the 
photographic film. Any displacement of this 
objective will entail a correspondingly magnified 
displacement of the spot of light, the ratio 
in this instrument being 75:1. In actual use 
it is the objective that is stationary while the 
film, &c., move; but the effect is the same, and 
the consideration of the objective as moving and the 
film as fixed is more convenient. A falling weight. 
provides the motion for driving the drum which 
carries the film. The motion of the drum is opposed 
by the resistance of a viscous liquid, such as treacle, 
and by varying the thickness of the liquid between 
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the moving conical surfaces a wide range of speeds 
may be obtained. On the upper part of the vibra- 
tion record which we produce can be seen vertical 
marks, alternately strong and weak. These are 
produced by an electrically operated time-marker, 
aud are registered at intervals of half a second. 
The apparatus is precisely similar to that devised 
and used by Mr. A. Mallock, F.R.S., for the in- 
vestigation of the vibration caused by the Central 
London Railway. Fig. 1 shows diagrammatically 
the arrangement of the essential parts of the instru- 
ment. Light from the lamp A is concentrated by 
the lens B upon the quartz fibre C. The image of 
the fibre passes through the microscope objec- 
tive D fixed to the spring- suspended plate E, 
and is contracted laterally by the cylindrical lens 
F before acting on the sensitive filu G. Fig. 2 
shows the image of the fibre with and without the 
lens F. Fig. 5 shows the details of the liquid- 
brake for the film-drum. The driving-band passes 
round the pulley P, fixed to which is the finger Q, 
engaging with one of the pins R in the plate S. 
Motion is thus catered g to the drum The 
reflecting prism W is for focussing the spot. The 
pulley P also drives the conical drum O, which 
rotates in a treacle bath in the containing-drum K. 
By screwing the latter up or down the fluid friction 
may be made as great or as little as desired. 

The makers of the above instrument also ex- 
hibited a new form of micromanometer, designed 
by Professor R, Threlfall, F.R.S. The Pitot tube 
is known to give an accurate measurement of the 
velocity of gases,.but hitherto the diftticulty of 
reading the level of the liquid, and the possibility 
of error due to capillary and refraction effects, have 
rendered the instrument untrustworthy, particularly 
for very small velocity pressures. In the present 
instrument, as will be seen from the annexed 
illustration, the Pitot principle is retained, the 
height of the liquid in each tube being read by 
micrometer screws. Either oil or water may be 
used in the tubes, and when using the instrument 
the screws are adjusted until the needle-point 
appears to touch its reflection in the liquid. This 
adjustment can be made to within s}, millimetre 
with very little trouble, although such a degree 
of accuracy is rarely required in ordinary work. 
It will be seen that all the ordinary sources of 
error are avoided in this instrument, which, more- 
over, is light, portable, and quickly adjusted. 

Professor ‘a Threlfall, F.R.S., exhibited a 
stream-gauge for indicating the rate of delivery of 
air or gas by a pipe. It consisted of a very sensi- 
tive pressure-gauge, calibrated proportionally to the 
effective pressure acting on the instrument. Tem- 
perature errors had: been eliminated as far as 
possible, so that, when used in connection with a 
Pitot tube and side-gauge, the reading of the in- 
strument was directly proportional to the rate of 
delivery of the air or gas by the pipe under obser- 
vation. 

When excessive magnifying power is sought in 
a microscope by piling up lenses in the ordinary 
way, it is found that the emergent beam of light 
which enters the eye of the observer becomes so 
small that the pupil is not filled with light, and 
vision is very defective. The loss of brightness 
may be overcome by a very powerful illumination 
of the object ; but with such high magnifications 
the least imperfection of the eye-lens of the micro- 
Rcope, or even the presence of floating particles in 
the vitreous humour “of the eye, may be sufficient 
to greatly impair the image or even to obscure 
parts of it altogether. The only way to render 
extreme magnification practicable is to expand the 
emergent ray so that it fills the pupil of the eye, 
and Mr. J. W. Gordon exhibited a high-power 
microscope, designed by himself, in which this was 
effected. In the view-field of an ordinary micro- 
scope was placed an eccentrically rotating glass 
screen, the surface of which had been ground with 
a very fine grain. This was viewed through a 
second microscope with a $-in. object-glass, giving 
a further magnificstion of about 100 diameters. 
The ground glass screen expands the transmitted 
wave-front, causing it to fill the aperture of 
the second microscope, so that all imperfections 
usually present with excessive magnification. dis- 
appear. The rotation of the screen is for. the 
purpose of rendering its own grain invisible, and 
as it is held quite independently of the microscope, 
no vibration is.set up. The improvement of the 


image by Mr. Gordon’s microscope was wonderful. 
A diatom was exhibited magnified 10,000 diameters, 
and the structure was clear and well-detined. To 





enable this power to be realised, it may be said 
that under the same magnification the eye of a 
house-fly would cover an area of 312 square feet. 

Dr. Alan B. Green exhibited photographs illus- 
trating the radioactivity induced in bacteria under 
the intluence of radioactive salts. Small masses of 
bacterial growth had been exposed to the 8 and y 
rays of virtually pure radium bromide for some 
hours, and then placed between glass plates in near 
proximity to the sensitised film of an ordinary 
rapid photographic plate. On development the 
plate showed a dark area corresponding to the 
position of the bacterial mass. The rays proceed- 
ing from the bacteria after exposure were capable 
of affecting the plate, even through a double layer 
of lead foil. It was noticed that the spore-pro- 
ducing organisms acted on the sensitised plate 
more strongly than other kinds. 

A very simple and ingenious machine, called the 
‘¢ Differentiator,” was shown by Dr. J. Erskine- 
Murray, F.R.S.E., the object of which was to 
differentiate, or show the rate of change of, any 
continuously-varying quantity. The quantity to 
be differentiated is plotted as a curve, the x and y 
co-ordinates of which represent the values of the 
independent and dependent variables respectively. 
Such curves are familiar to engineers in the form 





TARELFALL’s MICROMANOMETER. 


of time-velocity diagrams, time-distance diagrams, 
and, in fact, any of the numerous plotted curves 
representing the results of experiments or calcula- 
tions. The curve of which the rate of change is 
required is set down on a drawing-board, on which 
a smaller board is arranged to slide in a direction 
parallel to the y axis. The smaller board carries 
a piece of paper on which the derived curve is to 
be drawn, and to it is also fixed the differentiator 
itself, which slides upon it parallel to the x 
axis. This instrument consists of a brass bar 
sliding in a frame parallel to the y axis, which, 
for brevity, we will call vertical. The upper 
end of the bar carries a pin sliding in a 
slotted arm, the arm being pivoted by one 
end to the frame about half an inch from the 
bar. Motion of the bar thus causes the arm to 
rotate on its pivot, and it will be seen that the 
vertical travel of the bar is proportional to the 
tangent of the angle through which the arm rotates. 
Attached to the arm is a piece of. transparent 
celluloid, ruled with a line parallel to the arm. If 
the upper board and the slide are moved simulta- 
neously, so that this line follows tangentially along 
the curve, a pencil fastened to the lower end of the 
slide will trace out a curve, the ordinates of which 
are a measure of the slope or differential of the 
main curve at any point. It is obvious that by 
this instrument a velocity diagram may be derived 
immediately from a time-space diagram, and a dia- 
gram of acceleration from one of velocity. 

Mr. Sherard Cowper-Coles conducted experiments 
showing the interchange of molecules occurring at 
the surface of different metals at temperatures far 
below their melting points. This principle is the 
basis of ‘‘Sherardising,” the name given to a 
process of depositing zinc upon iron, now in use on 
a considerable scale. The article to be coated with 
zinc is placed in a crucible, packed with finely- 





powdered zinc, and exposed for some hours to a 
temperature of about 550 deg. Fahr. The process 
is somewhat analogous to carburising iron in the 
case-hardening furnace, for in both cases the metal 
being treated absorbs the surrounding material, 
and forms on its surface an alloy rich in that 
substance. Many ‘‘Sherardised” articles of com- 
plicated shapes, such as chains, &c., were on view, 
and the deposit appeared to stand bending or 
hammering without any injury. The process is 
also being applied for hardening the surface of 
aluminium and copper alloys, and for giving re. 
flectors a hard and untarnishable surface. 

The Edison secondary battery for automobiles 
was exhibited by Messrs. W. Hibbert and H. E. 
Dick. The lead plates of the ordinary cell are 
replaced in this case by nickel-plated steel sheets, 
about ;; in. thick. The active material, which is 
finely-divided iron for the positive plate, and nickel 
peroxide for the negative, is contained in shallow 
perforated nickel-plated steel boxes, which are 
forced into slots in the plates of the cell. The 
liquid is a 20 per cent. solution of potash. The 
walls of the cell are of nickel-plated steel, and the 
top is completely sealed, except for a filling valve 
and a gas-valve. The output of the cell is from 13 
to 14 watt-hours per pound weight. 

In the committee room on the ground floor Mr. 
H. H. Cunynghame, C.B., showed his improved 
muffle and crucible furnaces for laboratories, or art 
studios, in operation. The distinctive feature of 
these furnaces is the practical absence of any escape 
of heat from the interior, the metal casings of 
those exhibited being quite cold to the touch, 
while a crucible containing 7 lb. of phosphor bronze 
was melted inside. The heat is confined by a thick 
jacket of non-conducting material, and, conse- 
quently, not only is the use of the furnace rendered 
easy and pleasant, but the quantity of gas or petro- 
leum required for heating is reduced to one-quarter 
of what it otherwise would be. It is found that an 
ordinary Bunsen burner is sufficient for a furnace 
taking muffles 7 in. wide, so that no flues are neces- 
sary to carry off the fumes. 

Dr. A. Scott, F.R.S., exhibited samples of 
methyl] and other compounds of sulphur, selenium, 
tellurium, &c. Although these three elements are 
of very different appearance, the compounds ex- 
hibited have in many cases a close resemblance. 
The tri-methyl iodide of each element may be 
easily prepared by the direct application of methyl 
iodide to the element. Tellurium differs from 
sulphur and selenium in requiring two molecules of 
methyl iodide to satisfy one of its own atoms, the 
other two elements requiring three molecules. The 
atomic weights of this group of elements are being 
verified by means of the compounds exhibited. 

Mr. T. C. Porter showed a method of reinforcing 
sounds, which had considerable interest. An ordi- 
nary phonograph had its trumpet removed and a 
mixture of coal-gas and air under slight pressure 
passed over the diaphragm. The gas was led from 
the diaphragm by two india-rubber tubes, at the 
end of which were jets. These jets were set at an 
angle with each other so that the issuing gas was 
spread into a sheet. If the phonograph was worked 
with this arrangement, extremely feeble sounds 
were all that were heard ; but on igniting the gas 
at the convergent jets, the flame rendered the 
sounds perfectly audible, and the articulation was 
very nearly as good as could be obtained with the 
use of a trumpet. 

Two electric resistance-furnaces for laboratory 
use were exhibited by Mr. Bertram Blount, F.I.C. 
One furnace consisted of a pair of concentric 
“veeaagges tubes, the annular space between them 

eing rammed with finely-powdered graphite and 
siloxicon, through which current was passed by 
means of copper clamps at the ends. In the other 
furnace a spiral of platinum foil wound on a por- 
celain tube generated the heat by its resistance 
to the current. Both arrangements have many 
advantages over the ordinary gas-furnace for analy- 
tical operations. 

One of the most striking exhibitions of the 
evening was the Auxetophone, shown by the Hon. 
C. A. Parsons, F.R.S. The recording stylus of a 
gramophone, instead of setting up the required 
sound waves by causing a diaphragm to vibrate, 
was made to operate an air-valve, on the principle 
of a relay. The air-valve controlled the admission 
of air under a pressure of 2 lb. per square inch into 
the trumpet of the instrument. Every vibration 
of the stylus in passing over the record caused a 
puff of air to be admitted by the valve, and the 
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sound-producing effect was extraordinary. The 
harshness associated with phonographic reproduc- 
tion was entirely absent, and the volume of sound 
was too great to be pleasant within a considerable 
distance of the instrument. Songs and orchestral 
music were reproduced in a manner, both for 
timbre and articulation, hitherto unknown on the 
phonograph. : 

The exhihit of Dr. J. A. Fleming, F.R.S., was 
apparatus for the study of stationary electric waves 
on spiral wires. To one end of a long horizontal 
solenoid of insulated wire was applied an electric 
vibration of high frequency, the electric vibration 
being set up by the discharge of an induction coil 
in a circuit having suitably proportioned induc- 
tance and capacity. The effect of the electric 
oscillation is to produce electric waves travelling 
down the solenoid at a rate of 1500 miles per second. 
When they reach the end of the solenoid they are 
reflected back and give rise to what are known as 
stationary waves along the coil. Their presence 
can be readily detected by the approach of a 
vacuum tube, which will glow to a greater or less 
degree according as it is near the loop or node of 
a wave. A number of vacuum tubes were fixed at 
intervals along the spiral, and the comparative 
brightness with which they glowed showed the 
positions of loops and nodes very clearly. Knowing 
the inductance and capacity of the oscillating cir- 
cuit, the frequency of vibration can be calculated, and 
the application of an oscillation of this frequency 
to the end of a solenoid of known inductance and 
capacity results in the formation of waves of a 
definite velocity. Dividing this calculated velocity 
by the observed wave-lengths on the solenoid, we 
obtain the frequency of the waves, which agrees 
very well with that calculated from the constants 
of the Leyden jar circuits. 

Messrs. R. and J. Beck, of Cornhill, had two 
exhibits. Their optical testing- bench rapidly 
measures the optical constants of a lens and its 
chromatic, spherical, aud astigmatic aberrations, and 
is especially designed for the system of testing, by 
direct vision or by photography, devised by Dr. J. 
Hartmann, of the Potsdam Observatory. The lens 
to be tested is screwed into a holder which slides 
upon a graduated steel bar. The lens can be turned 
about its vertical axis and an axis at right angles 
to it, and, further, be racked backward and forward, 
so that the nodal points can be quickly found, and 
the defining power of the lens be determined at 
different angles. The microscope for examining 
the image is carried on a cross-bar fitted for 
sliding and revolving motion, and the correc- 
tions can be made for rays of three or more 
colours. The first bench of this type was built 
by Messrs. O. Toepfer and Sohn, of Pots- 
dam, and Messrs. Beck are now supplying such 
benches to the Northampton Institute and the 
National Physical Laboratory. The grating made 
by Mr. Grayson, of Melbourne, which they also 
had on view, shows as many lines as Nobert 
attained—120,000 to the inch—in a surprising regu- 
larity, though it takes some time before the eye 
can distinguish anything at this limit to micro- 
scopical vision. 

As regards the stereoscopic views of the Simplon 
Tunnel, the specimens, new and used, of the 
Brandt drill, and, further, the views of the Victoria 
Falls of the Zambesi River, and of the arched bridge 
with a span of 500 ft. now under construction, 
exhibited by Mr. Francis Fox, M. Inst. C.E., we 
should refer our readers to the series of articles on 
the Simplon Tunnel in Traction and Transmission, 
and to these columns.* The photographs showed 
Mr. C. Beresford Fox crossing the gorge, the water 
in which is believed to have a depth of 300 ft., by 
the cable-way. 

A sensitive barograph for the study of minor 
variations in atmospheric pressure and temperature 
has quite recently been designed by Dr. W. N. 
Shaw, F.R.S., who exhibited it, and Mr. Dines. 
This apparatus allows us clearly to distinguish the 
fluctuations of pressure which we expect during 
thunderstorms like that of May 6, 1904, and the 
sudden darkness that came over London several 
times during last week, and which the ordinary 
barometer does not show. An inverted cylinder, 
communicating with a sealed air vessel floats in 
mercury, mouth downward ; to the top is attached 
a simple lever device, which magnifies the vertical 
motion of the cylinder. The air vessel is packed 
with feathers, and the air can escape above through 
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a glass tube; the instrument, therefore, does not 
respond to gradual changes. 

Mr. W. H. Dines himself showed the recording 
instruments which he has used for his meteoro- 
logical kite experiments and traces of the curves 
obtained. He has not been able to do much at the 
Crinan Canal since the British Association meeting 
at Southport, when we reported on his work ; and 
at Oxshott, in Surrey, where he experimented 
in March and April, he cannot risk high flights, 
because a = wire might do serious damage. 
A light-weight Teisserenc de Bort recorder was lost 
off the Scottish coast. The heavier instrument shown 
weighs, with its cork case and wickerwork basket, 
4 1b. In this instrument three pens are arranged 
above one another to draw curves on a drum, and 
they are worked by a Bourdon tube, a flat spring 
zinc-iron thermometer, and a hair hygrometer. Mr. 
Dines himself has his records made on a dise which 
is less heavy, and offers less resistance to the wind 
than a drum, and his pens write in any position. The 
pressure is measured with the aid of an aneroid box 
filled with air, and the temperature with the aid 
of another aneroid communicating with a coil of thin 
brass tube, filled with an expansible liquid. 

Lord Avebury’s models of mountain building 
represent casts taken from several layers of carpet- 
baize, cloth, and layers of sand compressed in two 
directions at right angles to one another with the 
aid of four beams. When the beams are approached 
to one another, the sand is raised and flattened 
against the glass plate, covering the whole ; and 
the casts show that the ridges in the lower layers 
are more precipitous and narrower than those in 
the higher layers ; the ridges follow the edges, but 
not closely. 

The cylindrical telescope for the rotation of 
images, shown by Dr. G. J. Burch, F.R.S., is an 
ingenious simple instrument, which will be welcomed 
by the teacher and the optician. Two cylindrical 
lenses are mounted in a telescope ; the one which 
corresponds to the object-glass can be turned about 
the axis of the tube, and the telescope is pivoted 
so that it can itself be turned in the horizontal 
plane. The telescope in its normal condition in- 
verts the objects like a mirror; the sense of 
rotation of a spinning-wheel appears reversed. 
When the telescope is turned, the image moves 
through double the horizontal angle ; if the axis of 
the object-lens is then changed, the image will 
move up and down, vertically or obliquely ; it will 
remain stationary when the two axes are at right 
angles. But while the image wanders, the plane of 
polarisation remains unaffected. 

Professor H. B. Dixon, F.R.S., and Mr. G. W. 
A. Foster, B.Sc., of Owens College, exhibited a 
novel kind of apparatus for determining the ignition 
point of gases. A wide tube of Jena glass, mounted 
vertically, is wrapped with asbestos, platinum foil, 
asbestos, and platinum wire, so as to serve as an 
electric furnace.. Into that tube reaches a narrow 
glass tube, with an orifice on the top, through 
which hydrogen escapes ; oxygen passes up in the 
annular space around the hydrogen tube. Just 
above the orifice is a Le Chatelier thermo-couple, 
thinly covered with Jena glass. When the tem- 
perature has risen sufficiently high, the gas jet 
ignites immediately on the couple. We thus ought 
to get correct ignition temperatures, which are 
very difticult to observe otherwise. The value 
found lies between 610 deg. and 616 deg. Cent., 
while Mallard and Le Chatelier observed from 
552 deg. to 569 deg., and Meyer and Krause from 
516 deg. to 600 deg. Cent. The nature of the sur- 
face'has an influence on the ignition temperature. 

There were two exhibits of colour phetography. 
Sir W. de W. Abney, K.C.B., F.R.S., has recently 
re-investigated the calculation of the colours for 
colour sensitometers and the illumination of three- 
colour photographic transparencies by spectrum 
colours.* His apparatus requires very careful 
focussing, but the difference between the effects 
obtained with the pure spectrum colours and the 
ordinary coloured hiss screens is quite striking in 
his landscapes, autumn tints, and Alpine scenery. 
Mr. E. Sanger-Shepherd demonstrated the applica- 
tion of natural colour photography to the produc- 
tion of lantern slides of spectra; some of these, 
microscopic sections of igneous rocks, were shown 
at another stand by’ Professor Garwood. Mr. 
Shepherd makes gelatine relief prints from the 
negatives upon a special film, each film being soaked 
in a water-colour ink of the complementary colour, 








* See ENGINEERING, page 695 ante. 


and these reliefs, while still wet, are successively 
applied to a mordanted gelatinised glass plate. The 
resulting photograph consists of nothing but the 
colouring matter securely locked up in a single 
film of gelatine, and most beautiful effects are 
obtained. 

Of the exhibits of Professor Dunstan, director of 
the Imperial Institute, we mention only specimens 
of thorite from Ceylon, containing 66 per cent. of 
thoria, and of a new radioactive mineral, thoria- 
nite, which is attracting much attention, still richer 
in thoria (76 per cent.) and yielding 3.5 cubic centi- 
metres of helium per gramme, according to Sir W. 
Ramsay’s experiments. ' 

Mr. S. Skinner, M.A., demonstrated cavitation 
—i.e., the formation of vacuous spaces in lubrica- 
tion. Whenacylinder is rolled upon another or 
upon a plate, some empty space is left, into which 
a viscous fluid does not penetrate until after the 
motion ceases. This was shown with coloured 
glycerine, and, further, with a shaft rotated at 
different speeds, by means of an electric motor in 
an oil bath. A cylindrical glass bearing was riding 
on this shaft, and the line of cavity was seen beyond 
—in the sense of the rotation—the line of contact 
between the lens and the shaft. There must be 
such cavities in ball-bearings. 

The experiments with non-homocentric light 

ncils, shown by Mr. W. Bennett, were illustrated 

y interesting thread models showing the formation 
of shadows by astigmatic pencils. The shadows of a 
straight piece of wire are by no means straight, and 
those distorted shadows can be directly observed in 
the arrangement exhibited, the eye replacing the 
luminous point. 

Mr. H. Jackson, F.C.S., showed new phos- 
phorescent materials inclosed in soda glass bulbs 
and excited by violet or ultra-violet light, sparks, 
heat, and friction. Whether or not the glow will 
persist depends upon the constitution and basic or 
acid character of the material. Zinc phosphate 
mixed with magnesia has a beautiful pink after- 
glow ; pure zinc phosphate not ; addition of man- 
ganese oxide turns the glow into green; zinc sili- 
cate also phosphoresces green, alumina reddish. 

Colonel R. E. Crompton, C.B., exhibited some 
new electrical instruments of precision ; a set of six 
standard resistances for the National Physical 
Laboratory, from 0.1 to 10,000 ohms ; combined 
volt and ampere-meters in desk form for power 
stations ; a Wheatstone bridge ; Mr. W. A. Price’s 
clever new electrostatic voltmeter, consisting of two 
spherical arcs of aluminium moving within a corres 
ponding brass case, and pivoted on a needle point ; 
and Mr. Price’s electrical micrometer for the 
measurement of screws and of small mechanical 
parts, being a model gauge for the British Associa- 
tion standard screws. The two transverse micro- 
meter screws are opposite one another, parallel, but 
not quite coaxial; their points are ground to the 
angle of the thread to be measured. Coplanar 
with them, and at right angles, is the cylindrical 
mandrel holding the screw. The effective diameter 
is determined by taking readings with the micro- 
meter screws in contact, first with one another and 
then with the screw. The angle of the thread is 
verified by observing the thin oblique line of light 
between the point of the micrometer and the side 
of the thread nearly in contact. The pitch is deter- 
mined by reading the axial micrometer when the 
several threads of the screw rest in succession 
against one of the transverse micrometer screws. 
To determine contact within 0.001 millimetre, a 
telephone circuit is completed through the respec- 
tive parts, the micrometer screws running in insu- 
lated bushes for this purpose. In other respects 
the instrument is not electrical. 

The most conspicuous of the astronomical ex- 
hibits were the truly magnificent transparencies 
from negatives taken with the Rumford spectro- 
heliograph of the Yerkes Observatory by Professor 
G. E. Hale and Mr. F. Ellerman. These trans- 
parencies, which were exhibited by the Royal 
Astronomical Society, show calcium and hydrogen 
vapours and flocculi surrounding some of the great 
sun-spots of last year ; we see the vapours at low, 
medium, and high levels. Remarkable are also 
the transparencies and prints of the photographic 
atlas of the heavens, which Mr. J. Franklin-Adams, 
F.R.A.8., together with Mr. G. N. Kennedy, 
has photographed at the Royal Observatory of 
Cape Town, from where he has recently returned. 
Of his two lenses, which it has taken six years to 
perfect, the 6-in. and 10-in., the latter has the 





scale of the Argelander chart, 20 millimetres to a 
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degree, and 618 plates will cover the whole heaven. 
The instrument made by Messrs. Cooke and Sons, of 
York, which he took out to the Cape, weighs nearly 
4 tons. » One of his special objects is the elucidation 
of the problems of the Milky Way, which he 
believes to extend beyond the generally accepted 
limits. In addition to the photographs, he prepares 
a key map on writing-paper, on which each star 
exhibits the form of three stars in a triangle, and 
a third set of photographs in order to check faults 
developing on the rapid plates, which might be 
mistaken for stars. Sir Norman Lockyer showed 
enlarged pictures of the sun taken with the spectro- 
heliograph of the Solar Physics Observatory in K- 
light, diagrams, &c., illustrating the correlation be- 
tween solar and meteorological phenomena, and a 
series of pairs of photographs taken with a quartz- 
calcite prismatic camera of 2 in. aperture and 18 in. 
focal length, to determine the relative temperatures 
of the stars. On the same plate are photographed, 
one after the other, the spectra of two stars, repre- 
senting different steps in Lockyer’s temperature 
scale ; while the spectrum of a hot star reaches far 
into the ultra violet, a cool star like Aldebaran has 
a strong development in the red, but none in the 
violet. 

A very remarkable feature about the exhibits of 
the National Physical Laboratory is that most of 
the beautiful instruments are made by the staff. 
Thus, Dr. Harker and Mr. Jakeman have made 
the bridge on which they rapidly determine the 
temperatures of the steam at the inlet and outlet 
of the superheater in their investigation of the 
specific heat of superheated steam.* The platinum 
thermometers are enclosed in thin weldless-steel 
tubes, and provided with the Chappuis-Harker 
form of head. The thermometers are read to 
0.1 deg. Cent. without vernier, and the bridge, 
being provided with two bus-bars and two sliders, 
a simple movement suffices to change over from 
one thermometer circuit to the other ; the coil con- 
nections are made with the aid of bridge-pieces 
fitting into mercury cups. Mr. A. Campbell’s 
microphone buzzer gives a pure note of up to 2000 
vibrations per second for producing alternating 
currents of nearly perfect sinoidal wave form re- 
quired for measuring inductances and capacities. 
A thick steel rod, supported at nodal points, carries 
at its end a light microphone, which is in circuit 
with a battery and the primary of a transformer, 
whose secondary comprises a polarised electro- 
magnet fixed close to the steel rod. The vibra- 
tions are started in the rod in the usual way. Mr. 
Rayner’s investigation of the distribution of tem- 
perature in the field coils of electric machinery has 
also been mentioned in our recent article on the 
National Physical Laboratory. Thermo-junctions of 
iron-constantan are wound into the coils to be tested 
by the respective firms, fifteen couples being, as a 
rule, so embedded. But the apparatus by means 
of which resistances and temperatures in those 
circuits, and, further, volts and amperes of the 
field coils, are determined on the same moving 
coil instrument, are due to Mr. Rayner. 

Mr. P. Heele’s large direct-vision spectroscope 
contains ten automatically-adjustable prisms. The 
instrument, whose collimator and telescope have an 
aperture of 1 in., and a focal length of 9 in., are 
fitted with a micrometer screw and a divided head 
for measuring wave-lengths. 

The portable sounding- machine for mountain 
lakes, by Mr. E. J. Garwood, Professor of Geology 
in University College, has been specially designed 
by him for working with one untrained assistant in 
little accessible districts and on lakes where no 
boats are available. Two posts are used, and, 
further, a float, an ordinary air-cushion, through 
the central opening of which the plummet descends. 
On the one post are mounted two wheels for the 
lines—ordinary plaited fishing lines. As long as 
the two wheels are coupled, the float moves, and 
the plumb is arrested; wien the wheels are un- 
2 ed, the plumb descends to a depth which is 
read off on ordinary counters with windows. Pro- 
fessor Garwood has, with this apparatus, explored 
the Alpine region of Lake Ritom and the small lakes 
near it, situated at an altitude of nearly 9000 ft. on 
the watershed. His _— may be 2000 ft. apart, 
and depths of 170 ft. have been recorded. 





AnTWERP.—New quays have been opened further up 
the Scheldt with a length of 2166 yards, thus bringing 
the total length of the quays to 5416 yards. 


* See ENGINEERING, page 416 ante. 
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TOOL-GRINDING MACHINES—No. IV. 
By JoserH Horner. 


Our next example is a cutter and reamer 
——s machine, Figs. 76 to 81, by Messrs. 

ohn Holroyd and Co., Limited, of Milnrow, near 
Rochdale. The head will take cutters up to 12 in. 
in diameter by 7 in. long. A swivel-head also 
forms part of the equipment, and will take a bar 
carrying centres, capable of taking cutters 12 in. 
long and 4 in. in diameter. 

In this —— the grinding-head A is a fixture 
on the stand B, and the cutter-holding arrange- 
ments are moved vertically by the screw C, and its 
hand-wheel, within a range of 10in. These arrange- 
ments comprise the bracket D, moved vertically 





on B, and carrying a longitudinal slide E moving | p 


on vees, and operated by the bell-crank lever F | 
(compare Figs. 76 and 77). On E there is moved | 


the plan view of the head (Fig. 76), a boss to one 
side of the headstock receiving the bar fitting e e 
(Figs. 76 and 77), by which adjustments of the 
cutter are effected. e guard for the wheel for 
backed-off cutters is seen at S (Fig. 78). 

The emery wheels go on loose mandrels, which fit 
with taper shanks into the spindle. This, with the 
spindle fittings, is seen in Fig. 76. Provision is 
made for taking up the wear of the bearings end- 
wise, which are of phosphor-bronze, and they are 
completely covered in with dust-caps. T is a tray 
for holding work. The spindle of this machine 
makes 3500 revolutions per minute, and the coun- 
tershaft (Fig. 76) 700 revolutions. 

Figs. 82 and 83 illustrate a machine, by the same 
firm, for sharpening formed cutters of irregular 
rofiles. 

The method of elevating the table is identical 
with that in the previous figures, the knee being 











a cross-slide G, and swivelling-head, by means | raised with a hand-wheel and screw, and the cross- 
of the balanced handle H, and its screw. The traverse by a lever; but there is also fitted a 
swivel movement is effected by the worm gears J, | hand-wheel A for cross-traverse. The longitudinal 
on the swivel-head, turned by the hand-wheel K, | movement of the table is by the hand-wheel B. 
the head being indexed round at a, Fig. 77, for| The chief interest of this machine lies in the 
angle. By this means the hole in the boss is ad-/ profile-grinding arrangements, and in the fact that 
justed, carrying a bar L for holding cutters. In ordinary grinding can be done by locking the 
the same hole a bar is fitted (not illustrated) to | spindle, and employing it then in the usual way. 
carry a pair of plain centres for solid reamers, and| When profiling, in place of employing a horizontal 
for grinding tapers up to 4 in. to the foot. Shell | slide and weight, the novel method is adopted of 
reamers can also be ground on mandrels between | hinging the spindle in a universal joint at C 
the centres. (Fig. 83), shown enlarged at Figs. 84 and 85. In 
There are two emery wheels to the machine, one, | the latter figures the hinder end of the machine 
M, belonging to the swivel-head, and the other, N, | framing is seen to be bored to receive a boss, 
or a substitute, used for grinding backed-off cutters, | fitting with a shoulder D, locked in the bore with a 
for which a special fixing is used (compare Fig. 76 circular nut E, having tommy-holes. D is pro- 
with 78-81). A ee | socket-piece O fits on the longed into brackets which have screwed bosses 
end of the wheel-head, to which it is gripped by a | for the trunnion-pins F, F, on which the bearings 
handle and screw. A divided boss in O grips the | of the spindle are carried (compare with Fig. 87). 
fittings P, to one of which a divided block Q, R is |The spindle driven by the pulley G has free hori- 
attached, and tightened with a wing-nut. R carries | zontal and vertical movements in unison, and is 
a stud 6 for the cutter to be ground, which is ad-| therefore at liberty to follow the contour of any 
ee for height by sliding R on Q, to which it fits |former plate on which its mass may be allowed to 
y an inclined plane, adjustment being effected by | rest. 
ascrew. The tooth-rest for this fitting is seen atc.' The spindle is supported towards the end farthest 
The tooth-rest for the other wheel is seen at d in| from the universal joint in a bearing bracket H 
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GRINDING MACHINE FOR FORMED CUTTERS 


OF IRREGULAR PROFILE. 


CONSTRUCTED BY MESSRS. JOHN HOLROYD AND CO., LIMITED, ENGINEERS, MILNROW, ’'NEAR ROCHDALE. 
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(Fig. 84); compare with-the detail (Fig. 88), the! screw and milled-head nut K. H also:has a boss 
to receive the former pin L, pinched in it with the 
screw a, and suppo 


height of whic 





v is capable of adjustment in the 
bracket J, in the slot of which it is clamped by the 


| 


behind in the block M. N 








shows a former plate over which the pin is passing. 
It is bolted to an angle bracket O. 

In Fig. 82 a former plate N of another shape is 
shown controlling the wheel in grinding the cutter 
P. The lever Q (Fig. 84) is employed for keeping 
the pin steadily in contact with the former, and for 
lifting it up, and back for the return stroke. The 
angular position of the lever is readily adjustable 
by swivelling and locking the boss R through which 
it 8. (See Fig. 88 also.) 

he knee in Figs. 82 and 83 receives the slide S 
on which the table T, moving longitudinally, 
slides ; and this receives the swivelling table U, 
adjustable for angle by the hand-wheel V. U 
carries the centres W and X, and also a former 
plate Y. The details of the spindle bearing in its 
sheath may be noted (Fig. 87), with the complete 
provision for taking up wear by means of double 
cones and lock-nuts. The spindle nose is bored 
with a No. 2 standard Morse taper. The counter- 
shaft is at the base of the machine, Figs. 82 and 83. 

A recent machine by the London Emery Works 
Company, of Clerkenwell, E.C., is illustrated in Figs. 
89 and 90, page 706. This is capable of doing every- 
thing required in the way of ‘grinding, including 
twist drills, It belongs to that type:in which the 
knee is elevated and the height of the head is fixed. 

The main standard A is of rectangular cross- 
section, on which the knee B is elevated by the 
screw C, operated from the handle D through bevel 
wheels. The screw E affords the transverse move- 
ments to the slide F, which carries the sliding-table 
G, supporting the swivel-table H, tee-grooved for 
the heads J and K. The wheel-head L is pivoted 
on the main standard A by one bolt, and locked at 
any angle by a hooked bolt (compare Figs. 89 
and 90 with the plan, Fig. 93, from which it will 
be seen that the of the head L is triangular in 
outline, and the top of the standard A of semi- 
circular form). From these—the elementary por- 
tions of the machine—we may. pass to consider its 
movements. 

Since the grinding-wheel head L is fitted to the 
top of the standard in such a way that it can be 
shifted, and set either for face or for edge grinding, 
by means of the ordinary centre bolt and the hook- 
bolt, the two views, Figs. 89 and 90, show it fixed for’ 
these two methods. ; The —_ H, being set — 

rallel or at an angle, parallel or taper-grinding is 
dose, including both that of plain ac cone work, 
and the sharpening of reamers and cutters. The 





emery-wheel fitting comprises an edge, and a cup- 
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wheel on the same spindle, and both protected with 
the hood M. A portion of the hood which encloses 
the cup-wheel can be slid inwards as the wheel 
wears. 

The table GH is traversed longitudinally by 
hand from N, Fig. 89, or by power through the 
two-stepped pulley O, and is provided with stops 
a, @ for setting the longitudinal feed and for 
reversal. The latter is effected by a clutch within 
the table, the casing of which is shown at P; and 
if this is put into its middle position, the table can 
be worked by hand. 

The headstock J is fitted with a pulley, and 
Clement’s double driver for ordinary circular 
grinding. For tooth-grinding the back of the 
pulley is used as a plain division plate, having 
three circles of holes, which, with the subdivisions 
obtainable on them, permit of the division of a large 
range in numbers of teeth. The index peg is seen 


at Q; Ris the support for the tooth-rest, bolted in‘|' 


a tee groove provided for it in the transverse slide. 
We now come to the driving arrangements, which 
are yery well designed (Figs. 89 and 90). 

The long drum R drives both the headstock 
pulley and the pulley O for the table feed, being 
sufficiently long to include the range of longitudinal 
traverse, which is 239 in., the drum being 353 in. 
long. The framing which carries the drum is 
hinged, as seen in Fig, 90, and carefully balanced 
by the weight S, so keeping the belt taut. Pulley T 
drives the pulley on the emery-wheel spindle. 
Pulleys U, fast. and loose, receive the belt from 
the line shaft. 

Figs. 91 and 92 illustrate an attachment which 
bolts on the table H for grinding work that requires 
to be set at a vertical angle. It comprises a bracket 
a, which is bolted to the table; the work spindle 
b, rotated by and set in the sleeve encircled by 
division holes c, set with the index peg d, the whole 
being a of angular adjustment against the 
face of the boss e on the bracket by means of a 
graduated edge. The cutter, being ground, can 
thus be presented at any vertical angle to the 

















emery wheel, and set successively according to the 
number of its teeth. A tooth-rest is made also to 
take the place of the peg d, fitting into the same 
grips, to be used in cases where the tooth-rest is 
better adapted than the division holes. 

There is also an attachment for internal grinding, 
shown in Fig. 93. The head U then takes the 
place of J, Fig. 89, and carries a jaw-chuck ; while 
the place of the grinding-head L is taken by the 
grinding-wheel fitting V, the foot of the latter 
pivoting on the head of the standard, similarly to 
the ordinary wheel-head L. The work is rotated 
by the belt from the long drum R running over the 
pulley f, and the wheel by the belt from the pulley 
running on g. The wheel spindle is driven by 
friction from the wheel h, to a small disc on the 
emery-wheel spindle. Since the head swivels on 
the base, tapered holes can be ground as well as 
parallel. 

Then there is a twist-drill attachment, Fig. 94, 
which bolts to the side of the head‘ L, the holes 
for which afe seen on the head in Fig. 89. The 
stem j for the holder in Fig. 94 can be slid inwards 
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or outwards, and clamped where required, and the 
drill in its holder is moved round the axis of the 
boss k. 

There is also a universal dividing-head fitted, 
though not shown, similar to those used on milling- 
machines. In this case it is employed for the 
grinding of spiral cutters, without the tooth-rest, 
absolute accuracy being attainable—a point of value 
in the rectification of cutters which have got some- 
what out of truth. 

All the conditions essential in a universal grinder 
are thus provided for in this machine, some in an 
unusual and ingenious manner. At the same time 
all the work of an ordinary cylindrical grinder can 
be performed, external and internal, parallel and 
tapered, using edge and face wheels, or cup wheels, 
grinding-bars, nuts, and much else. 








THE IRON AND STEEL INSTITUTE. 
(Concluded from page 675.) 

IN our previous two issues we gave an account of 
the meetings of the Iron and Steel Institute on 
May 5 and 6. Our last article ended with the dis- 
cussion of the Committee’s report on ‘‘ Pyrometry.’ 
At this point Mr. Andrew Carnegie had to vacate 
the chair to keep an appointment, and was suc- 
ceeded by Mr. Whitwell. 


THe MANUFACTURE OF COKE IN THE 
Hissener OVEN. 
THe next paper taken was due to Mr. CO. Low- 
thian Bell, its title being ‘‘The Manufacture of 





| Works, and its Value in the Blast-Furnace. 
reprinted this paper on page 690 ante. 


Coke in the Hiissener Oven at the Clarence — 
” e 


he discussion was opened by Mr. Ainsworth, 
who asked for information as to the comparative 
yield of the same coal when coked in the by-product 
ovens or in the ordinary beehive ovens. 
He was followed by Mr. William Hawdon, who 
recalled: that Mr. Carnegie had years ago drawn 





attention to the freedom with which American iron- 
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masters interchanged information, and stated that 
Mr. Bell in his paper had imitated this practice, 
and the iron trade were indebted to him for calling 
attention to the successful use of by-product coke. 
Millions of money were at present being blown 
away into the air, and could be saved by the 
adoption of suitable ovens. At Newport, Otto 
ovens were used, and, working on the same iron 
ore as at Clarence, they got with the Otto coke 
similar, but rather better, results than those men- 
tioned by Mr. Bell in his paper. He thought the 
horizontal flues of the Hiissener oven were not 
nearly so good as vertical flues. In the former the 
hot gases had to travel a distance of about 33 ft., 
as compared with 4 ft. or 5 ft. in the latter. What 
was wanted was an even temperature from end to 
end, and this, he thought, was best attained with 
the vertical flues. The drawing of the Otto furnace 
was unlike any he had ever seen. They now put 
in ten burners, instead of the seven there shown. 
As to results, the Hiissener ovens, it seemed, took 
32 hours to coke a charge, whilst the Otto did it in 
from 28}.te 30 hours, the coal being dry in the 
latter case-and wet in the former. The Hiissener 
ovens were, however, 1 in. narrower. It was 
most important to drive off the volatile matter, 
or scaffolding would result; but with properly- 
designed ovens it was possible to get as good, 
or even better, coke than that from beehive 
ovens, which should be abolished forthwith. In 
utilising the waste gases, he thought the hori- 
zontal flue arrangement was inferior. to the 
vertical. They found at Newport that 33 per 
cent. of the gas made was to spare after heating 
the ovens, from which it was delivered at 2147 
deg. Fahr. He claimed that, making all deduc- 
tions, they got 7.4 per cent. better yield at New- 
port than was obtained at Clarence ; whilst repairs, 
including labour and stores, were only 0.09d. per ton 
of coalcoked. As an illustration of the quality of 
the coke produced in their Number 7 furnace, 
1089 tons of pig were made for 22.6 cwt. of coke 
per ton, so that less was required than at Clarence; 
andas their yield of coke was greater, the net com- 
parative gain was 3.2 cwt. of coke per ton of iron, 
the ore being the same in the two cases. 

Mr. J. Riley, who followed, said he merely 
wanted to ‘‘ enter an appearance,” but must demur 
to Mr. Bell’s rather dogmatic conclusion that the 
retort-versus-beehive controversy had been solved 
by the Hiissener oven. He had forty Otto-Hilgen- 
stock ovens at work, and though his experience was 
too short to be conclusive, it confirmed, for what 
it was worth, the position of Mr. Hawdon. 

Mr. F. A. E. Samuelson spoke next, saying 
that Mr. Hawdon, being a director of the Otto- 
Hilgenstock Company, as well as works manager at 
Newport, spoke-in a double capacity ; but having 
himself no connection with the Otto people, he could 
speak from an independent standpoint. In 1896 he 
had gone to Germany to look into the matter of 
by-product ovens, and had there met the late Mr. 
Albert Hiissener, than whom there was no greater 
expert on this question. At that time, however, 
he showed no inclination to build retorts for other 
firms ; but from what he learnt then, the speaker 
concluded that there was only one better oven than 
the Otto-Hoffman oven—viz., the Otto-Hilgenstock. 
They accordingly put down fifty of these, thinking 
at the time that they had no need for any more; 
but so satisfactory were the results that another 
eighty were installed, and if they had more room 
to spare they would now put down more still. 

Dr. Hiby, who followed, stated that he appeared 
as a representative of the Otto-Hilgenstock Com- 
pany. He could not agree with Mr. Bell that there 
was any advantage in charging ovens with coal 
cor.taining 10 per cent. of water even if it were 
not compressed, and he could not admit that slow 
burning gave closeness and density in the product. 
He considered that a high temperature during the 
coking process was much more important than a 
Period of soaking. With a good retort the quality 
of the coke was, he held, quite as good or better 
than beehive coke. The better results obtained at 
Newport as compared with Clarence he attributed 
to the higher temperature attained in the Otto- 
Hilgenstock oven; and if the retorts were the same 
Width as at Clarence, the time required for cokin 
at Newport would be 26 hours only He riot 
that the gas leaving the ovens at Clarence contained 
2 per cent. of oxygen, so that apparently com- 

ustion was not complete. At Newport the oxygen 
excess was 1 per cent. only, and the temperature 
in the main flue leading tu the boilers was about 


was thus in excess of that at Clarence. As'to the 
larger ovens now being erected at Clarence, he 
doubted if the author’s anticipations would be 
realised, as he thought it would be difficult to 
regulate the heat in a larger sized oven. 

Mr. Enoch James said that, thanks to the 
foresight of Mr. Windsor Richards, retort coke was 
well known in South Wales, and some of them had, 
he might say, been brought up on so-called coke of 
this character. Patentees of by-product ovens were 
accustomed to accuse the blast-furnace managers of 
an invincible prejudice against retort coke ; but he 
thought inventors would have been well advised 
had they been more ready to take counsel with 
the blast-furnace managers. As to the beehive 
coke, he had, alas, nothing now but a sweet re- 
collection of it as employed by him for years 
at Consett and Durham. On his return later 
to South Wales, however, he found it impossible 
to get similar results with the retort coke. He 
was, however, glad to think that improvements 
were being made; and when he visited Clarence 
he must say the retort coke there showed fewer 
black ends and less dust than that to which he 
was accustomed. Inventors must realise that the 
coke must be made outside of the blast-furnace. 
By neglecting this they had hitherto acquired a 
great reputation at the expense of the blast-furnace 
managers. He noticed that in the Middlesbrough 
district they were beginning to copy the good 
points in South Wales practice, and were now 
putting the coke-ovens close to the furnaces 
instead of at the coal-fields, as hitherto. This 
meant the haulage of 30 cwt. of coal instead 
of 20 cwt. of coke, and the extra cost entailed 
he estimated at 1s. a ton, which, however, was 
compensated for by the reduction of: loss due to 
the formation of dust in transit. The’output ob- 
tained at Clarence, of 1300 tons per week from a 
furnace 80 ft. high, using Cleveland ore, was highly 
creditable ; but he did not think Mr. Bell’would 
remain satisfied with it if his competitors began to 
turn out 1500 tons per week. In conclusion, he 
was glad to note that the Continent, in these by- 
product ovens, was apparently now repaying part 
of the debt they owed to England for all we had 
taught them. He was also an admirer of some of 
the things done by America, the smartest of which 
was, perhaps, the capture of the British Press, 
which constantly held up American blast-furnace 
practice for our imitation. It appeared, however, 
either that the Americans did not know a good 
thing when they saw it, or else refused to have it 
at any price, since they appeared to take little 
interest in retort coke. 

Mr. Tom Westgarth, who followed, wished to refer 
to the possibility of using the waste gases from the 
coke ovens for driving gas-engines. He had recently 
supplied two such engines of 250 horse-power each 
to Mr. Riley, which worked with coke-oven gas. 
The plant had not been long enough in es to 
admit of a final judgment; but he could say that 
the difficulties had been less than was anticipated. 

Dr. Rideal said he had talked over the subject 
of the paper with Mr. Bell, who claimed to have 
solved with this oven the question of by-product 
coke ; but it would be noted that they were only 
now completing their plant for collecting the 
residuals at Clarence, so that no data were avail- 
able for determining the quality and value of these 
residuals, and- until full knowledge was obtained 
on this matter, it was premature to say that the 
question was solved. 

The next speaker was Dr. Dvorkowitz, who said 
he had gone to Germany some years ago to study 
the matter. At that time Mr. Hiissener held that 
wet coal was essential to the production of dense 
coke; but Mr. Otto had clearly shown that the 
water really did harm, his temperature records 
proving that for 10 or 14 hours the retorts remained 
at a temperature of 300 deg. Fahr. to 350 deg. Fahr., 
whilst the water was being driven off. As to the hori- 
zontal arrangement of the flues in the Hiissener oven 
and the thin walls, these, he might say, had already 
been adopted in an oven descri in‘ Dingler’s 
Polytechnic Journal in 1883. The question as to 
the value of the by-products raised by the last 
speaker was most important, since, the ovens being 
very expensive, they could not pay unless the by- 
einer were satisfactorily recovered.: With re- 
erence to the statement about America made by a 
previous speaker, he would only mention that last 
year 1} million tons of by-product coke were used 








in American blast-furnaces. 





2000 deg. Fahr., and the steam-raising capacity | 


Dr. Hiby, speaking again, said that at Newport 
the coal was dry, arid the time of coking was there- 
fore short; but wet coal was used in the ovens 
erected for Mr. Riley, and here the time taken was 
29 hours. He might add that of late years the 
American United Coke and Gas Company had built 
three times as many by-product ovens as had been 
erected in the same time here. 

Mr. Thwaite, referring to American practice, 
drew attention to Mr. Edwin Moore’s method 
of insuring retort coke having a proper silvery 
appearance. The coke was drawn out of the cell 
and forced into a steel car just the size of the cell, 
and the whole then plunged into water as soon as 
possible. 

Mr. Kirkpatrick, of the Semet-Solvay Company, 
said that whilst reading the paper he almost con- 
cluded that he was studying a description of the 
Semet-Solvay oven, since the special features claimed 
for the Hiissener oven were precisely those set out 
in the Semet-Solvay specifications of 1880 and 1881. 
The sections which he had placed on the wall, show- 
ing side by side the Clarence oven and the standard 
Semet-Solvay oven, were, it could be seen, practi- 
cally identical. In both the path of the flues 
was the same, and in both there was the thin inner 
wall between the flue and the retort, with the roof 
supported on thick outer walls.. Whatever good 
points the Clarence ovens had,-they were, he cun- 
sidered, taken direct. from’ its parent—the Semet- 
Solvay oven, of which 2290 were now at work. 

Theauthor, in his reply, said he was unable to 
give an exact statement as to the amount of coke 
produced from the same coal when used in beehive 
and in the Hiissener ovens, since at Clarence they 
did not wash all the coal going to the beehive ovens; 
but he thought the latter gave about 68 per cent. of 
the weight of the coal as coke.” He quite agreed 
with Mr. Hawdon as to the importance of having a 
regular heat in the flues ; but that gentleman had 
failed to note that the fuel was alight along the 
flues at three or four places, so that the travel of 
the products of combustion was only 10 ft. or 12 ft., 
in place of 33 ft. 


Tron CarBon ALLOYs. 


The concluding paper was entitled ‘‘ The Range 
of Solidification and the Critical Ranges of Iron 
Carbon Alloys.” Its authors were Dr. H. C. Car- 
penter and Mr. B. F. E. Keeling, B.A., of the 
National Physical Laboratory. The puper origi- 
nated in a suggestion of Mr. Hadfield. It gives 
the results of a research intu the melting-points of 
alloys, consisting almost wholly of iron rs carbon, 
and on the evolutions of heat which take place 
when such alloys are cooled down from their points 
of fusion. The series of alloys examined ranged 
from pure iron up to white iron containing 4.5 per 
cent. of carbon. Thermo-junctions were used to 
measure the temperatures, which were ob-erved 
direct, a recorder not being used. The alloys were 
melted in crucibles, and cooling curves were then 
drawn by plotting temperature and time as co- 
ordinates. Two independent observations were 
made of each sample. The results showed that 
the melting-point of pure iron is about 1500 
deg. Cent., and a small thermal change, hitherto 
unnoticed, was detected at 790 deg. Cent., with 
alloys containing 0.8 per cent. to 4.5 per cent. 
of carbon. A slow thermal change at 600. deg. 
Cent. ‘was noticed with all the pe and there 
were evolutions of heat at about 900 deg. Cent. in 
alloys containing 3.87 per cent. and 4.50 per cent. 
of carbon. It was found that the Ar, point is 
nearly constant at between 900 deg. and 890 deg. 
Cent., but the maximum falls as the carbon per- 
centage rises up 0.24. With a steel containing 
0.38 per cent. of carbon, the Ar; point merges into 
the Ar, point. As to the Ar, point, the tempera- 
ture of incipient change varies between 795 deg. 
and 762 deg., that of maximum “slocity of change 
being constant at 762 deg., so long as the carbon 
does not exceed 0.38 per cent., but it then falls 
rapidly. With respect to the Ar, point,’ it ‘was 
found that the témperature of maximum velocity 
of change here rises gradually with increase ~ of 
carbon from 688 deg. to 717 deg. Cent. The authors 
further confirm the existence of the Ar, point 
detected by Roberts-Austen and Stansfield in pure 
electro iron and steel containing 0.54 per cent. of 
carbon ; but the range appears to be only 50 deg. 
Cent. instead of 100 deg. Cent., as recorded by its 


discoverers. 
The ‘discussion on the paper was opened by 





Professor Ewing, who congratulated the National 
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Physical Laboratory on the completion of this 
laborious research. He thought, however, that the 
value of the paper would have been enhanced had 
the authors reproduced every one of their cooling 
curves instead of a selection merely, so that every 
one could draw his own theoretical conclusions. 
The new point appeared to be the detection of the 
small evolution of heat between 800deg. and 780 deg., 
which he inferred really corresponded to the Ar, 
point in carbonless iron, which was that at which 
pure iron lost its magnetism ; and it would be in- 
teresting to observe if a similar magnetic change 
occurred here with he high carbon steels. He 
should also like to know if, on repeating an experi- 


























ment, the same curve was reproduced as on the 
first occasion, since Roberts-Austen found there 
was often a difference between successive curves, 
the arret points being less well marked on those 
taken second. He should also like to know if ex- 
periments had been made on more than one sample 
of each alloy. As to the method of observation 
adopted, he preferred autographic records where 

ssible, but presumed that the opposite plan was 
ollowed here in order to obtain a more open 
scale than was feasible with recording appa- 
ratus. He might mention, with reference to the 
Roberts-Austen change at 600 deg. Cent., that the 
magnetic susceptibility of iron also changed at this 
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point, and that, observing specimens in the micro- | 
scope, Mr. Rosenhain and himself had also detected | 
a surface change at this temperature. 

Sir E. Carbutt, as representing, with Mr. W. H. 
Maw, the Mechanical Engineers on the Council of the 
National Physical Laboratory, considered that the 
present research showed that his own society and 
the Iron and Steel Institute were receiving value 
for the 2001. they each subscribed. Much more | 
money was, however, required ; and he trusted they 
would be able to persuade Parliament to greatly | 
augment the present grant. 

Professor Arnold said he supposed that the paper | 
might be considered as a first-fruits offering from | 
the National Physical Laboratory ; and he wished 
that the remarks he was about to make would not 
be considered as in any way hostile criticism, 
the paper being put forward tentatively, and not 
regarded as final. He thought the substitution in | 
the paper of the term ‘‘ critical ranges of tempera- | 
ture” for ‘‘ critical points” wasa happy innovation, | 
and more in accordance with the facts of the case. | 
The authors had interpreted their experiments in | 
the light of Professor Bakhuis-Roozeboom’s theory, 
but the author of this theory had been supplied 
with data entirely by the allotropic party of metal- 
lurgists, and some of these were, he held, inaccu- 
rate. He was specially interested in the results 
obtained with the metal containing 0.24 per cent. 
of carbon, this being a steel with which they had 
made very many experiments at Sheffield. Here 
the Ar, and Ar, points are confounded, and Ar, is 
very small, At Sheffield they had found that the 
Ar, was a duplex one, the upper notch in the cool- 
ing curve being at 732 deg. Cent. and the lower at 
702 deg. Cent.—a fact undetected by the authors— | 
so that the work of the latter could not be taken as 
final. He expected soon to see Dr. Glazebrook and 
Dr. Carpenter at University College, Sheffield, 
where he would be able to put before them a large 
number of unpublished observations, made during 
the past fourteen years. He should also like to 
know which brand of martensite was referred 
to in the paper, as there were several different | 
ones in the market, each claiming to be the genuine. | 

Dr. Glazebrook, who spoke next, would not deal | 
with the technical points raised, but might suggest 
that in Professor Arnold’s researches attention had | 

en concentrated on a icular brand of iron, | 
Whilst at the National Physical Laboratory they 
aimed at the discovery of the variations in the 
cooling curves due to different percentages of carbon 
extending over a wide range toy As to Pro- 
fessor Ewi ’s contention concerning the superiority 
of autographic records, he thought the labour of 





developing the photographs would have been very | Mr. C: 


great, and there was, moreover, a distinct ad- 
Merten in being able, on the other system, to 
follow the whole process of cooling by the eye. 





Mr. Hadfield, who followed, said .he had quite 
forgotten the suggestion of his in which the authors 
stated the paper had originated, but was very 
pleased to note that it had resulted in so interesting 
a paper. Some experiments of the same kind had 
been made at his own works, and if anything of 
interest developed on an examination of the records, 
he would be glad to add it to the discussion by 
letter. 

Professor McWilliam would have liked some 
further information as to the method of making 
the alloys. He held that in research work it was 
advisable to deal with materials of a character 


| similar to that produced by ordinary manufacturing 
| methods. 


Chemical analysis was an insufficient 
guide as to the nature of the material under ex- 
amination. Since, judged by this test, the final 


blown metal in the basic Bessemer process would 


be considered extraordinarily pure steel in place of 
one of the worst, as it was. Dr. Glazebrook was 
wrong in suggesting that at Sheffield they had con- 
fined their researches to one class of steel, as they 
had, as a matter of fact, covered a very large range 


| of steels ; but the particular one in question, being 


in common use in practical work, had been ex- 
amined hundreds of times. Moreover, the authors 
stated that the Swedish iron used by them con- 
tained 0.04 per cent. of phosphorus, which was far 


| too high. 


Mr. B. F. E. Keeling, in reply to Professor 
Ewing’s query as to the kind of identity obtained 
between two successive cooling curves of the same 
specimen, said that in their work two experiments 
were made with each specimen, the observations 
being made in one case by Dr. Carpenter, and in 
the other by himself. In most cases it was difficult 
to ‘‘split” the two curves obtained. The reason 
for adopting a non-autographic method of working 
was to obtain greater sensitiveness ; and he thought 
that with an autographic method they would hardly 
have detected the small heat change at 780 deg. 
Cent. Professor McWilliam had objected that the 
alloys they used were not of a type employed in 

ractical engineering, but, so far as he himself 
new, forged steels containing 0.5 per cent. of 
carbon or more, and nothing else, were unobtain- 
able as a commercial product. 

Dr. Carpenter also replied, saying that their 
research was to be taken as a purely experimental 


| one, and that they were not wedded to any theory. 


As to the statement that their phosphorus was 
abnormally high, perhaps Mr. Hadfield could throw 
some light on the subject. 

After a vote of thanks to the Institution of Civil 
Engineers for the use of their theatre, and to 
arnegie for his presidency, the proceedings 
terminated, a number of papers being taken as 
read. Some of these we may reproduce in a future 


issue, 


THE WITTON AND HOLFORD WORKS 
OF KYNOCH, LIMITED. 

On Friday, May 6, a visit was paid by the Iron- 
mongers’ Federated Association to the Witton and 
Holford Works of Kynoch, Limited. Besides these 
works, the company has, in the Birmingham dis- 
trict, three more works, as well as two in Ireland 
and others in Essex and Yorkshire, covering alto- 
gether about 2500 acres. The Lion Works at Witton 
are, however, considerably the largest, and the head 
offices of the company are situated- there. These 
works alone give employment to 4000 hands. The 
work carried on is of a very varied nature. It has 
been the aim of the company to make their field of 
operations as self-contained and as self-supporting 
as possible, and to that end nearly every trade, the 
productions of which bears directly or indirectly on 
the manufacture of cartridges and ammunition, 
has been established as an auxiliary to the main 
works. For example, the demand for glycerine for 
the manufacture of nitro-glycerine and dynamite 
has been met by the establishment of a soap and 
candle factory, of which glycerine is a by-pro- 
duct ; paper-mills have been started to supply the 

r and cardboard required for sporting cart- 
ridges, labels, &c., and the company does all the 
printing required in connection with its business. 
Cartridge-boxes, nails, and wads are also among 
the subsidiary articles produced. Kynoch, Limited, 
manufacture every component of shells and military 
ammunition, and of sporting ammunition, with the 
single exception of shot. They prepare their own 
brass and cupro-nickel, and take them through every 
proces until they ap as the: finished article. 

iemens-Martin steel is manufactured and cast into 
shells, as well as dynamo-magnets, spur-gear, pistons, 
&c., for the outside trade; and crucible steel is 
produced for the tools and dies used in the works. 
A considerable trade is also done in special steel 
for permonen’ magnets for electrical purposes. 

The Lion Works, at Witton, are on the outskirts 
of Birmingham, this locality also having been re- 
cently chosen for the new factory of the General 
Electric Company, on account of its general con- 
venience for manufacturing purposes. The Hol- 
ford Works are about half-a-mile from the 
Lion Works. The main offices, as already stated, 
are at Witton; and on entering the works one’s 
attention is at once attracted » the handsome 
new brick building just erected to accommodate the 
staff. The building is three stories in height, with 
a flat roof surmounted by a large terra-cotta figure 
of a lion, and having a well in the centre to admit 
light and air. Steam-heating and electric-lighting 
are installed, and the offices are large and lofty. 
On the top floor a fine dining-hall, capable of seat- 
ing 150 persons, is provided, a completely equipped 
kitchen 5 situated on the same floor. An elec- 
tric lift by cn Easton and Co., Erith, serves as 
a welcome alternative to the broad stone staircase 
for the conveyance of passengers and goods. The 
lift is noticeable on account of the services of any 
attendant being unnecessary. To call it to sny floor, 
one merely presses a button at the side of the well 
door, and, provided all doors are shut, the lift 
arrives at that level and stops automatically. On 
entering, closing the door, and pressing a button 
corresponding to the floor at which the mger 
desires to alight, the cage proceeds to that floor and 
automatically stops. Safety is provided for in 
every possible way. The lift will not start if any 
door is open, and may instantly be stopped and 
restarted at any point by anyone either inside or 
outside it. The usual automatic stops at the top 
and bottom of the well are provided, and safety 
catches fitted to hold the cage in the event of the 
wire rope breaking. 

The power-house is situated in a fairly central 

sition under the same roof as some of the shops. 

he engines are eight in number, of the Willans 
type, direct coupled to continuous-current gene- 
rators—four sets of 50 kilowatts, two of 120 kilo- 
watts, and two of 150 kilowatts. All the machines 
are two-pole, with the exception of one compound- 
wound multipolar dynamo of 150 kilowatts. The 
electric plant was originally installed as far back as 
1888, and as at that time 125 volts was the highest 
voltage for which lamps could be obtained, the same 
pressure has had to be maintained in the extensions 
subsequently. Power for lighting and motors is all 
taken from the same mains. In addition to the 
electric power there are several gas-engines about 
the works taking part of the load, the gas being 





generated by Tangye producers, The Willans 
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engines are usually run condensing, but may be 
used with atmospheric exhaust if required. One 
motor drives the whole of the condensing plant by 
belting and countershafting. The air-pumps are a 
pair of Blake and Knowles steam-pumps, but the 
valve-chest has been removed, and pulleys fitted, 
belted on to the countershafting. Four condensers 
of the surface type are installed, the circulating 
water passing through a Klein cooler to a cooling- 
pond just outside. In the condenser-house is an 
exhaust steam feed-heater for the boilers, which 
utilises the exhaust from the steam-hammers and 
sundry small steam-engines. An Ados automatic 
recorder in the engine-house registers the per- 
centage of CO? in the flue gases continuously 
throughout the day, and serves as a check upon the 
stoking. The determination is made by means of 
the amount of the gas absorbed by a measured 
quantity of caustic soda, and it is interesting to 
note the different proportions of CU? present under 
hand or mechanical stoking, or when the machinery 
is stopped for meals. 

The boiler-house contains six Lancashire and 
two ‘* Economic” boilers, by Messrs. Davey, 
Paxman, and Co., the former varying in size from 
7 ft. by 28 ft. to 8 ft. by 30 ft., and the latter being 
8ft. 9in. by 15 ft. 6in. Steam for the Willans 
engines is supplied at 160 lb. pressure by the 
“ Economic” boilers and one Lancashire boiler. 
Three Lancashire boilers work at 120 lb. and 
supply steam for hammers and various other 
requirements, and two other boilers of the same 
type supply steam at 80 Ib. for heating, &Xc. 
The heating of the various shops and buildings is 
of considerable importance, as they are scattered 
over so large an area, and absolute dryness is 
imperative for many processes, especially where 
explosives are being dealt with. The water re- 
quired for the works is chiefly obtained from a 
well on the premises, from which it is raised by an 
air-lift worked by steam-driven air-compressors. 
For boiler-feeding purposes it is treated with a 
strong solution of caustic soda, which clears it of 
lime, and at the same time precipitates any grease 
which may have found its way into it from the 
engines or pumps. This treatment is only required 
for about an hour a day, the purified water being 
turned into a pond by itself, separate from the 
circulating water. A shoal of gold-fish live in the 
warm circulating-water ponds, and are supposed to 
thrive on particles of grease. 

One of the main sub-divisions of the Lion 
Works is the engineering department, which is 
chiefly occupied in the production of machinery, 
tools and gauges for the company’s own use at 
their various works. These tools include many 
special labour - saving machines, which are also 
sold to our own and other Governments for the 
manufacture of cartridges. A good amount of 
general engineering work, in some cases of con- 
siderable size, is also done in this department, and 
specialities of the firm, such as roller bearings, are 
turned out in the same shops. The smithy con- 
tains thirteen fires, besides gas-furnaces for heating 
and hardening steel. There are several steam- 
hammers of various sizes and a Ryder forging- 
machine, the latter used principally for forging the 
large number of punches required for the drawing- 
presses in the cartridge-manufacturing department. 
Adjoining the smithy is the machine-shop, contain- 
ing about 200 machine-tools of different kinds, the 
majority being small and medium - sized lathes. 
There are two fine new Richards boring-mills to 
handle heavy steel and other castings, each driven 
independently by 10-horse-power motors. The 
other tools are, for the most part, driven from line 
shafts running the whole length of the shops ; the 
shafts being driven by electric motors. In addition 
to these motors a gas-engine has been put down, 
which can be belted on to the shafting for overtime 
work, or in case of a breakdown. We noticed that 
most of the pedestals used for the shafting were 
Messrs. Kynoch’s patent flexible roller bearings, 
which are also made in this department. These bear- 
ings were described in ENGINEERING of August 15, 
1902, page 211, and are substantially the same as 
then described, except for someslight improvements. 
The tongued blanks which are to form the rollers 
are first stamped from sheet metal and then pressed 
into an annular space round a mandrel until the 
ends approximately meet. A blow from a pair of 
dies makes them conform more closely to the 
shape of a tube, which is then driven longitudinally 
through dies, emerging truly cylindrical, smooth, 
and highly polished. A number of these tubes 





are strung on a strip of wood and thus form the 
flexible roller which is the distinctive feature of the 
Kynoch bearing. This department also contains a 
pattern-shop, conveniently situated with regard to 
the adjoining steel foundry. 

The steel foundry is now in process of reconstruc- 
tion and enlargement, the alterations and extensions 
having to be carried out without interference with 
the normal work. When complete it will be 320 ft. 
long and 60 ft. span, with a 30-ton and 10-ton elec- 
tric overhead crane, and two 3- ton electric jib- 
cranes. These cranes are by Royce, of Manchester, 
and have a travelling speed of 300 ft. per minute, 
and a hoisting speed which can be reduced to 1 ft. 
per minute, to enable large patterns to be safely 
drawn from the moulds. The overhead cranes have 
the cage for the attendant up between the main 
girders, so as to be out of the way of the jib-cranes 
underneath, which, contrary to usual practice, are 
made to travel all down the side walls of the shop, 
the arm being locked in any position if necessary. 
The jib-cranes are by Messrs. Stothert and Pitt. 

There are three Siemens regenerative furnaces for 
making Siemens-Martin steel, having a capacity of 
200 tons per week, while at the other end are the 
furnaces for the manufacture of crucible tool steel, 
of which about 1 ton per day is cast. The furnaces 
are fired with gas from a producer plant outside the 
building. The bulk of the mild steel is used in the 
manufacture of shells, though excellent castings of 
gear and other things are made as well. One of 
the overhead cranes is at present used to form a 
stage for erecting the new roof. The crane girders 
are covered with a wide platform of boards, upon 
which the erectors can work with comfort and with 
little chance of dropping articles upon the moulders 
below. Next to the foundry are the annealing- 
shop and fettling-shop, each 200 ft. by 30 ft., the 
annealing-ovens being heated with producer-gas. 

In the next department is atel’ on the manu- 
facture of every known kind of small-arms cartridge- 
case. The brass for this purpose is manufactured 
at the other works of the company in Birmingham, 
and enters this department in the form of strip 
rolled accurately to gauge. The strip is passed 
through stamping-presses, which at every blow cut 
three or more blanks and draw them into a cup- 
shaped form. This first operation is also, however, 
often performed at the rolling-mills, in order to 
save the cost of the double carriage of the scrap 
metal. Practically all the very large number of 
machines in this shop are worked by girls, as the 
work is light and easy, The drawing operation has 
to be repeated a number of times, depending on the 
proportions of the final cartridge, before the case 
assumes the required form of a thin tube with 
solid end. The drawing-presses which accom- 
plish this are each something like a small slotting 
machine in appearance, having a circular table which 
rotates through a small angle at every stroke. 
When the cases are of sufficient length, they are 
taken to horizontal machines, on which they pass 
from a hopper, one by one, between dies which 
indent the head ends to form the recess for the 
cap, but leave a central nipple of brass to serve as 
an anvil to explode the cap. This often has to be 
done in two operations to get the requisite depth 
of recess. The cases pass to similar machines fitted 
with dies which form the flange round the head. 
After this process there is more or less of a ‘‘ fin” 
round the flange, which is cut off or ‘‘ rectified ” with 
other dies. The case then has to have two small 
holes punched in the recess to allow the flash from 
the cap to communicate with the interior, and this 
operation is performed on the same machines, with 
a change of dies. If the cases are to be shouldered 
down or tapered, they are stood round the edge of 
a circular plate, which slowly rotates and subjects 
the point of each case in turn to the action of a 
blow-pipe flame, which anneals the metal. A boy 
places them on the plate at one point, and when 
they have completed their tour they are automatic- 
ally pushed off. The next operation is to cut the 
cases exactly to length, which is done by girls on 
small lathes with incredible rapidity. It should 
have been said that between each process the cases 
undergoexamination, and, after important processes, 
are gauged, one by one, with limit-gauges. Cases 
are rejected for faults quite invisible to the ordi- 
nary observer, and this applies to bullets, caps, 
and, in fact, all the components of sporting and 
military cartridges. The caps are pressed into the 
cases by semi-automatic machines, worked by girls 
in one of the danger-houses. Then the loading 
takes place, the charge being cordite. The cordite 





is used from drums, each carrying about 60 lb., 
which are mounted on bearings in an iron casing 
outside the loading-room. The cordite passes into 
the loading-room through a metal orifice, in which 
is suspended a guillotine knife. A piece of string 
prevents ‘the knife from falling, the other end of 
the string being attached to the loading machine 
by a length of gun-cotton. If, therefore, the 
cordite in the loading-room caught fire, the gun- 
cotton would be instantly consumed, and allow the 
guillotine to fall and divide the cordite strands, 
thus isolating the danger. The loading machines 
are worked by girls, and cut off a given quantity 
of cordite, which is pushed into the cases. The 
operation takes place with great speed and exact- 
ness, and every source of error or danger is guarded 
against in the machines. The cordite is quite 
loosely packed in the case, and kept in its place by 
a presspahn wad above it. The shouldering of the 
case is next effected, as, of course, this has to be 
done after the charge and wad are inserted, and is 
performed by forcing the case longitudinally into 
dies ; a central mandrel being inserted in the case 
to. prevent wrinkling. This operation is carried 
out on horizontal machines similar to those used for 
heading the case. The bullets are next forced in, 
and in the larger-sized cases the brass is closed 
tightly on them. Another minute inspection and 
gauging then takes place, and, if satisfactory, the 
cartridges go to the packing-rooms. 

The nickel sheaths of the bullets are made by 
progressive drawings in a similar way to cartridge- 
cases. The metal is an alloy of copper and nickel, 
cast by the company. It is rolled cold from the 
ingots into strips with intermediate annealings, 
and when of the required gauge the strips proceed 
to the punching and drawing presses. The rolling- 
mills are driven by direct-coupled gas-engines 
through gearing. When drawn to the size, the 
superfluous ragged edge is cut off in small lathes as 
described above, and the sheath is then ready to 
receive its lead core. 

In the manufacture of lead bullets and cores the 
lead is melted in ladles and poured into the chamber 
of an hydraulic press. The descent of the ram 
forces the metal up through a central hole, and it 
emerges at the top in a long rod, which is coiled on 
a drum. There are three of these presses at 
work, under a water-pressure of 13 tons per square 
inch, supplied by a three-throw motor - driven 
hydraulic pump. In the bullet-shop the lead rod 
is wound off the drum as required and drawn into 
a bullet-press, which cuts it to length and forms 
the bullet at one blow. For small-arms bullets the 
lead core is forced into its nickel sheath, which is 
tightened on it by the formation of one or more 
‘*cannelures” in the nickel, where it will be 
covered by the brass case. The bullet-shop is 
motor-driven, each line of shafting having a motor 
coupled directly to the end. Nearly 150 different 
patterns of military cartridges are made at the Lion 
Works besides sporting cartridges, and other types 
are made at the neighbouring Holford Works. 

Most of the sporting cartridges made by the com- 
pany are loaded at the Lion Works, this being done 
in separate danger houses. The cases are fed on to 
a circular revolving table, and pass in turn under 
tubes containing powder, wads, and shot. The 
pressure put upon the wads is carefully regulated 
and exactly known, so that absolute uniformity is 
secured in this respect. The powder tube extends 
into an upper story, where the reservoir is strongly 
cased in iron to mitigate the consequences of an 
explosion. All the powder is of the company’s 
own manufacture. When the cartridge leaves the 
loading-machine, nothing further remains to be done 
except to turn over the open end of the case, after 
which the cartridges are inspected and packed. 
The cartridge-cases are made in lots of 100,000, 
every individual of which is gauged and examined 
before loading, and a certain proportion of every 
batch after loading is fired and reported on by the 
company’s expert shot. The wads are made in lots 
of 1,000,000, and gauged for size and weight by 
automatic machines that deal with 100,000 per day. 

At one end of the rifle-range is the test-house, 
containing specimens of every type of military and 
sporting rifle in use in the world. Here cartridges 
are tested for muzzle velocity and energy of bullet, 
recoil, &c. The arrangement for testing muzzle 
velocity consists of two electro-magnets excited 
from a set of accumulators through independent 
circuits. In the circuit of one magnet is 4 
piece of wire stretched across the muzzle of 
the gua, which is broken by the bullet as it 
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leaves the barrel, and consequently the corre- 
sponding electro-magnet is de-energised. At a 
few yards distance the bullet strikes a plate, 
and opens the circuit of the other electro-magnet. 
Hung from the magnets are two heavy metal rods, 
the longer of the two being coated with a soft com- 
position. When the circuits are broken by the 
bullet, these rods fall, the shorter one being released 
first. The latter in its fall strikes a pin, which is 
thereby caused to nick the longer rod, already re- 
leased, at the point which happens to be opposite 
at the instant. The distance of this nick from a 
datum nick, made by breaking both circuits simul- 
taneously, is a measure of the time taken by the 
bullet in reaching the metal target, and by means 
of a plotted curve the velocity at the muzzle is ob- 
tained. The barrel from which the bullets are 
fired is suspended from the ceiling, so that it swings 
back a distance depending on the ‘‘kick.” From 
each side of it project fingers, which push light 
pointers along slides, the latter being graduated so 
that the position of the pointer indicates the mo- 
mentum of the bullet and powder gas. 

Percussion caps for cartridges are drawn from 
copper sheet by stamping-presses in the ordinary 
way. Filling these caps is a delicate operation, as 
the fulminating powder is highly explosive. The 
capsare assembled in a frame drilled with regularly- 
spaced holes to hold them, each frame receiving 
1000 caps. A similar frame is placed over this, but 
so that the holes do not coincide. The holes in the 
upper frame are of exactly the size to contain the 
amount of powder necessary for each cap. This 
frame having been covered with powder, and the 
surplus then swept off, itis moved so that the holes 
coincide with the caps below, into which the charges 
fall, assisted by slight tapping. The upper frame 
is then removed, and the plate containing the caps 
and their charges placed upon registers on the 
table of a press. A row of punches descend, and 
press the charge well home, the frame moving for- 
ward at every stroke to bring another row of caps 
under the punches. Sporting caps have the ful- 
minating powder covered with a piece of tinfoil, a 
sheet of this substance being placed over the caps, 
into which small circular pieces of the foil are 
carried down by the points of the punches. After 
being pressed into the cap, the powder is var- 
nished. A frame carrying a lot of correctly-spaced 
pegs is lowered into a varnish trough, and when 
removed, the drop clinging to the end of each peg 
is transferred to the corresponding cap in the cap- 
frame. Similar drilled frames with hinged metal 
covers on each side are used for the inspection of 
caps, which are assembled in the holes so that 
either the points or heads can be examined, the 
holes also serving for a gauge for size. In a 48- 
hour week, which is the normal length at Messrs. 
Kynoch’s works, about 6 million caps can be 
turned out complete by this department. 

A department is equipped for the manufacture 
of quick - firing cases up to 6 in. in diameter, 
the process being very similar to the manufac- 
ture of small-arms cartridge-cases, except that, 
of course, the machines are vastly heavier.. These 
large cases are drawn on the large horizontal screw- 
presses. 

The Lion Works also turn out every kind of 
shell up to 12 in., both for land and naval purposes. 
Ordinary shell are made of cast steel in the works 
‘foundry, and turned in this department. The large 
lyddite shells are made from mild steel, drawn hot 
into a deep cylindrical form with flat closed end under 
hydraulic pressure. This is done at the Stirchley 
Works of the company. At the Lion Works these 
shells are turned and ainaa out. The front end is 
then heated and forced into a die, which closes it 
up into the well-known parabolic form, the opera- 
tion at the same time thickening the point consider- 
ably. The shell is then returned to the lathe, and 
the point skimmed up to the correct shape by 
means of a cam motion on the slide-rest. The 
nose is also bored and tapped to receive the fuse. 
Near the hinder end of the shell a broad groove is 
turned round the circumference, into which a 
ring of copper is squeezed by hydraulic pressure. 
The ona ring is then turned with ridges, accord- 
lng to Government requirements, and the shell 
is complete, except for loading with the high 
explosive. 

The danger-houses, which have been more than 
once referred to, are wooden buildings standing 
widely spaced from one another about the danger- 
field. They are more than eighty in number, 


and resemble substantially built summer-houses on | 








a well-kept lawn. They are raised about 2 ft. 
from thé ground on ts, so that there is a free 
circulation of air underneath for dryness, and a 
raised pore of planking connects them with 
each other. The threshold of each house is painted 
red, and no one may approach them without wear- 
ing goloshes provided for the purpose. The opera- 
tives wear felt slippers at their work, and their 
dresses are of non-inflammable material, of a bright 
scarlet colour, without pockets. The number of 
operatives in any danger-house is limited by the 
—a Acts, and the whole danger area is 
under the inspection of the Home Office. Messrs. 
Kynoch’s works have been wonderfully free from 
any serious accidents, which is undoubtedly the re- 
sult of the scrupulous care and rigidly-enforced 
regulations which prevail. 

There are three large magazines in the danger 
area for the storage of various explosives, and these 
buildings are kept at a considerable distance from 
any other building, and also from each other. They 
are constructed of brickwork, and heated by steam 
pipes, double wooden doors being fitted. A high 
earthwork embankment surrounds them on all 
sides, the only approach being along a winding 
path between the banks. These banks are thickly 
planted with large bushy trees, so that if by chance 
any explosion should take place, its effects would 
be confined, as far as possible, to the immediate 
neighbourhood. 

One of the detached wooden houses is fitted up as a 
chemical and metallurgical laboratory, and equipped 
with all the necessary apparatus for investigating 
metals and alloys. Samples of the products of the 
foundries and rolling-mills are etched and examined 
microscopically, and new alloys are made in the 
experimental furnaces, the temperatures of which 
are recorded by platinum-iridium couples operating 
a mirror galvanometer. A smali testing-machine is 
provided, and a complete photographic outfit and 
dark room are also attached to the department, 
which is under the control of an expert metal- 
lurgist. 

The products of the works are loaded direct on to 
trucks on railway lines alongside the packing- 
houses. Many train-loads enter and leave the 
works every day, and all shunting, &c., is carried 
out by a compound tank locomotive belonging to 
the company. 


The Holford Works were acquired by Messrs.’ 


Kynoch recently in order to cope with the increas- 


ing size of their business, and to relieve the conges-: 
tion at the Witton Works by serving as an overflow 


for the cartridge-case department at that place. 
They are situated within ten minutes’ walk of the 
Witton Works, and, including danger-fields, cover 
an area of 94 acres, giving employment to about 
400 hands. Water-power is available on the site, 
but the installation of plant to utilise it in place of 
the existing engines is not justified, as coal is 
obtainable cheaply in the neighbourhood. 

The principal productions of the Holford Works 
are cartridge-cases, gas and oil-engines, and bicycles. 
The cartridge-case department and the processes of 
manufacture are practically a duplicate of those at 
the Lion Works, so that a further description is 
unnecessary. 

The gas-engine department is engaged in the 
production of the Kynoch-Forward gas and oil- 
engines, in sizes from 1 to 100 brake horse-power, 
though much larger sizes are in course of manu- 
facture. About 150 engines were passing through 
the shops at the time of our visit, and the average 
number completed per week is ten. The line- 
shafting in the machine-shop is driven by a direct- 
coupled motor on each length, Kynoch roller- 
bearings being used exclusively. Current for the 
motors is supplied by a shunt-wound generator in 
the department, driven by belting from a gas- 
engine of 65 horse-power, using producer-gas. A 
compound-wound generator, driven by a gas-engine 
of 40 horse-power, is used for lighting the offices 
and a portion of the shops. The gas for this engine 
is taken from the town mains. Among the engines 
under test was a 20-horse-power oil-engine runnin 
with Borneo crude oil of specific gravity 0.922, an 
a flashpoint of 150 deg. Fahr., the oil consumption 
being only 0.81b. per brake horse-power per hour, or 
1} gallons altogether. The difficulties met with in 
vaporising such a heavy oil have been successfully 
overcome, and as this fuel can be obtained at from 
14d. to 2d. per gallon, such an engine will furnish 
a remarkably cheap form of motive power. The 
residue after vaporisation is removed continuously 
from the vaporiser, and comes away in the form of 





a thick tarry substance, which becomes almost solid 
on cooling. Governing is effected by a “‘ hit-and- 
miss” device, which controls the admission of oil to 
the vaporiser simultaneously with the admission of 
mixture to the combustion-chamber. The engine 
is started by heating the combustion-chamber by.an 
external flame, but afterwards the walls of the 
chamber and the compression of the charge furnish 
enough heat to cause the explosions, as in the 
Hornsby engine. 

Another engine on the testing-beds was a 100- 
brake-horse-power gas-engine, working with — 
ducer-gas from a Dowson suction plant. e 
suction producers do away with the necessity 
of a boiler to generate the steam to be car- 
burised, as, ins of blowing steam and air 
through the red-hot anthracite, the suction stroke 
of the piston draws air laden with water vapour 
up through the burning fuel, and the subse- 
quent condensers and scrubbers, into the engine 
cylinder. In the producer-body just above the fuel 
is an annular pipe, into which hot water is slowly 
fed. This water is derived from the overflow of 
the jacket of the condenser, through which the hot 
gas passes on its way to the engine. The incomin 
air in passing round this pipe becomes heated an 
saturated with water vapour. In that condition it 
is led down into the ashpit, and in its passage back 
through the fuel exchanges its oxygen for carbon 
in the usual way. Ignition is effected by the 
Simms-Bosch magneto device, as is — in 
engines working with producer-gas. Also on the 
testing-beds was a 1 brake horse-power engine 
working with petrol. This engine was of the 
ordinary gas-engine type, except that a small car- 
burettor had been added ; with the latter removed 
it would work equally well with coal-gas, and the 
cost is only very slightly greater than a gas-engine. 
The company are also rie 3 ong a 60-brake- horse- 
aoe gas-engine for lighting the Midland Exhi- 

ition at Trent Bridge, Nottingham. 

The arrangements for testing engines in this 
department are very convenient and complete. 
Two rows of testing-beds run the whole length of 
the shop, the row on which the smaller engines are 
tested being raised to make the engines more 
accessible. Opposite each bed is a gas-meter, water- 
cooling and measuring apparatus, and everything 
necessary for a complete test. A 15-ton travelling 
crane runs overhead for quickly placing and re- 
moving the engines. 

In another department the manufacture of bi- 
cycles and motor cycles is carried on. The Kynoch 
motor bicycle has only been put upon the market 
this season, but a large number are now being 
turned out. The company make their own. cycle 
parts and fittings. The same system of gauging 
and inspection prevails as in the cartridge factory, 
so that the chance of bad material or faulty work- 
manship occurring in the finished machine is 
very remote. All the electro-plating is done on 
the premises, current for the depositing-vats being 
generated by a low-voltage steam-driven dynamo 
in the department. A battery of accumulators is 
used to steady the voltage and to'serve as a stand-by 
in case of failure of the generating set. 








Ketty’s DrrEctorY OF MERCHANTS, MANUFACTURERS, 
AND SHIPPERS OF THE WORLD, 1904.—Kelly’s Directories, 
Limited, High Holborn, London, have a great reputation 
for the compilation of directories as a result of a century’s 
experience; and it is only the o' isation of a great staff 
of agents, &c., which could make possible the 5500 odd 
pages contained in this book, issued now for the eighteenth 

ear. In their preface the company indicate the system 
y which they attain such a measure of accuracy in the 
collection of the names, &c., of between 14 and 2 million 
rms. ‘They have largely to depend upon the assistance 
rendered by His Majesty’s Consuls and Vice-Consuls, by 
secretaries of chambers of commerce, bankers, &c.,- but 
the publishers have in recent years largely extended the 
area actually covered by their travelling agents. Agents 
starting from the head office in London have corrected the 
lists for the 1904 edition for all the principal cities and 
rts of Northern, y Southern Europe, of 
orth Africa and yet, of Central and South America, 
of Australasia, &c., whilst others working from the branch 
offices in New York have corrected those for all the im- 
portant towns in the United States, Canada, Mexico, 
Japan, China, &c.; others, again, working from the branch 
office. at Hamburg, have done the same for Germany, 
Austria, Hungary, Russia, &c. The Panama Republic is 
added; and this year the lists of customs tariff have been 
bound in a separate volume. As an indication of the 
extent of change in a few years, it is noted that fifteen 
years ago Portland (Oregon) had but a few factories, 
now its 1800 manufacturing establishments employ, 
20,000 men, and produce articles. of a value ‘of 6 million 
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TRAVELLING SHIPYARD CRANE AT VULCAN WORKS, BREDOW, STETTIN. 
CONSTRUCTED BY MR. LUDWIG STUCKENHOLZ, ENGINEER, WETTER-ON-THE-RUHR, WESTPHALIA. 
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THE new shipyard travelling crane, which we illus- 
trate on our two-page plate and on this and the oppo- 
site pages, represents a special type whose great 
utility has only recently been recognised. Not long 
ago a locomotive crane would have been deemed sufti- 
cient. The crane was built by Mr. Ludwig Stucken- 
holz, of Wetter-on-the-Ruhr, in Westphalia, for the 
Stettiner Maschinenbau-Actien-Gesellschaft Vulcan, 
of Bredow, near Stettin. It was particularly de- 
signed for transporting the armour-plates and other 
heavy parts from the rolling-mill to the ship, and 
the old-fashioned shipbuilder may regard it as an 
unnecessarily big and expensive machine. The crane 
is to deal with plates of 25 tons; the trials were 
made with loads of 37.5tons. To make the structure, 
with its unusually long cantilevers, equally strong over 
its whole length of 172 ft. would have rendered it too 
bulky and heavy, however ; and as the yard in which 
the plates are stored has a width of 26 metres (85 ft. ), 
only the middle portion of the crane is designed for 
the full capacity. Over a length of 34 metres the 
nominal capacity is 10 tons, and loads of 5 tons 
can be transported from one end of the bridge 
to the other, a distance of 50 metres(164.5ft.). The 
full length of the gallery is 52.5 metres (172} ft.). 
The crane travels on two pairs of legs, which give a 
mean clearance of 10 metres. It will be noticed on 
Fig. 2 that the level of the ground slopes towards the 
water side, and the legs are hence longer on this side 
than on the other, thecantileverarmsalso differ inlength 
in the same sense. The legs themselves are not quite 
symmetrical, and taper towards the foot. The inter- 
esting detail of the feet can be examined in Figs. 3 to 
10. Each leg moves on two pairs of wheels, and the 
wheels are mounted on a cross-girder, which sweeps 
along the rail; they are not fixed in oscillating frames, 
as is frequently done. The electrical equipment com- 
prises three motors of the tri-phase type, the current 
of 500 volts being taken up on the land side, the col- 
lecting devices being mounted on the short arm of the 
longitudinal girder, as shown in Fig. 2. The main 
travelling motor is fixed in the middle of the bridge ; 
the shafts by which the motion is transferred to the 
driving wheels being thus of equal length ; Figs. 8 to 
16 illustrate the gearing adopted. 

The traversing and lifting motors and their gearing 
(Figs. 17 to 21) are placed in the cab and move with 
it; the switches and measuring instruments are also 
mounted in the cab. The cab has to pass through the 
upper portion of the 
gap of 1.7 metre (5 ft. 7 in.) being provided for this 

urpose. The external width of the framing is above 
56 metres (nearly 22 ft.), while the legs below spread 
out to 10 metres (33 ft.). Not to cramp the space 


portal formed by the legs, a! d 
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available for the crab and cab, the lifting is effected with 
the aid of Gall chains, and these chains are suspended 
in short sections from the crab (Figs. 2and 17). The 
moving cab is thus heavy, but the arrangement has 
the advantage that the motorman can keep the load 
under his eye. A worm of steel, hardened and then 
ground, and a worm-wheel of phosphor-bronze, both 
running in an oil box with ring-lubrication and ball- 
bearings, transmit the power from the motor to the 
winding-drum. It is noteworthy that the snatch-block 
is not fitted with teeth. Worm-gearing is now largely 
adopted in such crane machinery, and an efficiency of 
85 per cent. can generally be realised. The motors, of 
11 and 4 horse-power, run at 1440 revolutions, and as 
the speed of triphase motors does not accommodate 
itself to the load, a countershaft has been provided for 
raising small loads at increased speed. Triphase 
motors are so much more easily attended to than con- 
tinuous-current motors, that this drawback counts 
little, especially in a crane of this kind. The gallery, 


pairs of legs, and the motorman can leave his cab at 
any spot to inspect and oil the gearing. The footway 
is covered with boards. The crane weighs 70 tons. 








Our Coat ABRroap.—The exports of coal from the 
United Kingdom in April amounted to 3,796,358 tons, 
as or with 3,455,811 tons in April, 1903, and 
3,506,909 tons in April, 1902. The increase observable in 
last month’s shipments is, no doubt, due to some extent 
to an increased demand to meet the requirements of the 
Russian and Japanese navies. The shipments of steam 
coal in — were—for instance, 2,890,524 tons, as com- 
ene ith 2,612,218 tons in April, 1903. This coal is 
orwarded to some neutral port, and then finds its way, 
as best it can, to some Russian or Japanese naval station. 
In last month’s general coal shipments the principal ex- 
ports compared as follows with the corresponding move- 
ment in April, 1903, and April, 1902 :— 





Country. April, 1904. April, 1903. | April, 1902. 
tons | tons tons 
Germany .. on --| 606,819 522,641 | 597,127 
France es oe os 545,122 539,802 § 603,540 
Italy .. ae oe -. 454,708 470,458 462,807 


The exports increased last month to Russia, Sweden and 
Norway, Denmark, Holland, Belgium, Portugal, Greece, 
Turkey, Chili, Argentine, Gibraltar, and Malta ; but they 

ecreased to Spain, Egypt, Algeria, the United States, 





| Brazil, Uruguay, &c. 
| THe Wortp’s Gotp.—The director of the United 
| States Mint (Dr. Adolph Soetbeer) estimates that the 
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—— of gold throughout the world since the 
iscovery of America in 1492 represents a value of 
10,624,093,300 dols. Production was on a comparatively 
small scale from 1493 to 1660. It then began to increase, 
and continued to grow until 1760, when it once more 
showed a tendency to decline. The falling-off continued 
until the decade ending with 1820; then there was an- 
— rally. From 1841 to 1895 the production was as 
ollows :— 


— Production in Dols. 
o - Bs ee es . 363,928,000 
1851-55 <a $3 os “23 re 662,566,000 
1856-60 os Ff oi ae o> 670,415,000 
1861-65 + oe os - ro 614,944,000 
1866-70 a4 sf Se bf oe 648,071,000 
1870-75 ef i. * we ve 577,883,000 
1876-80 ve = ec PF es 672,931,000 
1881-85 be se ae <a y 495,582,000 
1886-90 ge oe as és oe 564,474,000 
1891-95 e 814,736,000 


In the seven subsequent years the value of the pro- 
duction has been: — 1896, 202,251,600 dols. ; 1897, 
236,073,700 dols.; 1898, 286,879,700 dols. ; 1899, 306,724,100 

ols. ; 1900, 254,556,300 dols.; 1901, 262,373,300 dols. ; 
and 1902, 295,889,900 dols. The falling-off observable in 
1900 and 1901 was, no doubt, due to the Boer War. 

TRACTION ENGINES AND Roaps.—In the Walsall 
County Court, on Thursday, Judge Roberts gave a 
reserved decision in a case in which the Walsall Rural 
District Council sued Joseph Tipper, brick manufacturer, 
for 56/. for extraordinary expenses incurred in repairing 
Powke-road, Bentley, which they alleged had been 
damaged by the excessive weight or extraordinary traffic 
of defendant’s locomotive ne and trucks. The action 
was brought to decide the liability or otherwise of traction- 
engine owners for damage to highways, and was defended 
on behalf of the Traction-Engine Users’ Association. 
His Honour said he found that, on four or five occasions 
in April, 1903, the defendant’s engine did draw one or 
two trucks along the road in question, that such traffic 
was extraordinary, and that the weights were exces- 
sive. On the facts his Honour could not accept the 
contention that it was not a public highway. The 
next contention raised by the defence was that the 
dam was due to the negligence of the plaintiffs 
in allowing a quarry to be worked too near the 

; but even assuming that this was established, he 
was unable to find that in consequence the road was unfit 
for ordinary traffic, and that the damage was the result. 
Dealing with other ents raised for the defence, his 
Honour held that the exceptional rainfall was not a 
material circumstance, as at most it was only a contri- 
buting cause, the immediate cause ps, by excessive 
weight which the road was called upon to bear. He gave 
judgment for the full amount claimed, with costs, Mr. 
Lewis asked that, in view of the important principle 
involved, certain special costs should be allowed. His 
Honour considered the application reasonable, and 
acceded to it, 
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THE APPLICATION OF PETROL MOTORS 
TO FIRE-ENGINES. 


THERE is much to be said in favour of the petrol 
engine as a source of power for driving fire-extinguish- 
ing plant, owing to the facts that it is light in weight, 
and can be started at a very short notice. Messrs. 
Merryweather and Sons, Greenwich-road, London, 
who have for many years been known for their steam- 
driven fire-engines, have recently turned their atten- 
tion to the application of petrol as a source of power 
for fire-extinguishing purposes, with most encourag- 
ing results, and they are constructing some very handy 
plants for work both afloat and ashore. We recentlysaw 
two examples of these tested—one a boat, intended for 
the protection of the biscuit works of Messrs. Huntley 
and Palmer, at Reading, and the other, a portable 
motor-driven land fire-engine, for Baron H. de Roths- 
child.. Judging by the action of these engines during 
the trials the future promises well for such appliances. 
As the application of petrol motors to fire-extinguish- 
ing is novel, a description of the fire-boat and fire- 
engine referred to will no doubt prove interesting to 
our readers. Beginning with the former, which was 
constructed first, the hull is 32 ft. in length, 9 ft. 6 in. 
beam, and has a draught of 2ft. 6in. It will pass 
under a bridge which has a clear headway of only 
4ft. 6in. from the water-level, as it is for use on 
the canal which passes through Messrs. Huntley 
and Palmer’s works. The general arrangement of 
the machinery in the boat is shown by the illustra- 
tions on page 708, Fig. 2 being a longitudinal section 
through the boat ; Fig. 3 a plan with half the roof of the 
cabin removed ; cod Wie, 4 a half-sectional end eleva- 
tion. The machinery consists of two 30-horse-power 
four-cylinder petrol motors, which are mounted on 
one bedplate, and are shown at A, Fig. 2. Each of 
these engines drives, by means of lever-expanding 
clutches and spur-gearing, a Hatfield high-speed treble- 
barrel pump B. The suction is taken from each side of 
the boat, and both the pumps deliver into the same main 
pipe, which pipe supplies four jets, two forward and 
two aft, which are used as a means of propulsion for 
the vessel. The nozzles for these jets are shown at C, 
Figs. 3 and 4. This mode of propulsion is very con- 
venient, because by it the boat can be very easil 
managed, and the source of power is ready at hand, 
without an auxiliary engine. By using one jet at each 
end on opposite sides of the boat, the latter can be 
made to turn round on its centre. The jets are con- 
trolled by levers placed on the deck, as shown at D. 
From the main pipe, branches are also taken, which 
communicate with the six rack-valve outlets E for hose- 
pipes, and a monitor is now being fitted, by means of 
which one large stream of water can be delivered when 
desired. 

The engines and pumps can be driven together or 
independently, and the pumps are fitted with large 
suction and delivery air vessels. A perspective view 
of the arrangement of the engines and pumps is given 
in Fig. 1, page 708. The ignition to the motors is of 
the high-tension type, duplicate accumulators and.coils 
being fitted. A large compartment is provided at one 
end of the boat for two reels F, each of which will hold 
about 500 ft. of hose. 

The petrol tanks contain enough oil for 10 hours’ 
supply, and float-feed carburettors are used. Exhaust- 
boxes of large capacity are placed at each side of the 
boat, with the object of giving silent running. 

During the test one 14 in. jet was thrown, and also 
several smaller streams simultaneously. The maximum 
delivery of the pumps, when both are employed, is 
600 gallons per hour, at a pressure of about 100 lb. per 
square inch. During the test the boat appeared to do 
its work in a very satisfactory manner, and ought to 
prove a valuable safeguard against fire in such works 
as those to which it is going. ; 

Coming now to the petrol motor-driven fire-engine, 
recently constructed by Messrs. Merryweather and 
Sons, for Baron H. de Rothchild, the chdssis of which 
we illustrate in Fig. 5, several features are worthy 
of attention. The motor which is used to propel the 
engine along the road is employed also to drive the 
pumps, the latter bein capable of delivering 300 

lions per minute, and a single jet can be thrown 
20 ft. high, or two, three, or four smaller streams 
simultaneously. 

The frame of the chdssis is of steel, strongly stayed 
and mounted on wrought-iron axles, which are carried 
on horizontal springs and artillery pattern wood wheels ; 
the latter have polished metal hubs, steel rims and solid 
rubber ‘‘ clincher” tyres are used. The steering is of 
the Ackerman types with vertical shaft and hand-wheel, 
and is irreversible. The motor is of the four-cylinder 
type, developing 30 horse-power at moderate speed, 
is governed on inlet, -and is water-cooled, with 
pasap circulation and radiator. The pump is 

riven off the motor flywheel, and connection is 
also fitted to the fire- pump, so that when the 
latter is running, fresh cold water can be forced 
into the cooling system. The carburettor is of the 
standard Longuemare type, the air and gas inlets 
being governed by levers on the dashboard. The 


ignition is by high-speed magneto and coil, controlled 
by levers on the steering column, and a duplicate set of 
wires connected to the accumulators is provided. The 
engine is fitted on brackets between the frames in 
front, and is covered with a brass bonnet, in front of 
which the radiator is placed. The power is trans- 
mitted by a cone clutch, which is worked by the 
driver by a foot-peda], and a driving change-speed gear 
giving three forward epeeds and a reverse is provided. 
The gear, which is of very substantial construction, 
is enclosed in an aluminium’ box, and drives a dif- 
ferential shaft through hand-actuated clutches, which 
can be thrown out when the pumps are to be 
used. The differential shaft is connected to the road- 
wheels by sprockets and steel roller side chains. The 
pump is of Merryweather’s patent ‘‘ Hatfield” type, 
specially constructed for running at high speeds, and 
has extra large valve-chambers and rubber disc valves. 
It has three barrels driven by a central crank. Large 
suction and delivery air-vessels are fitted, two delivery 
outlets being provided for hose. The pump is carried 
on brackets between the frames at the rear, and is 
driven by a spur-wheel and pinion, actuated by a steel 
shaft carried above the gear-box. A sliding gear- 
wheel is placed on this shaft, which can be put in 
mesh with a pinion on the second speed shaft by means 
of a hand-lever. For starting, the pump can thus be 
driven with the motor on the low speed, and changes 
can be made as required, according to the water supply 
available and the height to which the water has to be 
forced. The suction-hose, with strainer, is carried ready 
attached, and a large box for hose and fittings is pro- 
vided, forming seats for the driver and firemen. There 
is a footboard at the rear to carry three firemen, and 
other footboards are placed at each side, all being 
covered with non-slipping rubber and brass-edged. A 
band-brake, worhed Uy foot-pedal, is sroviled on the 
differential shaft, and two metal drum-brakes, worked 
by hand-lever, are fitted to the rear wheels. 

Starting at the Greenwich works, a smart run was 
made up Blackheath Hill, with nine men on the engine, 
the gradient, which is 1 in 9 near the top, being readily 
climbed, and a speed of 20 miles an hour easily obtained 
on the level. On arrival at the pond, on the Blackheath 
side, the hose-pipes were connected, the road wheels 
thrown out of gear, and powerfule jets of water were 
thrown. On returning down Blackheath Hill the ma- 
chine was stopped dead on the steepest part, the reverse 
gear thrown in, and the engine made to re-ascend 
in this manner with the greatest ease. There is 
no doubt that this new appliance is a great improve- 
ment on horsed fire-engines, as it can turn out instant] 
on an alarm, travel at great speed up or down hill, 
and on arrival at a fire can get to work immediately 
the hoses are in position, without waiting for steam 
to be raised. The weight is practically the same as 
that of a horse steamer of the same capacity, being 
just over 30 cwt. Petrol and oil for six hours’ work- 
ing are carried, the petrol-tank being mounted on the 
hose-box in a very convenient place for filling. On 
the dashboard are sight-feed lubricators for the motor, 
brass pipes being led to the various bearings. Large 
acetylene head-lamps are fitted, a gong worked by 
driver’s foot, and fittings for carrying stand-pipes, 
branch-pipes, &c. . 

In our illustration the whole of the working parts 
are not shown, but a good idea of the construction 
may be obtained. 








Sourn Arrican TELEGRAPHY.—Notwithstanding that 
the rate for cablegrams exchanged between Europe and 
South Africa was reduced to 2s. 6d. per word as from 
Jan. 1, 1903, it is satisfactory to learn that the standard 
revenue of 300,000/., fixed by the Cable Agreement of 1901 
as the earnings to be reached before any rebate could be 
allowed to the subsidising countries, was, according to 
figures supplied by the Eastern and South African Tele- 
graph Company, much exceeded, the approximate revenue 
or the year ending December 31, 1903, having been 
391,4007. This sum will admit of the whole of the 
subsidy payments for the year being refunded. 





‘** SusPENSION ” Furnace LiticaTion.—A very impor- 
tant case, of great interest to patentees and manufac- 
turers, has just been finally decided. Some four years ago 
the Leeds Forge Company, Limited, commenced an 
action against Deighton’s Patent Flue and Tube Com- 
pany, Limited, to restrain the manufacture of the 
‘Deighton ” furnace, which the plaintiffs alleged to be an 
infringement of a patent of theirs relating to the Morison 
‘* Suspension ” furnace. Monday last the House of 
Lords unanimously decided that the plaintiffs’ patent had 
been infringed, thus confirming the judgment of Mr. 
Justice Cozens-Hardy, which had been reversed by the 
Court of Appeal. Thus it will be seen that the litigation 
has been long and costly, and this has been so notwith- 
standing that the vali ity of the patent was not really 
challenged at the trial, although numerous prior patent 
specifications were referred to in the pleadings as antici- 
—— of the invention, and were considered by the 

urts when interpreting the scope of the claims. The 
case is interesting in that it shows that the Courts will 
not allow a to lose his due reward in consequence 
of others altering the form, but retaining the substance, 
of the invention, and we propose to deal with it at greater 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday the market 
opened at 44s. 44d., afterwards receding to 44s. 2d. The 
market was flat on Friday morning, Cleveland warrants 
declining 2d. to 44s. 3d. cash and 44s. 34d. one month. The 
turnover, which amounted to 1000 tons, included one lot 
at 44s, 4d. fourteen days. In the afternoon Cleveland was 
the only brand mentioned, the price of which closed weak. 
The price opened at 44s. 3d. six days and 44s. 34d. fifteen 
days, and lost a further fraction at 44s. 2d. cash. 
At the close buyers were 44s. 2d. cash and 44s. 2}d. 
one month, sellers 4d. per ton more. The busi- 
ness done was 2000 tons. On Monday morning a 
comparatively large business was done, and _ the 
tone was depressed, in sympathy with reports from 
America. Cleveland was sold down to 43s. 84d. cash and 
one month, and the close was at a decline of from 54d. to 
64d. for the ~ < 43s. 9d. sellers, cash and one month. 
Business was done at 433. 9d. three months in the 
forenoon, while in the afternoon there were sellers at 
43s. 74d. Scotch and hematite iron were not quoted. 
The settlement prices were as follow :—Scotch, 52s. ; 
Cleveland, 44s. 2}d.; hematite iron (Cumberland), 
54s. 3d. per ton. On Tuesday the pig-iron market 
continued dull and inactive, a small amount of business, 
ag} ting 3000 tons, being done at 433. 74d. cash and 
eight days, and 44s. 8d. one month, with buyers at the 
close 4d. under the latter figure. While prices of Cleve- 
land were steadier in the afternoon, the tone continued 
dull. The turnover was 5000 tons, most of the iron being 
on forward account. For cash 43s. 8d. was paid, and the 
other dealings were quoted 43s. 8d. seven days, 43s. 74d. 
twenty days, and 43s. 5d. three months, with buyers at 
43s. ., and sellers at 43s. 64d. Hematite iron was 
quoted nominally at 54s. cash buyers. The pig-iron market 
was flat again this morning, and prices of Cleveland 
warrants declined 1d. further to 43s. 64d. cash six and 
nine days. Sellers of hematite iron were quoted 54s. 6d. 
cash. Only a trifling business was done in the afternoon, 
and the tone was dull, with prices of Cleveland iron 4d. to 
1d. below the forenoon quotations. There were no cash 
or month’s dealings, but 2500 tons changed hands at 
43s. 5d. and 43s. . three months, with buyers over 
at the latter figures. The settlement prices are quoted 
at 52s., 43s. 6d., and 54s. 3d. The following are the 

uotations for No. 1 makers’ iron:—Clyde, 58s.; Gart- 
sherrie, Summerlee, and Calder, 58s. 6d.; Langloan, 69s. ; 
Coltness, 69s. 6d.—the foregoing all shipped at Glasgow ; 
Glengarnock ey “ay at Ardrossan), 58s. 6d.; Shotts 
(ship at Leith), ; Carron (shipped at Grangemouth), 
598. 6d. perton. There has been more movement this week 
in the pig-iron markets, and although published records 
do not show it, a fairly large amount of Middlesbrough 
iron warrants have changed hands privately. Holders, 
doubtless —. by the dull monotony of markets for 
the last month or so, and probably also alarmed by the 
distinctly downward inclination shown in American iron 
and steel circles, have sold so freely that the ‘bear ” 

sition has meanwhile been greatly relieved. It seems 

ardly probably that fresh ‘‘ bearing” to any extent will 
be indulged in immediately, as Middlesbrough public 
stocks are decreasing, and the scarcity of iron in makers’ 
hands there is uncomfortably low for trade requirements. 
Home trade reports are not improving, and the recent 
glimpse of better times looks like ing away. German 
reports are unchanged so far. The prices of Middles- 
brough warrants have fluctuated between 44s. 64d. and 
44s, 2d. cash. There have been no ——— during the 
entire week for either Scotch or West Coast hematite 
warrants. The number of furnaces in blast is 86, against 
83 at this time last year. No. 3 is still scarcein Cleveland, 
and makers are asking from 44s, 6d. to 45s. per ton. East 
Coast and Scotch, while nominally unchanged, are, how- 
ever, rather easier. 


Scotch Steel Trade.—There is this week a slightly duller 
tone in steel circles. New work is not coming forward as 
rapidly as makers would like, and while prices are being 
maintained, the quantity of work being booked is not 
altogether satisfactory. Orders on hand are sufficient to 
keep the mills fairly well employed for some time ahead ; 
and it is hoped that within the next few weeks a more 
active state of matters will prevail. In the castings and 
forgings departments of the trade German competition 1s 
still being keenly felt, and prices are no more than re- 
munerative. 


Sulphate of Ammonia. — There is not much inquiry 
for sulphate of ammonia, either for present or future 
business. The current price is 12/. per ton. Tar pro- 
ducts attract but little attention. Prices of sulphate 
still continue to decline all over. For Leith 12/. 2s. 6d, is 
quoted till September. Last week’s shipments at Leith 
amounted to 1007 tons, and during last month they 
amounted to 1646 tons, as compared with 1597 tons in the 
preceding year. 
Coal.—The coal trade of the West of Scotland con- 
tinues in a somewhat lifeless condition. Generally 
speaking, business is being carried through on a rather 
limited scale, and prices are without any rdening ten- 
dency. House coal is quiet, but quotabl unchanged. 
Steam coal is still experiencing a very dull market, but 
otherwise shows no alteration. Splint is not improving 
in any respect ; orders are being keenly competed for, 
rather tothe advantage of buyers. Ell of the best quality 
continues in fair demand, with — steady ; but the 
rer sorts of this class still show a quiet market. 
Treble and double nuts arein only moderate request, 
but there are no changes to record as regards — 
First-class dross and single nuts and all kinds of smal 
stuff move off faizly well, and values rule steady. Quota- 
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coal, 8s. 6d. to 83. 9d.; splint, 8s. 3d. to 8s. 6d.; and ell, 
8s. 3d. to 93.—according’ to quality. 

Steamship Contracts.—Messrs. Caird and Co., Greenock, 
have just concluded another contract for a P. and O. 
liner. She is to be of the 10,000 tons register, and is to 
be similar to the Moldavia, the largest steamer ever built 
by Messrs. Caird and Co.—The Ailsa Shipbuilding Com- 
pany, Limited, Troon and Ayr, are to build three steamers 


for Messrs. I. and J. Hay and Sons, Glasgow. 


Elderslie Graving Dock: Formal Opening.—The new 
graving dock at Elderslie, part of the new shipyard of 
Sir John Shearer and Sons, who are migrating westwards 
from Kelvinhaugh, was formally opened yesterday. The 
Juno, owned by the Glasgow and South-Western Railwa 
Company, was the first occupant of the dock. The doc 
is modelled on the most modern lines, and 
the necessary equipment for the rapid handling of vessels. 
The dock will take in the biggest ship that trades from 
the Clyde. The water capacity of the dock is 4,800,000 
gallons at high water, and in less than two hours it can 
be pumped dry. It is 524 ft. 9 in. in length, with a depth 
of 20 ft. at high level of spring tides, and 18 ft. 6 in. at 
high level of neap tides. . 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Death of Mr. W. Rhodes.—The death occurred on 
Tuesday of Councillor William Rhodes, Mayor of Wake- 
field, at the age of 60, after a very short illness. He was 
the head of the firm of Messrs. Rhodes and Sons, machine- 
makers, who have extensive home and foreign connections. 


Messrs. Cammell, Laird, and Co.—A prominent topic 
of conversation in business circles has been the persistent 
statement that the above company contemplate removing 
their works from Workington to some more convenient 
spot on the coast. The chief reasons assigned is the diffi- 
culty experienced in —— of the works refuse and 
the cost of coke and other necessaries. Sir Alexander 
Wilson, chairman of directors, and Mr. Longden, manag- 
ing director, have given an unqualified denial to the 
rumour, but it is still repea About 3000 people are 
employed at Workington. Houses have been provided 
for them, schools erected, and other similar arrangements 
made ; and to close the works would mean ruin to the town. 


The Parkgate Iron and Steel Company.—The directors 
of the above company report that satisfactory progress 
has been made with the construction of the new blast- 
furnace plant and extension of the steel works, and the 
former is expected to be at work in a few months. There 
is to be a further issue of debentures to a total of 125,000/., 
and 74,3002. are now offered to the shareholders. The 
output, especially in the steel works, has been greater 
than in any previous year; but the net result obtained, 
owing to low prices and increased cost of working, is not 
as good asin 1903. The profit amounted to 27,603J. 15s. 6d. 
Out of this they propose a dividend of 6 per cent., write 
of against additions and improvements 10,000/., and carry 
forward 11,5437. 


The Iron and Steel Trades.—Although there is no 
general revival in the heavy branches of trade, there are 
some departments in which more work is being done. 
Rather better orders have come to hand for tyres, axles, 
and other railway material, but the maximum possible 
output seems to have been nowhere yet reached. Very 
unsatisfactory reports are furnished of the state of the 
crucible steel trade. Home travellers say that the last 
fortnight has been about the worst they have known. 
There are more inquiries from merchants as to prices, 
and so on, for exports, but it is still uncertain whether 
business will follow. A fairly good demand prevails for 
best qualities of steel, both for the home and foreign 
markets. The iron market is without special feature, 
and buying is severely restricted. In all the lighter in- 
dustries of the city business is without improvement. 


The South Yorkshire Coal Trade.—More encouraging 
reports are to hand as to the state of the coal trade. In 
the aggregate the contracts placed for hard coal for ship- 
ment are quite up to the average, and more are coming in. 
The tonnage going to the North-Eastern ports is rapidly 
on the increase; but, large as the demand may be, it is 
not expected that there will be any difficulty in meeting 
it. Prices are not ag satisfactory as could be desired. In 
soft coal, for house aiid. gas-ma’ ing purposes, business is 
on the decline; but it is quite as brisk as can be ex- 
pected for the season. ith the: pits working more 
regularly, common coal is plentiful. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Fron Trade.—Yesterday there was only 
a thin attendance on ’Change, quotations all round were 
weak, and business was very quiet. Sellers were not 
ressing iron on the market, and buyers showed re- 
uctance to purchase more iron than they. needed to meet 
early requirements. With such indifference prevailing, 
it was not surprising to find affairs generally flat. There 
was a want of confidence in the future. Asa rule, No. 3 
g.m.b. Cleveland pig iron was put at 44s. 3d. f.0.b., but 
as low as 44s. was accepted by second hands for small 
— lots. On the other hand, however, for nam 
brands 44s, 6d., and even more, was quoted. No. 4 
foundry was 43s, 10}d. to 44s. The lower qualities 
of Cleveland iron ‘were somewhat plentif and 
they were once more redu in price. Grey forge 
3; mottled at 43s. 3d.; and 
Coast hematite pig iron was in 
request, and was again easier in price. 


was offered at 43s. 6d. 
white at 43s. East 
only very moderate 





No difficulty was found in buying mixed numbers at 
52s. 3d. for early delivery. No.1 was 52s. 9d., and No. 4 
forge, 50s. 104d. Rubio ore remained at 15s. 3d. ex-shi 
Tees. To-day the market was, if anything, easier stil, 
so far as Cleveland iron was concerned, and next to no 
transactions. were recorded. Merchants were ready 
enough to sell No. 3 g.m.b. at 44s. Prices for other 
—— were not altered; they were almost nominal. 
t is rather surprising to find quotations for foundry 
kinds of Cleveland pig steadily ing, seeing that the 
statistical position continues so satisfactory. The pro- 
duction is still insufficient to meet requirements, and the 
small stocks are being drawn upon to satisfy demands. 
Manufactured Iron and Steel.—It is difficult to hear of 
anything new in the manufactured iron and steel branches 


all | Of the — industry. In some departments work is 


rather slack, and new orders are very scarce. Producers 
manage to maintain quotations, but unless some im- 
provement in demand is shown very shortly, prices for 
certain descriptions will probably have to again 
lowered. Common iron bars are 6/. 2s. 6d.; best bars, 
62. 12s. 6d.; iron ship-plates, 6/. 7s. 6d.; iron ship- 
angles, 67. 2s. 6d.; steel ship-plates, 5/, 12s. 6d.; steel 
ship-angles, 5/. 5s.; steel boiler-plates, 7/.; steel joists, 
5l. 5s. ; steel sheets (singles), 77. 53.; steel sheets (doubles), 
72. 15s.; and heavy sections of steel rails, 4/. 103.— 
less the customary 24 per cent. discount, except rails, 
which are net cash at works. 


Coal and Coke.—Coval, on the whole, is rather quieter, 
and Yorkshire gas and household coal is now competing 
with Durham coal ; but quotations can hardly be said to 
be altered. There is aanen ee eg Durham bunker coal; 
and prices run from 7s, 6d. to 83. f.o.b, for unscreened 
kinds. Demand for manufacturing coal is quiet. Coking 
coal keeps steady. The local consumption of coke con- 
tinues heavy, and coke prices areupheld. Average blast- 
furnace qualities are 14s. 6d. delivered here. 








CANADA AND Mexico.—The establishment of a regular 
steamship service between Canada and Mexico is now 
assured. Mexico nts a subsidy of 120,000 dols. per 
annum for the establishment and maintenance of the ser- 
vice, and Canada has granted a subsidy of 50,000 dols. gold. 


Prrsonat.—The Empire Roller Bearings Company, 
Limited, announce that they have moved into new offices 
at 15, Victoria-street, S.W.—Mr. Henry Ruffer, of the 
firm of Messrs. A. Ruffer and Sons, kers, 39, Lom- 
bard-street, E.C., has joined the board of directors of 
the South Wales Electrical Power Distribution Company. 
— Messrs. Kendall and Gent, the well-known tool-makers, 
of Manchester, announce that they have formed their 
business into a limited liability company under the name 
of Kendall and Gent, Limited, the whole of the capital 
of which will be retained by the members of the late firm, 
the management of which will also be unchanged. : 








Tar Junior INSTITUTION OF ENGINEERS.—A visit of 
this Institution took place on = 29 to the Cassland- 
road Higher Grade Board School, Hackney, to inspect the 
nesting and ventilating systems installed there. A par- 
ticularly noticeable feature was the process of filtration at 
the air supply or main intake. A special device in the 
form of two large drums slowly revolving, on the peri- 
phery of each of which is laced a layer of fibrous matting, 
1s provided for this purpose. The drums revolve in water 
and offer to the impinging air a continuously-saturated 
surface. The friction caused by the motion of the fibrous 
matting pppoe ag the water, and the water disturbance 
associated with it, cause the fibres to release the dust, 
smuts, &c., gathered, and all the sediment thus tra ped 
is passed seg ag the waste-pipe to the drain. ter 
being dealt with in this manner, the whole of the air 
passes through two disc fans driven by an electric motor 
of 17 brake horse-power. The duty of these fans repre- 
sents the propulsion of something like 20 tons of air into 
the building per hour, and a commendable and striking 
characteristic is the general freedom from draughts. To 
warm this enormous weight of air a Cornish boiler is 
employed, generating steam at low pressure, and feeding 
a series of heating batteries distributed at the bases of the 
rising flues to each room, and which were noticed in the 
main air duct. Condensation is all returned to the boiler, 
but the level of the ground prevents this~being done by 
gravity, and consequently an automatic pump and receiver 
is in circuit with the heating mains. The a poo | 
batteries ‘are each fitted with a local valve, so that; if n/ 
be, any of them can be shut out of supply without in any 
way affecting the other portions. All the batteries con- 
sist of gill-pipes, and the bolt flanges are all faced, and 
the joints made of asbestos rings. It was noticed that 
the batteries were complete with dampers or sliding 
shutters, the object being to give full control over the 
temperature. By raising or lowering the shutters, the air 
flowing up the flues may be warmed to the maximum 
degree ; or all cold air may be sent forward, half warm and 
half cold, or any intermediate mixture of each, but with- 
out in the slightest curtailing the actual volume of air. 
The control of the temperature rests with the caretaker, 
and he may ‘orm what is required of him without 
leaving the ment. In distributing the heating 
batteries at each vertical flue the concentrated form of 
heater is avoided, and there is no necessity to heat the air 
to a high temperature, as is requisite in order to make 


ed | good losses in transmission where a large heating battery 


1s placed at the intake. As a result, the air in these 
schools retains its freshness and invigorating qualities. 
Actual tests of the air in the school-rooms by the medical 
officer to the Board showed an average of only six parts 
CO, in 10,000 volumes. The average change of air is 
about eleven times per hour. Messrs. Stott and Co. fitted 





the installation. 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam coal trade has been dull, recent 
business having been of a somewhat m character, 
and almost entirely for early shipment. The best large 
steam coal has made 15s. 9d. to16s. per ton, while secondary 

ualities have ranged from 14s. 3d. to 15s. 3d. per ton. 

mall coal has also been depressed. The demand for 
household coal has been moderate ; the best ordinary 

ualities have made 13s. to 14s. per ton, while secondary 

aay ee have ranged from 10s. 6d. to 13s. per ton ; 
No. 3 Rhondda large made lbs. 3d. to 15s. 6d. per 
ton. bacon coke has brought 18s. to 193. per ton ; 
and furnace ditto 16s. to 17s. per ton. regards iron 
ore, Rubio and Almeria have made 14s. to 14s. 3d. per 
ton, and Tafna, 15s. per ton, charges including freight to 
Cardiff or Newport. 

Barry Railway Extension.—The directors of the Barry 
Railway Company, accompanied by the general yaonees 
(Mr. R. Evans), the resident engineer (Mr. W. Waddell), 
and other officials, p ed to the Aber and Rhymney 
Valleys on Friday, and made a visit of inspection to the 
extension from Penrhos Junction to the Brecon and 
Merthyr system. The works have reached an advanced 
stage. They include two large viaducts—one near Llan- 
bradach, yards in length and 1265 ft. in height, with 
eleven spans, 162 ft. each; and the other at Penyrheol 
Bridge, 380 yards in —_ and 60 ft. in height, with four 
spans of 100 ft. each and seven of 58 ft. each. There is 


a third bridge at Penrhos over the Pontypridd and 
Caerphill ilway and. the at | to 
Walnut Tree, having three spans of 72 ft. each and one 


of 82 ft. The extension is expected to be completed by 


the end of this year. 

The Usk.—The Newport Harbour Board has to 
a recommendation of the dredging committee to improve 
the Usk by the erection of works and wharves on the 
east side, near the southern jetty of Union Dry Dock and 
terminating near Julian’s | Mr. Watson said that 
when the board undertook its d ing operations it was 
hoped that dredging would cure an o wtion'at Powder- 
house Point, but they found that they had made an error. 
It had cost 6000/. to remove the gravel patch in the bed 
of the river; but it had ‘since cost a year to keep 
the Powderhouse Point clear. 


South Wales Coal and Pie, ape of coal in 
April from the six principal South Welsh ports—Cardiff, 
Newport, Swansea, Port Talbot, Neath, and Llanelly— 
were :—Forei 1,669,853 tons ; coastwise, 320,732 tons 
—total, 1,990, tons. The exports of iron and steel in 
April from the six ports were 13,802 tons ; of coke, 3504 
tons; and of patent fuel, 93,476 tons. The total of 
1,990,585 tons representing the coal exports from the six 
ports in April — with 1,893, tons in April, 
1903. There was a large increase in the shipments from 
Cardiff, but those from Newport and Swansea showed a 
falling off. The aggregate exports of coal from the six 
ports in the first four months of this year were :—Cardiff, 
6,134,945 tons; Newport, 1,309,107 tons; Swan 
625,737 tons; Port Talbot, 328,248 tons; Neath, 95,153 
tons, and Llanelly, 88,444 tons; or, altogether, 8,581,634 
tons. The aggregate exports of iron and steel were :— 
Cardiff, 26,806 tons; Newport, 10,231 tons; Swansea, 
5848 tons; and Port Talbot, Neath, and Llanelly, nil ; or, 
altogether, 42,885 tons. The aggregate exports of coke 
were :—Cardiff, 16,570 tons; Newport, 6339 tons; Swan- 
sea, 7391 tons; Port Talbot, 4704 tons; and Neath and 


Llanelly, nil ; or, altogether, 35,004 tons. The te 
exports of patent fuel were :—Cardiff, 190,897 tons; New- 
port, 7421 tons; Swansea, 170,649 tons; Port Talbot, 


47,736 tons ; and Neathand Llanelly, nil ; or, altogether, 
416,703 tons. 

The Swansea Valley.—One of the principal tin-plate 
works of the district 1s expected to be cl down at the 
end of the month ; but, speaking generally, the tin-plate 
mills are in active operation. In the steel trade the pro- 
duction of finished has not been quite so large of 
late, but this is due to furnaces requiring repair. 

Llanelly.—The tin-plate works have been doing better, 
stocks having been reduced by recent heavy shipments. 
No material change has occurred inthe iron and steel 
trades, prices having been well maintained. There is 
still some slackness in the coal trade. 








Moror-Cars 1n Soutit Arrica.—The Cape Government 
Postal Department, being desirous of facilitating in ever 
possible way the despatch of mails throughout Sout 
Africa, has been watching with interest some experiments 
made with a view to the utilisation of motor-cars. Ex- 
haustive trials have been made in the Transvaal, between 
Potchefstroom and Zeerust vid Mafeking ; but, owing to 
the roughness of the roads, and the heavy loads which 
have to be carried, the experiments have proved un- 
successful. The Postmaster-General of the Transvaal has, 
in fact, arrived at the conclusion that motor-cazs are not 
adapted for the carriage of mails over the rough veldt 
tracks of South Africa. 


AMERICAN MetaL Traps AND INDusTRIES.—The Iron 
Age has for 49 years been the recognised publication of 
the American metal trades and industries, and it may 
therefore be safely assumed that the list of advertisers in 
that journal is as comprehensive a record of the firms 
engaged in these trades as anyone can wish to possess. 
All will therefore welcome the directory of manufac- 
turers, classified rding to the goods manufactured, 
which has just been issued, 


for the eighth year, 
— of the journal, whose 





dress is f 
illiams Company, Jron Age offices, New York. While 





a copy is sent free to each subscriber to the Iron Age, 
others can have a copy for 25 cents (1s.). 
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RAILWAY ECONOMICS. 

Tue Board of Trade have this week issued a 
preliminary statement giving the results of the 
work of the railways of the United Kingdom dur- 
ing the past year, instead of waiting till all the 
figures are analysed, which, as a rule, occupies the 
staff until August or September. This departure 
is to be commended, for while the absence of details 
precludes now any close examination of results of the 
year’s work, the statement gives an early indication 
of the general result, and enables a broad view to 
be taken of railway economics. It is very satisfac- 
tory to know that the volume of business under- 
taken by the railways shows a considerable increase 
for the year, the tonnage of goods carried being 
7,200,000 tons greater (equal to 1.65 per cent.), and 
yielding 442,000/. more in receipts (equal to an in- 
crease of about 8 per cent.). It may be assumed from 
these figures that the average haul was considerably 
greater ; but, as usual, we have to content our- 
selves with more meagre data than is afforded by 
America and several other countries, regarding the 
operation of their railways, and the influence on 
the general economic condition of the country. 
The figures indicate further a very determined 
rt of the railway companies to 
reduce expenditure; and thus, while the traffic 
receipts show an increase of 1.4 million sterling 


1/(equal to 1} per cent.), the train-mileage has 
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mses seem to grow, and the proportion of 
expenditure to gross receipts does not show any 
tendency to decrease from the high proportion 


25| of 62 per cent. last year, although there is some 
26|improvement on the year of excess—1901—when 
7 | the proportion was 63.5 per cent. Along with this 
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as large as it was a year ago, although slightly 
better than in 1901. fe: 





The results of the twelve months thus briefly 


reviewed are awe: Sion yee to those in recent 

ears. In the first p we have a development 
in traffic disproportionate co the length of railway 
— Twenty years ago the capital was about 
785 miltions sterling, and was equal to about 
42,0001. per mile of track open; ten years ago 
the capital paid up had advanced to 971 millions, 
equal to 47,0001.’ per mile of railway open ; and 
to-day it is put at 1,244,833,0001., which is equal to 
55,6001. per mile, It may be urged that part of 
this increased cost.per mile is due to the process of 
watering stock, but if we take from the capital ex- 
penditure to-day the amount which represents the 
nominal addition to capital, we have still a sum 
actually subscribed representing 47,0001. per mile 
of railway open, about the same as was the case 
ten years ago. In the interval, however, there 
have been constructed large numbers of light 
railways or surface branch lines at a cost of from 
5000/. to 15,000/. per mile. At the same time there 
has been in progress during the ‘past ten years very 
extensive work in the quadrupling of lines on the 
trunk railways, and this multiplication of rails on the 
great locomotive thoroughfares finds no recognition 
in the Board of Trade returns, which records 
a double, a quadruple, or a sextuple line as 
one mile of track. It would certainly be interesting 


-| if the returns could indicate the total mileage not 


only of single and double lines, but also of such 
multiple lines, for there can be no doubt that much 
of the increase in capital cost in recent years is 
due to such duplication. There has also been in 
progress a very large amount of reconstruction 
work at terminal stations, not only in the Metro- 
polis, but in the large populous cities in the pro- 
vinces. In London alone we have recently had very 
extensive work in progress at Euston, St. Pancras, 
Waterloo, Victoria, and Liverpool-street; and 
in the provinces, Glasgow, Birmingham, and other 
centres are cases in point. This duplication of 
track and extension of station accommodation are 
most expensive items in railway construction, 
because they involve the acquisition of property of 
the highest value, and yet it is not always easy to 
realise that this expenditure is fully remunerative. 
The need for punctuality, peli in suburban 
traffic, however, is of the first importance, and in 
view particularly of the competition with electric 
tramways, this demand must be met. But, even 
apart from this, there is the development in railway 
traffic to farther suburbs, which the railway com- 
panies do well to cultivate, even although they may 
question the expediency of catering for short-dis- 
tance traffic. The regs | of people of the middle 
class is undoubtedly to seek their residences farther 
afield, owing to the spoliation in progress in near 
suburbs—--encouraged by cheap tramway fares—and 
consequently the railway companies must anticipate 
a development in traffic from large districts, 15 to 
30 miles distant from business centres. But that 
all these developments in works have not proved 
altogether remunerative is evidenced by the steady 
decline in the divisible profit. Twenty years ago, 
as we have already said, the net receipts bore a pro- 
portion to the total paid-up capital of 4.29 per cent. ; 
ten years ago this had decreased to 3.6 per cent.; 
for the past year it stands at 3.4 per cent. 
Exclusive of season-ticket holders, the number of 
passengers who travelled during the past year was 
1,194,833,000, or75 per cent. more than twenty years 
ago, and 37 per cent. more than ten years ago. 
But the receipts from passenger traffic during the 
past year—47,952,000/.—are only 62.5 per cent. 
more than twenty years ago, and 34 per cent. more 
than ten years ago. It is, therefore, obvious that 
the receipts have not grown in the same ratio 
as the number of passengers, and that either 
fares have been less (which is probable, especi- 
ally in connection with seasii-lies passengers), 
or there have been a larger number of short- 
distance passengers, which also is a reasonable 
explanation. The receipts from goods traffic have 
not increased at the same ratio as the. passenger 
drawings, the addition in twenty years only equal- 
ling 42.5 per cent., and in ten years 35 per cent. 
It isa striking fact, which is not without its sugges- 
tiveness so far as the manufacturing interests are 
concerned, that whereas twenty years ago 54} per 
cent. of the total receipts were obtained from goods, 
the proportion now is 50 per cent. There has been 
a slight increase in the proportion of passenger 
payments to the total ; but the important develop- 
ment has been in the steamboat traffic, the rail- 
now collecting four millions from this source, 
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be nearly four millions more from miscellaneous 
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sources, together 7 per cent. of the total, as com- 
pared with 4 per cent. twenty years ago, and 4.7 
per cent. ten years ago. 

The advance in working expenses is one of the 
serious problems of the railway economist. Twenty 
years ago 47/. out of every 1001. collected was 
available for payment of dividend on capital or for 
reserve ; to-day 38 per cent. is all that can be 
depended on, and even then it is obtained only by 
the most careful administration. The demand for 
higher speeds necessitates a greater coal consump- 
tion. Twenty years ago there were very few trains 
with a scheduled time exceeding 50 miles per 
hour; now the connection between nearly all 
the main towns is by trains exceeding this speed ; 
and this item alone not only involves a greater 
capital outlay in rolling-stock, but higher cost in 
upkeep, in fuel, and in repairs. The perma- 
nent way costs more in maintenance charges. 
The question of rates and taxes continues one 
of serious import. The only direction in which 
any economy can be effectively made, apart from 
vigilance in the saving of small detail charges, 
has reference to the hauling power of locomotives, 
and particularly the weight of mineral trains. A 
great improvement has been effected in recent 
years in this respect, as is shown by the fact that 
the engine and train mileages have not increased 
in the same proportion as the duty done and the 
amount earned. Thus ten years ago the average 
receipts per train-mile were 4s. 9}d. ; for the past 
year they have mounted up to 5s. 2d. This is 
partly the result of the introduction of high- 
capacity wagons. At one time there was every 
prospect of a very considerable extension of this 
wractice, which had proved most successful in the 
States, but difficulties were created at the confer- 
ences at the Clearing House, owing to the fact 
that railway bridges on some of the lines were 
not equal to the concentration of load involved 
by two 50-ton wagons being connected together in 
any train. So long as small trucks were interposed 
between any two 50-ton wagons there was little 
difficulty, as then the load concentrated on a short 
wheel-base did not exceed 30 to 35 tons ; but with 
two 50-ton wagons whose bogies were close together, 
the weight on a limited wheel-base was over 
50 tons. It therefore became a question of en- 
suring, on the part of train-sorters, that care would 
be taken not to have these wagons close together, 
to strengthen the bridges—a most expensive and 
protracted proceeding—or to abandon the use of 
such large wagons where there was any likelihood 
of bridges of limited carrying capacity having to be 
traversed. This latter alternative has been adopted, 
and, as a result, the great majority of the high- 
capacity wagons for use in this country are likely 
to be limited to 25 or 30 tons. Even under these 
conditions very satisfactory results must be realised, 
especially if their use can be extended to include 
the wagons owned by traders. It is not always 
realised to what an extent the mineral rolling-stock 
is owned and controlled by coal-owners, who are 
not disposed to face lightly the destruction of those 
wagons which, in the present condition of railway 
economics, must be pronounced as obsolescent. In 
view of the enormous increase in the proportion 
of paying to total load, it is to be hoped that some 
arrangement may be arrived at whereby the col- 
liery-owner will secure such an advantage in re- 
duced freight as will compensate him for the in- 
creased capital cost of reconstructing his wagons, 
and would at the same time encourage the railway- 
owner to further develop the principle of reducing 
his freight charges. 








THE TRUCK ACTS. 

A case of the greatest importance to employers 
of labour waS decided in the Court of Appeal 
recently. We refer to Williams and Others v. North 
Navigation Collieries Company (1889), Limited, in 
which an important question under the Truck Acts 
came up for consideration. It appeared that the 

laintiffs, ‘‘in breach of their contracts of service 
with the defendants, absented themselves from work 
one day in September last without leave or notice, 
and they were summoned before the magistrates at 
the instance of the defendants, and each was 
ordered to pay damages amounting to 30s. in three 


fortnightly instalments. On the first instalment of 
10s. becoming due, the defendants deducted that 
amount from each of the men’s wages that happened 
by a coincidence to be due that day, and an action 
was thereupon commenced by the men seeking a 


declaration that such deductions were a violation of 
the Truck Act, and that they were entitled to the 
money thus deducted. The action having been set 
down for trial, an application was made to the 
Judge in Chambers for an interim injunction to 
restrain the defendants from making any subse- 
quent deductions from their wages as the instal- 
ments became due. The injunction having been 
granted, the masters appealed, and by consent the 
hearing of the appeal was to be treated as the trial 
of the action.” 

It was argued that the deductions were ‘‘ illegal, 
null, and void” by the provisions of Section 3 of 
the Truck Act, 1831. That section provides that 
‘*the entire amount of the wages earned by, or 
ere to, any artificer. . . in respect of any labour 

y him done. . . shall be actually paid to such 
artificer in the current coin of this realm, and not 
otherwise ; and every payment made to any such 
artificer by his employer, of or in respect of any 
such wages, by the delivering to him of goods, or 
otherwise than in the current coin aforesaid, except 
as hereinafter mentioned, shall be, and is hereby 
declared to be, illegal, null, and void.” 

After a long argument, the Court of Appeal 
decided the case in favour of the employers. Lord 
Justice Mathew said :—‘‘ I am of opinion that the 
view of the meaning of the section indicated in 
previous decisions is the correct one—viz., that the 
statute does not apply to cases of non-payment. 
The workman who does not receive all that he has 
earned has the right to enforce payment in the 
ordinary way, and is not intended to have the right 
to prosecute his employers for breach of contract. 
Any other construction would lead to the un- 
reasonable result that the employers of the work- 
men specified in the Act would be subject to a 
serious and vexatious liability not imposed on other 
employers.” 

e confess that we have found it a little difficult 
to understand the reasoning of those who urge that 
the retention of moneys recovered by summary pro- 
cedure is a breach of the Truck Acts. Supposing 
it were so, the workman might bring an action for 
arrears of wages ; but it would certainly be com- 
petent for the employer in such proceedings to set 
off his claim against the wages alleged to be due. 
In deciding as they have done, the Court of Appeal 
has sanctioned a most convenient procedure by 
which employers can enforce their judgments against 
refractory workmen. 

It may be said that a judgment can always be 
enforced by distraint ; but inasmuch as that in- 
volves bad feeling and further cost to the debtor, 
it is not a method of procedure which employers 
care to adopt. 

Nor can we see why the Truck Acts should be 
prayed in aid of the workman in such acase. These 
statutes were placed upon the Statute-Book in order 
to prevent an iniquitous system of payment in kind. 
Mere non-payment, for whatever reason, cannot be 
construed to mean payment in kind. 

In another case of recent date, the question 
whether employers are entitled to stop a small sum 
from a workman’s wages asa premium for insur- 
ance came up for discussion. We refer to the case 
of Owen v. Hooper (67 J.P., 406), in which the 
respondent, an employer of labour, paid his work- 
people in full; but at the time of the payment 
a slip of paper was handed to each workman, on 
which was written a sum of money equal to 2s. in the 
pound on the amount of wages paid, and thereupon 
the workman handed such sum back to the em- 
ployer’s cashier. The sum was to provide for the 
= paid by the respondent to insure his own 

iability for injury caused to the workpeople under 
the Workmen’s Compensation Act, 1897, but the 
amount so paid by the workman was in excess of 
the premiums paid by the master. It was decided 
by the Divisional Court that the respondent had 
not made to any of his workpeople a payment in 
respect of wages, otherwise than in the current coin 
of the realm, contrary to Section 3 of the Truck 
Act, 1831. The grounds for this decision were 
that the workman got no possible reciprocal benefit 
from the reduction or repayment, as the applica- 
tion of the repayment by the respondent for the 
a Ke of insurance did not in any way affect the 
workman’s right to compensation in case of acci- 
dent, the liability to compensate being cast upon 
the employer by law. It did not therefore con. 
stitute a ‘‘ payment” otherwise than in current coin 





of the realm. It has long been the law that an em- 
ployer may enter into an agreement with his work- 


| man under which deductions may be made from 





woery, wages to go towards a sick and accident 
und. 

In the case of Lamb v. Great Northern Railway 
Company ( (1891) 2 Q.B.), the plaintiff, a railway 
porter, on entering the service of the defendants, 
signed an agreement, one of the conditions of which 
was that certain deductions should be made weekly 
from his pay as his contribution to a sick and 
funeral allowance fund; the fund was for the 
benefit of the defendants’ servants, and was 
managed on their behalf by the defendants. De- 
ductions were made weekly from the plaintiff's 
wages until he left the defendants’ service, when 
he brought an action to recover the amount of the 
deductions as having been made in contravention 
of the Truck Acts. During the period in respect 
of which the plaintiff sued, a larger sum had been 
paid out of the fund for medical attendance on the 
plaintiff and his wife than the total amount of his 
contributions, which he sought to recover. The 
plaintiff claimed to be entitled to recover the 
amount of deductions made from his wages from 
September 16, 1887, on which day this Act came 
into operation, down to the day of leaving the 
service. It was decided that this section did not 
apply to written contracts excepted by Section 23 
of the Act of 1831 from the operation of that Act, 
that the deductions were therefore legally made, 
and that the plaintiff was not entitled to recover. 








THE DEVELOPMENT OF THE PARSONS 
STEAM-TURBINE. 

Tue steam-turbine, although no more than twenty 
years old as a practicable machine, is now in the 
front rank of prime movers, and competes success- 
fully with the best reciprocating engines, both for 
stationary and marine purposes. For all but the 
smallest powers the only type which has proved 
its fitness by extended use is the Parsons turbine, 
and in a paper read before the Institution of 
Electrical Engineers on May 12, by the Hon. C. A. 
Parsons; Messrs. Gerald Stoney and C. P. Martin, 
the development of this type was traced from its 
earliest form. 

The wish to have some sort of prime mover which 
would run fast enough to enable it to be directly 
coupled to a high-speed dynamo directed Mr. 
Parsons’s attention to the. possibilities of the 
turbine. It was obvious at the outset that if all 
the energy of the steam was to be taken out by 
a single turbine wheel, the speed of the wheel 
would be as much too great, for the purpose 
in view, as that of the reciprocating engine was 
too small, even though a special dynamo was 
designed to run at a very high speed. It was there- 
fore decided to pass the steam through a number 
of wheels in series on a shaft, taking out a part 
of the energy at every step, and the first turbine 
was constructed on this principle in 1884, The 
steam entered at the centre of the machine and 
passed through two groups of fifteen wheels in its 
passage towards the ends; thus no end-thrust was 
transmitted to the bearings. This machine ran 
satisfactorily: for some years, and is now in the 
South Kensington Museum. It developed 10 horse- 
power at 18,000 revolutions, the armature being 
3 in. in diameter. Before this first turbo-dynamo 
was constructed a large number of experiments 
were carried out to determine the best form of 
bearing for shafts running at the high speeds that 
appeared inherent to such motors. It was found 
practicable to run shafts up to 40,000 revolutions 
per minute, provided that the bearings were not 
too rigid. The required flexibility was obtained by 
allowing the brass bush to swivel on a central ring, 
this motion being opposed by the frictional resist- 
ance of a number of washers threaded upon it. 
Bearings of this type were used exclusively for 
some years, and were fitted to turbines aggregating 
many thousands of horse-power ; but in the present 
form the bush is surrounded by a number of 
loosely-fitting concentric sleeves. Between each 
pair of sleeves a film of oil finds its way, and 
the viscosity of these films is quite sufficient 
to damp out all vibration and insure steady 
running at any speed desired. The success of 
the first turbine led to the construction of larger 
ones, in which the speed could be diminished, and 
the leakage caused by the necessary clearance 
between the fixed and moving blades made less in 
proportion to the total amount of steam used. In 
1888 several turbo-alternators of 120 horse-power 
were supplied for electric-lighting stations, and the 
total horse-power of turbines at work by that year 
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was about 4000, all the machines being of the 
parallel-flow non-condensing type. About 1890, 
however, on account of the temporary loss of con- 
trol of the patents, the radial-flow principle was 
reluctantly adopted, and the application of a con- 
denser took place two years later. One of these 
machines, driving a 100-kilowatt alternator, re- 
quired only 27 Ib. of steam per kilowatt-hour, a 
rvsult as good as could be obtained at that date 
with good reciprocating engines, and many similar 
lants, mostly of 150 kilowatts, were installed at 
Newall Cambridge, Scarborough, and other 
lighting stations. In 1894 the manufacture of the 
parallel-flow type was resumed, the steam being 
now led in at one end and the longitudinal 
thrust taken up by a modified form of thrust- 
block on the shaft. The firstlarge turbines of this 
type were some of 350 kilowatts, supplied to the 
Manchester-square station of the Metropolitan 
Electric Supply Company to replace reciprocating 
sets, which were causing a nuisance through vibra- 
tion. The Elberfeld turbines, supplied in 1900, 
were a great advance, both in size and economy, 
on any previously built. They were of 1000 kilo- 
watts each, and at full load only consumed about 
20 lb. of steam per kilowatt hour. This result was 
obtained with steam at 134 lb. boiler-pressure, 
superheated about 20 deg. Fahr., and a vacuum of 
284 in. of mercury, the turbines running at 1461 
revolutions per minute. Each turbine had two 
cylinders, high and low-pressure, the steam enter- 
ing the second after passing through the first ; but 
it was soon found that better economy could be 
obtained by having the whole turbine in one large 
cylinder. Single-cylinder turbines are now being 
constructed having an output of 5000 kilowatts. 

Taking the mean of a large number of authorita- 
tive tests, it is found that using steam of about 
140 1b. pressure with 100 deg. Fahr. superheat and a 
27 in. vacuum, the steam consumptions of various 
sizes of turbines are approximately as follow :— 
A 100-kilowatt plant takes about 25 lb. of steam 

er kilowatt-hour at full load, a 200-kilowatt takes 

2 Ib., a 500-kilowatt 20 lb., a 1000-kilowatt 19 Ib., 
a 1500-kilowatt 18 lb., and a 3000-kilowatt 16 lb. 
Without superheat these figures are increased about 
10 per cent., and every 10 deg. superheat up to 
150 deg. Fahr. affects the consumption by about 
1 per cent. 

All tests emphasise the great importance of a 
good vacuum, for the expansion can be continued 
right down to the condenser pressure, which is 

ractically impossible in a reciprocating engine. 

hus the turbine benefits more from a good vacuum 
in the condenser than a recipracating engine, every 
lin. of vacuum between 23 in. and 28 in. affecting 
the consumption about 3 per cent. ina 100-kilowatt 
set, 4 per cent. in a 500-kilowatt, and 5 per cent. 
in a 1500-kilowatt set, the effect being more at 
high vacua than at low. To procure the high 
vacuum desired, every source of air leakage must 
be stopped and the condenser carefully designed 
and supplied with ample cooling water. From 
10 lb. to 12 1b. of steam per hour can be condensed 
per square foot of tube surface and a vaccum of 
27} in. to 28 in. maintained under these conditions. 
Instead of the usual allowance of condensing water, 
equal to thirty times the steam used at full load, 
an allowance of fifty times the steam is desirable, 
for the extra water will increase the vacuum } in. 
or lin., and the resulting economy will far outweigh 
the cost of handling the greater amount of water. 

A new device, called a ‘‘ vacuum augmenter,” has 
been recently introduced for the purpose of re- 
ducing the condenser pressure to the lowest pos- 
sible point. A pipe is led from the underside of 
the main condenser to an auxiliary condenser, and 
in a contracted portion of this pipe is placed a small 
steam jet which draws out the residual condenser 
vapour on the principle of an injector. The auxi- 
liary condenser has about one-twentieth the cooling 
surface of the larger one, and both are served by the 
Same air-pump. The steam jet only requires about 
1} per per cent. of the full-load steam consumption ; 
but including this, the totalconsumption per kilowatt 
hour is reduced by 12 per cent., the vacuum being 
increased nearly 14 in. 





THE TECHNICAL FEATURES OF 
MUNICIPAL TELEPHONE SYSTEMS. 
mm... Glasgow local section of the Institution of 

ectrical Engineers has spent two evenings in dis- 
cussing the technical features of the municipal tele- 


Portsmouth, the discussion having been started by 
a paper by Mr. A. R. Bennett, entitled ‘* Corpora- 
tion Telephones.” There has been much discus- 
sion of the financial results of municipal tele- 
phony, owing to the wide variation between the 
estimates for the Glasgow system and the actual 
results in practice, but so far the technical work 
done on these systems, while known to be very 
different from that which is to be found in towns 
fitted with modern appliances, has escaped detailed 
criticism. In fact, hitherto little description of 
the construction of municipal telephone exchanges 
has been published except in an occasional article 
in one or other of the electrical journals, by a 
writer evidently unfamiliar with the subject. Mr. 
Bennett’s paper describes the equipment of the 
various municipal exchanges in suflicient detail to 
permit telephone experts to judge the merits of 
the various devices adopted. The opinion of the 
experts who took part in the discussion—-Messrs. 
Webb, Kingsbury, and Gill—is uniformly adverse 
to the claim of the municipal systems to represent 
modern telephonic methods. 

Some of our readers will remember that in 
letters to ENGINEERING, published in September and 
October last, Mr. Bennett, and Mr. Stevenson, the 
chairman of the Glasgow Telephone Committee, 
claimed that the Glasgow system was efficient and 
up-to-date, gave a good service, and was in no way 
to be compared unfavourably with the London 
system of the Post Office, a comparison which we 
had ventured to make. Indeed, it was claimed 
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by Mr. Bennett that, in considering any change 
in the Glasgow Corporation system, the Postmaster- 
General would have to reckon with public opinion 
in Glasgow, so pleased was that public with the 
Corporation service. Yet it now appears, from Mr. 
Bennett’s paper, that a process of transformation 
has been going on in the Glasgow system for some 
time, with the object of modifying the defects of 
the call-wire method, and that it is proposed to 
abandon the call-wire method of working altogether. 
These admissions hardly agree with the emphatic 
protestations of high efficiency made only six months 
ago. As pointed out in the present discussion, the 
call-wire system should never have been adopted in 
Glasgow ; its defects were well known to telephone 
engineers of experience long before 1900. The 
Glasgow Telephone Committee have insisted on 
discovering these defects by their own experience, 
and now have to face the inconvenience and ex- 
pense of changing to improved methods, which were 
available in the first place. 

The chief features of the municipal telephone 
systems are that subscribers are obliged to ring 
each other, instead of the ringing being done by 
the exchange, that operators are not able to 
listen on the circuits (and therefore cannot be 
got on the circuit when their assistance is re- 
quired), and that relays are not used to govern 
the signals. Throwing the work of. ringing 
on the subscribers is held to lighten the work 
of the operators, though there is not much 
in that, as in modern switchboards the ring- 
ing is done automatically, a moment’s pressure 





phone systems of Glasgow, Brighton, Swansea, and 





of the operator’s finger on the button setting the 





machine ringing-key in action. To the busy sub- 
scriber the work of ringing on every call is very 
irksome, and numerous difficulties occur. through 
subscribers getting so much in the habit of ringing 
that they riog on all occasions, even in answer to 
a ring, and so cause much waste of time. In 
modern telephone working the signals are con- 
trolled by the movements of the switch-hook on the 
subscriber’s telephone set, and no generators are 
fitted to the instruments. The ring-through system, 
which was claimed as an invention of the author's 
in 1891, was shown by Mr. Kingsbury to have 
been in use years previously in America, though it 
has long ago gone out of use there. 

In order to obviate the use of a relay-for discon- 
necting the line signal Mr. Bennett reverts to a 
series jack, in which the contacts open when the 
plug is inserted, so cutting off the line signal. It 
was pointed out that the series jack was abandoned 
for large switchboards ten years ago, and had 
various defects, among them being the important 
one that any failure of the contacts would render 
the line signal inoperative. The cost of the extra 
springs and wiring would, in a large multiple 
valtetiaaed. exceed that of a cut-off relay, and the 
extra wire was liable to give a circuit sufficiently 
unbalanced to. cause cross-talk, This device of 
series jacks and extra wire for the line signal is the 
principal feature of the Brighton, Portsmouth, and 
Swansea switchboards. 

Mr. Webb pointed out that the question of 
secrecy, on which so much: stress was laid by the 
author, was a fetish, and led to bad technical 
methods, as special devices had to be adopted to 
get the operator out of the circuit after she: had 
ascertained the number wanted. Real secrecy was 
not attained, because in a multiple board, for every 
connection up in front of her, the operator had a 
free multiple jack, by means of which she could 
listen if she wanted to. But it was wrong to look 
on the operator as an intentional eavesdropper ; in 
a well-managed exchange deliberate listening did 
not occur, and, on the other hand, the assistance 
of the operator was often needed on difficult con- 
nections and by inexpert users. It is clear that 
the correctness of this is recognised by general 
experience, as it is only on the British municipal 
systems that special devices are used to keep 
the operators out of the circuits ; elsewhere it is 
universal practice to equip the switchboards with 
speaking-keys so that the operator can be got on 
the circuit when required. 

In the Brighton municipal system there is auto- 

matic signalling, but generators and local batteries 
are provided at subscribers’ stations. The signals 
are indicators and are controlled by a passing earth 
contact on the switch-hook. It was pointed out 
that indicators are inferior in several respects to 
lamps, which have long been standard practice for 
telephone switchboard signals, and that the control 
of the indicators by a fleeting earth would lead to 
false signals. Moreover, a detailed analysis showed 
that the signals would not always have definite 
meanings, as at a certain stage in each connection 
one signal must be replaced by the operator to give 
it a chance to fall again, and in any case the falling 
of a signal would simply mean that a subscriber had 
moved his switch-hook, which he might do for a 
variety of reasons, or for none at all. In the relay 
system, a lamp definitely alight, or definitely out, 
represents a definite condition of the subscriber’s 
telephone ; a drop, which simply falls and must be 
replaced by exterior means, can have no such de- 
finite meaning. 
Reference was made in the paper to the criticisms 
which have been made of the Glasgow system from 
the point of view of cost. The author held that the 
spare duct put down involved so much unremunera- 
tive capital that criticisms comparing real with 
estimated cost were mythical. As some of these 
criticisms appeared in this journal, we reproduce 
with some interest the diagram contributed to the 
discussion by Mr. Webb, on which are plotted the 
various figures at which Mr. Bennett has estimated 
the capital cost per subscriber's line for a Glasgow 
municipal. exchange, and the actual results at the 
present time. The descending broken line repre- 
sents the ratio of gross income to capital cost. It 
is seen that the capital cost per line, put in the 
earliest estimates at 171., octeilie works out at 341. 
odd ; and the ratio of gross income to capital, esti- 
mated at first at 34 per cent., is actually only 
16 per cent. 





. Gill, in summing up his contribution to the 
discussion, pointed out that the relay system, 
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which had been disparaged in the paper, was being 
adopted everywhere by the telephone engineers 
having the widest experience, by the Post Office 
and the National Company in England, by com- 
panies and Government administrations in most 
Continental countries, and universally in America. 
The relative position of municipal telephony to the 
general state of the art could be judged even by 
those who were not telephone experts. There was 
a general law holding that the rate of progress of an 
art, or an organism, was proportionate to its inefli- 
ciency. There were many examples of this. The 
dynamo, for instance, in its early days, had an effi- 
ciency of 30 to 40 per cent. Improvement had been 
rapid, and now they had dynamos of 95 per cent. 
efticiency—nearly the limit attainable. In review- 
ing the technical working of municipal telephony, 
they saw differences in methods in each town, and 
differences even in the same town—Glasgow. In 
ee practice, on the other hand, where the 

est experience was availed of, they saw relay plant 
built five years ago which was standard to-day and 
quite up-to-date. The conclusion that must be 
come to is that the municipal telephonists are 
merely in the experimental stage, and that the 
corporations must eventually remodel their tele- 
phone plants on modern lines, and face a great 
wastage in doing so. 








TRAMWAYS AND COMPULSORY 
PURCHASE, 

A casE which nearly affects every tramway com- 
pany in the country has just been decided in the 
King’s Bench Division by Mr. Justice Channell. 
We refer to the case of ‘‘In the matter of an 
arbitration under Section 43 of the Tramways Act, 
1870—Manchester Carriage and Tramway Company, 
Limited, and Swinton and Pendlebury Urban 
District Council.” It was there decided, in effect, 
that if a district council, or other local authority, 
elect to exercise their right of purchasing compul- 
sorily a tramway undertaking in their district, 
they cannot be compelled to take over dépéts, &c., 
outside the district, although such dépéts may 
form a very important part of the undertaking. 
It appears that in the case under review, the 
Council having elected to purchase, it was referred 
to the late Sir Frederick Bramwell, sitting as arbi- 
trator, to say what price should be paid. Sec- 
tion 43 of the Tramways Act, 1870, provides (inter 
alia) as follows:—‘*t Where the promoters of a 
tramway in a district are not the local authority, 
the local authority . . . may (within certain 
specified times) . . . by notice in writing require 
such promoters to sell, and thereupon such pro- 
moters shall sell to them their undertaking, or so 
much of the same as is within such district, upon 
terms of paying the then value . . . of the tramway, 
and all lands, buildings, works, materials, and 
plant of the promoters suitable to and used by 
them for the purposes of their undertaking within 
such district.” 

The question was whether the words ‘ within 
such district” qualifled the word ‘ undertaking,” 
so that a dépét situated outside the Council's dis- 
trict, but suitable to and used for the purposes of 
such part of the undertaking as was within such 
district, was to be taken and paid for by the 
Council. It was contended on the part of the 
Council that the words ‘within the district” 
qualified the words ‘‘lands, buildings, works, 
materials, and plant,” and that, therefore, the 
dépét, being outside the district, could not be 
made the subject of compulsory purchase. Sir 
Frederick Bramwell took this view, and Mr. 
Justice Channell, feeling compelled to regard it as 
a decision upon a question of fact, atlirmed the 
award It is clear, however, that his lordship did 
not think that the correct legal interpretation had 
been put upon the section. He said :—‘‘ Assum- 
ing that the dépé6t was ‘then’ suitable to and used 
by them for the purposes of their undertaking, 
I think the Council are bound to purchase and 
pay for it. The words in the section ‘within 
the district’ apply to the ‘undertaking,’ and 
not to ‘lands, buildings, works, materials, and 
plant,’ because some things, such as horses, are 
moveable, and are sometimes within and sometimes 
without the district.” Had the arbitrator been 
alive, his lordship said that he would have sent the 
case back to him. In our view it is clear that, 


however ambiguous the 43rd Section of the Act of 
1870 may be, the intention of the Legislature was 





that a purchasing local authority should acquire all 
the snharakiong of the tramway company. 

In the case under notice the local authority were 
taking over a horse tramway which it is presumed 
they were anxious to work by electricity. _Itis pro- 
bable, therefore, that much of the plant, and both 
the dépéts, were entirely useless. This fact, how- 
ever, does not excuse them from liability to reim- 
burse the company for every reasonable outlay 
which may have ‘been made on capital account in 
“ promotion and working of their tramway under- 
taking. 
Although electric trams have ousted those drawn 
by horses, the question under notice is not merely 
academical at the present time. Every decision as 
to the meaning of Section 43 of the Tramways Act, 
1870, is of great importance to electrical tramway 
companies, whose property may hereafter be taken 
from them by pl ce mite purchase. It is often 
more convenient and more economical to build the 
necessary generating station at a considerable dis- 
tance from the tramway track ; and if the decision 
in the case under review is allowed to stand, it may 
be that the purchasing authority: will have the 
right to refuse to buy the generating station. 
Having regard, however, to the language used by 
Mr. Justice Channell in his judgment, we do not 
anticipate that the decision in this case will ever be 
treated as a binding authority upon the construc- 
tion of Section 43. 








RECENT FIRES ON THE AMERICAN 
CONTINENT. 

Tue American Continent appears to be having a 
considerable visitation of fires, involving both loss 
of life, much valuable property, and also the general 
disorganisation of business in several localities. 
This sequence commenced with the terrible calamity 
at reg emt Theatre of Chicago, and was closely 
followed by the great conflagration at Baltimore, 
There was then a further great fire at Rochester, 
U.S.A., and now we hear again of another con- 
flagration at Toronto, so that a part of our own 
empire is affected. 

his sequence would almost make us suspect 
that the much-belauded fire-preventive safeguards, 
and all too frequently advertised fire service, of 
the American Continent cannot be quite up to 
the popular reputation they enjoy in Europe. 
We are afraid that, regardless of the general self- 
satisfaction of the American Press in fire matters, 
or more particularly in respect to special details 
regarding fire-preventive and fire brigade equip- 
ment, both the general planning and construction 
of buildings and the general organisation of the fire 
service leave much to be desired from the fire point 
of view, and that it is only in the exceptional cases 
of certain buildings erected during the last few 
years that we may expect to find those forms of 
fire-resisting construction and good planning of 
which we hear so much on paper; in the same 
way it is only in exceptional instances in brigades 
free from party politics, and in charge of men of 
some education, that true efficiency, as distinct 
from mere theatrical display, is to be found. 

The fire hazard, thus, of the towns of the Ameri- 
can Continent is very great, and compares unfavour- 
ably with the fire hazard of cities such as London, 
which have been subject to a fairly well-adminis- 
tered Building Act for a considerable period, and 
have had a fire brigade which, during the first 
twenty-five years of its constitution, was a model 
to the world, and now again promises ‘to rapidly 
regain its old position. 

he London building regulations, if, perhaps, 
not containing as much as we would desire, and at 
present being much behind American regulations in 
several respects, have the very great advantage of 
long standing and honest administration. We may 
generally assume that our buildings comply with 
the regulations, such as they have been, or are, 
which is, of course, not the case on the other side 
of the Atlantic, even, we regret to say, in British 
territory. 

Again, the London brigade has, no doubt, fail- 
ings, which we had occasion to point out some years 
back, and which it will take time to remedy ; but 
the great principles which were laid down for its 
constitution were the outcome of a master-worker’s 
mind, whose ition was an assured one, and 
whose work was built up gradually and honestly ; 
whilst in America the ignorant showman—at times 
a mere party nominee—holds office for a limited 
tenure, and anything but sound work is the result. 





We have on this side of the Atlantic the great 
advantage, both for our buildings and for our fire 
service, of historical development—even if some- 
times all too sluggish. We have, also, the advan- 
tage of an honest officialdom. The very fact of the 
Chicago and Baltimore ordinances being fairly up 
to date has turned out to be a disgrace for both 
cities, for the two fires of December 20 and 
February 8 have crudely brought to light the 
terrible maladministration and inefficiency of those 
cities. Out-of-date laws properly administered 
would have probably cost less ives and property 
than the actual state of affairs as they existed. 

The terrible sequence of fires on the American 
Continent has curiously come at a time when the 
technical circles of the Metropolis are disposed to 
be somewhat more critical than usual on matters 
appertaining to fire, for it is not so many months 
ago—at the time of the recent Fire-Prevention 
Congress in London—that the American represen- 
tatives, including men holding high office in the 
fire-insurance world of the United States, were so 
unwise as to disparage the work of the Old World 
in these matters; whilst some of these delegates 
even went so far as to put views on paper which, 
whilst speaking well for American patriotism, did 
not, in the light of these recent fires, give expression 
to the facts of their case. It is thus not to be 
wondered that these fires are being looked upon in 
certain circles as most unfortunate object-lessons 
of the generally much-inflated American view of 
their ‘‘ great ” standing in matters of fire-protection; 
for there is, of course, much in these object-lessons 
which tends to show again that American opinions 
and writings may often be taken with a ‘grain 
of salt.” But at the same time we would warn 
those who go to the extreme of some of our 
contemporaries, and now hold that the whole 
aspect of American fire - prevention has been 
changed by these conflagrations, and, in other 
words, go so far as to condemn American fire- 
prevention as beinga myth. Far from it. For in 
reality all these fires have demonstrated in a useful 
way that where the American has applied the 
principles of fire-resisting construction, as originally 
conceived and advocated in Great Britain, a great 
measure of safety is obtainable. Where good 
planning and sound constructional principles are 
applied, buildings, even of the skyscraper type, 
will stand the worst of fires with only a compara- 
tively small percentage of damage. 

But taking the broadest view possible, we con- 
sider that the recent American fires have very 
forcibly shown us that the somewhat old-fashioned 
ideas of the Old Country in respect to building 
regulations—even if not up to date—accord us a 
better general average and general standard of 
fire-prevention than exists in the United States, 
where modern ideas are only individually applied 
as an exception, and where the general average of 
structures is lamentably bad. The individual hazard 
of modern buildings in the Metropolis, merely in- 
tended to comply with the Act, is no doubt greater 
than that of a modern building in the States com- 
plying with the latest ordinances—owing mainly to 
up-to-date application of fire-resisting construction 
in the latter. But, on the other hand, the con- 
flagration hazard of a city in the United States is 
far greater than in the commercial centres of these 
islands. The average fire resistance of a general 
block, group, or district of buildings in the United 
States is lamentably bad compared with like risks 
in Great Britain. ‘ 

Likewise with the American fire service, there 
are individual cases of high efficiency, individual 
companies of almost marvellous merit; but the 
general average is very low; and, comparing any 500 
fire brigades in the States with any 500 in Great 
Britain, for good work with small forces economic- 
ally and practically done, we would give our brigades 
the first places, even if many of them still use screw 
couplings, and only have engines of small power. 

Although conversant with the American schedules, 
we do not think that the British companies have yet 
gauged how serious the conflagration hazard in 
American cities is, and how much greater it will 

et become, owing to the disregard of modern regu- 
ations, except in those individual cases where up- 
to-date construction is applied by individual owners 
for their own specific purposes and at their own 
pleasure. They have not yet comprehended that 
fire-engine power alone is valueless without sound 
fire service organisation, with due re to the 
building problems to be faced, and an honest non- 
political command. 
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We are, of course, aware that our British insur- 
ance companies most carefully distribute their risks 
in individual blocks of buildings, and further cover 
their hazards by a most careful and extensive system 
of re-insurance. For all that, losses such as those 
incurred at Baltimore and Toronto are unpleasant 
items in the balance-sheet of any company, however 
rich and however prosperous. And no matter what 
the advertisement value may be of the prompt pay- 
ment accorded by British companies on such great 
occasions, such loss items are inconvenient, and if too 
frequently repeated disarrange financial calculations. 
Such losses, further, must point to the very un- 
pleasant additional or special hazard to be ex- 
pected from trade disturbance, strikes, or political 
upheaval, some unusual feature in the weather, or 
other untoward occurrence affecting some large area 
of the American Continent, for the combined losses 
in different localities would then be likely to become 
more than mere inconveniences, and even to affect 
the insurance shareholders very materially. Similar 
circumstances could not possibly have the same 
effect in Great. Britain, owing sto the lesser con- 
flagration hazard in the United Kingdom. 

We thus look upon this sequence of conflagrations 
on the American Continent more seriously than we 
should if we thought them merely a sad coinci- 
dence. We would remind our readers that the 
annual ash-heap of the United States alone varies 
from thirty to forty million sterling ; and we sin- 
cerely trust that the general lessons of these fires 
to our American cousins will be that it is not in the 
individual excellence of specific, but rare, instances 
of building construction, or the individual efficiency 
of an exceptional fire brigade, by which the fire pro- 
tective arrangements of a country have to be judged, 
but by the general average character of its build- 
ing, planning, and construction, and its fire-service 
establishments. 

What the public authorities and insurance com- 
panies on the American Continent should try to 
do now that they have had some serious lessons, 
and, no doubt, have public opinion with them, is 
to heighten the general average of fire protection, 
and to reduce the conflagration hazard. A few 
years of concentrated effort in this direction, com- 
bined with the popularisation of the subject among 
the technical professions of the American Continent, 
would, we hold, now be of the utmost value to the 
inhabitants of the Western Hemisphere, and do a 
great deal more for reducing loss of life and pro- 
perty than the spasmodic efforts to attain perfection 
in isolated instances. 

Turning to the actual fire that is occasioning 
this article—namely, the fire at Toronto of April 20 
—the complete technical details are not yet to hand ; 
but we have sufficient particulars, thanks to the 
information issued to inquirers by the British Fire- 
Prevention Committee on the day of this fire, to 
know that the first accounts which were trans- 
mitted to this country and appeared in the daily 

ress, whilst no doubt very readable, erred 

y misunderstanding and exaggeration. One 
sensationalism issued was that an area of 50 acres 
had been destroyed. 

It is true that the Toronto fire area was a very 
considerable one, in fact it measures over 20 acres ; 
but the early reports referred to a space more than 
double this, and left out of account that a con- 
siderable portion of the area was not built over. 
Another mis-statement was that the area con- 
tained a number of ‘fireproof ” buildings, which 
had all collapsed. In reality the area did not 
contain a single building that could be termed fire- 
resisting in the modern sense of that word, much 
less have the misnomer “ fireproof ” applied to it. 
The majority of the buildings were of the Wood- 
street Manchester goods-warehouse type, of most 
ordinary construction, with the additional defect 
of faulty party division. They further had 
the peculiarity of lying in such a way that these 
party divisions ran due north tosouth, so that the 
fire entering in the front, swept directly to the back 
and vice versd; and as the wind was from the north 
and blew a gale, a clean sweep was made through 
the blocks involved. 

There was no fire-stop other than by means of 
some strong y walls on the eastern side of the 
area by which the mass of fire was somewhat de- 
flected. The fire simply expended itself when it 

nothing more to burn on the lee side of the 
actual building where the conflagration arose. 

Toronto is only to be congratulated that instead 
of having a northerly wind, the eventful day was 
not subject to a south wind, as in that case 


there would have been a far larger number of 
buildings intervening until the natural fire-stop 
was arrived at, and practically the most important 
part of the city seen have been easily swept away. 
A remarkable feature of this fire was the manner 
in which it jum broad thoroughfares, varying 
foams 66 ft. to 78 ft. in width, as if they were mere 
eys. 

The disadvantage of not having vertical protec- 
tion to the window openings of buildings in ware- 
house districts was demonstrated even more forcibly 
than at Baltimore, as with such protection and the 
broad thoroughfares we have mentioned, the fire 
might certainly have been localised to a materially 
smaller area. This whole question of the ver- 
tical fire hazard has all too long been neglected, 
both in our country and on the American Conti- 
nent, and the sooner the owners of property in 
manufacturing districts recognise the advantage 
of shutters, fire-blinds, and fire-resisting glass, 
the less will be the risk of their property in a fire 
from the outside, and the less will be the conflagra- 
tion hazard. 

Regarding the character of the buildings and 
their contents, we would mention that most of 
the buildings were in the occupation of printers, 
stationers, warehousemen, and manufacturers. 
The open areas between individual buildings were 
larger than we should anticipate in a similar district 
in the Metropolis, The roads were wide, as we 
have said before, but the result, attributable in the 
main to bad building, was simply disastrous. 

We would take this opportunity, as speaking in 
the interests of the large engineering and manufac- 
turing community, to call the serious attention of 
the insurance companies—both in their own inte- 
rests and in the interests of the community—to the 
advantage of according protective and preventive 
measures against fire, a greater amount of attention 
than has been the case up to the present, and not 
to let matters remain generally on the basis that a 
given risk commands a given rate. 

We belong to those who hold that high rates on 
hazardous property do not pay, and only have a 
limited advertising value, and we would specially 
quote Canadian business as an example. We 
believe that average low rates for average property 
lead to the greatest turnover and the greatest 
profit. It is in the power of the great insurance 
companies to influence the average reduction of 
hazard, and to offer inducement to property-owners 
to plan their buildings carefully and construct them 
well, and to accord them a standard of fire-resist- 
ance that shall have its commercial quid pro quo in 
insurance rebate. It is further in their power to 
penalise owners for gross callousness. 

We are fully aware of what our insurance com- 
panies have done so far, but the little done is 
merely nibbling at the most important item in the 
future developments of their business. What the 
industrial and commercial section of the community 
require is that they can have their building plans 
— and know before they start that if they 
apply certain improvements, they will have certain 
insurance advantages. Estate-owners should know 
how to avoid having a block-rate thrown on to their 
tenants’ shoulders, &c. The veriest minor tenant 
should be able to know what is expected of him 
before he rents his workshop. We are fully aware 
that certain improvements, such as _ sprinklers, 
already control certain advantages, mainly, in the 
first instance, through the efforts of a non-tariff 
office ; but there are innumerable improvements 
which merit some consideration, and which will, 
if applied, reduce an insurance hazard, say, merit- 
ing, in the ordinary way, the rate of 11. to, say, 15s., 
or even 10s. 

To systematically obtain what we desire, the 
Tariff Offices’ Committee would do well to appoint 
a small working sub-committee of its more advanced 
and younger members, and to consult such of 
their own and outside surveyors, as well as 
their leading brokers conversant with the problem, 
and arrive at a workable, but not revolutionary, 
method of encouraging better average business 
building and equipment throughout the empire. 
It seems unwise to allow this policy, which must 
eventually be theirs, to be merely forced upon them 
by the methods of non-tariff offices and future 
combinations of non-tariff offices, mutual insurance 
companies, orthelike. It is so much more dignfied 


and economically sounder to give the lead, and, at 
the same time, to cut the ground under the feet 
of future non-tariff competitors or organisations. 





The insurance corporations of this country stand 





in a financial position that is envied by the whole 
of the civilised universe; but this high position 
brings with it also responsibilities, and amon 
them is that of following cautiously, systemati : 
but progressively, that advice which was so ably 
age by the Prince of Wales on his return from 

is Australian journey—namely, that embodied in 
the words, ‘‘ Wake up, England.” 

The recent American disasters have afforded cer- 
tain object-lessons for the Western Hemisphere, 
and have shown the weak points in the American 
fire risk, but they have afforded us object- 
lessons which we must take to heart, and not least 
among them is the one of the necessity for a more 
enlightened and more technical fire-insurance policy 
in Great Britain. 





NOTES. 
Satvace oF SHIPWRECKS. 

RECENT operations in connection with the raisin 
of a British submarine boat sunk by collision o 
Portsmouth have awakened public interest in this 
class of engineering work, principally because the 
salvage work in this. case was carried out by a 
foreign firm. The conclusion was somewhat 
hastily made that this. was because we, in this 
country, were deficient in sal appliances, 
This is very far from being true; and the Liver- 
pool Salvage Association very properly decided 
to bring one of their two highly-successful salvage 
steamers to the Thames to demonstrate the splendid 
equipment with which they have been enabled for 
many years to do such good work, alike for the 
Navy and the merchant marine. These vessels, 
originally gunboats, are of composite build, with 
8 in. of teak sheathing on a steel hull. With 
four water-tight pa tren to the upper, and sixteen 
to the main deck, they are stout enough to with- 
stand all rough usage against wrecks, while new 
engines drive them at 14 knots. Special interest, 
however, centres round their special equipment. 
There is a complete installation of pneumatic 
tools, by the Consolidated Pneumatic Tool Com- 
pany, supplied with air of 100 lb. pressure from 
a compressor giving 250 cubic feet per minute. 
Special flexible leads are provided, so that divers 
can operate at 12 to 14 fathoms depth, pneumatic 
riveters, drills, caulkers, cutters, or chisels, &. 
With these they can easily effect temporary 
repairs in wood or metal. To remove projecting 
ragged edges, gelatine or dynamite cartridges are 
sometimes inserted in holes closely pitched, and 
wooden cofferdams are, as a rule, secured over such 
holes. There is also a large repair shop with lathes, 
punching and shearing, and other tools, to keep the 
machinery equipment in order, and to facilitate 
work on sunken hulls, the salvage ship carrying 
stores of plates, angles, &. Great lengths of 
wire cable, with lifting capacity up to 280 tons, are 
carried, the procedure with a pf x ship being to 
locate her position exactly with buoys, and then to 
‘*sweep” cables under the hull until there are a 
sufficient number to lift the vessel. These are 
attached to barges, which, rising with the tide, 
raise the wreck, when it is towed to a shallower 
position, if not all the way to dock. Meanwhile 
pumps are brought into action. On the boiler 
casing there is mounted a 12-in. centrifugal pump 
with various suctions, while in the engine-room 
there are exceptionally powerful donkeys. Each 
ship also carries a 12-in. portable pump, boiler, &c., 
to be used in any position. The weight is 3 tons, 
manganese bronze being used for all working parts, 
so as to reduce weight and obviate corrosion. 
Pneumatic pumps are to be applied for wreck 
purposes, and a small pneumatic lifter having 
given satisfaction, one of 15-ton capone, is to be 
adopted. With portable searchlights, submarine 
electric lamps, an extensive electric-lighting plant, 
diving gear with gs pan four-mast derricks, 
each to lift 30 tons, and a crew of 60 wreck-raisers, 
each vessel can do most effective work, 


Battoon Exp.ostions. 


A peculiar balloon accident was reported from 
Paris last week. Mr. Victor Bacon had gone up 
with two friends, but the heavy rains weighed his 
balloon down so badly that he avoided a hasty 
descent in the streets of Paris with difficulty, and was 
finally pulled by the trailing ropes, which had 
kn a over several chimneys, in a narrow 
street of Vincennes. An explosion occurred the 
moment the car touched ground. The aeronauts 





escaped unhurt, but many people were hurt. As 
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the balloon is said to have brushed against the 
houses, whose occupants rushed to the windows, 
continuing to smoke, in spite of Mr. Bacon’s warn- 
ing, the explosion may, of course, have been caused 
by the smokers. But it is also possible that 
smoking is as innocent in this case as it has been 
in several others charged toit. In 1893 the balloon 
Humboldt caught fire when coming down near 
Berlin. The newspapers spoke of careless smoking, 
but it was toowell that one of the aeronauts had 
jumped out, and then brought his hand up to the 
valve string to open it fully ; the balloon hada static 
electric charge, and a circuit to earth being nearly 
established by the aeronaut, aspark passed. Boern- 
stein. and Baschin investigated the phenomenon 
with the balloon Phoenix, and came to the con- 
clusion that the varnished silk was particularly apt 
to become electrified ; they hence recommended 
that balloons should be made out of two layers 
of cotton separated by a layer of soft rubber. 
Later on, Captain von Tschudi pointed out that 
the hydrogen forced out of the balloon would also 
become statically charged; that this is so in the 
case of highly compressed hydrogen had long 
been known. In 1902 the Jupiter exploded near 
Vienna. It was'a French balloon, also made of 
varnished silk ; in the Humboldt case the aeronaut 
had been injured ; in this case Mr. Carton stifled 
the flame by pressing the balloon down on the 

ound, himself escaping unhurt. In 1903 the 

assewitz, a Berlin balloon, built of cotton to the 
new rules, was destroyed on touching ground. 
There were two explosions ; nobody had left the 
car, and the aeronaut was holding the wet 
valve cord. In commenting upon these accidents, 
Wilfried de Fonvielle suggested that the aeronauts 
should wear rubber gloves. It may be objected 
that the heavy rains would have prevented the 
accumulation of any charge in the Paris instance 
we mentioned first. But the precipitations them- 
selves may be electrified, a subject which Gerdien 
is now thoroughly investigating at Gottingen, and 
we know that it is not the humidity of the air which 
produces leakage of electric charges, but the state 
of ionisation. This was confirmed last winter by 
by Mr. John Don, at Peterhead Academy, with the 
aid of his electronscope—an ordinary electroscope 
mounted in a glass case, through which the air is 
made to circulate. With easterly winds bringing a 
decidedly damp air, the electronscope often keeps 
its charge for a long time, while it may quickly dis- 
charge itself in dry air. The investigation from 
balloons of the state of ionisation of the high 
atmosphere has, unfortunately, proved a very difti- 
cult problem. 

Mopvern Gas-ENGINEs. 

A few weeks before the delivery of the James 
Forrest lecture on internal-combustion motors, by 
Mr. Dugald Clerk, another authority in this field, 
Mr. R. Mathot, of Brussels, a member of our 
Institution of Mechanical Engineers, discoursed 
before the Association des Ingénieurs sortis de 
l’Ecole de Liége on ‘‘Modern Gas-Motors and their 
Gas Supply.” While Mr. Clerk dwelt particularly 
on the thermal problems, Mr. Mathot dealt with 
the general progress in medium and large size gas- 
engines revealed at the Diisseldorf Exhibition, and 
made since that time, and he referred, in his con- 
clusion, to notable installations, chiefly by German 
firms, which he had recently seen and tested. 
High compression, he said, used more freely 
on the Continent than in England, necessitated 
efficient cooling of all parts. That we could go too 
far in this respect he showed by reproducing the 
diagrams, taken with his Mathot recorder, on an 
English 10-horse-power engine. With perfect cool- 
ing, the motor indicated 10.65 horse-power at a 
compression of 6.25 kilogrammes, and burning 
562 litres of gas; with sedinace cooling, the data 
were 11.24 horse-power, 6.5 kilogrammes, and 
522 litres ; in the second case there were 2 per cent. 
of miss-fire, in the former none. With large size 
producer gas-engines the fuel consumption was, of 
course, a secondary point, as long as we had reliable 
working. The ‘‘timing” valve of the ignition 
tube, for which English constructors had long re- 
tained a preference, could not be cooled ; electrical 
ignition was superior. Of engines provided with 
two ignition devices he had no practical know- 
ledge. The hit-and-miss method of governing, 
of which he gave. some characteristic diagrams, 
had necessitated very heavy flywheels, which he 
had found in many trials reduced the efficiency 
by about 5 percent. Engines with variable admis- 


«sion had, especially in America, been constructed 





with several cylinders, and were comparatively 
light in their parts and inexpensive; whether 
the doubts as to their durability were justified re- 
mained to be seen. Others had adopted a special 
pump for compressing the charge before its admission 
into the cylinder, practically a Dugald Clerk cycle ; 
for large powers the double-action principle cer- 
tainly offered considerable advantages. As an 
average figure of many trials, he could state that, 
if a motor of from 25 to 100 horse-power consumed 
450 grammes (1 lb.) of anthracite per effective 
horse-power per hour, a double-action engine would 
consume 350 grammes. This figure he had, for 
instance, obtained in conjunction with Professor 
Witz in testing a 225 horse-power Otto- Deutz 
engine. But, even if we adopted the value, 
400 grammes, for the latter style of gas-engines, 
there remained a saving of 40 per cent. in fuel by 
comparison with the steam-engine. The gas fuel 
used in these cases is generator gas produced, not 
under pressure, as in the original Dowson process, 
but under aspiration by the motor itself. These 
suction generators, which require no air injectors 
or blowers, no gas-holders or coolers, have rapidly 
become popular on the Continent, as Mr. Mathot 
inted out. His final remarks concerned blast- 
urnace gas-engines, which the Société Cockerill in- 
troduced ten years ago. The 200 horse-power engine 
of Delamare-Deboutteville, installed by that com- 
ny in 1898, is still doing duty, and last year Mr. 
athot had an opportunity of testing many large 
gas-engines constructed by the Otto-Deutz Com- 
pany, the Berlin-Anhaltische Maschinenbau Actien- 
Gesellschaft, Messrs. Kérting, the Vereinigte Mas- 
chinenbau Gesellschaft Augsburg-Niirnberg, and 
others. The Horder Bergwerk, near Dortmund, 
e.g., use 2000-horse-power Otto engines and two- 
cylinder Oechelhauser engines of 600 horse-power, 
two entirely different types. Onan average, those 
large engines produce an effective horse-power-hour 
at the expenditure of 2200 calories—that is to say, 
they work with a thermal efficiency of from 28 per 
cent. to 30 per cent. at full load. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 11. 

Prices have not yet been fixed upon the three 
million tons of ore which will be wanted by quite a 
number of small consumers for the rest of the year. 
The larger requirements of the country aré pretty well 
covered. The smaller buyers have endeavoured to 
bring about a recession in prices, but as yet have not 
succeeded. For the present buyers and sellers are 
looking at each other. A great deal of business could 
be done at this time in Bessemer and basic pig billets 
and pee iron and structural material if manufacturers 
would recede from their position. The Steel Cor- 
poration will not yield to the demand for cheaper 
ore, and are holding the Bessemer iron market up, 
as it is to their interest to doso. Foundry iron pro- 
duction is about to be increased in quantity, which 
has had the effect of reducing prices 25 cents per ton, 
but to larger buyers only. There are several large 
consumers of basic iron who would place orders at 
once if their terms were accepted. Southern basic 
is being offered at 10 dols.; Northern basic at 14 dols.; 
but most steel plants are covered up to July, and for 
that reason no immediate business is probable unless 
the manufacturers would take the initiative by shad- 
ing prices. 

The bar mills throughout the country are pretty 
well employed, though only in a few cases to fullest 
ies Common bars are selling at 1.40 dols. at 
mill; sheet iron is also doing well, although not a few 
plants are running to no more than three-fourths their 
capacity. The makers of iron and steel plate are 
still complaining about backward demand, and the 
manufacturers of structural material are by no means 
as fully employed as they would like to be. 

The Amalgamated Association of Iron and Steel and 
Tin Workers are in convention this week at Cleve- 
land, Ohio, agreeing among themselves as to what 
schedules of wages to present when the annual con- 
ferences take place. 

A good many big iron and steel consuming enter- 
prises are nearing completion ; the midsummer season 
ought to be, and probably will be, very active in the 
placing of orders for heavy construction material. In 
a general way, however, the steel trade is quiet ; 
consumers, large and small, have been in an attitude 
of hostility ever since the opening of the year—at 
present prices ; but their antagonism has had no other 
effect than to restrict dealings to small rather than 
large quantities. 

great deal of new railroad building of short lines 
is now making headway ; but the big enterprises, which 
eat into immense quantities of material, are not being 
prosecuted. Most of the construction now in pro- 
gress is of short lines intended to develop freight and 


general traffic. 





Throughout Western Pennsylvania 
activity is general, but in a small way ;.merchant pipe 
is doing as well as anything else. estern, and par. 
ticularly agricultural, Se for merchant steel 
are satisfactory, and the merchant steel capacity 
is now sold farther ahead than since January |, 
Heavy orders are coming along for cast-iron pipe. 
Pipe lines are being built in various sections of 
the country, and the eastern and western factories 
are securing all the business they can comfortably 
handle. The Pencoyd. Bridge Works of this city 
are filling an order for 7000 tons for Japanese 
delivery. Both eastern and. western railroads are 
doing a good deal of small bridge work. Con. 
struction work is also calling for a good deal of mate. 
rial in the way of large office buildings and warehouse 
work. If the railroads were to buy all the material 
which their pigeon-holed requirements called for, it 
would help matters amazingly. It remains to be seen 
whether the long-drawn-out opposition of most con- 
sumers and the current quotations will end in favour 
of buyers. The strong combinations among manufac. 
turers have thus far worked in their favour. Crop 
conditions are favourable; good prices prevail for 
cereals ; export reqnirements are liberal ; and specu- 
lative movements are having very little effect upon 
prices or legitimate demand. The labour troubles of 
which we complained have been pretty well eliminated, 
and everything is now moving along smoothly in most 
lines. The banks are remarkably well supplied with 
money, and there isno difficulty in obtaining financial 
assistance for wise enterprises. This condition is in 
marked contrast with the condition prevailing a year 
ago. Anewmill is to be built for the manufacture of 
seamless pipe from the ingot by a newly. patented 
process, under which the cost of pipe is materially re- 
duced. The mill will be located near Philadelphia. 








GERMAN CoAL IN FrRANcg.—German coal appears to be 
acquiring an increasing footing upon French markets. In 
1901 the imports were 1,564,900 tons; in 1902 they in- 
creased to 1,718,200 tons; and in 1903 they further ex: 
panded to 2,065,000 tons. Last year the imports of 
German coal at Nantes were 133,000 tons; at Marseilles, 
115,240 tons ; at Rouen, 94,390 tons; at Bayonne, 60,000 
tons; and at Caen, 50,000 tons. : 





Execrric Licut at Lerps.—The revenue of the elec- 
tric lighting department of the Leeds City Council in 
1903-4 was 75,721/., as compared with 56,014/. in 1902-3. 
The working expenses incidental to a change of system 
amounted in 1903-4 to 26,183/., as compared with 19,354/. 
in 1902-3. The gross profits realised in 1903-4 were 
accordingly 49,537/., as compared with 36,659/. in 1902-3. 
Of this amount interest and sinking fund absorbed 46,1077. 
and 35,276/. respectively. The mces available for 
reduction of rates were acpendinaly 3431. in 1903-4 and 
13847. in 1902-3. The capital expended stood, on March 25, 
1904, at 752,509/., as compared with 671,412/, on March 25, 
1903. The further expenditure of capital made in 1903-4 
was 81,097/., as compared with 166,382/. in 1902-3. The 
number of units sold in 1903-4 was 6,271,186, 2s compared 
with 4,448,650 in 1902-3. The oe a per unit was 
2.90d. in 1903-4, as compared with 3.02d. in 1902-3. The 
expenses per unit, including interest and sinking fund, 
were 2.77d. in 1903-4, as compared with 2.95d. in 1902-3. 


Water Suppty or AUCKLAND (N.Z.).—A report on the 
extension of the Auckland water onpely, be been fur- 
nished to the City Council by Mr. R. L. Mestayer, C.E., 
of Wellington. Mr. Mestayer has recommended the 
adoption of what is known locally as the Waitakerei 
scheme. He is of Opinion that the Waitakerei Ranges, 
which are situated about 14 miles to the westward of 
Auckland, will afford all the water which will be required 
by the city for many years to come. The scheme will 
alec be capable of further extension when a still larger 
supply is required. It is estimated that a supply of 
4,000,000 gallons per day is needed, and that this can be ob- 
tained at an expenditure of 112,000/. An extension, which 
may be required a few years later, is provided for in & 

rmanent Nihotupu supply, the cost of which is calcu- 
lated at 88,0007. Provision is made for a still further 
extension by making use of the Huia basin, the estimate 
for which is 190,000. It is not considered likely, how- 
ever, that this will he required for at least 25 or 30 years. 
Mr. Mestayer’s report is ‘‘under consideration.” 

American Locomotive Exports.—The number of 
locomotives exported from the United States during the 
ten years ending with 1903 inclusive, and the value of the 
same, were :— 


Year. Number. Value. 
Dollars. 
1894 142 1,028,336 
1895 252 2,379,519 
1896 261 2,512,270 
1897 338 3,~25.831 
1898 468 8,883,719 
1899 517 4,728,748 
1900 525 5,592,403 
1901 423 4,039,006 
1902 365 8,257,894 
1903 289 8,219,778 


These figures are of very considerable interest, indicating 
as theydo the made with tinding external markets 
fur American otives. The general conclusion in- 
dicated is that this branch of American enterprise “itl 
lost something of the importance and prosperity whic 
it attained three or four years since. 
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EDUCATION. 
To THe Eprror or ENGINEERING. 


Srr,—The pecs article of a recent issue of En- 
GINEERING deals with a subject the importance of which 
cannot be overrated — namely, education — and shows 
what efforts are being made to gather a clear view of this 
all-important question, so as to enable us to treat it in 
the most rational way. 

There has been, however, for some time t, a slow 
but steady movement going ryan 2 on in this country. 
Amongst the long-needed changes brought.in that.way, 
the effect of which is beginning to be felt, is the-re- 
organisation, so perseveringly advocated by Professor 
Perry, of the teaching of emery on more rational 
lines, the more so that they diverge in a — degree 
from the antiquated, yet still widespread, Euclid. At a 
purely pedagogical point of view, to free the minds of 
pupils from this mesh of demonstrations, the rigorism of 
which is little short of absurdity, is undoubtedly to in- 
crease its capacity by giving it more ‘‘ breathing room.” 
When, together with this, a sound exposition of simple 
and well-connected propositions, covering the whole ground 
of plane and solid geometry, is put before this lightened 
mind, the result cannot fail to have a marked effect on 
the general development of the thinking-power—a power 
the er ies of which is too often absolutely neglected in 
England. 

oe we hope that soon the Latin incubus, together with 
its Greek brother, will have met a similar treatment, and 
be replaced by the thorough teaching of modern lan: 

ages? French and German, as well as—and perhaps 
facior than—Latin and Greek, are able, to quote Professor 
Woodward’s own words, ‘‘to give the student an idea of 
what we mean by grammar, and what we mean by an 
inflected language.” Perhaps they do not open as wide 
the door to all the Romanic tongues, and throw as niuch 
light upon English ; but to engineering and commercial 
undertakings they throw wide open the doors of many a 
country, and dispel the shadows hindering more than one 
promising enterprise or successful business, which is much 
more important for an empire ‘‘upon which the sun never 
sets.” 
In another line, the elaborate survey and careful study 
of the teaching question, as trea in America, made 
in situ by the Mosely Education Committee, by Professor 
Dalby, and, more recently, by Dr. Walmsley, have brought 
before us details of such an efficient collaboration of a 
nation and its Government towards meeting successfully 
all the educational wants of a country, that we must 
almost despair to see anything like it in England until a 
very remote future. The way, however, is shown to us— 
there is nothing to do but to follow it—and a beginnin 
has been made already. Those who are acquainted wit 
the City and Guilds Technical Colleges and the North- 
ampton Institute, and the methods followed in these 
establishments, will appreciate it justly. 

One may look with satisfaction and pride to the list of 
our technical colleges and universities, but the comparison 
between the lavish outlay of apparatus and machinery 
of American colleges—most of which are free gifts from 
industrial and manufacturing works—and the scarcity of 
appliances suitable for practical teaching in many of our 
institutions shows, at any rate, that our teaching and our 
industry do not yet walk hand in hand. Indeed, at 
several points of view, the attitude taken by most English 
manufacturers is absolutely opposite to what it ought to 
be, to ease the way towards.a better state of things. 

About education, much has been said already. Every- 
where and always, in one shape or another, this topic 
_- up... and its appearance is the signal for the 
shedding of floods of ink. Many who, by their experi- 
ence, were enabled to present the educational problem in 
a simple and true form, have endeavoured to improve, if 
not the teaching its: 1f—this cannot be done off-hand—but 
the general opinion concerning its objects and methods, 
and so prepare the minds for a better understanding of 
its requirements. An attempt to throw more light upon 
this subject would be, therefore, presumptuous; yet as a 
student and a teacher, both on the Continent and in 
Great Britain, I was enabled to make comparisons that 
may be of some interest. I have been acquainted with 
an English lad who knew Euclid as few know it— 
happily, perhaps !—and had besides a ‘‘ good knowledge” 
of mathematics, including some calculus. Hewas a clever 
fellow, and the pride of his school.. That boy came to me 
once in distress: he had been two months trying to trisect 
an angle by Euclid ! 

All the English system is there. After the acquisition 
of tools, by much labour and pains, students do not know 
what can be done and what cannot be done with them. 
A French boy, _on the other hand, will not know the 
number of a single proposition of geometry ; but, on 
being given some C sain complicated problem, he will 
beable todiscern what he needs, what he does not need, 
and to build up quite a little theory of his own as a basis 
for the final solution of the question. This speaks volumes 
for the Continental system ; memory fails, sound. reason- 
ing, never; the former gives a prompt solution, or no 
solution at all; while with the latter the solution is 
always forthcoming. 

This is not due to the student himself, however ; 

English pupils are appreciated abroad for their energy, 
endurance, and strong will, and the head master of the 
most important private college in Brussels was heard to 
Say once, “‘ give me English boys to teach according to 
our methods here, and you will see the result.” This is 
cheerful, for it shows our ‘ raw material” is of the right 
_kind . . . and we have but to give it the proper treat- 
ment to get as good results as our neighbours. 
The thinking power, abroad, is considered more im- 
Portant than actual knowledge. The best teachers there 
are spending part of their time among the lower classes, 


-heatin 


and carefully supervising not onl 


man mly what is taught by the 
junior demonstrators, but specially the way it is taught. 


While in English colleges the lower classes are almost 
invariably held by the less paid and the less able tutors, 
the head master of a Continental school himself teaches a 
part of the most elementary subjects, and trusts his 
youngest pupils only to some one he knows will keep in 
view the -ultimate aim to attain in the following years, 
for well he knows that one cannot begin too early. We 
have this to learn yet . . . but we seem to awake to the 
truth of it at last. 

But I am afraid I am encroaching upon 
beyond permission. Should this be the case, 
will discard what you jud 


our space 
trust you 
‘e unworthy of publication. 
am, Sir, ga sincerely, 

. E. J. GueEvury. 
84, London-road, Chelmsford, April 29, 1904, 








WATER-TUBE BOILERS IN THE JAPANESE 
NAVY 


To THe Eprtor oF ENGINEERING. 

Sir,—The trials of the Niclausse and Miyabara boilers 
by the Japanese Technical Committee were so far similar 
that for slow-burning the observations taken were over 
slightly longer. periods for the Niclausse boiler, and at 
brisk burning for shorter periods than for the Miyabara 
boiler, the total times the fires were alight being about 
the same in both systems, and the results agreeing with 
other trials at different times. 

The results of the trials are as follow :— 


of the Treaty of Tientsin, is equally sutlicable to Great 
Britain, the words ‘‘Great Britain” being substituted 
for the United States in the clause :— 

“The United States Government allows subjects of ' 
China to patent their inventions in the United States, 
and protects them in the use and ownership of such 
patents. The Government of China now agrees that it 
will establish a Patent Office. After this office has been 
established, and especial laws with regard to inventions 
have been ra ar it will thereupon, after the payment 
of the prescribed fees, issue certificates of protection 
valid for a fixed term of years, to citizens of the United 
States on all their patents issued by the United States 
in respect of articles the sale of which is lawful in China, 
which do not infringe on previous inventions of Chinese 
subjects, in the same manner as patents are to be issued 
to subjects of China.” 

An inquiry has been made by His Majesty’s Minister 
at Pekin whether the Chinese Government have taken 
any steps to establish a patent office as provided in 
Article 10 of the American Treaty, but the reply has not 
yet been obtained. 

Hitherto China has been dead — patents of all 
kinds, and the history of China and Japan are remark- 
able instances of the advantages and disadvantages of a 
patent law. In China and in Ja until a patent law 
was established, invention stopped at the point where it 
was no longer profitable to an individual to invent, 
as he could not keep the matter secret. In matters of 
manufacture the Chinese and Japanese recipes for 

had nearly reached perfection, but 





pre Samp 
anything which could not be worked without the 











Number of trial .. 1. 2 8 4. | 5. 6. 
| | | | j | 

Type of boiler .. | N. M. NY 1" Oe N. M. N. ; ee M. N. M. 

---- ar — = 
Average steam pressure, Ib.) 153 | 161 155 | 156 146 158 150 155 | 189 | 155 }. 147 | 147 
Coal burned per hour per) | | | } | | 

square foot of grate Ib.| 9.505 | 10.12 | 14.79 15.26 | 19.01 20.24 © 23.74 25.43 | 28.53 | 32.4 35.699 | 36.00 
Coal burned per hour per! } | | 

square foot of heating sur-| | | | 

face .. i‘ = Ib., 0.812, 0.282 | 0.486 0.425 | 0.626 | 0.563 0.781 0.707 | 0.938 | 0.929 | 1.174 1,002 
Water evaporated per pound, | | } | 

of coal LE aa Ib. | 6286 8.879 | 6.878 | 7.753) 6.513 7.184 6.733 7.680 | 6.078 | 7.455 | 6.455 7.482 
Water evaporated per. hour | 

per square foot of heating | | H | | | | 

surface, os $5 Ib.| 1.965 2.500 | 3.345 8.291 | 4.071 | 4.045 5.256 5.433 | 5.711 | 6927 | 7.577 | 7.444 
Water evaporated from and, | | 

at 212 deg. F. per pound) | f | 

of coal pe 3 Ib. 7.55 | 10.85 8.26 9.45 7.79 | 8.70 8.14 9 30 7.83 9.05 | 7.785 9.00 
Temperature of feed water, | | | 

deg. Fahr.; 66 46.8 65.9 | 489 68 3 56.4 | £88 66.4 | 583 | 539 60.2 | 53.9 

Weight of steam produced | | | | 

per ton of coal « Ib. /14,082| 19,889 15,106 17,365 | 14,590 16,092 15,082 17,202 | 13,583 | 16,699 | 14,461 | 16,647 

\ | ' | i | | 





N = Niclausse. 


I suggest that more useful comparison is given by 
taking a square foot of heating surface as the unit, and 
noting:the actual weight of steam given per ton of coal, 
rather than using the term ‘‘ratio of utilisation”—i.e., 
heating surface + grate surface; for in the same water- 
tube boiler it has often been demonstrated that by cur- 
tailing the ogey giving a larger ratio of utilisation, the 
actual weight of steam so produced per ton of in a 
given time is less than obtained by burning the same 
weight of coal on the larger gS the lower ratio of 
utilisation notwithstanding. In this respect 1 suggest 
that obtaining 18 lb. of steam per hour per square foot of 
heating surface, as an average, without injuring the hottest 
surfaces, and without the magnet chronicling 
burnt heating surfaces, is contrary to experience. 

I do not gather that MM. Niclausse claim that an 
their: boilers have been worked for two years without 
cleaning of internals, as in the Miyabara-boilered tug-boat, 
and I may add that I know of but one other water-tube 
boiler so treated. It was a Yarrow boiler, and was con- 
stantly worked for about the same period without exami- 
nation of tubes, and the tubes were then found to be in a 
satisfactory condition. : 

Amplifying MM. Niclausse’s features of importance for 
naval boilers, the ability to work satisfactorily with 
brackish feed-water is certainly of page importance, 
and in this respect we have recently had a very gratifying 
result in our Navy, which should give us pointers to the 
future in the matter of boilering; and in the Japanese 
Navy a doubly educational lesson was recently gra by 
a water-tube-boilered cruiser squadron, of which one of 
the ships was disabled by burst boiler-tubes, consequent 
on salt feed, she being in tow of a consort suffering also 
from salt feed, but in Miyabara boilers, in which the salt 
and scale gathered in the drums, the tubes. remaining 
clean. I take it that any water-tube boiler system whose 
tube interiors remain clean under such circumstances as 
the above two types is eventually bound to become the 
survival of the fittest, if only that in war service readi- 
ness for action at all times should never have to be 
dependable upon bsolutely necessary dissections of steam- 
generators at frequent and inopportune times, which, if 

rolonged, might jeopardise the lives of the firemen ; 
for satisfactory surface-condensers seem to be as rare as 
three-year-old robins, this being an item which opponents 
of water-tube boilers mgt snrg — 

aithfully P hee 
W. J. Harpine. 
11, Queen Victoria-street, E.C., May 14, 1904. 


of 








CHINESE PATENTS AND TRADE-MARKS. 
To THe Eprtor or ENGINEERING. 
Str,—In the Treaty which has just been ratified be- 
tween the United States and China there is the following 








clause, which, through the most-favoured nation clause 





M = Miyabara. 


— being able to at once copy, was not invented. 
apan passed a very liberal patent law about twenty 
years ago, and its progress since then has been pheno- 
menal ; while China, equally civilised, has stagnated. The 
present Chinese Government, however, are now convinced 
that they must go in for modern improvements, hence 
this patent law. 

In the British Treaty with China, signed at Shanghai, 
September 5, 1902, is the following article in regard to 
trade-marks :— 

_“Inasmuch as the British Government afford protec- 
tion to Chinese trade-marks against infringement, imita- 
tion, or colourable imitation, by British subjects, the 
Chinese Government undertake to afford protection to 
British trade-marks against infringement, imitation, or 
colourable imitation, by Chinese subjects. 

‘‘ The Chinese Government further undertake that the 
superintendents of northern and of southern trade shall 
establish offices within their respective jurisdictions, 
under control of the Imperial Maritime Customs, where 
foreign trade-marks may be registered on payment of a 
reasonable fee.” 

Substantially this article has been reproduced in the 
United States treaty. Through the kindness of the 
Marquess of Lansdowne we have received the following 
information :—‘‘ A working scheme for patent and trade- 
mark protection is now being evolved, and in the mean- 
time a provisional registration office for trade-marks has 
been established at the Custom House at Shanghai, 
where we have a registration agent, and the Chinese 
Courts will presumably afford, as they have done in the 
past, substantial protection against counterfeiting trade- 
marks on the part. of Chinese subjects. The French, 
Italian, German, and English representatives have 
mutually arranged for the punishment in the 
Courts of France, Germany, Italy, and England of sub- 
jects of these countries who infringe registered trade- 
marks, and in all bability the remaining Western 
nations will shortly do likewise. 

Yours truly, 
W. P. THompson AND Co., 
Chartered Patent Agents, Liverpool and London, 
6, Lord-street, Liverpool, May 16, 1904. 





Prussian State Rawways.--During the last 25 years 
the revenue of the Prussian State Railways has increased 
from 8,200,0007. to 72,200,0002.. The working ex 
have advanced in the same period from 4, 0000. to 
44, 200,000/., so that the net earnings have expanded from 
3,300,0002. to 28,000,000. The growth in the mileage 
during the 25 years has been from 3815 miles to 21,104 
miles. The return obtained upon the capital invested 
has risen to 7 per cent. per annum, a3 compared’ with 


4} per cent. per annum 25 ) cars since. 
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ROYAL METEOROLOGICAL SOCIETY. 
Tue usual monthly meeting was held on Welveney 


afternoon, the 18th inst., at the maging rooms, 
Victoria-street, Westminster, Captain D. Wilson-Barker, 
F.R.S.E., President, occupying the chair. 

The Hon. F. A. Rollo Russell read a paper on ‘ The 
Principal Causes of Rain,” in which he stated that the 
chief causes of rain are only four, but several of these are 
often in coepennticn. These causes may be briefly de- 
scribed as follows :—(1) The forced ascent of moist air by 
the slo; of mountains ; (2) a mass of air invading rather 
suddenly another mass moving from an opposite direction, 
and maintaining its flow below the opposing current which 
it Malas oe the ascent of more or less moist air 
through heavier and colder air to a height where conden- 
sation of vapour takes place, increased radiation of heat 
towards space, and often electrical developments pro- 
ducing further condensation, increase of temperature, 
and renewed ascent with the same results; (4) the mix- 
ture of currents of air from different directions. 

A — by Mr. W. C. Nash, on “ The Observations of 
Rainfall at the Royal Observatory, Greenwich, in the Years 
1815 to 1903,” was also read. 
inquiry into the circumstances relating to the early his- 
tory of the register, and has drawn up an authoritative 
table of rainfall for the long period of 89 years. The 
average annual rainfall is 24.36 in., and the number of 
rainy days 157. The test fall was 35.54 in., in 1903; 
and the least fall, 16.38 in., in 1858. During the five 
months January to May no monthly fall exceeding 
4.37 in. was recorded ; but in the remaining seven months 
there were twenty-four falls exceeding 5in. Light falls 
of rain are spread principally through the nine months 
January to September, with a decided preponderance in 
spring. 








Contracts. — Messrs. Manlove, Alliott, and Co., 
Limited, of Nottingham, have recently supplied the 
Shanghai Water Works Company with new compound 
Corliss horizontal engines. The steam cylinders are 
32in. and 52in.in diameter by 48in. stroke, and the 
pam, which are double-acting, are 20 in. in diameter. 

he work required is the lifting of 60 million gallons per 
day against a head of 141 ft. 


Lerps CorporATION Tramways. —On Monday the 
accounts of the s Corporation Tramways for the 
year ending March 25 were submitted to the Tramways 
Committee of the City Council. The receipts of the 
twelve months were returned at 280,562/., showing an 
increase of 15,550/. The net surplus for the year, after 
providing for interest and sinking fund, was 58,8637. ; and 
of this amount it is pro to apply 52,000/. in reduc- 
tion of the local rates ; the saving thus realised is equal 
to 64d. per pound of rateable value. The surplus of 
58,863/. com with corresponding surpluses of 62,0007. 
in 1902-3, 48,2417. in 1901-2, and 31,0587. in 1900-1. The 
gross profit for the past year was 131,668/., representing 
an increase of 11,782/. The maintenance of permanent 
way involved an increased expenditure of nearly 8000/. 
during the past twelve months. On the other hand, some 
economies were effected in the maintenance of cars and 
gp The cost of electric traction in 1903-4 was 
277,666/., as compared with 261,937/. in 1902-3; the cost 
of steam traction was nil, as com with 506/. The 
distance run by cars in 1903-4 showed an increase of 
317,786 miles ascompared with the corresponding distance 
run in 1902-3. In 1903-4 compensation for damages and 
personal mpaien involved an outlay of 7672. ; the corre- 
sponding charge in 1902-3 was 2198/. 


ELgcrricaL Contractrors.—The annual meeting of the 
northern section of the National Electrical Contractors’ 
Association was held at Leeds on Saturday, the 14th 
inst. Mr. E. C. Wallis, of Leeds, the president, took 
the chair, and representatives from Newcastle, Leeds, 
Huddersfield, Manchester, Blackburn, Liverpool, and 
London were present. Mr. Wallis, in moving the adop- 
tion of the report, stated that the Association at present 
consisted of sixty-four members, and that a considerable 
extension of membership was expected shortly. The 
main work done had been the perfecting of the scheme 
for the reconstitution of the Association as an incorpo- 
rate body, and the final settlement of the terms of the 
agreement with the National Electrical Manufacturers’ 
Association, which had now been in operation since 
January 1, and which had already been of material 
benefit to the members. <A joint board had been formed 
for purposes of reference and adjustment between the two 
Associations, and much work had been done in foster- 
ing a better understanding on several important points. 
The question of the education of workmen was discussed, 
and schemes for the provision of correspondence classes 
and co-operation with local education authorities were re- 
ferred to the council for consileration. A survey of the 
work done in opposing what was termed the abuse of 
municipal trading was presentad. Special reference was 
made to the — isked for by many rations to 
supply, fix, let on hire, &c., any electrical apparatus, 
wires, or fittings on the premises of consumers; and it was 
pointed out that it was not to the best interests of the 
trade in general to oppose these, but to insure the inser- 
tion of the ‘‘ Kaling clause,” which provided that a cor- 
poration might take up such work, provided the work 
was carried out through a bond side electrical contractor. 
The question of a standard specification for the wiring of 
buildings from supply mains was brought forward. % 
Rawlings (London) re that the specification was in 
the gs and would soon be available for the use of 
members, 


he author has made a full} bee 





MISCELLANEA. 


Tue Newport- Pagnell branch of the London and 
North-Western ilway meg which connects 
Wolverton and Newport-Pagnell (Buc hamshire), a 
distance of about 4 miles, is to be worked electrically. 

The Pennsylvania Railway Company, which requires 
50,000 tons of cast-iron lining for its new tunnels near 
New York, has awarded the contract to two foundries— 
one in West Virginia and the other at Buffalo—the bids 
of which were far below those of foundries on the Atlantic 
sea’ 


On Thursday evening, the 12th inst., a visit was paid 
y the Junior Institution of Engineers to the Great 

orthern, Piccadilly, and eee omy Railway Works, the 
party numbering about one hundred. They were received 
on behalf of the es. James Szlumper and Mr. 
W. Szlumper—by Mr. A. F. Ba: resident engineer 
of the South Kensington to Holborn section. Mr. Price 
was also present on behalf of the contractors for the works. 


Announcement is made that the International Exhibi- 
tion which was to a r ~—_ in _ next yew ne 
m postponed to 1906. Applications for space shou 
reach the Secretary, at Piazza Paolo Ferrari 4, Milan, 
before ap 31, 1905; or, if the exhibitor pro to erect 
a special — by February 15, 1905. ial atten- 
tion is called by the directorate to the proposed machinery- 
in-motion section, in which it is intended to exhibit 
processes of manufacture. 


An attempt to curtail the output of Lake Superior ores, 
to meet the lessened demand for iron, has failed, and the 
Ore Association, which for 11 years has controlled the out- 

ut and price, has adjourned sine die. The failure arose 
rom the refusal of the steel-makers who owned mines to 
to reduce the output of these proportionately to the 
curtailment of output from the so-called merchant mines 
—that is to say, mines which, not having works of their 
own, have to sell their ores in the open market. 


The annual report of the Royal Agricultural Society 
has just been issued, and from this it appears that 11,722 
square feet of show space have been allotted to exhibitors 
of implements at the forthcoming show, which opens at 
Park Royal on June 21 next. e@ stands number 350, 
and 67 entries have been received for the competitions for 
the Society’s medals for new instruments. Arrangements 
have been made with the railway companies by which 
members coming to London for the show will obtain 
return tickets at the rate of one and a quarter times the 
single fare. 


Some experiments in connection with the giving of aid 
to the wounded in war were carried out at Bisley on 
Tuesday last. Amongst the appliances tried was the Ivel 
‘*First-Aid Motor,” due to Me Dan Albone, of Biggles- 
wade, which is an armoured three-wheel motor-car, proof 
against rifle fire, and therefore capable of penetrating 
with safety into the firing-line. Ananti-enteric water-cart 
was also exhibited. In this car heat is relied upon for 
sterilising the water, and 50 gallons can be boiled in 
50 minutes. A small ice-making machine, intended for 
use at field hospitals, was also shown. 


The trade and navigation returns for April show im- 
ports amounting to 45,181,763/., an increase of 1,379,4361., 
or 3.1 per cent., on the corresponding month of 1903; 
the exports amounting to 23,484,834/., an increase of 
348,461/., or 1.5 per cent. The value of the iron and steel 
— was 2,339,029/., against 2,561,283/., a decrease of 
8.6 per cent.; and of the coal and coke exports 2,200,290/., 
against 2,059,807.., an increase of 6.8 percent. For the four 
montks ended April 30 imports amounted to 184,071,560/., 
an increase of 6,686,393/., or 3.7 per cent.; exports to 
95,714,808/., a decrease of 208,831/. or 0.2 per cent.; and 
re-exports to 25,818,360/., an increase of 1,564,897/., or 6.4 
per cent. 

According to an article by M. Vaudeville in Eclairage 
Electrique, the advantages of alternate current for tram 
and way traction are only marked when a voltage of 
from 3000 to 12,000 volts is used on the trolley line or its 

uivalent. A continuous-current electric locomotive, 
taking its supply at 2400 volts, is now in use between 
Saint Georges-de-commiers and la Mure (Isére), and has 
proved successful. There are four motors arranged in 
series, so that the potential drop in each is only 600 volts. 
In view of this success the field for the alternate-current 
motor must, he holds, be found in higher voltages. In 
that case, the under-running trolley must be abandoned, 
and a side-bearing one adopted instead, since the con- 
stant changes of inclination at suspension points give rise 
to severe sparking when under-running trolleys are used 
to pick up currents at very high voltages. 


In the discussion on a paper on ‘‘Chilled Cast-Iron 
Car-Wheels,” read before the Rocky Mountain Railwa 
Club, Mr. Patterson, of the Chicago and Southern Rail- 
way, said that the present practice was to grind chilled 
wheels once only, it not being generally considered safe 
to grind them a second time for the removal of further 
“‘flats,” pina cost of ae oe ke egg sg 1s, = 
per , and one man was able to our pair o 
ay day. If the treads pearls. oman more ti 
jin, it was not thought safe to grind them even once. 

erally, however, it was new wheels, and not old and, 
therefore, worn ones, which showed flats due to the sliding 
of the wheel on the rail. In the same discussion 
Schlacks, of the Colorado Midland line, said they were 
able to grind at least five pairs of wheels day, and 
had done as many as nine, peortied the flat spot was 
not more than 2}in. long. Here the machine is fitted 
with carborundum wheels 2 in. wide and 18 in. in dia- 
meter when new. A surface speed of 5700 ft. per minute 
is aimed at. 


han | suddenly on Saturday 


In a paper on “‘ Timber as used in Engineering Struc. 
tures,” which was recently read before the igeuitile on. 
Tyne Association of Students of the Institution of Civil 
Engineers, Mr. J. R. Baterden, Assoc. M. Inst. C.E., 
Past-President, states that creosoted timber withstands 
the teredo and other sea-worms indefinitely, where even 
eart has failed. He is only able to quote one 
Instance of a creosoted _ vg | attacked, and in this 
case workmen had cut through the creosoted shell, and 
thus given the worm access to the interior. Even here, 
however, the done was confined to the unpro- 
tected heart. In the Gulf of Mexico, he states, creosoted 
timber is untouched after sixteen years, whilst the same 
class of timber used untreated is, in similar conditions, 
useless at the end of two years. He quotes Mr. Preece 
as stating that in telegraph work he had never in the 
course of thirty years’ experience seen a Perr enncted 
pole show the slightest sign of decay. The Burnettised 

les fixed in 1844 on the London and Southampton and 
Bos rt line had all failed within twenty-seven years ; 
whilst a line of creosoted poles erected between Fareham 
and Portsmouth in 1848 were as sound when taken up in 
1883 as. when first put down. The objections to creosot- 
ing, he says, are two in number—viz., the liability to 
fire, and the dirt inseparable from the process. 


In February, 1903, A. E. Kennelly and C. A. Adams 
published, in the Electrical World, the results of tests on 
the electric resistance of ge with automatic ring 
lubricators. There was practically no resistance when 
the rotor was at rest, but a 6-kilowatt dynamo for 1800 
revolutions showed at 100 revolutions a resistance of 4.4 
megohms. The point is important, considering that 
triphase motors are frequently constructed with only 
two slip-rings, the third circuit being established through 
the shaft and bearing, and, according to a communication 
by C. Zorawski, of Riga, to the Elektrotechnische Zeit- 
schrift, the American electricians must have experi- 
mented under specially unfavourable conditions. He 
worked a 16-horse-power triphase motor either with 
three slip-rings, or with two slip-rings and a frame 
connection, the third circuit in the latter case being 
closed vid the two bearings. The slips proved the 
same in the two cases at the end of ten hours’ trial 
—viz., 5.4 and 5.45 per cent. The resistance between 
shaft and framing was found to be 0.00121 ohm at rest 
and 0.00158 ohm. at 960 revolutions; the motor ran in 
both cases uniformly, and the respective temperature 
rises were 25 and 23 (two rings and bearings) deg. Cent. 
Resistance tests of another 6-horse-power motor with ball- 
bearings yielded 0.0092 and 0.014 ohm, while one bearing 
of a 500-kilowatt triphase generator of the Behrend 
type gave a resistance of 0.00105 ohm. at 150 revolutions. 
Zorawski lubricates with an ordinary fluid mineral oil. 


The British Association of Waterworks Engineers will 
hold their ninth annual general meeting at Hull, on 
Thursday, Friday, and Saturday, the 9th, 10th, and 11th 
of June, under the presidency of Mr. Francis J. Bancroft, 
B.Sec., Assoc. M.Inst. C.E., water and gas engineer to 
the Corporation of Hull. The council chamber of the 
Town Hall has been placed at the disposal of the Associa- 
tion for the purposes of this meeting. The following 

pers will be read, with a view to discussion :—(1) ‘‘ The 

orking Costs of Waterworks age of Engines,” by 
Mr. Meysey Thompson and Mr. Hugh Lupton. (2) 
‘*The Geology of South-East Yorkshire,” by Professor 
Percy F. Kendall, Yorkshire College, Leeds. (3) ‘‘ The 
Definition of ‘ Pure and Wholesome Water,’” by Dr. J. C. 
Thresh, D.Sc. Lond., M.D., County Medical Officer, 
Essex. (4) ‘‘ Puddle and Concrete for rvoir Embank- 
ments,” by Mr. Wm. Watts, Assoc. M. Inst. C.E., F.G.S., 
Past-President. (5) ‘‘ Air-Lift Pumping Plant, Birken- 
head Corporation Waterworks,” by Mr. J. W. M. Richard- 
son, Assoc. M.Inst. C.E., Waterworks Engineer to. the 
Birkenhead Corporation. (6) ‘‘ The Treatment of Moor- 
land Water,” by Mr. C. Clemesha Smith, Assoc. M. Inst. 
C.E., Waterworks Engineer, Wakefield, and Dr. E. M. 
Chaplin, Ph.D., F.I.C. (7) ‘“‘The Administration and 
Control of the Nation’s Water Supply,” by Mr. Regd. 
E. Middleton, M. Inst. C.E. (8) “‘The aoe Kx. 
tensions of the hae ge Paes aterworks, 
by Mr. George Mitchell. ‘‘A History and Description 
of the Hull Corporation Waterworks,” by the President, 
will be circulated at the meeting, but not discussed. On 
Saturday, June 11, a visit will be paid to the yam 
and Cottingham Pumping Stations of the Hull Corpora- 
tion Waterworks. The annual dinner of the Association 
will be held at the Grosvenor Hotel, on Friday, June 10, 
at 7.30 p.m. Following the general meeting, a visit will 
be bow § to Belgium for the purpose of inspecting the 
waterworks of Antwerp, Brussels, and the famous Guilep 
dam of the Verviers Waterworks. A_ visit will also b 
paid to the Auberive pipe foundry. This Belgian visit 
will terminate on Friday, June 17. 





Tue tate Mr. Watters H. Witson, Betrast.—We 
greatly regret to state that Mr. Walter H. Wilson, J. ae 
president of the Belfast Chamber of Commerce, and for 
many years a prominent member of the shipbuilding firm, 
Messrs. Harland and Wolff, and closely allied with the 
successes attained by them in marine engineering, died 
morning, the 14th inst., while 
Portrush. Mr. Wilson had been 
about six miles 
immediately on 


travelling in a train to " 
fishing near Kilrea, on the River Ban 
from Portrush. A doctor was procu' 


Mr. | the arrival of the train, but life was then extinct. Mr. 


Wilson took a prominent part in public affairs in 
Belfast. He e a er in Messrs. Harland 
and Wolff in 1874. ‘Mr. Wilson was appointed a seeaaber 
of the Northern Counties Board on the Midland Rail- 
way, when the Northern 5 ay Ba line was acquired by 

leaves a widow and five 





the latter company. Mr. Wilson 
childre 
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ANDREWS’S STEAM-HEATERS AND EVAPORATORS. 


CONSTRUCTED BY MESSRS. ANDREWS AND CAMERON, ENGINEERS, GLASGOW, 
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ON this page Figs. 1 and 2 show the essential fea- | understood on reference to the engravings. Steam is 
it of a new type of steam heater or evaporator now | admitted at the top through a sort of injector nozzle, 
elng introduced by Messrs. Andrews and Cameron, | as shown, and a rapid current of steam is thus estab- 
ot 180, West Regent-street, Glasgow. The point| lished down the central tube and up the surrounding 
aimed at by the designer, Mr. James Andrews, | smaller tubes, as indicated by the arrows. The drain 
M.I.N.A., is the greatest possible mobility in‘the two | is placed at the bottom of the heater, and by opening 
fluids between which heat is to be interchanged. This| this to a ter or lesser extent the flow of steam 
mobility is, as many experiments have shown, more| through the apparatus can be readily adjusted 
important in the case of the gaseous fluid than in that | without touching the steam-admission valve at the 
- the liquid one, since the rate of transfer of heat| top. The scouring action of the steam current is stated 
*tween a metal surface and a liquid in quiet contact | to keep the tubes clean. Any condensed steam which 
with it is-much greater than that between a metal may collect is also put in circulation, pegged its 
mm 4 gas or vapour under the same conditions. | heat to the tubes, and taking up a fresh supply rom 

© construction of the apparatus will be readily |the incoming steam. By means of the baftle-plates 
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shown, the water outside the tubes is caused to follow 
a zigzag path across the tubes. It enters at the top 
and escapes below through the branch shown. When 
the original experiments were being made by Mr. 
Andrews, it was considered that if water was sub- 
stituted for steam inside the tubes, the rate of heat 
transmission would be greatly increased. The heater 
was therefore turned upside down, so that the injector 
was at the bottom and the drain at the top. Steam 
was then turned on with the tubes full of water ; the 
steam condensed in the water, heating it, and also 
putting it into a rapid motion. It was found that 
although the injector was not of the best design for 
circulating water, the rate of heat transmission was 
39 per cent. better than when vapour alone was passing 
through the tubes. The steam pressure used in this 
experiment was 46 lb. per square inch, and that at 
the drain pipe was atmospheric. 

A sea-water evaporator embodying the same prin- 
ciples is shown in Figs. 3 and 4. Here the heating- 
tubes are coils secured to a central discharge-tube by 
simple flanges. Facilities are provided, as usual, for 
removing each coil separately, and as the weight of 
each is carried by the bottom of the evaporator, the 
joints are free from undue strain. 

In Fig. 5 are represented the results of an experi- 
ment of Mr. Andrews, showing the importance of 
securing the circulation of two fluids between which 
heat is to be interchanged. A tin of hot water was 
immersed in a basin of cold water, and the time taken 
for the temperature of the hot water to fall from 197 
deg. Fahr. to 80 deg. Fahr. under three conditions— 
viz. (a) whilst both the hot and cold water were left in 
quietude ; (b) whilst the cold water was stirred or dit- 
fused ; and (c) whilst both were stirred. The curves 
show that in the latter condition the rate of cooling 
was nearly three times as fast as it was when both 
liquids were quiet. ‘ : 








Tue Unirep Srates Navy.—The United States 
armour-plated cruiser California, just launched at San 
Francisco, has a displacement of 13,800 tons, and is 507 ft. 
long by 71 ft. beam. Her engines, which will work u 
to 23,000 horse-power, will drive three screws. She will 
be able to 7 ~ tons - coal, mond se per os miles 
at a speed of 10 knots per hour. e will carry guns, 
five mitrailleuses, and ae submarine lance torpedo-tubes. 


NewcastLk TRAMwAyYS.—The revenue of the Newcastle 
Corporation tramways for the year ending March 25, 1904, 
was 185,027/., as compared with 153,822/. in 1902-3, The 
distance run by cars in 1903-4 was 4,059,907 miles, as com- 
pared with 3,379,119 miles in 1902-3. The receipts per 
car-mile Reiger. 3 averaged 10,94d. in 1903-4, as com- 
pared with 10,93d. in 1902-3. The running expenses in 
1903-4 were 77,573/., as compared with 65,5707. in 1902-3. 
Including maintenance and other charges, however, the 
expenditure for 1903-4 was 121,545/., as compared with 
89,3137. in 1902-3. After allowing 2957/. for depreciation, 
and providing 51,534/. for interest and sinking fund, a 
balance of 8991/. remained to be carried to appropriation 
account—that is, to be applied in reduction of local rates. 
The canennet proportion in 1902-3 was 18,400/, The 
revenue for 1904-5 is estimated at 209,700/., while the 
working expenses of the year, including maintenance, are 
set down at 139,125/., ving an estimated profit of 
70,5761., of which it is calculated that 5841/. will remain 
to be carried to appropriation account, after providing 
for interest.and si g fund for the year. The manager 
recommends that the available surplus for 1903-4 should 
not be opetiet in reduction of rates, but that it should be 
ear-marked for a reserve fund, to provide for the depre- 
ciationswhich is going on in the plant. He further 
recommends that a similar course should be adopted with 





regard to the estimated surplus for 1904-5, 
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INDUSTRIAL NOTES. 

THE American Federationist for the current month 
contains, among other matters, two special articles 
on injunctions in America, touching labour disputes. 
These are written by men who may be regarded as 
experts ; that, at any rate, is the view held by the 
Labour Party in the United States. It is well, 
perhaps, that we should know exactly the standpoint 
of the best informed sections of the American Labour 
Party on this question—as important there as here; 
indeed, the effect of such injunctions there extends 
farther than here. _The first is by the Hon. William 
Velpan Rooker, and is regarded ‘‘as a basis for the 
legal defence in any case in which injunction proceed- 
ings are applied in trade disputes.” The argument is 
almost too technical for a note of this character ; 
but the ground taken by the writer, who was also the 
counsel in the case before the American High Court, is 
that the proceedings in the particular case were 
irregular. This view, he urged, was based upon 
English law. It was a case in which an injunction 
had been violated, and the contention is that the 
offender had been wrongly tried by the Court, that 
Court not having jurisdiction in the case. ‘‘The 
Supreme Court of the United States had in its dis- 
tinctions acted consistently with the constitution, and 
with the Acts of Congress, and with the rules of the 
Supreme Court, yet many of the Circuit Courts of the 
United States had departed from the lawful method, 
and confusion had thereby been created, which ought 
to be corrected in this case.” This ‘‘ thesis on injunc- 
tions ” might furnish arguments in other cases, but the 
contention only is that the proceedings were in error, 
and that the offender was wrongly cited to appear in 
defence. 

The second article, on ‘‘The Essence of Injunc- 
tions,” is a condensation of the argument in favour 
of the Anti - Injunction Bill, delivered before the 
House of Representatives’ Committee on Labour on 
March 24 last. The author describes the conflict 
as one between the houses of ‘‘ Have ”—employers— 
and ‘‘ Want,” on the part of labour —those who claim 
the right to govern and the governed. He speaks 
of ‘establishments which employ, in different ways, 
150,000 men,” thus controlling, as it were, the 
lives of 750,000 persons, allowing, on an average, 
five to a family. Such firms or companies claim 
the sole right to determine the rate of wages, 
hours of labour, and conditions of employment. ‘The 
sole remedy against this all-controlling power is 
organisation, the right of assembly, and of mutual aid. 
It is contended that labour is not property which can be 
acquired, possessed, and parted Frith. It can be con- 
tracted away, but it cannot be alienated. No such 
property rights exist in the United States, as was 
decided by the Supreme Court of Massachusetts in 
December, 1892. It is argued that injunctions are 
weapons of offence against Titeer organisations, used 
by employers for their own protection and benefit. 
That there is not the same protection to labour against 
employers, and that, therefore, the use of injunctions is 
unjust, because one-sided. The writer argues that any 
offence at law can be dealt with by the common or 
Congress law, without the aid of injunctions. He 

redicts that if such a practice is continued there will 
be a revolt, and that more injunctions will be needed. 
Resistance will follow, and, as a consequence, im- 
prisonments. This is to be deplored. 

Mr. Samuel Gompers, the president of the American 
Federation of Labour, gives an account of his visit to 
Porto Rico on a labour mission. His journey was not 
one of pleasure—it was travelling ve work, not only 
from early morn till dewy eve, but often into the long 
hours of the night. All that could be done to make 
the visit a pleasant one was done; but it was travel 
and work. Here is a specimen of a day’s work :— 
Started from San Juan at 5 a.m.; met by a delegation 
three miles from Caguses and escorted into the town ; 
breakfast ; then a mass meeting in the City Hall. At 
6.30 reached Cayey, met delegations, received peti- 
tions, and presented with an address of welcome. The 
final halting-place was reached after midnight. And so 
on, day after day—delegations, petitions, addresses of 
welcome, mass meetings, inquiries into the conditions 
of labour, &c. The receptions were not wholly by work- 
men: the Governor, Secretary of State, Mayors, re- 
presentatives of political »arties, business and pro- 
fessional men—-all classes, ta fact, did honour to the 
representative of labour. Much good is expected to 
result from this laborious visit to Porto Rico. The 
other subjects dealt with are the Eight Hours’ Bill, 
labour measures before Congress, the malice of labour’s 
antagonists, the labour exhibits at the St. Louis Ex- 
hibition, reports from organisers and local secretaries, 
talks on labour, correspondence, and the financial 
statement. It is really a valuable number of the 
Federationist as regards the labour movement in 
America, to some extent in Canada, and generally. In 
respect of an official organ the American Labour Party 
beats the British Labour Party completely. 


The administrative difficulties of the Australian 





Labour Party now in power have begun ere the new 
Ministers are well installed in office. A coalition 
of the two political parties which have hitherto 
ruled the roost is announced. This of itself is for- 
midable enough, for the Labour Ministry is not strong 
enough to resist any combined attack. It can only 
exist by sufferance. It is quite possible that there 
will be defections—perhaps from both parties ; but the 
price of such assistance must be some compromise of 
the avowed principles of the Labour Party. That, 
indeed, is a the difficulty will arise. Already 


| some of the more ardent spirits in the Labour move- 


ment have been trying to obtain from the Premier, 
Mr. Watson, an exposition of his policy. He has 
shown that in office he and his colleagues can be 
Opportunists, just as other political parties can. 
This will be resented by the more extreme of the 
Labour Party. Some will declare that it is a sacrifice 
of principle to keep power. But is it worse for the 
Labour Party to compromise than it is for other 
parties? In essence it is not; but then the Labour 
Party have always been so condemnatory of all com- 
promise. Whether those in power can hold it or not, 
their best chance is to show that they are practical 
men; that they have administrative capacity ; and 
that they are willing to give and take in the political 
arena. They have to face great problems ; only pru- 
dence and foresight can see them through, with con- 
ciliation. 


The monthly report of the Iron-Founders shows that 
the improvement in this branch of trade indicated in 
the April report continues. There was a further 
decrease of 123 on the various funds, of whom 54 
were on donation benefit in the previous report. The 
improvement seems to be almost wholly confined to 
the marine trade in various ports, but in the textile 
districts the depression appears to be more acute than 
ever. The drain on the funds has further decreased 
the cash balance by 1064/. 16s. 11d., to which amount 
the expenditure has exceeded the income during the 
month. Members are cautioned agaiust the incite- 
ments to emigrate to Canada, and it is said that em- 
ployment in the United States is very little better 
than in Canada. The returns from branches as to the 
state of trade show that there is an increase in the 
number of places where trade is very good, good, and 
moderate ; but there is an increase in the number 
marked ‘‘ bad,” and a decrease in excess of those marked 
“very bad.” On the whole, the figures are favourable ; 
but they do not imply anything like permanent im- 
provement. The total number on the funds was 
3260—decrease, 123. Of the total, 1481 were on 
donation benefit, 437 on sick benefit, 1152 on super- 
annuation benefit, 177 on the other trade funds, and 
13 on dispute benefit. The weekly cost of benefits 
was 1140/. 2s. 10d., or 1s. 2#d. per member per week. 
The total balance in hand was 97,611/. 13s. 4d.; the 
aggregate membership was 18,238, so that the numbers 
keep steady in spite of the wave of depression of the 
last year or so. 

The monthly report of the Amalgamated Carpenters 
and Joiners is not a very encouraging record as regards 
the state of trade. There is, it says, no apparent 
break in the long spell of depression ; from alt parts 
of the country the returns show that trade is bad or 
dull. Not even one of the 629 branches of the union 
describes trade as good. The expenditure of the union 
during the first three months of this year exceeded the 
income by 16,407/. This was chiefly due to the un- 
employed members on donation benefit. In spite of 
this depressing news the members of the Preston 
branch have secured an advance in wages of 4d. 
per hour from May 1; at Penrith they have obtained 
the second jd. per hour in accordance with the compro- 
mise effected some time ago. The Pontypool members 
have suggested a similar compromise to settle their dis- 
pute. There were disputes at Edinburgh and Glasgow 
as to the continuance of the trade rules, but they 
have been settled for the present. Inother towns similar 
disputes exist, but it is hoped that the rules will be 
continued by agreement without any cessation of work. 
In South Africa the reports indicate that the state of 
trade is deplorable, the unemployed members are 
numerous, and have been for a long time. The total 
membership at date was 72,339. Of these, 3956 were 
on unemployed benefit, 1576 on sick benefit, and 1463 
on superannuation allowance. This makes an aggre- 
gate of 6995, or nearly 7000 men on the funds. There 
is a piteous appeal from Pretoria to prevent men 
migrating to the Transvaal. The influx is such as to 
be a positive danger. But in spite of all cautions 
men arrive in such numbers as to appal the trade 
unionists of the South African Colonies. Some space 
is devoted to the Trades Disputes Bill and other 
matter pertaining to organised labour, as well as to 
members of the society. 


The report of the Operative Cotton Spinners for the 
current month shows how deplorable the state of the 
cotton trade is at the present moment, and has been 





for a long time. The proportion of unemployed 
members at date was 19.38 per cent. of the whole of 
the full financial: members ; last month it was 20.95 

r cent. In addition to the average of 1240 full 

nancial members, there were also 1119 full-time and 
27 half-time piecers on the unemployed fund. The 
united membership was 14,197, showing an increase 
of 134 in the month, and of 413 in the year. The 
number of dispute cases in the month was 13 ; previous 
month, 32; same month a year ago, 12. There were 
14 accident cases; previous month, 37; same month 
a year ago, 33. Besides which there were 12 claims 
for compensation under the Act ; total since the Act 
came into force, 974; most of which have been arranged 
by the representatives of the employers and of the 
operatives in the union. There has been a further 
serious decline in the balance; but the superannuation 
fund has now reached about 14,840/. A new agree- 
ment with the card-room workers will help to avert 
strikes. 


An improvement is noted in the boot and shoe trade 
in many centres, although on the whole it is quiet 
rather than active. The improved methods of work- 
ing and new mechanical appliances increase produc- 
tion ; while at the same time they decrease employ- 
ment, if only temporarily. For the time being—until 
employers and employed have adapted themselves to 
the new conditions—competition is keenly felt. There 
were only two disputes in the month, and these were not 
of great importance. On the whole, the trend in this 
important trade is towards conciliation and peace. 
Yet the industry is such that disputes are almost 
inevitable by reason of the multiplicity of the opera- 
tives in each individual case. 


Business in the iron trades in the Wolverhampton 
district has been rather quiet, but in the better 
qualities of finished iron orders have been booked at a 
steady rate on home account, and the inquiries received 
indicate an increasing volume of trade in the near 
future. The fact that the stocks in the hands of con- 
sumers were low has necessitated some provision for 
current purposes, and there are no signs of further 
concessions by manufacturers. In the Birmingham 
district the iron market last week was well attended, 
and business generally was fairly active. The finished 
branches continue steady generally, but the black 
sheet branch has been depressed. It is said that there 
was a keen outlook for orders, which were not 
numerous, as a slight lull in demand has occurred. 
Consumers — to have satisfied their pressing 
requirements for the present. Makers are not in im- 
mediate want of orders, and the outlook is not quite so 
cheerful as it was ; prices, however, remain firm on the 
whole. The strip trade was said to be ina very un- 
satisfactory condition at the monthly meeting last 
week, and it was suggested that business might be 
stirred a little if prices were reduced ; this, however, 
was not agreed to on account of the cut of material. 
The absence of German competition has been favour- 
able to the steel trade ; local makers have some good 
orders on their books. The position of the engineering 
and allied trades continues about the same, the changes 
not being considerable. But in some branches there 
appears to be increasing activity, and the indications 
are not altogether unfavourable. The other iron, 
steel, and metal-using industries, including all the 
hardware trades, vary somewhat ; but it is exceptional 
to hear of any.being seriously depressed. For the 
most part they may be described as fair to moderate, 
or quiet to dull; only in rare instances are any said 
to be bad. 


The position of the engineering and allied in- 
dustries in the Lancashire districts is said to be 
unsatisfactory generally as regards work in hand. 
Structural engineers are said to be very quiet, 
boiler-makers complain of lack of orders, and iron- 
founders are not overweighted with work. A few of 
the machine-tool-makers whose work is of a special 
character are well supplied with work, but the general 
run complain of very little stirring. A further order 
for locomotives has been secured for Lancashire, but 
only of small dimensions. In one or two districts 
there are better reports as to the textile-machine- 
making industry, but generally this branch is very 
depressed. In the iron trades orders are reported to 
have slackened somewhat, as consumers seem to have 
satisfied present requirements. Generally the posi- 
tion is a little uncertain; there is very little specula- 
tion—the future is left to take care of itself. 


At a conference between the representatives of the 
coalowners and of the Miners’ Federation in the South 
Wales and Monmouthshire districts, held at Cardiff 
on Saturday last, both of the demands-—the coal- 
owners, for a reduction in wages of 5 per cent., aul 
the miners, for an advance of 3} per cent.—-were with- 
drawn, with the result that wages remain as they 
were for three months from June ] next. The present 
rate of wages is 43} per cent. above the stan ard of 
1879, which regulates the wages for about 150,090 
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miners. In last week’s ‘‘ Industrial Notes” it was sug- 
gested that the demands of both parties looked like 
a game of bluff, for the actual difference amounted to 
8} per cent. It is, however, most satisfactory that 
the matter has been settled, without even calling in 
the services of Sir Michael Hicks-Beach, M.P., who 
has just been elected chairman and refereeby the 
Board of Conciliation of the whole of the districts. 





It is reported that the arrangements with the 
Chinese Government as to the deportation of Chinese 
for South Africa have been completed, and that the 
necessary documents have been signed. 

The test case as to the readmission of Chinese into 
the Commonwealth of Australia has broken down, and 
has been abandoned. The photographs and thumb- 
marks did not agree with the Customs’ duplicate; the 
case is therefore abandoned. 





Another large batch of miners have been fined 5s. 
and 10s. respectively for absenting themselves from 
work in violation of their contract. This was at the 
Castle Eden Petty Sessions, the employers being the 
Hordon Collieries, Limited. In addition to the damages 
the men have to pay the costs. This system of break- 
ing contracts is having a bad effect on trade unions. 





The strike of men engaged on the tramways of the 
London County Council at Brixton and Streatham 
seems to have been caused by a system of — 
by the contractors, by means of which the wages pai 
were below the usual trade-union rates. But the fair 
wages resolution operates. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on May 6, Mr. J. Swinburne 
Vice-President, occupying the chair, a paper entitl 
“Some Instruments for the Measurement of Large and 
Small Alternating Currents” was read by Mr. W. 
Duddell. The author, after some preliminary remarks 
on the available means for measuring alternating cur- 
rents, proceeded to describe three thermal instruments 
which he has constructed for this purpose. The first 
instrument is essentially a sensitive Ayrton-Perry twisted 
strip ammeter, which is very quick in action for a thermal 
instrument, and has been used for observing and record- 
ing P.D’s and currents, which varied as rapidly as one 
per second. It is compensated for change in the sur- 
rounding temperature by forming the sides of the frame 
which holds the twisted strip with the same wire that the 
stripitself is made from. With the instrument exhibited 
a current of 22 milliamperes gave a deflection of one- 
quarter the scale-distance—i.e., 250 millimetres at one 
metre scale-distance. The mechanical periodic time is 
only about ,; second. Using this instrument in series 
with a high resistance the author has made observa- 
tions on the variations in the voltages of alternators 
caused by cyclic irregularity of the engine. By work- 
ing to a false zero it is easy to obtain 10 millimetres’ 
change in deflection for 1 per cent. change in the P.D. 
The second instrument exhibited was a very sensitive 
thermal galvanometer, called in the paper a ‘‘thermo- 
galvanometer.” It consists of the combination of a radio- 
micrometer of the Boys type, with a very small resist- 
ance, which is heated by the current to be measured, and 
which, in turn, heats the thermo-junction of the radio- 
micrometer by radiation and convection. The principle 
of its action 1s as follows:—A loop of wire has its two 
ends fixed to the two bars of a single thermo-junction, a 
mirror is fixed to the loop, and the whole is suspended in 
& magnetic field by means of a quartz fibre. The heat 
from the resistance raises the temperature of the thermo- 
junction, and causes a current to flow round the loop, 
which is deflected by the magnetic field. The sensibility 
of the instrument depends on the resistance of the heater. 
Using a heater having a resistance of -13,910 ohms, a de- 
flection of 250 millimetres at a scale-distance of 1 metre is 
obtained with a current of 31 microamperes; a heater 
having 18 ohms’ resistance required 800 microamperes to 
Ee the same deflection. To illustrate the high sensi- 

ility of this instrument, the author showed the large 
deflections produced by the currents through a tele- 
= receiver, even when the source of sound was many 
eet distant from themicrophone ; healso showed that if the 
thermo-galvanometer was placed in series with the vertical 
recelving wire in spark telegraphy over a short distance, 
large deflections were produced. The third instrument de- 
scribed was a switchboard instrument, which works on the 
Same principle as the last, only that the moving part is 
pivoted in the usual way. The author exhibited one of these 
instruments, _—— to give the whole scale deflection for 
only 0.15 volt, which can be used in connection with 
shunts to measure large currents—for instance, to mea- 
sure 1000 amperes the Prete ol lost in the shunt would only 
be 150 watts. Transformers can also be used, as the 
power to produce the whole scale deflection is only 0.3 
watt. A similar instrument with a high-resistance heater 
was also exhibited, giving the whole scale-deflection for 
0.1 ampere, which can be used as a voltmeter by putting 
resistance in series with it. 

Professor R. Threlfall, in a letter to the Secretary, 
pngratulated the author on his instruments, and stated 
ti at we were not told the effect of change of relative posi- 
on in the heater and thermo-junction during the opera- 
= of the thermo-galvanometer.., This effect might make 

, Possible to construct an instrument having either a scale 
of equal parts or of any desired form. 


Reokenee of a telephone receiver, and Mr. Duddell’s 
instruments would enable us to determine the currents 
producing these vibrations. 

Dr. D. K. Morris pointed out that the working forces 
in an electrostatic instrument could be increased by 
limiting the angular range without increasing the 
moment of inertia of the moving system. For instance, 
this could be effected in a quadrant electrometer with a 
wide needle by subdividing the needle into narrow fingers 
and subdividing the quadrants in a similar manner. Dr. 
Morris showed an instrument constructed on this principle 
capable of measuring 0.1 volt when used idiostatically. 
The limit to this process of subdivision is decided by the 
practical working clearance ; the clearance being deter- 
mined by the tilting of the needle due to unbalanced 
electrostatic forces. Such an instrument may be called 
a multipolar electrostatic instrument, and Dr. Morris has 
used the same idea in the construction of a multipolar 
electrodynamic instrument. Both of these instruments 
were exhibited at the meeting. Dr. Morris said he was 
glad of the opportunity of Mr. Duddell’s paper for bring- 
ing them forward, and although they were well sui 
for use as zero instruments as detectors, they were not 
nearly so sensitive as the instruments designed by the 
author of the Tr. 

Professor W. E. Ayrton said we had another example 
of the ingenuity of Mr. Duddell, and drew attention to | 
the fact that he had not only designed the instruments, 
but had also constructed them himself. He was pleased 
to see that good results had been obtained by using an 
Ayrton-Perry twisted strip. The use of such strips had 
hitherto been limited by the absence of contrivances for 


ible to measure the amplitude of vibration in the! platinum deposited on the inside of a small thin tube of 


glass or quartz. 

Mr, R. 8. bier a said he would like to testify to the 
great patience of Mr. Duddell in overcoming the diffi- 
culties met with in the construction of his instruments. 
He was of the opinion that a good deal of the bid name 
of hot-wire instruments could be attributed to their 
inability to stand overload. 

Mr. H. Tinsley, referring to Professor Ayrton’s re- 
marks about the position of the needle in an electrostatic 
instrument, said he had recently tested the matter accu- 
rately. So long as the edges of the needle were well 
within the inductors it was easily possible to calculate the 
deflection which would be produced by oe voltage to 
about one part in five hundred. Under such conditions 
the instrument accurately followed a square law, and its 
working constant could be obtained from one observation. 

The Chairman said that a thermopile had been used 
many years ago in a Similar way to that in which the 
thermo-junction had been used by Mr. Duddell, but the 
sensitiveness obtained was not nearly so great as that of 
the instruments exhibited. With regard to electrostatic 
instruments, he did not see any advantage in being able 
to predict the deflection produced by any voltage, accord- 
ing to a definite law, as it was always easy to calibrate 
such instruments. The shape of an instrument with an 
Ayrton-Perry twisted strip often rendered it unsuitable 
for many purposes. s ; 

Mr. W. Duddell, in ay said that it was necessary 
that the heater and the thermo-junction should be 
very small, and this made it difficult to diminish the 
self-induction of the heater by doubling it on itself. It 
was also essential that the bars of the thermo-junction 
should be narrow, otherwise creeping effects were intro- 





compensating temperature-change effects. With such 
compensation it is possible by using a twisted strip to 
combine simplicity of construction with constancy of | 
zero. In expressing especial interest in the experiment | 
on spark telegraphy, Professor Ayrton refe to the 
fact that Mr. Duddell had designed his thermo-galvano- | 
meter for use in an important investigation, being unable | 
to purchase a suitable instrument. The author had | 
spoken about an alternator with a frequency of 120,000, | 
and he hoped we would soon have some account of it. | 

Referring to the remarks of Dr. Morris, he said it was | 
often difficult to calculate the sensibility of a quadrant 
electrometer with a divided needle. In order to do so, it | 
was essential that the edges of the needles should never | 
be near to the edges of the inductors. Any arrangement | 
to increase the sensitiveness of an electrostatic instru- | 
ment was desirable, and if Dr. Morris had obtained la 
deflecting forces without bringing the needles and in- 
ductors very near together, he was to be congratulated. | 
He asked the author if it would not be better in his | 
thermo-galvanometer to double the heater on itself, and | 
thus obtain a greater heating effect with diminished self- | 
induction. 

Mr. A. Campbell expressed his interest in the instru- 
ments shown. Some years ago, in connection with the | 
measurement of small alternating magnetic fluxes, he used | 
a hot wire near a minute thermopile connected with an | 
ordinary moving-coil galvanometer. One of the main | 
difficulties with such arrangements was the slowness in | 
reaching a steady deflection and in settling back to zero. 
For some relative positions of the thermopile and heater | 
the deflection passes through its steady value and creeps | 
back to it ; for other positions the steady value is reached | 
asymptotically. Even in Mr. Duddell’s instruments the 
effect is quite noticeable, and it appears to want further 
elucidation. In order to render more uniform the cali- | 
bration of the scale (which normally follows the square | 
law); Mr. Campbell had sometimes mounted the heater | 
so that by its expansion (or that of another hot wire) a | 
spring drew it further from the thermopile as the tempera- 
ture of the heater rose. 

Mr. K. Edgcumbe congratulated the author, and said 
that as far as small alternating currents were concern 
the instruments shown would be very useful. He could 
not, however, follow the author when he said that his 
pivoted form of thermo-galvanometer would make a good 
switchboard instrument use it was never necessary 
to measuresmallcurrents. In using Mr. Duddell’s instru- 
ments it was necessary to have very good contacts. Mr. 
Duddell had spoken of the advantage of being able to 
remove one heater and put in another; but the speaker 
pointed out that it would be necessary to adjust the 
second heater with accuracy, or errors would be intro- 
duced. He was not a believer in hot-wire instrumen 
which were unsuitable for central-station work, an 
were aT eg he ng out in this country. 

Mr. W. A. Price said he had recently been thinking 
of the possibilities of the instrument described by Dr. 
Watson in the discussion on Professor Fleming’s recent 
paper on a ‘‘Hot-Wire Ammeter.” He thought that in 
many respects this instrument would be more practical 
than those brought forward, although it would probably 
not be so sensitive. 

Mr. W. Bennett asked how far the temperature correc- 
tion in the twisted strip was perfect. It might be alightly 
affected by the fact that the twisted strip, though of the 
same material as the side wires, had been treated rather 
roughly in the process of flattening and twisting, the 
coefficient of expansion being possibly lessened. The 
fact that the strip and wires were at different tempera- 
tures might also affect the correction adversely on account 
of the temperature variation of elasticity. The sensi- 
tiveness of the radiomicrometer form of instrument 
would be increased if the efficiency of heat-transference 
between the heater and the thermo-junction could 
improved. If it were possible to make a heater that 
would nearly surround the junction, this might be 
effected, and the variation of sensitiveness due to inaccu- 
rate replacement of the heater after removal would be 








Dr. P. E. Shaw, in letter to the Secretary, said it was 





lessened. He suggested using as a heater a thin film of 








duced. The deflection might also be too small, due to the 
increase in resistance of the whole circuit brought about 
— heating effect of the current. Referring to Mr. 
gcumbe’s remarks, he pointed out that his pivoted in- 

strument used less watts than any instrument on the 
market, and could be used, if necessary, in connection with 
transformer instruments, 

Mr. F. E. Smith exhibited and described the following 
instruments from the Natienal Physical Laboratory :— 

1. A mercury-resistance standard, 

2. A 10-ohm built-up resistance-box. 

3. An astatic galvanometer. — 

An “ Experiment with Lubricating Oils,” by Mr. W. A. 
Price, was postponed. 








THE THERMAL TREATMENT OF STEEL. 


Notes on the Production and Thermal Treatment of Steel 
in Large Masses.* 


By Cosmo Jouns, M.I. Mech. E., Sheffield. 


A NUMBER of interesting papers have been read before 
this Institute during the last few years dealing with the 
thermal treatment of steel, the great value of which the 
author hastens to acknowledge; the result of the vast 
extent of research work thus made public has laid the 
steel manufacturer under a deep obligation. With a few 
exceptions, however, these researches have been made on 
a small scale. The author does not complain of this, but 
admits that they must of necessity have been so, having 
regard to the conditions under which they were made, 

e, however, ventures to point out that the conditions in 
a large works, where the thermal treatment of steel is 
made a speciality, are very different from those that 
govern laboratory experiments, and it is the extent and 
importance of these differences that he desires to 
emphasise. 

irst of all, the mass of the steel that happens to be 
under treatment pees a most important part, for heat 
takes an appreciable time in its transmission through the 
mass. Now, in a small laboratory specimen the mass 


ed | plays a very insignificant part, the element of time is 


reduced almost to zero, and such terms as ‘rapidly 
heating” and ‘‘cooling quickly in air” have a very definite 
meaning. It so happens, however, that the steel products, 
in whose manufacture heat treatment plays a part, are all 
of considerable size. For instance, a railway axle 
weighing 500 lb. offers a mass that is out of pro- 
portion to the small specimens often experimented upon, 
and yet axles are about the smallest of the steel pro- 
ducts of the works whose methods the author is about to 
describe cae & 
From an axle weighing 500 lb. to a marine shaft 26? in. 


|} in external diameter and 86 ft. in length is a stride that 


at once calls attention to the new conditions imposed. To 
ensure the cuapney of a mass of steel like this is a 
problem of itself, having regard to the effect segregation 
of the elements plays in even moderate masses of steel ; 
while to heat equally to a predetermined temperature, 
and then to cool it at a certain rate, are operations that 
tax the resources of the metallurgical engineer. 

Yet these, after all, are comparatively favourable 
examples. Certain steels are fairly easy to work and to 
treat in small masses, but when the mass is increased it 
becomes very difficult. Any attempt to heat or cool them 
rapidly would result in external or internal fractures. 
Take, for instance, a carbon steel containing 0.60 per 
cent. carbon : in attempting to forge a shaft, say, from a 
40-ton ingot, the variation of temperature during the 
forging would induce stresses in the interior that in all 
probability would result in internal fractures, with 
disastrous results when the shaft was used. Even with 
much lower carbon steels the same difficulties are met 


be | with, though to a less degree, and the mere heating or 


cooling of large masses of steel, 40 to 100 tons ih weight, 
is a very delicate operation. Any attempt to accelerate 





* Paper read before the Iron and Steel Institute, 
May 5, 1904. 
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—— . 
between the problem that presents itself in the works and 
the results of patient laboratory experiments. : 

The author pro s to describe briefly the practice of 
the works with which he is connected, and hopes it will 
serve as a modest supplement to the many excellent, but 
more theoretical, papers to which he has referred. 

‘At the River Don Works, Sheffield, of Messrs. Vickers, 
Sons, and Maxim, Limited, are manufactured railway 
material, such as tyres, cast-steel crossings, crank and 
straight axles, &c., marine shafting, forgings and castings 
for engine parts, finished guns up to the largest size, 
forgings for gun-mountings, projectiles, armour-plates, 
&c., special blooms, billets, bars, &c., of carbon and alloy 
steels, thus furnishing a varied series of products, the 
majority of which receive thermal treatment in one form 
or another. In the case of projectiles and armour-plates 
the author is not at liberty to describe the methods by 
which the results are obtained, as the processes are secret 
ones. Steel castings are also among the products which 
he does not propose discussing in this paper. : 

Before going any further, the author would describe 
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moulds are rarely used, and then only when the ingots 
are comparatively short. 

The moulds are made of cast iron, with an upper portion 
of non-conducting material, designed so that the y of 
the ingot may solidify and be fed by the still liquid head. 
This head, being the last portion to solidify, serves to 
include the region of segregation, with the result that the 
top and bottom of the body of the ingots show very little 
variation in composition. If the entire mould were lined 
with non-conducting material, many of the difficulties 
encountered in making large ingots in chilled moulds 
would be removed ; but there fhe: be the objection that 
the ingot would solidify more equally over its mass, con- 
traction cavities might be formed in the portion destined 
for use, while the region of segregation would probably 
occur there also. 

Needless to say, fluid compression is not used. It may 
seem late in the day to urge objections against the idea, 
but as in one or two quarters there remains a tendency to 
see some value in the process, it might be as well to state 
again the chief objections, 


Fia. 10, Fic. 11. 





tion impurities. The liquid steel itself cannot be reduced 
in volume by any practicable pressure any more than water 
can. The specific gravity of ‘‘ —— ” steel 
and well-melted steel cast in properly igned open 
moulds is exactly the same. Of course, ‘fluid compres- 
sion” might serve to mask some of the defects of steel 
that had been badly melted, by diminishing the volume 
of the blow-holes, but in that case the correct thing would 
be to —_ the ingot. Fluid compression, therefore, can- 
not possibly be beneficial to properly-melted steel. 
Forging and Rolling.—The author does not intend to 
describe here the details of the forge and mill. He is not 
aware that they differ materially from the usual practice. 
It might be mentioned, however, that the correct tem- 
rature at which the steel is to be worked in the different 
Sepesteabets is secured by the use of pyrometers when- 
ever it appears necessary. The necessary data required 
for the correct treatment of the steel is supplied by a pro- 
perly-equipped metallurgical laboratory, where micro- 
tests are made, cooling curves and critical points worked 
out, and photomicrographs made. In the chemical labora- 
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Fig. 12, 


Fias, 9 to 12, Structure oF a Steet Tyre; Maenirication 60 DIAMETERS, 


briefly the method of manufacture of the products to be 
discussed later. 

Melting.—All the steel produced at the River Don 
Works, with the exception of a relatively small portion 
made by the crucible process, is made in acid-lined open- 
hearth furnaces. It has been found that high-class steels, 








Properly-melted steel of the carbon used for ‘products 


described in this paper contracts in volume when cooling ; 
and even after the exterior solidifies, the liquid interior 
still keeps contracting, and on solidification forms internal | 
cavities called pipes. If the ingot mould be poverty 
| designed, this piping occurs in the head, leaving the body 


such as those referred to in this paper, used for the manu- | of the ingot quite solid. There will be no blow-holes in 


facture of guns, heavy shaftings, tyres, axles, &c., can 
only be produced satisfactorily by the acid open-hearth 
process. The chemical purity, by which the author means 


class we are describing. 


the body of an ingot made of properly-melted steel of the 
i If there are any, that particular | 
ingot is unfit for use in high-class work, for the walls of | 


a low percentage of phosphorus and sulphur, is secured | the blow-holes would not be welded together at the usual 


by the careful selection of the materials used. No} 


difficulty is found in obtaining a product under 0.035 
phosphorus and sulphur, The object aimed at is to repro- 
duce in the bath as nearly as possible the condition found 
in" Well-killed” crucible steel ready for teeming. The 





forging or rolling temperature. In dead soft steel there 
does not seem to be the same objection. An ingot free 


from blow-holes is the proof that the steel was pooner 
melted. We have just seen, however, that if the head | 
of the ingot be properly designed, so that it remains | 


tory complete analyses are made of every cast of steel 
made. The carbons are determined by the colour and 
combustion methods. As a rule, the two methods give 
very near results. In the testing-department the static 
tests are made on a 100-ton machine, while vibratory 
tests are made ona = apes Mag gs duplex vibratory 
testing-machine. Working with the quality of steels made 
at the River Don Works, the results given by the static 
test are found perfectly reliable, and the vibratory tests 
have only served to confirm that opinion. The various 
plants for the heat treatment of the steel are capable of 
dealing with masses 100 ft. in length and 100 tons in 
weight. Having thus briefly reviewed the equipment 
and methods of manufacture adopted, a description of a 
few typical products may be cmpreaer 
Tyres.—High-class tyres form one of the special products 


addition of aluminium, silicon, and other deoxidisers to | liquid longer than the body, it will contain the region of of the works. The distinguishing feature is that the 
: q 8' ce - ; y 
segregation and also the piping. It may now be asked, | receive no treatment after leaving the rolls of the tyre 


the ladle is but an indifferent substitute for good melting. 
Steel made by the basic process would be quite unsuitable 
forthe manufacture of the productsreferred to in this paper. 

Casting.—The steel is cast in qe moulds of circular, 
octagonal, rectangular, or square forms, depending upon 
the purpose for which the ingot is required. Circular 


Of what ible benefit can fluid compression be to pro- 
Brigued steel? There areno blow-holes to be reduced 


in volume. The pipe is already in a harmless position, | 
while the volume iM the head cannot be reduced without | 


danger of the body of the ingot containing the segrega- 





mill. Whatever structure may be developed must be 
attributed to careful supervision during manufacture, 
Great importance is attached to the purity of the materials 
used, and the steel on’ analysis must not show more 
than 0.035 phosphorus or of sulphur. The steel used 
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is regular in composition, and care is taken that at all 
stages the work is done on it at the temperature that has 
been found to give the best results. The tyres are allowed 
to cool in the air after leaving the rolls, and receive no 
further heat treatment. It is considered that, as tyres 
have to be heated when they reach their destination, it 
would not be prudent to subject them at the works to a 
course of heat treatment that would possibly be undone 
when they were being fitted up for use. It will be seen 
from Figs. 9 to 12 that the tyres, though a)!owed to cool 
naturally after leaving the rolls, have « well-marked 
sorbitic structure ; and it would be difficult to suggest a 
treatment that would in any way add to their wearing 
qualities or increase their resistance to shock. The 
specifications vary, but a typical one would call for 48 to 
56 tons tensile, with a minimum elongation of 15 per 
cent. for 48 tons, and 11 per cent. for 56 tons. There is 
also a drop test in which a “‘tup” of 2240 1b. is allowed 
to fall freely on the tyre (which is placed on a solid metal 
foundation of at least 10 tons weight) from heights of 
10 ft. and upwards, until the deflection of the tyre reaches 
one-sixth of the internal diameter, except when the dia- 
meter is less than 36in., when the deflection should 
one-eighth. The tyre should not fail under this test. No 
difficulty is experienced in meeting these demands, and 
failure is almost unknown. Below are given typical ex- 
amples with the results obtained :— 

TaBLe I.— Vickers Tyres. 


Analyses. 


| Treatment. 
Ultimate 
Strees. 
Elongation 
per Cent. 
Reduction 
of Area. 





55.0 
54.2 


No heat treatment. 
eet et et et et et 
PP PANSLOs 
SoOONSOuSS 


All passed the drop test. 


Azles.—Both the straight and cranked axles are sub- 
jected to heat treatment. As in the case of tyres, stress 
is laid on the purity of the steel, 0.035 being the maxi- 
mum for sulphur and phosphorus. The specifications 
vary, but a typical one would demand that a test-piece to 
be cut from the axle used for the shock test should give a 
tensile strength of 32 to 37 tons, with an elastic limit of 
at least 55 per cent. of the ultimate strength. The elon- 
gation must not be less than 25 percent. on 2in. The 
shock test varies with the diameter of the axle. No diffi- 
culty is experienced in meeting the tests, and the follow- 
ing examples will indicate some of the results obtained :— 


Taste II.—Vickers Aales. 


Lae | 
2 
Dp 
a 
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Analyses. 


| 


Ultimate 
Elongation 
Reduction of 
Area. 


Treatment. 
on 2 In. 


~~ 
Fe 


COSCR MEP 


027 
-031 
029 
028 
.029 
.028 


- hardened 


at 1650 deg. F. 


oil 


All passed the shock tests. 


It will be noted that a relatively high elastic limit and 
elongation is obtained on a moderate ultimate stress with 
a fairly low carbon steel. 

Shajts.—Most of the shafts, of which particulars are 
given below, receive no heat treatment with a view of 
altering their structure. They are annealed in order to 
relieve the strains that may be set up during forging. An 
interesting example is given below, where the length 
might have been expected to have caused variations in 
the results given by test-pieces taken from both ends. So 
far from this being the case, the two ends gave almost 


TaBLE ITI.—Vickers Stcel Shaft. 
Length, 86 ft.; external diameter, 26} in. 





Analyses. 


J 
| & 


Treatment. 


Yield Point. 
Ultimate _ 
Elongation 
Reduction 


tns tns p.c. p.c. 
al 15.8 80. 8 30. 0 40.0 
/ \15.8/31.4 31.0 44.0 
| 16.6 30.2 35.0 52.4 


| 16.030. & 35.0 58.3 
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TABLE V.—Forernes ror Vickers’ Guns (HEAvy). 
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Oil hardened at 1650 deg. Fahr. 
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6-in. guns 


Ditto 

031 Ditto 
028 Ditto 
-081 Ditto 
.027 

F -029 -026 123 | 
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12-in. guns 


025 Ditto 





Ditto 


identical results. It was hollow-forged from an ingot 
weighing 94 tons. 


TABLE IV.— Various Shafts, Vickers Steel. 


Analyses. Tests. 


Treatment. 


|S. Si. 


Yield Point. 
Ultimate 
Elongation 
on 2 In. 
Reduction 
of Area. 
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might be interesting to compare the results in 
Table IV. with those in Table V., where a steel almost 
identical in composition is used, but with this difference, 
that oil-hardening is adopted in order to produce the high 
elastic limit called for in steel that has to be used in the 
manufacture of large guns. 

It would be a simple matter to extend these tables to 
any length, but it would serve no useful purpose. When 
the composition of the steel is regular, the heat treatment 
is the same, and the results themselves are very regular. 


TaBLeE VI.—Hollow-Forged Nickel Steel Forgings. 


Analyses. Tests. 


Position. 


Yield Point. 
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Elongation 
Reduction 
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In Table VII. are given a typical series of crank-axle 
tests. Here again much importance is attached to the 
chemical purity and regularity of composition of the steel 
used. All were oil-hardened at 1650 deg. Fahr. 

TABLE VII.—Vickers Crank Azles. 
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In Table VIII., in the next column, the form of the 
forgings were such that rapid cooling in air could 
adopted as a thermal treatment. 

Ow - Hardening. —That form of thermal treatment 
known as “‘oil-hardening” is very interesting, owing to 





its having been adopted by ordnance manufacturers for a | 


TREATMENT. 











POSITION. l \ 
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TaBLe VIII.—Small Forgings, Vickers Steel. 
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number of years. The author has no intenticn of dealing 
with the historical side of the question. Long expeti- 
ence has proved that the process gives the structure and 
— properties required for ordnance steel, and w: uld 
also seem to indicate that it still remains the best methcd 
of obtaining the desired results. For ordnance work a 
steel having a high elastic limit is required. This could, 
of course, be secured by using a higher carbon steel, heat- 
ing above the critical point, and cooling in air; but we 
have already seen that the difficulty in making large 
forgings increases with the carbon. Gun-tubesare heavy 
and difficult forgings, but their tubular form, with com- 
paratively thin walls, lends itself to a thermal treatment 
in which the rate of cooling is considerably accelerated, 
and the required tests can be obtained easily with a 0.30 per 
cent. carbon steel. The intelligent use of the results given 
by the chemical and physical tests enabled the process to 
be successfully used in past years; and now that more light 
has been thrown on the structural changes that take place 
in the steel ‘itself, the methods stoped, remain the same. 


| The process is simple enough, though it ires a large 
plant when long forgings have to be Proticcn They are 
| raised to a temperature well above the critical range, 


quickly immersed in oil, and allowed tocool. They after- 
wards are heated to 1100 deg. Fahr., and allowed to cool 
slowly. In practice it is better to re-heat the forgings up to 
1100 deg. Fahr. than to stop the rapid cooling at the same 
point and then to cool slowly. If the forging warps or 
twists, it is rectified, and is then ready for the final 
machining. The effect of the treatment is to cause a 
sudden segregation of the carbide of iron, not into the 
sharply-marked crystals of pearlite, as in annealed steel, 
but into more indefinite areas of sorbitic pearlite. These 
areas are more diffused than would be the case with the 
— of annealed steel, and would retain some of the 
ardening carbon, hence the raising of the elastic limit 
of the steel. It would also appear that the cohesion 
between the ferrite and sorbitic pearlite is greater than 
with ferrite and pearlite, probably owing to the line of 
demarcation being less strongly marked. In any case the 
steel so treated has a comparatively small grain—gives a 
high elastic limit with a good percentage of elongation. 
That these results can be obtained from a steel sufficiently 
low in carbon to be worked in large masses constitutes 
the great value of the process to the ordnance manufac- 
turer. 
Vibratory Tests.—The author has referrod to the endur- 
ance tests which are made at the River Don Works. On 
e 728 is illustrated the type of machine used. It 
as given satisfaction in use, and takes up little space. 
It may have been noticed that endurance tests have not 
been included in the tabular results given above. The 
reason is that in no instance have they shown any want 
of ment with the static tests, while the mere recital 
of the number of revolutions a particular test-piece ran 
before it broke would convey no information unless they 


be | could be compared with the results obtained on other 


machines under similar conditions, with the same ratio of 

load to elastic limit. The endurance is proportional to, 

and depends upon, the elastic limit. _ : 
Conclusion.—The author has now briefly reviewed the 
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special products which come within the scope of this 
paper. It might be objected that the variations in the 
results are small, but that very regularity is the object 
aimed for in the works, and its attainment the proof of 
the correctness of the methods adopted. It would be 
easy to have extended the tables dealing with tyres, axles, 
guns, shafts, &c., but there would have been the same 
close agreement between the chemical composition and 
the tests, having regard to the treatment the steel had 
undergone. One thing to be emphasised is, that where 
the steel is to be used in the forms that have just been 
described, chemical purity is essential. The danger of 
segregation in larger ingots is ever present, though, as 
the author has shown, it may be diminished by cor- 
rectly designing the ingot, and this can best be mini- 
mised by starting with pure materials. The next 
point is that the steel should be ‘‘well-killed.” It 
should teem quietly, and. remain still and limpid in 
the moulds. The piping should be distinct, and blow- 
holes entirely absent. Any attempt to secure this by 
large additions of deoxidisers to the ladle will only 
result in great variations in the composition of the steel ; 
while there will be the further difficulty that the oxides 
thus formed would have no time to rise to the surface, 
owing to the depth of the steel in the ladle or mould. The 
effect would be seen in the erratic behaviour of the test- 
piece and its discordant results. This is the reason why 
the basic process is so utterly unsuitable for steel products 
such as those described here. If the basic process were 
used, the steel would have to be recarburised and de- 
oxidised outside the furnace ; and, as we have seen, this 
is not suitable so far as high-class steels are concerned. 
The basic process has its own proper sphere of operation, 
but the limits of that sphere are very strongly defined. 
The author next emphasised the importance of casting 
the steel in open moulds with properly designed heads, 
and of refraining from attempting by extraneous pressure 
to compress the fluid steel, when the most that could be 
achieved would be to diminish the volume of. blow-holes 
that should never have existed. Lastly, he hopes that he 
has succeeded in indicating a few of the special conditions 
that determine, in works practice, the methods adopted 
for securing the desired results. It has been seen how in 
tyres a suitable structure has been obtained without any 
thermal treatment, while the remarkable capacity shown 
by these tyres for resisting wear testifies to the correct- 
ness of the principles on which their manufacture is based. 
In axles, gun-tu &e., oil-hardening is the thermal 
method adopted ; while certain other forgings, possessing 
as they do a suitable structure when they leave the forge, 
only require annealing from a comparatively low tem- 
perature to relieve any strains set up in forging. Other 
forgings require heating above the critical range, and 
rapid cooling in air. If the author has succeeded in suffi- 
ciently indicating some of the conditions which differen- 
tiate works from laboratory practice, the object for which 
this paper was prepared will have been achieved. He 
desires to express his obligation to Mr. T. E. Vickers, 
chairman of directors, for permission to use the informa- 
tion given in the paper, and to thank Mr. A. P. Hill, testing 
engineer, and Mr. J. H. S. Dickenson, who did the micro- 
graphic work, for their kind assistance in its preparation. 








_ Gotp Imports AND Exports.—The imports of gold 
into the United Kingdom in April were valued at 
2,046,3137., as compared with 1,789,051/. in April, 1903, 
and 2,105,0892. in April, 1902. The three principal colonial 
groups made the following contributions to these totals :— 





| | { 
Colonial Group. | April, 1904. | April, 1903. | April, 1902. 
- ee 
British South Africa 5) 973,776 815,303 , 687,450 
British India = | 226,551 203,188 | 171,231 
Australasia .. Ars a 287 ,299 453,883 | 347,692 


| | | 


These three groups of colonies are the great_gold-produc- 
ing districts from which our supplies of gold are derived. 
The movement of _ to adjust trade balances has pre- 
sented no special feature, but 350,3007. of gold was re- 
ceived from Germany in April, as compared with 6900/. 
in April, 1903, and 16,265. in April, 1902. The aggre- 
on Imports of gold into the United Kingdom in the 
our months ending April 30 of this year were 11,506,384., 
as compared with 8,482,936/. in the corresponding period 
of 1903, and 6,224,359. in the corresponding period of 
1902. In these totals British South Africa, British India, 
and Australasia figured as follow :— 











Colonial Group. 1904. 1903. 1902. 
‘ ; £ | £ | 
British South Africa 4,816,557 8,716,046 | 1,347,652 
British India <a 8,394,170 | 877.191 | 1,224,153 
Australasia .. 1,552,682 | 1,955,693 | 1,723,434 


The marked increase in the receipts of South African 
gold will not escape attention. Gold came to hand from 
Germany to April 30 of this year to the aggregate extent 
of 848,810/., as compared with 119,725/. in the first. four 
months of 1903, and 26,2817. in the first four months of 
1902, The exports of gold from the United Kingdom in 
oy were valued at 2,214,973/., as compared with 
1,058,1537. in April, 1903, and 1,050,7952. in April, 1902. 
In the four months ending April 30 of this year gold was 
exported to the extent of 10,430,478/., as compared with 
4,736,2651, in the corresponding period of 1903, and 
3,876,587/. in the corresponding period of 1902. The 
ae to Mexico and Central and South America to 

pril 30 of this year were valued at 3,615,854/., as com- 
pared with 1,610,650/. and 113, 432/. respectively ; and those 


THE FRENCH NAVY. 


In the course of 1905 thirty-three new ships will be 
laid down for the French Navy. Of these, one armour- 
plated cruiser will be built in a Government arsenal, and 
four turpedo-boat destroyers and eight submarines will 
also be commenced in Government yards. This accounts 
for thirteen vessels, and twenty torpedo-boats will be laid 
down in private yards. The construction of the follow- 
ing vessels will continued in 1905 :—In Government 
arsenals—one ironclad, three armour-plated cruisers, seven 
torpedo-boat destroyers, ten torpedo-boats, and twenty- 
three submarine boats ; in private yards—four ironcl 
one armour-plated cruiser, one torpedo-boat destroyer, and 
forty-five torpedo-boats. The following vessels will 
completed in 1905:—In Government arsenals—one iron- 
clad and one armour-plated cruiser; in private yards— 
twenty-one torpedo-boats. The whole number of new 
ships to be commenced, to be continued, or to be com- 
pleted for the French Navy in 1905 is accordingly 
151 viz, six ironclads, six armour-plated cruisers, 
twelvet orpedo-boat destroyers, ninety-six torpedo- boats, 
and thirty-one submarine boats. The armour-plated 
cruiser which is to be commenced in 1905 is officially 
known at present as C 17, and she is of the same type as 
the C 16, laid down in 1904. The general characteristics 
of the C 17 will be similar to those of the modified Ernest 
Renan type; but the plans are still under consideration 
and some changes of detail may be made inthem. The 
four torpedo-boat destroyers pro} to be commenced 
in 1905 are to be of the Stylet type, which was com- 
menced in 1903. They are officially known at present 
as M 40, M 41, M 42, and M 43, They are to be 
193 ft. in length, and their maximum speed is to be 
28 knots; they will be fitted with engines working 
up. to 6800 horse-power, and they will carry sufficient 
coal to enable them to steam 2300 miles at 10 knots, 
or 217 miles at their maximum speed. They will 
each carry seven guns and two lance torpedo-tubes. 
The plans of the twenty torpedo - boats proposed 
to be built in 1905 are still under consideration. The 
armour - plated cruiser C 17 will be laid down at 
Lorient, and the four torpedo-boat destroyers at Roche- 
fort. Three of the submarines will built at 
Cherbourg, three at Toulon, and two at Rochefort ; 
these plans are still under consideration. It may be 
interesting to note that six submarine boats were laid 
down for the French Navy in October, 1903—viz., three 
at Cherbourg and three at Toulon. They are to be named 
the Emeraude, the Opale, the Rubis, the Saphir, the 
Topaze, and the Turquoise. They will have a displace- 
ment of 422 tons each, and they will be 149 ft. long by 
13 ft. beam, They will each be fitted with an engine 

ropelled by accumulators, and working up to 600 
orse- power. They are to. be fitted with twin screws, 
and their speed is to be 12 knots; they will each 
carry a lance torpedo-tube. It is proposed to lay 
down the submarines, or submersible ts, before the 
close of this year; four of them will be built at Cher- 
bourg and twelve at Toulon. With regard to the ninety- 
five ships at pre ent in course of construction for the 
French Navy, the ironclad République will be ready for 
her equipment in June, 1905, except as regards her 
turrets, and the ironclad Démocratie has just been 
launched. The ironclad Patrie was launched in Decem- 
ber, 1903 ; the ironclads Liberté, Justice, and Verité are 
still on the stocks. The armour-plated cruisers now in 
hand are the Jules Michelet, the Victor Hugo, the 
Ernest Renan, and the C 16. The eight torpedo-boat 
destroyers on hand are the Stylet, the Tromblon, the 
Pierrier, the Obusier, the Mortier, the M 38, the M 39, 
and the Claymore. Of the twenty-three submarine 
boats at present in course of construction, sixteen are 
officially known at present as Q 47 to Q 62. 








THE FARADAY SOCIETY. 
AN ordinary meeting of the Faraday Society was held 
on Monday, May 9, at the Institution of Electrical 
Engineers, Mr. Bertram Blount in the chair. 
r. Charles E. Fawsitt read a paper entitled ‘‘ Studies 
in Viscosity.” 


Some RELATIONS OF Viscosity TO SattT FORMATION. 


The viscosity of a mixture of two or more substances in 
aqueous solution is equal to the product of the viscosities 
which the solutions of the substances separately have. If, 
however, the substances act chemically on one another, 
then the viscosity of the mixture is different from the 
calculated value. By numerical illustrations from cases 
where a strong acid is neutralised by a strong base, this 
difference is shown to have a constant value for equi- 
molecular quantities. This value corresponds to the 
formation of undissociated water from the hydrogen and 
hydroxylions. The difference between the calculated and 
dhateved values in the case where a weak base is mixed 
with a strong acid has a value which varies with the base in 
the case of urea, and its derivatives appear to vanish. 


VISCOSITY AS AN ADDITIVE PROPERTY. 


A comparison of the viscosity constants of some urea 
derivatives and aurides of the fatty series shows that for 
a difference in the composition of CH, there is a corres- 
nding difference in the viscosity constant. There is, 
Sowerer a pronounced “‘ constitutional” effect, as shown 
by the different values obtained for isomeric substances. 
Mr. B. Blount referred to the difficulties in makin 
accurate and reliable viscosity measurements, on which 
important deductions are a 
Dr. T. M. Lowry discussed the relationship between 


solutions, the conductivity temperature curves converge to 
zero conductivity at — 39 deg. Cent., just as the viscosity 
curve for pure water does. : 

Dr. Rudorf observed that with different forms of ap’ 
ratus different results are obtained. 

Dr. Fawsitt, in reply, said that his results were all ob- 
tained with one apparatus, and that they were strictly com- 
parable. Referring to Dr. Lowry’s remarks, he added that 
viscosity is inversely proportional to migration velocity. 

Dr. ¥. M. Perkin then read a paper by Mr. A. Fontana 
and himself, on ‘‘ The Electrolytic Oxidation of Anthra- 
cine. 

The authors have taken up the study of the oxidation 
of anthracine primarily to ascertain whether it was pos- 


be | sible to obtain a good laboratory method for the prepara- 


tion ofanthraquinone. The first attempts were made with 
solutions in acetone, platinum electrodes being employed. 
Although oxidation took place in solutions of anthracine 
in acetone, it was not found possible to oxidise more than 
about 55 per cent. of the anthracine. Attempts were 
then made to electrolyse anthracine suspended in 20 per 
cent. sulphuric acid, or in caustic alkali, to which an 
oxygen carrier had m added. Various carriers were 
employed, the most satisfactory being chromium, cerium, 
or manganese salts. The anode consisted of a lead 
vessel ; the cathodes, four in number, were also of lead, 
and were placed in four small porous cells. There was 
also a lead paddle, which was connected with the positive 
pole; the total anode surface was about 6 square deci- 
metres, C.D. 1 ampere per square decimetre, tempera- 
ture 70 deg. to 80 deg. Cent., and electromotive force 
from 2.5 to 3.5 volts. The yield of anthraquinone was 
about 80 per cent., and it was not found possible to in- 
crease the yield more than 1 per cent. or 2 per cent. above 
this. It was afterwards found that almost equally good 
results were obtained without a diaphragm. In this case 
the stirrer, } square decimetre in area, was made the 
cathode. In discussing the results of their experiments, 
the authors consider that, owing to its volatility and the 
comparatively poor yield, a solution in acetone cannot be 
recommended. On a large scale, no method in which a 
diaphragm is employed would be satisfactory, owing to 
the migration of the SO, ions from the cathode to the 
anode side. They then briefly review the patents of the 
Hichst Farben Fabrik, Darmstiidter, and Martin Moest. 
Le Blanc criticised Darmstiidter’s patent, and doubted 
whether it would be possible to obtain any appreciable 
quantity of anthraquinone, owing to the reduction of the 
chromate by the cathodic hydrogen. The authors are of 
the opinion that, to a certain extent, the chromium, 
mengenee, and cerium salts act as chromium does when 
employed in the electrolytic bleach industry—viz., by 
prevention of reduction. Moest claims in his patent to 
obtain a 100 per cent. yield of anthraquinone; the 
authors have been unable to obtain much more than 
80 per cent. They are, however, of the opinion that very 
— better results would be obtained on a manufacturing 
scale, 

Mr. Blount suggested the use of thallium salts. He 
thought the energy bill in this instance might not neces- 
sarily be an all-iniportant item. 

Dr. Steinhart thought better results would be obtained 
if the anode solution were removed from the cathode, 

Mr. Inglis discussed the effect of the potential difference 
between the anode and solution. 

_ Mr. Gaster thought the cost of energy was of prime 
importance. He suggested the use of petroleum as a base 
for colours instead of tar. 








AGRICULTURAL Enaines.—The value of the agricultural 
steam-engines exported from the United Kingdom in 
April was 102,518/., as compared with 84,573/. in April, 
1903, and 71,468/. in April, 1902. In these totals the 
exports to European countries figured for 75,898/., 67,063Z., 
and 61,164/., so that Europe is the best external market 
for our agricultural motors. In the four months ending 
April 30 of this year, agricultural steam-engines were ex- 
ported to the value of 293,743/., as compared with 
237,449. in the corresponding period of 1903, and 
156,0397. in the corresponding period of 1902. Here, 
again, European countries figured for 183,572/., 173,297/., 
and 119,228/, respectively. 





More YorKSHIRE Coat.—Some thirty mining students 
from the West Riding have visited two new collieries in 
the neighbourhood of Rotherham, and on the eastern edge 
of the exposed coal measures of the Yorkshire coalfield, 
An inspection was first made of the Silverwood colliery 
(of the Dalton Main Coal Company), where the Barnsley 
bed was reached in December, 1903, at a depth of 
746 yards. The surface works are in course of erection, 
and represent the modern types of colliery engineering, 
the output to be ultimately attained being upwards of 6000 
tons per day. Two main winding-shafts Son been sunk to 
the coal, each 21 ft. inside diameter, and the up-cast shaft 
is now heing equipped for coal-winding. The total weight 
of tubs, coal-cage, and chains will be over 22 tons, 5} tons 
of coal being raised each wind. A novel feature of the 
surface arrangement lies in the fact that the coal screens 
are situated about 200 yards from the pit mouth, so that 
the dust will not find its way down the shaft with the 
ventilating current. A visit was next paid to the Din- 
nington colliery, of the Sheepbridge and Sheffield Coal 
Company, about five miles south of Silverwood and four 
miles to the east of Kiveton Park Station. The shafts 
are in course of being sunk to the Barnsley bed, which is 
expected to be met with at about 650 yards from the 
surface. Two main winding-shafts are in p one 
being about 300 yards and the other 500 yards in depth. 
An excellent water supply has been met with in the upper 
series of beds, and extensive water lodges are now in course 
of’ construction, so that the work of sinking has not keen 








— at 2,753,080/., as compared with 663,671/. and 





viscosity and con wey 6 and conductivity and tem- 
perature, and he showed how, in the case of very dilute 








impeded by the water following the shafts down. 
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CATALOGUES. 


A TRADE publication of a novel kind has just been issued 
by the ryt -American Machine Tool Company, Limited, 
of 3, Laurence Pountney Hill, E.C. This consists of a 
sketching pad, the upper portion of each sheet containing 
illustrations of some of the firm’s specialities, whilst the 
lower half is divided into }-in. squares, for use in making 

rough dimensioned workshop sketches. 
essrs. Kerr, Stuart, and Co., Limited, of 20, Bucklers- 
bury, London, E.C., have-sent us a circular describing an 
oil-engine locomotive they are now introducing, which, 
for certain pu has advantages over the ordinary 
steam locomotive. The new locomotives are designed 
mainly for use on very light rails, weighing, say, 10 lb. 
They use as working agent either ordinary 


ed yard. k i 
ighting oil, petrol, or alcohol, the —— when 


kerosene is used being 0.75 lb. per brake horse-power 
hour. The smallest size made weighs 14 tons, and has 
engines of 10 brake horse-power. 

e have received from Messrs. Harrison and Horsley, 
of the Pomona Ironworks, Cornbrook-road, Manchester, a 
copy of their new catalogue of hand and power shapers, 
lathes, planing-machines, and boring-machines. We note 
also a new type of adjustable ring gauge. These are split 
rings, made in the smaller sizes of hardened steel, which 
are lapped out to gauge, and are fitted with a graduated 
micrometer closing screw, by which the gauge can be 
reduced so as to pass a cylinder measuring as many mils 
as is desired below standard. 

A small hand-book on meter-testing has been issued by 
the Electrical Company, Limited, of 121-125, Charing 
Cross-road, W.C. jagrams are given illustrating the 
different stages in the calibration of continuous and 
alternate current meters, with illustrations and prices of 
the outfit necessary... We have also received a copy of 
their price-list of Luna arc lamps. 

The Bath Electric Manufacturing Company, Limited, 
of the Locksbrook po nga Works, Bath, have sent 
us a smal] pamphlet ing attention to their ‘‘ Kramos” 
resistance pieces, which, though of small size, are said to 
be capable of absorbing and radiating off large amounts of 
electrical energy. 

We have received a catalogue containing illustrations of 
some of the many fine cooling and condensing plants 
erected at steel works and power-stations by the Klein 
Engineering Company, Limited, of 94, Market-street, 
Manchester. Many useful notes on condensers are 
included in the letterpress. 

The Horsfall Destructor Company, Limited, of Lord- 
street Works, Leeds, have sent us a copy of their new list 
of dust and refuse destructors, in which are illustra’ 
plants supplied to many English, Colonial, and foreign 
cities and municipalities. e firm also supplies such 
auxiliary plant as may be desired by the purchaser. We 
note that in some cases it is profitable to recover the 
solder from old tin cans. 

The Power Plant Company, Limited, of 20, New 
Bridge-street, E.C., have sent us a circular directing 
attention to Capitaine’s suction gas plant, which they are 
now introducing into this country. The standard sizes of 
plant cover a range of from 5 up to 500 brake horse-power. 
The same firm have also sent us a pamphlet describing 
their two-stage, one-cylinder air and gas compressors, 
arranged for belt or electric driving. 

Messrs. R. W. Blackwell and Co., Limited, of 59, City- 
road, E.C., have recently brought out a new section in- 
sulator for electric traction lines, which is fully described 
in a leaflet just issued by the firm. 

A pamphlet describing their air-pumps and condensers 
has been sent us by the Great Lakes Engineering Works, 
Detroit, Michigan. 

A pamphlet describing the Blake-Denison continuous 
weighing machine has just been issued by Messrs. Samuel 
Denison and Son, of the Hunslet Foundry, Leeds. 
Hitherto, continuous weighing machines have been inter- 
mittent in action, the stuff to be weighed being fed intoa 
hopper suspended from a ei rpg pe but in the Blake- 
Denison apparatus the weig t of the material is taken 
and automatically registered as it is carried along by a 
conveyor. In one form, in which a belt-conveyor is used, 
the pulleys yng oy say, a 6-ft. length of the belt are 
mounted on a frame which is suspended from a steel 
balance weighing-machine. As every successive 6-ft. 
length of the belt over this frame its contents are 
weighed automatically, and the amount added to the total 
which has been previously registered. 

Messrs. J. E. Spagnoletti and Co., of the Goldhawk 
Works, Shepherd’s-bush, W., have issued an elaborate 
catalogue devoted to the Styler hydraulic and electric 
passenger-lifts, for which they are the British agents. 
Amongst the types illustrated are several intended to be 
run by the passengers themselves, without the aid of a 
special attendant. 

The Kirkstall Forge Company, of Kirkstall, near Leeds, 
have issued a small catalogue concerning their manu- 
factures. They supply bot’ iron and steel bars up to 8 in. 
in diameter, and amongst tneir specialities we note special 
steel —, rolled for use in capstan lathes, — 
straight and true to yy in. Rolled steel shafting, 
guaranteed true to y}$,1in., is supplied up to 7 in. in 
diameter, and compressed steel shahing, true to yyyz in., 
up to 3 in. indiameter. In addition to rounds, hexagons, 
squares, and flats are also supplied in ‘“‘ compressed” 


steel. 

The United States Metallic Packing Company, Limited, 
of the Soho Works, Thornton-road, Birmingham, have 
issued a new catalogue of their well-known rod and valve 
stem packings, of which over 150,000 have now 
supplied to different users. 

e have received a catalogue of machine tools from 
the Niles-Bement-Pond Company, 23-25, Victoria-street, 
Westminster, S.W., which deserves -more than a passing 








notice, both on account of its size and the excellence of 
its illustrations and general get-up. It is claimed to be 
the most complete catalogue of machine tools ever pub- 
lished, and as it contains 750 pages and weighs no less 
than 10 lb. it would appear that the claim was tenable. 
The first part of the catalogue is devoted to machines for 
use in locomotive shops, lathes for turning driving-wheels 
alone being represented by fourteen full-page illustra- 
tions. The other railway tools included are various car- 
wheel lathes, axle lathes, wheel borers, and hydraulic 
presses. The next section on lathes includesall sizes from 
the Pratt and Whitney bench lathe to the -massive 
Bement 125-in. crankshaft lathe. Besides the standard 
lathes, a number of special lathes, including pulley lathes, 
turret lathes, and automatic screw machines, are shown. 
Fifty a are devoted to planing-machines, and .a 
i e variety of heavy planers are shown. 
arious methods of driving by etic clutches and 
motors mounted on the top of housings are: illustrated. 
The large portable rotary planers are among the most 
interesting machines described in this section of the 
catalogue. These machines are self-contained, the motor 
being mounted on the saddle. The largest has a swing 
of 120 in., and is arranged so that it can be lifted by 
a crane and placed in any position on a floor-plate. 
Slotting- machines and milling-machines take a large 
number of 3 several very handsome ae illus- 
trations being devoted to work done on the Pratt and 
Whitney thread-milling machine. A large number of 
heavy drills are shown, including vertical drills, radial 
drills, and multiple drills. Fifty pages are devoted to 
boring and turning mills. Here, again, the large mills 
are most interesting, but more space has been devoted to 
describing the smaller machines. The 16-ft. and 20-ft. 
mills are particularly massive. Following the section on 
boring and turning mills are a few pages devoted to 
miscellaneous machine tools, and then comes a very 
complete line of boiler-shop machinery, including plate 
laners, bending rolls, punching and shearing machines, 
ydraulic presses, steam and hydraulic riveters. In the 
latter part of the catalogue, the full line of Bement steam- 
hammers is illustrated, together with a number of instal- 
lations of Niles electric travelling cranes. The last 
are devoted to the small tools made by the Pratt and Whit- 
ney pr Metric as well as English dimensions are 
given throughout, and code-words are placed under each 
iachine. hile the catalogue is not intended for general 
c.stribution, it will be gladly sent to users of heavy 
machine tools. 

We have received from Messrs. Urquhart, Lindsay, 
and Co., Blackness Foundry, Dundee, a catalogue of 
machine-moulded cast-iron gear-wheels, of which im Se 
probably the largest makers in the kingdom. The book 
1s strongly bound in leather. and contains the leading 
dimensions and weights of something like 7500 wheels, 
which the firm can supply from existing patterns at the 
shortest notice. The list includes double helical spur- 
wheels from §-in. to 4#-in. pitch, weighing from 10 lb. to 
135 ewt. ; double helical and plain-toothed bevels to over 
8 ft. in diameter ; plain-toothed spur-wheels to 6-in. pitch 
and 14 ft. in diameter, besides angle-bevels, internal 
gears, mortice-wheels, and a large number of worms and 
worm-wheels. The firm also make rope pulleys and fly- 
wheels up to 30 ft. in diameter, and machine-cut spur and 
bevel-wheels in all materials up to the largest sizes. 
Wheels can be supplied either split or solid and machined 
to any extent desired. The firm will be pleased to send 
the list to those likely to favour them with their inquiries 
and orders. 

Messrs. William Ryder, Limited, of the Beehive Works, 
Bolton, Lancashire, the original inventors of the Ryder 
hammer, have sent us a copy of their new catalogue, 
which shows patterns of forging-machines suitable for 
every kind of swaging work, from the simplest to the 
heaviest and most complicated. The firm also make saws 
for cutting hot iron, two patterns being listed in the 
catalogue, the largest being capable of cutting bars up to 
6 in. in diameter. A coke-crusher, which is claimed to 
break coke more cheaply and with less waste than is 
possible by hand, is also illustrated. 

Messrs. G. and J. Weir, Limited, of Cathcart, Glas- 
gow, have just published a new catalogue showing the 
atest patterns of their well-known feed and service 
mg The 8 shown are intended principally for 

nd service, and constitute a new series of standard 
patterns, old types being cancelled at the same time. 

The Brush Electrical Engineering Company, Limited, 
of Loughborough, have sent us a copy of their new meter 
catalogue, in which is given a very complete and well- 
illustrated description of the Brush-Gutmann integrating 
wattmeters for use on alternate-current circuits. The 
standard sizes range from instruments designed to take a 
current of 24 amperes up to those taking currents of 1000 
amperes. 

Messrs. J. I. Thornycroft and Co., Limited, of Chis- 
wick, have sent us a copy of their new catalogue of motor- 
boats, for the making of which this firm have, of course, 
special advantages. We note that a Thornycroft pro- 
ge gained a prize of 1000 francs at Monaco, award 

or the propeller giving the best speed in the races 
there. Amongst the illustrations in the catalogue we 
note some of the 30-ft. racing launch Scolopendra, which 
gained the yachtsman’s Cup at Cork last year. Another 
Interesting type is the shallow-draught pleasure launch, 
which carries its screw in a tunnel at the stern, and is 
thus not liable to injury in shallow waters. The draught 
of a 45-ft. boat is 12 in., and the speed 12 miles per 
hour. <A 92-ft. patrol-boat, fitted with Maxims and 


been | quick-firers, and having a speed of 14 knots, is also illus- 


trated. In spite of the high speed, the draught is but 
2 ft. 7} in. There are two engines, each of 130 brake 
horse-power. ; ee 

The Atmospheric Steam-Heating Company, Limited, 





escribing their system of heating with steam 
at or below atmospheric pressure, which we note, 
been applied. to the new post-office savings bank build. 
ings, South preern -o 

e have received from the Garvin Machine Company, 
of Spring and Varick-street, New York, a copy of their 
new illustrated pocket catalogue describing their metal. 
working machine-tools, amongst which are all types of 
milling - machines, screw - machines, forming - machines, 
and cutter-grinders.. The firm also build machines for 
special purposes. : 

Attention is called to a new application of the Boyer 
hammer in a circular just issued by the Consolidated 
Pneumatic Tool Company, Limited, of Palace-chambers, 
Westminster, 8.W. - This tool can now be fitted with a 
rotating device, making it suitable for cutting Piss-holes 
or feather-ways in stone, and also by means of a special 
fitting for riveting over copper stays. 

Messrs. Beanland, Perkin, and Co., of the School Close 
Works, Leeds, have issued a circular drawing attention 
to a machine hack-saw which they have recently supplied 
to a firm of contractors: for cutting off the heads of 
the steel piles used in a pier now in course of con- 
struction in the North of England. The piles weigh 
75 Ib. per foot, and were formerly cut off by drilling 
holes and then smoothing off the surface by pneumatic 
chipping-hammers. The machine, which is an adaptation 
of the firm’s well-known double-hack saw, does the work 
in a fraction of the time. It is driven by a small high- 
speed engine worked by comp air. 

Messrs. Alexander Oldham and Sons, of Dukinfield, 
near Manchester, have published a new circular giving 
illustrations of their patent segment pistons, and of their 
patent mechanical continuous lubricator, which is fitted 
with a sight-feed attachment. 

A new addition to their comprehensive catalogue has 
just been published by Messrs. W. H. Bailey and Co., of 
the Albion Works, Salford. In this are described the 
firm’s steam stop-valves, which are designed so that the 
seatings are free from expansion strains, whatever the 
range of steam temperatures. 

e Blake and Knowles Steam Pump Works, of 179, 
Queen Victoria-street, E.C., have published a new cata- 
logue of their steam-engine condensing plant, air-pumps, 
circulating-pumps, and feed-heaters suitable for land or 
marine use. 


of 52, vey Inn-road, W.C., have sent us a copy of a 
catalogue 








Our Locomotive Exports.—The value of the locomo- 
tives exported from the United Kingdom in April showed 
a rather. appreciable falling off, having been 187,701/., as 
compared with 226,002/. in April, 1903, and 182,867/. in 
April, 1902. The exports to the three principal colonial 
groups were as follow :— 








Colonial Group. | April, 1904. April, 1908. | April, 1902. 
& £ £ 
British South Africa 96,384 91,207 7,109 
British India oe 13,248 30,800 93,593 
Australasia .. 7,902 | 36,432 30,944 


The exports of British locomotives to South America in 
April were valued at 28,461/., as compared with 43,876/. 
in April, 1903, and 99927. in April, 1902. 


Our Rats ABRoAD.—The exports of rails from the 
United Kingdom showed a decided check in April; 
having amounted to only 30,174 tons, as compared with 
63,358 tons in April, 1903, and 49,629 tons in April, 1902. 
Of these totals the following quantities of rails were 
forwarded to the four principal groups of colonies :— 





Sea — 3 — 
Colonial Group. | April, 1904. | April, 1908. | April, 1902. 
- _— | 





k | tons | tons | tons 
British South Africa 4245 | 18,950 | 4,733 
British India wo a 9255 | 12,183 18,461 
Australasia .. Ss 566 8,464 9,453 
Canada j nil 5,101 2,526 


The exports of rails to Argentina in April were 4245 tons, 
as compared with 2438 tons in April, 1903, and 4372 tons 
in April, 1902. 





AMERICAN METALLURGICAL INDUSTRY.—The production 
of steel ingots and cast steel in the United States last 
year was 8,577,228 tons, showing a reduction of 561,135 
tons, or more than 6 per cent., as compared with 1902. 
The production of the six years ending with 1903 inclusive 
was as follows :—1898, 6,609,017 tons; 1899, 7,586,354 
tons; 1900, 6,684,770 tons; 1901, 8,713,302 tons; 1902, 
9,138,363 tons ; and 1903, 8,577,228 tons. Cast steel only 
figured in last year’s aggregate for 17,099 tons, while in 
1902 the production did not exceed 17,508 tons. The 
total of 8,577,228 tons of steel ingots and cast steel 
recorded in 1903 was made up as follows :—Pennsylvania, 


ed | 3,909,436 tons; Ohio, 2,330,134 tons; Illinois, 1,351,968 


tons ; and other States, 985,690 tons. The corresponding 

roportions in 1902 were :—Pennsylvania, 4,209,326 tons ; 
Bio, 2,528,802 tons; Illinois, 1,443,614 tons; and other 
States, 956,621 tons. The production of steel rails in the 
United States last year was 2,813,583 tons, as compared 
with 2,876,293 tons in 1902, which beat the record. In 
1901 the rail production of the United States was 
2,836,273 tons; and in 1900, 2,361,921 tons. Of the rails 
rolled in the United States last year 1,125,546 tons were 


made in Pennsylvania, as compared with 1,148,425 tons 
in 1902; 1, 406,068 tons in 1901; and 1,195,255 tons in 
1900. The increase observable in the —. of steel 
rails during the last three years has occu 

the heavier class, 


in rails of 
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‘‘ ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


ders. To the lowermost piston 6 is attached the w 
and the lower cylinder is 0; 


in the space below 
part of the air comp. 


thereof, where it assists in 





N 


r end of a 
connecting-rod 7. The upper cylinder is closed at both ends, 
n at its lower end. In that portion 
of the cylinder above the piston 5 combustion takes place, while 
that piston compression of air is effected. A 
pened below the piston 5 is, ata predetermined 
portion of the down-stroke, a to pass to the upper side 

earing the products of combustion 


the chuck I, and handle D held by it, to revolve. The configura- 
tion of the former F when it comes in contact with the roller E 
im the desired motion to the chuck and object towards 
and from the cutter, and produces an object of similar shape. 
(Accepted March 2, 1904.) 
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AND METAL- 


The number of views given in the Specification Drawings is stated | from the cylinder, and also reduces the temperature of the said 

- ° none are ; cylinder, so that premature ignition is avoided. To the 5) 23,821. KR. W. Hunt, Chi Ill, U.S.A. Stee 
mn case; where CEREN, Sie See a | © ove the piston iin the lower cylinder K the charge is odes ted Ingota. sh i i. prone nes 3; 1 So te atte 98 relates to 
‘4 from abroad. ‘ames, | 2nd there partially compressed. e charge, after com- | improvemen in the of casting s' ingots, an as cial 
— of whe ( oe are given tn italics. em * | pression in the cylinder 2, is admitted through a valve 9, actuated | reference to the art of perfecting cast-steel ingots, jaaay 
© Coy of Specifioati vay be obtained at the Patent O Sale those intended to be made into rails. The invention, tersely 
ranch, 25, ildings, Chancery-lane, (ae at defined, resides in an ingot-perfecting process that is characterised 
the uniform of : by the sudden, arbitrary cooling of the central or axial portion of 
The date of advertisement of the of a Complete SG the ingot at the moment ing its removal from the mould, 
ification is, in each case, given after abstract, unless the on whereby the impurities and gases are expelled from the centre of 
atent has when the date of sealing is given. Y the ingot. The process is further characterised by the addition of 
Any person may, at any time within two months the date of y metal to the interior of the ingot, and the filling thereby of any 
advertisement of of i A, pipe or cavity that may have been formed therein by the shrinkage 
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t the a . 

ive notice at the Patent O, of opposition to the grant of a 

pie nts atthe Patnt Oftn of oppeiion tthe 
ELECTRICAL APPARATUS. 


7612. F. A. P mand the Simplified Under- 
und Conductor mpany, ted, Liverpool. 
nduits. [5 Figs.] April 1, 1903.—This invention relates to 
conduits for underground electric conductors or cables of the kind 
used for lighting and power, and has for its object, firstly, to pro- 
vide means for securely bp water J the conductor or conductors 
against displacement in any direction in the conduit ; and, secondly, 
to provide a construction of conduit with detached sides and 
bottom, and with means for readily clamping these parts together 
whenever required, thus enabling a conduit to be built in situ. 
The conductor C is laid on bridge-pieces B, which are designed to 
be held against lifting, and means are provided for clamping the 
conductor in the bridge-pieces. For this pu each bridge- 
piece is formed with projections at the ends, and the inner faces of 
the conduit sides are formed with corresponding grooves a to 
engage the bridge-piece and hold it against vertical movement. 
The bridge-pieces are inserted obliquely in the conduit until its 
ends are in position to engage the grooves of the conduit sides 
> 
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and are then turned into transverse position to complete the 
engagement; or vertical ways may be provided in the conduit sides 
at desired intervals, to enable the bridges to be dropped down to 
the grooves, and the locking engagement be then effected by 

pushing the bridges in the direction of the conduit length. The 

top of each bridge is recessed to receive the conductor C ; but the 

recess is formed with a groove d at each side, and a key or wedge 

D is provided, which, when the conductor isin the recess, is placed 

on top of the conductor and driven parallel with the latter into 

the recess, thus clamping the conductor. The conduit is formed 

of detached sides A, Al, and bottom A2, and the meeting 

edges provided with mortices and tongues. Loose cross-bearers F, | 
having upwardly directed end portions /, are provided to receive | 
the conduit, a wedge G being inserted on either or both sides of 

the conduit until all are clamped firmly together. The top of the | 
conduit, after the laying of the conductor, may be closed by a} 
cover H, and a body of cement or suitable composition may be | 
cast over this to form a mechanical protection. (Accepted March 2, | 
1904.) 
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E. A. Claremont, Knutsford, Che 4 


6998. 
J. Stratton, Old Trafhord, Manchester. El 
Conductors. (2 Figs.) March 26, 1903.—This invention relates 
to improvements in the manufacture of the metal conductors of 
electric cables. Generally when strands of wire are laid and 
twisted together, or twisted round a core to form a conductor, there 
is a tendency, more especially when the conductor is bent, for 
the wires or strands to separate locally. Now in order to prevent 
this tendency to separate, or, as it is termed, to ‘‘ bush” or “ bird- 
cage,” each strand or wire is twisted in the reverse direction from 
that in which the strands or wires are twisted ether or around 
the core. A stranding machine is employed in which the bobbins 
rotate on their own axes in the reverse direction from that of the 
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frame on which they are mounted. A is the usual hollow spindle 
on which the disc B is keyed. F is a disc which is also mounted 
on the spindle A, but so as to rotate thereon. OC, C are the bobbin- 
carriers, each of which terminates in a spindle passing through 
the disc B, and capable of rotation on its axis. E, E are racks 


parts of handles for cutlery and other like articles. The machine 
comprises a headstock A provided with a spindle and 
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sion and ignition take place. Assuming an explosion to 
taken placg, the pistons will be movin 


a reservoir until the piston reaches a Fee pe meage point below 
a port leading thereto, when a valve will close, and the air be 
permitted to escape through the passage 28, and flush the 
cylinder 1. On the return stroke of the pistons, the charg’ 
first compressed in the cylinder 2 until it reaches a predetermined 
pressure, when the valve 9 opens and the charge passes into the 
cylinder 1, where it is finally compressed and fired. (Accepted 
March 2, 1904.) 


GUNS AND EXPLOSIVES. 


14,672, H. Platz, Karlsruhe, . Projectiles. 
(4 Figs.] July 1, 1903.—A projectile intended to pierce an object 
of great resistance, such as is offered by steel or iron, requires, 
besides a strong vis viva, a corresponding strength, and, with 
respect to accuracy of aim, efficient guiding in the rifling of the 
barrel. The object of the present invention is to combine these 
properties in a measure exceeding by far that heretofore 
attained. This invention relates to the combination with a 
hardened steel head a, and a body ¢ of asofter metal of high 
specific gravity, of an envelope b of a suitable metal, com- 
pound metal or alloy. The envelope b may enclose the whole of 
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the parts a and ¢ (Fig. 1) or only a portion of the same (Fig. 2). 
The relative proportions of the head a and body ¢ may vary. 
according to the circumstances. As the purpose of the solid 
head a is to penetrate the object aimed at and to — it, it 
must, therefore, be very strong. The purpose of the ly ¢ is to 
give the whole of the projectile as great a weight as possible for 
its given dimensions. The body c is accordingly made of a metal 
or alloy of high specific gravity. Another object of the body c¢ 
is,to guide the projectile in the barrel of the gun. When the 
projectile hits a mark or object, the vis viva of the heavy body 
comes into action, so that the piercing power of the projectile is 
correspondingly great. (Accepted March 2, 1904.) 


MACHINE AND OTHER TOOLS, SHAFTING, &Xc. 


8940. A. Wisteme, Sheffield, and W. C. Parkin, 
South Dore, Sheffield. Lathes. [2 Figs.) April 21, 1903. 


—This invention relates to a machine for shaping the bolster 


drivin 
pulleys, and may be of any suitable build, as will be eatenteet 
The front end of the spindle is formed to carry circular cutters 
or milling tools C to operate on and shape the handles D. A stay 
or abutment in the form of a roller E is supported adjustably in 
a desired position above the bed B to engage with the periphery 



































from the crankshaft, to the cylinder 1, where its final compres- 
ave 
downwards, the lower 
cylinder will be drawing in a charge from the carburettor, the upper 
piston will be compressing air, such air being permitted to flow to 


e is 


fixed to the disc F, G, G! and H, H! are small toothed wheels, 
gearing with each other and with the racks E. The toothed 


wheels G1 and H! are mounted on and keyed to the spindle of the 
bbin-carriers ©. By means of a set of change-wheels or other | 


gearing the disc F may be rotated in either direction, so that an 
desire degree of twist or number of twists may be given to eac 
individual strand or wire in the opposite direction to that in which 
the strands or wires, or themselves twisted together, are twisted 
around a core. (Accepted March 9, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


9033. P. G. Tacchi. Acton, London. Explosion 
Engines. [6 Figs.) April 22, 1903.—This invention relates to 
improvements in explosion engines. In its simplest form the 
engine comprises two vertical superim concentric cylinders 
1, 2, each provided with pistons 5, 6, connected together by a rod 4 
passing through a wall or partition 3 separating the two cylin- 





the attendant at th 











| of a revolving former F, as hereinafter described. In front of the 
| bed B, and pivotally secured to it so that it can be rai and 
| lowered, is a spindle G, provided with a handle H, by which it 
| can be ro , and carrying at the opposite end a suitable chuck 
| I for holding the object D. Upon the outside of the chuck is 
| secured the former F, the periphery of which is of the desired oval 
| to produce the required configuration. The former is poten: 
secured in position by frictional contact, and may readily 


| removed, and one of another form substituted. The handle D is 
held horizontally, as shown, with the object opposite the cutter 
| OC, and is brought, into contact with it by raisin 


the 
H an 


indle G, 
causing 


of the metal, or the accumulation of gas within the walls or 
crusts of the ingot. In carrying out the process the molten steel 
is poured into a mould, and allowed to stand therein until the 
top crust of the ingot has formed. In the meantime a pipe or 
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cavity may have begun to form within the ingot, the presence or 
absence of which may be due to many and varying conditions, all 
of which may be ignored because of the employment of a rod B, 
which is thrust through the top crust of the ingot 4 just before the 
mould 3 is stripped therefrom. This rod B is preferably heated, 
but is always cooler than the molten metal within the ingot, and 
its introduction serves to materially reduce the temperature 
within the axial portion of the ingot. This lowering of tempera- 
ture checks the inwardly directed segregation of the metalloids 
and the gases in the molten metal, and operates to expel the 
same from the central portion of the ingot. The rod B should he 
of better steel than the ingot mass, and upon being thrust therein 
melts and raises the quality of the steel at the centre of the 
ingot. The rods used in different ingots need not be of the same 
length, their size being determined according to circumstances. 
(Accepted March 2, 1904.) 


MOTOR ROAD VEHICLES. 


450. La Societe Ossant Freres, Paris, France. 
Silencers. [2 Figs.) January 7, 1904. —This invention relates 
to improvements in devices for silencing the’ noise’ of the exhaust 
of the motor on RE er vehicles. The silencer comprisés a 
series of tubes A, B, O, D, placed one within the other, and each pro- 
vided with a large number of small orifices a, b, ¢ at. one of their 
ends, so as to permit and yet retard the passage of the exhaust 
gases, which enter from the motor by the pipe E. The gases, 
when they reach the end of the tube A, pass through the orifices @ 
into the tube B, from thence by the orifices b into the tube O, and 
then by the orifices c into the tube D, from whence they escape to 


























the outer air by the pipe G. The walls of the tubes B, C, D are 
double where there are no orifices, and between the two sheets of 


metal asbestos is placed so as to deaden the vibrations caused by 
the exhaust. The ends of the different tubes are closed by means 
of plates L, M, and the ends of the tubes are secured to these plates 
by means of angle-irons K. Instead of causing the exhaust gases 
to enter the silencer at the centre thereof, they may be caused 
to enter at the ig through the pipe D and discharge 
through the pipe A. Insuch a construction it would be necessary 
to arrange an exhaust chamber into which the pipe D would lead in 
order that the exhaust may have a free entry into the Fs through 
the whole of its cross-section. (Accepted March 2, 1904.) 


RAILWAYS AND TRAMWAYS. 


9173. C. Naylor and J. Naylor, Golborne, Lancs. 
Trolley-Wire Sup. {8 Figs.) April 23, 1903.—This 
invention is designed to provide a clamp for the holding together 
of tubes, bars, or rods employed in the construction or building 
up of brackets for supporting overhead electric wires employed 
for electric traction. e clamp is constructed, in the arrange- 
ment illustrated, of two parts A and B, with two semi-circular or 
curved portions © and D in each, one placed in a plane at right 
angles to the other. The curved portions C embrace a vertical 
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pole or structure E by which the bracket is sustained, and the 
curved portions D embrace and clamp a tube, bar, or rod F, and 
hold it in a horizontal position at right angles to the pole E. The 
clamp may be made in three, four, or more parts, and when thus 
made has one vertical clamping portion and one, two, or more 
horizontal clamping parts. Instead of being semi-circular or 
curved, the clamping parts C and Dmay be of angular or other 


Fig.., 














shape to correspond with the shape of the poles or bars with which 
they are to engage. The separate pieces of the clamp are held or 
secured together by bolts H, the bolts serving the purpose of 
building or securing the clamp to the article or articles it is de- 
sired to hold together. The clamp is stamped to conform to the 
contour of the articles, but so that when the bolts are tightened 
up the faces of the clamp do not come together, but press lightly 
on the post and bars. (Accepted March 2, 1994.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


7420. J. Auld, Glasgow. Actuating Dampers. 
{3 Figs.] March 31, 1903.—This invention has reference to im- 
provements in apparatus for actuating dampers of steam-boiler 
furnaces. fis a ap ey eh a piston, f!! a helical spring. A 
pipe connection is taken from above the steam chest e and valve e! 
to the inlet branch of the Sed or top end of a cylinder a, 
preferably set vertically. Within the vertical cylinder a is 
fitted a piston d, the piston-rod ¢ of which is not connected 
thereto, but bears on the underside of a cap c! on an enclosing 
tube c2, which works through a brass q. he lower end of the 
piston-rod is jointed directly to a lever /, which carries an adjust- 
able weight /4!, An angled branch-arm & is formed on or con- 


nected to this lever h, preferably near its fulcrum, and the free 
end of this lever-arm will have a rod or chain connection to the 
ordinary throttle damper in the flue of the furnace between boiler 
andchimney. When the steam pressure in the boiler rises above 
the normal regulated pressure, the valve e! is opened, and the 
piston d is acted on by the steam, and so, through the piston-rod 
connection, actuates the lever h to automatically close the damper, 
and vice versd, when the pressure falls, the weight on the lever will 
automatically shift the position of the lever-arm, and so operate 
the rod or chain connection to open the damper. A pet cock / is 
fitted on the 7 of the cylinder a, and is left normally slightly 
open to allow of the escape of steam during the return upward 
motion of the piston. (Accepted March 2, 1904.) 


4611. C. E. Ly Eccles, Lancs. S ne Aatins 
] ines. (3 Figs.) February 27, 1903.—The object of this 
invention is to secure greater simplicity in the valve arrangements 
for the admission and exhaust of motive fluid from the cylinders 


of single-acting engines. The piston a is of the trunk type, con- 





nected directly to the crankshaft by a connecting-rod ¢, the piston 
end of which is fitted with a cylindrical boss d. This boss fits in 
a corresponding hole bored in the piston ; and is, in fact, 

to the ne Papo of an ordinary engine. It is, moreover—bein 
oscillated to and fro to an extent determined by the angle through 





| Th 


| one on each side, and two o 


which the connecting-rod swings as the crank revolves—made to 
act as an oscillating valve for regulating the admission and ex- 
haust of the motive fluid. This is effected as follows :—In the bod 
of the cylindrical boss d two curved h and g are form 
ere are also two passages i, j formed in the body of the piston a, 
nings k, 1, one on each side, in the 
cylindrical wall of the cylinder f. One of these openings—viz., k— 
serves as the inlet for the motive fluid, and the other—viz., /—as 
the exhaust’ opening. In addition to the passages mentioned, 
there are three other es m, n, 0. When the etis 
opposite the inlet opening k, the motive fluid flows through this pas- 
sage i and the poomae g and through one of the openings m, 7, 0, 
controlled by the sliding grid p, and enters the cylinder f. The 
motive fluid is supplied until the passage 7 is clear of the inlet k. 
At this point the supply is cut off and the piston continues to 
move under the expansion of the motive fluid. As the crank 
revolves, the cylinder is put to exhaust through the passages h, j, 
andl. (Accepted March 2, 1904.) 


4747. The Hon. C. A. Parsons, Newcastle-on-Tyne. 
Turbines. [12 Figs.) February 28, 1908.—This invention 
relates to turbines, and especially to means for the reduction of 
the skin friction of the rotating parts with the fluid in which they 
are immersed, and the invention consists in enclosing the idle 
or inoperative parts of one or more turbine wheels so that they 
are screened from the atmosphere and operating fluid and are 
rotated in a relatively highly attenuated fluid, whereby the re- 
sistance to rotation of the turbine is reduced. The blades are 
secured on the periphery of a disc b that is enclosed in a casing, 
from the wall f and cover ¢ of which division walls g andr 
project towards each other, making a faced joint. The flanges q 
and r divide the interior of the casing into two chambers oand 2, 
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the former of which constitutes an exhaust chamber, and the 
latter a vacuum chamber, in which the i is more att ted 
than that in the chamber 0. The turbine disc and blades rotate 
with ample cl in the chamber 2, the walls of the chamber 
being for a considerable distance clear from the disc and blades, 
except over a small section or segment of the disc and blades 
where the steam nozzle and exhaust port are arranged. At this 
part the flanges g, * are brought down towards the turbine, so 
that the flange g is very close to the ends of the blades. The 
flange g is also set in at g close to the sides of the blades and 
near to the circumferential rim of the disc. The operating fluid 
impinges against the blades from the nozzle m and passes through 
the exhaust port 7 into the exhaust chamber 0. (Accepted March 
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2539. W. Fairweather, London and Glasgow. 
(The Nott Fire-Engine Company, Mi polis, U.S.A.) Steame 
Generators. (6 Figs.) February 2, 1904. — This invention 
relates to vertical steam-generators of the water-tube type. 
Stated in a general way, the improvements consist chiefly in a 
series or nest of tube sections composed of series of lower and 
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upper headers arranged in radial order on parallel planes and 
connected by tubes coiled spirally around a common vertical axis. 
land 2 tively designate outer and inner concentric shells, 
providing an intermediate annular space, the lower portion of 
which serves as a water leg, and the upper portion as a steam 
— In the central space is an upright hollow column 14, 
osed at its ends by caps 16. Water is admitted to the lower 


| end of the column by connections 18, which establish communi- 
| cation between the water leg and column ; and steam-discharge 
pipes 19 extend from the upper cap 16 to the steam space 4. To 
the lower and upper portions of the column are connected 
radially-arranged ieters 20 and 21. To each lower header 20 
| and to the upper header 21, that is in vertical alignment with 
| it, is connec a series of tubes 22, which, preferably, are 
| coiled two complete turns in their spiral courses between the 
| headers. It is desirable to use tubes of comparatively smal! 
| diameter placed as close together as practicable, in order that 
a considerable number may be employed. In operation, the 
| water level being maintained below the upper headers, water 
enters the coiled tubes through the lower headers, and follows 
the spiral courses of the tubes until it is converted into steam, 
| which is di from the upper headers into the pipes or 
| spaces provided for its reception. The products of combustion 
sing from the firebox or furnace mainly follow the spiral 
| passage-ways intervening the coils of the tube sections, because 
| the openings between and around the tubes of a section are 
| comparatively small, and the spiral p -ways Offer the only 
| uncbetrested course of exit. In this way the hot gases are 
| sufficiently retarded and circulated to subject the different parts 
of the group of tube sections to the degree of heat necessary to 
making the generator a rapid and efficient steam-producer. 
(Accepted March 9, 1904.) 


MISCELLANEOUS. 


9220. W. Reavell and Reavell and Company, 

| Limited, Ipswich. Air-Compressors. [5 Figs.) April 
23, 1903.—This invention relates to air-compressors and comprises 
improvements upon the invention described in Specification 
No. 13,161, 1899. According to the present invention, the crank- 

| pin a is lengthened and the cylinders are arranged in two planes, 
parallel to each other, but sufficiently far apart to give the re- 
quired width to the connecting-rod ends }. This arrange- 
ment of cylinders is applicable to either single or two-stage air- 
compressors. In the single-stage arrangement of compressor the 
cover to the orifice in the frame through which each cylinder is 

| inserted is deepened outwardly in the central part to allow of a 
prolongation p of the piston q to work therein, surrounded by the 
air as compressed. This air space forms a part of the receiving 











or delivery chamber for the compressed air, which, acting con- 
tinuously upon the piston prolongation p in proportion to its area 
on the inward as well as the outward stroke, has a tendency to 
exert a constant thrust upon the connecting-rod } and crank-pin 
a. The piston prolongation p is conveniently made by casting it 
integral with the piston. Its diameter should provide sufficient 
area not only to accomplish the above-named object, but also to 
overcome the inertia of the piston and connecting-rod on the out- 
ward stroke. The initial supply of air for compression is drawn 
from ¢he crank chamber a2 through ports a3 into the cylinders, 
and, if subjected to more than one stage of compression. from one 
cylinder into another. The air as compressed passes through 
suitable non-return valves placed in the spaces o, and is delivered 
into the air-receiver chamber. (Accepted March 2, 1904.) 


7315. G. H. Denison, Leeds. Weighing Machires. 
[4 a March 30, 1903.—The object of this invention is to 
rovide a means of weighing the combined load upon two ad- 
acent weighbridges by the use of one steelyard, or by discon- 
necting one of the weighbridges, or weighing the load upon the 
other by the same steelyard. The supplementary levers L!, R! 
of the weighbridges are arranged to be vertically one above the 
other at the point of connection to the steelyard, and are both 
attached by means of knife-edges to suitable loops in the same 
connecting-rod 38; which rod hangs vertically from the steelyard. 
Above these levers L!, R!, and preferably attached to the plate 
supporting the steelyard, is fitted a lever 6 having two arms, one 
of which is connected with a yoke L6 which, when that arm is 
elevated, lifts the transferring lever L‘ clear of the knife-edge 4 











| in the lever L1. The other arm engages with a balance-weight 7, 
| which, through the knife-edge 8 and loop 9, may rest upon, or be 
lifted clear of, the same supplementary lever LI. The lever 6 is 
actuated by an eccentric, or crank, and coupli grod connected 
to a hand-lever 11. The action is as follows :—When the hand- 
lever 11 is pulled over to the right hand, the lever 6 lifts and dis- 
engages the transferring lever from the lever L1, and deposits 
the balance-weight 7 upon the outer end of the same lever, thus 
| compensatin  connecting-rod 8 for the loss of the weight 
lifted off the knife at 4. When the hand-lever is pulled over to 
| the other side again, the yoke L‘ is allowed to re-engage 
| with the knife at 4, and the weight 7is lifted again, placing the two 
| tables again in r, the previous disconnection having left only 


) one table in action. (Accepted March 2, 1904.) 
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THE ANTWERP WATER WORKS. 


T'wENTY-FIVE years ago the inhabitants of Ant- 
werp depended for their water supply on shallow 
wells, sunk in the sandy soil on which the city is 
built; and as the drainage of the town was, and 
still is, collected in cesspits beneath the houses, it 
will readily be understood that the death-rate from 
typhoid and other water-borne diseases was high. 
Many schemes for providing the city with a supply 
of pure water were from time to time proposed, 
but their commercial success seemed problematical. 
Practically the only available source of supply 
consists in the network of navigable rivers and 
canals with which Belgium is covered, and the 
whole of these are more or less polluted, rendering 
an elaborate system of purification necessary before 
the water can be rendered fit for domestic use. 
Although water may be obtained from deep borings 
in the neighbourhood, it is not found in sufficient 
quantity for the supply of a city which now ranks 
as the third port in Europe, and which a quarter 


dered necessary the establishment of some system 
of purification in addition to ordinary sand filtra- 


had been carried out by the promoters of the 
scheme, the Bischof system of filtration through 
spongy iron was adopted. 

The original works at Waelhem consisted of two 
settling-ponds, three spongy iron filters, three sand 
filters, two covered clean-water reservoirs, two 
screw-pumps for raising the water from the settling- 


engines for driving them, two sets of 170-horse- 
power pumping engines, four boilers, and a 20-in. 
main to Antwerp. This plant was considered sufii- 
cient for a daily supply of 33 gallons per head for 
70,000 inhabitants, and the company agreed to) 
extend the plant as required for a similar supply to 
175,000 inhabitants. 

The utmost care has been taken from the com- 
mencement to insure that the water delivered to 
the city should be absolutely pure, and the most 
suitable methods of purification, having regard to 
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of a century ago had a population approaching 
200,000. This population has now grown until it 
numbers nearly 275,000. 

In the year 1881, however, an English company 
undertook to supply the city with pure water, 
and a concession was granted by the munici- 
pality on terms which justified the company in 
establishing a filtering and pumping station and a 
series of mains at a cost of 280,0001., the popula- 
tion of the city proper at that time being 175,000. 
_The source selected for the supply was the tidal 
tiver Nethe, which, with two other small rivers, 
the Dyle and the Senne, flows into the Rupel, 
which falls into the Scheldt at a point about 
10 miles above Antwerp. A suitable site for the 
works was found on the banks of the Nethe, at the 
Village of Waelhem, on the road from Antwerp to 
Malines, and about 11 miles from the city. "Whe 
tide at this point has a variation of 13 ft. 6 in., and 
the distance from the mouth of the Scheldt is about 
65 miles. 

The terms of the concession stipulated for a 
minimum pressure of 5 atmospheres, or 170 ft., in 
the city mains, and it was decided to maintain the 
Recessary pressure by continuous pumping; as, 
owing to the flatness of the country, no suitable 
site could be found for a service reservoir, and the 
re of a water-tower of sufficient height to give 

€ stipulated pressure would have involved too 
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great an outlay of capital. 
€ condition of the water of the Nethe, flowing 
es through several populous villages, ren- 
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the source of supply, have been adopted by the 
company from time to time, as soon as their effi- 
ciency has been proved. 

After two or three years’ working it was found 
that the spongy iron process of filtration was costly, 
as the filters became rapidly clogged with the im- 
purities from the river, and frequent cleaning and 
breaking-up of the layers of iron became necessary. 
In 1885 the now well-known process of purification 
by contact with metallic iron was adopted at Wael- 
hem, under the superintendence of its inventor, 
the late Sir William Anderson, and his colleague, 
Mr. Ogston. In this system the water is passed 
through a revolving wrought-iron cylinder, 5 ft. in 
diameter by 15 ft. in length, supported longitudin- 
ally on hollow trunnions, through which the inlet 
and outlet pipes pass. The inside of the cylinder 
is fitted with ledges, which scoop up the iron turn- 
ings used for the purpose, and shower them down 
through the water during its passage through the 
cylinder. The water is afterwards aerated and 
filtered through sand in the ordinary way. Four of 
these revolving purifiers were erected at Waelhem, 
and their adoption set free the three spongy iron 
filter beds, which were turned into sand filters. 
Three large filters have since been added, with a 
third settling-pond and an additional clean-water 
reservoir with a capacity of 3000 cubic metres 


tion, and after elaborate and costly experiments | 


ponds to the filters, with two 12- horse - power | 


The apparatus consists of an open tank, 14 metres 
long by 7 metres wide and 2.40 metres deep, which 
is divided longitudinally into sections by three 
partitions, two of which have their upper edges 
raised above the surface of the water, and their 
lower edges are carried to within 6 in. of the 
bottom of the tank ; while the third, or centre, 
partition reaches from the bottom of the tank to 
within a few inches of the surface of the water, which 
has a depth of 2 metres. The bottom of the tank 
is covered with a layer of iron turnings. 
| The water, after being raised from the settling- 
_ponds by the screw - pumps, passes by an open 
canal 1 metre wide to the first section of the tank 
and falls to the bottom, passing through the layer of 
iron and beneath the first partition, then over the 
centre partition, whence it falls again, passing a 
second time through the iron and beneath the third 
partition to the fourth section of the tank, from 
which it passes by a masonry canal to the filter- 
beds. Air is continually forced into the layer of 
iron turnings at the bottom of the tank, so that a 
rapid formation of ferric oxide is the result, while 
the water is aerated at the same time. The tank 
can be seen in plan on Fig. 1, which shows the 
general arrangement of the filter-beds and pumping 
plant at Waelhem. 

Elaborate precautions are taken in order to 
ascertain that the water has reached a high standard 
of purity before it is passed into the mains, and for 
this purpose two completely-equipped chemical 
and bacteriological laboratories have been esta- 





| blished, oneat Waelhem and the other at Antwerp, 


where analyses of the water are constantly made, - 
both before and after purification, and the working 
of each filter-bed is carefully checked. 

In the year 1900 a second 20-in. main was laid, 
parallel with the original one, from Waelhem to 
Antwerp ; but it was soon found that the existing 
plant was becoming taxed to its fullest extent 
during the summer months, and it was decided to 
reconsider the whole question of the pumping 
power to be provided to deal with the constantly- 
increasing demand for water from the company’s 
mains, and the directors placed the matter in the 
hands of Mr. T. P. Wilson, of the firm of Easton, 
Courtney, and Darbishire, of Westminster, who 
was resident engineer in Antwerp during the con- 
struction of the works in 1881, and has since acted 
as the company’s consulting engineer. 

The original plans of the site at Waelhem pro- 
vided for future extensions of the pumping plant 
by the erection of two more sets of engines and 
boilers similar to those already mentioned. These 
engines are compound-condensing beam engines, 
with high-pressure cylinders 18} in. in diameter with 
a 3-ft. 8-in. stroke, and low-pressure cylinders 30 in. 
in diameter with a 5-ft. 6-in. stroke, the initial steam- 
pressure being 65 lb. per square inch. The pumps 
are of the bucket and plunger type, 224 in. in dia- 
meter with a 33-in. stroke, delivering 47.3 gallons 
per revolution. Any permanent addition to this 
plant would have demanded the laying of a third 
main ; and a new route would have had to be found 
for this, as the road under which the existing mains 
are laid is already fully occupied. 

The road is of the ordinary type of country road © 
in the North of Belgium ; it is paved for heavy 
traffic in the centre for a width of 5 metres, and 
under this the two mains run with a small sewer 
between them. One side of this road is occupied 
for a considerable distance by a light railway, and 
on the other a footpath and cycle-track run side by 
side ; and, except in the villages, the road is mostly 
banked up above the surrounding country. It was 
therefore decided to place the new pumping-station 
at Antwerp, with a storage reservoir holding half of 
the present maximum daily supply, into which the 
water from the station at Waelhem would be 
diverted, and then re-delivered to the mains at 
high pressure by modern machinery. The cost of 
the additional main was thus saved ; while by avoid- 
ing the loss of head due to friction in some eight 
miles of main, a considerable economy in working 
will be effected. 

It is intended that this new station shall for some 
years to come be used only during the summer 
months ; and pending its construction the plant at 
Waelhem was supplemented in 1903 by the addi- 
tion of a new engine and boiler. The additional 
pumping power is derived from a triple-expansion 





(Fig. 1). 

The Anderson purifiers are still used alternately, | 
according to the state of the water, with a new 
process of treating the water with ferric oxide. | 


engine with three-throw single-acting pumps, steam 
being supplied by a water-tube boiler of the Stirling 
type. 

On its way to the engine the steam is led through 
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a Schmidt direct-fired superheater, where it is 
raised to a temperature of 650 deg. Fahr. The 
engine and pumps, together with the superheater, 
were constructed by Messrs. Easton and Co., 
Limited, of Erith and London. The engine, which 
is of the marine type, is illustrated in Figs. 2, 3, 
and 4, on this and the opposite pages, and has now 
been running for about twelve months. The cy- 
linders are 163 in., 27 in., and 44 in. in diameter 
by 36 in. stroke. The high-pressure cylinder is 
not jacketed, but is fitted with a separate liner. 
The bodies of the intermediate-pressure and low- 
pressure cylinders are jacketed, the intermediate- 
pressure cylinder with'steam at full boiler pressure 
and the low-pressure cylinder with steam at 40 Ib. 
pressure. All cylinder covers are provided with 
Dewrance’s spring relief-valves, and the packing 
used for the glands is a metallic packing specially 
designed for use with superheated steam. The high- 
pressure cylinder is fitted with two piston-valves 
working in separate chambers, one controlling the 
admission and cut-off, and the other the release 
and compression. 


The principle is that of the 


13 solid-drawn steel return tubes, 1 in. in internal 
diameter and 1} in. in external diameter, with a total 
heating surface of 90 square feet. The ends of the 
tubes are expanded in a steel tube-plate, 14 in. 
thick. The admission of high-pressure superheated 
steam to this heater is controlled by a special regu- 
lator, so that the superheat can be completely cut 
out if desired; the apparatus then acts as an 
ordinary receiver between the intermediate-pressure 
and low-pressure cylinders. Auxiliary starting- 
valves are also provided for admitting high-pressure 
steam to the intermediate-pressure and low-pres- 
sure steam-chests. 

The lubrication of the cylinders and valves is 
effected by a Ritter positive-feed pump, worked by 
ratchet and lever from the intermediate-pressure 
crosshead. 

The pumps are of the three-throw single-acting 
ram type, placed directly under the cylinders, and 
worked from a second crosshead on the lower end 
of the guide-rods. The T-ends of the connecting- 
rods are fitted within the hollow plungers of the 
pumps. 
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Rider valve, and the cut-off is controlled by turn- 
ing the expansion-valve on its spindle with hand- 
gear, the ports in valve and liner being cut to 
an angle of 50 deg. to the spindle. These valves 
are illustrated in Fig. 5, page 740. The liners 
in which the valves work are of cast iron, ample 
allowance for expansion being provided between 
the liners and the main casting. The packing 
used for the seatings is composed of asbestos 
interwoven with copper wire. The piston valves 
are of cast-iron, no packing rings being employed, 
and the distance-piece between the upper and 
lower valves is of wrought-iron tubing. The 
intermediate-pressure and low-pressure cylinders 
have ordinary valves, with Meyer cut-off gear. 
The piston -rods, connecting - rods, crank - shaft, 
&c., are of Siemens-Martin mild steel, and tiwo 
flywheels are provided, each being 9 ft. in dia- 
meter and weighing 4} tons. The cylinders are 
carried on two cast-iron columns at the back, and 
four bright steel columns in front. The condenser 
is of the surface-condensing type, with 250 square 
feet of cooling surface. The circulating water is 
taken from the delivery pipe of the pumps, being 
diverted by a disc baffle, which can be adjusted as 
required, and the condensing plant is completed by 
an Edwards patent air-pump, 134 in. in Tinmatec, 
worked direct from the crosshead of the low- 
pressure cylinder. 

The steam, on its passage from the intermediate 
pressure to the low-pressure cylinder, is re-heated 
by a Schmidt patent receiver heater, which is illus- 
trated in Figs. 6 to 12, page 740. The body is of cast 
iron, 13 in. in diameter by 12 ft. 48 in. in length 





throughout their working length, and fitted with 
cast-iron glands with gun-metal bushes. The 
plungers are of cast-iron, 15 in. in diameter. The 
15-in. delivery main is fitted with a relief-valve 
controlled from the engine platform, and a 15-in. 
non-return valve is also fitted on the main next to 
the air-vessel. This is of cast-iron throughout, and 
is charged by a Westinghouse pump. Steam is 
supplied to the high-pressure cylinder at a pres- 
sure of 150 lb. to the square inch, and superheated 
to 650 deg. Fahr. 

The engine and pumps are designed for a normal 
capacity of 10,000 cubic metres in 24 hours, and a 
maximum of 12,500 cubic metres against a head of 
280 ft.; the makers’ guarantee provided for a 
steam consumption not exceeding 10 1b. per indi- 
cated horse-power per hour when running at 23 to 
29 revolutions, and 12 lb. per indicated horse- 

wer per hour when running at very slow speeds. 

e estimated indicated horse-power of the engine 
at normal work is 150. The maximum speed is 
32 revolutions per minute, and the engine will run 
at 6 revolutions per minute against a head of 280 ft. 
without stopping on centres. 

The superheater is of the Schmidt direct-fired 
type ; it is illustrated in Figs. 13 to 17, page 741. 
The apparatus consists of a number of coils of solid- 
drawn steel tubés, 1 in. in internal diameter, the 
ends being expanded into cast-iron junction-boxes 
which are placed in front of and outside the 
chamber, thus avoiding contact with the furnace 
gases. The total heating surface of the tubes is 250 
square feet, and the superheater has a grate area of 


The pump barrels are of cast-iron, bored 


steam, which enters at the top, flows in the opposite 
direction to the furnace gases. The steam is dried 
during its passage through the coils in the upper 
chamber, and is superheated to the required tem- 
perature in those of the lower chamber. A drain- 
cock is provided on the lower junction-box to 
remove any water which may have collected in 
the coils by condensation when the superheater 
is not at work. Pyrometers are fitted in each 
chamber, and thermometers in the steam-pipes, and 
the temperature of the steam is regulated by suit- 
able dampers controlling the furnace gases. The 
gases leave the superheater chamber at a tempera- 
ture of about 1000 deg. Fahr., and after passing 
the drying coils they enter the main flue at a tem- 
perature of about 460 deg. Fahr. A Steinle mer- 
cury thermometer, scaled to 900 deg. Fahr., is 
fitted where the superheated steam enters the main 
steam-pipe, and has a red mark to indicate the 
maximum teinperature. When this mark is passed, 
an electric bell rings, so long as the maximum tem- 
perature is exceeded. 


(To be continued.) 





THE ST. LOUIS EXHIBITION. 

Tue St. Louis Exhibition, now in course of 
completion, was opened with due ceremony on 
Saturday, April 30, by the President of the United 
States Republic touching a button at Washington, 
and thus, by the aid of electricity, bringing into 
being an artificial cascade at St. Louis. This labour- 
saving device in a new field offers a cheering prospect 
of amelioration to the lot of monarchs, presidents, 
and other potentates who may desire to take pert 
in an important function without making a long 
journey for the purpose. 

It is, at the present time of writing, ten days 

since the button was pressed, and during the period 
that has elapsed the wonders achieved in the way 
of forwarding the completion of the Exhibition 
bear evidence to the remarkable energy of the 
American people. It may be said that at the time 
of opening the main buildings were practically 
complete, and it only remained to construct roads 
by which they could be reached, to instal exhibits, 
to erect subsidiary buildings, and todo those various 
things of like nature that are looked on as the neces- 
sary concomitants of a great exhibition. These tasks 
have been, as we have said, attacked with a vigour 
national in its concentrated intensity. Thousands 
of workmen throng the buildings; freight trains 
of enormous cars, drawn by giant locomotives, 
traverse the grounds; mule teams, loosely harnessed 
to those curiously disjointed wagons one sees only 
in America, traverse every avenue ; in the buildings 
pits are being sunk for foundations of machinery, 
the heaps of clay excavated forming prominent 
features in the landscape ; scaffoldings are being 
erected or pulled down; skeletons of structures 
grow upon the sight as one watches, and are clothed 
with plaster into that semblance of flimsy solidit 
which is ‘peculiar to exhibition construction. All 
this marvellous activity, moreover, is pursued with 
complete indifference to the safety, comfort, or 
convenience of the half-dollar visitors, who, indeed, 
are a considerable hindrance to work, 
It has been suggested, we believe without much 
foundation or truth, ‘that the executive of the 
Exhibition allowed the opening to take place at 
the time it did in order that the public, more 
especially foreign visitors, might see that greatest 
of all American products—the ‘‘ hustle.” To those 
who have, like ourselves, travelled 5000 miles to 
see and write of more concrete exhibits, the result 
is a little disappointing. In the yg i embryonic 
state, however, there are plainly discernible the 
elements of what will be immense, and we hope, 
in the course of articles that will follow, to lay 
before our readers information of an instructive 
nature. In a few weeks’ time the Exhibition will 
undoubtedly be a sight well worth travelling across 
the Atlantic to see; but, unfortunately, the records 
of the climate of St. Louis lead one to expect that 
in a few weeks’ time the temperature will probably 
be such that the work of exhibition-visiting will be 
too exhausting for people of temperate climes. 
In late September and October, however, the 
weather is likely to be again as pleasant as it is 
just now, when bright sunshine and a fresh breeze 
render it all that can be desired. 

The official title of what is — called the 
St. Louis Exhibition is ‘‘ The Louisiana Purchase 





4 square feet. The coils of tubes are enclosed in a 





inside, and the superheated steam is led through 


brick setting intwo chambers, so constructed that the 


Exposition” ; but this is too cumbersome for anything 
but title-pages of official publications. It is natur- 
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ally called ‘‘The World’s Fair,” a generic title for 
American exhibitions ; and equally, of course, is 
the biggest thing ever yet seen on earth. The 
event commemorated by this Exhibition is the pur- 
chase from the French of the Louisiana territory, 
now forming an enormous area of the Republic, 
comprising no less than fourteen States and terri- 
tories. The States and territories are Louisiana, 
Arkansas, Missouri, Oklahoma, Indian territory, 
Kansas, Colorado, Nebraska, Iowa, Minnesota, 
North Dakota, South Dakota, Wyoming, and 
Montana. The total population is now about 
15,000,000. This territory is greater in area than 
France, Germany, the United Kingdom, the Nether- 
lands, Belgium, Italy, and Spain. The sum paid 
for it 100 years ago was fifteen million dollars, or 
about three million pounds. The bargain was con- 
cluded 100 years ago, between Napoleon the First 
and the then President of the Republic—Thomas 
Jefferson—whose name is emblazoned on the caps 
of the Exhibition janitors. It is thought that the 
President did a very smart bit of trading on the 
Emperor ; and this undoubtedly is true; but it 
should be remembered, in justice to the genius of 
Napoleon, that he sold what he could not have 
held. It ought to be another tie between the two 
English-speaking peoples that we helped our rela- 
tives to so good a bargain. 

The St. Louis Exhibition has cost fifty million 
dollars, or over ten million pounds. Of this sum 
the city of St. Louis contributed five million 
dollars, a like sum was raised by popular subscrip- 
tion, the United States Government gave eleven 
million dollars ; the various States and territories 
of the Union contributed seven million dollars ; 
concessions have brought in six million dollars ; 
foreign governments have subscribed five million 
dollars ; and exhibits have produced another 
eleven million dollars. The expenditure of this 
large sum has, we are officially informed, produced 
‘the greatest and best exposition in the history of 
the world.” The ground covered—or, perhaps, 
comprised—has an area of 1240 acres, of which 
128 acres are under the roofs of the big exhibit 

alaces. There are also 100 acres of outdoor ex- 
hibits, including the Giant Bird-Cage, the Mining 
Gulch, and other attractions, most of which yet 
remain for us to discover, possibly because they are 
not yet in being. About forty-five buildings have 
been erected by States and territories, and forty 
foreign pavilions have been built. 

The site of the Exhibition is about four or five 
miles from the centre of the city. It was, before 
the Exhibition was constructed, farm land, and 
‘*a primeval wilderness, where not even paths had 
been pioneered.” The land has been levelled, a 
tortuous river made straight, and a fair city of over 
one thousand separate buildings has been erected. 
Of these the principal are the magnificent exhibit 
palaces. The largest is the Palace of Agriculture, 
the architect for which was Mr. E. L. Masqueray. It 
is a rectangular structure, covering nearly 23} acres, 
the dimensions being 1600 ft. by 525 ft., and the 
cost was 550,000 dols. When completed, this will 
be one of the most interesting sections of the Exhi- 
bition, and will contain a number of pavilions of the 
different States, in themselves structures of con- 
siderable magnitude. At present they are mostly 
in the skeleton stage; but here, as elsewhere, 
armies of workmen are performing marvels of rapid 
development. At the back is the Palace of Horti- 
culture, by the same architect. It is in the form 
of a Greek cross, and covers over seven acres. The 
cost was 240,000 dols. Beyond, again, is the 
accommodation for live-stock exhibits. 

These two buildings are apart in the south-west 
corner of the grounds. The other principal build- 
ings are arranged on a triangle with two wings, the 
natural contour of the land lending itself most 
happily to an effective grouping, with sheets of 
water interspersed. The high ground which forms 
the apex of the angle is occupied by the Fine Arts 
Palace, and in front of this is the crescent terrace 
of States, with the dome of the Festival Hall in the 
centre —an ornate structure dominating the scene, 
as the National Gallery does Trafalgar Square and 
Whitehall. Happily, however, the architecture is 
not of the same sombre school. On each flank of 
the crescent is a minor dome, and from each of these 
and from the front of the Festival Hall there 
descend three terraced cascades, which fall into the 
grand basin occupying the centre of the amphi- 
theatre. 

Spread fanwise on the lower ground are four 
grand buildings, devoted respectively to education 





and social economy, to electricity and machinery, 
to varied industries, and to manufactures. 

This imposing group of buildings, with the 
lagoons and grand basin, spanned by numerous 
handsome bridges, form a noble architectural land- 
scape. Its beauty will be enhanced by vistas of lawn 
and garden when the grass grows and the flowers 
are blooming, as they doubtless will, for even 
grass and flowers can hardly escape the contagion 
of ‘*hustle” which dominates the enterprise at the 
present time. 

There are yet four more enormous palaces, two 
of which flank the great central site. They are 
devoted respectively to Mines and Metallurgy and 
to Liberal Arts on the east, and to Machinery and 
Transportation on the west. The particulars of 
the eight large buildings, or palaces, last men- 
tioned are as follows : —- Education and Social 
Economy cover 7.1 acres, the architects are Messrs. 
Eames and Young, and the cost, 400,000 dols. 
Liberal Arts covers 9.1 acres, and cost 480,000 
dols., the architects being Messrs. Barnett, 
Haynes, and Barnett. Manufactures—area, 14.5 
acres; cost, 720,000 dols.; architects, Messrs. 
Carrare and Hastings. Varied Industries—area, 
14.5 acres; cost, 650,000 dols.; architects, Messrs. 
Van Brunt and Howe. Electricity—area, 9.1 
acres; cost, 415,000 dols.; archiceccs, Messrs. 
Walker and Kimball. Machinery—area, 12.2 
acres; cost, 510,000 dols.; architects, Messrs. 
Widman, Walsh, and Boisseliere. Transportation 
—area, 15.6 acres; cost, 700,000 dols.; architect, 
Mr. E. L. Masqueray. Mines and Metallurgy— 
area, 9.1 acres; cost, 500,000 dols.; architect, Mr. 
Theo. C. Link. 

The Palace of Fine Arts, which, although on high 
ground, is hardly seen, being screened by the big 
handsome dome of the Festival Hall, is to be 
a permanent stone building, and though possessing 
the virtue of solidity, has not the ornate appearance 
of the temporary palaces. It covers an area of 
5.2 acres, and has cost 1,014,000 dols., the archi- 
tect being Mr. Cass Gilbert, of New York. 

The most important feature of ‘‘side-show” 
attraction is provided for by a long street known 
as ‘The Pike.” Here are the usual attractions 
for that section of the public which forms the 
financial backbone of World’s Fairs. There is a 
Palais du Costume placed between the Baby Incu- 
bator and ‘‘The Hereafter ;” whilst opposite is 
another show known as ‘‘The Creation.” What 
these latter titles mean will doubtless appear in 
the fulness of time, when ‘*The Creation” is created 
and ‘The Hereafter” is not physically in the 
future. There are, naturally, water-chutes, a 
Japanese fair, villages of different nationalities, 
and picturesque encampments of many savage 
kinds. There are antique buildings in lath and 
plaster; Battle Abbey is next to Cairo, and the 
whole is flanked by a precipitous range of canvas 
Tyrolean Alps, at the foot of which nestles the 
Irish village. The Great Wheel is being erected in 
another part of the grounds. 


THe Macuinery Hatt. 


It is our purpose to deal separately and in detail 
with the various departments of the Exhibition 
that most interest our readers, and we give else- 
where in the present issue the first instalment of 
an account of the Transportation Section, which is 
more advanced than some other of the engineer- 
ing departments. Unfortunately, the opposite is 
true of the great Machinery Hall, although here 
the two principal exhibits—those of the Chalmers- 
Allis Company and the Westinghouse Company—are 
complete and have been at work. The same may be 
said of some of the other exhibits of steam-engines. 
This building will contain the machinery for the 
power and lighting of the whole Exhibition; the 
aggregate energy that will be exerted is placed at 
45,000 indicated horse-power. It is claimed that 
there are but two larger power plants in existence— 
those of the Manhattan Elevated Railway and of 
the Metropolitan Street Railway, both of New 
York. The power exerted is picturesquely said to 
represent a team of horses 128 miles long. The 
plant is claimed to be two-and-a-half times as 
powerful as that installed at the Chicago Exhibition. 

Before entering the Machinery Hall, the steam, 
gas, and fuel building should be inspected ; but at 
the time of our visit access to this department was 
denied, and very properly so, in consideration of the 
safety of the public. This structure is 330 ft. long 
by 300 ft. wide. It is 100 ft. from the Machinery 
Hall, the steam-pipes being carried in a tunnel 7 ft. 





wide and 8 ft. deep. One of the steam-pipes is 
18 in. and another 16 in. in diameter, whilst none 
are less than 10 in, It is stated that when the 
boilers are working to full load they evaporate 
about 700,000 lb. of water per hour. Mechanica] 
stokers are installed, and there is a fan installation 
for forced draught. 

Although comparatively few of the exhibits in 
the Machinery Hall are completed, and we shall 
have to return to the contents of this department 
again, it may be of interest to give here the result 
of our preliminary survey ten days after the opening 
of the Exhibition. Entering the building at the 
end nearest the boiler-house, after climbing over a 
heap of débris, we come first to the exhibit of the 
Société Alsacienne de Construction Mécaniques, 
who have works at Mulhouse and Grafenstaden, in 
Alsace, and at Belfort, in France. They exhibit a 
tandem compound horizontal engine of 1000 horse- 
power, driving direct a three-phase 60-cycle alter- 
nator of a maximum capacity of 8000 kilowatts, 
the voltage being 2300. The engine is on the 
Frikart system, which has piston-valves at each end 
of the cylinder that work with a reciprocating 
motion normal to the axis of the cylinder, and are 
connected to a governor to give an automatic change 
in the ratio of expansion. The high-pressure piston 
is 600 millimetres (23.62 in.) and the low- 
pressure piston 1100 millimetres (43.2 in.) in dia- 
meter, the stroke is 1300 millimetres (51.1 in.), 
and the revolutions 94 per minute. Steam will 
be taken from the building main at 150 lb. 
to the square inch. There is a surface con- 
denser in a pit below, the cooling water being 
circulated by a centrifugal pump driven by a 
three-phase electric motor, the current being re- 
duced to 110 volts by a separate transformer. The 
pole-pieces are placed on the flywheel, and the 
exciter is placed on the end of the flywheel-shaft. 
This exhibit is almost complete,’ and possesses 
interest from the fact that the whole installation is 
the work of one firm. We propose giving fuller 
particulars of this fine engine at a future date. 

Adjoining is a 1000-horse-power Willans engine, 
by the Bradley Manufacturing Company, of Pitts- 
burgh, with a Stanley generator, by the Electric 
Manufacturing Company, of Pittsfield, Massachu- 
setts. This set deserves mention as being appa- 
rently in working order. The next completed 
exhibit is that of the Buffalo Forge Company, who 
show a horizontal tandem engine of 200 horse- 
power coupled direct to a Stanley generator. This 
engine has a piston-valve for the high-pressure 
cylinder on one side, and a slide-valve for the low- 
pressure cylinder on the other side. The Skinner 
Engine Company, of Erie, Pennsylvania, exhibit a 
single-cylinder horizontal engine with a flywheel 
governor controlling the ratio of expansion. The 
dynamo is by the Warren Electrical Manufac- 
turing Company. Beside this set is a compound 
horizontal Ball engine, by the American Engine 
Company, of Bound Brook, New Jersey. In this 
design the working: parts are entirely contained in 
the foundation casting, which is covered in together 
with the crank-pit, thus forming an enclosed engine 
of the horizontal type. Apparently one piston- 
valve distributes steam to two cylinders, which are 
placed with their axes in the same vertical plane. 
The dynamo coupled direct is by the same firm. 

These last three engines form an isolated group 
of completed work, and beyond them there stretches 
an area of undeveloped territory. There is in the 
centre a vast excavation into the alluvial deposit, 
having around it a neglected range of massive 
castings and other members of some mighty 
engine. There is a big condenser, the castings 
for large cylinders, the massive bases of vertical 
standards, and the dismembered elements of an 
enormous flywheel, extending its arms upward, 
helpless in its immensity, like the skeleton of a 
fossil mammoth. Further on there is another large 
engine, in the erection of which considerable 
activity was being shown. It is by the Hooven, 
Owens and Rentchler Company, of Hamilton, Ohio, 
and is of the cross-compound type. It will drive a 
dynamo by the National Electric Company, of 
Milwaukee, which will give about 1500 kilowatts. 
This will doubtless be a very fine example when 
completed. Beyond again are two large vertical 
compound engines, with dynamos coupled to the 
shaft, with separate flywheel between the cylinders ; 
next is an uncompleted switchboard, and then a 
large empty space, which will be found to be utilised 
doubtless in the fulness of time, when a catalogue 
is issued. 
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This north-west corner of the building is devoted 
to the purposes of a power-station, and at the 
further end is the great Allis-Chalmers vertical and 
horizontal compound engine of 5000 horse-power. 
'his engine was in operation on the occasion of our 
first visit, and working with remarkable smooth- 
ness, but at light load. The high-pressure engine 
has the horizontal cylinder, and is 44 in. in dia- 
meter, whilst the vertical cylinder forms the low- 
pressure element, and is 94 in. in diameter. Both 
connect to a single overhung crank. The steam 
pressure is 150 lb., and the revolutions 75 per 
minute. The crank is a steel casting, and the 
weight of the hollow steel shaft, with the crank on, 
is 88 tons. Theshaft is 37 in. in diameter, and the 
main bearing is 34 in. in diameter by 60 in. long. 
The outboard bearing is 32 in. in diameter by 48 in. 
long. The crossheads are steel castings. The 
dynamo is coupled direct, and is by the Bullock 
Electrical Manufacturing Company, of Milwaukee. 
It isa three-phase 25-cycle alternator, of the fly- 
wheel type, and generates 3500 kilowatts at 6600 
volts, this being transformed to 110 volts. The 
function of this powerful set is to supply current 
for the outside lighting of the grounds for decora- 
tive illumination, there being for this purpose 
180,000 lamps. We hope to give fuller details of 
this fine engine at a later date. 

Beyond the Allis engine is an impenetrable dis- 
trict, strewn with piled masses of machinery waiting 
erection. Fortunately, this bay is served by two 
powerful electric overhead travellers; otherwise the 
hope of sorting out all these big castings before the 
Exhibition closes would not seem very great. 
Skirting this deserted territory, and escaping 
another large excavation, we come to a small group 
of engines at work. The first is a horizontal, single- 
cylinder Corliss engine from the Murray Iron 
Works, of Burlington, Iowa, coupled to a Crocker- 
Wheeler dynamo. It is a pretty engine, with good 
finish, suggestive in this respect of Kuropean prac- 
tice. Next is a ‘‘ Fleming” engine by the Harris- 
burg Foundry and Machine Works, of Harrisburg, 
Pa. It is of the horizontal tandem compound type, 
and is also coupled to a direct-current Crocker- 
Wheeler dynamo of 400 kilowatts. The cylinders 
have unusual proportions, the diameters being 15 in. 
for the high-pressure and 404 in. for the low-pres- 
sure, the stroke being 26in. A similar engine to 
this has, however, on test given a record of 
12.33 lb. of steam per horse-power-hour ; but that 
excellent result was doubtless obtained under more 
favourable conditions than are likely to be experi- 
enced at the Exhibition. The engine is fitted with 
an automatic expansion governor on the flywheel, 
and has triple-ported rotary valves on both high 
and low-pressure cylinders. The low-pressure 
steam-valves are on a fixed eccentric, and there 
are two exhaust-valves on separate eccentrics. 
This engine is also of good finish, and, being of con- 
siderable interest, we propose to deal with it more 
fully at a later date. Another engine of about the 
same capacity is contributed by Messrs. J. and E. 
Greenwald, of Cincinnati. It is of the horizontal 
compound Corliss type, and has cylinders 18 in. 
and 36 in. in diameter by 42 in. stroke. It will 
develop 600 horse-power. It drives a Wood dynamo 
by the Fort Wayne Electrical Works. 

At the end of this section is the large exhibit of 
the Westinghouse Company. This will form a most 
imposing display when completed, but at present 
the whole of the large tract taken up by this com- 
pany is not covered by completed exhibits. The 
four large sets of vertical compound-engines of the 
well-known Westinghouse type are, however, a 
splendid exhibit in themselves, and are doing 
splendid work in supplying power to generate 
current for the purposes of the Exhibition. We 
shall, however, return to the Westinghouse con- 
tribution at a future time, and we hope to give a 
fuller description of this exhibit of the company 
and others in different sections when the arrange- 
ments are more complete. 





Etectric LIGHTING AND THE CASCADES. 


We have so far referred to one quarter of the 
Machinery Hall—that which forms a central power- 
station for the Exhibition; and in consideration of 
the incomplete state of the other 8, we will 
defer further notice of the section until the 
exhibits are more complete. In the meantime 
we will give a few figures, taken from the official 
reports, referring to the electrical display. We 
are told in the first place that ‘‘in elaborateness 
and beauty the decorative lighting of the Louisiana 





Purchase Exposition far surpasses anything ever 
previously attempted.” This, no doubt, is true— 
at any rate, St. Louis has not a bushel big enough 
to hide its decorative light. There are 120,000 
electric lamps, which ‘‘shed their rays at night 
over the magnificent specimens of architecture and 
the surrounding grounds which make up the 
impressive scene that so delights the eye of the 
visitor,” to quote again the official publication. 
From some points of view as many as 90,000 lights 
can be seen; and in the Varied Industries Build- 
ing 15,000 lamps have been placed. About 80,000 
lights are used by concessionnaires and exhibitors 
for decorative purposes. 

The three cascades to which reference has been 
made, and which form a central feature in the 
centre of attraction, are illuminated by electricity 
at night. The water in the central one falls from 
a fountain a distance of 20 ft., spreading out in a 
stream 45 ft. wide and 14 in. deep, tumbling 
from ledge to ledge down the terraced slope, and 
extending to a width of 120 ft. as it takes its final 
plunge into the great basin. The two smaller 
cascades also have their sources in two fountains, 
which play to a height of 75 ft. In all 90,000 
gallons of water descend every minute. The pumping 
machinery is placed beneath one of the side cas- 
cades and is capable of raising the water about 
90 feet. Twenty thousand incandescent lamps are 
used at night to illuminate the falling waters, and 
these are so placed that they are not directly visible 
to the spectators, but are placed behind columns or 
are concealed by the architectural details, only the 
reflected light from the waters being visible. 
Variegated lamps are placed under the steps of the 
cascades, and send their rays through the sheets of 
falling water. The beauty of the display thoroughly 
warrants official enthusiasm when it speaks of ‘* the 
beauty and colour that surpass in charm anything 
ever conceived for a World’s Exposition ;” and 
that ‘‘ it realises all our dreams of fairyland.” 


Tue Liserat Arts BuILpING. 


Having abandoned for a time the Machinery 
Hall, we turned our steps towards the Palace of 
the Liberal Arts, being attracted by the sight of 
some steam rollers of a design new to British eyes. 
The building itself, which we may briefly describe 
as being typical, exhibits an imposing front to- 
wards the main avenue, and is of a mixed style 
architecture of what can best be described as the 
‘*Exposition School.” There is a central porch 
and doorway of imposing dimensions, flanked by 
columns, the whole taking the form of a triumphal 
arch. At each corner there are subsidiary entrances 
of similar design, and alsoof more than ample propor- 
tions. Connecting these entrances there are tall 
loggias behind pairs of classic columns, which sup- 
port a bold frieze, profusely ornamented, that 
partly conceals a curved roof, perhaps a little sug- 
gestive of a railway terminus. The whole effect is 
handsome and imposing without being heavy, and 
is admirably suited for the purpose. Inside all 
attempt at ornamentation is frankly abandoned. 
The columns supporting the roof are plain baulks 
of timber supporting deep lattice siidaie, also of 
wood. Looking from one side to another, the roof 
is a vast network of timber, which is beautiful only 
if we accept the aphorism that ‘‘the useful and 
the beautiful are one.” 

For this section an admirable catalogue can be 
purchased ; but, alas! it is of less use than its 
merits warrant, from the fact that here again so few 
exhibits are in place. From the catalogue we 
learn, however, what comes within the scope of the 
Liberal Arts. There are thirteen groups of subjects, 
briefly as follows :—Typography ; Phiten: 
Books and Publications ; Maps and Apparatus for 
Geography ; Instruments of Precision ; Medicine 
and Surgery; Musical Instruments; Theatrical 
Appliances ; Chemical and Pharmaceutical Arts ; 

anufacture of Paper; Civil and Military Engi- 
neering; Models, Plans, and Designs of Public 
Works ; and Architectural Engineering. This 
building has had a boarded floor laid throughout, 
but the first thing encountered was a deep trench, 
where the boards had been removed, and the clay 
excavated hea on the floor around. Having 
surmounted this obstacle, and passing a large 
empty space, which a name-board indicates will 
ultimately be occupied by printing machinery, we 
traversed an avenue of show-cases in course of 
construction, and unpacked crates and boxes, not a 
single exhibit being here complete. 

Flanking this avenue is the extensive area which 


has been apportioned to a leading Continental 
nation, and which, to judge by the catalogue, will 
prove an interesting section when complete. At 
present it is a wilderness of packing-cases, amongst 
which the two completed exhibits of wind instru- 
ments stand out with strange contrast of polished 
wood and shining brass. By the exercise of some 
activity we are disentangled from this confusion, 
and pass through a screen of columns into the 
British Section, and arrive in a region of quiet 
orderliness, where the din of hammering and shout- 
ing from other parts only faintly penetrates. It is 
with a sentiment of national pride that we say that 
in all cases which have come under our observation 
the British contribution throughout the Exhibition 
is substantially complete; and the thanks of the 
country are due to Colonel Watson and his staff, 
as well as to the gentlemen who have formed the 
different committees of departments, for giving a 
striking object-lesson in orderliness and punctu- 
ality, qualities which appear to be a little out of 
fashion in an age of “hustle,” but which, it is 
to be hoped, will still continue to be characteristic 
of our race. 

The British contribution to this section is not 
so extensive as those of some other countries will, 
no doubt, be in time, and most of the objects 
shown do not come within our province. The 
chemical exhibits, however, are especially worthy 
of notice, and occupy a large part of the allotted 
space. They form as complete an illustration of a 
British industry as perhaps was ever sent out of 
the country, and the display is as complete as if 
the Exhibition had been open for months. A 
special catalogue of a comprehensive nature and 
containing a good deal of special information 
about the exhibits has been issued by the sub- 
committee in charge of this department; Dr. 
Boverton Redwood being the chairman, the 
other members being Messrs. A. Gordon Salamon, 
Thomas Tyrer, and Charles Wightman. Amongst 
the most noticeable exhibits are those of 
the United Alkali Company ; Messrs. Thomas 
Tyrer and Co. ; the Burmah Oil Company; Messrs. 
Levenstein, Limited; Chapman and Messel; J. 
Crosfield and Sons, Limited ; Chance and Hunt; 
Read, Holliday, and Sons ; the Anglo-Sicilian Sul- 
phur Company; Lewis Berger and Sons; P. Spence 
and Sons; Stafford Allen and Son; May and Baker ; 
the Cassel Gold-Extracting Company ; the Castner- 
Kellner Alkali Company ; Howard and Sons; Price’s 
Patent Candle Company ; Brunner, Mond, and Co. ; 
Walter Carson and Sons; J. C. and J. Field; Baird 
and Tatlock ; Townson and Mercer; J. J. Griffin 
and Sons; J. Fraser and Co. ; and the Mond Nickel 
Company—the last five firms combining to form a 
single compound exhibit—-and many others. Refer- 
ence should also be made to the exhibits of a scien- 
tific nature contributed by various societies and 


‘private individuals, but we hope to refer to this 


section again at a later date. 

In another part of the British Section in this 
building there is an interesting collection of draw- 
ings and models, many of them illustrative of engi- 
neering subjects. Messrs. Stothart and Pitt contri- 
bute a series of photographs pegpent the block- 
setting titan, of which they are the makers, 
as well as a model of the well-known Peterhead 
titan. Messrs. Ransome and Rapier show an inte- 
resting series of photographs of lock-gates, bascule- 
bridges, lifting-weirs, &c. Mr. W. H. Wheeler, 
of Boston, has sent a model of the eroder dredger 
which he invented. The London County Council 
send a model of the Greathead shield, by means of 
which the Blackwall Tunnel was bored. There are 
also models and pictures of dredgers, Messrs. 
W. Simons and Co., of Renfrew, contributing 
some admirable examples of lightships, one by 
Messrs. Allsup and Co., of Preston, for the Irish 
Lights Commissioners, and a pretty model of a 
twin-screw tender by Messrs. Blackwood and 
Gordon, also built for the Irish Lights Com- 
missioners. The Trinity House have sent their 
fine model of the Small’s Lighthouse. and other 
lighthouse models,, as well as the model of a 
lightship built by Mr. John Crown, of Sunderland. 
These models are supplemented by a good collection 
of photographs, plans, &c. 

We pass by the fine callection of prints, engrav- 
ings, &c., which form an attractive part of this 
section, as well as various exhibits of a more 
utilitarian nature, such as the maps and charts 
contributed by Mr. E. Stanford, of Long Acre, and 
Messrs. A. and K. Johnston, of Edinburgh, and 





walk across the building to the German Section, to 
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see how the contribution of our great trade rival | By aflank movement, however, access can be gained 


compares with our own. 


The German Court is arranged in a picturesque | back of the section is to be found a very interest- 
fashion. Entrance is made, when Teutonic regu- 


. ore 


SSA MSGi 


SS WSO ISS 
B\CO) 
2s ©) 





70. 





! 
I 
+ 
& 
! 
! 
I 
! 
! 
I 
| 
| 
! 
' 
I 
i 
' 
! 
‘ 
' 
| 


15 Ya" 


Figal 


‘) penn nn MAMAN’ 
(a i 


ana, —--—--—---.---.— 


FE Aiii 
‘ll 


Y 


lations permit, through 
the section devoted to pic- 
torial art; but although 
the arrangements here 
appear complete, the 
courts were barred to 
mere visitors who had 
paid for admission on the 
two occasions when we 
attempted to visit them. 


through the adjoining Chinese exhibit, and at the 
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hydraulic engineering and topography. There are 
models of canal locks, dredgers, contour models of 
harbours, docks, &c. One instructive model is 
that of an experimental tank for ship-model test- 
ing. The canal is shown together with the trac- 
tion carriage in complete detail, the model-makiny 
rooms, and other departments and appliances. 
There are drawings of bridges and other engineering 
structures, and a fine model showing the construc- 
tion of the hydraulic barge-lift at Henrichenburg, 
on the Dortmund-Ems Canal. An interesting model 
is that of a floating elevator and conveyor, built by 
the Schiffs und Maschinenbau Actien-Gesellschaft, 
of Mannheim. This vessel has two complete hulls 





ing series of models and drawings illustrative of 
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DIRECT-FIRED SUPERHEATER AT THE ANTWERP WATER WORKS. 
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spaced some distance apart, but connected by a 
bridge and gantry amidships. There is room for 
one of the enormous.German barges to float . be- 
tween to unload, a bucket-ladder being provided 
for the purpose: The-material-from the barge is 
carried by the chain of buckets to the top of the 
gantry, and here is deposited on to the endless band 
of a conveyor, which is rigged out at the side, and 
18 supported by guys from a pair of shear-legs. In 
this way material—presumably grain—can be taken 
from the barge and delivered on board ship or into 
@ granary on shore. The same firm show a good 
model of a central ladder-dredger, as well as 
mocels of tugs and hopper-barges. There is also 
& tine model of a sea-going bucket-dredger by the 
Lubecker Maschinenbau Gesellschaft, of Lubeck. 
This is evidently a powerful vessel. The four 
cables for the mooring-anchors pass through ports 
in : he a of the vessel. 

A sectional drawing of a special t; of vessel 
a attacking rock obstruction in a a bottom is 
_ of interest. The hull is constructed with a 
targe well in the middle, over which is a gantry. 
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The well is provided to accommodate a big rectan- 
gular diving-chamber. The latter, suspended from 
the gantry, can be lowered through the well, and 
has a range. movement, to judge by the drawing, 
of about 20 ft. The bell, or diving-chamber, is 
apparently about 24 ft. long by 14 ft. wide. Air- 
compressing machinery and other appliances needed 
for operating the bell and working the rock-drilling 
apparatus are contained on board. This drawing 
has on it the name of Von Fritz Wilh. Muller, 
Diisseldorf. 

There are other exhibits of a like nature iu this 
section ; but enough has been said to give an idea 
of its scope. It is one of some interest, and there 
are indications that it will become still more so by 
means of further additions, for the space is not at 
all crowded. In other parts of the German section 
such good progress had not been made, and there 
was the familiar collection of unpacked cases, with 
workmen engaged in completing exhibits in various 
stages of pre ness ; some engaged on plaster 
models being especially evident from the white mess 
they made. 
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A word should be said for the Chinese Section in 
this building, if only to put on record that it is 
well organised and complete in its arrangement, even 
to the yellow flags with dragons that:relieve the 
monotony of the extremely utilitarian roof. The 
exhibits consist largely of furniture carved -with 
fantastic patterns in deep relief, large china bowls, 
ivory carvings, and other objects characteristic of 
the country, the whole display being of the 
bazaar order. One enormous elephant tusk, most 
elaborately carved, is priced at 20001. 








WEST RIDING RIVERS. 


IX.—Trape Erriuents ; ACTION oF THE West 
Ripvine Rivers Boarp. 


No sooner was the third report of the Sewage 
Commission in the hands of the public than a 
county conference was held at Bradford, on April 22, 
1903. It was called at the initiative of the Brad- 
ford Corporation, who were of opinion that power 
should be sought from Parliament to enable local 
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authorities to regulate the admission of trade|to many of the smaller districts ; to which the 


effluents into the public sewers ‘‘upon uniform 
terms and conditions, including payment for cost 
of treatment.” As we have seen, the Commission, 
instead of recommending uniform terms, recommend 
the free admission of trade effluents under certain 
regulations (which the authorities may make as easy 
as, and control in what manner, they please), 
except in special cases, in which, subject to appeal 
to the Rivers Board, charges may be made. 

All the boroughs of the West Riding were con- 
vened, and about fifty delegates attended, repre- 
senting sixteenauthorities, includingthe West Riding 
County Council, the West Riding Rivers Board, 
the West Riding District Councils’ Association, all 
the county boroughs except Rotherham, and most 
of the remaining boroughs. Wakefield did not 
accept, for a unique reason. Their answer was :— 
‘* Wakefield are not prepared to take any part in 
any conference, believing that their river requires 
no further purification.” This astounding state- 
ment aroused laughter and incredulity, for which 
reasonable excuse may be found in the letter re- 
ceived by the Rivers’ Pollution Commission in 1866, 
written in legible characters with a pen dipped in 
the River Calder at Wakefield Bridge, and sent by 
a humorous correspondent as a proof of its quality. 
The Calder is not much better as yet, for we tind 
in the Yorkshire Post, of no earlier date than 
April 16 last, a report of a young man who, after 
plunging into the river at Wakefield Bridge to save 
human life, was seized with enteric fever in con- 
sequence of involuntary gulps of its pure current. 

Mr. E. J. Smith, Chairman of the Bradford 
Sewage Committee, took the chair, and opened the 
discussion, proposing the following resolutions :— 
‘* That this conference is of opinion that the existing 
law relating to the admission of trade effluents should 
be altered so as to provide :— 

(a). That all traders should be entitled to dis- 
charge their trade effluents into the public sewers 
upon terms. 

(b). ‘That the terms upon which trade effluents 
may be discharged into the public sewers should 
be uniform, and be based upon standards, 

(c). That in all cases provision should be made 
by the traders for removing solids from, and regu- 
lating the flow of, the effluent into the sewers ; and 

(d). That the local Rivers Board be constituted 
the adjudicating authority in the event of disputes 
between local authorities and traders.” 

These resolutions contain a distinct advance 
towards uniformity. A uniform charge is implied 
in the first, inasmuch as none advocate the absolute 
freedom of the sewers to all comers; and also 
uniformity of works of rough treatment, and regu- 
lations preliminary to discharge into the sewers, is 
sought. The doubtful point is, How can uniformity 
be secured by constituting the local Rivers Board 
as the adjudicating authority? Uniformity of 
treatment within their own district they can secure ; 
but how secure it as between district and district 
throughout the country ? The proposer introduced 
his resolutions by remarks illustrating, from the 
present position of Bradford, the meaning, scope, 
and necessity of the alterations in the law they 
demanded. He sought such alterations ona broad, 
comprehensive, and permanent basis, which in its 
operations should be uniformly just and equitable 
to traders and sanitary authorities alike, not in one 
area alone, but throughout the whole of the areas 
in the West Riding. Trade refuse was produced 
in the process of making private profit, and, 
whether solid or liquid, its disposal should un- 
doubtedly be considered as what in reality it was—- 
a necessary and legitimate business expense, 
exactly like mills and machinery. ‘‘ What we pro- 
pose is to meet the interests concerned, not by 
withdrawing the privileges enjoyed by those using 
the sewers, but that they, along with those now on 
the streams, should share the right of user free from 
all restrictions, proviced they undertake—(1) to 
retain the solids in settling-tanks ; (2) to regulate 
the flow into the sewers ; and (3) to pay the sani- 
tary authority the cost of treating the effluent.” 
All preferential treatment in the form of varying 
restrictions imposed by separate authorities ought, 
if possible, to be removed by the adoption of a 
method of this kind, in which the whole of the 
traders would stand upcn common ground. This 
is one of the clearest and strongest statements 
which has been given on the subject. 

In the course of the discussion it was objected 
that the permission for all traders to discharge their 
trade effluents into the sewers would spell disaster 





pertinent reply was, that the incidence of rating 
would depend on the terms of admission. Here 
it will be perceived that means must be pro- 
vided to protect a district against its own council, 
lest powerful members, seeking their own inte- 
rests, should pledge the ratepayers to a disastrous 
bargain. Again, it was asked what was to be 
done with a small district with a domestic sewage 
scheme efficient for its purpose, but wholly inade- 
quate for the treatment of the liquid pollution 
of a single great manufactory ? A question met 
by the same reply. Such a case argues a rural dis- 
trict where the chances are that such a millowner 
would prefer to treat his own effluent rather than 
face the unknown cost of transforming the public 
scheme. 

Colonel Harding, Chairman of the West Riding 
Rivers Board, asked whether the conference ought 
not to follow the lead set by the report of the 
Royal Commission on Sewage, and moved, as an 
amendment, ‘* That the existing law relating to the 
admission of trade effluents into the public sewers 
should be altered on the lines indicated ” in that 
report. Color. >] Harding, it may be remarked, was 
a member of the Commission. He had many sup- 
porters; and his amendment was carried by a 
majority of eleven against four. A second amend- 
ment to enable local authorities to charge as they 
thought proper, subject to appeal to the Rivers 
Board, also failed, but by a majority of one only. 
So far, the hesitating and uncertain policy of the 
Commission prevailed ; a reason for which may be 
possibly discerned in the predominant influence 
of the millowning interest in the smaller boroughs 
and districts of the West Riding represented at the 
conference. The three great county boroughs, 
Leeds, Sheffield, and Bradford, were in the 
minority who were not in favour of the ratepayers 
being charged with ‘‘a necessary and legitimate 
business expense, exactly like mills and machinery.” 

Another resolution had been drafted in favour of 
steps being taken to procure an Act giving the 
required power to sewer authorities in the West 
Riding of Yorkshire; but this was withdrawn in 
favour of a resolution asking the Government to 
bring in a measure that would give effect to the 
recommendations of the Royal Commission, which 
was passed without opposition. 

At the next meeting of the West Riding Rivers 
Board the vexed question of the admission of trade 
effluents to the sewers absorbed most of the sitting. 
Pursuant to the conference, the President of the 
Local Government Board had been asked to receive 
a deputation from the important West Riding 
authorities represented at the conference, and they 
had received the reply that although Mr. Long had 
the report of the Royal Commission under his con- 
sideration, legislation was impracticable—at any 
rate for that year ; and further, that he could give no 
pledge as to legislation to be proposed next session. 
Under these circumstances the President had no 
desire for a deputation, but would be happy to 
learn by letter anything they had to say. After a 
long discussion, a letter was drafted and sent to the 
President, setting forth the impotence of the exist- 
ing law as to the admission of trade effluents to 
the sewers ; the general expectation of an amend- 
ment; and the aggravation of the difficulties and 
delay attending the purification of the rivers until 
such amendment takes place ; and urging once more 
that the deputation referred to in their letter of 
June 12, 1903, might be received at an early date 
in autumn, ‘‘ so that in case your honourable Board 
do not see your way to promote legislation during 
the next session, the Rivers Board may have ade- 

uate time to consider a measure for the West 
iding.” 

The Local Government Board exercised its usual 
deliberation ; and on October 26, nearly six months 
after the holding of the West Riding Conference, 
it was announced at a meeting of the Rivers Board 
that the President of that Board would receive 
the deputation. This seemed to be in his view 
that early date in autumn so needful for the ade- 
quate consideration of a possible measure for 
the West Riding. 

At the same meeting, the Chairman of the Brad- 
ford Sewage Committee again brought up the 
question of uniform charge. He disagreed in toto 
with the proposal that a charge should only be 
made in exceptional circumstances. That was a 
fatal recommendation. He was convinced that if 
manufacturers were given the right of turning 
their effluents into the sewers, it would throw an 





immense burden on to sanitary authorities, and, 
he might have added, might puta check upon the 
recovery of the waste products involved—a factor 
of paramount importance in trade economy. He 
was able to fortify his position in an exceptional 
manner, for, he said, Bradford had been buying 
out from certain woolcombers their prescriptive 
rights, under the Act of 1897, to send their effluents 
into the sewers ; and if the recommendation of the 
Commission became law, the Corporation would be 
in the position of having  gegreng prescriptive 
rights which were given back by Act of Parliament 
free of charge. He concluded by moving that the 
deputation should be instructed to urge upon the 
Local Government Board that no legislation would 
be satisfactory which did not give power to the autho- 
rities to formulate the terms (including payments) 
of admission. This resolution was practically 
adopted, and thus the West Riding Rivers Board 
advanced a step. ‘True, it isa step that may have 
to be modified, as we think it should, in the direc. 
tion of securing that uniformity which independent 
powers to each authority cannot secure. 

In due course the long-postponed interview with 
Mr. Walter Long took place. He pleaded non 
possumus, and advised a local Bill, which probably 
was the best thing he could have done; and his 
advice was acted upon. On November 18, the 
notice for application to Parliament was _pub- 
lished by the West Riding Rivers Board for leave 
to bring in a Bill ‘‘to make further and better 
provisions for preventing the pollution of, and 
obstruction to, and for securing and preserving the 
purity of, the water in all rivers, streams, canalised 
rivers or streams, brooks, becks, water-courses, 
canals, &c.” 

The objects of the Bill were chiefly to alter the 
law with respect to the admission of trade effluents 
on the lines already indicated ; to confer on the 
Rivers Board the power of determining (subject 
to appeal to the Local Government Board) dis- 
putes in reference to such admission between the 
sewer authorities and the mill-owners concerned ; 
and other matters which will be more particilarly 
described hereinafter. 

The great interest excited by the publication of 
the notice ended in disappointment, for at a meet- 
ing of the Rivers Board, held on December 10 last, 
it was decided by a substantial majority to withdraw 
it for the ensuing session. The meeting had been 
specially called to approve of the Bill, clause by 
clause ; but in these matters the unexpected often 
happens. 

At the outset a letter was read from the Town 
Clerk of Bradford to the effect that his corporation 
would oppose the promotion of the Bill on the lines 
indicated, unless the consent of the West Riding 
County Council and the County Boroughs was first 
obtained; that the Rivers Board were exceeding 
the functions delegated to them in seeking thus to 
alter the law governing the admission of trade 
refuse into the sewers ; that the jurisdiction of the 
local health authorities was being unwarrantably 
invaded; and that if the Bill passed, those 
authorities would become responsible for a serious 
outlay, as to the ordering of which they would not 
be consulted. Pursuant to this letter, Couucillor 
E. J. Smith, Chairman of the Bradford Sewage 
Committee, proposed, as an amendment, that a 
reprint of the Bill be transmitted to each of the 
constituent authorities of the Board, with a request 
that they would lend their co-operation. He said 
that they were not only seeking to establish a new 
precedent in legislating without the consent of the 
constituent authorities, but were also seeking new 
objects; and he submitted that the question of 
the admission of trade effluents to the sewers was 
outside the province of the Rivers Board, and 
within that of the sanitary authorities. To enforce 
such admission meant taxation without control, 
and the forced expenditure of millions of —. 
The amendment was seconded by a Sheffield repre- 
sentative, and supported by the Leeds representa- 
tive, who said Leeds was not in favour of the 
measure in its present form. es 

What that form was we are not in a position to 
state accurately, owing to the withdrawal of the 
Bill; but the notice indicated its general lines. 
What is’ clear is that the three leading county 
boroughs were opposed to it, whether by reason of 
its not complying with their views as to uniformity 
of charge and regulations in respect of the rece})- 
tion of trade effluents into the sewers, or otherwise. 
Further, that the mover of the amendment, Mr. 
E. J. Smith, who throughout had taken a leadirg 
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part in the movement for a Government measure, 
held the view that the proposal to secure powers 
for compulsory admission of trade effluents was 
going beyond the discreet use of the functions 
delegated to them. Yet this has an appearance 
of avoiding the straight issue. Mr. Smith had 
strenuously advocated uniformity of terms of 
admission to the sewers. Let us look into his 
objection. 

In 1893 the Local Government Act of 1888 begot 
the Joint Committee for the Rivers of the West 
Riding of Yorkshire, which was formed by a Pro- 
visional Order. In the year following the Joint 
Committee, finding enlarged powers necessary, went 
to Parliament, and, after a strenuous fight, expanded 
itself into the West Riding Rivers’ Conservancy 
Board, in face of the combined opposition of all 
the county boroughs, who then, as now, objected 
to them exceeding their functions. Under the 
powers of the Conservancy Act the West Riding 
Rivers Board has now for ten years had the power 
of putting in force the provisions of the Rivers’ 
Pollution Prevention Bill of 1876, and of all other 
enactments having for their object the purification 
of rivers. Practically it is almost the sole instru- 
ment for enforcing these provisions. Finding 
certain of these provisions unworkable, the Rivers 
Board have sought Government legislation ; and at 
the instance of themselves and others, the Royal 
Commission on Sewage has specially investigated 
and reported upon the whole question of trade 
effluents, with specitic recommendations for a com- 
plete reconstruction of those provisions specially 
made for the admission of trade effluents to the 
sewers. The Local Government Board have there- 
upon been asked to promote a Bill embodying these 
recommendations, or partof them, and have declined, 
and, at the same time, have specifically advised 
the West Riding Rivers Board to promote a Bill of 
their own. What better mandate, it may be 
asked, can be given for these increased powers, no 
matter what differences may exist as to their shape? 
In the strict interpretation of the words they are 
not exceeding their powers, but are carrying out 
faithfully the part handed down to them by the 
Acts and Orders above cited. The purity of the 
rivers of the Riding lies in their hands, and 
until a central authority is created, the riparians 
cannot look elsewhere for protection. All con- 
cerned unanimously consider the powers should 
be obtained. Is action to be suspended until 
allare agreed ? Is it not for all whose interests 
are affected to support the Bill on its merits, but 
at the same time to continue as far as possible to 
shape its clauses with power, justice, and equity, 
on the lines which experience has proved to be 
necessary for the public good ? 

Coming to Mr. Smith’s further objection that 
the admission of trade effluents is outside the pro- 
vince of the Rivers Board—this clearly points, we 
take it, to the need of a higher and a central 
authority to secure that uniformity of terms on 
which he, above all others, takes a resolute stand, 
and on which we think he is right. But, in default 
of Government action, are we to wait indefinitely 
for such central authority, and let the work of 
rivers’ purification—and, we may add, the treat- 
ment of the sewage of the great cities—drift idly 
until the din of Parliamentary factions has subsided 
and made way for strenuous Parliamentary duty ? 
The time is ripe for the change ; and if a local Act 
is the sole remedy, it cannot be placed better than 
over a vast trading community like the West 
Riding, which has the work to do and possesses 
the wherewithal to do it, perhaps to a fuller 
extent than any other district. The objects 
aimed at are the legitimate objects of the Rivers 
Board ; and if, after a lapse of many years, a 
true national system of river conservancy shall 
be established, the experiment in the~ West 
Riding will bear fruit in assisting to make that 
system perfect ; and such national system would 
doubtless provide for the inclusion of the West 
Riding or any other Rivers’ Conservancy Board. 

To contend that the Bill is to be promoted only 
aficr all parties are agreed is to repeat the policy 
of 1894, which failed. 

lhe argument of taxation without control, used in 
relation to the power of the Rivers Board to cause 
a sewer authority to provide for the reception and 
treatment of trade effluents upon equitable terms, 
would apply equally to any superior authority. 
The summary of evidencd adduced by the Royal 
Commission ‘on Sewage, in its report on trade 
effluents, shows a practical consensus of opinion as 








to giving the powers either to the Rivers Board or 
to a central authority. This evidence includes that 
of Mr. R. Johnson, ex-Chairman of the Bradford 
Sewage Committee. 

Finally, as we have seen, Mr. Smith himself, as 
Chairman of the Bradford Conference of West 
Riding Authorities, held on April 21, 1903, 
proposed ‘‘that the local Rivers Board be con- 
stituted the adjudicating authority in the event 
of disputes beween local authorities and traders.” 
Here is the power to fix a charge and lay 
down regulations. In what does it essentially 
differ from what the Bill proposed? If it does 
not differ essentially, does it not equally involve 
taxation without control? Taxation under con- 
trol means the power of each sewer authority to 
make its own terms with its own traders, which in 
its turn means the perpetuation of inequality—-the 
very thing which, in Mr. Smith’s opinion, must be 
ended in common fairness to all competing in the 
same trades. 

The reader will remember that a few lines back we 
hinted that the straight issue might not have been 
met in this successful opposition to the promotion of 
a Bill by the West Riding Rivers Board. Does not 
the term ‘‘taxation without control” imply the lively 
apprehension of the power of the Board to determine 
that no payment shall be made by certain traders in 
certain cases for the admission of their trade refuse 
to the sewers ; or, in other words, for the handing 
over what Mr. Smith calls ‘‘a necessary and legiti- 
mate trade expense, exactly like mills and machi- 
nery,” to the sole charge of the ratepayers, all of 
whom have their own trade expenses to meet ? 
If so, the apprehension is not to be wondered at ; 
and we think that the solution of this difficulty is 
that already pointed out—namely, that, disregard- 
ing the special pleading of the Royal Commission, 
the voice of the ratepayer must be heard and his 
interests safe-guarded by the imposition of a charge, 
uniform if possible, in all cases. 

We will next proceed to shed further light on 
the difficult task of the West Riding Rivers 
Board by citing a few cases which illustrate the 
law’s delay in this conflict for the purity of running 
water. 








BORSIG’S WORKS IN GERMANY. 
(Continued from page 675.) 
REFRIGERATING MACHINERY. 


Borsic commenced the manufacture of ice-making 
and refrigeration machinery in 1898, and chose the 
anhydrous sulphurous-acid system in preference to 
using ammonia or carbonic acid, now variously 
employed by other makers of compression machines. 
The reasons for this choice are worth noting. 
The firm required the following desiderata in the 
liquid used, if high efficiency were to be realised :— 
Non-flammability, non-corrosion, so that copper 
of high heat-conductivity could be economically 
employed ; and —_ volatility of the liquid, 
which also must have some lubricating quality 
to obviate the use of foreign elements for pistons 
and piston-rods. The anhydrous sulphurous acid 
met these desiderata, and thus the plant needed 
includes only a compressor, condenser, and refri- 
gerator. Since no separate lubrication is neces- 
sary, there is no need for collector, separator, 
purifier, or lubricant pump, and to this extent, 
at least, there is simplification, with its attendant 
reduction of first cost. When one recalls the 
difficulty of ensuring absolute filtration to remove 
oil particles, and the possibilities of trouble by 
deposit in the condenser coils, or later in the 
refrigerator, the entire absence of foreign lubri- 
cant will be accepted as an element contributing 
also to regular and economical working. Again, 
distilling apparatus can be dispensed with, as the 
sulphurous acid can be, and usually is, supplied 
anhydrated ready for immediate use. Apart from 
the reduction of mechanism thus possible, there is 
overcome here also the chance of water or other 
foreign matter entering the system by leakage and 
interfering with the evaporative power of the 
machine. One other advantage claimed for the 
system is that when a normal amount of cooling 
water is employed, the pressure in this case need 
not excced 35 lb. per square inch—only about one- 
fourth of that in the ammonia machine, and less 
than a twentieth of that in the carbonic acid plant. 
On stopping work the pressure automatically falls 
to 84 lb., and continues at this low rate. The com- 
pressor to deal with sulphurous dioxide may thus 





be simpler and lighter than that for ammonia or 
carbonic acid. 

A moderate consumption of cooling water is 
claimed, as the machine will work with cooling 
water at a temperature of 104 deg. Fahr., so that 
the water may be fully utilised. The sulphurous 
dioxide machines are therefore much better suited 
for tropical climates than any other machine. 
As to the consumption of power, the following 
table gives the guaranteed consumption of cooling 
water and of work to be done in compression, 
the temperature of the brine being assumed in 
all cases at from 28 to 23 deg. Fahr. to produce 
1 ton of refrigeration, equal to 4 to % ton of ice. 


Consumption of Cooling Water and Power per Hour 
per Ton of Refrigeration. 





Final Temperature of Cooling Water. 





ture of Cooling 


Initial Tempera- 
Water. 


| 59 deg. F. 
77 deg. F. 
| 86 deg. F. 
| 95 deg. F. 
| 104 deg. F. 
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Since the firm entered this business—barely six 
years ago—they have constructed 150 plants, having 
a total capacity of about 3000 tons refrigerating capa- 
city. Breweries, abattoirs, ice-making works, fish, 
and dairy produce stores are most numerous on the 
list ; but among other miscellaneous applications 
are the cooling of oil, the freezing of fish, and the 
refrigeration of the mortuary at the Hamburg 
Harbour Hospital, while several ships have been 
fitted with the firm’s marine type of refrigerating 
plant. 


Tue Crry oF Bertin Municipat ABATTOIR. 


In order to iflustrate and describe the details of 
the system we take as a typical case the large in- 
stallation at the new municipal abattoir of the 
City of Berlin, where from 6000 to 7000 head of 
cattle, and from 20,000 to 25,000 pigs are killed per 
week. Killing is confined, as a rule, to one or two 
days per week, and every butcher in the city has 
a separate store in a large building of brickwork 
adjacent to the slaughter-houses proper. Of this 
building we give section and plans on page 744, 
to illustrate the general arrangement of the 
steam and refrigerating plant, which has, in 
this instance, a capacity of about 200 tons of 
refrigeration per day. It will be seen from the. 
general drawings produced that the building is 
500 ft. long and 80 ft. wide. A section 130 ft. long 
and 80 ft. wide is devoted to the steam-generating 

lant ; next to this is the administration block, 

aving a large workshop on the ground-floor, super- 
intendent’s office, and a freezing-water tank and 
filter on the first floor, accumulator-rooms with 
120 cells of 648 ampere-hours capacity on the second 
floor, and steam-condenser on the top floor, open 
at the sides, but with a louvred roof above. The 
machinery section, forming the next block, has a 
basement where the steam-condenser, separate air 
and circulating pumps, mammoth pumps for refri- 
swe) water, &c., and three acid-condensers are 
ocated. The mammoth pumps are driven by a 
shafting rotated by belting from the main engines 
on the floor above, but having also a reserve 
60-horse-power electromotor, which can also operate 
brine-pumps, &c., in connection with the purely 
refrigerating plant. On the ground-floor, as shown 
on the elevation and plan, there are the two main 
engines of 200 indicated horse-power, each driving 
two SO, compressors working at 60 revolutions. 
Two dynamos for generating electricity, to light the 
buildings and to run motors, are placed in the 
corner of the main engine-room, which has an 
overhead travelling-crane. Part of the basement 
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COMPRESSOR FOR SULPHUROUS ACID REFRIGERATING PLANT. 
CONSTRUCTED BY MR. A. BORSIG, TEGEL, NEAR BERLIN. 
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adjacent to the engine-house is taken up with the 
refrigerators and ice-making plant, the remainder 
being given up te pickling-rooms ; the ground floor 
and the first floor are arranged as meat-chill-rooms, 
while the top floor is devoted to curing-rooms. 

In dealing in. detail with the plant, we may begin 
with the steam-generating plant. Here there are 
ten Lancashire boilers, and these supply steam for 
all purposes, not only in the store buildings, but 
throughout the slaughter-houses. Each boiler has 
1070 square feet of heating surface, with a super- 
heater having an area of 320 square feet, to raise 
the temperature of the steam to 410 deg. Fahr. 
The working pressure of the steam is 114 lb. per 
square inch. There are two chimney shafts, which, 
as shown by the elevation, Fig. 100, are notably 
ornamental in design. 

The main engine-room measures 53 ft. by 75 ft., 
and the horizontal engines there fitted are of the 
compound tandem type, with Colmann trip-valve 
gear. They are in all respects similar to those 
described in our article on the firm’s stationary- 
engine practice. The cylinders in this case are of 
14¢ in. and 25,% in. in diameter respectively, with 
& stroke of 314 in. ; and working at 60 revolutions, 
with an initial steam pressure of 107 lb., the power 
indicated is about 200 indicated horse-power. Each 
of these engines drives two SO, compressors, so that 
in the installation there are four compressors. As 
shown on the plan ‘Fig. 101), the two compressors 








Pies 










| 
| 
| 
| 
| 
| 





-- 997 ToC.df Outer 








8123.6 





for each engine are mounted one on each side of the 
main shaft, and their connecting-rods are coupled 
to disc cranks ; the engine flywheel is mounted be- 
tween the engine crank and this disc. In this way 
any one of the compressors may be disconnected 
for overhaul. The collective capacity of the four 
compressors is 180 to 200 tons per day, assuming 
the temperature of the brine of the refrigerator to 
be 28 deg. to 23 deg. Fahr. Usually three com- 
pressors are sufficient, the fourth being a reserve. 
The electric generating sets in the same room are 
for lighting and hoists, of which there are several 
communicating with the several floors in the build- 
ings. The engines driving the dynamos develop 
100 indicated horse-power at 270 revolutions ; they 
are both compound vertical engines. These engines, 
as well as the main engines, exhaust into an atmo- 
spheric surface-condenser situated at the top of the 
building. It consists of 3550 ft. of brass tubes of 
1} in. internal and 1{ in. external diameter, with 
flanges for connecting up to junction-boxes. An oil- 
trap is fitted at the end of the steam-pipe before its 
junction with the condenser ; into this the oil which 
comes over with the steam is precipitated, and is 
drawn off by a small hand-pump fitted to one of the 
standards. This condenser is considered sufficient to 
deal with 13,000 lb. of steam per hour in average 
atinospheric conditions at all seasons ; but water 
from the SO, condensers below is pumped as a 
condensing medium and drenches the pipes. In 


this way also part of the brine liquor is evaporated, 
so that the saline density of the remainder is in- 
creased. The plunger-pump used for this cooling 
water is 1013 in. in diameter with a 15}-in. 
stroke, and it is operated by a single-cylinder 
steam - engine 9% in. in diameter. This same 
engine is coupled to an air-pump, also for 
assisting condensation; but this latter has not 
had to be brought into use at any time since the 
abattoir was built. These engines are situated in 
the basement alongside the three sulphurous acid 
condensers. 

We have described generally a compressor in- 
stalled at the Berlin abattoir, but with a view of 
illustrating the details of the latest type, we re- 
produce in Figs. 104 and 105 elevation and section 
of a compressor recently supplied to the order of 
the Czar of Russia. This compressor is driven by 
an electromotor, and has a om 94 in. in dia- 
meter with a 11}#-in. stroke. The inner and outer 
walls forming the cylinder are respectively 1 in, and 
§ in. thick, and the water jacket jj in. The water 
jacket permits of the partial condensation of the 
sulphurous dioxide in the cylinder, and this liquid 
forms a perfect lubricant, so that no oil whatever 
is required in the cylinder. 

Attention may be directed to one or two of the 
distinctive features of the details. The com- 
pressors are so constructed as to be easily attached 





to any steam-engine either by being direct con- 
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SULPHUROUS-ACID CONDENSERS FOR REFRIGERATING PLANT, BERLIN ABATTOIR. 
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nected or by belting from a countershaft. Ad- 
justable quarter brasses, lined with babbitt metal) 
are provided for the main bearings. It will be 
noted from Fig. 105 that the piston and heads of | 
the cylinder are spherical and of the same radius. 
The valve discs conform absolutely to this radius, 
and when the valves are closed, these discs are 
exactly flush with the heads. By careful construc- 
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the copper coils are completely submerged in the! wish it were; and I am strongly in favour of making 


circulating water. These coils, 
horizontal plane, are formed of solid drawn seam- 
less copper tubes, of a thickness of 33; in., the pres- 
sure never exceeding 45 1b. to the square inch. 
The external diameter is 1}} in. and the internal 
diameter 1g in. The coils in each condenser, which 
are secured at the top and bottom in strong pipe 


tion the space between the heads and piston at the | headers, have a total length of 3850 ft., and the 
end of the stroke is reduced to a fraction of an | condensing surface is thus slightly over 1700 square 
inch. This design reduces clearance losses to| feet. The SO,, passing from the compressors, 
a minimum. The valves, which are placed on the | enters at the top headers, and percolates through 
heads of the cylinder, are of large area. The| the sinuous piping to the bottom, where it passes 
stems and discs are of forged steel set in cast-iron | into a pipe, external to the condenser, and fitted at 


housings. The lift of the discharge-valve is governed | 
by a positive stop, and controlled by springs. The | 
suction-valves are provided with a safety-stop to | 
prevent its falling into the cylinder. The most 
recently constructed compressors of the firm are 
fitted with new patented clack-valves. These are 
of siwnple construction, and the compressor does its 
work quite noiselessly. The piston is made of 
cast iron, in two parts, and ground on the tapered 
shoulder of the pistoa-rod. The junk-ring is slipped 
over the end of the piston-rod, and held firmly in 
lace by a flush-nut, which in turn is prevented 
rom backing off by a set-screw in the face of the 
ring and riveted over. The piston is packed with 
cast-iron packing-rings. In the middle of the 
water-jacketed stufting-box there is a bush made of 
a good heat-conductor, so that it may take the heat 
from the piston-rod to the water circulated through 
the water jacket. The stufting-box is fitted with 
impregnated cotton pack.ng alternately with rings 
of a special composition of rubber. When properly 
packed, the stufting-box used with the compressor 
absolutely prevents leakage of sulphurous dioxide 
while minimising friction. 
Second in the sequence of refrigerating appliances 
comes the sulphurous acid condenser. There are | 
three of these in the Berlin abattwir, situated under 
the main engine-room, and therefore contiguous to 
the compressors, whose discharge they receive. 
Their location is shown on the plan on page 742, 
Fig. 102, and they are illustrated in detail by 
Figs. 106 and 107, above. In this ccndenser, 





the top with an overflow, as shown. The circulating 
water is forced in at the bottom by a mammoth 

ump specially installed for the purpose, and driven 
y aline of shafting in the basement, operated by 
belting from the main engine flywheel, or by a 
reserve 60-horse-power electric motor mounted on 
the shaft. The circulating water within the con- 
denser is agitated by blades mounted on a vertical 
shaft in the centre of the condenser, and rotated 
through spur-gearing on the driving-pulley on the 
top. 

. (To be continued.) 








MERCHANT SCOUTS. 
To THE Eprror or ENGINEERING. 

Sir,—It gave me pleasure to read “‘ Gibraltar’s ” letter 
in your issue of May 13. The suggestion for the employ- 
ment of fast railway packets for short runs, contained in 
the last paragraph, seems to me to be well worth con- 
sideration, as these boats would obviously be better able 
to — yer service in any weather than destroyers, 
and better, I believe, than any despatch-boats at present 
on the Navy list. I may have overlooked questions of 
policy, but they have not been brought before me ; one 


| point was forced upon me, and that I dealt with. 


In my previous letter it will be seen that all the 
Admirals who spoke put difficulties in the way of Lord 
Brassey’s suggestion having a fair trial. It is a matter of 
regret that none of the Admirals I referred to has taken 
the trouble to reply publicly, but two of them have 
courteously given me the advantage of their views 
privately. Admiral Fremantle has kindly permitted me 
to publish the following extracts from his letter :— 

“I do not think Lord Brassey’s and Mr. Biles’s idea of 
having armoured mercantile auxiliaries practicable—I 


which are in a/ Use of the subsidised auxiliary system which has been in 


| force of late years. I mean, to have mercantile auxiliaries 

suitably built in compartments, according to Admiralty 
| requirements, and fitted with guns. These vessels to be 
/used as ‘ocean scouts’ with the fleet, or to protect com- 
| merce against similar vessels. Lord Brassey says truly 
‘that ‘the expenditure in subsidies for twenty-eight 
| auxiliaries does not exceed the cost of a single cruiser of 
| the County class.’ This is true; and I think that it 
proves their value economically ; but what one wants to 
know is—What would be the yearly subsidy required to 
pay a company for building their ocean liners prepared as 
pro : steel deck, engines below the water-line, pro- 
tected steering-gear, armour-plates, and fittings? I feel 
sure it would be prohibitive.” : 

From this I presume ‘‘steel deck ” refers to protective 
deck. It is not included in Lord Brassey’s paper, and 
the necessity of it is open to question. ‘* Engines below 
water-line” will naturally result from the employment of 
turbines. ‘‘ Protected steering-gear” does not present 
any difficulties which could not easily be overcome. 
‘* Armour-plates” have already been dealt with in my 
previous letter 

Here the ground of objection angers to have been 
somewhat shifted, and the chief difficulty now raised is 
one of expense. I admit economy as a controlling factor ; 
indeed, it is the basis of Lord Brassey’s scheme. But 
with all due deference to Admiral Fremantle, expense is 
not the point to be considered at the present time. The 
first thing to be settled is how the requirements of a 
merchant vessel and those of a good scout can be com- 
bined ; how the practical difficulties in the way of getting 
the merchant scout ready for naval service, in anticipation 
of war, can t overcome. .The only way to arrive 
at this is to build a boat and try how nearly the desired 
requirements can be approached ; the owners of such a 
boat would very soon be able to estimate her value as a 
merchantman, and the Admiralty could also arrive at 
her scouting qualities. The displacement, trim, and 
utmost speed with various compartments filled, should 
be ascertained at sea; and, particularly, what improve- 
ments could be made in future boats in the light of the 
experience which would thus be gained. ’ 

think I have already made it clear that the practical 
objections raised by the Admirals have no foundation. 
And I maintain that when the above suggestions have 
been carried out, and not until then, will it be possible 
to arrive at definite conclusions such as have been already 
so confidently expressed by the Admirals in question. 

If it be found, as I am convinced it will, that the prac- 
tical difficulties can be overcome, then the question of 
expense can be thoroughly gone into, by making known 
the Admiralty requirements, and the subsidy the Govern- 
ment is prepared to pay per boat. The amount of the 
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subsidy it would be worth the Government’s while to pay 
leaves not the shadow of a doubt as to what the ultimate 
result would be—namely, the prompt acceptance by the 
shipowners. ‘ 

In my previous letter I purposely omitted any re- 
ference to that which first drew my attention to the 
matter. With regard to this, I wrote to Admiral Fitz- 
Gerald as follows:—‘‘I have purposely kept out of the 
correspondence the incident which first attracted my 
attention to the subject—viz., that an official in your 
high position, addressing the Institution of Naval Archi- 
tects, and who had previously been a member of the de- 
partmental committee a) pointed to inquire into this very 
subject, spoke under the impression that the movable 
armour pro by Lord Brassey was to be carried about 
in the holds of the ships to which it belonged, and that 
you did not realise the nature of the proposal until put 
right on the subject.” 

‘To which he replied :— ? 

“My recollection of it was that I simply asked the 
question whether the armour was to ke carried about in 
the hold of the ship or left ashore, and that I then 
expressed my dissent from the scheme entirely.” 

For the information of non-practical men, I may explain 
that the object of making the armour removable was to 
enable the ship to — her usual cargo in times of peace, 
which she could not do with her holds lumbered up with 
armour-plate, and her weight increased thereby. It was, 
of course, intended that the armour should be suitably 
stored ashore, and not—as some persons in an official 
position appear to have imagined—be carried in the 
vessel when not in place. é ag 

At the outset I waited, hoping someone whose opinion 
would carry more weight would draw attention to the 
matter, but as no one did so, I felt it my duty to enter 
the field and put the matter plainly before the public. 

The point gts is whether the matter has been pro- 

erly considered by energetic and able men untrammelled 
C the influence of unpractical colleagues ; if not, it ought 
to be so considered without loss of time. It is ‘‘ slack- 
ness” of this kind that has brought the Russian Navy to 
its present pass, and it is owing to the careful considera- 
tion the Japanese have given to all such points that they 
have obtained the command of the Yellow 

Lieutenant Baker, R.N., alludes to the ‘tired feeling ” 
which exists among our naval firemen; the feeling is 
apparently not confined to them, but is at the root of the 
national disease which Mr, Chamberlain is trying to cure. 

I am, Sir, your obedient servant, 
Frep Epwarps. 
62, Bishopsgate-street Within, E.C., May 25, 1904. 








INTERNAL-COMBUSTION MOTORS. 
To THE Epitor OF ENGINEERING. 

Sir,—It would be interesting to your readers if Mr. 
Dugald Clerk would kindly say how he can be sure that 
the diagrams in Fig. 23, page 696, were taken under pre- 
ignition conditions. 

I am, Sir, your obedient servant, 
FreD Epwarps. 
62, Bishopsgate-street Within, E.C., May 24, 1904. 








THE THERMAL TREATMENT OF STEEL. 
To THE EprToR OF ENGINEERING. 

Str,—With your kind permission I should be glad to 
express my views on a few of the statements which appear 
in the paper entitled ‘‘Notes on the Production and 
Thermal Treatment of Steel in Large Masses,” by Cosmo 
Johns, Sheffield, which was published in your last issue. 
It is very interesting to know that the River Don Works 
are able to deal with such large masses of material in so 
efficient a manner. 

Some of the statements, however, are such that they 
should not be allowed to pass without being questioned, 
one section in particular—viz., tyres. 

After Mr. Johns’s statement that the majority of their 
productions receive thermal treatment in one form or 
other, it is rather amusing to note that tyres are one of 
the products that do not come under this treatment, and 
this is claimed by him to be an improvement, as the tyres 
have to be heated when they reach their destination. 
Table of Tests. 
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I fail to see that heat necessary to expand a tyre one- 
thousandth part of an inch wonld alter the condition of 
its composition. I maintain, therefore, the thermal 
treatment received would not be undone, as stated. 

It is of the greatest importance that high-carbon tyres 
should receive this treatment, as there are no rolled sec- 
tions where greater stresses are set up than in the rolling 
ofa tyre. From the time the blank is punched until it 
18 a finished tyre, the material is caused to flow in one 


direction, and when it leaves the mill to cool, two stresses 


meters ; and unless the grains have the chance to adjust 
themselves by thermal treatment, the tyres are not safe 
when subjected to a shock. 

If I am not taking up too much of your valuable space, 
I should like to submit a few of many such test results 
which have been made in London under the supervision 
of eminent engineers, and which will prove what I have 
said re the merits of thermal treatment. 

The above test results are not from oil-tempered tyres, 
this being a most objectionable process, as clinks take 

lace and cannot be detected until the tyres break. Many 

reakages take place from this cause, although not attri- 
buted to it. 

I am, yours faithfully, 
J. WINDLE. 
1, Alexandra Park-gardens, Glasgow, May 23, 1904. 








LAUNCHES AND TRIAL TRIPS. 

Le VuLcalIn BELGE, LiMiTED, on Saturday, the 30th ult., 
launched from their yard at Hoboken, near Antwerp, the 
s.s. Bryssel. The steamer was built for the Copenhagen 
Dampskibsselskabet Vulcan, and is 240 ft. long by 37 ft. 
b by 19 ft. 2in. depth, moulded. The Bryssel will 
carry tons deadweight, and is intended for the Baltic 
trade. The ship will fitted with triple-expansion 
engines developing 750 indicated horse-power, steam 
being supplied by two cylindrical boilers working at 
185 Ib. pressure. The engines and boilers are also being 
built by Le Vulcain Belge. 





On Legg b the 10th inst., the steel screw steamer 
Southwaite, built by Messrs. William Gray and Co., 
Limited, West Hartlepool, for the Raithwaite Steamship 
Company, Limited, Cardiff, was taken to sea for her trial 
trip, which was highly successful, a speed of 12 knots 
being realised. Her principal dimensions are :—Length 
over all, 354 ft. 6 in.; loeaiek. 49 ft. 6 in.; and depth, 
27 ft. 5in. Triple-expansion engines, having cylinders 
25in., 404 in., and 67 in. in diameter, with a piston 
stroke of 45 in., and two large steel boilers adapted to 
work at a pressure of 180 lb. per square inch, have been 
—— from the Central Marine Engine Works of the 

uilders, 





On Tuesday, the 10th inst., the steel screw steamer 
Crown Prince, built by Messrs. W. Dobson and Co., of 
Low-Walker-on-Tyne, for the Prince Line, Limited, of 
Newcastle-on-Tyne, left the Tyne for her official trial 
trip. The vessel is of the following dimensions :— 
Length. between perpendiculars, 325 ft.; extreme breadth, 
45 ft. 3 in. ; depth, moulded, 22 ft.94in. Above the main 
deck there is a complete shelter deck, thus giving very 
large cubic capacity for light cargoes. The propelling 
machinery, which has been constructed by the Northe 
Eastern Marine Engineering Company, Limited, Walls- 
end-on-Tyne, consists of triple-expansion engines, having 
cylinders 23 in., 38 in., and 62 in. in diameter by 42 in. 
stroke, steam being ——, by two large steel boilers 
working at a pressure of 180 lb. to the square inch. The 
vessel had a number of runs over the measured mile, when 
the results were very satisfactory. 





The Laxevaags Engineering and Shipbuilding Com- 
pany, Bergen, Norway, launched on Saturday, the 14th 
inst., the s.s. Ringhorn, built to the order of Johan C 
Giertsen, of Bergen. The —— dimensions are :— 
Length, extreme, 278 ft.; breadth ¢ pits depth, moulded, 
19 ft. 8fin. The machinery is also being constructed by 
the Laxevaags Company, the cylinders being 19in., 31 in., 
and 51 in. in diameter by 33 in. stroke. The working 
pressure will be 175 lb. per square inch. 





There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Tuesday, the 
17th inst., a steel screw trawler, the principal dimensions 
being 115 ft. by 21 ft. 6 in. by 11 ft. 6 in. depth of hold. 
The vessel has been built to the order of the Lindse 
Steam Fishing Company, Limited, of Grimsby, and will 
be fitted with powerful triple-expansion engines by the 
Great Central Co-Operative Engineering and Ship-Re- 

iring Company, Limited, of Grimsby. As the vessel 
eft the ways she was christened the Leonora. 





On Tuesday, the 17th inst., Messrs. Furness, Withy, 
and Co., Limited, Hartlepool, launched the steel screw 
steamer Lincairn, which they have built to the order of 
the Lincludon Steamship Company, Limited. The 
vessel is 364 ft. in length, with ~~ measurement and 
deadweight carrying capacity. Triple-expansion engines 
will be supplied and fitted by Messrs. Richardsons, West- 
garth, and Co., Limited, Hartlepool, with . cylinders 
24 in., 39 in., and 66 in. in diameter by 45 in. stroke; 
steam being supplied by three boilers, 14 ft. by 10 ft., 
working at a pressure of 180 Ib. 


On Tuesday, the 17th inst., a launch took place from 
the yard of the Northumberland Shipbuilding Company, 
Limited, Howdon-on-Tyne, of a vessel named the Queen 
Helena, built to the order of Messrs. Thomas Dunlop and 
Sons, Glasgow. This steamer measures 372 ft. long by 
48 ft. beam by 30 ft. 10 in. deep. The machinery will be 
supplied by the North-Eastern Marine Engineering Com- 
pany, Limited, consisting of engines with cylinders 
244 in., 40 in., and 68 in. in diameter by 48 in. stroke. 
There are three large steel boilers, measuring 13 ft. 9 in. 
by 11 ft., and designed for 180 1b. working pressure. The 
steamer will carry about 7000 tons loaded, and is expected 
to steam at about 10 knots. 


The s.s. Farringford was launched on Tuesday, the 





land, and has been constructed to the order of Messrs. 
Charlton and Thompson, Baltic Chambers, Sunderland. 
Her princi dimensions are :—Length, over all, 358 ft. 
6 in.; bi th, extreme, 47 ft. 2 in.; and depth, moulded, 
28 ft. 5%in, The engines and boilers have been con- 
structed by Messrs. John Dickinson and Sons, Limited, 
of Sunderland, the sizes of the cylinders being 244 in.. 
40 in., and 66 in. in diameter by 45 in. stroke, supplied 
with steam by two large boilers working at 130 Ib. 
pressure, 

Thes.s. Ecclesia, which has been constructed by Messrs. 
— L. Thompson and Sons, Limited, of the North 
Sands Shipbuilding Yard, Sunderland, to the order of 
Messrs. Sivewright, con, and Co., of Manchester, 
a on her official trial trip on Wednesday, the 

8thinst. Her principal dimensions are:—Length over 

all, 353 ft.; extreme breadth, 51 ft.; and depth, moulded, 
27 ft. 6 in. The engines and boilers have been con- 
structed by Messrs. John Dickinson and Sons, Limited, 
of Sunderland, the sizes of the cylinders being 24 in., 
40 in., and 67 in. in diameter by 45 in. stroke. They are 
supplied with steam by three large boilers working at 
180 lb. pressure. The result of the trial was very satis- 
factory, everything working smoothly and without a 
—_ i a mean speed of about 11 knots was easily 
obtained. 





The steel screw tug Espaiia went out on her trial trip 
in the Firth on Monday, the 23rd inst. A number of 
runs were made over the measured mile at Skelmorlie, 
and the mean speed attained was 10 knots, this being 
considered highly satisfactory. The Espaiia is a powerful 
screw tug, 100 ft. long by 19 ft. beam by 10 ft. 6 in. deep. 
The machinery consists of a set of standard ary am 
surface-condensing engines of about 450 indicated horse- 
power, with large steel boiler constructed for 120 Ib. 
working pressure. The tug was built by the Ailsa Ship- 
building Company, Limited, Ayr, to the order of Messrs. 
McKie and Baxter, gh and the machinery was 
constructed by Messrs. McKie and Baxter. 





The passenger steamer Earl of Aberdeen, belonging 
to the Aberdeen, Newcastle, and Hull Steamship 
Company, of Aberdeen, ran her official trial trip off 
the Tyne, on Monday, the 23rd inst. The vessel 
has been fitted with two new large boilers 13 ft. 
by 10 ft. 6 in., working at a pressure of 1651b., and 
has had other repairs carried out, including the fitting of 
a donkey boiler, electric light throughout, and all the 
passenger accommodation overhauled and refitted. The 
whole of the work was placed in the hands of the North- 
Eastern Marine Engineering Company, Limited, who 
carried out the alterations at their quay at Wallsend. 
On the trial run the vessel maintained a speed of 134 
knots on the measured mile, which was considered con- 
sidered exceedingly satisfactory, especially considering 
the rough sea experienced. The machinery ran splendidly 
throughout the trial, and great satisfaction was expressed 
at the performance of the vessel, and the expeditious 
manner in which the alterations had been carried out. 





The new steel screw steamer Simone, built by Messrs. 
Wood, Skinner, and Co., Limited, Bill-Quay-on-Tyne, 
to the order of Mr. Martin Carl, of Copenhagen, 
left the Tyne recently for her official trial trip. The 
vessel will carry about 1900 tons deadweight on a light 
draught of water. The propelling machinery, which has 
been supplied by the North-Eastern Marine Engineering 
Company, Limited, from their Northumberland Engine 
Works, Wallsend-on-Tyne, consists of a set of triple- 
expansion engines, having cylinders 17 in., 284 in., and 
49 in. in diameter by 33 in. stroke, steam being supplied 
by one large steel boiler working at a pressure of 180 Ib. 
per square inch. During the run the machinery worked 
without the slightest hitch, and gave great satisfaction 
to all concerned. 








Water Suppry or Tynemouru.—On Monday the Tyne- 
mouth Town Council and its officials visited the Font 
Water Works. The area of the land taken for the pur < 
of the works is 150 acres, and the actual area of the 
reservoir will be 88 acres, with a maximum depth of 80 ft. 
This will give a storage of 730,000,000 gallons, equivalent 
to 180 days’ supply. The foundations of the dam are taken 
out for a length of 1300 ft., and they go down to an 
average depth of 30 ft. below the ground level. This 
trench will be filled up with concrete up to the ground 
level, and above that the core of the bank will be puddled 
clay. The height of the embankment will be 90 ft. from 
the bed of the stream, or 32 ft. higher than the railway 
which crosses the viaduct. The width of the base of the 
embankment is 600 ft., and the cubic contents about 
500,000 cubic yards. In order to allow the work to be 
carried on it was necessary to divert the stream through a 
tunnel 15 ft. in diameter and 650 ft. long. This tunnel is 
lined with iron, and it has a concrete and brick invert. 
When the reservoir is completed, the tunnel will be used 
for the purposes of carrying off the overflow, and the com- 
pensation water, which must be allowed to flow through 
the stream. This compensation water will amount to 
1,500,000 pees perday. The supply-pipe is also carried 
through the tunnel, from the outlet of which it passes to 
a stone building, known as the dist:ibuting-house, where 
the water wells up in a circular basin, and is distributed 
by means of eight valves to one or other of the filter-bede. 
These are five in number, and thiee of them are com- 
pleted. Each has an area of } acre, and the whole five 
will be capable of supplying 3,750,000 gallons daily. An 
18-in. main is laid from the Font to Tynemouth, and will 





17th inst., by Messrs. Joseph L. Thompson and Sons, 





are created by contraction of external and internal dia- 


Limited, of the North Sands Shipbuilding Yard, Sunder- 





carry about 3,000,000 gallons per day. 
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EIGHT-COUPLED LOCOMOTIVE FOR THE QUEENSLAND GOVERNMENT RAILWAYS. 
CONSTRUCTED AT THE GOVERNMENT RAILWAY WORKS, IPSWICH, QUEENSLAND. 











We illustrate this week, on our two-page plate and 
on the present page, an engine for the Queensland 
Railways, which is of interest in being the first one 
constructed at the recently-completed Government 
Railway Shops, at Ipswich, Queensland, and which is, 
moreover, the forerunner of a number to be built for 
use on the central and northern divisions of the State, 
chiefly for working long-distance live-stock traftic. 

An excellent idea of the general appearance of the 
engine—which has been constructed from the designs 
of Mr. George B. Nutt, M.I.Mech.E., the chief 
mechanical engineer of the Queensland Government 
Railways—is given by our illustration above, which 
has been prepared from a photograph, whilst the 
principal features of the design are clearly shown in 
the longitudinal sections and plan which we repro- 
duce in Figs. 1 and 2 of our two-page plate. The 
boiler and fire-box shell are steel, the fire-box of 
copper, and the tubes brass. The smoke-box is ex- 
tended and fitted with deflector-plates and a spark- 
arrester—a precaution very necessary in a country 
where bush and grass fires cause so much damage in 
dry weather. The grate is relatively large, and is fitted 
with rocking finger-bars to break up the clinker which 
forms when using certain classes of Queensland coal. 
Drop ash-pans, with revolving bottom doors, operated 
from the side of the engine, allow the ashes to be 
dumped at one operation, the grate being fitted with a 
hinged dead-plate in front, worked by a lever on the 
foot-plate, cleaning being thus facilitated. 

As in all engines on the Queensland Railways, the 
cylinders are outside the frames, clear of the bogie 
which carries the front end. The slide-valves are 
balanced, and are driven by Walschaert valve-gear, 
reversing being effected by means of a screw and 
wheel bolted to the side of the fire-box. The advan- 
tage of the Walschaert gear on narrow-gauge locomo- 
tives is that its adoption leaves more room between 
the frames for air-cylinlers, sand-boxes, &c., and 
allows the fire-box to-be extended further forward 
than is possible with the ordinary link motion. 

The bogie is four-wheeled, with a swinging bolster 
suspended on four links of the three-point suspension 


type, the bolster being free to oscillate 2} in. each | 
Air pressure, instead | 


way from its central position. 
of steam, is used for sanding. 

The tender is carried on a couple of four-wheel 
bogies, and has a capacity of ¢ gallons of water 
and 44 tons of coal. The large water capacity is in- 
tended to enable the engine to run over long stages 
in the dry season without hauling water trucks, such 
provision having been found necessary during the long 
drought which has just ended. 





Pe ad in . 





The engine has now been in service some time, and 
is working well. It passes easily round curves of | 
34 chains radius, the minimum curves in the divisions | 
in which it is intended to work being of 4 chains} 
radius. Both engine and tender are fitted with the | 
Westinghouse brake. We give below some general 
particulars in a tabulated form. 
Engine : 

= = 3 ft. 6 in. 

sai Semi-bituminous 
order 40 tons 19 cwt. | 
on coupled wheels __...30 tons 17 ewt. 2 qrs. 
na of engine and tender in 

working order ... ; 
Rigid wheel-base ... 

Total wheel-base ... Bs 
» engine and 


Weight in working 
: Jed 


72 tons 19 cwt. 


| 


tender... we 
Diameter of cylinders 
Stroke of pistons ... 
Pistenend king 
Kind of slide valve ... American balanced 
valves 
Walschaert type 
32 in. 
1 ” 


35 
Metallic 


Valve gear ... des gis 
Greatest travel of valve... 
Lead (constant) ... se 
Valve spindle packing 
Wheels : 

Number of coupled wheels _.... 8 
Diameter on t ee : 3 ft. 9 in. 
Material of wheel centres Cast steel 
Tyre thickness... as 24 in. 
Driving-box material... ... Solid gun-metal 
Diameter and length of driving 

journals ... a ‘se me 
Diameter and length of side- 

rod pins 


6 in. by 8 in. 
Main 4} in. in dia- 
meter by 44 i 
long ; others 
in diameter 
3}, in. long 
4in. in diameter by 
5 in. long and 3 in. 
in diameter by 
3 in. long 
4-wheel, swing 
bolster, with three- | 
int suspension 
inks 
5in. in diameter by 
8 in. long | 
2 ft. 4 in. 


in 
fin. 

by 
Diameter and length, connect- 


ing-rod journals 


Kind of engine bogie 





Engine bogie journals 


Diameter of bogie wheels on tread 

— diameter of first ring of 
Bh ee . 

Working pressure 


: 4 ft. 14 in. | 
Thickness of plates in barrel 


- 175 Ib. per sq. in. 
1s in. 


i 


. | First 





Thickness of outer fire-box plates 
Length of fire-box outside ; 

Width 
Depth 


8 in. 
8 ft. 6 in. 
” yey | 
4 ft. 94 in. front ; 
4 ft. 34 in. back 
Copper 
x in. sides, back, 
and crown 
gin. 


” 


180 
1? in. 
Brass 

10 ft. 10 in. 

895 sq. ft. 

aT. ins 

1002 sq. ft. 

184 


” 


“ inside 
Inner fire-box plates, material... 
3 x thickness... 
tube-plate s. sh 
am water space, width of ... 
Diameter of copper stays es 1 
Number of tubes ... ae ve 
Diameter 
Material _,, — ae 
Length between tube-plates 
Heating surface—tubes ... 

* os fire-box 
Heating surface—total ... 
Grate area ... EG ies vi 
Height of centre of boiler from 


” 


” 


rai a Ss Sa eh 7 ft. 
Height of. top of chimney from 
rail = bai oes He 12 ft. 3 in. 
Tender : 
Style... as x a ...8-wheel, double bogie 
Weight in working order 32 tons 
Diameter of wheels on tread... 2 ft. 9in. 
Journals—diameter and length...44 in. in diameter by 
9in. long 
15 ft. 4 in. 
Steel channels 
3000 gallons 
43 tons 


Total wheel-base ... 
Tender frame 
Water capacity 
Coal capacity 








Lean’s Roya Navy List.—The quarterly issue of this 
ublication, by Messrs. Witherby and Co., of 326, High 
olborn, has just been published. Its record of the current 
history of the Navy deals with the statement of the 
Lord in connection with the Estimates, and with 
the .hanges in ranks in several branches of the Navy, 
while the war in the Far East comes in for some refer- 
ence. The list of officers in the Navy is, of course, 
brought up to date, and there is published the usual list 
of ships, with their officers, and the service in which they 
are at present en : my toe | the usual list of 
ships in course of building, or ordered to be built, for tle 
Navy, we would suggest to the publishers that it would 
be a useful addition to this list if the state of progress 
were indicated, as, for instance, the date of the laying of 
the keel, of the launch, and of steam trials. ese 0 
themselves would indicate the state of progress, The list 
as it stands seems a formidable one, but as it includes 
uite a number of vessels that have already through 
their official steam trials, it is in some respects misle id- 
ing. The record of the war and meritorious services of 
olkvies, which is a special feature of this Navy List, 13 
brought up to date, 
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21-TON FRICTIONAL DOUBLE-BARRELLED STEAM-WINCH. 


CONSTRUCTED BY ME 


SSRS. W. H. WILSON AND CO., LIMITED, 


ENGINEERS, LONDON. 





WE illustrate above a very neat and compact 
form of steam-winch which is constructed by Messrs. 
W. H. Wilson and Co., Limited, 15, Victoria-street, 
Westminster. It is intended for use on board ship, 
for hauling wagons, and for derrick work, and it 
appears to be well suited for any of these purposes. 
As will be seen by our illustration, the winch is fitted 
with two winding drums or barrels which can be used 
either separately or together. The engine consists of 
two cylinders, each 7 in. in diameter by 10 in. stroke, 
and these are placed one on each side of the winch. 
The steam-chest covers are so arranged that the valves 
can be adjusted without disturbing the pipe-joints. 
The steam and exhaust pipes are of copper, and the 
drain-pipes from the cylinders are led into the latter. 
The spur-wheels on the ends of the drums have double 
helical teeth, but in our illustration these cannot be 
seen, as they are hidden by sheet-iron shields. The 
wheels gear with one pinion on the engine shaft. 

The two lifting-barrels run loose on the shafts, and 
are cach provided with a powerful strap foot-brake, as 
well as with a steel ratchet and pawl for holding the 
load. The barrels are driven from the spur gearing 
by friction gear on the American plan, so that 
they can be thrown in and, out of gear without 
stopping the engine. The friction clutch on each 
barrel is worked by means of a hand-lever, which 
actuates a screw, and forces the barrel into a 
cone attached to the driving-wheel. The shafts are 
all made of mild steel, the diameter of the engine 
_ Shaft being 23 in., and the diameter of those for the 

barrels 37 in. The total weight of the winch in work- 
ing order is 4 tons 13 cwt., and the over-all size of 
bed-plate is 82in. by 6lin. These winches have all 
their parts made to standard gauges and templates, so 
that any part can be easily renewed. 

The winch is capable of lifting a weight of 24 tons 
at a speed of 150 ft. per minute when both barrels are 
used tugether, or 1} tons on each barrel, with a steam 
pressure of 1001b. per square inch. 








100-IN. BORING AND CUTTING-OFF 
LATHE. 


We illustrate on page 752 a very fine example of 
American heavy-tool work-in the shape of a 100-in. 
boring and cutting-off lathe, with hydraulic feed to 
the ae bench. It was designed for boring and 
cutting-off steel ingots, and all the parts are, therefore, 
massive and substantial, in order that they may have 
the rigidity necessary under heavy duty. The lathe 


and Fig. 2 a view of the headstock of the machine. The 
distance between the centres, when the boring-head is 
removed, is 19 ft., with a 52-ft. bed, and the pulling 
power on a pull-diameter of 100 in. is 30,000 lb. The 
driving-cone is arranged to take an 8-in. belt, and has 
five steps, with diameters ranging from 56in. to 39 in. 

The headstock spindle is made of high-grade forged 
steel, and as it has when boring to resist a feed pres- 
sure of 150 tons, it is fitted with a marine thrust 
bearing. All the driving and feed gears are made of 
steel, and the spindle and shaft bearings are fitted 
with bronze bushings. The carriage, which slides on 
the two front ways of the bed, has hand adjustment, 
and is supplied with a rapid power movement by 
| screw. 

The tool-rest has been specially designed for holding 
heavy cutting-off blades; it is a steel casting, is 
~— jibbed to the carriage, and is fed into the work 

y hand. 

The boring-bar, which-is best seen in Fig. 1, is held 
securely in, and carried by, a hollow piston, which forms 
| part of the boring feed device. The end. pressure on 

the boring-bar is applied through an accumulator, and 
actuates the piston in an hydraulic cylinder. A revolv- 
| ing nut placed between the end thrust bearings, which, 
| engaging with an elongation of the ene resists this 
| pressure, and the amount of feed is determined by the 
rotary motion that may be given to the nut, and is 
| regulated by adjustable feed friction discs at; the head- 
|stock of the lathe. This device is said to form an 
|escapement system which is entirely free from any 
| possibility. of the boring-tool jumping forward and 
hanging in the ingot. 

| The tailstock is of the usual form, and has gears for 
| hand movement. 

| The steady-rest is lined with anti-friction metal, 
and is fitted with a revolving ring, which has upon 
lit sixteen heavy clamp-screws to hold the ingot in 
place. 
| 

| Naturat-Gas Pree Lines.—A pipe line is to be laid 
| from Chanute, Kansas, to St. Louis, Kansas City, and 
| St. Joseph, to convey natural gas. The plans are pre- 
| pared, the capital is available, and the wells are already 
|drilled. The company will start with more than 100 
| wells, and a daily capacity of 300,000,000 cubic feet of 
| gas, which is little less than the present daily consump- 
|tion of the United States. The line from Chanute to 
Kansas City will be laid first, the distance being more 
{than 110 miles. The line to St. Louis will come later, 
and will be more than 200 miles long. The company 
| which owns the wells and which will build the pipe lines 
is com largely of those who own the Union 











has been constructed for the Midvale Steel Company, | Natural-Gas Corporation of Pittsburgh, one of the largest 


| Philadelphia, by the Niles-Bement-Pond Company, 
_ York. In our illustrations, which are from 
Photographs, Fig. 1 is a view of the boring-bench, | 


roducers of gas in the Eastern fields of the United States. 
e capital was raised in Pittsburgh, Kansas City, and 


THE LAW OF MASTER AND SERVANIY. 


Stephens v. Dudbridge Ironworks Company.—This case 
came before the Court of Appeal on May 10,.on appeal 
from the decision of Mr. Justice Bruce. An infant met 
with an accident in the course of his employment, and he 
received from his employers a weekly payment amounting 
to, half his average weekly wages, signing a receipt 
which stated that he elected to accept the same under the 
Workmen’s Compensation Act, 1897, in full satisfaction 
and discharge of all claims for compensation in respect of 
the accident. Subsequently he brought an action at 
common law against his employers to recover damages for 
their personal negligence causing the accident. It was 
decided, affiming the decision of Mr. Justice Bruce, that 
it was not for the infant’s benefit to accept compensation 
under the Workmen’s Compensation Act, 1897, and that, 
therefore, his election to accept the same did not bind 
him, and he was not precluded from suing at common law. 

Corbett v. Pearce.—In this case, which recently came 
before the Divisional Court, the question arose as to 
whether a seaman is entitled to the benetit of the Em- 
ployers’ Liability Act. It appeared that the plaintiff was 
employed by the defendant in a sailing barge of 38 tons, 
to assist in navigating and in loading and unloading her, 
there being one other man employed on board, the plaintiff 
being under his orders. The barge carried cargoes from 
the sea-reaches of the Thames to higher up the river. She 
could, however, be used for coasting purposes. While 
the barge was being towed from Woolwich up the river, a 
rope supplied by the defendant broke, and the plaintiff 
was injured. In an action under the Employers’ Liability 
rng 1880, to recover damages for personal injuries owing 
to the defendant having supplied a defective rope, it was 
decided that the plaintiff was a seaman, and, therefore, 
not a “workman” within the meaning of the Act, and 
was not entitled to sue. 








BritisH ENGINEERING STaNDARDS CopED Lists.— 
One of the indirect results of the work of the Engineer- 
ing Standards Committee is the publication of a volume 
of some 500 or 600 pages, giving coded lists for all 
steel and other sections arrived at by the Standards 
Committee, so that in this way merchants, constructional 
engineers, and others can order by cable any of the stan- 
dard sections which are desired. At the same time there 
is added a code for phrases in connection with the order- 
ing of those standard sections. Foreign and colonial 
firms have thus at their disposal, in one book, a code which 
is not only useful for ordinary communications, but com- 
prises all the dimensions of such units as journals, bulbs, 
rails, angles, rolled sections, &c. Bound withthe book are 
the memoranda, prepared by the respective Committees, 
as well as details as to the comprehensive nature of the 
investigations of the Engineering Standards Committee. 
This publication is issued at 21s. net, by Robert Atkin- 
son, Limited, Salisbury House, London Wall, London, 
E.C. It is marked Vol. I., and deals with rolled sec- 
tions for constructional iron and steel and tram-rails, and 
is issued by authority of the Engineering Standards Com: 
mittee, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
yather steadier on Thursday morning, but only a small 
business was done, aggregating 1500 tons in Cleveland 
warrants at 433. 64d. cash and one month, and 433s. 5$d. 
five days. Hematite iron was nominally lower at 54s. 
cash sellers. Although the market was quiet in the 
afternoon, the tone was firmer, the prices of Cleveland 
warrants being 1d. per ton above the forenoon quotations. 
Only two lots changed hands—one at 43s. 8d. one month 
and one at 43s.6}d. three months. On Friday the market 
was strong at 43s. 9d., closing buyers at 43s. 10d. and sellers 
43s. 104d. The turnover in the market was small, and 
the business was of the character of *‘ bear” covering, which 
hardened prices a little. The settlement prices were : 
—Scotch, 52s.; Cleveland, 43s. 9d. ; and Cumberland 
hematite iron, 53s. 104d. perton. The market was closed 
on Monday in consequence of the occurrence of the 
Victoria Day holiday, no business being done. When 
the market was opened on Tuesday it was very quiet. 
At the forenoon session a few lots changed hands, but in 
the afternoon not a single transaction took place. The 
opening was easier, but warrants proved to be scarce, and 
the quotations recovered and closed at practically Friday’s 
level. The settlement prices were :—52s., 43s. 9d., and 
53s. 10d. The market wasidle again this morning and flat, 
the prices of Cleveland warrants being 94d. down at 43s. 7d. 
cash and 34d. lower at 433. 6d. one month buyers. In the 
afternoon the tone was steadier ; but business continued 
on a small scale, some: 3000 tons of Cleveland iron being 
dealt in at 43s. 8d. cash and one month. The follow- 
ing are the quotations for makers’ No. 1 iron :—Clyde, 
58s.; Gartsherrie and Summerlee, 58s. 3d.; Calder, 
58s. 6d.; Langloan, 59s. ; and Coltness, 68s.—the fore- 
going are all prices as shipped at Glasgow ; Glengarnock 
(shipped at Ardrossan), 58s. 6d.; Shotts (shipped at 
Leith), 59s. 6d.; Carron (shipped at Grangemouth), 
59s. 6d. per ton. Very flat American reports led to the 
pig-iron markets opening the week with a decided down- 
ward tendency, and, considering the smallness of the 
stock, a serious fall took place, 43s. 54d. cash having been 
accepted on Thursday. ‘* Bear” operators sold freely, 
undeterred by the dangerous state of the account ; 
but the smart recovery that took place on Friday 
should serve as a warning that no matter how 
poor forward prospects are, ‘‘ bearing” with decreasing 
stocks is not a game that can be played with impunity. 
From Germany reports ‘are very contradictory—on one 
hand strong, on the other hand weak. Home trade reports 
grow daily less satisfactory, especially in the cast iron, 
pipe, and steel rail trades. The number of furnaces in 
last in Scotland is 86, against 82 at this time last year. 
In Cleveland iron is still very scarce, and makers report 
that stocks in their hands continue to decrease. 


Arrival of Pig Iron and Steel from Canada.—The 
steamer Salerno arrived at Glasgow last Saturday from 
Sydney, Cape Breton, with 2000 tons of pig iron and 
1415 tons of steel, and on the same day the steamer 
Indrani sailed from Sydney for Glasgow with 1650 tons 
of pig iron and 560 tons of steel. 


Scotch Steel Trade.—A quiet tone still prevails in the 
steel market. New inquiries are not numerous, and 
specifications on old contracts do not come in so speedily 
as steel-makers would wish. The plate mills are well em- 
ployed, but it is with some difficulty that the bar mills 
are kept going full time. There has been no alteration in 
prices, and as the cost of raw material is maintained, 
there is no great probability of any decrease in the prices 
of finished steel. It is stated that a considerable 
quantity of structural work has been contracted for by a 
Canadian firm of bridge-builders, and there is every 
reason to hope thiat some of the material, at least, will be 
bought in this country. 

Sulphate of Ammonia.—There is very little doing in 
the market for sulphate of ammonia, and the price may 
be given as from 11/. 178. 6d. to 12/. per ton for prompt 
delivery, Glasgow or Leith. Last week’s shipments at 
Leith amounted to 110 tons. 


Contracts for Steamers.—Messrs. Stephenson, Clark, 
and Co., London, have contracted with the Clyde Ship- 
building and Engineering Company, Port Glasgow, to 
build a steamer to carry 1900 tons deadweight.— Messrs. 
Scott, shipbuilders, Greenock, have contracted with the 
Butterfield and Swire (Shanghai) Company to build and 
engine six single (1800 tons) and four twin-screw steamers 
(2500 tons) for the China trade. The new vessels are to 
replace the steamers sold to the Japanese for transport 
service and for sinking to block Port Arthur. The new 
steamers will have a speed of 16 knots per hour, and will 
be the fastest steamers on the China coast.—The Com- 
missioners of Irish Lights have placed a contract with 
Messrs. John Reid and Co., Limited, Whiteinch, to con- 
struct a lightship similar to the Fulmar, recently com- 
pleted by them for the same owners.—The Clyde Ship- 

ing wey mr have placed an order with Messrs. 

‘erguson Brothers, Port Glasgow, for a powerful screw 
tug, similar to the Fiving Linnet and Flying Swift, 
recently built by them for the same owners.—An impor- 
tant contract has been secured by Messrs. Alex. Stephen 
and Sons, Linthouse, from Messrs. Elder, Dempster, and 
Co., Liverpool, who have ordered a couple of vessels of 
5000 tons each. The new vessels will used for the 
further development of the West African trade, and will 
have a large cargo-carrying capacity, in addition to 
first-class passenger accommodation. Much satisfaction 
will be felt locally at the prospect of so much work com- 
ing to Linthouse, matters in this oe being very dull. 
—Messrs. Ramage and Ferguson, Limited, Leith, have 
just handed over the splendid steam yacht Rovenska, 
690 tons, yacht measurement, which they have built to 





the order of H.I.H. the Archduchess Maria Therese of 
Austria, from the my ow of Messrs. Cox and King, 
London. She has just had her speed trials in Aberlady 
Bay, when a mean speed of 154 knots was obtained, the 
machinery throughout the tria!*running in the smoothest 
ible manner. The Rovenska was taken over by 
.L.H. the Archduke Charles Stepben of Austria, and 
he afterwards visited. the 2 wig of Messrs. Ramage and 
Ferguson to inspect the models of several yachts in which 
he had sailed many years ago. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Death of the Mayor of Wakefield.—Mr. William Rhodes, 
Mayor of Wakefield, died at his residence in that town 
last week. He was in his sixty-first year, was a Liberal 
in politics, and in November last was elected Mayor by 
a Goinbteative majority, to inaugurate the era of select- 
ing mayors apart from politics. Mr. Rhodes was the son 
of the late Mr. Joseph Rhodes, who founded the Grove 
Iron Works, Wakefield, in 1824. When he retired in 
1865, the business was carried on by his two sons, the 
late Mayor and Mr. George Rhodes, the latter withdraw- 
ing from the firm about four years ago. Mr. William 
Rhodes then formed the concern into a limited liability 
company, in which he retained the preponderating 
influence. 


Leeds Electricity Undertaking.—The financial report of 
the lighting committee of the Leeds Corporation shows 
total receipts for the year of 75,720/,16s., compared with 
56,0137. 15s. 11d. in the preceding year. The gross profits 
had increased from 36,6597. to 49,5377. The capital ex- 
pended during the year was 81,097/., bringing up the 
total capital expended on the concern to 752,508/7. The 
units sold amounted to 6,271,186, as compared with 
4,448,650 for the preceding year. The average price per 
unit, it was stated, had fallen from 3.02d. to 2.90d. 


Tron and Steel Trades.—The past has been a holiday 
week, and most of the big works have taken advantage 
of the stop to do necessary repairs. Business is still 
very slack, and firms, as a rule, have taken full advantage 
of the vacation. Prices continue unsettled, with little 
probability of an early stiffening. 

South Yorkshire Coal T'rade.—As is to be expected at 
this season of the year, sales of house fuel are diminish- 
ing ; but the output is moving fairly freely, especially in 
the better qualities. Common coal is plentiful, and 
business is done at under quoted rates. The steam coal 
trade, on the other hand, is rapidly improving, notwith- 
standing a certain reluctance on the part of shippers to 
place contracts at present rates. An effort is being made 
to do business at under the locomotive contract price ; 
but owners are fully alive to the heavy inquiries from the 
Continent, and there is a sibility that shippers, if they 
wait too long, may find a difficulty in placing their orders 
even at present rates. In the open market full quoted 
prices are obtained. 








GoLp-MINING IN THE TRANSVAAL.—The yield of gold 
in the Witwatersrand district between 1887 and 1903 
attained the vast aggregate of 27,919,854 oz., representing 
a value of about 110,000,0002. The maximum yield in 
any one year was that of 1898—viz., 4,295,608 oz. In 
1903 the yield was 2,689,482 0z,; but it should be observed 
that since the close of the Boer War the actual yield has 
been rather larger than it has appeared to be, as the 
accounts are now kept in “fine ao The effect of the 
new arrangement is that the 2,689,482 oz. of gold raised 
in the Transvaal last year represented a value of 
12,146,307/., or something over 4/. per ounce. The 
number of gold-producing companies at work last year 
was 56, showing an increase of 11 as compared with 
1902. The average daily number of stamps dropped 
last year was 3670, showing an increase of 1578, 
while 6,105,016 tons of quartz were milled in 1903, as 
compared with 3,416,813 tons in 1902. The produc- 
tion effected by the dividend-paying* mines of the 
Transvaal last year was as follows:—Angelo, 279,852/.; 
Bonanza, 319,549/.; City and Suburban, 390,724/.; Crown 
Deep, 379,184/.; Crown Reef, 561,2567.; Driefontein Con- 
solidated, 360,337/.; Durban Roodepoort, 214,609/.; Fer- 
reira, 423,181/.; Ferreira Deep, 287,523/.; Geldenhuis 
Deep, 477,040/.; Geldenhuis Estate, 264,075/.; Ginsberg, 
151,100/.; Henry Nourse, 278,083/.; Jubilee, 81,342/.; 
Lancaster West, 135,685/.; Langlaate Estate, 434,360/.; 
May Consolidated, 230,978/.; Meyer and Charlton, 
161,971/.; New Primrose, 335,087/.; Nigel, 115,270/.; 
Rietfontein, 150,461/.; Robinson, 613,667/.; Robinson 
Deep, 545,569/.; Roodepoort United Main Reef, 180,750/.; 
Rose Deep, 329,929/.; Simmer and Jack, 441,325/.; 
Treasury, 198,708/.; Village Main Reef, 359,193/.; 
Wemmer, 239,936/.; and Glynns Lydenburg, 67,6587. The 
wages paid last year attained an aggregate of 5,489,779/. 
Of this amount, 3,697,852/. was paid for skilled white 
labour, 189,097. for unskilled white labour, 1,522,930/., 
for native labour, 38,844/. for coolie labour, and 41,0562. 
for Cape boys’ labour. The number of native labourers 
available at the close of last year was 235,611, the total 
required was 350,714, leaving a shortage of 115,103. It is 
estimated that the number of labourers which will be 
required five years hence will be 650,574. The number 
of stamps at work in July, 1903, was 3725. The number 
which could have been at work if a sufficient supply of 
labour had been available was 7145, and with the addi- 
tional labour desired this total could be carried five years 
hence to 11,120. If the number of stamps which were 
idle last year in consequence of the shortage of native 
labour could have been dropped, employment could have 
been found for 5612 more skilled white workmen. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business was resumed 
to-day after the holidays, but very few people put in an 
appearance on ’Change, and there was hardly anything 
doing. It was very difficult to fix prices, and, in fact, 
quotations were almost entirely nominal. me traders 
endeavoured to inspire confidence by pointing to the con- 
tinued sound statistical position of the Cleveland pig-iron 
trade, but their efforts were not successful. Buyers were 
not to be tempted into the market, and altogether a very 
flat and discouraging tone prevailed. The general price 
named for early f.0.b. delivery of No. 3 g.m.b. Cleveland 
pig was44s. Merchants were willing enough to sell at that 
figure, but they did not find buyers prepared to give it. 
On the other hand, for special brands a rather higher 
figure was asked. No. 1 was 46s. 3d.; No. 4 foundry, 
43s. 9d.; grey forge, 43s. 6d. ; mottled, 43s. 3d.; and 
white, 43s. t t hematite pig was very dull, and 
mixed numbers were offered for sale at 52s. 3d. for early 
delivery. No. 1 hematite was 52s. 9d., and No. 4 forge 
50s, 9d. Spanish ore was quiet but steady. Rubio (50 

r cent. quality) was 15s. 3d. ex-ship Tees. Middles- 

rough warrants closed 43s. 74d. cash buyers. 


Manufactured Iron and Steel.—There is little or nothing 
new to report with regard to the manufactured iron and 
steel branches of trade. Several departments are only 
very moderately situated so far as contracts are con- 
cerned, and new orders are difficult to secure. Quota- 
tions all round are stationary, but unless a change for 
the better ppetes very shortly, it is likely that re- 
ductions will be made. Common iron bars are 6/. 2s. 6d.; 
best bars, 6/. 12s. 6d.; iron ship-plates, 6/. 7s. 6d.; iron 
ship-angles, 6/. 2s. 6d.; steel ship plates, 5/. 12s. 6d.; 
steel ship-angles, 5/. 5s.; steel boiler-plates, 7/.; steel 
joists, 5/. 5s.; steel sheets (singles), 7/. 5s.; steel sheets 
(doubles), 77. 15s.; and heavy steel rails, 47. 10s.—all less 
the customary 24 per cent. discount, except rails, which 
are net at works. 


Coal and Coke.—Fuel, on the whole, is steady. Gas- 
coal is in fairly good request for this season of the year. 
Enquiries for bunker coal are pretty good, but the supply 
is abundant. Quotations for unscreened Durham bunkers 
run from 7s. 6d. upwards f.o.b. Coke continues in good 
demand both for home use and for shipment. The local 
consumption keeps very heavy. Average blast-furnace 
coke is firm at 14s. 6d. delivered here. Export coke is 
quoted up to 16s. 6d. f.o.b. 








TuRBINE v. Recrprocatinc Encines.—The first of the 
vessels for the Midland Railway Company designed by 
Messrs. Biles, Gray, and Co., has completed her specified 
trials, and the results attained indicate a high propulsive 
efficiency, which does the highest credit to the builders, 
Messrs. John Brown and Co., Limited, Clydebank. Their 
vessel, the Antrim, attained 21 knots on the measured 
mile and 20,6 knots on a six-hour run, and, in view of the 
conditions, this result establishes a high standard for 
comparison with the sister ship Londonderry, havin 
turbine machinery. A description of the Antrim camel 
in our issue of March 25 (page 434). The trial was of 
six hours’ duration, and commenced at noon on the 
19th inst., by which time the guaranteed speed of 
20 knots was reached. Four runs over the Skelmorlie 
measured mile were made between 12.15 p.m. and 
1.30 p.m., giving a mean of means of exactly 21 knots, 
The vessel, after manceuvring for a time in the Firth of 
Clyde, was taken round Ailsa Craig, the trial finishing 
at 6 p.m., opposite the Cloch. Over the whole period the 
average speed was 20.6 knots. It should be noted that 
the vessel has two double-ended and one single-ended 
boiler; but, in accordance with the contract provisions, 
the latter was not in use throughout the trials. 


Contracts.—The pumping er agg for Messrs. John 
Shearer and Sons’ new dry dock at Elderslie has been 
supplied by Messrs. Drysdale and Co., of the Bon Accord 
Engine Works, Glasgow. There are two main pumps 
having 30-in. suction and delivery pipes, and there is one 
8-in. pump intended for drainage purposes ; all are driven 
by gas-engines. The same makers have also received an 
order for the pumps needed for the new floating dock for 
the Suez Canal.—Messrs. W. R. Renshaw and Co., Li- 
mited, have now on hand the ironwork (exclusive of 
wheels) required for fifty sets of 12-ton eight-wheel bogie 
wagons required for a railway in Brazil, and are also 
building twenty-eight gunpowder vans for the North 
British Railway Company. The latter have to satisfy the 
stringent conditions of the Railway Clearing-House for 
this class of stock.—The British Electric Plant Company, 
Limited, Alloa, N.B., have just received from the Central 
Marine Engineering Company, of West Hartlepool, an 
order for twenty-eight direct-current motors, aggregating 
900 brake horse-power, required for driving their machine- 
shops.—The works of Messrs. J. and P. Coats, Limited, at 
Paisley, which include sixty-seven buildings, are to be 
fitted with fire-alarms, supplied by the May-Oatway Fire 
Appliances, Limited, of 49, Queen-street, Glasgow. The 
installation will include some miles of underground con- 
ductors, and there will be eighteen automatic telegraphs, 
from which, in case of fire, the alarm will be automatically 
telegraphed to the Central Fire Station. Each mill is 
fitted with an indicator which, in case of fire, shows at 
sight the room or rooms in which outbreaks have occurred, 
and also those which are unaffected, so that the firemen 
can proceed without delay to the precise point where 
their services are required. At the same time the name 
of the mill or group of mills is automatically telegraphed 
in the Morse code to the Central Fire Station, the signal 
being four times repeated. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has, of course, been somewhat in- 
terrupted by the holidays. Inquiries for large steam coal 
for early shipments have, however, been fairly numerous. 
Quotations for small steam coal have remained without 
change. The best large steam coal has made 15s. 6d. to 
16s, per ton, while secondary qualities have brought 14s. 
to 15s. per ton. House has shown little change ; the 
best ordinary qualities have made 13s. 6d. to 14s. per ton ; 
secondary ditto have brought 10s. 6d. to 13s. per ton; 
No. 3 Rhondda large has been quoted at 15s. 3d. to 15s. 6d. 
per ton. Foundry coke has made 18s. to 19s. per ton ; 
and furnace ditto 16s. to 17s. per ton. As regards iron 
ore, Rubioand Almeria have been quoted at 14s. to 14s. 3d. 
per ton, and Tafna at 15s. per ton. 


Thames and Severn Canal.—The hearing of a claim for 
10,0002, made against the Gloucestershire County Council 
by Messrs. Braithwaite and Son, contractors, has been 
commenced by Mr. R. Pollock, K.C. Messrs. Braith- 
waite contend that they sustained heavy loss by breach 
of warranty of some clay for puddling. The defendants 
have lodged a counter-claim for 4630/. for alleged neg- 
ligence. 

Bute Dry Dock Company.—The annual meeting of the 
Bute Shipbuilding, Engineering, and Dry Dock Com- 
pany, Limited, was held on Tuesday, Mr. P. Morel, in 
the chair. A dividend was declared at the rate of 2} per 
cent. per annum, 24,718/. being carried forward. he 
chairman said there was great competition among dry 
docks, but he thought that the corner had been turned. 


Cardiff Channel Dry Docks. —The Cardiff Channel Dry 
Docks and Pontoon Company, Limited, has declared a 
dividend for the past year at the rate of 74 per cent. per 
annum. The profit earned for the year (27,012/.) was 
made in the face of considerable difficulties. The Barry 
Central Engineering Company has been acquired. 

Wages in Wales.—It is understood that the independent 
chairman of the South Wales Conciliation Board is to be 
paid for his services, and that the Lord Chief Justice will 
tix the amount of his remuneration. 


The Great Western and Motor Cars.—The Great Western 
Railway Company has augmented its motor - omnibus 
traffic at Penzance by inaugurating a service of cars to 
and from St. Just. 








Etectric SMELTING: REPORT OF THE CANADIAN Com- 
missioN.—Dr. Haanel, the Canadian Superintendent of 
Mines, who, with several other Commissioners, was sent 
to Europe by the Dominion Government to investigate 
the economic possibilities of electric smelting of ores, has 
made a preliminary report to the Minister of the Interior, 
in which he pronounces the process both economic and 
simple, and recommends its adoption in Canada. The 
most important experiments witnessed by the Commis- 
sion were those at Sivet, France, where 9 tons of ore 
were used to demonstrate the economic production of pig 
iron by the electric process. The furnaces used for these 
experiments were those used in the regular work of the 
company for turning out by electric process the various 
ferros, such as ferro-silicon, ferro-chrome, &c. The 
furnace is of the resistance type, consisting of two 
iron castings of square cross-section, forming two 
shafts, communicating with each other at their lower 
ends by means of a carbon block. These blocks 
are in electric communication on the exterior of the 
furnace by means of copper bars. The carbon elec- 
trodes to which the current is distributed pass through 
two-thirds of the length into the shaft. The electrodes 
are prisms, 72 centimetres in diameter and 135 centimetres 
long. Different classes of pig iron were obtained without 
difficulty, and the furnaces throughout the experiment 
worked quietly and without the slightest accident, the 
gases discharging on top in flickering flames, showing that 
the gas resulting from the reduction of the ore escaped at 
low pressure. ‘The workmen employed were ordinary 
Italian labourers, without any special training. A number 
of castings, such as columns, pulleys, gear-wheels,. plates, 
&c., were made with the metal drawn directly from the 
furnace. The castings showed sharp edges, a compara- 
tively smooth surface, and were sound throughout. The 
electric energy absorbed per ton of pig was found to be 
0.226 horse-power-years. The following figures make up 
the approximate cost of producing a ton of pig-iron :— 


Dols. 
1. Ore (hematite), metallic iron 55 per 
cent., 1.842 tons at 1.50 dols. per 
ton... a ee Ae asf 2.76 
2. Coke for reduction, 0.33 tons at 7 dols. 
per ton "ie se a re 2.31 
3. Consumption of electrodes at 5 dols. 
per 220 lb. ... jah stb ahs 0.77 
4. Lime aes a ay as is 0.30 
5. Electric energy, 0.226 horse-power- 
ear at 10 dols. per electric- 
orse-power-year ... 26 


6. Labour, at 1.50 dols.aday ... pag 0. 
7. Different materials ey é0a 0. 
0 


%. General expenses en ee sep .40 
9. Repairs, maintenance, &c. ... aN 0.20 

10, Amortisation (machinery and build- 
ings) ... pA eine S05 He 0.50 
Exclusive of royalty ... .. 10.60 


Dr. Haanel» is) of opinion that the electric process of 
smelting opens gréat possibilities to Canada. Canada is 
rich in iron ore ; and if the new electric process is com- 
mercially profitable, and can be adapted to the conditions 
existing in Canada, a great industrial future opens up for 
the Dominion, 








MISCELLANEA. 


THE ye annual dinner of King’s College, 
London, will be held at the Hotel Cecil, on Monday, 
June 20, with the Marquis of Salisbury in the chair. 


The annual general meeting of the American Chemical 
Society will be held this year at Providence, Rhode 
Island, on June 21, 22, and 23 next. 


We are informed that at their last meeting the Council 
of the Institution of Electrical Engineers elected Major- 
General C. E. Webber (retired), R.E., C.B., an honorary 
member of the Institution. The other honorary members 
are:—Dr. Henry Wilde, F.R.S.; the Right Hon. Lord 
Kelvin, O.M., G.C.V.O., F.R.S. ; Dr. J. Wilson Swan, 
F.R.S.; Mr. E. Mascart, Membre de I’Institut de 
France; and Professor Antonio Pacinotti, of Pisa. 
General Webber is one of the founders of the Institu- 
tion of Electrical Engineers, and a past-president of that 
a was formed in 1871, and now numbers 5200 
members. 


In a communication to the Paris Academie des Sciences 
M. Ch. Renard describes a new type of absorption 
dynamometer, which, he states, is specially a yp le to 
petrol motors, and has been used by him in such cases for 
all sizes between 1 and 150 brake horse-power. The 
instrument consists simply of a graduated rod mounted 
on a sleeve at its centre, and carrying on opposite sides 
two flat plates of aluminium, which are so fitted that they 
can be slid along the rod to different positions, as necessity 
requires. The apparatus is, in fact, an air-brake, and 
experiment has shown that with the plates in any fixed 
position the torque is proportional to the specific weight 
of the air and to the square of the angular speed. The 
instrument is calibrated once for all, and this done, the 
power of any motor can be determined by rong mount- 
ing the dynamometer on the shaft and noting the speed 
of revolution maintained. With an apparatus of this 
kind weighing but 44 lb., 20 horse-power has been 
absorbed. 

The directorate of the forthcoming International Exhi- 
bition, which is to be held at Litge next year, announce 
that the floor space reserved to+the department of 
engines, boilers, gas-producers, and ros | rolling-stock 
will amount to ,689 square feet, which is to be ap- 
portioned as follows:—Belgium, 199,507 square feet ; 
Germany, 45,531 square feet ; France, 40,580 square feet ; 
Great Britain, 6996 square feet; United States, 5650 
square feet ; Hungary, 2422 square feet. The total area 
is about 9 per cent. more than was allotted to the corre- 
sponding sections at the Diisseldorf Exhibition of 1902. 
Much of the machinery will shown in motion. 
To provide the buildings with electricity a central station, 
with a capacity of 4000 kilowatts, is being equipped. The 
buildings will be equipped with travelling cranes, so as to 
facilitate the erection of exhibits. Four of these will be 
of 30 tons capacity. The rent-charged to exhibitors has 
been fixed at 60 francs per square metre, and a charge 
will also be made for steam or electricity supplied, a large 
drawback on these charges being, however, given on any 
area actually occupied by machinery in motion. 


In an article in the Zeitschrift fiir Elektrotechnik, 
Vienna, April 17, Dr. Berkitz states that the apparatus 
which have been designed hitherto with a view to measure 
or ascertain the extent of variability in the revolutions of 
an engine do not fully answer their purpose; the degree 
of variability is generally approximated to, and is stated as, 
being one in a given number of revolutions per minute. 
Dr. Berkitz illustrates and describes a device of his inven- 
tion, the object of which is to render visible the varia- 
bility in the running of engines and motors. The device 
consists of a heavy disc or flywheel mounted loosely on the 
engine-shaft and driven by the latter through an elastic 
coupling, in which no springs are used, the connection 
being magnetic. An arm rigidly fixed to the shaft out- 
side the flywheel carries two solenoids, the cores of which 
are fixed to the flywheel, and can vibrate in the solenoids 
through a limited arc. A system of levers connecting the 
flywheel and the arm tilts a small mirror, a ray of light 
reflected from which describes a curve on a screen ouitably 
placed. When the engine runs absolutely steadily, the 
curve is, for instance, a circle, and any deviation from this 
shows the extent and the character of the variation in 
the speed. 


The Board of Trade have made an additional rule, 
under the Light Railways Act, with respect to the notices 
to be given and deposits made in cases where alterations 
of works are proposed during the progress of an applica- 
tion for an Order. It runs as follows :—Where an appli- 
cation for an Order authorising a light railway has been 
made to the Light Railwa mmissioners, and the pro- 
moters communicate to the said Commissioners their 
desire to make any additions to or alterationsin the line 
of the railway or the works thereof, or the lands to be 
taken, as respectively pro} under such application, 
and such desired additions or alterations are not of such 
extent or character as to make it inconvenient or in- 
advisable, in the opinion of the Commissioners, that the 
same should be dealt with under the said application, the 
promoters shall, with the consent of the Commissioners, 

iven at any time before the said application has been 
Secided on by them, publish such advertisements and give 
such notices and make such deposits (including any lists 
and statements required under Rules 32 and 33 of the 
Board of Trade Rules, 1898), as would have been requisite 
under the said Rules if such additions or alterations had 
formed the subject of a separate application for an 
amending Order in accordance with Rule 38 of the said 
Rules, except that, notwithstanding anything contained 
inthe said Rules, such advertisements shall be published, 
such notices given, and such deposits made at such times 
as shall be directed by the Commissioners. 


In a paper read by Mr. F. S. Greene before the New 
England Botton Manufacturers’ Association, the claim is 
made that for = transmission in textile mills ropes 
aré superior either to belting or to electricity. The power 
may, he states, be thus economically transmitted a dis- 
tance of 500 ft., and the two shafts coupled by the rope 
need not be in the same line. As compared with telting, 
a rope pulley is only half to two-thirds the width of a 
comers belt pulley. A rope drive is, moreover, 
noiseless, and electricity is not generated in the same way 
as it is with belting. with which constant trouble is expe- 
rienced under this head in New England cotton mills. 
In cases in which 200 horse-power or more is to be 
transmitted, and where the shaft centres are more than 
30 ft. apart, rope transmission is, he claims, much 
cheaper than electricity or belting. Estimates made 
for a mill in which a total of 1000 horse-power had to 
be distributed to three floors showed that the total 
cost of transmitting the power by ropes would be 
4941 dols., by belting dols., and by electricity 
25,400 dols. At need, shafts Jess than 30 ft. apart can be 
driven by ropes ; and ..Greene quotes a case in which 
200 horse-power is transmitted by ropes (with a quarter 
twist) between shafts only 16 ft. apart, and at right angles 
to each other. In this case, moreover, in order to get 
the requisite speed in the follower, it was necessary to 
use pulleys less in diameter than the usual standard 
minimum of 40 times the thickness of the rope. In fact, 
the small pulley is only 34 in. in diameter, and on it run 
ten 1}-in. ropes, the speed being 5150 ft. per minute. 


In a paper read before the Incorporated Association of 
Municipal and County Engineers, at their York Meeting, 
Mr. A. Creer, A.M.I.C.E., gives particulars of the latest 
sewage filter erected at York. This is of the above- 
gem pattern, and in plan is a circle 100 ft. in diameter. 

or experimental reasons this circle is divided into four 
sectors, each fitted with a different filtering material— 
viz., broken brick, honeycomb slag, coke, and clinker. 
The floor consists of 8 in. of concrete, with old railway 
rails embedded in it. On this floor are built 44-in. pigeon- 
hole walls, radiating from the centre, 7 in. high and 15in. 
apart at the outer ends. -Expanded metal laid on these 
walls serves to support the filtering material, there being 
thus a clear space of 7 in. between the filtering material 
and the floor. The filter is surrounded by a channel, 
which collects the filtrate and conducts it to an outlet at 
the outer rim of the floor. A 9-in. pigeon-hole: wall of 
Staffordshire blue bricks surrounds the filter to a height 
of 7 ft. 9 in. above the expanded metal floor. Thesewage, 
which is received from an open septic tank, is distributed 
evenly over the upper surface of the filter, and any 
particular portion passes through in 15 minutes. The 
quantity pi is equivalent to 1,752,000 gallons per 
acre per day, and the average degree of purification 
reached is represented by the following figures :— 








{ 
a Oxygen Albuminoid Calcium 
Absorbed. Ammonia. Nitrate. 
Sewage uP 5.74 1.24 


Effluent ws 0.54 0.096 | 7.945 





The speed of flow through the — septic tank is about 
163 ft. per hour, and analyses made at various points of 
its length showed that no important further purification 
was effected after the sewage had travelled a distance of 


225 ft. through the tank. 


A lecture on ‘‘ Radium” was delivered at the Royal 
Institution, on Saturday last, by Professor Rutherford, of 
Montreal. The lecturer first showed the power of radium 
to excite phosphorescence and to discharge a charged 
2. and then described the properties of the 
three kinds of rays which it had been found to give off. 
In addition, it gave off an emanation which behaved like 
a gas, and could be condensed by cold ; it could also be 
secluded in the radium itself, and was liberated when the 
salt was dissolved in water. This emanation, though 
exceedingly minute in quantity, | three-quarters 
of the characteristic powers of radium and all its properties. 
If we could collect a cubic inch of the emanation, the tube 
that contained it would probably melt, while a few pounds 
would supply enough energy to drive a ship across the 
Atlantic, though each of those — would require 70 
tons of radium to supply it. In regard to the process 
going on in the emission of the emanation, he advanced 
the theory that radium was continuously producing it, but 
that when produced, instead of remaining constant, it was 
continuously being changed into something else. He 
supposed that some atoms of the radium in some condi- 
tions became unstable; then there was an explosion, and 
emg of matter were shot off at great velocities 

here was a series of such explosions due to atomic, not 
molecular, chan and resulting in the formation of a 
series of transition elements. A mass of radium left to 
itself must therefore throw itself away ; probably in 
about 2000 years its radioactivity would fall : to half: 
value, and after 50,000 years it would cease to exist. It 
was therefore to be gene, since radium was produced 
from minerals more than 50,000 years old, that it was 
being itself produced from something else, and was itself 
a transition element. A year ago to find evidence for 
this point of view did not seem a very promising task, but 
since then a great deal had been done. In the self- 
destruction of radium two things must be produced that 
were not radioactive—the a rays and the final product. 
Now helium was always found associated with radium 
minerals, and the suggestion that that was one of the 
— had been confirmed by Sir William Ramsay, who 

ad shown that the emanation was able to produce helium 
from itself. The evidence pointed to the view that the 








a particle was the helium. 














































































ENGINEERING. [May 27, 1904. 








100-IN. BORING AND CUTTING-OFF LATHE. 


CONSTRUCTED BY THE NILES-BEMENT-POND COMPANY, ENGINEERS, NEW YORK, U.S.A. 


(For Description, see Page 749.) 









































Re a eet ey nem ee IR reo nrg 











| 


. 12:3° From Rail 


SNGINEERING, May 27, 


1904. 


CONSTRUCTED AT THE 


| 
| 
| 
| 


Se 


EIGHT-COUPLED LOCOMOTIVE 


GOVERNMENT RAILWAY WORKS, IPSWICH, QUE®NsLayp 


(For 


ener Surface, Tubes 895 Sq.Ft. 
” » Firebox.107. 707 rel * 
Total 1002. . 


Grate Area 18% Sq.Ft. 


180 Ti Tubes 














5% Cen. of 


=: eee ne lide 
S| Travel of Valve3% Lag t 


M ie> Lead ¥s2 constant. | 


Centre Line of ‘Cyl = 
| Gntredine of Valve Chest. 
. » »« Spirdle 





THE QUEENSLAND RAILWAYS. 
DESIGNS 01 


Page 748.) 


MR. GEORGE B. NUTT, M.I. MECH. E., CHIEF MECHANICAL ENGINEER. 


10FEET 
= 





insig 9 6.9 0 
te 





—- <_< 


Working Pressure 
175 lbs. per Sg. In. 





2. .O 29.0.0 -¢§— 9o@— 9p — 5 -- Fr - ar 
o 0.9) 2 OG. 0) 0) (82.0). 0.0? 6). 6° Ae 
Copper, Stays 1 dia. 12 Threads 
° °oU€w ° ° ° ° ° ° 2 ° Q_--0----@--- 0" = 
Qe20---O---O---0--0" GO 0-0 ° 


<4 
oo 0 90 ° 


Se 
ff 


ee 














--—--------=--@! 





! Qf----------------~----------- 


' 

' 

' 
cn 
% 

' 

' 

' 


| 
| 
|| 
| 
| 
| 


| 
| 
6%5------------------------>ll 




















May 27, 1904.] 


ENGINEERING. 





753 











AGENTS FOR “ENGINEERING.” 


Austria, Vienna: Lehmann and Wentzel, Kirntnerstrasse. 

Brusseus: E. F, Satchell, 8, Rue Capouiliet. 

Care Town : Gordon and Gotch. 

EpinsurGH : John Menzies and Oo., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la Banque ; E. M. Terquem, 31bis, Boulevard Haussman. 


‘Also for Advertisements, Agence Havas, 8, Place de la Bourse. 


GERMANY, Berlin : Messrs, A. er and Co., 13, Unter den Linden. 
Frankfurt-am-Main: Messrs. G. L. Daube and Co, (for 
Advertisements). 


lates: F. A. us. 

Mulhouse : H. Stuckelberger. 

Guiascow : William Love. 

Inp1A, Calcutta : Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 

Iraty : U. Hoepli, Milan, and any ffice. 

LiveRPOOL : Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, te. 

Norway, Christiania; Oammermeyer’s handel, Carl Johans 

Gade, 41 and 43. 

New Sourn WaLgs, Sydney : Turner and Henderson, 16 and 18, 

Hunter-street ; Gordon and Gotch, George-street. 
QuEENSLAND (Sours), Brisbane : Gordon and Gotch. 

(NorT#), Townsville : T. Willmett and Oo. 
RorrerpaM : H, A. Kramer and Son. 
Sourn AusTRALIA, Adelaide : W. O. Rigby. 
Unrrep States, New York: W. H. Wiley, 43, East 19th-street. 
Chicago : H. V. Holmes, 957-958, Monadnock Block. 

Vicrorta, Melbourne : Melville, Mullen, and Slade, 261/264, Oollins- 

street ; Gordon and Gotch, Limited, Queen-street. 

We beg to announce that American subscriptions to ENGINEERING 
may now be addressed either direct to the Publisher, Mr. O. R. 
Jounson, at the offices of this journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or tg our accredited Agents for the 
United States: Mr. W. H. Wiley, 43, East 19th-street, New York, 
and Mr. H. V. Holmes, 957-958, Monadnock Block, Chicago. 
The prices of subscription (payable in advance) for one year are : 
For thin (foreign) paper edition, 11. 16s. 0d. ; for thick (ordinary) 

aper edition, 27. 0s. 6d.; or, if remitted to agents, 9 dollars for 
thin and 10 dollars for thick. 

NOTICE TO AMERICAN ADVERTISERS. 

American firms desirous of advertising in ENGINEERING are 
requested to apply to Mr. H. V. Holmes, 957-958, Monadnock 
Block, Bete: from whom all particulars and prices can be 
obtained. 











ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line. The 
line averages seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 


aranteed. Terms for displayed advertisements on the wrapper 
and on the inside’ may be obtainedon application. Serial 
advertisements 


ill be inserted with all practicable regularity, but 
absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m. on Thursday. In 


received not later than 1 p.m. on Wednesday after- 
noon in each week. : 


SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the Publisher, 
post free, for twelve months at the following rates, payable in 











advance :— 
For the United Kingdom ..........- - £1 9 2 
- ee £1 16 0 
in paper copies .......... 6 
TEM Sah enebee cess £2 O 6 


All accounts are payable to ‘* ENGINEERING,” Limited. 
Cheques should be crossed ‘“‘ Union of London and Smith’s Bank, 
Limited, on Branch.” Post-Office Orders should be 
made payable at ford-street, Strand, W.C. 

When Forei; ee are sent by Post-Office Orders, 
advice should be sent to the Publisher. 

Foreign and Colonial Subscribers receiving incomplete copies 
through —— are requested to communicate the fact to the 
Publisher, together with the agent’s name and address, 

Offices for Publication and Advertisements, Nos. 35 
and 36, Bedford Street, Strand, London, W.C. 


We desire to call the attention of our readers to 
the fact that the'above is our SOLE Address, and 
that no connection exists between this Journal and 
bod — publications bearing somewhat similar 
TSLEGRAPHIO AppREss—ENGINEERING,. LONDON. 

TELEPHONE NuMBER—3663 GERRARD. 











CONTENTS. 


PAGE || PAGE 
The Antwerp Water-Works || Private Bill Procedure .... 753 
(Jilustrated) txpesseseess 35||The London Telephone 
a St. Louis Exhibition .. 737|| Service.............02.++ 754 
West Riding Rivers........ 741 ||Government Railway Pro- 
Borsig’s Works in Germany hMNEE Moncduciasseeti wend 55 
ul! fustrated) jess ereaiees 43 ||“ Suspension ” Furnace Liti- 
os rchant Scouts .......... 746 | gation (Illustrated) ...... 755 
oo Treatment of 'Penalty Clauses .......... 75 
SOO . . 15s on acksvacaeces 747 


| Locomotives at the St. Louis 
Internal-Combustion Motors 747. Exhibition.............. 7 
Launches and Trial Trips'.. 747 Notes 
Eight-Coupled Locomotive 

for the Queensland Rail- 
9 ways (IUustrated)........ 
2}-Ton Frictional Double- 

Barrelled Steam Winch 

(Uustrated) 
100-In. Boring 


Wilson, of Belfast ...... 
Catalogues ................ 760 
| Ancient Tilting-Hammer in 
Somersetshire (J//us.).... 761 
|Submarine Telegraph En- 
rise 7 


terp! 
| = 3 —. Vines noleees 7 
Servant. .. 749, Ships Ulustr gene 
2 a nS, Soha esusaceseaae | rated) ...... 7 
oro —_ baad + ee 750 | Fatal’ Explosion of A Loeo- 
Notes from Gin ee yee 750 || motive Boiler (Illustrated) 764 


~ 
=] 


Sete were cees 


and Cutting- 
off Lathe (1Uustrated) rf 749 
he Law of Master and 


\Fan Power f 
vi Nort See reo eee eae woe 
Miscellanea.» OU Weet 751 | (IUlustrated) ............ 767 
With a Two. 


fd - Page Engraving of an EIGHT-COUPLED LOCO- 
TIVE FOR THE QUEENSLAND RAILWAYS. 








TRACTION and TRANSMISSION. 
(Published on the first Tuesday in each month.) 
Price 2s8., net; Post Fren, 2s, 4d. 
PART 38. COMMENCING VOL. X. NOW READY. 
Published at the offices of ENGINEERING, 35 and 36, Bedford-street, 
Strand, London, W.O, 


CONTENTS OF PART 38. 
A. J. Bloemendal (Plate V., out ~— 


The Paths of 
The Industrial Army’ of the Illustration in Text)...........+ 30 
United States. By James Electric Motors: Their Theory and 
Dredge (Plate I.) ......s.sss006 8 Construction, (Second Series.) 
Railway Economics. By the Hon. 1} By H. M. Hobart (Plates VI. to 
Robert P. Porter... 2. cccsccecce 14||_ IX., and Illustrations in Text) 34 
The Design of Alternators, By H. American Water Works, By 
F, Parshall, M. Inst. C.E., and |, Charles Prelini, C.E., New 
H. M. Hobart (Plates II. to IV., || York City (Plates X. and XI.).. 46 


and Illustrations in Text) ...... 


23 || The Fayet-Chamonix Railway. By 
Electric Traction for Mines. By | 


Daniel Bellet (Plates XII. to 
XVI., and Illustrations in Text) 53 
A Synopsis or Contents oF VOLS. I. ro IX. CAN BE HAD GRATIS 

ON APPLICATION TO THE PUBLISHER, 











REApIne - Cases. — Reading - cases for cae “twenty - six 
numbers of ENGINEERING may be had of the Publisher or of any 
newsagent. Price 6s. each. 





NOTICES OF MEETINGS. 


Tue Surveyors’ InstiruTION.—Monday, May 30, at 3 o’clock, at 
12, Great George-street, Westminster. The annual general meet- 
ing of the Institution, to receive the report of the Council and the 
announcement of the result of the election of officers for the ensu- 
ing year, will be held in the Lecture Hall. 

Society oF Arts.—Tuesday, May 31, at 4.30 p.m. Indian Sec- 
tion. ‘‘ The Economic and Industrial Progress and Condition of 
India,” by Mr. J. E. O’Conor, C.I.E., late Director-General of 
Statistics, India. 

RoéntTGEN Socrety.—Thursday, June 2, at 20, Hanover-square, 
the chair will be taken at 8.30 p.m. Dr. Clarence A. Wright will 
read a paper on ‘‘ Experiments to Determine the Effects of Form 
and Winding upon Resonance Phevomena.” 

Royat InstiruTIoN oF GREAT Britain.—Friday, June 3, at 
9 o’clock. Professor Svante Arrhenius, on ‘‘The Development of 
the Theory of Electrolytic Dissociation. Afternoon lectures next 
week.—On Tuesday, May 31, at 5 o’clock—Mr. H. F. Newall, M.A., 
F.R.S., on “The Solar Corona.” (Lecture II.).—On Thursday, 
June 2, at 5 o’clock—Mr. H. G. Wells, B.Sc., on “‘ Literature and 
the State. (Lecture II.).—On Saturday, June 4, at 3 o’clock—Sir 
William Martin Conway, M.A., on ‘‘ Spitzbergen in the Seventeenth 
Century.” (Lecture IL.) 


ENGINEERING. 





WueEN the Act was passed by Parliament in 
1899 to amend the procedure in connection with 
private Bills promoted in Scotland it was generally 
anticipated that, if experience proved satisfactory, 
the provisions of the new Act would be extended 
to other parts of the United Kingdom. Now, after 
the lapse of five years, there has been introduced a 
Bill proposing the extension of the system to 
Wales, and the wise precaution has been taken by 
the House of Commons of remitting this Bill to a 
Select Committee, which has been instructed to 
inquire and report upon the working in Scotland 
of the procedure proposed to be extended to Wales, 
and also upon the ‘‘expediency of extending the 
provisions of the Bill, with or without modifica- 
tion, to other parts of the United Kingdom. In 
view of the comprehensive clause in this reference, 
it is of first importance that full public considera- 
tion should be given to the subject before such a 
wide application is made of the system of devolu- 
tion, which is the main characteristic of the new 
procedure in the case of Scotch Bills. 

In the first place it is doubtful if the experience 
gained is sufficiently extensive to justify a favour- 
able judgment on the general principle of the Act, 
or to indicate all the points on which amendment 
is desirable before the Act is applied to other parts 
of the United Kingdom. adie ordinary condi- 
tions five years might have been long enough ; but 
there have been very few schemes in Scotland of 
first importance since the passing of the Act ; and 
all prominent cases have, as a rule, been sent by 
the Chairmen of Committees of the two Houses 
to be dealt with as Bills, and have therefore 
come before the ordinary Parliamentary Com- 
mittees sitting at Westminster. It was under- 
stood when the Scotch Bill was passed that 
all private railway Bills would be dealt with in 
London, and not locally. This was observed 
for the first session or two, but has been aban- 
doned, and railway Bills are now being sent down 


63|to Scotland to be dealt with along with others. 


Whether this would be the case if a scheme affecting 

eat and varied interests were brought forward, it 
is’ difficult to say ; but it would be very unfortu- 
nate if measures involving large questions of policy 
were to be dealt with locally, and if one rule were 
followed in’ Scotland and another in England. 








With the limited experience gained, it is recog- 
nised—even by those favourable to the principle 
of devolution—that several amendments are called 
for. Lord Balfour of Burleigh, who drafted the 
Bill, probably goes as far as parental pride can be 
expected in the remark, ‘‘I do not say that it is 
not susceptible of improvement.” 

Many consider that the promoter should have 
the right to decide whether he will proceed with 
his project under the new Act, or apply in the 
ordinary way to Parliament by private Bill. At 
present. application under the new Act is com- 
pulsory, and the case, with objections raised by 
opponents, is submitted to the consideration of the 
Chairmen of Committees of the’ House of Com- 
mons and of the House of Lords. These two, 
usually’ experienced parliamentarians, decide the 
question according to general lines laid down 
in the Act. It is true that this compulsory 
clause was probably intended to prevent power- 
ful corporations forcing objectors of limited means 
to the more expensive tribunal ; but, as we shall 
presently show, there is no reason why private Bill 
ordinary procedure should be much more expensive 
than that under the new Act. Thereare many, too, 
who consider that the power vested in the indi- 
vidual—especially the Secretary for Scotland, neces- 
sarily a prominent politician and a member of the 
Government of the day—is not consonant with the 
general principle of democratic rule so universally 
accepted in this country. ~The Secretary for Scot- 
land has the right, if he think proper, to de- 
cline to issue an order, even although it has been 
submitted to, and reported favourably on, by the 
Commission. In one case he declined in two 
successive sessions to issue such an order, and 
the applicants were without a remedy. This 
could not happen in ordinary Parliamentary pro- 
cedure: the Chiabetnain of Committees in either 
House might, in his place in Parliament, object 
to a particular Bill proceeding ; but the peti- 
tioners for the Bill would be entitled to be 
heard through a member of the House, and a vote 
could be taken upon the issue. Indeed, it is not 
without precedent that a Bill opposed by the Chair- 
man of Committees has been d, and a Bill 
sanctioned by the Chairman of Committees has 
been rejected, by Parliament. Another objection 
to the present procedure is that the Secretary for 
Scotland has unlimited power in moulding and 
shaping Provisional Orders, and there have been 
cases in which an Order has been materially 
altered after being passed by the Commission, 
and without the knowledge of those who were peti- 
tioners against it. This, again, could not happen 
in Parliament ; all alterations of a Bill after it has 
passed through Committee must be sanctioned in 
the one House on third reading and in the other 
on consideration of the report. In both cases all 
parties have notice of the amendments. 

The Scotch procedure is preferred because it 
obviates the hearing of a case by two committees. 
There is something in favour of this, but the same 
result could be obtained by the simple expedient 
of a joint committee of Lords and Commons 
at Westminster. We are not, however, certain 
whether the second hearing has not its advan- 
tages, especially for opponents. Under the pre- 
sent procedure it is almost impossible for them 
to know fully the promoters’ case until evidence 
is adduced before the first committee to which it 
is referred. The preparation of an adequate 
answer is a matter of extreme difficulty. ith 
a second inquiry both parties are in posses- 
sion of the opposing cases, and the tribunal 
becomes a Court of Appeal. That such a second 
inquiry was contemplated in certain circumstances 
by the framers of the Scotch Act of 1899 is evident 
from the introduction of Clause 9; but the proce- 
dure under that clause practically makes such second 
inquiry an impossibility unless the Government 
take up the case of the petitioners and support 
such member of the House as proposes that a 
Confirmation Bill should be referred to a Com- 
mittee of the two Houses of Parliament. Were 
the Commissioners at any time to a large 
scheme, the absence of a second hearing might 
entail very serious hardships on the opponents, 
and it must be remembered that while most pro- 
jects are promoted on sound public grounds, many 
schemes are mere articles of merchandise, being 
often applied for with the deliberate intention of 
the ultimate sale of the concession obtained. A 
large proportion of the Orders dealt with under the 
Scotch Act are promoted by municipal corporations 
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and affect the interests of thousands who have no 
knowledge of what is proposed. The new procedure 
lends itself to the passing of such Orders without 
due inquiry, and many objectionable -provisions 
have become law which would have been stoutly 
opposed had those who are affected been aware of 
the contents of the Order. This could not have 
happened under the procedure of private Bills. 
The evidence of the promoters in the first House 
would have put everyone on his guard, and a 
petition would have appeared in the second House 
as a matter of course. The Scottish boroughs main- 
tain that they are not subject to the provisions of 
the Borough Funds Act, and the ratepayers have, in 
consequence, no information as to the Bills or 
Orders which the Corporation promote. 

The composition of the Commission ‘holding 
local inquiries is a matter of difficulty. In the Act 
it is provided that such Commission should be 
elected from a panel named by each House of Par- 
liament, and, if need be, from an _ extra-parlia- 
mentary panel. This the present Secretary for 
Scotland has stated is ‘‘an absolute necessity,” 
while Mr. J. W. Lowther, the Chairman of Com- 
mittees of the House of Commons, says he has 
experienced a difficulty in getting Members of Par- 
liament to serve. Members are returned to Par- 
liament primarily to represent a constituency in the 
House, and absence or abstention from voting, even 
when paired, is frequently a serious offence in the 
eyes of the ‘‘ heckler ”—that ubiquitous and inqui- 
sitive catechiser who is the terror of the Parlia- 
mentary candidate at a public meeting. Mr. 
Lowther says that some members selected refused 
even to pair and would not go to inquiries, and he 
distinctly indicates that if the Scotch Private 
Legislation Procedure were applied to the whole of 
the United Kingdom, the arrangement would cer- 
tainly break down owing to the difficulty of getting 
members to leave London when Parliament is 
sitting. Confidence in a tribunal depends on the 
disinterestedness and open-mindedness, as well as 
on the judicial training, of the presiding authorities. 
The practice under the Act has been to choose 
Scotch members; and, without reflecting in any 
way on those who have served, there is always the 
difficulty of prejudice and a too intimate acquaint- 
ance with the case. The presence of a Scotch 
member on a Committee sitting on a Scotch Bill at 
Westminster is exceptional. 

This point is of still greater importance, as the 
extension of the principle of municipal trading 
brings into the private Bill sphere an organised 
and powerful representative medium which may be 
a menace to independent judgment on the part of 
local representatives. In this connection we would 
again express the strong view that a reform is 
required in Standing Order No. 22, both of Lords 
and Commons, and of General Order No. 22 for 
the regulation of the proceedings under the Scotch 
Act of 1899. These Orders make it essential that 
in the case of tramways it is necessary to obtain 
the consent of the local authority on whose roads 
the tramway is proposed to he allowed, or, if there 
is more than one authority, then the consent of 
the authorities for two-thirds of the total length 
of the tramway before such tramway can be 
proceeded with. This provision simply paves 
the way for local authorities blackmailing the 

romoters of any tramway scheme, and, if the 

3illis allowed to proceed, of extracting from them 

concessions to which theyare not reasonably entitled. 
The existence of these Orders has involved the 
withdrawal of many tramway schemes, which would 
undoubtedly have been of great benefit to the 
public, the concessions asked by local authorities 
having been so exorbitant as to rob such projects 
of the prospect of financial success. It should not 
be necessary to obtain such consents ; local autho- 
rities ought to appear, like other opponents to the 
measure, before the Committee in the ordinary 
course. It was thought at one time that this diffi- 
culty might be got over by promoting such schemes 
under the Light Railways Act, but the Light Rail- 
way Commissioners are precluded from passing, and 
have refused to pass, any such tramways involving 
possible competition with existing railways. Under 
the new Electric Light Bill, to which we referred 
recently, there is a proposal to withdraw the right 
of veto from local authorities in connection with 
electric distribution ; and we hope that the same 
change will be made in connection with tramways. 
The independence of the members of committees 
considering all such schemes would then become 
even more important. 





It was thought that local devolution—the main 
idea of the Scotch scheme—would result in a 
material reduction in the cost of promoting private 
Bills; and, while this consideration must always 
be subsidiary to the main object of such an inquiry 
as will ensure the most satisfactory arrangement 
for the public good, it is, nevertheless, an 
important one. It is not possible to institute a 
direct comparison of expense. Probably, however, 
the only substantial advantage which has been 
gained under the new system is that the House 
fees have been reduced. This, however, is not 
necessarily an argument in favour of an extension 
of the Scotch procedure, as Parliament can reduce 
its fees at any time ; but as they are an important 
item for meeting the expense for the maintenance 
of Parliameutary establishments, material reduction 
would necessitate a contribution from the Consoli- 
dated Fund, and this Parliament would not relish. 

We come next to the question of counsel. Their 
employment is not imperative under the Scotch 
Act, and it is open to the solicitor to conduct the 
case before the Commissioners if he think proper. 
Several solicitors have carried through their own 
case ; but that was only where the question at issue 
was unimportant. In a heavy case it is impossible 
for the solicitors to take charge of all details and 
to conduct the inquiry; to divide the labour the 
employment of counsel becomes a necessity. Scot- 
land has a separate and distinct bar, and it has 
often been suggested that owing to the decrease 
in business in the Court of Session the Edin- 
burgh Advocate was a very powerful supporter of 
the Bill five years ago. It is said that the Scotch Bar 
is too limited, and the Provisional Order practice 
too restricted to admit of counsel becoming spe- 
cialists in Private Bill legislation, as has been the 
case with the Parliamentary bar. It is true that 
it is possible to get in Scotland the undivided 
attention of one counsel, whereas at Westminster 
the leaders are, as a rule, engaged on two or three 
cases at a time; but in the latter case the fees 
are less. The experience of those who have been 
largely engaged in practice under the new proce- 
dure and under the old is that the charge for 
counsel is not less than at Westminster, and is 
often considerably higher. An instance of limited 
knowledge in Scotland may be given: a counsel 
may state that some practice or a protective clause 
has been universally taken by Parliament, when 
the facts are the reverse—an error frequently due 
to the assumption that clauses, which have been 
inserted in Acts by agreement between pro- 
moters and opponents, had been forced upon 
promoters by committees. There is nothing in 
the wording of an Act to show the origin of 
any clause, and it is only by the knowledge of 
the proceedings in committee, possessed by 
counsel, agents, and professional witnesses under 
Parliamentary practice, that the facts on such an 
occasion may be correctly stated. Indeed, members 
of Parliamentary Committees are often indebted 
to counsel and engineering witnesses for references 
to precedent and ruling cases, so that a deficiency 
in the experience of counsel is a matter of some 
concern in the elucidation of a case. In the event 
of such doubt, committee precedents are imme- 
diately available for reference in Westminster ; but 
where the inquiry is being locally held these are 
not at hand. 

It was also believed that local inquiry would 
reduce the cost of evidence; this, however, has 
not proved the case. A large proportion of the 
witnesses are resident in the district, and in 
their case there is less expenditure for travelling 
fees, hotel bills, and loss of time than if they had 
to be taken to London. On the other hand, when 
witnesses have to be brought from a distance, it 
makes little difference whether they travel to 
Glasgow or Edinburgh or to London. Where autho- 
rity is sought to construct large engineering works, 
expert evidence costs more. The engineer of the 
Scotch scheme may be,-almost invariably is, in prac- 
tice in Scotland ; but generally one or two of the 
Westminster engineers are called in for corrobora- 
tive or consultative purposes, and their expenses 
more than absorb any economy in the expenses of 
local witnesses. Moreover, Scotch engineers are as 
frequently called to Westminster in a_ similar 
consultative capacity, for English, Welsh, and 
Irish schemes, so that their presence in London 
is practically necessary during the session when 
private Bills are under consideration. It is urged 
that, in any case, the technical work in connection 
with the schemes is carried out in London by 





oxparty, as it is essential that the Provisional Order 
or Bill, when drafted, should conform with Standing 
Orders and established Private Bill practice. It 
frequently happens also that during the passaye 
of the confirmatory Bill in Parliament questions 
arise which need the immediate attention of the 
promoters, as they may be beyond the responsi- 
bility of their agent in company Bills, or the town 
clerk in municipal undertakings. For this reason 
also promoters have to be represented in London 
by experts whose attendance at the actual inquiry 
involves additional expense. 

Thus, while a considerable measure of success has 
attended many of the inquiries in Scotland, espe- 
cially where local evidence predominates, there are 
several reasons for a very careful consideration of 
the subject before extending the practice to all 
_ of the kingdom. The Scotch Act has not 

een tried under sufficiently severe and varied 
conditions to justify the view that it meets every 
case, and in any event it is questionable whether the 
results attained have quite met expectation, so that 
important modifications ought to be made in any 
Bill applied to other parts of the kingdom. The 
Act has been well administered, and the procedure 
has worked smoothly ; but the powers vested in 
the Secretary for Scotland are unconstitutional, 
and might be productive of great injury. The 
procedure by private Bill, even if somewhat more 
expensive, far more effectually safeguards the rights 
and interests both of promoters and of opponents. 
The Scotch Act is essentially a promoters’ Act, and 
it is curious that while the House fees are largely 
reduced as regards promoters, they are actually 
increased as regards opponents. 








THE LONDON TELEPHONE SERVICE. 
THERE are few questions on which the average 
local authority hesitates to express an opinion, and, 
as a rule, the more complicated and technical the 
question, the more positive and emphatic is the 
opinion of the town councillor. But surely the 
height of absurdity is reached when a body of over 
200 delegates, representing 76 of the varied collec- 
tion of local authorities of London, meet in solemn 
conclave in the Guildhall to pass resolutions dic- 
tating to the Postmaster-General what he should 
or should not do in connection with the London 
telephone service. The provision of an efficient 
and adequate telephone service in the largest city 
in the world is an engineering problem of the first 
importance. Yet during the whole discussion at 
the Guildhall not a fact or a figure was mentioned 
to indicate that any of the speakers had even the 
vaguest idea of the real nature of the problem they 
were discussing. But rarely even was the voice of 
common-sense heard, to point out that it did not 
become the gathering, as a conference of business 
men, to fix a price for London telephone service 
when they had no means of knowing what the 
London telephone service really costs. Fortunately, 
the voice of common-sense was not heard in vain, 
and the recommendation on the notice paper that 
the conference should notify the Postmaster-General 
of its opinion that 101. would be, the proper rate 
for unlimited telephone servite“over the whole 
London area was not embodied in a resolution. 
The resolutions passed by the conference were 
to the effect that it was deemed inexpedient that the 
Post Office should acquire the National Telephone 
Company’s system, except according to the terms 
of the agreement of November 18, 1901 ; that the 
London local authorities wish to be heard by the 
Postmaster-General and by any select committee 
which may be appointed to consider the proposed 
agreement between the Post Office and the Na- 
tional Telephone Company ; that the London tele- 
phone tariff should be lowered ; and that the trunk 
line service should be improved. There will pre- 
sumably be no difficulty in the London local 
authorities being heard by the Postmaster-General 
and by the Select Committee ; but we are forced to 
remark that unless they apply themselves to getting 
a better grasp of the subject than was manifest at 
the recent conference, they will only be wasting 
the time of all concerned. At the conference there 
was conspicuous not only lack of genes of 
the magnitude of the London telephone problem 
per se, but of the real situation which the confer- 
ence was called to discuss. The agreement of 
November 18, 1901, relates to London only, 
whereas the present negotiations include the whole 
telephone system of the country ; the conference 
was apparently unable to realise the simple fact 
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that the greater includes the less, and what the 
resolution really amounted to was the most unprac- 
tical suggestion that the Postmaster-General should 
eliminate London from his negotiations, and con- 
tinue in London for seven years the present un- 
satisfactory arrangement of dual management 
and duplication of plant. No cogent reason 
was given for this recommendation ; it was 
animated solely by the fear that the Post- 
master - General would pay more now for the 
London system of the National Company than he 
would pay in 1911. Since what he would pay in 
1911 cannot possibly be told, or even approximately 
estimated, at the present time, and what he pro- 
poses to pay now is not known, it is clear that the 
members of the conference had absolutely no 
specific data to guide them in voting upon such a 
resolution. What weight, therefore, can the con- 
ference possibly expect its recommendations to 
carry? Any man of average common-sense must 
see that it is almost an impertinence for a body of 
local authorities, totally unacquainted with the 
real conditions, to tell the Postmaster-General that 
it is inexpedient for him to take certain proceedings 
which are under consideration in a scientific and 
’ business-like way by a body of trained experts 
familiar with the facts. 

As we have said, it was actually proposed that 
the conference should pass a resolution expressing 
their opinion that the rate for unlimited telephone 
service over the whole London area of 634 square 
miles should not exceed 10/1. This proposal aroused 
much discussion, and elicited the remark from the 
chairman that the rate named was based upon an 
estimate prepared by the London County Council. 
There was a sufficient leaven of discretion among 
the delegates to prevent such an absurd recom- 
mendation being embodied in the resolution, 
which, as passed, was confined to a simple protest 
against the present London telephone tariff. This 
question of rates is sure to be the subject of much 
future discussion. The rates for telephone service 
should certainly be governed by the cost of producing 
the service, not by the opinion of local authorities or 
by estimates prepared by those unfamiliar with tele- 
phone working. The danger of relying too positively 
on telephone estimates has been shown at Glasgow, 
where the actual cost per subscriber’s line of the 
municipal telephone system has far exceeded the 
estimated cost. The real cost of working a city 
telephone service can only be determined by an 
accurate study of the local conditions and of the 
technicalities of telephone exchange working. There 
are many factors in the construction and working 
of large city telephone systems of which the engineer 
unfamiliar with telephone practice would neglect to 
take account, and estimates which neglected due 
consideration of those factors would furnish most 
misleading results. The area which the system 
has to serve, the method of working adopted, the 
volume of daily traffic to be dealt with, the amount 
of spare plant to be maintained, and the rate of 
growth to be provided for, all have their effect on 
the cost of furnishing telephone service, not to 
mention other points of a more intimately technical 
character. We doubt very much if a telephone 
estimate prepared by the London County Council 
would give due consideration and value to all these 
very essential matters. If it did not, it would not 
be worth the paper it was written on. 








GOVERNMENT RAILWAY PROFITS. 

Te Government railways of Western Australia 
attain the somewhat unusual condition of earning a 
profit. The annual report, just issued, shows that 
in the past year, ending with June last, the sum 
required to pay interest on the loan capital 
amounted to 274,7251., whereas the surplus of 
earnings over working expenses was 305,612I. 
This profit of 30,8871., satisfactory as it appears, 
1s not the largest recorded in connection with the 
railways of this colony. The fact that no other 
Government railway system in Australia earns such 
4 profit naturally raises the question as to how this 
state of affairs has been brought about. It is true 
that the cost of the railways of Western Australia 
1s much less per mile than in the other colonies, 
working out at 5678/. per mile, the gauge being 
3ft.6in. In other co onies, even with a similar 
gauge, the average cost per mile is much more, the 
lowest rate being over 70001., in the case of Queens- 
land. It may be that the promoters in Western 
Australia were particularly successful in their esti- 
mate of the capacity of the railway necessary for the 





traffic, and thus minimised the capital expenditure 
essential to meet the case. This is the aim of all 
railway engineers, consistent always with antici- 
pating probable developments. The geographical 
conditions may also have been particularly favour- 
able to economic construction in Western Australia ; 
but there is always uncertainty as to whether the 
existing permanent way will fulfil the require- 
ments of the future as well as in other colonies, 
in view of increase in traffic. On the other hand, 
the railway commissioner, Mr. W. G. George, 
says in his annual report that the system has 
many instances of stations and other buildings 
far in advance of needs, the feeling of the depart- 
ment having evidently been that, unless full 
accommodation was supplied while the line was 
being constructed, there would be little chance 
of obtaining satisfactory conditions afterwards. 
Now he is acting on the: principle of constructing 
initially a well-laid line with only necessary tenta- 
tive buildings, and of providing a fund to supply 
afterwards what experience shows to be necessary. 
The difficulty with lines more or less controlled by 
a democratic vote is, however, that such reserve 
funds cannot be accumulated, so that it is, as a 
rule, probably the wiser course to make such ex- 
tensions and improvements out of revenue each 
successive year, when this is possible, as in Western 
Australia. Mr. George further points to the need 
of considerable additions to the rolling - stock, 
especially to the number of passenger cars, and 
the civil engineer writes that it is unwise to allow 
the maintenance of sleepers, bridges, and structures 
generally to get behind. 

There is another and very important question 
on which one would like to have definite informa- 
tion before arriving at a conclusion as to whether 
the profits on such railways as are monopolies 
were advisably earned, and that has reference 
to the freight rates and passenger fares charged. 
We have time and again pointed out that 
the principal aim of colonial railways should 
be to develop the resources of the country, 
even at the expense of a credit balance; 
and until we have exact data as to the rates for 
different classes of goods, particularly for staple 
items—such information, for instance, as is fur- 
nished in the New South Wales Government Rail- 
way report—it is not possible to be sure whetlier 
a profit on the working of the railways in Western 
Australia is not earned at the expense of the pro- 
gress of the colony. The ratepayers are entitled to 
such analyses of rates, as well as to more definite 
information than any Australian Government 
report supplies, notably ton-mileage charges and 
costs, since this, in combination with total net 
revenue, is a measure of discriminating administra- 
tion. We do not say that this satisfactory result 
is not realised in any of the colonial systems ; 
what we seek for is demonstration of the facts. 
Mr. George states that the rate-book, with its 
classification, is now being revised, and that it is 
hoped that the new -issue will, by removing 
some anomalies, be well in advance of previous 
issues; and, further, that the mining machi- 
nery classification is to be widened, so as to 
contain nearly everything in the shape of machi- 
nery used in connection with this industry. 
Assistance to industries, such as mining and agri- 
culture, which make for colonial development, 
must have a much more salutary effect than 
the mere accumulation of a credit balance. But 
there is even a more serious danger, and that is 
that the existence of a large accumulated profit, 
even as a reserve fund, awakens a feeling of dis- 
content on the part of the employés. Experience 
in the past has shown that there is in the Australian 
labour organisations a very extensive feeling of 
latent discontent, ready to become active on the 
least provocation. Mr. George, in his report, 
incidentally refers to this matter, and points out that 
the public do not at all times fully realise the great 
increase of wages demanded ; and since the supply of 
labour throughout the colony is not always equal 
to the demand, it would be a pity if, while the 
agricultural and mining industry were handicapped 
by high freight rates, the consequence was the 
creation of a condition of discontent amongst the 
6200 railway workers in the service of the Western 
Australian Government Railways. 

The progress of the Western Australian Rail- 
ways is undoubtedly satisfactory. During the past 
year, three lines, extending to 156 miles, have been 
opened, and at the same time there has been a fair 
increase in the volume of traffic, although the 


gross receipts. per mile open has decreased from 
11221. to 10837. Of the total of 1,946,949 tons of 
freight carried, 27 per cent. was firewood, nearly 
17 per cent. timber locally*grown ; 33 per cent. 
was minerals of various kinds, and of this 10 per 
cent. was coal, coke, and shale. It is surprising to 
note that less than 3 per cent. was grain, only 
3.64 per cent. hay, straw, and chaff, and 0.12 per 
cent. wool. This would seem to indicate that mining 
has had a considerable effect in retarding the agri- 
cultural resources of the colony ; timber-cutting is 
a result of mining. The total goods traffic shows 
a slight decrease as compared with the previous 
year, but there has been a very steady develop- 
ment during the past ten years; for in the year 
ending with June, 1894, only 204,686 tons of 
goods were dealt with by the Government rail- 
ways, which then were only 321 miles in extent, 
as compared with the 1434 miles, dealing with 
nearly a million tons of freight now. Passenger 
traffic has advanced in a greater ratio; the 
numbers now exceed 9,000,000 per annum, as 
compared with 617,000 ten years ago. The total 
earnings have shown a steady advance, almost 
without a single set-back in any year. But in 
recent years the percentage of working expenses 
to the gross earnings has risen; and although 
there was some economy last year, principally 
in traction charges, this was in part counter- 
acted by extra pay, the introduction of the eight- 
hours day to practically all grades, and_by heavier 
maintenance charges. The ratio of expenses to 
revenue is now 80.33 per cent., as compared with 
82.5 per cent. in the preceding year. This 
percentage is in excess of that in several of the 
other Australian colonies. The earnings per train- 
mile are now 80.85d., which, for a gauge of only 
3 ft. 6 in., is high—greater, indeed, than in some of 
the more densely populated colonies. The earnings 
per mile of railway open are also high, being 1083I., 
which, with the possible exception of New South 
Wales, where there is a very extensive coal traftic, 
are about the highest in Australia. These compari- 
sons, however, are more or less arbitrary ; and with- 
out direct information of the rates per ton-mile, it 
would not be fair to assume at once that rates are 
too high, although it is a point on which details 
are always desirable. _The net revenue per average 
mile worked was 2131.—a very favourable figure, 
although not quite equal to that of some of the more 
populous colonies. The net revenue per train-mile 
is 15.90d., which, again, is exceptionally satisfactory, 
all other things being favourable. 








“SUSPENSION ” FURNACE 
LITIGATION. 

WE referred last week to the judgment of the 
House of Lords in the case of the Leeds Forge 
Company, Limited, v. Deighton’s Patent Flue 
and Tube Company, Limited, which decided that 
the Deighton furnace was an infringement of a 
patent (No. 8591, of 1889, in the name of Devis) 
belonging to the plaintiffs. The patented flue or 
furnace, commercially known as the ‘‘ Morison 
suspension furnace,” which was originally intro- 
duced. to the plaintiffs by Mr. D. B. Morison, of 
Hartlepool, was an improvement, independently 
invented by him and Mr. Devis, on the well-known 
Fox corrugated furnace, and its manufacture was 
undertaken by the Leeds F —_ Company, who 
purchased from Mr. Morison both the patent above- 
mentioned and his Patent No. 4806, of 1890; the 
late Mr. Samson Fox, then managing director of 
the company, recognising that the ‘‘ suspension” 
furnace was a great advance on the corrugated fur- 
nace invented by him. 

The defendant company manufactured furnaces 
under patents taken out by Mr. William mai 
who had been in the service of the plaintiff com- 
pavy for some years as works manager. Fig. 1, on 
the next page, shows the sectional form of the wall 
of the Deighton furnace, and Figs. 2 and 3 are 
similar views taken from the plaintiffs’ specification, 
and which will be fully understood from what follows. 

The specification stated the object of the inven- 
tion to be to provide a form of internal boiler flue, 
at the same time capable of withstanding high 
working pressures and of more efficiently trans- 
mitting heat than the flues generally used for high 
pressures, and set forth that flues formed of plain 
cylindrical portions alternating with stiffening 
rings, and those of barrel section, were necessarily 
of comparatively thick metal and inefficient in pro- 





portion, while those formed of close-pitched corru- 
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gations were of thinner metal; but, on account of 
the closeness and depth of the corrugations, a large 
part of the surface was comparatively sheltered 
from the heat, both of radiation and conduction, 
and inefticient in proportion. 

By the invention both these objections were said 
to be to a large extent eliminated, by forming 
along the flue a series of ridges of sharp section, 
and at a wider pitch than that of the corrugations 
of an ordinary corrugated flue, and strengthening 
the metal between such ridges by what might be 
called ‘‘ suspension ” from them. That is to say, the 
flue was constricted in diameter between ridge and 
ridge, forming a series of annular or circumferential 
flutings whose depth was small compared with their 
width, thus allowing of direct exposure of all parts 
to the radiant heat, and to contact of the hot gases. 

The metal at the ridges might, if desired, be 
made thicker than elsewhere ; and besides the ad- 
vantages already mentioned, it was claimed that 
these tubes would be stiffer longitudinally than 
corrugated tubes. 

The claim read thus :— 

‘*A boiler flue or furnace consisting, as to its 
general form, of a series of annular or partially 
annular flutings connecting a corresponding series 
of sharp ridges.” 

The defendants cited many prior specifications 
as anticipating this claim ; but at the trial, instead 
of contesting the validity of the patent, they sought, 
by reference to some of the earlier specifications, 
notably those of Purves, No. 2974, of 1885 (see 
Figs. 4 and 5), and Adamson, No. 534, of 1887 
(see Fig. 6), to induce the Court to give the claim 
such an interpretation as would preclude the 
Deighton furnace being held to infringe. 
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Furthermore, the defendants endeavoured to show 
that when the patentee spoke of sharp ridges he 
meant ridges which were considerably denegt than 
the ridges of the Deighton furnace, which they 


contended were the same as outwardly extending | 1 


Fox corrugations; and that as the portions con- 
necting the ridges of the Deighton furnace were 
slightly convex or formed with ‘‘ humps,” they did 
not correspond to the annular flutings of the plain- 
tiffs’ patent, the metal of which was said to be 
strengthened by suspension from the ridges, but 
more nearly resembled the intermediate cylindrical 
portions of a Purves or an Adamson formation. 

On the other hand, for the plaintiffs it was in 





effect contended that ‘‘sharp” meant only so 
sharp as could be made by the methods of produc- 
tion in vogue without detriment to the metal; and 
that the defendants not only took plaintiffs’ widely- 
pitched relatively sharp ridges, but disposed the 
greater portion of the metal of their furnace in the 
way described in plaintiffs’ patent specification, the 
only difference being the ‘‘hump,” which was a 
feature of no substance. 

Many witnesses were examined, including, on 
behalf of the plaintiffs, Sir James Fortescue 
Flannery, M.P., the superintendent engineers of 
the Peninsular and Oriental Steam Navigation 
Company, the White Star Line, and the Cunard 
Company, and Mr. Ernest Gearing, the general 
manager and secretary of the plaintiff company ; 
and, on behalf of the defendants, Messrs. Worby 
Beaumont, J. Gravell (of the Bureau Veritas), A. 
J. Dudgeon, and the late Bryan Donkin. 

Ihe plaintiffs’ evidence went to show that, as 
compared with the Fox furnace, the Morison sus- 
pension furnace was more reliable—87 per cent. 
of the plaintiffs’ output of furnaces being of the 
suspension type, which gave no trouble, whereas 
25 to 30 per cent. of the Fox furnaces had to be 
replaced. 

he plaintiffs succeeded before Mr. Justice 
Cozens-Hardy, lost before the Court of Appeal, 
and, finally, succeeded in the House of Lords. 

In the absence of the Lord Chancellor, his 
judgment was read by Lord Macnaghten, who 
concurred, as did also Lord James of Hereford ; 
whilst Lord Lindley delivered a separate judgment, 
also in favour of the plaintiffs. 

The case being one of exceptional importance 
and interest, we here give both judgments for the 
information of our readers :— 


The Lord Chancellor said :—‘‘ My Lords, in this case, 
which is an action for the infringement of a patent, the 
validity of which is not disputed, the real question is 
whether what the defendant has done is or is not an in- 
fringement, or, stating the question more precisely, 
whether the form of boiler flue which the defendant is 
manufacturing is or is not within the patented inventions 
of which the plaintiff is the proprietor. In order to solve 
this question one must see exactly what it is that the 
patentee invented, and to compare it with the alleged 
infringement. On the one side it is said that the real 
principle—the pith and marrow of the plaintiff’s inven- 
a, A been taken, and that the variation in form 
which has been introduced by the defendant is merely 
colourable and has no effect in substance at all. 

‘*On the other hand, it is contended that it is not the 
same form which is manufactured by the defendant, and 
that there is a real effect produced by the defendant’s 
form of manufacture which differentiates it from the 
plaintiff's. 

‘* To render intelligible the dispute, it is to some extent 
necessary to look at the history of steam navigation in 
respect of the boiler flues, which form part of the necessary 
machinery. 

‘The boiler used to have the flue in which the fire is 
placed in plain cylindrical shells, and it used often to 
collapse from pressure on one side and from great heat on 
the other. Of course, the tendency to this misfortune 
was increased by the increase of pressure, which improved 
types of engines rendered possible. A Mr. Fox invented 
a type of boiler flue, in itself a great improvement upon 
the plain cylinder ; but, as Sir James Flannery explained, 
there was a great disadvantage arising from the fact of 
corrugation upon the surface. 

spt eo Man to that gentleman, a deep corrugation was 
a place in which scale would deposit by reason of the 
precipitation under pressure and evaporation of the solids 
which are in the water. The effect of this is very clearly 
described by the same witness. 

“‘It prevents the heat passing into the water which is 
on the other side of the plate; the heat thus prevented 
passing heats the plate of the flue to such an extent 
as to render it ductile or soft ; it thus loses its strength, 
and, being subjected to the pressure, results in what is 
called pocketing or depression of that part. I am 
paraphrasing rather than literally quoting the witness’s 
evidence. 

“He also describes the way in which Mr. Devis solved 
the problem of how to get rid of this source of danger. 
He invented the form of boiler flue which made the 
places where scale would deposit neither so deep nor so 
narrow, with the result that when scale did deposit at all, 
it lay more thinly on the surface, and was accordingly less 
dangerous than when it was confined in a lump at the 
bottom of a narrow cavity. 

““My Lords, it is not necessary to go more minutely 
into the invention, its utility or inutility, for the reason 
have already given. Indeed, the practical evidence 
of its adoption by so many important navigation com- 
panies is itself the best evidence of its practical utility, 
and the same witness I have quoted says it was an im- 
provement of a most decided character. Nor is it, I 
think, necessary, after your Lordships’ decision in this 
House, to insist upon the principle, now sufficient 
established, that a minute difference, if it makes the dif- 
ference between success and failure, is enough to establish 
a patentable invention. 

“ It_is, however, a perversion of that principle to sup- 
pose that where, as in this case, it is a question of the 





form of the thing invented, "a mere difference of form, 
while retaining the substance of the invention, will enable 
a person to appropriate the invention and make the new 
variation a new invention. 'To my mind the defendant's 
manufactured article is exactly the same as the plaintiff's, 
in all which constitutes the merit of the invention ; the 
only difference is a hump between the corrugations of 
Devis’s invention. I do not think the defendants have 
been able to make out that that hump served any useful 
pu It is a variation of form such as I think the 
evidence shows has no practical operation at all, and for 
the purpose of the argument here may be disregarded 
altogether. : 

‘*The question then is resolved into a question of the 
true construction of the specification. Two criticisms are 
made—one that the ridges or corrugations of Devis’s patent 
are not sharp, as to which I think it is a verbal criticism 
which rests upon a supposed definition of the word 
‘sharp,’ to which I do not assent. In the use of human 
language, which is, after all, an imperfect instrument for 
the embodiment of human thought, the context and the 
subject-matter dealt with must modify and expound to a 
very considerable extent the meaning of a word. I sup- 
= it would be a — intelligible distinction to say that 

ont Blanc was a flat mountain compared to Monte 

which is a sharp peak, though Mont Blanc is not 
flat and Monte Rosa is not sharp, in the sense of the word 
op, if you were speaking of a knife or a razor. 

‘*The other verbal criticism is on the word ‘suspension,’ 
and I do not deny that if one had not the form of the fiue 
before one, and did not appreciate the theory upon which 
one piece of curved metal may give strength to another, 
it might be difficult to put into language the exact prin- 
ciple which the patentee desired to point out; but if one 
looks at the drawing, one sees directly what is meant by 
the word ; and it can, I think, be defended upon the 
mechanical principles which regulate the strain to which 
metal in the shape devised by the patentee is subjected. 

“Tt may be that the invention is simple ;_ I think it is. 
It may be that the other forms went near, but they did 
not attain the success that followed Devis’s invention. 
The practical fact seems to me the strongest evidence of 
the merit of the invention, and, as I have said, the sole 
question here is whether it has been infringed. I have 
carefully considered the addition of the _— and if I 
thought it made any real difference, one would have to 
consider what would be the effect of tayo it as an 
improvement upon Devis’s; but I think the evidence fails 
to show that it has any operation at all, and I therefore 
move your Lordships that this judgment be reversed.” 

Lord Lindley said: ‘‘ My Lords, when Devis obtained 
his patent for an improved boiler flue, there were two 
types of boiler flues in existence which have to be con- 
sidered in this case—viz., first, plain tubes, and second, 
corrugated tubes. There were several varieties of plain 
tubes—viz., (1) simple tubes ; (2) simple tubes strength- 
ened by external bands of metal fastened round them at 
intervals; (3) simple tubes strengthened by being so 
rolled as to have rings or folds of the tube projecting 
outwards and round the tube at intervals, and which 
rings or folds strengthened the tubes and did little else. 
Purves’ patent and Adamson’s patent were for flues 
of this last kind. Their essential character is that 
the tubes between the rings or folds were straight, and 
that a line drawn on the tube from the apex of one ring or 
fold to the apex of the next ring or fold would not be a 
regular catenary curve, such as is produced by a chain 
suspended between two points. 

‘Tn this type of flue a line drawn on the tube from the 
apex of one ring or fold to the apex of the next ring or 
fold would be straight at the bottom of the furrow between 
the ridges ; and this stfaight piece of the tube is liable to 
bulge inwards ‘under he combined influence of great heat 
below and great pressure above. Corrugated flues were 
not open to this defect. 

‘* Devis’s patent is for an improved flue of the other type 
—i.e., the corrugated type. In this Dla of flue there 
is no straight metal; all is curved. As originally 
patented by Fox, the. curves were regular and gradual 
round the tops of the convex ridges and the bottoms of 
the concave fence, Devis improved on this form ; he 
made his convex ridges much sharper and _ his concave 
furrows longer and shallower than in Fox’s corrugated 
flues. The essential character of Devis’s patent is that 
the ridges are stronger than in ordinary corrugated 
flues, and that all the metal below the ridges is, as it 
were, suspended from them, so that the pressure on that 
metal is thrown upon and borne by the ridges. This pre- 
vents that bulging in the furrows which is the great defect 
in the Purves type of flue, and is a great improvement on 
the ordinary corrugated flue. The idea of suspension 1s 
made quite intelligible by looking at Devis’s drawings, 
which show the form of curve he had in his mind. It is 
a curve formed by a line drawn on the flue from the apex 
of one ridge to the apex of the next, and is a catenary 
curve such as is produced by a chain suspended between 
the apices of two adjacent ridges. This feature was 4 
distinct improvement in flues for high-pressure boilers ; 
and Devis’s patent is recognised to be new and useful. 
Its validity is not now questioned by the defendants. 
Your Lordships have not, therefore, to consider the 
novelty or utility of Devis’s invention nor the sufficiency 
of his specification. 

‘There was, however, a great deal of controversy and 
no little conflict of testimony about the idea of he 
as applied to the furrows between the ridges. a : 
expression is not a happy one ; but the idea intended = 
be conveyed by the specification, and really conveyed by 
it, is that which I have endeavoured to describe, and 13 
quite intelligible and not difficult to grasp. _ . 

‘The defendants’ flue differs from Devis’s in one respect 
and one only. The bottoms of the furrows between the 
ridges are bulged upwards so as to form convex humps. 
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The furrows between two adjoining ridges are not flat, as in 
Purves’s or Adamson’s ; nor are they concave, as in Devis’s 
drawings. They are convex. The question is whether 
this difference is substantial or immaterial. The Judge 
who tried the case considered the difference immaterial, 
and held that the defendants had infringed Devis’s patent. 
The Court of Appeal were of a different opinion, and 
dismissed the plaintiffs’ action. 

“‘My Lords, the learned counsel for the defendants 
contended that their flue was one of the first type to which 
I have alluded when speaking of plain flues. If this were 
so, I agree with them that there would be no infringe- 
ment. But I cannot accept this view. The defendants’ 
flue appears to me to be one of the other type—i.e., the 
corrugated type. It is a ridge and furrow flue. The 
idea of ‘what may be called suspension ’ which I have 
already explained, and which is the essential feature of 
Devis’s patent, underlies the defendants’ flue. This, I 
think, is clearly established by the expert evidence in the 
case, and by the casts and drawings (especially J.S. 6 and 
J.S. 7) produced before your Lordships on the hearing of 
theappeal. fed 

‘‘But then it is said that the plaintiffs are tied down 
by their specification and drawings to an unbroken curve 
between each pair of adjacent ridges, and that those ridges 
must be sharp. What is meant by sharp in the claim is 
apparent from the body of the specification and drawings. 
The specification describes ‘a series of ridges of sharp 
section and ata wider pitch than that of the corrugations 
of an ordinary corrugated flue.’ When thesubject-matter 
to which the patent relates is understood, I do not myself 
feel any difficulty about the word ‘sharp.’ To my mind 
it obviously means sharp as compared with the convex 
ridges of an ordinary corrugated flue. The defendants’ 
ridges are sharp in this sense. 

“The real difficulty arises from the difference in the 
bottoms of the furrows between the ridges. lf your 
Lordships had to deal with a registered design, and not a 
patent, it would, in my opinion, be impossible to hold 
that the defendants’ design was an infringement of the 
plaintiffs’ rights. The differences are too obvious. But 
when dealing with a patent there is something more than 
shape or outline to be considered—viz., the practical end 
to be attained by the means described. 

‘‘Devis describes this end with sufficient clearness. 
After referring to ordinary corrugated flues and their 
defects, he says:—‘ By my invention both these objec- 
tions are to a large extent eliminated, by forming along 
the flue a series of ridges of sharp section, and at a wider 
pitch than that of the corrugations of an ordinary corru- 
gated flue, and strengthening the metal between such 
ridges, by what may be called suspension from them ; 
that is to say, the flue is constricted in diameter between 
ridge and ridge, forming a series of annular or circum- 
ferential flutings whose depth is small compared with 
their width, thus allowing a direct exposure of all parts 
to the radiant heat and to contact with the hot gases.’ 

“The defendants have, as already stated, a series of 
ridges such as are here described ; they strengthen the 
metal between them as here described ; what may be 
called suspension is to be found in the defendants’ flue, 
for the humps at the bottom of their furrows are, as it 
were, suspended from the ridges ; the flues are constricted 
in diameter between ridge and ridge ; a series of annular 
circumferential flutings are formed, although not as shown 
in Devis’s drawings ; their depth is small compared with 
their width ; and there is direct exposure of all parts to 
the radiant heat and to contact with the hot gases. 

‘‘ The annular or circumferential flutings here spoken 
of are drawn in Devis’s specification as continuous curves, 
whilst the defendants shape them differently ; but the 
difference in shape does not alter the fact that the end 
attained by Devis is attained by the defendants and in 
the way described by him. The defendants’ humps may 
or may not add strength to the bottoms of the furrows 
and be improvements on Devis’s patent. The evidence 
on this point is conflicting, and I am not satisfied that 
they are really improvements; but even if they are 
improvements, the defendants’ flues appear to me to 
be made in accordance with Devis’s patent, and the 
humps are simply additions to what he invented and 
described. The Court of Appeal, I think, attached too 
much importance to the difference in the shape of the 
bottoms of the furrows, and too little to the fact that in 
syery  importaass point the defendants’ flues resembled 

levis Ss, 

“The case is a difficult one; but having considered it 
carefully, I have come to the conclusion that infringe- 
ment is proved. To use the language of Lord Cairns in 
Clark v. Addie (2 A. C., at 320, 321), the defendants have 
taken ‘the pith and substance of Devis’s invention,’ 
although they have departed in one particular from the 

recise method in which he carried it out. Proctor v. 

ennis (36 ch, D. 740), and the Consolidated Car-Heating 
Company v. Caine (1903, A.C., 509), also illustrate this 
principle. 

“For the above reasons I am of opinion that the appeal 
should be allowed, and the judgment of Mr. Justice 
Cozens-Hardy be restored, and that the respondents 
should pay the costs both here and below.” A 


It is a notable circumstance, as illustrating ‘‘ the 
glori: us uncertainty of the law,” that whereas the 
Court of Appeal delivered a unanimous judgment 
m favour of the defendants, the House of Lords’ 
judgment in favour of the plaintiffs was likewise 
ananimous, 

Furthermore, showing, as it does, how com- 
pletely opinions may differ, the case affords a 
striking object-lesson for those who contend that 
the granting or refusal of Letters Patent here 
should depend, as it does in some countries, on the 





opinion formed by Patent Office officials as the 
result of a mere comparison of specifications, and 
in the absence of expert evidence (so essential to a 
sound conclusion), such as is usually before the 
Court when a case is tried, but is rarely, if ever, 
available at the time of applying for Letters Patent. 





PENALTY CLAUSES. 

Foremost among the many unpleasant results of 
the non-fulfilment of a building contract is the 
payment of the penalty. by the builder. When 
trade is slack, and orders can be dealt with as they 
come in, he suffers little or no anxiety with regard 
to the completion of his various work within the 
time specified in his agreements. But when trade 
is brisk, a builder must be —— to refuse con- 
tracts, or else face the possibility of having to pay 
large sums of money. by way of compensation to 
those whose buildings are delayed. 

Most of the cases in which “penalties” and 
‘* penalty clauses ” have come before the Courts 
have arisen owing to disputes between building con- 
tractors, architects, andemployers. In view of the 
serious liabilities to which the contractor who fails 
to complete within the given time is sometimes ex- 
posed, it may be of interest to glance for a moment 
at the legal aspects of the penalty clause, taking care 
to indicate the conditions under which the contractor 
tmay escape from liability. In the first place it 
should be remembered that the parties to a contract 
deliberately prevent themselves from seeking the 
assistance of ordinary tribunals, as they substitute 
ascertained or liquidated damages for the sum which 
might be awarded in an action at law; although 
such a covenant might have been enforced, in 
former days, by the courts of common law, courts 
of equity were not slow to establish a rule that 
where it was shown that the exact damage sustained 
by the injured party was capable of easy estima- 
tion, it was the duty of the judge to disregard the 
penalty clause, and award a'sum of money commen- 
surate to the actual injury sustained. To use the 
words of Lord Coleridge :—‘‘ Where the damage is 
entirely uncertain, and the parties agree upon a 
definite and not unreasonable sum by way of liqui- 
dated damages, then that sum will be regarded and 
will be recoverable. This rule has only been applied 
where the damage is capable of easy estimation. 
Thus, where a doctor who purchases a practice is 
desirous of preventing the outgoing practitioner from 
interfering with his patients, he generally inserts a 
penalty cause in the contract of sale. In such a 
case the Court, wholly unable to assess the damage 
which would accrue in the event of a breach of 
agreement, will say :—‘‘ Nay, you have fixed the 
amount at 10001., or whatever sum it may be ; and 
as we have no means of ascertaining the true extent 
of the injury inflicted, you must pay the whole 
amount.” 

The same principle applies to the majority of 
building contracts, where it is beyond the power of 
any man, much less a Court of Justice, to ascertain 
the monetary value of, say, three weeks’ delay in 
the completion of a house. Hence, in nearly all 
building contracts the penalty clause is capable of 
enforcement. 

Before leaving this point it will be as well to say 
that the penalty clause sometimes takes the follow- 
ing forms.. After fixing the amount to be paid,- it 
runs :—-‘‘The same to be regarded as liquidated 
damages and not as a penalty.” It has been held 
that, in spite of these words, if the Judge sees a 
method of assessing damages and relieving the 
party at fault against payment of a large sum, the 
mere use of the expression ‘‘ liquidated damages ” 
does not in any way curtail his power to do so. 
Thanks to combined action on the part of builders, 
a strike clause usually — the time occupied 
by trade disputes from bringing the penalty about 
their ears. As to what constitutes a strike, it has 
been decided that in addition to a cessation of work 
caused by a demand for higher wages, the period 
of a ‘* lock-out” is to be excluded from the calcula- 
tion. [King v. Parker, 34 L.T., 887.] 

And this is clearly just, for if the builder were 
dreading the infliction of a penalty, he could never 
lower the wages paid to his men. We now come 
to consider the conditions which, apart from the 
terms of the agreement, may operate to excuse 
a builder from the performance of his contract 
within the given time. In the first place, it 
needs no lawyer to tell us that undue inter- 
ference on the part of an employer, or the 
imposition of new and onerous terms, can at 


’ 


once be raised in defence to an action for the 
enforcement of penalties. Again, an agreement 
to make certain alterations has a similar effect. 
In fact, such a subsidiary agreement stops a 
claim for penalties, unless it be shown that the 
time spent upon the whole job was unreasonable 
(Thornhill v. Kent, 8, C. B. N. S., 831). Thus, 
suppose the employer’s architect ordered works to 
be done which were outside the specification, 
unless an express term imposing liability to com- 
plete extra work was inserted, the contractor could 
not be held responsible for any delay so caused. 
It has been decided, however, that where an 
agreement to complete the work by a certain date 
contains a clause providing for the execution of any 
additional works which may from time to time be 
demanded by the architect, there is no implied 
term that the additions shall be such as can be 
reasonably performed within the time (Jones v. 
St. John’s College, Oxford, L.R., 6 Q.B., 115). 

Where the architect is empowered to order addi- 
tional works, he is generally permitted to allow 
extra time for the execution thereof. Should he 
omit to grant an extension, it appears that the 
contractor becomes liable to pay penalties for 
delay in accordance with the original contract 
(see Tew and Newbold-on-Avon District School 
Board, C. and E., 260). 

To put the matter shortly, a builder would be 
excused from payment of penalties in the following 
cases :— 

1. If the work in hand is totally destroyed—e.g., 
by fire. Both parties are thus released. 

2. If the employer (or contractor) causes a delay 
by interference. 

3. If additional works are ordered. 

When a daily penalty is imposed, and the builder 
sees no prospect of being able to complete within 
such time as, having regard to the payment of 

enalties, would admit of his making some profit, 
he is wise to abandon his undertaking. In that 
case the ordinary penalty clause does not apply, 
for it would then be impossible to fix the date of 
completion [see Ranger v. G.W.R. Co., 5 H.L.C., 
72]. In such a case the.employer would have 
his remedy in an action for damages, the result of 
which might be far more favourable to the builder 
than the payment of an enormous sum in accord- 
ance with the penalty clause. 

It is also important to observe that acceptance 
of the completed work after a specified time some- 
times operates as a waiver of penalties -[Lucas v. 
Goodwin, 3 B. Wn. C. 737]; while if it can be 
shown that the delay was caused by additional 
works, it is clear that there can be no set-off of 
the amount claimed for penalties against the contract 
price. 





LOCOMOTIVES AT THE ST. LOUIS 
EXHIBITION,—No. I. 


By H. W. Hansury. 


Or the many beautiful and wonderful buildings 
in the grounds of the St. Louis Exhibition none is 
more worthy of attention than that designated 
by the title of ‘‘The Palace of Transportation.” 
Lacking, perhaps, the architectural adornment of 
some of the others, its massive proportions and 
lofty arched portals, in style not unlike a mag- 
nificent railway station, make it one of the most 
imposing of structures. Exceeded only in size by 
one other building—the Palace of Agriculture— 
it covers an area of 154 acres, and is 1300 ft. long 
and 525 ft. broad. Within its walls some four 
miles of track have been laid down for the accom- 
modation of exhibits, and although, at the time of 
writing, not half of these have arrived, there 
promises, within the space of a few weeks, to be 
one of the finest collections of locomotive and 
railway exhibits representative of any one _par- 
ticular practice that has ever been brought together. 
It has been the intention of those responsible for 
the arrangements in connection with this depart- 
ment to indicate by exhibits the most advanced 
ractice of the day, and also the history of the 
ocomotive, as developed during the little over a 
century of its existence, in all parts of the world. 

A feature of unique interest—of interest not 
alone to the locomotive engineer, but to all 
mechanical engineers, whatever be the branch 
they follow—will undoubtedly be the locomotive- 
testing plant now being installed by the Pennsyl- 
vania Railway Company. This plant will be similar 
in many respects to that which has been in use 





for some years at the Purdue University. The 
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experience gained in connection with this latter 
has, as would naturally be inferred, suggested 
several important modifications and improvements, 
and these will be embodied in the plant now 
being laid down. It is the intention of the Penn- 
sylvania Company to conduct the series of tests 
upon the highest scientific basis, and it is hoped 
that results of permanent value may be obtained. 
As it will practically be the first serious attempt 
to compare the efficiencies of a number of locomo- 
tives, we hope, in the course of a few weeks, to be 
able to describe the plant in detail, and also each 
locomotive undergoing trial. At the present time 
we are not in a position to do this, the plant not 
yet being in running condition. 

An extremely interesting exhibit will be that of 
the Baltimore and Ohio Railway Company, who 
intend to show an almost complete collection of 
locomotives and locomotive models, each represent- 
ing a link in the chain of improvement which has 
steadily taken place from about the beginning of 
the last century to the present time. 

The scheme for working the exhibits by com- 
pressed air, which was decided on when the initial 
arrangements for this department were under dis- 
cussion, has, we believe, been abandoned, and the 
only locomotive actually shown in motion is a pas- 
senger engine built by the American Locomotive 
Company for the Big Four Railway Company. The 
motive power, however, in this case, is electricity. 
This locomotive occupies a position in the centre of 
the building, and is situated on an elevated turn- 
table operated by the same power. 

Having thus briefly referred to the most notable 
features amongst the Transportation Exhibits, we 
now propose to give a survey of such exhibits as 
have arrived, intending to supplement this with a 
similar survey as time goes on and the collection 
becomes complete. We also hope on future occa- 
sions to give detailed descriptions and engravings of 
such exhibits as are of major interest and import- 
ance, 

The system of classification by countries applied 
to exhibits generally has not been adopted in the 
case of locomotives, and consequently they can be 
more conveniently examined and compared than if 
such had been the case. It is to be regretted, 
however, that although the locomotives have thus 
been gathered together in one department of the 
Exhibition, the authorities did not go one step 
further and provide greater facilities for examining 
them properly. In the majority of cases, under 
existing conditions it is possible to see only one 
side of each locomotive, the parallel tracks running 
lengthways with the building on which they are 
arranged, being grouped in pairs, each so close 
to its companion that passage between them is 
out of the question, while the locomotives them- 
selves are placed buffer to buffer. In addition to 
this unfortunate arrangement it may be mentioned 
that there are no pits, so examination of the inside 
gear, which in some cases is of considerable inte- 
rest, is rendered impossible. 

Not only have many of the exhibits at the date 
we are now writing (May 10) still to come, but 
of those that have arrived a considerable number 
remain to be placed in position. On the long con- 
tinuous tracks adopted in the present case, how- 
ever, there would S little advantage in doing so 
with many, as the arrival of others occupying space 
in front of them would again necessitate their 
removal. This, of course, is the great disadvantage 
of this particular method of displaying exhibits. 
With a limited number it is, of course, more satis- 
factory, but wherea large number is concerned it is 
a pity that some other and better method could not 
have been devised. 

With regard to the exhibits themselves, it may be 
mentioned that at present a considerable number 
are minus their coupling and connecting-rods, 
which have been removed in order to facilitate 
their transit, while the en:sines also have not been 
cleaned up to exhibition form, the exhibitors, no 
doubt, preferring to do this when they are in their 
ultimate position. 

As was to be expected, the exhibits of the United 
States in the Transportation Building are by far 
the largest in number, and it may be said that 
they almost comprise the entire collection, other 
countries, with, perhaps, the exception of Ger- 


many, being so inadequately represented. The 
United States, Germany, and Canada are the 
only countries whose exhibits include locomotives, 
but other exhibitors are Great Britain, France, 
Italy, Japan, Denmark, Brazil, and Mexico, who 








are represented by models or plans, and railway 
matter referring more particularly to construction 
and management. 

We will now proceed to our survey, beginning 
with the exhibits of the United States. 

One of the largest of this country’s exhibitors 
is the American Locomotive Company, who are 
represented by a group of over a dozen engines, 
which indicate their own, and the practice of some 
of the principal railways in America. The first in 
this group is ‘‘ No. 525,” a Consolidation engine 
built at the Richmond works of the company for the 
Chesapeake and Ohio Railway Company, the gauge 
being 4 ft. 9in. It is a simple engine, with outside 
cylinders 22 in. in diameter, and with a stroke of 
28in. The valves are of the piston type, and 12 in. 
in diameter. The boiler, which is intended for a 
working pressure of 200 lb. per square inch, is of 
the extended wagon-top type, 70 in. in diameter, 
and with a total heating surface of 3024 square 
feet, of which 2867 square feet is tube surface, 
and 157 square feet fire-box surface. The brick 
arch in this boiler is carried on four water-tubes, 
extending from the fire-box tube-plate to the door 
or back plate. These are inclined at an angle in 
the fire-box, one end entering the tube-plate just 
below the boiler-tubes, and the other the back plate 
above the fire-door. Steel caps, with gun-metal 
plugs, are provided on the fire-box shell to, in the 
first place, enable the tubes to be properly ex- 
panded, and afterwards to admit of examination 
should necessity arise. 

The fire-box is 90 in. in length and 75in. in 
width, the grate area being 46.87 square feet. 
The driving-wheels are 56 in. in diameter over the 
tread. The dimensions of the main journals are 
9} in. by 10in., while the others are 9in. by 
10in. The truck is of the Bissel or ‘‘ pony” 
type, the wheels being 30 in. in diameter over the 
tread. The journal dimensions are 5} in. by 
9% in. Compensating levers are used between the 
springs of all the wheels. The equalising arrange- 
ment between the driving-wheels and the truck is 
a very simple one, and greatly used in American 
practice. It consists essentially of a main equalis- 
ing beam placed midway between the frames, and 
having its fulcrum ata point on a heavy box cast- 
ing situated between the cylinders and frames and 
bracing them together. The front end of the 
beam rests on a hanger supported by the truck 
cradle, and the rear on a transverse beam, taking 
the leading spring hangers of the two springs 
placed above the axle-boxes of the forward driving- 
wheels. : 

The smoke-box door of this engine is of cast 
iron and unusually small, being only about 24 in. 
in diameter. It is without hinges, and attached to 
the smoke-box by eight studs and nuts. Should 
extensive repairs have to be carried out on the 
smoke-box of this engine, it would be necessary, of 
course, to first remove the entire front before 
commencing operations. Apart from this draw- 

k, however, the door presents an exceedingly 
neat appearance, and it is hardly likely to spring 
from over-heating, as is not an infrequent occurence 
with doors of ordinary design. The cab is exceed- 
ingly roomy and comfortable, with seats for the 
driver and fireman. 

The tender frame is of American type, and carried 
on two four-wheeled bogies. For these latter 
pressed steel frames are in use in lieu of the ordi- 
nary diamond pattern in vogue throughout America, 
while the main tender frame is constructed of steel 
channels in the usual way. The tank is designed 
to carry 6000 United States gallons (4800 English 
gallons) of water, and fuel space is provided 
for 10 tons of coal. In type it is what is known 
as the ‘“‘submerged.” The principal feature of this 
type is that the entire width of the front portion 
of the tender, in contra-distinction to the ordinary 
U type, is available for fuel, and is provided with 
a false bottom or well, in connection with the main 
body of the tank. The tender wheels are 33 in. 
in diameter on the tread, and the journals are 
5$ in. in diameter and 10 in. long. 

The following are a few additional and important 
particulars relating to this engine ;— 


Rigid wheel-base of engine ... 17 ft. 

‘otal = od 3 25 ft. 3 in. 
Total wheel-base of engine an 

tender ... = oe we So PS SS 
Number of boiler tubes 370 
Diameter of Re 2 in. 
Length of = vu 3.20 Oe Ons 
Weight of engine in full working 

order ... * ish pis ont 83.14 tons 








—_ of tender in full working 
order 


ae ba is a .. 53.25 tons 
Total weight of engine and tender 
in full working order sao! is Wace |, O45 

The next locomotive of the group is ‘‘ No. 2499,” 
also of the Consolidation type, but of a somewhat 
heavier build than the engine just described. It 
was designed to deal with the heavy freight traftic 
of the New York Central and Hudson River Rail- 
way Company, and was built at the Schenectady 
Works of the American Locomotive Company. 
The gauge of this engine is 4 ft. 84 in. The boiler, 
with a working pressure of 200 Ib. per square inch, 
is of the wagon-top type, with wide fire-box. It is 
provided with two oval fire-doors, and has a total 
heating surface of 3901.94 square feet. Of this 
3693.29 square feet are tube surface and 208.65 
sguare feet fire-box surface. The diameter of the 
boiler barrel is 81§ in., while the tubes are 458 in 
number, 2 in. in diameter, and 15 ft. 6 in. in length. 
The fire-box is 105,4 in. in length and 75} in. in 
width. The grate area is 54.9 square feet. The 
bar frames of this engine, as well as of engine 
No. 525, previously described, are of cast steel, this 
material haying come largely into use for this 
purpose during recent years. 

The cylinders are 23 in. in diameter, with a 
stroke of 32 in., and are provided with piston- 
valves. The Hancock pneumatic cylinder water- 
cocks are in use on this engine, three being provided 
for each cylinder. The wheels and axle journals 
have the following dimensions :— 


Diameter Dimensions 
over Tread. of Journals. 
Truck wheels 33 in. 6} in. by 10 in. 


63 in. (main) 10 in. ,, 12 in. 

; (others) 94in. ,, 12 in. 
Tender wheels ... 33 in. 55 in. ,, 10 in. 
The weight of the engine in full working order is 
97.32 tons, 10.27 tons being carried by the truck 

and 87.05 tons by the driving wheels. 

The tender, which weighs 61 tons in full working 
order, is of somewhat larger capacity than that 
attached to engine No. 525, but of similar design. 
It is intended to carry 7000 gallons of water and 
12 tons of coal. The total wheel-base of the engine 
and tender is 60 ft. 4} in., that of the engine 
being 25 ft. 11 in., with a rigid wheel-base of 17 ft. 

Proceeding with our survey of the American 
Locomotive Company’s exhibits, we now come to 
a very fine six-coupled passenger engine (No. 695), 
constructed for the Lake Shore and Michigan 
Southern Railway Company. This engine is for 
the 4-ft. 8}-in. gauge, and was built at the Brooks 
Works. In type it may be denoted by the figures 
‘*262”—that is to say, it has a leading Bissel 
truck, six-coupled driving-wheels, and a trailing- 
truck with radial axle-box. 

The method of notation just indicated, by which 
engines are recognised and classed according to 
their wheel plan, is an exceedingly useful one, and 
had its origin, we believe, in America, aithough it 
is now used to some extent by locomotive engineers 
throughout the word. In further explanation it 
may be said that it is founded upon the basic idea 
that the wheels of an engine may be divided into 
three groups, consisting first of the leading wheels, 
meaning bogie or truck wheels only ; second, of 
driving or coupled wheels ; and third and last, of 
trailing wheels other than coupled. Each of these 
groups is denoted in this system by a figure repre- 
senting the number of wheels contained in it ; and 
these are read from left to right, the first indicating 
the number of wheels in the leading wheel group, 
the second in the coupled-wheel group, and so on. 
This notation conveys the type of an engine at a 
glance, and has the great advantage of simplicity. 

In a Consolidation engine only the first and second 
groups occur; in some tank engines the second and 
third ; and in many goods engines the second only. 
In cases such as these, where a group is absent, the 
fact is indicated by the figure 0, or this figure may 
be omitted altogether. Thus a six-coupled goods 
engine is written ‘‘ 060,” or simply ‘‘6;” a Con- 
solidation, ‘‘ 280,” or ‘‘28;” a Mogul, *‘ 260,” or 
‘*26;” although it is better, perhaps, to write the 
three numerals in full, and so eliminate any doubt 
there might be regarding the presence or absence 
of the third-wheel group. This method is some- 
times used in conjunction with figures which 
convey the weight of the engine in pounds; but 
this practice is almost entirely confined to America. 
For instance, the description of engine No. 695 in 
full is ‘‘ 262-190,” the fast figures indicating that 
the weight of the engine is about 190,000 1b. 

A slight enlargement might be suggested which 


Driving wheels .. 
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would further enhance the utility of such a nota- 
tion. For instance, to completely understand the 
wheel arrangement of any engine, it is necessary to 
know whether the wheels of the first and third 
group are fitted with a radial axle-box, fixed, or 
provided with a pony truck. 

T'o indicate this, therefore, the letters R denoting 
radial, F denoting fixed, and P pony-truck, might be 
used in conjunction with the figures. For instance, 
engine No, 695 is indicated fully by 2P 62R — 
19). This may, perhaps, be considered somewhat 
cumbersome, but it certainly has advantages over 
the ordinary method of writing a description in full, 
and its value would be readily realised on becoming 
accustomed to its use. It might be convenient to 
have a name for such a group indicative of type, 
and we suggest ‘‘ wheel formula” as being perhaps 
as good as any. 

Now that we are on this subject, we will briefly 
refer to another method—a graphic one—which is 
sometimes used instead of that just described. This 
consists merely of a side elevation of the wheels 
showing something like their relative proportions, 
with the addition of small Y/’s, indicating the type 


of wheel groups one and three; thus O indicates 


a radial truck, (Oa pony-truck, and Co) a 
four-wheeled bogie. Coupled wheels are indicated 


by a line across them, thus, , and 


C) ‘: The engine 


and tender of ‘‘ No. 695” is completely represented by 


oe OOO S OO OO 


Such a representation of the wheels of an engine 
might be conveniently designated a ‘‘ wheelgraph.” 
Now, however, to resume our description of 
engine No. 695. The boiler is of the extended 
wagon-top type with a wide fire-box, almost square 
in plan, and measuring 85 in. in length and 84 in. 
in width. The grate area is 48.5 square feet. The 
total heating surface is 3597 square feet, 3413 square 
feet representing that of the tubes, and 184 square 
feet that of the fire-box. The tubes are 344 in 
number, with an outside diameter of 2 in. and a 
length of 19 ft. 0 in. A fire-door having a small 
door hinged to its centre, and consequently called 
a double fire-door, is provided in the fire-box. This 
form of door is used considerably in America with 
the wide fire-box engines now in vogue. The large, 
or outer, door is only used on special occasions, 
when heavy loads are being pulled, and it is neces- 
sary to be more careful in distributing the coal on the 
grate, the inner door being in more general use. 

As far as British practice is concerned, there is 
an unusual detail of design in connection with this 
engine, in that the boiler is not provided with 
expansion brackets or angles, or carried at the back 
and front of the fire-box on steel cross-stretchers, 
on which it has liberty to expand, but is merely 
supported at the second and third segments of the 
barrel by two #-in. plates, bolted to cross-stretchers 
between the frames, and to angles riveted to the 
boiler barrel, and at the front and back of the fire- 
box by two §-in. plates similarly attached to 
stretchers and to projections on the foundation 
ring. No allowance is made, therefore, for the 
expansion of the boiler beyond the “spring” in 
these plates, To the engineer accustomed to British 
practice this method of supporting a boiler certainly 
appears somewhat strange, but there is no doubt 
that it is in every way satisfactory, a considerable 
number of American engines having such an arrange- 
ment. The smoke-box end is, of course, carried 
on the cylinder saddle in the usual way. 

_The bar-frames are of cast steel, each being in two 
pieces, and jointed just behind the rear driving- 
Wheels. The front portion is of the usual form, and 
contains the axle-boxes of the coupled wheels, while 
the back is simply a rectangular slab of cast steel, 
carrying the radial axle-box of the trailing truck. 

The cylinders are in. in diameter, and have 
11-in, piston valves. he stroke is 28 in. The 
motion, which is of the Stephenson type, is in this 
engine exceedingly well arranged in the small 
Space available for its reception. This, however, 
18 a feature of all the locomotives exhibited by 
the American company, as is also that in their 
motion double suspension of the reversing-links, 
fork-onded rods, and double-link connections to 
the rocking-shaft are the rule; in fact, single sus- 


fixed wheels thus, 





pension of any part is noticeably absent. The 
reversing-shaft arms, which carry the swing-links 
supporting the reversing-links, are, in the particular 
engine we are describing, cast steel of I section, 
and shrunk and keyed to the body of the shaft. 

The driving-wheels, with a rigid base of 14 ft., 
are 6 ft. 8 in. in diameter over the tread, the 
journals being 9 in. in diameter by 12 in. long. 
The leading truck wheels are 3 ft. 64 in., with 63-in. 
by 12-in. journals, and the trailing-truck wheels 
4 ft. over tread with 7-in. by 12-in. journals. 

The tender is of the American UJ type, and is 
carried on two four-wheeled bogies. The frames 
of the latter are of the usual diamond pattern, the 
bolsters being made up of three 10-in. channels 
placed side by side. The wheels are 36 in. over 
the tread, and the journals 5} in. by 10 in. 

The water capacity is 6000 United States gallons 
(4800 English gallons), fuel space being provided 
for 13 tons of coal. The total weight of the engine 
and tender in full working order is 142.95 tons, 
that of the engine alone being 85 tons. 








NOTES. 
Exectric Power DrstRiBuTion. 

Tue extent to which the British electrical in- 
dustries have suffered by the ill-advised legislation 
of 1882 has been but little realised by the general 
public, and we are therefore glad to note that in 
his paper recently read before the New South 
Wales Institute of Engineers, Mr. L. Hill, general 
manager of the South Wales Electric Power Dis- 
tribution Company, again calls attention to this 
important matter. At that date we may fairly 
claim that English machinery was the best in the 
world, and the lead then held would never have 
been lost if Parliament, in its short-sighted effort 
to make good bargains for the municipalities, had 
not put an abrupt end to most electrical enterprises 
by this disastrous Act. Itis only right that the facts 
of the case should again be emphasised, as the same 
spirit is still strong in the land, and every attempt 
to supply cheap power to manufacturing towns meets 
with the most violent opposition from foolish, if 
strenuous, corporations. Some of the reasons which 
render it impracticable for a lighting-station to 
compete in the supply of power with a power- 
station are set forth in Mr. Hill’s paper ; and the 
very fact that the maximum amount which power- 
stations are permitted to charge by law is less than 
half of the legal charge of lighting plants shows that 
the Legislature has recognised this difference. A 
lighting plant is required by law to keep its pres- 
sure of supply constant within a range of 4 per 
cent. above or below the normal voltage. This fact 
makes it impracticable to run large intermittently- 
worked motors off the lighting mains, and Mr. Hill 
instances a case in which a 60-horse-power motor 
was, for this very reason, refused three years in 
succession by a lighting station. Of course, such 
stations do take motor loads, and in some cases 
there has been a very considerable development 
of power supplies from lighting stations, to the 
great improvement of the load factor; but the 
difficulty referred to remains, and the most that 
can be done is ‘‘to make the worst of a good 
job.” Power-stations, not being handicapped 
by the necessity of maintaining a very steady pres- 
sure for lighting purposes, can get along with 
a much smaller capital expenditure per unit sold. 
Fluctuations of 10 per cent. above or below the 
normal pressure hardly affect motors, and if light- 
ing is required, this can be provided by motor 
generators, since the fluctuations on the ‘* power” 
side of such machines are not reproduced to the 
same extent on the “‘lighting” side. Further, in 
power distribution a periodicity of 16 to 25 periods 
per second can be used, which leads to stronger 
and more mechanical machinery in the generating 
stations, and the generators are also easier to 
parallel and keep in step. Mr. Hill claims that 
even a colliery taking a maximum of 4000 horse- 
power will find it cheaper to secure its supply of 
current from a power-station than to erect its own 
generating machinery. In the latter case it would 
have to instal plant capable of dealing with the 
maximum demand, and about 50 per cent. would 
be needed in the way of reserve. A power com- 
pany supplying ten collieries, say, would only 
require to lay down plant capable of generating 
some two-thirds of the aggregate of the maximum 
demands from each, and a reserve of 10 per cent. 
on this plant would be sufficient. Mr. Hill points 
out that, even for the work of winding, collieries 
will find an advantage in electric motors, the 





capacity of the latter for taking a momentary over- 
load of 100 per cent. rendering it possible to adopt 
machinery of only about half the nominal power 
necessary in a steam-engine to do the same work. 


Rattway AND CANAL PLANS IN SWEDEN. 


Much praise is due to the Swedish authorities 
for the energy and circumspection with which they 
are continually extending and improving the various 
means of transport of the country. In a recent 
report some of these plans have been dealt with, 
and a few items may be of interest. The great 
north main line has now been extended to Morliirv, 
and there are no less than three plans under dis- 
cussion about its extension towards the frontier of 
Finland ; it has been proposed to carry the line 
along the coast to the northernmost Swedish town 
—Haparanda— or to the still more northerly place, 
Karungi, or, higher up still, to some place on the 
Torne River, which is navigable. The lccssania 
have, in their proposal for the present year, recom- 
mended the extension of the central line to Karungi. 
From there branch lines will probably be built both 
in northern and southern directions, opening out 
fresh parts of the vast Lapland, and a plan for estab- 
lishing connection with the Finnish State railways 
has also been drawn up. A new East Coast line— 
Gefle-Hernésand—isalsoto the fore, but the financial 
side of this undertaking—a private one—has not yet 
been definitely arranged. A more ambitious plan 
is the one recommended by the State railway de- 
partment for close investigation; a large inland 
line from a port on the West Coast to Dalarna, 
and further north to Gellivara, or some more 
easterly place in Norrland. This would establish 
a shorter Swedish outlet to an ice-free port for 
iron ore and timber, which otherwise, it is feared, 
will be despatched through Norway. The scheme 
is, however, a comprehensive and costly one. 
Some additional branch lines from the North 
Main Railway to the East Coast are also under 
consideration, to Pitea and Skalleftea. The pros- 
pects of realisation of the large Venern-Kattegat 
Canal scheme have not improved during the last 
twelve months ; it is considered by most unneces- 
sarily extensive and costly, although it is admitted 
that the present waterways in that part are in- 
adequate. It is thought that 4 metres depth 
would suffice, and that the depth of 6 metres, 
which has been proposed, is unnecessary. With a 
4-metre deep canal there would be every likeli- 
hood of a large lighter traffic springing up to 
several countries, England included. It has been 
recommended that the State should purchase the 
Trollhatta Canal, that the latter should be deepened 
to 4 metres, that the rates should be lowered, and 
that a special commission should fully report upon 
the whole matter. A canal is also proposed between 
the town of Nyképing and three lakes in Séder- 
manland, a plan considered to be of much interest 
to the district. Electric traction on the State Rail- 
ways will soon pass into the stage of practical 
experiments, inasmuch as the necessary grant 
has now been voted. The Stockholm-Virta Rail- 
way will be used for this purpose. A plan has 
been worked out with a view of introducing elec- 
tricity generally, and the scheme provides for the 
erection of 22 power-stations, 17 of which would 
be worked by water-power, and at the remaining 
five peat is intended to be used as fuel. The 
distance between the power-stations would be from 
125 to 185 miles, an exception being made with the 
largest two—Trollhittan and Elfkarleby—which 
would cover a distance of some 225 miles. Of 
these 17 waterfalls, six belong to the State, the 
other eleven being principally = property. 
The use of peat as fuel at the State railways is 
being extended, and not long ago regular tenders 
for peat were for the first time invited. The peat 
must be in fairly uniform pieces of about 6 in. 
length; the percentage of ashes was not to exceed 
6 per cent., and that of water not 30 per cent. 


TENSION OF TELEGRAPH WIRES. 


In 1888, Cloeren communicated to the Société 
Belge d’Electriciens a memoir on the conditions of 


-equilibrium in lines of phosphor-bronze and copper 


wires, embodying tables on the tension and sags at 
different temperatures. The tension to be applied 
in putting up lines depends upon the span and the 
temperature. Those tables, in their day the most 
complete, remain still valuable; but as they are 
directly applicable only to spans of certain lengths, 
increasing by 50 metres from 100 to 500 metres 
for phosphor-bronze, and by steps of 10 metres 
from 50 to 100 metres, and further to 150 and 200 
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metres for copper, Professor E. Pierard, of the 
University of Brussels, chief engineer to the Belgian 
Telegraph Department, has taken the matter up 
again, and recently presented the results of his 
investigations to the Belgian electricians. General- 
ising the formule from which Cloeren started, he 
finds that the tension per unit section is independent 
of the actual cross-section, and that hence the 
problems of length, sag, and tension of a wire span 
can be reduced to the investigation of a wire of 
1 square millimetre section. He gives curves for the 
lengths and sags, and the tensions are easily found 
by multiplying the unit value by the number of 
square millimetres in the cross-section. For this 
reason, he prefers to number wire gauges rather by 
cross-sections than by diameters. We notice how 
important it is that, so far as possible, spans of the 
same length should be used. For example, if 
twenty wires of phosphor-bronze, 5 square milli- 
metres (0.008 sq. in.) in section, be stretched in 
two adjoining spans of 50 and 500 metres in length, 
at 18 deg. Cent. (64 deg. Fahr.), the tensions in 
the two spans will be equal; at — 10 deg. Cent. 
(14 deg. Fahr.) the shorter wire system will pull 
on the pole with a force of 2645 kilogrammes, 
while the long wires will exercise a pull of 2200 
kilogrammes only. At 40 deg. Cent. (104 deg. 
Fahr.) the case would be reversed; the long 
wires would pull with an excess of 345 kilo- 
grammes. These temperatures—10 deg. and 40 deg. 
Cent.—are the limits for Pierard’s curves, which 
refer to spans up to 1000 metres of phosphor- 
bronze wires of a breaking strength of 80 kilo- 
grammes, and copper wires of a strength of 45 kilo- 
grammes per square millimetre on spans of 240 
metres maximum, and aluminium wires of 1000 
metres span. The experiments with aluminium wires 
were made for peculiar reasons. The sulphurous 
acid, coming from the smoke-stacks of certain works, 
had condensed on the copper wires, dissolved the 
coating of oxide on them, and dripping down, had 
ruined linen spread for bleaching, and also zinc 
roofs. So far, the experiments are not favourable 
to the use of aluminium wires. The tensions vary so 
much with the temperature that only spans of average 
or great length could be recommended from this 
point of view, and these are otherwise undesirable 
on account of the low strength of aluminium and the 
considerable sags. Professor Pierard also referred 
to the way in which the humming noise of telegraph 
wires is suppressed in Belgium. Over the neck of 
the bell insulator is slipped a ring of rubber, 2 centi- 
metres wide and 5 iimetves thick (0.8 in. and 
0.2 in.). Over this is placed a thin sheet of lead foil, 
and the conductor is wound round this cushion. A 
lead wire, 4 millimetres in thickness, is further 
twisted round the conductor over a length of about 
1 ft.; this wire is insulated from the conductor by a 
piece of split rubber tubing. The hoar-frost a 
gives trouble in Belgium. On a wire, weighing 
13.7 grammes per metre, the hoar-frost was found 
in one case to weigh 60 grammes per metre ; the 
telephone wire had a diameter of 1.4 millimetre, 
and the ovoid of hoar-frost measured 34 millimetres 
vertically and 33 millimetres (1.34 in.) horizontally. 
On this account wires less than 1.4 millimetres 
(0.055 in.) in diameter are not used in the Belgian 
telephone service. 








THE LATE WALTER HENRY WILSON, 
OF BELFAST. 

Last week we briefly announced the almost tragi- 
cally sudden close to the active and successful life of 
Mr. Walter H. Wilson, who was for nearly fifty years 
associated with the firm of Messrs. Harland and Wolff, 
ep in the humble capacity of a pupil apprentice, 
and terminating as one of the chief partners. He had, 
however, relinquished his immediate connection with 
the firm, although continuing to take his share of the 
responsibilities of public life in the capital of Antrim ; 
he was actually serving in an official capacity when he 
suddenly died while sitting in a railway train. As 
he had for some years been under treatment for an 
affection of the heart, the assumption is safe that his 
end was due to cardiac affection. 

Mr. Wilson was the descendant of a Scotch 
family which had migrated to Ireland several 
generations ago, and who were closely identified 
with the commercial life of Belfast. The subject of 
our memoir was born on November 15, 1839, in 


the Maryville district of Belfast, and received his 
early education at the Gracehill School, near Bally- 
mena, proceeding afterwards to Chester College. 

the completion of his college course he was appren- 
ticed by his father to the firm of Messrs. Hickson and 
Co., the owners of a foundry and rolling-mill in Belfast, 


who had, a few years prior to Wilson’s association 
with them, taken up the work of iron shipbuilding, 
principally because they could not secure a market 
outside for their plates, &c. An important event 
in the history of the firm had taken place two years 
before (in 1854), when the late Sir Edward (then Mr.) 
Harland became manager of the works of Messrs. 
Hickson. Mr. Wilson entered upon his apprenticeship 
in 1856, and in 1858 the business passed into the hands 
of Mr. Harland. Mr. Wilson continued in the service of 
the new proprietor, and served his complete term of five 
years’ a agg mage four of which were spent in the 
yard and one in the drawing-office. At this time 
—it is, perhaps, well to point out— Mr. Harland 
confined himself to shipbuilding, the engineering 
works only being constructed in 1880.. Mr. Wilson’s 
natural ability, and his close application to work, 
secured him early preferment ; in 1863 he was ap- 
pointed chief draughtsman. Prior to this time (in 
1861) Mr. Harland had taken into partnership Mr. 
Wolff, the nephew of his old friend and client, Mr. 
Schwabe. In 1868 Mr. Wilson was promoted to be 
sub-manager, and two years afterwards became general 
manager, Mr. Harland’s extensive work having in the 
interval so developed as to call for his attention in 
other departments of business, as well as in general con- 
trol. In 1874 a further development in the co-partnery 
took place, as in that year both Mr. Wilson and 
Mr. Pirrie, who had also served his apprenticeship in 
the works, were admitted as partners, and for many 
years they continued in association with Sir Edward 
Harland and Mr. Wolff. 

It would be difficult to review in a short space the 
splendid work which was done by Mr. Wilson indi- 
vidually and in collaboration with his chief—Sir 
Edward Harland. Their influence on shipbuilding 
and marine engineering was very marked ; first in the 
development of a distinctive type of Atlantic liner, 
and later in the evolution of the immense cargo- 
carrying ship. On the death of Sir Edward Harland, 
we reviewed at considerable length (see ENGINEERING, 
vol. lxi., page 21) the work done, so that we need 
not make any extended reference to the subject 
here. It may, however, be noted that during the 
whole of Mr. Wilson’s association with the works he 
carried out the re-organisation and reconstruction of 
the shipbuilding yard, and was responsible for the 
design and construction of the engineering works, 
which to-day are among the best equipped in the 
kingdom. e also conducted to a successful con- 
clusion a great variety of engineering work not 
directly associated with naval architecture ; as, for 
instance, the design and construction of sheerlegs, 
cranes, bridges, pumping appliances, dredging appa- 
ratus, floating sheers, as well as plant for raising sunken 
vessels, &c. Moreover, during his régime he saw the 
works developed from a small factory, employing 
about 100 hands, to an immense shipbuilding concern, 
engaging thousands of workers, and occupying an area 
largely in excess of 50 acres. 

Mr. Wilson became a member of the Institution of 
Naval Architects in 1885, of the Institution of Mecha- 
nical Engineers in 1888, and of the Institution of 
Civil Engineers in 1891. When the first and second of 
these Institutions visited Belfast, they found in Mr. 
Wilson a most interesting host ; he was on one or two 
occasions the chairman of the Reception Committee. 
But, apart from such social interests, he took little 

rt in the proceedings of the Institutions. He was 
ong a member of the Belfast Chamber of Commerce, 
and at the time of his death was President. 
Deeply interested in education, he overcame his 
natural objection to sit on public bodies by becom- 
ing a co-opted member of the committee appointed 
by the Belfast Corporation to supervise technical 
training; aud in the building of the Technical Institute 
he took a useful part, just as he was for long identified 
with the old Working Men’s Institute. He was ap- 
pointed by the Midland Railway Company a member 
of the committee to direct the affairs of the Belfast 
and Northern Counties Railways after the English 
company acquired that property about a year ago. 
He was a Justice of the Peace, and in other direc- 
tions took his share in the responsibilities incidental 
to his rank as a large employer of labour. Between 
two and three years ago he relinquished his position 
as a member of the f 
Wolff, and therefore had greater time to devote to 
the incidental affairs of his position as a prominent 
citizen. 

Mr. Wilson, however, was by nature reserved in 
public, although in private he proved a most genial 
companion. He was essentially a home-loving man, 
and was especially happy when receiving his friends 
—professional and private—at his house, first at 
Stranmillis House, and afterwards at Belvoir Park. 
He was fond of drawing, painting, floriculture, and 
fruit-growing, and had much to show those friends 
who had sympathy with him in these pursuits. Of his 
pastimes, fishing came first, and he was for many years 
chairman of the Belfast Anglers’ Association. He was 
highly respected by the whole community, and par- 





ticularly by those under him in the works. His death 





rm of Messrs. Harland and | 


has thus awakened a widespread keen regret. He 
was married- to the daughter of Mr. James Owen 
Winne, of the Hazlewood family, of Sligo, and is sur. 
vived by his widow and a family of one son and four 
daughters, who have the sympathy of a large circle of 
private and professional friends. At his own request 
the funeral was strictly private. 








CATALOGUES. 

THE Ajax Metal Company, of 26, Victoria-street, S. W., 
have reproduced as a trade publication the paper on 
alloys suitable for bearing metals, which was read before 
the Franklin Institute last autumn by Mr. G. H. 
Clamer. The alloys advocated are bronzes containing 20 
per cent. or more of lead, tion being avoided and 
sound castings obtained by the addition of a little nickel, 

A pamphlet describing the purification of sewage by 
the Stoddart continuous sewage filter has been sent us 
by Mr. F. Wallis Stoddart, of the Western Counties 
Laboratory, Bristol. 

A price-list of their polyphase induction motors, ranging 
from 2 up to 50 horse-power, has been sent us by Messrs. 
Griffith and Biliotti, of 8, John-street, Adelphi, W.C. 

A catalogue of drop-forgings of great variety has 
been sent us by Hughes-Johnson Stampings, Limited, of 
Langley, Birmingham. The standard patterns include 
eyebdlls of all sizes, a shaft collars, rod-ends, 
and automobile parts, whilst the firm also undertake to 
produce special patterns to order. 

A new catalogue just published by Messrs. Mather and 
Platt, Limited, of Salford, shows that this firm, which 
has had the enterprise to take up the construction of very 
large gas-engines, is at the same time by no means neglect- 
ing its established business in steam-engines suitable for 
direct connection todynamos. Included in the catalogue 
is an illustration of a 10,000 horse-power power-house 
completely equipped with the firm’s engines, the standard 
sizes of which range from 70 to 750 indicated horse- 
power in the vertical open types, smaller sizes being built 
as high-s encl engines. 

The Niles-Bement Pond Company are issuing a “‘ Pro- 
gress Reporter,” calling attention to good work executed 
on their machines, and to new patterns of the latter, which 
will be illustrated from time to time as they are put on 
the market. As a sample of work done, the present issue 
contains an illustration of a worm 3{ in. in diameter by 
44 in. long, the thread of which was cut on a thread- 
milling machine in 16 minutes. In other parts of the 
publication we note an illustration of a large rotary 
planer, and also a new model turret lathe. . 

A price-list of portable electric drilling machines has 
been sent us by Messrs. 8. Wolf and Co., of 138, South- 
wark-street, S.E. Several different patterns are illus- 
trated. The high-speed type, specially useful for drilling 
the softer metals, is made in six sizes, weighing from 
14 1b. to 521b., the heaviest being rated as capable of 
drilling ?-in. holes. A ratchet pattern is also illustrated, 
the largest of which, weighing 110 lb., is stated to be 
equal to drilling 1§-in. holes in iron or steel. 

A new list of their self-acting injectors has just been 
published by Messrs. Holden and Brooke, Limited, of 
the Sirius Works, West Gorton, Manchester. These are 
made to lift from 0 ft. to 3 ft., from 3 ft. to 8 ft., or from 
8 ft. to 15 ft. With the lower lifts the feed-water may be at 
a temperature of 125 deg. Fahr. ae} 

Messrs. Simpson, Strickland, and Co., Limited, of 
Dartmouth, South Devon, have issued an_ illustrated 
description of the Ljungstrém condenser, which was the 
subject of a paper read before the Naval Architects last 

ear by Mr. William Cross, and for which they hold the 

ritish rights for application to marine engines. The 
cooling surface in this condenser consists of flat corru- 

ated chambers packed together, the steam sin, 

tween the chambers and the cooling water throug 
them. A cooling surface of about # square foot per in- 
dicated horse-power is found sufficient with this ype, 
and the weight necessary is only about one-quarter of that 
needed with the ordinary type. 








PrRsoNAL.—Messrs. Bruce Peebles and Co., Limited, 
of East Pelton, Edinburgh, have removed their London 
offices to larger premises at 25, Victoria-street, S.W.— 
Messrs. Green and Boulding announce that they have 
moved into new premises at 28, New Bridge-street and 
Little Water-lane, Queen Victoria-street, E.C.—The 
May-Oatway Fire iy Acar Limited, have opened a 
new office at 9, North John-street, Live 1, from which 
they will deal with their Lancashire business.—Mr. A. J. 
Margetson, A.M.I. Mech. E., has been selected from a 
large number of applicants for the post of additional 
lecturer in the engineering departments of the Technical 
College, Bristol. tr. Margetson received his preliminary 
education in the secondary school of the college, proceed- 
ing to the adult day classes by means of a Bristol City 
s Beto wity He passed through his college career with 
success, and gained the Associateship of the college in 
electrical engineering in 1894. He then entered the 
Bristol Wagon Works, where he remained for six years, 
returning to the coll as a junior teacher in = 
Mr. Margetson is a Silver Medallist of the City _ 
Guilds of London Institute.—Messrs. Joseph Wright an 
Co., of the Neptun oer | Works, Tipton, have 
appointed Mr. W. S. Todd, of Coronation Buildin 
65, Quay Side, Newcastle, as their representative for poe! 
surrounding district. —'The Canadian business of = 
Allis-Chalmers Company, which recently acquired eee 
Bullock Electric Manufacturing Company, of a 1 
will hereafter be conducted by a new organisation pearing 
the name Allis-Chalmers-Bullock, Limited. The w i r 
and principal offices of this important new Canadia 





company are in Montreal, 
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ANCIENT TILTING-HAMMER IN 





—— 


Fic. 1. 


We have received from Mr. W. O. E. Meade-King, 
of Maidenhead, particulars of a very old tilting-hammer 
which he recently found, still at work, in a small 
foundry at Midsomer, Somersetshire. As this is prob- 
ably one of the last, if not the last, of these hammers 
to be found in this country, a special interest belongs 
to it, particularly as the place where it was found 
might easily be mistaken for a small roadside black- 
smith’s shop. Unpretentious, however, as the place 
is, the farm implements which are turned out by the 
one man who runs the place have a high reputation 
for quality and workmanship. 

Fig. 1 is from a photograph, and shows the interior 
of the shop where the hammer is at work, though, un- 
fortunately, it does not give a very good idea of the 
arrangement. The hammer-head may, however, be 
seen at the right-hand side of the picture. The 
details, Figs. 2 and 3, show more clearly how the 
hammer works, If reference be made to these figures, 
it will be seen that the motive power is water, which 
turns a shaft, on which is placed a wheel fitted with 
studs, which wheel, on revolving, tilts the end of the 
beam, at the other end of which a large hammer 
is fixed, capable of striking a blow of about 15 cwt. 
Everything about the hammer is of a very primitive 
description. 

What looks like a stick hanging in mid-air in 
Fig. 1 is in reality a rod, by means of which the 
operator can regulate and direct the flow of water. 
The same water-wheel that works the hammer also 
works the bellows for the furnace. At the extreme 
end of the shaft may be seen a large eccentric, which 
operates a pair of powerful shears simultaneously with 
the hammer. Such ancient relics as this hammer are 
very interesting, for in a few years’ time they will be 
sought for in vain. 








SUBMARINE TELEGRAPH ENTERPRISE. 
Tur revenue of the Eastern Extension, Australasia, 
and China Telegraph Company, Limited, was pretty 
well maintained during the second half of 1903, the 
amount acquired having been 265,260/., as compared 
with 267,553/. in the second half of 1902. The work- 
Ing expenses experienced, however, a rather consider- 
able extension in the second half of 1903, having 
risen to 142,419/7., as compared with 121,870/. in the 
corresponding half of 1 The working expenses 
for the past half-year included 33,400/., charged for 
the Imaintenance of cables. Further cable renewals 
carried out during the past half-year, at a cost amount- 
ing to 10,855/., were charged against the reserve fund. 
The cables renewed were the Penang and Malacca 
and the Foochow and Hong Kong. The amount ex- 
ag upon the former was 2168/., and upon the 
atter 8687/. A further contract with the Dutch 
Indian Government for laying some additional short 
cables in the Java seas has been carried out satis- 
factorily. Details of the 33,400/. charged for the past 
half-year for cable maintenance were as follows :— 
Expenses of company’s steamer Sherard Osborn, 724/.; 
expenses of company’s steamer Recorder, 6070/.; ex- 
penses of company’s steamer Restorer, 9157/.; expenses 
of company’s steamer Patrol, 10,531/.; value of cable 
used iu repairs (after allowing for the value of cable 
picked up) and sundry expenses at stations, 4583/.; 
insurance of cable in maintenance ships and at stations, 
1375/. ; expenses of cable dépét at Singapore, 5080/.; 
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charge for call of Great Northern Company’s steamer 
Store Nordiske and charter for repairs of cables in 
the China seas, 1780/.; depreciation of spare cable 
and other stores, 2426/.; and expenses of Adelaide 


‘cable dépét, 767/. These various items amount alto- 


gether to 42,493/., but there was a set-off of 9093/. for 
charter of company’s vessels and sundry credits. The 
general reserve fund was charged with 620/. during 
the past half-year for further expenditure made on 
account of the Cape and Australia cable; and, as we 
have already shown, 10,855/. was also expended in 
cable renewals. On the other hand, 1078/., received 
for premiums upon an issue of 4 per cent. debenture 
stock, was added to the fund. The general result was 
that the fund was reduced from 900,7967. at the close 
of June, 1903, to 890,3997. at the close of December, 
1903. The company has also a maintenance ships 
reserve fund of 32,506/., an insurance for maintenance 
ships and cables fund of 143,122/., a fire insurance and 
uarantee fund of 105,675/., and a depreciation of 
uildings and cable dépét fund of 47,1077. Altogether 
the reserves formed for various purposes by the com- 
pany stood at the close of December, 1903, at the very 
respectable aggregate of 1,218,8097. The amount ex- 
pended upon capital account, which stood at the close 
of June, 1903, at 3,717,570/., had been carried at the close 
of December, 1903, to 3,791,919/., outlays amounting 
altogether to 74,4117. having been maile during the 
second half of 1903 upon new buildings, cable-repair- 
ing steamers, &c. The value of spare cable and stores 
held by the company at the close of last year was 
estimated at 237,9 The subsidies received by the 
company in the second half of last year were :—Tas- 
manian cable, 2100/.; Tonquin cable, 4385V.; and Vis- 
cayas (Philippine) cable, 2250/. 
he Submarine Cables Trust, which is a financial 
organisation formed for —s investments in sundry 
submarine telegraph undertakings, paid -during the 
financial year ending April 15, 1904, the full interest 
accruing upon its outstanding 6 per cent. certificates, 
while 4156/. was devoted to the purchase of 36 cer- 
tificates for redemption. The trust started in the 
first instance with a capital of 420,000/., represented 
by 4200 certificates. The number of certificates still 
outstanding on April 15, 1904, was 3201, so that capital 
has been relehat out of revenue since the formation 
of the trust to the extent of 99,9007. In other words, 
about one-fourth of the capital of the trust has been 
redeemed, leaving, of ‘course, the still remaining three- 
fourths in a proportionately stronger position. ‘We 
ive these details as they show the experience acquired 
fe the trust during the last 33 years as to the actual 


working of submarine telegraph investments. It| JY 


should be observed that when the trust was formed, 
the securities of submarine telegraph companies 
were obtainable at much lower prices than those 
upon which they could be at present purchased ; but 
it is clear that early investors in submarine telegraph 
companies profited considerably by their enterprise. 
The investments of the trust stood as follows in 
April, 1904 :—American Telegraph and Cable Com- 
any, 9061/.; Anglo-American Telegraph Com . 
imited, 64,070/.; Central and South American Tele- 
graph Company, Limited, 12,384/.; Commercial Cable 
Company (an American undertaking), 8782/.; Eastern 
Telegraph Company, Limited, 82,748/.; Eastern Ex- 
tension, Australasia, and China Telegraph Company, 
Limited, 93,738/.; Great Northern Telegraph Com- 
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pany, Limited, 146/.; Western .Telegraph Company, 
Limited, 9349/.; and West India a : saci Tele- 
graph Company, Limited, 8797. These investments, 
taken altogether, amounted to 281,157/. This total falls 
considerably short of the capital represented by the 
3201 certificates still outstanding, but it should be 
observed that a rebate of 42, . was made to the 
original certificate-holders upon the nominal amounts 
of the certificates issued to them. 








INDUSTRIAL NOTES. 

THE general state of the labour market shows little 
change as compared with the previous month’s report ; 
but, on the whole, there was just a slight improve- 
ment. The chart line of employment shows that the 
downward grade has been arrested ; but the line is 
rather horizontal, and not inclined to rise. The 
chart compares badly with the curve line of 1903, and 
even worse with the mean of 1894-1903. The pro- 
portion of unemployed trade-union members is higher 
than in 1903, or the mean of 1894-1903. - In the 223 
trade unions specially reported on there was an 
aggregate of 561,611 members; of these 33,706, or 
6 per cent., were reported to be unemployed and on 
the funds—the same as in the month previous, and as 
compared-with 4.1 per cent. in the same month of 
last year. The mean proportion in the last ten years 
was 3.8 per cent. only. 

Employment in the coal-mining industry was some- 
what better than in the previous month and the same 
month of last year. At collieries employing 504,170 
persons the pits worked on an average 4.86 days per 
week, as compared with 4.83 days a year ago, while 
the number employed was 1.5 per cent. greater than a 
year ago. 





Employment in ironstone-mining continues good. 
At the 133 mines and open works covered by the 
returns the average time worked was 5.47 days per 
week ; in the month previous, 5.61 days; the same 
month a year ago, 5.64 days; but the number 
employed was 2.5 per cent. less than a year ago. 

mployment in the pig-iron industry shows little 
change ; but it is below the level of a year ago. At 
the works of 112 ironmasters 304 furnaces were in 
blast, pay fu about 21,600 men—the same as last 
month, and fewer than a year ago. 

In the manufacture of iron and steel there has been 
a slight improvement compared with the month pre- 
vious and with a year ago. At the 195 works covered 
by the returns there were 74,488 workpeople ém- 
ployed ; the total volume of employment, including 
the number of shifts worked and the total number 
employed, showed an increase of 0.8 per cent. above 
the previous month, and of 2.7 per cent. more than a 
ear ago. 

In the tinplate industry there has been improve- 
ment, and employment may now be described as good. 
There were 367 mills in operation ; previous month, 
364; a year ago, 378. e number employed was 
about 18,350, 

Employment in the engineering trades continues 
dull—-worse than a year ago, but nearly the same as a 
month ago. The proportion of unemployed trade- 
union members was 6.2 per cent., 6.3 per cent. in the 
previous month, and 4.2 per cent. in the same month a 
year ago. In the shipbuilding trades there is no 
improvement; in fact, employment is slightly worse 
than a month ago, and much worse than a year ago. 
The proportion of unemployed union members was 
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12.7 per cent. ; previous month, 11.8 ; and a year ago, 
9.1 per cent. 

Employment in the building trades continues dull ; 
it is slightly better than a month ago, but worse than 
a year ago. The proportion of carpenters and joiners 
unemployed was 6.1 per cent. ; a month ago, 6.7 ; and 
a year ago, 2.8 per cent. Plumbers were 9.7 per 
cent. ; last month, 9.2; a year ago, 7.1 per cent. In 
the furnishing and woodworking trades employment 
is dull—worse than a year ago, but slightly better 
than a month ago. The proportion of union members 
unemployed was 4.9 per cent. ; last month, 5.9 ; same 
month a year ago, 3.3 per cent. 


In the printing and bookbinding trades employment 
has been dull, The proportion of union members un- 
employed was 4.5 per cent. ; previous month, 3.4; a 
year ago, 4.9 percent. In the paper trades employ- 
ment is fair; the proportions of unemployed were 3.1, 
2.9, and 3.2 per cent. respectively at the same dates. 

Employment in the glass trades is still bad, especially 
in the bottle-making branches, and is slack in the 
flint-glass sections; it is quiet in the pottery, tile, 
and brickmaking industries. 


In the boot and shoe trades there is some improve- 
ment in several districts, but others complain of a 
decline compared with a year ago. Returns from 505 
firms, employing 63,820 workpeople, and paying 
227,100/. in wages during the month, show a decrease 
of 1.7 per cent. in the number employed, but an in- 
crease of 0.9 per cent. in the wages paid compared 
with a year ago. In the other leather trades employ- 
ment generally is bad in most branches ; short time 
prevailed in many instances. The proportion of un- 
employed union members was 9.8 per cent. ; previous 
month, 11.3 per cent. ; a year ago, 5.3 per cent. 

Employment in the tailoring trades varies: in the 
bespoke branches it is better than a month ago, and 
nearly the same as a year ago. The ready-made 
branches report trade as bad—worse than a year ago. 
The wrath: re trade is dull. The proportion of un- 
employed union members was 4 per cent. ; a month 
ago, 4.3; and a year ago, 2.7 per cent. 


Employment is still bad in both the spinning and 
weaving branches of the cotton trade. The position 
is little changed since a month ago, but there was a 
slight improvement in the weaving branches at the end 
of the month. Short time was still being worked in the 
majority of the spinning mills owing to the shortage 
and high price of American raw cotton. Those not 
using the latter were not so seriously handicapped. 

The woollen and worsted trades show some improve- 
ment compared with a month ago, but they are worse 
than a year ago. In firms employing 81,950 work- 
people there was an increase of 0.5 per cent. in the 
number employed compared with a month ago, but a 
decrease of 1.3 per cent. compared with a year ago. 
The hosiery trades are bad; the jute and flax trades are 
moderate. 

Agricultural labour was well employed, as_the 
weather was favourable. Dock and riverside labour 
was fairly employed. The average number employed 
daily at the London docks and wharves was 12,854, 
showing a decrease of 0.6 per cent. on the month 
previous, but an increase of 1.6 _ cent. compared 
with a year ago. The average daily number employed 
in the same month during the seven years 1897-1903 
was 14,334. 


The aggregate number engaged in labour disputes in 
the month was 5529, compared with 4512 in the pre- 
vious month, and 10,861 in the same month a year 
ago. The gate duration of the disputes, new 
and old, was equal to 70,700 working days; previous 
month, 74,500 days, and 171,900 working days in the 
same month a year ago. There were 21 new disputes, 
involving 3972 workpeople ; 14 disputes in the Eo 
vious month, and 23 in the same month last year. The 


disputes settled were 16 in the month, affecting 3933 | p 


workpeople. Two, affecting 580 persons, were decided 
* in favour of the workers ; eight, affecting 2389 persons, 
were decided in favour of employers ; and six, involv- 
ing 964 persons, were compromised. Three were in 
negotiation. 
he changes in the rates of wages during the month 
affected 40,800 persons, of whom about 1900 received 
advances, and 38,900 sustained decreases. The net 
effect of all the changes was equal to a decrease in 
wages of 1000/. per week. The changes in the pre- 
vious month amounted to a decrease of about 2000/. 
per week ; in the same week a year ago there was a 
decrease of about 790/. per week. he principal 
sufferers were 35,000 coal-miners in Northumberland, 
and 1800 bricklayers in — ; the reduction of the 
miners’ wages was effected by a Conciliation Board. 
All the other changes were effected without a cessation 
of work. 
There is no cause for alarm either in the Mother- 
Country or in the newly-created Australian Common- 





wealth over the failure of the two political parties, 
who have hitherto held office, to effect a coalition to 
oust the Labour Ministry just formed. Indeed, it 
might be for the benefit of Australia if the new 
Government should have a fairly free hand with 
which to attempt to control and administer the affairs 
of the newly-formed Federal State. 

The legislative programme for the present session 
is not a large one, nor can it be said to involve any 
very controversial principles. In addition to the 
Arbitration Bill, the Capital Sites Bill is to be 
introduced as a first measure, on economical lines ; 
the inclosed territory of 30 square miles is not to be 
alienated or be capable of alienation. A High Commis- 
sioner is to be range for this country, resident in 
London, somewhat on the lines of the Canadian High 
Commissioner ; his duties are to be multifarious and 
very important. A Fraudulent Trade-Marks Bill 
will be introduced ‘‘to put a stop to commercial 
immorality ;” also a Bill to benefit the natives on 
humanitarian lines; a Bill to give settlers a chance 
of acquiring lands on an equitable basis at a 
nominal rental; and a Postal Bill, and one for 
a survey for a trans-continental railway. 
Several measures are also indicated for the next 
session; among others, one for old-age pensions 
and State control of the tobacco trade. It does not 
appear that any of these measures will evoke my 
severe criticism, and it might be possible to detac 
from the other two parties a sufficient voting power 
to carry on the Government. It would seem that 
the Fiscal Question there, as here, is the one point 
upon which the two old parties came to a definite 
issue—Protection versus Free Trade, or, rather, per- 
haps, whole-hog Protection, as against the less aggres- 
sive policy which has more or less dominated Austra. 
lian legislation for many years past. The Labour 
Ministry have a great task el them. They may, 
by prudence, hold on. If they seek the welfare ot 
the whole community, rather than the success of a 
section, they may attract support from the general 
public, and thus have a chance of life. 


makin 


The publication of the terms of the Chinese Conven- 
tion, or Treaty, by which Chinese labour is to be de- 
ported to South Africa, has now been made. China 
is to levy an export tax of 3 dols. per head on all 
emigrants up to 10,000, and 2dols. per head above 
that number, if shipped at the same port within a 
year. The Chinese Government seem to have taken 
care that there shall be personal freedom for the coolies; 
but this, of course, in the Eastern fashion, where 
freedom is severely limited in conception and applica- 
tion. The Convention is not limited to South Africa, 
it is general; but it is restricted in its operation to 
four years. It is provided that the terms of en- 
gagement shall be clearly specified in English 
and Chinese; the hours of labour and the wages 
to be paid; the nature,of the work and the mode 
of payment are to be defined; the rations, cloth- 
ing, passage-money, &c., are also to be set forth. 
Medical attendance and medicines are to be provided en 
route, in and out. The labourer is not to be transferred 
without his consent, and that of the Chinese Consul. 
The Governments of this country and of China seem 
to have provided against ill-treatment, and for fair 
dealing. One can only hope that the evils predicted 
of the measure and methods will not be verified by 
events, and that South Africa will attain to that 
degree of prosperity which is prophesied by the influx 
of Asiatics, both for capitalists and British labour. 


Reports from the Wolverhampton district speak 
rather encouragingly with respect to the manufacture 
of bars, sheets, hoops, and small iron, the makers of 
which have a moderate share of work in hand, while 
steel-makers have large orders on their books. In- 
quiries for pig iron have been numerous for large 
quantities to be delivered at an early date. Prices 
appear to have been well maintained generally. In 
the Birmingham district there was some hesitancy in 
usiness, consequent upon the then approaching 
Whitsuntide holidays. Consumers of pig iron only 
ec gee for immediate requirements, but producers 

old fast to prices, which they say are at present 
unremunerative, The standard quotations were 
firm in last week’s market. akers of best 
finished bars are well engaged, and unmarked bars 
are in better request. Black -sheet - makers and 
galvanisers are fairly well employed, but they 
complain of low prices. Steel is more active, but 
with no advance in prices. Generally, in the Midland 
districts, it is said that the Whitsuntide holidays 
were welcome asa relief, inasmuch as there was no 
buoyancy in the iron and steel market, and some of 
the firms had difficulty in keeping the works going. 
Leading bar-makers are well employed, but consumers 
of other qualities seem to evince no disposition to buy 
beyond their immediate requirements. The tube trade 
is slack, and gas-strip has not been in much uest. 
The sheet trade is quiet. Steel-makers are fairly busy, 
owing to the absence of German competition. The 
hoop trade has been slack, and concessions have been 





made to stimulate business. There was, indeed, very 
little animation in any branch of the iron trade on the 
eve of the holidays, but there seemed to be a hopeful 
feeling of better trade after the holidays had passed. 
So far, hope deferred has had a depressing tendency, 
but hopefulness is a valuable aid in business at all 
times. 


Reports from the chief centres of engineering in the 
Lancashire districts still complain of slackness in most 
departments, except machine-tool-makers of speciali- 
ties, who are well — with orders; railway- 
carriage-builders are well engaged, but wagon-builders 
are rather slack. Boiler-makers are still badly off for 
work, and ironfounders are quiet generally. There is 
no substantial improvement in the textile-machine- 
making branches, though the outlook appears to be a 
little Cctter. The general run of engineering shops 
are not well supplied with work, and the holidays 
came as a kindof relief rather than as a nuisance, as they 
sometimes are. In the iron trades there was but a 
slow inquiry for raw and manufactured materials ; all 
business operations were limited on the eve of Whit- 
suntide. inished iron was in slow sale, consumers 
and merchants holding back, except for such material 
as was needed for present requirements. There was, 
indeed, no elasticity and no speculation in the market. 

Towards the end of last week the representatives 
of the employers and of the trade-union delegates of 
the engineering trades on the North-East Coast met 
in conference at Newcastle-on-Tyne to discuss the 
men’s demand for an advance of 2s. per week in wages, 
and some other points relating to employment. 
Although the proceedings lasted several hours, no final 
decision was arrived at; but it was agreed to meet 
again shortly to resume negotiations. The men, it is 
said, are supported in their demands by the whole of 
the branches in the extended districts involved, so 
that in the event of a refusal on the part of the em- 
ployers a great strike is deemed to be possible. It is 

oh owever, that a friendly arrangement will 

e arrived at, especially as the proceedings at the 
conference last week were of a friendly character. 
Neither party can really desire a rupture. 


There is at the present time a rather violent agita- 
tion in the boot and shoe trades against the new piece- 
work statement which has been agreed to provisionally 
by the representatives of the men’s union and the em- 
= Sood The ‘‘ statement” has been denounced as an 
approval of ‘‘ white slavery.” It is feared that in some 
quarters the operatives will throw over their leaders 
and that a great strike will follow. It is scarcely pro- 
bable that this will be the case. The operatives’ 
leaders—officials of the union and delegates—know too 
well the peculiarities of their trade in all its multi- 
farious details to consent to conditions involving 
injustice, and they are too proud and honourable to 
betray their trust. 

The strike of 300 men and boys at Messrs. Palmer’s 
Works on the Tyne against a mechanical timekeeper 
or register is a little bewildering. Surely the men do 
not desire to cheat the firm, and the firm cannot in- 
tend to cheat the men. It is said to bo a question of 
three minutes in dispute. 

Another batch of colliers, at Ebbw Vale, have been 
fined 10s. 6d. and 3s. 6d. costs for absence from work 
without notice. They should have learned by this 
time that breach of contract is not allowed by the 
courts of law. 


The strike of dock labourers in New York is said 
to be assuming large proportions. The steamship 
companies declare that they will not consent to the 
men’s demands, and the latter declare that they will 
stand firm. 


Labour troubles are still causing a good deal of un- 
rest in Spain. At Santa Rosa and Rio Tinto the 
miners are on strike, and at Saragossa the railway 
men are on strike. At the latter place the leaders have 
been arrested, and at the former the gendarmerie has 
been reinforced. The troubles are partly political as 
well as industrial; it is a revolt against authority, 
which is most severe in Spain. 








HeEsBuRN-ON-TYNE.—The opening of Messrs. Stephen- 
son’s graving dock at Hebburn-on-Tyne has been fixed 
for June 16. It was hoped that His Majesty's ship 
Goliath might be brought into the opening ceremony, 
but the vessel has been ordered to leave the Tyne on the 
day in question. 

Inpian GoLp-Mininc.—The quantity of gold raised in 
the Kolar gold-field in the first four months of this year 
was 201,340 oz., or at the rate of 604,020 oz. per annum. 
The output for the whole of 1903 was 597,786 0z., as came 
pared with 513,220 oz. in 1902; 504,732 oz, in 1901 ; 
496,332 oz. in 1900; 448,073 oz. in 1899; 416,236 02. 1 
1898 ; and 389,779 oz. in 1897. The extraction 1s accore- 
ingly steadily increasing. 
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THE HEELING AND ROLLING OF SHIPS. 
On the Heeling and Rolling of Ships of Small Initial 
Stability.* 

By Professor A. ScrtBanTI, Royal Italian Naval Reserve. 

My professional attention having once been drawn 
to the case of a barge which, when a weight on board was 
shifted across, took a transverse inclination less than 
would have been anticipated on the ground-of common 
metacentric rules, I found myself brought to investigate 
closely the reasons for such behaviour. The theoretical 
researches on the subject, embodied in this paper, turned 
by degrees from the peculiar case under examination into 
a general investigation on the influence which a varying 
amount of initial stability can exert on some mechanical 
features of a given ship. I have attempted to formulate 
an approximate, but, in my opinion, satisfactory theory 
about the heeling and rolling of'ships, which, if compared 
with the usual theory given in every text-book dealing 
with this subject, differs therefrom in so far that it should 
be suitable, as a constant approximation, for both stable, 
unstable, and indifferent vessels. - 

The well-known formule of naval architecture, both 
statical and dynamical— 


P (r — a) sin 6 = moment of external forces, 


a2 6 
I qat P(r—a) sin 06 =0— 





with which every writer starts in dealing with the most 
important problems of our science (stability, trim, 
rolling, &c.), prove quite satisfactory in almost all 
practical cases, and I have no wish to banish such formule 
from the common use of naval architects. Still there 
exists a great defect in them, for, if applied to an in- 
different or to an unstable vessel, they give results which 
are not confirmed by experience, it being a well-known 
fact that a vessel with zero metacentric height will not 
retain any inclination we may give her, nor will she have 
an infinitely long period of rolling ; in like manner, it is a 
fact that an unstable ship does not necessarily capsize, as 
hinted at by the above formule. 

These drawbacks, and the well-known unfitness of the 
metacentric rules to determine the angle of steady heel 
whenever such heeling undoubtedly arises from the initial 
instability of the whole ship, or through the suspension, 
mobility, or the liquid nature of her cargo; and finally, the 
unfitness of the above rules to treat in a complete and 
satisfactory way the important question of the free access 
of water on board, warrant us to doubt whether we are 
fully justified in employing these rules in regard to ships 
having but a moderate stability. Such ships are nowadays 
worthy of much more consideration than they were when 
theoretical naval architecture was a new science: when 
all ships, being intended to sail under canvas, had also to 
age a high rate of initial stability. At present, sails 

ave been almost wholly done away with; moreover, 
theory and practice have now clearly shown that great 
stability is inconsistent with such high nautical qualities 
as are desirable ; hence the decrease of metacentric height 
given to modern ships as compared with former ones. 
More ——— in some merchant steamers, such as the 
large Atlantic liners, the actual stability is often so small 
that they sail in a condition of quasi-instability ; so that 
for these particular types of ships the modified meta- 
centric rules here arrived at should, perhaps, prove 
interesting, as being free from the drawbacks above 
alluded to. From the nature of the subject it has not, 
unfortunately, been possible to avoid a cumbrous mathe- 
matical apparatus in dealing with it. 


I.—ANGLES OF Rest. 


In text - books on naval architecture the starting- 
point of naval statics in their practical application is that 
in any ship} having a metacentric radius 7, when inclined 
at any angle 0, the centre of buoyancy travels along an arc 
of a circle having r as radius—a feature which arises 
directly from having implicitly assumed that a ship’s sides 
about the water-line are everywhere shaped as circular 
arcs, having their centres along the longitudinal axis of 
the water-line. Obviously this assumption, however well 
suited to an analytical first approximation, is more or less 
Incorrect when applied to the true shape of a ship’s sides. 
For most existing ships, particularly merchant vessels, it 
would not be far from the truth to assume, for analytical 
purposes, that the ship’s sides near the water-line are 
generated by a rectilinear segment moving along the out- 
line of the water-line perpendicularly to its plane when 
the ship is in her normal upright position. That is the 
only assumption that need be made in this paper. 

It can easily be demonstrated in the géométrie de la 
caréne that, with the above assumption about the shape 
of a ship’s sides, and no matter what the true figure of 
the water-line may be, the centre of buoyancy travels 
re 7 initial position Cy toa point C having co-ordinates 

ig. 


x = r tan 0, y= rtan®é, 

provided the angle of inclination 0 be no greater than is 
allowed by the extension of the region where the ship’s 
sides are truly straight and vertical, or nearly so. Sup- 
pose, in a ship of this kind, the centre of gravity G to 
situated at a point whose co-ordinates X and Y are 
referred to the same axes as the co-ordinates x and y ; or, 
if preferred, suppose in a ship upright and at rest any 


. “ Paper read before the Institution of Naval Architects, 
March 24, 1904, 

’ : It must be understood that here,.and throughout the 
Whole paper, only transverse inclinations are dealt with, 


and floating bod itti A 
symmetry. ies admitting of a longitudinal plane of 





alteration whatsoever in the distribution or condition of 
weights to take place, causing the centre of vity to 
rise vertically and move sideways, as shown by X, Y. 
The most general form of the equation for statical equili- 
brium (no matter what the vessel’s shape) is then 


acos 0 + ysin@ = Xcos@ + Y sin 0; 
whence, substituting for the centre of buoyancy the above 


co-ordinates corresponding to our special assumption about 
the ship’s sides, 


rtand +p rten’d =X +¥tané, 


cr, finally, 


tan? +2" —* tang -2* =0, 
Tr Tr 


with the metacentric height 
h=r-Y, 
which is generally, together with the metacentric radius r, 
a well-defined feature for every floating body under ex- 
amination. ; aa 
In discussing the above equation* of statical equilibrium 
it should be remarked that, if we neglect in the equation 























Fig.1. 
: . 
@ 
<5 
H 
' 
— r 
renee 
(6217.4) 
Fig. 2. 
% 
a 
@rz; 








all powers of @ higher than the first, our cubic equation 
will be reduced to 


tan 0 = x 
h 


which agrees exactly with the common metacentric rule 
for transverse inclination. 


* T endeavoured, at first, to settle the whole question 
by the following more general reasoning :— 

As demonstrated by MM. Guyou and Simart in their 
‘*Développements de la géométrie du navire,” the centre 
of buoyancy of an inclined ship should travel from the 
position it occupies when the ship is upright to a point 
whose co-ordinates are 


1 1 1 
© = 7,18 + 31 (Ps — Pi) + =r (Pr — 6 ps + Ps) OP +... 


1 1 1 
Y = 5 Pi + 5 (30a — Pr) OF + & (P1— 10 pa+5p5) H+... 


and these may each be developed into a series in terms 
of the increasing powers of the angle of inclination, and 
also in terms of certain auxiliary parameters p; pz ps. . . 
which can be calculated from the actual drawings of a 
vessel’s side in the neighbourhood of the water-line, p, 
being nothing more than the ordinary metacentric radius r. 
Taking in like manner 
63 62 
sn@=0- 5 +... cos9@=1- 5+... 
the well-known equation of statical equilibrium, 
xcos@ + ysin@ = X cos + Ysin@, 


will, after substituting the above values for a, y sin 0, 
cos 0, and by discarding all terms of an order higher than 
the third, become . 


1 2 63 
no +m n@ax(1-S)+¥(e-F), 


x a-Y 
3 pe. SS at . 
6 +3 pee 


or 


Pa— pit ¥ 9 

a formula which, within the limits of a third order ap- 
proximation, holds for every ship, no matter what 
the shape of her sides or the condition of her loading. All 
problems concerning the transverse heeling of any given 
ship whatsoever might be treated in the most complete 
manner on the lines of the same equation. However, as 
the actual calculation of the parameter p; for a given 
ship after Guyou’s method is rather too long, and as the 
object in view was only to throw more light on the sub- 
ject generally, the above equation was abandoned in 
favour of a suitable assumption of the shape of a ship’s 
sides in the neighbourhood of the water-line, as stated in 


the paper. 





Omitting here a full discussion of the leading equation 
of equilibrium, I summarise below its various solutions 
by the well-known trigonometrical method :— 


A>0 tan @ = 1.633 4/2 eotan 2 x 
Tr 

OW perer pase 

tan =A/ tan? t = 0.5444 / 

x as an > aneee 
h=0 tan @ = 1.260 4, /X 
- 


a es se 
fh < 1.5 A/rX? tan 0=1.693 4/* cosec 2 x 
r 

ae es 

tan = A/a + wae nesea/— 

- " 2 sgh r X2 
“ec 8 /p x 
h<O0¢h=15 rXttandaL7asa/* = 2 /X 
ME r 


ital . 
h>1.5 A/rX?tan 0=1.633 ,/ sin 4 (w + ¢) 
e —_ 

sin ¢ = 1.837 r X? 

h3 





\ 


The usual metacentric rule would have defined an angle 
of rest as that given by 
x 


tan @ =<. 
h 


Independently of the fact that this rule fails completely 
in every case of indifferent or unstable vessels, whilst the 
method given in the paper affords areal solution for such 
cases also, it seems to be a matter of interest to investi- 
gate, by means of numerical examples, what differences 
of results are given by the two mi when applied to 
ordinar: la is, to ships having a positive meta- 
nt. 


centric height. 
Let 
r=16 ft. 4? in. h=3 ft. 33 in. X=3§ in.,* 


which data would be suitable for a ship having a good 
initial stability, we obtain 


by the proposed rule __ tan 0=0.098 
by the usual metacentric rule, tan 0=0.100 


And, scondly, let 
r=16 ft. 47 in. h=3{ in. X=1}§ in.,* 


which are suitable data for a ship having a small initial 
stability, we obtain 


by the proposed rule 0=12 deg. 34min. 6sec. 
by the usual metacentric rule, @=26 deg. 33 min. 54 sec, 


The simple comparison of the results obtained in each 
of the above numerical instances enables us to affirm 
that, while the usual metacentric rule proves quite satis- 
factory in connection with ships having a good or an 
ordinary amount of stability, it ceases to so, and 
becomes, on the contrary, quite fallacious, when applied 
to ships having but little stability. 

The whole of the foregoing discussion presupposes an 
alteration in weights to be made on board, so as to 
deflect the general centre of gravity sideways through 
a distance X. It now remains to investigate a par- 
ticular case, worthy of the utmost consideration—namely, 
where X = 0. The general equation of equilibrium then 

mies 


tan? 0+ 2” tan 0 = 0, 


which (when @ = 0, corresponding to the ship’s upright 
ati admits of two other symmetrical solutions given 
y 


y = + tan~! pee EP 
- 


which really exist in all cases of negative metacentric 
height, and only then. Now, to suppose the metacentric 
height as being negative means that the ship’s upright 
position is a position of unstable equilibrium, which, on a 
Lr eamaginctccs d cause, however slight it may be, coming into 

lay, would be automatically abandoned by the ship. 
Tho latter would then seek for another ition of rest, 
necessarily a stable one—say a position defined by either 
angle + y, according to the direction of the perturbating 
cause. ‘hen the formula 


y=ttan- ,/ gh 
Pa 


(which is meant to contain the absolute value of the nega- 
tive metacentric height) exhibits the angle of steady heel, 
or of self heel assumed by an unstable ship ; a steady heel, 
on whose existence, doubtless, both the experience of 
sailors, and the inspection of many curves of pet ge f 
have long since instructed naval architects, though the 
bare metacentric theory is dumb on the subject. I must 
state, however, that the above formula for the determi- 
nation of the a of steady heel in unstable ships is not 
mine: it was found out many years ago by Professor 
Mengoli, who, by comparing it with actual practical re- 
sults, was enabled to ascertain that the formula may be 
relied on. j se 

Initial instability may arise from the general distribu- 
tion of fixed weights on board, or from particular causes, 
as, for instance, from having a solid weight raised vertic- 
ally along a certain travel or freely suspended at a cer- 
tain height, or even freely movable along a certain curved 
surface, from having rd gr a portion of fluid cargo, 
from adding to the initial displacement a new amount 

* The lengths here given are the equivalents of round 
numbers in metric units. 
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of solid or fluid cargo, from causing the ship to suffer 
immersion by grounding, and so on. Everyone knows 
that in each and all these instances, whenever the sup- 
posed weight is sufficiently heavy, and whenever either 
the vertical travel, the height of either suspension or 
addition point, the curvature of the inner supporting 
surface, the moment of inertia of the inner liquid plane, 
the amount of immersion, or any other cause whatsoever 
be sufficiently great, the ship, although a stable, 
will be wove: A to a condition of instability, with a ten- 
dency to set herself at an angle of rest, which can by no 
means be determined by the usual metacentric rule. 
On the other hand, this angle of rest may be obtained 
from the above formula for self-heel, provided a meta- 
centric height other than r — Y be introduced—viz., a 
virtual metacentric height, taking into account single 
causes—e.g., we would introduce 
"= - pe 

supposing a weight p to be movable along an inner surface 
having a transverse radius of curvature p in a ship of 
displacement P. 

A secondary question, interesting in itself, and bear- 
ing upon our itivestigations, must now be solved—viz., 
wv will be the metacentric height h’ at the angle 
= steady heel ¥, which marks a stable position of the 
ship ? 

Su pose C, G, M (Fig. 2) are the respective positions 
for the centres of buoyancy, centre of i and meta- 
centre for a ship settled at a steady heel, we have 

h' =r'-a, 
where 
’ r* 1 @-y _a-htrtan?y 


f =.- = = 
cos’ cos Y cos 


v= tan-1./2 es: 
- 


a-r=h=(negative) metacentric height. 
Substituting, we get, after some algebraical work, 


w= 2n,/ 1 +2", 

, 
a formula which enables us to calculate the positive meta- 
centric height h’ at self-heel from the vertical negative 
metacentric height h. 

Take, for instance, an unstable ship having, when up- 
right, h = — Gin. with r = 8 ft. ; its index of stability, 
when at steady heel, will, according to the above formula, 
be h’ = +1 ft. Zin., the angle of steady heel being 


y = 1ldeg. 

The method explained above could be applied to give 
a satisfactory interpretation of the results of an inclining 
experiment, or even to solve the highly interesting ques- 
tion of the free access of water on board. In order not 
to extend this paper unduly, I shall only consider the 
question of unresisted rolling. 


II.—Uwnresistep ROLLING. 

For the equation of ere equilibrium during 
transverse unresisted oscillations of ships, the most 
general form is the well-known 

172 4M, =0, 

dt 
where I denotes the moment of inertia of the ship’s 
mass referred to the longitudinal axis through the ship’s 
centre of gravity ; Mg should denote the statical moment 
of the external forces applied to the whole ship during 
time ¢t, when inclined through an angle @ from the upright 
position. Calling, as in the foregoing part of this paper, 
x, y the co-ordinates of the point reached by the centre of 
buoyancy at the above inclination, and Y the vertical 
height of the centre of gravity above the initial centre of 
buoyancy, the moment Mg for a ship having a displace- 
ment P (supposing all effect of water resistance to be 
neglected) will be 

Mg = P(xcosé + ysin 6 — Y sin 6), 

If we once more consider the ship as a body having 
straight vertical sides, at least in the neighbourhood of 
the water-line, so that the above co-ordinates 2, y have 
the particular values : 


“=rtan9 = — 
=r y 5 


with 


r tan? 0 


(r being the metacentric radius of the given ship), the 
f uation of dynamical equilibrium will then 


snera! f d 
Coco after substitution, 
1?9@ + P(r—Y)sin@ + 1 Pr tan? sin 0 =0, 
de 2 
whence, putting : fons 
6 = sin? =tan@ andr -— ¥ = h = metacentric height, 
we may deduce the new equation— 


a 0 ae 
Top tPae+aPre - 0, 


which may be taken as the ground for vatignhy the 


unresisted rolling of ships in calm water. 


*It may be easily demonstrated that for every pris- 
matic floating body the metacentric radius at any angle 
0 is ; if r be the vertical metacentric radius. 

+I am well aware that those who are accustomed to 
the scrupulous care with which terms of a higher order 


are treated in astronomy or feodesy, before neglecting 
them, would hold as scarcely allowable the substitution 


6 = sin 0 = tan? 





I will omit the process of in tion of the above 
equation, which, after some algebraical work, would 
assume the form— 


0 
ale tS pee elec 
~ Wreeth VY PJ, V0-A0-#2)™ 
7 Oo? 

Tr 6,2 +4 h 
thus involving the use of elliptical functions. However, 
the only value of time, which can prove interesting to 
the naval architect, is the time 7 which the ship takes to 
come back from the extreme heeling 4) to the upright 
postion, for which @ = 0, and consequently also z = 0. 

herefore, neglecting higher functions, we shall consider 
only the time 


Zz Tf he dz ee 
Nr 2 + 4h V2). Jacma le 


the value of which, according to the rule given in text- 
books on mechanics dealing with pendulum oscillations, 
may be developed into a series as follows :— 

hea 


nas a Ve eae if 
Vr O2+4h Pz | 24 
+ (oc) # - (353) eae 
2.4 2.4.6 
or, after substituting for k? its value as above, 


T =... a - F{1-(4) r O° 
VrO2+4h ¥ PI 2) rOe2+4h 


om Oe ) e: 1. 

te ee + 4h e 
Calling T the period of a simple oscillation from right 

to left, and by _properly arranging our last formula, we 


get ; 
I O02 
T=27r=2" a/ ay 4 - 
T rm P.r (ve0) 2 
1 y 6,2 9 (3 ‘ ‘y 6,2 
(5 (ve) 2.47 | g244% |? 
Tr Tr 


O02 


ra224/I { (weet) : 


(; y; 9° \3 + (54) a. ) 
27 \ a244" aie (ovat Ae: Z| 
r r 


if by the letter J we denote the transverse moment of 
inertia of the water-line, a moment of inertia whose value 
is just equal to the product P.r. The reader may 


and its consequences. Although such a substitution is 
sometimes granted in other questions of naval architec- 
ture, I shall now proceed to prove by safer means the 
above formula for the rolling of ships. 

Remembering that after an inclination @ the centre of 
buoyancy will have travelled from its upright position to 
a point having co-ordinates— 


pd +2 (Px—Pi) +... 


= - 


T= 





a=l 
1! 
ay 
ye 21 
and putting again 
63 2 
31 +P cee 21 t+ oe 
the general equation of dynamical equilibrium 
re 
dt 
after substitution of the above values, and after neglect- 
ing all succeeding terms of an order higher than the third, 
would become 


0 
1 Oe +P {a -Y¥)0 + 2 (n,-- + ¥) 6} =0, 


p++ (3 pap) H+... 


sin 06 = @ — cos 0 = 1— 


+ P(xcos 0+ ysin 0d — Y¥ sin 0)=0 


which should be considered as the true equation of the 
rolling motion within a rate of exactness carried as far 
as the terms of the third order inclusive, no matter what 
the actual shape of a oer sides. Owing to the fact that 
in actual ships we should have, at least anproximately, 


Ps =3 pr, 
and putting again, in accordance with the usual nota- 
tion, 
a= r = metacentric radius 
acentric height, 


the above equation will become 
a6 f lig. p)\ 93) — 
Ia t P ihe + 5 (3r—h) 6; =0, 


r— Y=h=met- 


and finally, whenever the metacentric height is small 
enough to be negligible compared to the trebled meta- 
centric radius, the equation will change into 


0 1 
, ead St ee 63 
de + 3 Pr =0 


as already obtained in the paper by a much quicker 
process. 








perhaps be struck by the elegance of the last expression 
on account of an explicit dependence being- thereby 
established between the rolling period from the (mass) 
moment of inertia I of the hull and the (surface) moment 
of inertia J of the water-line—a dependence which seems 


to be noteworthy. 
(Zo be continued.) 








FATAL EXPLOSION OF A LOCOMOTIVE 
BOILER. 

A FORMAL investigation has been conducted by the 
Board of Trade, at the Town Hall, Llanelly, with regard 
to the circumstances and cause of the explosion of a loco- 
motive boiler which occurred on September 29, at the 
South Wales Pottery Works, owned by Messrs. Guest and 
nae the locomotive being the property of Messrs. 
Nevill, Druce, and Co., colliery proprietors, Llanelly. 
The explosion was of a very severe character, the driver 
and stoker both being killed, and portions of the boiler 
being subsequently found at a distance of nearly 100 
yards. The locomotive was standing opposite a building 
in one of the principal streets of the town when the ex- 

losion occurred, and it was fortunate that no greater 
oss of life resulted. There were several very fortunate 
escapes from nal injury through the flying fragments. 

The Board of Trade investigation was conducted by 
Mr. Howard Smith, barrister-at-law, the assisting Com- 
missioner being Mr. J. H. Hallett, C.E. Mr. Vaux 
appeared for the Board of Trade, Mr. W. W. Brodie for 

essrs. Nevill, Druce, and Co., owners of the engine, and 
Messrs. Randell and Saunders for the relatives of the 
deceased men. 

In opening the proceedings, Mr. Vaux gave a full 
description of the locomotive, which, he stated, was known 
as the Swallow, and was made in 1873—or 30 years ago. 
Messrs. Nevill, Druce, and Co. purchased it from the 
Griff Colliery Company, of Nuneaton, some ten years 
ago, and on several occasions repairs had been made. 
At the time of the explosion the engine was engaged in 
hauling trucks in the pottery yard. Mr. Stephens, 
engineer-surveyor to the Boaed of Trade, had made an 
examination of the boiler after the explosion, and found 
that the plates were badly pitted. Full particulars would 
be given in evidence by Mr. Stephens. 

he following is a brief summary of the evidence of 
some of the witnesses :— 

Mr. H. Lambert, managing director of the firm of 
Messrs. Hudswell, Clarke, and Co., locomotive builders, 
Leeds, who originally supplied the engine to Mr. C. D. 
Phillips, of Newport, Mon., said that his firm overhauled 
it in 1882, and it was then sent to the Griff Colliery Com- 
pany’s works at Nuneaton. A water test of 200 tb. and 
a steam test of 150 1b. were applied before it was sent 
away. The boiler was built for a pressure of about 
130 ib. or 140 1b., and the usual working pressure would 
be about 120 lb. on the square inch. 

Mr. Andrew Mawbey, engineer to the Griff Colliery 
Company, stated that the Swallow had worked there 
for twenty years. He inspected it before it was purchased 
in 1882, and they bought it from Mr. Phillips, machinery 
dealer, Newport, through Messrs. Hudswell, Clarke, and 
Co. It was too light for the work at Griff Colliery, and 
was ultimately sold to Messrs. Nevill, Druce, and Co. 
He did not remember that the boiler was patched when 
he examined it, and there were no repairs made to it for 
many years; but about 1888 and 1894 it was re-tubed, six 
years being about the life of tubes. Messrs. Bognall, of 
Stafford, did the re-tubing and other repairs in 1894. The 
working pressure was 120 lb. During the time they 
had the engine no internal examination was made of 
the boiler. i do ye hee would have been neces- 
sary practically to pull the engine to pieces, and re- 
build it. When Mr. Bowen, th its corer from 
Messrs. Nevill, Druce, and Co., came to inspect the 
engine before purchase, nothing was said as to the state 
of the boiler; the engine was there for him to see, and 
it was for him to be satisfied as to its condition. He did 
not think that anything was said as to the thickness of 
the plates. 

By Mr. Vaux: He was satisfied in his own mind that 
the boiler was fit for 110 lb. working pressure, but he did 
not know the exact thickness of the plates except from 
his outside measurements. : 

In further evidence Mr. Mawbey said that the engine 
was sold in December, 1901, to Messrs. Williams, of 
rh hi who purchased it for Messrs. Nevill, Druce, 
and Co. 

By Mr. Brodie: He could not account for the pitting ; 
they generally used surface water, but in dry weather 
they resorted to pit-water, which was not always free 
from impurities. They had had, to his knowledge, no 
analysis of the water, and nothing was done to correct 
any acid properties, if they existed. He thought that 
rain-water would have been softer and better, and would 
not have led to pitting of the plates. He saw nothing 
to cause any anxiety as to the condition of the boiler. 

By Mr. Brodie : He was quite sure he did not tell Messrs. 
Nevill, Druce, and Co.’s representative that the plates 
were # in. thick, and could not recollect ecomneine the 
boiler as being in good working order. Although he had 
noticed the pitting, he had not tested the boiler by 
hydraulic pressure. The boiler was under his charge 
from 1882 up to December, 1901, but he never made a 
thorough examination of it during the whole of that 


riod, 
a Mr. Hallett: He could not say whether a boiler 
could be kept in proper condition without examinations 
being made. 

Mr. R. A. Nevill, manager to the firm of Messrs. 
Nevill, Druce, and Go., Llanelly, spoke to the engine 
Swallow being purchased by his firm in December, 
1901. He sent Mr. Bowen, their foreman mechanic, to 
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eee 
Tyneaton, where it was lying, to examine it, with in- 
Sone to satis*y himse’ F that the boiler and engine 
generally were Sr a condition ; and on his report the 
purchase was e. His firm had nine locomotives, 
which they used for hauling traffic from various points on 
their railway. Mr. Bowen had been in their employ for 
sixty years, Starting as a boy in the blacksmith’s shop. 
Witness conside him an expert in locomotives and a 
careful man. The water used for the boiler was also 
used for drinking pu s, and was good. 

By Mr. Brodie: Mr. Bowen made a report on the 
boiler based on his own examination and on information 
received. He made no statement as to the pitting. 
Witness’s firm bought their first locomotive in 1859, and 
Mr. Bowen was there then. Mr. Bowen received 2/. 5s. 

+ week, which was continued if he was ill or away 
from the works; he had over twenty men under him, and 
his duty was to look after the machinery, with full and 
absolute control of the men. He not only bought all 
their engines, but also built some for the firm. There 
was no regular period of ger ge 4 the boilers, but Mr. 
Bowen attended to them, and they were washed out 
every fortnight. He relied on Mr. Bowen’s reports and 
never doubted their trustworthiness. He, himself, as an 
engineer, was but an amateur. He thought Mr. Bowen 
was justified in relying on statements which he said were 
made by some one at the Griff Colliery as to the boiler 
being in good condition, and the plates g in. thick. 

The Commissioners then proceeded to the house of Mr. 
Bowen, who was confined there by illness, to take his 
evidence. Mr. Bowen had, he stated, been foreman of 
mechanics at the works of Messrs. Nevill, Druce, and 


Co. for thirty years, and had been, in all, sixty years in ! 





their employ. He had not seen anything to lead him to 
think the boiler was not satisfactory. When he went 
to see the engine in the first instance at the Griff Col- 
lieries, Mr. Mawbey told him that the plates of the 
boiler were 3 in. thick. He took the firm’s word, and did 
not make an examination, as it would have involved 
taking the engine to pieces, and this would have been an 
expensive matter. Externally it seemed in good condi- 
tion, and after it was bought it worked all right. He 
was much surprised after the explosion to find the plates 
so severely pitted, and this pitting was certainly not 
caused while the boiler was at Llanelly, because the water 
there was very good. He had not had any experience 
with regard to the corrosive pe of boiler-plates. 

After further evidence of a somewhat unimportant 
character, Mr. David Stephens, engineer-surveyor to the 
Board of Trade, laid before the Court a report on the 
boiler, which he had examined after the explosion. There 
was extensive grooving and pitting of the plates, and this 
had apparently existed for a considerable time. This 
pitting was not unusual in such boilers, and the use of 
good water would not prevent the grooving, though bad 
water would lead to the plates going much sooner. The 
Board of 'I'rade rules for boilers were very stringent. 
The hydraulic test was very nécessary and important. 
The boiler was in a highly defective state, and might 
have gone off any time when the pressure exceeded 80 lb. 

By Mr. Brodie: Witness had examined another boiler 
belonging to Messrs. Nevill, Druce, and Co., which was 
stated to be older than the one which had exploded, and 
the condition of the plates was perfect. prejudice 
certainly existed against the hydraulic test, but why he 
did not know; but with many firms it certainly was not 
usual to apply that test. ‘The persons who sold the 
boiler to Messrs. Nevill, Druce, and Co. should have told 
them everything asto its condition, and it would have 

n right to have also told them that pit water had 
been used for the-feed. ‘ 

By Mr. Vaux : The explosion was due to the weakness 
As plates of the boiler through the corrosion and 

ving. 

By Mr. Howard Smith : It would not be wise to recom- 
mend a firm to buy a locomotive without having the 
boiler thoroughly examined. 

This concluded the taking of evidence, and Mr. Brodie 


| Nevill, Druce, and Co. Mr. Bowen had been, as had been 
stated, sixty years with the firm, and had done his work 
| without any complaint. The cost of taking the engine to 
| pieces for examination would have been about 50/. or 55/., 
j}and he asked the Court to take a correct view as to the 
| statements respecting the condition of the boiler, which 
|had been made to Mr. Bowen, and which led to the oi 
| chase of the engine. Some statements had certainly been 
| made to him by someone in authority ; and while he had 
| taken every precaution, short of taking the boiler to pieces, 
| it was usual to rely somewhat on such statements when 
| buying a boiler. r. Bowen had done all that he could 
| reasonably do, and all that could be expected of him, and 
'had not shirked any question put by the Board of Trade, 
| even though, perhaps, against himself. 
| Mr. Howard Smith remarked that personally he was of 
opinion that Mr. Bowen would be one of the very last 
| men to shirk anything, but the Court had to look at him 
|as an engineer. Should an eta be made to acquit 
| him of blame owing to the want of knowledge, then the 
| question arose, What was his position in the matter as an 
| engineer ? f 

r. Brodie ventured to point out that in the case of 
an accident of this kind it was easy to be wise after the 
event, and even competent experts in charge of boilers 
were liable to mistakes and severe criticism. If the 
standard laid down by Mr. Stephens were to be followed, 
it would lead to eaten all the commercial undertakings 


in the country being stopped. f : 

Mr. Howard Smith, in giving judgment, detailed with 
great minuteness the evidence that had been given; and 
with regard to the stated thickness of the plates of the 
barrel, 3 





e pointed out that the testimony of Mr. Nevill, 


on which the Court placed ee reliance, confirmed 
that given by Mr. Bowen. Mr. Mawbey, however, denied 
that such statements were made, and his denial was most 
emphatic. The Court considered that the balance was in 
favour of Mr. Bowen, and that the information was given 
by some person apparently in authority, and it was upon 
Mr. Bowen’s subsequent report that the engine was pur- 
chased. With regard to the explosion, which the Com- 
missioner said was of a most violent character, the 
of Trade surveyor had stated in his report ‘that rupture 
started at the top of a longitudinal seam in the centre 
ring of the podtens This ring and the one nearest the 
smoke-box were completely torn out and thrown on one 
side. (The illustration given herewith shows the boiler 
after the explosion, with the portion of the barrel torn 
away, and is from a photograph by Mr. M. W. James, 
Stepney-street, Llanelly.) Many of the -internal tubes 
were bent and broken, and the engine frame was dis- 
torted. At the point of rupture Mr. Stephens found 
extensive grooving as well as pitting, the remaining 
thickness of the metal being only ¥; in., while at the laps 
it was still in. The patting eppesesd to be of old stand- 
ing, and due to the use of feed-water. The rupture 
was under an old patch by the longitudinal seam, and 
some studs used in putting this patch on had also some- 
what weakened the plate and contributed to its failure. 
If the boiler had been tested by hydraulic pressure to 
one-and-a-half the working point, the great weakness of 
the plate would, in the opinion of Mr. Stephens, have 
been revealed. The Commissioners, having themselves 
madea careful examination of the boiler, agreed with the 
evidence Mr. Stephens had given. In consequence they 
found that the explosion was due to grooving of the plat- 
ing of the barrel at a longitudinal seam, which had also 
been weakened by the excessive pitting referred to, and 
that the boiler was not fit for the working pressure to 
which it was subjected—viz., 80 lb. on the square inch. 
Replying to various questions submitted by the Board 
of Trade solicitor, Mr. Howard Smith said that Mr. R. A. 
Nevill and Mr. Bowen had not caused the boiler to be 
examined by a competent person, and had not taken 
roper measures to ascertain the safe working pressure. 
The management of the boiler was not entrusted to com- 
petent persons, and the repairs had not been properl 


rd | 5£701., this being about 


tion to be made, and it would then have been seen that 
at that part the barrel was extensively wasted. No 
water test had been made, as it should have been. 
ee measures had not been taken by Mr. R. A. Nevill 
or Mr. Bowen to ensure that the boiler was worked under 
safe conditions. The explosion was not caused by the 
direct neglect of Mr. Nevill, since the only neglect that 
could be urged against him was that he continued the 
pg of incompetent persons to have charge of 
the boiler. Mr. Bowen was, no doubt, a good mechanic, 
and had been for 60 years in the firm’s employ, so that 
Mr. Nevill was probably justified in considering that his 
appointment as foreman mechanic by his predecessors 
in the management was a wise one. . Bowen 
had built some locomotives, and was regarded as an 
expert, so that the Court could not blame Mr. Nevill 
personally for the explosion, In their judgment the 
explosion was cau by the neglect of Mr. Bowen, 
who, it had been admitted, was in the position of 
superintendent engineer, with boilers, engines, and machi- 
nery under his charge. The Court did not consider him 
competent for that position, but pret to regard him 
as a foreman mechanic of skill and experience in less im- 
portant duties. He was undoubtedly a most respectable 
and honest man, but he had erred. in several iculars. 
Firstly, he should have thoroughly examined the boiler 
fore purch and considering its age, which he knew, 
he should have had the lagging removed, when he would 
have seen the old patch, and from this he would have 
known, or ought to have known, that the barrel required 
examination, which it was his duty to make. He should 
not have so readily accepted statements as to the plates 
being in. thick, jand the pressure 100 1b., for he had 
been sent to the Griff Colliery to satisfy himself as to the 
condition of the boiler by personal examination. If he 
was simply to receive the statements of others, there was 
no occasion to go, as all could have been done by writing. 
Then, in, he was to blame for working the boiler 
without efficient examination, and for fixing a working 
pressure of 80 lb. or 90 Ib. without having satisfied him- 
self that the whole of the boiler was fit to resist it. He 
had neglected his duty in regard to the patches and in 
not applying the water test. It had been pleaded in Mr. 
Bowen’s favour (and he himself pepe it) that he did not 
know it was his duty to test the boiler by hydraulic pres- 
sure; but the Court could not understand any man 
in his position being ignorant of the fact that when 
riveted work, such as patching, had been executed, 
its efficiency should be tested by water before re-starting 
work. . That was familiar to every mechanic and fitter of 
any experience. It had been urged on Mr. Bowen’s 
behalf that the Llanelly water was and that no 
corrosive pitting was found in the other boilers worked 
by the firm, so that his suspicions were lulled to 
rest, That may have been so; but if on several occasions, 
when oe were be on, the water test had been 
spe , the existing defects would have been discovered. 
e had never used the water test, and no accident having 
occurred Yam this had, perhaps, made him neg- 
lectful. Ignorance was no excuse, and the Court could 
not accept it; and therefore they found that the explo- 
sion was caused by the neglect of Mr. Bowen, and for 
this neglect his employers—Messrs. Nevill, Druce, and 
Co.—must, according to invariable practice, be declared 
responsible. 
Mr. Vaux asked the Court for an order against Messrs. 
Nevill, Druce, and Co, to pay a portion of the costs of that 
investigation. The total costs amounted to about 140/., 
great expense having to be incurred, and several wit- 
nesses having come from distant places. 
Mr. Brodie, on behalf of Messrs. Nevill, Druce, and Co., 
pleaded that the order against his clients, if inflicted at 
all, should be of the least ible amount. 
Mr. Howard Smith said the order the Court would 
make would be lenient, and this was that Messrs. Nevill, 
Druce, and Co. should pay to the Board of Trade the sum 
} alf the total costs of the inves- 
tigation. Referring again to Mr. Bowen, Mr. Howard 
Smith said his evidence had been most fairly given at a 
time of suffering and — weakness. It was impos- 
sible to acquit him of negligence, for he had certainly 
been careless ; but the Court wished to express sympathy 
with him in his illness, and trusted that he would not 
— this matter to affect him or take it too much to 
eart, 
The inquiry, which had been of a most protracted 
character, then terminated. 





Tue Surz CanaL.—The transit revenue collected by the 
Suez Canal Company in the first four months of this year 
was 1,537,256/., as compared with 1,363,939/, in the corres- 
ponding period of 1903, and 1,461,052/. in the correspond- 
ing period of 1902. The number of vessels which ge 
through the Canal to April 30 of this year was 1422, as 
compared with 1263 in the first four months of 1903, and 
1339 in the first four months of 1902. 


Mexican Rattway Company.—Mr. A. M. Rendel, 
engineer of the Mexican Railway Company, Limited, 
reports that of seventy-two engines upon the company’s 
lines, sixty-three are in running order, but that great 
difficulty is experienced when the traffic is heavy in 
maintaining a satisfactory freight service, and that the 
stock is being over-worked, with the usual consequences. 
Of the carriage stock sixty-two vehicles out of seventy- 
five are in running order, and of the wagon stock 906 are 
in running order out of 950. A timber pier at Vera Cruz 
has been strengthened by fifty new piles. The sea worm in 
Mexican waters only attacks timber between high and 
low-water mark, and it is considered probable that the 
piles may be protected by a coating of concrete round the 








executed. When cracks were detected, the original patch 





dressed the Court at some length on behalf of Messrs. 


should have been removed to enable a thorough examina- 


parts threatened. Experiments are now being made 
upon the subject. 
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FAN POWER FOR THE CUPOLA.* 
By Tuos. D. West. 

RECENT experience in installing a large new fan, and 
power to run it, has impressed the writer with the impor- 
tance of a more definite basis for purchasing the necessary 
power to run foundry fans. The fan, which, by the way, 
is a very good one, was purchased to blow a cupo. 
66 in. inside lining. The power required was given as 
45 horse-power, but in order to have asurplus we obtained 
a 75 horse-power motor. In starting to use the fan all 
connected to the cupola, we found it required 92 horse- 
power to give 1735 revolutions, which was within 300 
revolutions of what the fan should run to give its greatest 
volume of blast. Being afraid of burning out our motor, 
we at once wrote to the fan people and had a man come 
to investigate the difficulty. He started by stating that 
a fan required the greatest power when its gate was 
closed, and criticised points in our piping, which we were 
unable to have different at that time, and of which not a 
word was written the fan people when we were 
making inquiries of them as to the power required. We 
held the position that the motor power was entirely too 
light for the fan, no matter how the blast-pipes were 
arranged, and asked him to take a test with the fan 
outlet free of all piping and wide open, as we did not 
agree with his claim that a closed outlet required the 
greatest power. This test, which we ran with 1400 
revolutions, took about 115 horse-power. 

The expert, thinking to evade the issue, offered to re- 
place the 75-horse-power electric motor with a 50-horse- 
power steam-engine, and guarantee it to do the work, if 
we would furnish the steam ; but knowing by the current 
record accurately what power we were using every minute 
(something we could not readily test ourselves with steam 
power), we, of course, ignored such a proposal. 

Since there is now no accepted standard of eee to 
run fans, I hold that the buyer or user should know the 
power required to run his fan when the outlet is open 
and = Bae This is the greatest and least power that can 
ever be demanded, as can be seen by tests Nos. 9 and 10, 
Table I., and is the only intelligent basis upon which to 
compile tables. 

When a fan or blower leaves the manufacturer’s shops, 
it may go toa plant where conditions as to length and 
shape of piping, distance of cupola, character of tuyeres, 
difference in charging of iron and fuel, also their character, 
will vary greatly from the conditions at any place to 
which its duplicate may be shipped ; and thus the exact 
power required will be different in every case. If one 
writes to-day for information on the efficiency of fans, he 
will likely receive tables showing that certain revolutions 
will give a certain volume and pressure, and these latter 
will bring down so much iron per hour, but not a line 
about the horse-power required. Should results not tally 
with what the tables call for, when you get your fan at 
work, and you write a complaint, you may receive a con- 
fusing letter in support Hf the fan-tables, and claiming 
that you have something very unusual in your practice. 
Be this as it may, you are in trouble that could have 
been avoided had you the base for a standard herein 
su p—. 

f we can know the maximum power that is likely 
ever to be used, as in the case of an accident rupturing 
the pipe adjoining the fan, and‘also know the least power 
required, as in the case where tuyeres are badly bunged 
up, or the fan-wheels are ae the air, as in test No. 10, 
Table I., we have two positive factors for a standard that 
can be definitely and satisfactorily used at the maker’s 
and buyer’s shops alike ; and this without considering 
or including a lot of variables that cannot offer anything 
conclusive and only give cause for contention over condi- 
tions that are never alike in any two shops. 

The power that is required in the every-day use of a fan 
or blower will vary greatly from that required to run 
them with open and closed outlets. Some fans can be 
found 100 ft. to 200 ft. away from their cupola, and as full 
of bends as a ram’s horn, while others will be within a 
few feet of their cupola, with few, if any, bends in the 
piping. Of course, the shorter the piping and the fewer 
the bends the less power required to drive the fan or 
blower, and the better the service rendered. As as ex- 
ample, we reduced the load on our fan-motor about 20 
horse-power by moving our fan 15 ft. nearer to our 
cupola and dispensing with two curved elbows as soon as 
conditions permitted the change. This is only one of the 
many conditions that vary and that call for a great 
difference in the actual power required between what a 
fan will need to run with open and closed outlet. 

Some manufacturers of fans and blowers will no doubt 
object to stating the power necessary to run them open, 
on the ground that this calls for more power than will 
be used. This is true in most cases, but it should 
not prevent them publishing such data at different speeds 
for a base to figure from. 

As suggestions for rules to provide sufficient power for 


actual every day practice from the base of power required * 


to run a fan open and closed, I.would subtract the power 

required to run a fan closed from that required to run it 

open at any desired speed. For example, we present the 
following from tests Nos. 9 and 10, Table I. :— 

_ with speed 1800 

r.p.m. and open outlet —... a 

Minimum power with speed 1800 

r.p.m. and gate closed ake a 


Maximum 
144.6 h.-p. 


37.2 ,, 


Maximum power required in actual 
practice—speed, 1800 r.1 .~n. nic 
A second rule would be to provide a power equal to 
75 per cent. of the maximum load with open outlet at 


* Paper read before the Pittsburgh Foundrymen’s 
Association, March 7, 1904. 





any desired speed as follows :—144.6 — 36.15=108.45. One 
rule gives us 107.4 horse-power, while the other gives 
108.45 horse-power—a difference of about one horse-power. 
These are rules which could greatly improve present 
ig and such as the buyer po test as well as the 
maker. 

Users of steam-power connected with other machinery 
than their fan rarely know what power their fan is using. 
If the boiler or engine is found overloaded, the excess over 
calculations is generally charged to other tools, as the fan 
people had stated the exact power required. Of course 
there is a way to indicate the steam-power used, but the 
inconvenience, and often expense, of such tests prevents 
many from having this done. 

7 the use of electricity one can readily detach 
machinery other than the fan to find at any moment just 
the power it requires. This modern method demands 
most exact knowledge of the actual power a fan requires. 
Had we shut our eyes to the amperes recorded, or placed 
full confidence in the instruction of our fan-maker, we 
could have ruined an expensive motor in short order and 
shut down our works for many weeks to wait for a new 
motor, all at a cost of hundreds of dollars, besides loss of 
customers. 

The foundry business, by the aid of foundry literature, 
is coming more and more to scientific lines, and we should 
possess a knowledge of the principles involved in the 
supplies we purchase, as well as of the manipulations on 
the floor and in the cupola. 

TABLE I.—Power and Pressure Test of Fan Blast, taken 
January 23, 1904, 


| 





No of Test. - Time. R.P.M. 





1800 
1800 
1800 
1800 
1800 
1800 
1809 


8 
d 
6 


oo DAIS Crm COD 


5.30 ,, 
Open outlet 
10 Closed outlet 


1800 
Bottom droppe 
1800 | 144 


37.2 | 





1300 | 


Blast-Pressure Gauges.—There are few things for use 
in a foundry that are more deceptive, if not thoroughly 
understood, than blast-pressure gauges. his is owing 
chiefly to the fact that any increase in the power to 
run a fan will not always produce like increase in blast 
pressure, as is seen by a study of Table I. Here we find 
that with the exercise of the greatest power or blast 
volume we have the lowest. pressure, and with the least 
power and creation of volume the highest pressure, thus 
giving us results in pressure the opposite of what we 
should expect from the increase o' wer. In other 
words, pressure is often more due to resistance of delivery 
than to the power used to create the volume. This 
seeming inconsistency is due to friction in the pipes and 
conditions of the stock in the cupola, especially that 
fronting the tuyeres. To demonstrate this was one reason 
for the tests shown in TableI. These, it will be observed, 
were obtained by maintaining a constant speed and 
making the power to run the fan the variable. 

In aes a blast-pressure gauge, the pipe which first 
receives the impetus force of the moving blast should be 
placed at a point where the blast strikes with the most 
direct force, as at some turn, instead of the straight pipe, 
where there is a more rapid moving action. A good plan 
is to insert a curved pipe in the main pipe, with its 
opening in a direct line with the main pipe or moving air, 
so as to have its force exerted squarely against the 
opening of the pipe which leads to the pressure gauge. 

Test No. 1 was taken after the sand bottom was put in, 
and with no fuel in the cupola, so as to leave free play 
for the blast through the cupola tuyeres. Here we sod 
the freest liberation for volume of blast that is ible 
outside of disconnecting the pipes from the fan’s outlet 
and blowing into the open air. In this test the fan 
requires 120.5 horse-power, and we get but five ounces of 


ressure. 

Test No. 2 was taken after the kindling and coke for 
the bed had been fired. We ran but a few minutes, for 
fear of blowing out the fire. Here, owing to the tuyeres 
being checked to a greater or less degree by coke, we find 
the pressure increased to 10 oz. 

Test No. 3 was taken about five minutes after starting 
the blast to melt down the iron, and gave a pressure of 
11 ounces. 

Tests Nos. 4 and 5 give us the highest pressure obtained 
during the heat, and the only way we can explain the 
lower pressure further on is that after the fifth test the 
tuyeres must have burned out and become freer, or it may 
be that the iron was larger or not cha so close as 
when the men were fresh at the beginning of the heat. 
This irregularity in tuyere freedom appears in all long 

ts. 


ea 

Test No. 9 was taken next morning by removing all 
piping from the fan outlet. Here we find 144.6 horse- 
power being required as against 37.2 when the gates were 
cl after connecting the pipes—a difference of 107.4 
horse-power. This shows the great difference required in 
anda between forcing blast into the open air and against 

unged tuyeres. Many have sup that the more the 
tuyeres were bunged up the greater the power required to 
drive a fan. The reverse is the case. 

Test No. 10 is also interesting in showing the greatest 
blast pressure the fan is capable of producing—when it 
merely revolves to cut the air. The tests of Table I. give 
much that should be of value to all interested in blast 
production. 

It is not to be taken from what has been stated that we 
wish to advocate the abandoning of the blast-pressure 





gauge; it is valuable as a comparative index of the 
pressure different fans and blowers can create under like 
conditions. It is useful to indicate at the commence. 
ment of a heat if we are starting off with a pressure that 
experience with any particular fuel or conditions hag 
proved best for use, and later, at any period of a test, 
what volume of air is being delivered into a cupola, 
posting we use a speed-indicator to observe the revo. 
ution of our motors or fans. 

I wish to emphasise the importance of such a tool, as 
by its use we can tell better what volume the fan should 
deliver into the cupola providing there were no obstruc- 
tion. What effect this obstruction has produced, as in 
the case of bunged tuyeres, we can fairly judge by the 
pressure gauge, and thus be better able to decide whether 
it is the want of blast or some other factor that prevents 
our obtaining the expected speed in melting. 

The Question of Blast Volwme.—It is said to require 
about 33,000 cubic feet of air to melt 2000 1b. of iron 
in ordinary cupola practice. The more evenly this air is 
distributed throughout the fuel in a cupola, the better 
economy and speed in melting. While combustion only 
demands volume of blast, we are compelled to utilise 

ressure in order to force the air into a cupola. It would 
better if we could dispense with pressure entirely ; 
but when we consider that the volume of air necessary 
to melt a ton of iron weighs about 2851 lb. at 0 deg. 
Fahr., which is much the temperature we have in winter, 
and about 2419 lb. at 82 deg. Fahr. in hot weather, we 
more fully realise the necessity of pressure to drive air 
into a cupola, : ; 

The greatest pressure a fan gives us is about one pound 
per square inch, whereas in blast-furnaces we find 10 Ib. 
to 30 lb. pressure per square inch being used. When we 
consider that the bottom stock in a furnace which is so 
pliable or plastic through heat as to pack closely, has a 
weight of 200 or more tons of stock—generally no coarser 
than coke, the ore often being as fine as moulding sand 
—bearing down upon it, we can appreciate why a furnace 
om such a high pressure. 

n a cupola we have pig iron and scrap to take the 
place of fine ore in a furnace, and instead of stock ranging 
from 60 ft. to 80 ft. high, as in furnaces, we rarely exceed 
10 ft., thus again showing us why there should be such a 
great difference in the pressure required between furnace 
and cupola practice. 

We have stated that pressure could be dispensed with, 
and that it is volume that is really wanted; but as we 
cannot obtain the latter without utilising the former, we 
should look sharply to it that we get all the pressure 
necessary to force the volume into our cupola; and the 
more the air is driven to the centre to give uniform dis- 
tribution of blast the better. While our present makes 
of fans and blowers will give but about 1 lb. pressure and 
then cut the air, we can by close charging, having large 
tuyere area, and keeping tuyeres open, greatly assist the 
blast to penetrate more to the centre than is otherwise 
possible. With a small cupola this is not difficult, but 
with those above 60 in. inside diameter a ‘‘centre blast 
tuyere” is very beneficial, as we have found by using one 
for eight years past in our foundry. 

This paper would be ineseagiate if we ignored the 
relation of blast to different densities of fuel. As a rule, 
the more dense or solid the fuel the greater volume and 
pressure required. Asan example, 48-hour, or soft, fur- 
nace coke is best blown with one-fourth to one-third less 
blast than 72-hour, or a solid, hard foundry coke. The 
evils of blowing any fuel with a stronger blast than is 
required lie in a destruction of fuel, oar lining, creation 
of foaming slag, and early bunging-up of the tuyeres. 

More depends on using the proper volume and force of 
blast to suit the different densities of fuel, in aiding 
successful melting, especially in long heats, than many 
realise. It is a feature of cupola practice that should be 
well studied until one finds. what is best in his own 
particular cupola. Full prepara, on these points, and 
watching them carefully at every heat, will tend greatly 
to good melting and full clean-bottom drops in cupola 
practice. 








BritIsH Coat IN France.—The quantity of British coal 
imported into Bordeaux in February was 52,150 tons, as 
compared with 78,960 tons in February, 1903; at Mar- 
seilles, 71,305 tons, as compared with 73,497 tons; at 
Algiers, 21,975 tons, as compared with 25,703 tons; at 
Havre, 56,352 tons, as compared with 48,581 tons; at 
Caen, 30,203 tons, as compared with 28,906 tons; at Rouen, 
64,895 tons, as compared with 52,378 tons; and at St. 
Nazaire, 44,771 tons, as compared with 60,789 tons. 
British coal is also imported, although upon a smaller 
scale, into Boulogne, Calais, Dunkirk, Dieppe, Fécamp, 
Trouville, Nantes, Charente, St. Malo, Brest, Rocheforé, 
La Rochelle, Bayonne, Oran, Tunis, &c. 


LAKE TEMISKAMING.—Argentiferous galena has been re- 
discovered on the east side of Lake Temiskaming. It was 
originally found by some early Jesuit missionaries, but its 
existence was forgotten. Mr. E. Wright, of Ottawa, 
took the matter up, but not much a has been made 
in working the galena at present. A little further north, 
on the Quinze, which is really the Ottawa river, some 

s of magnetic ore were discovered 50 years since by the 
Geological Survey of Canada. Up the Riviére Blanche, 
which flows into e Temiskaming from the north, some 
discoveries of hematite were made last year, but they 
have not been turned to any practical account at present. 
On the west, or Ontario, side of the lake some promsin 
discoveries of silver nickel ores have been made, an 
arsenical pyrites has also been met with. This ore runs 
high in cobalt. A considerable area of land on both sides 
of Luke Temiskaming is occupied by what is believed to 
be silurian limestone. 
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ELECTRICAL APPARATUS. 


1848. E. S. Seymour, Stretford, Manchester, and 
E. A. Claremont, Old Trafford, Manchester. Cover- 
ing Electric Cables. (3 Figs.) January 25, 1904.—In what 
is known as a lapping-machine for winding strips of paper or other 
covering on electric conductors it is desirable that the tension on 
the strip as it unfolds from the bobbin and is enwrapped on the 
conductor should be capable of regulation, and when regulated 
should remain constant ; but in machines as at present constructed 
the tension is calculated to change. According to this invention 
the tension, when once regulated, will keep constant. For this 
purpose the lapping machine is constructed with a roller capable 
of rotation on a spindle supported by the frame carrying the 
bobbin. The roller and bobbin spindles are parallel, and are so 








Fig.t. 
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laced that the plane or planes of rotation coincide. A is the 

ollow spindle of a lapping machine through which es the 
conductor B to be covered. C is a bracket clipped to the hollow 
spindle A and carrying an adjustable bracket D, to which is fixed 
the bobbin spindle E and roller spindle F, G being the bobbin and 
H the roller. J is a balance-weight fixed to the bracket C. The 
strip of covering L is wound on the bobbin G, and, before reaching 
the conductor to be covered, it is passed over (in its full width) 
the roller H, which revolves on the spindle F, There is attached 
an adjustable brake, consisting of felt washers P, a metal washer 
Q, a spring M, anda nut N. By the above means the tension on 
the strip of covering can be regulated, and when regulated remain 
constant, the tension depending on the roller H, and not on the 
bobbin G. (Sealed May 17, 1904.) 


11,088. Guest, Keen, and Nettlefolds, Limited, 
Smethwick, Staffs, and C. Wakeman, Jun., 8 
Heath. Electric Arc Lamps. [3 Figs.) May 15, 1903.— 
This invention relates to electric arc lamps of the kind in 
which the upper carbon is carried by a soft iron rod arranged and 
working in a solenoid of copper wire through which the main 
current passes, the said solenoid having wound around it a shunt 
coil of fine wire, and the invention consists in constructing the 
main and shunt coils in the manner hereinafter described, 
whereby an electrical control of the carbons is obtained and the 
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aevel 18 more efficient than in electric arc lamps of the ordi- 
the, construction. a@ is the tubular core of the solenoid in which 
ot iron rod } of the upper carbon carrier ¢ of the lamp is 
ea 4 The wire forming the main coil d is wound on the core a 
aan 4 Way that the coil has a varying diameter, the diamet 
the Siac being greatest and diminishing towards the middle, 
ot anife ‘Ve part for about one-half the length of the coil bein 
. 5 vitedaie practically uniform diameter. Over the main coil 
on Ay rical sleeve is placed so as to form a foundation or 
port for the shunt coil, the lower part or half of which has 





ferably more layers of wire than has the upper part or half, 
By the construction described the ends or poles of the solenoid 
are grevtly strengthened, and the efficiency thereof consequently 
increased. (Sealed May 17, 1904.) 


Dynamo-Electric 
Machin: Figs.) December 1, 1908.—According to this 
invention, which has for object to produce by simple means an 
efficient circulation and consequent cooling of electrical machines, 
passages are provided for conducting the air to the outer peri- 
phery of the stator, slots being provided in the stator by means 
of which the air conducted to the periphery of the stator can be 
led into the stator, then through the stator in the direction of 
its periphery, and finally led back to the periphery of the stator, 
whence it escapes from the same. As indicated by the arrows, 








the air is drawn in at the ends near the bearings, and is conveyed 
into the casing 3 by the vanes 2 provided on the rotor 1. At 7 
is a space provided between the stator 4 and the casing. The air 
is forced through the space 7 into and through the slots 8 of the 
stator, and passes out at 9 from the casing. As will be readily 
understood, a current of air is thus caused to flow over and 
around the rotor as well as over the stator. Instead of drawing 
in the air by means of vanes 2 on the rotor, the air may also be 
conducted by means of a separate fan to the desired place in the 
casing. In the construction illustrated only one exit for the air 
is shown, but any desired number of exits may be provided. 
(Sealed May 17, 1904.) 


10,646. G. W. Somerville, and Howard and 
Buliough, Limited, Accrington, Lancs. Electric 
Switches. [2 Figs.) May 11, 1903.—The object of this inven- 
tion is to provide a switch of the type in which the lever is 
magnetically retained upon a particular contact, or upon any one 
of a series, such lever returning to its ‘‘off” position upon the 
failure of the current or upon the current being increased above 
a predetermined maximum. Heretofore switches of the above 
type have been constructed with two separate levers, whereas, 
according to this invention, only one switch lever B is employed. 
This lever B is radially weighted, as by spring F, and is retained 
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upon any one of the contacts D by means of an electro-magnet E. 
This electro-magnet is provided with two windings, the one Ga 
shunt, and the other a series, and so wound as to produce 
opposing magnetic fields. The series coil is placed within the 
shunt coil, and the latter is wound to be magnetically stronger, 
until such a time as the maximum current renders the series eoil 
equally strong. This results in the neutralisation of the magnetic 
field, with the consequent release of the switch lever. Should a 
failure of the current occur, the current also fails, releasing the 
switch lever, which returns automatically to its ‘‘ off” position. 
The apparatus described forms a maximum and minimum mag- 
netic cut-off. (Sealed May 17, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
14,726. Tangy Limi Soho, Staffs., and J. 
ae J an the’'Statts Internal-Com 


un., dsw 
bustion Engines. [6 Figs.] July 2, 1903.—According to one 
of the improvements constituting this invention, the air-inlet 
valve is fitted on the top or under side of the combustion-chamber 
and of the engine cylinder, and the gasinlet valve is ar- 
ranged on the back of the cylinder casing so that the entering air 
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has to pass close to the seat of the valve. a is the engine 
cylinder, and b the combustion-chamber thereof; c is the inlet 
valve through which the explosive mixture of gas and air is drawn 
on the charging stroke of the piston, d is the gas valve-box, and e 
the valve of the same ; f is the air-admission pessage, with which 
the gas-valve e, when opened, communicates, the air passing under 
the seat of the said valve on its way to the mixing-chamber or 








pemmes g. By this arrangement there results a perfect, or prac 

icaily perfect, ———- or intermixture of the gas and air 
before they through the inlet valve ¢ into the combustion 
> = “¥ by this oe pny om = 
parts the number o! ports or passages in w gas can collec 
after the closing of the valve e is reduced to a minimum; u 
is the exhaust valve of the engine. (Sealed May 17, 1904.) 


LIFTING AND HAULING APPLIANCES. 


10, H. Jenkins, Bishop’ Bristol. Lifts. 
(5 8] May 9, 1903.—This invention relates to lifts actuated 
by means of an endless rope and consists in improvements whereby 
the cage becomes stationary automatically and without the em- 
ployment of a brake at any point in its travel on cessation of 
actuation of the hauling-rope. According to this invention, the 
cage is suspended by an endless rope h, which is passed under a 
pulley g on the top of the cage and is led up and passed over a 
pulley d, rigidly secured on the shaft } of the usual hauling-pulley 
¢€), over which runs the usual hauling-rope m. Behind the pulley 
a, and on the shaft } is fixed a pulley e, of smaller diameter than 
the mer d. From the pulley d, the rope h is conducted to a 
guide-pulley 71 mounted in the lift framing at one side thereof 
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From the guide-pulley 71 the rope h is led down and round under 
a pulley j carried in bearings fixed on the top of the counter- 
balance weight k. Thence the rope is carried up to a second 
guide-pulley i centred on the same spindle as the first guide-pulle 
u, From this second guide-pulley the rope is extended still 
further up, and, after having been led under to the far side of the 
pulley e, is returned over it and is passed down to the — gon 
the top of the cage. The rope h, being endless and be ne passed, 
as above set forth, from the pulley g, at one side over the pulley 
d and at the other side over the pulley e, a balance is obtained by 
virtue of which the cage, either loaded or unloaded, is held 
stationary in suspension. It travels only when the hauling-rope 
m is worked. (Sealed May 17, 1904.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


26,637. A. E. Beckand G. Townsend, Birmingham. 
Metal Tubes. [3 Figs.] December 3, 1902.—In a form of plant 
or apparatus suitable for the manufacture of steel tubes in accord- 
ance with this invention, a reciprocating mandrel i is arranged 
within a tuyere-like or water-cooled core h, and both the corah 
and acylinder c are made of tapered form at the extension or de- 
livery end. The annular space, forming the mould or die, is thus 
made to vary in area or cross section in order that the metal shall 
be subjected to an action akin to that which takes place during 
forging and like operations. The end portion of the reciprocating 
mandrel ¢ is made on its outstroke to pass beyond the front or 
delivery end of the core, but on its instroke to pass within the 
core and be thereby cooled, Within the s between the 
cylinder a and the core / an annular ram bad unger » is inserted 
and arranged for reciprocation. During such reciprocation the 
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ram is made to pass over an aperture t formed through the wall of 
the cylinder c, and admit metal to be operated on from a con- 
tainer u communicating with the said aperture. Thus when the 
plant is in operation a small quantity of the metal flows or is 
drawn into the cylinder ¢ on each outstroke of the ram after the 
latter has uncovered the aperture t. But during the instroke of 
the ram, the aperture is closed or cut off, and, by the continued 
movement of the ram, the metal in advance of it is pressed along 
the die. On each — reciprocation of the ram the same 
action is repeated, so that a tube may be made of any desired 
length, for as the tube is gradually delivered or pushed off from 
the outer end of the core and out of the cylinder c as increment 
upon increment is added toit by the pump-like action of the ram, 
the lengths of the cylinder and core do not limit the length of 








tube, (Sealed May 17, 1904.) 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 
tacturing Company, Limited, Chelmsford, kesex. 
‘0: 

» . 
Balt Journal . (2 Figs.) May 23, 1903.—This 
invention consists of a ball-journal bearing of the two-point t; 
adapted for shafting, &c., provided with means for taking the 
lateral end-thrust in both directions, the object being to provide 
a construction in which the number of parts is reduced to a 
minimum, The ing is composed of a coned sleeve a provided 
with a mars tthe | on either side thereof grooved races ¢ for 
the thrust- ng balls d, racese being also provided on the sleeve 
a for the balls f forming the journal bearing. Each set consists 
of a row of two-point thrust-balls d carried by an open cage and 
a row of two-point journal balls f carried by a cage, and which 
balls bear on a common cup g heid in acasingh. The — is 
formed as a right-angle part having an elongated plain cylindrical 
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surface out to the end of the part forming a race for the balls /, 
the race for the balls d being formed on the end face at right 
angles to the cylindrical portion. In some cases it is desirable 
that a shaft carried by a bearing such as above described may have 
a slight movement to enable its pressure to be distributed ; and 
in Fig. 2 means are provided for enabling the cups g to rock by 
forming them with seatings or facings which correspond with 
similar seatings in the casing h, both of such seating surfaces being 
segments of a circle struck from a centre formed in the axial line 
of the shaft, such segmental facings thus forming a rocking seat 
both for the journal and thrust-bearing balls d, whereby pressure 
is enabled to be distributed equally on all the balls and parts, both 
of the thrust and journal bearings. One of the segmental seats 
is formed in the lock-nut, which retains the parts in the casing. 
(Sealed March 17, 1904.) 


RAILWAYS AND TRAMWAYS. 


7497. H. E. Lord, Prestwich. Lancs. Brake appa- 
ratus. [4 Figs.) March 31, 1903.—In brake apparatus, accord- 
ing to this invention, the brakes are applied and released through 
a brake-lever 1, that is capable of being depressed to apply e 
brakes, by movement of either of two hand-levers 8, 8a located 
at opposite sides of the wagon, is arranged to be held in the 
depressed position, corresponding to brakes ‘‘on” by a loaded 


Fig.i. 
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pawl 13 that is mounted to turn about a longitudinal axis, and, 
on depression of the brake-lever, to automatically engage a rack 
9 fixed in a vertical plane at right angles to the length of the 
wagon, and is released and then raised, to release the brakes, 
by upward movement of one of said hand-levers caused by 
raising such hand-lever either directly or indirectly through 
the hand-lever at the opposite side of the vehicle. (Sealed May 
17, 1904.) 


7498. E. Field and the New Century 
Company, Limited, London. Locomotive es. 
{7 Figs.) March 31, 1903.—This invention consists in improve- 
ments in the construction and mode of working locomotive steam- 
engines whereby heat from the hot gases passing from the boiler 
tubes to the chimney, inatead of being allowed to escape as waste 
heat, is utilised to increase the temperature and volume of a 
mixture of air and steam under pressure, which ‘is then used as 
motive fluid to propel the locomotive. Air from air-compressors 1, 





at about the pressure of the steam in the locomotive boiler, and 
steam from the boiler are admitted separately, and in auto- 
matically regulated quantities to, and mixed within, a heating 
device ) arranged within the smoke-box a of the locomotive, so 
that the escaping hot gases will be utilised to increase the tem- 
perature an volume of - aye . air and — ie 7 
passes to the engine cylinders for w: ng purposes, the supply o! 
air and steam to the caxture of air and steam already within the 
heating device being regulated automatically and instantly to 


suit rapidly-varying conditions of working, and consequently 
rapidly be be rates of consumption of motive fluid, air being 

rom entering the heating device and allowed to escape 
pas' re relief valve 10 when the pressure of the mixture 
in the heating device rises above the normal working pressure, 
and steam being prevented from entering the heating device at 
such time by the pressure of the mixture of air and steam therein. 
(Sealed May 17, 1904.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


26,539. W. Fairwéather, London and Glasgow. 
cc Babcock and Wileox Company, New York, U.S.A.) Steam- 
tors. [1 Fig.] December 4, 1903.—This invention relates 

to water-tube steam-generators of the Babcock and Wilcox type, 
wherein the group of water-tubes are inclined from a horizontal 
plane and which forms an enlarged combustion space at one end 
of the furnace, wherein the gases of combustion expand before con- 
tacting with the group of water-tubes, and from said space are 
directed in various ways across the water tubes to the uptake. 
The invention consists in constructing the generator with a grate 
surface —— equal to the horizontal space occupied by the 
group of water-tubes ; with firing doors at its opposite ends, with 
a reverberatory roof to the furnace chamber extending partially 
the length of the group of water-tubes, and increasing the size 
of the group of water-tubes by such additional number of tubes 
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forming the group, or additional groups, as to obtain an increased 
heating surface. 1 indicates the furnace, 2 the} group of water- 
tubes, 3 the headers with which the tubes are connected, and 4 
the steam and water drum. Firing apertures 5 are made at opposite 
ends of the furnace, and a central bridge 6 may also be provided to 
divide the bed of fuel. The furnace is also provided with a roof 
7 extending from one end thereof ially the length of the group 
of tubes, which reverberates and directs the products of combus- 
tion to the end of the furnace chamber previous to the contact 
of the same with the group of water-tubes. By this invention 
there is provided a maximum grate surface, and corresponding 
increase of heating surface, without addition to the length or 
width of the generator, or increased occupation of horizontal 
space, and there is obtained nearly, if not quite, double the 
former power. (Sealed May 10, 1904.) 


27,621. J. W. Gordon, London. (C. Licardie, Cler- 
mont, Guatemala, Central America.) Evaporators. [4 Figs.) 
December 16, 1903.—This invention relates to that class of evapo- 
rators in which the liquid is passed through a coil which is sub- 
jected to heat. The invention consists in a coil pipe subjected to 
a heating medium, and communicating at one end with a source 
of liquid supply, and at its other end adapted to discharge the 
residuum, the coil having at intervening points a plurality of 
se) te outlets for the volatile products. A is a shell of any 
suitable character, in the base of which isa fire-box B. In the 





























shell A is a serpentine or coil pipe C. This may be of any sha 

in contour—circular, rectangular, or square—and the pipe may 

of any form in cross-section. D is a source of liquid supply com- 
municating with the entrance end of the coi ; the discharge 
end cl of the coil communicates with a receiving vessel. At 
pose rage between these ends are the outlet pipes E from the 
coil. ese pipes extend separately to independent condenser 
vessels H. In some cases obstructions c? of any suitable cha- 
racter may be in the pipe c, in order to retard the flow of 
the liquid and keep it in the coil for the required time. As a still 





the evaporator is used as follows :—The liquid used is placed in 


vessel D, and is fed to the coil. In this its volatile portions 
under the heat to which the coil is subjected, are driven off at 
different times and temperatures through the successive outlets 
E tothe condensers H. (Sealed May 10, 1904.) 


2048. O. S. McKay and the P. on Gauge-Gla 
Protector, Limited, Manchester. Gauge-Gisss Pro- 
tector. (3 Figs.} Jan 27, 1904.—This invention consists 
in an improved protector for the water gauge-glasses or tubes 
of steam boilers, which, while forming an efficient guard for pre. 
venting the dispersal of the fi ents of glass and the dan- 
gereue supe steam and water in the event of the gauge-tube 

reaking, facilitates the inspection of the tube for ascertain. 
ing the water level. In its main feature, the invention consists 
of a cylindrical casing A composed of two parts a, al, hinged at 
a?, and provided with means a*, a4, for securing them together, 
The whole is adapted to surround the gauge-glass, and is provided 
with divided co b, which take over the upper and under the 
bottom ends of the gauge-cock fittings, and thereby hold the 
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whole in position, while at the same time permitting the whole pro- 
tector to be turned about the gauge-glass so as to enable the 
latter to be seen from any convenient point of observation. The 
front part a of the protector has a window of thick glass c, through 
which the gauge-glass is examined. The rear part a! is slotted 
with inclined slots, and is painted of.a light colour to reflect 
light back through the gauge-glass. Besides acting as apertures 
for the escape of steam in a place where it is little liable to injure 
the attendant, the inclined slots have another function. They 
cause the light to be reflected in stripes, and as a result of the 

bined reflection and refraction by the water in the gauge- 
glass they produce the peculiar optical effect shown in Fig. 1, 
thus enabling the height of the water in the tube to be observed 
with great ease and precision. (Sealed May 17, 1904.) 


MISCELLANEOUS. 


9184. J. W. Macfarlane, G ow. Centrifugal 
Machines. [38 Figs.] April 23, 1903.—This invention relates 
to centrifugal machines of the suspended type driven by motors 
coupied directly to their spindles, and has for its object the pro- 
vision of means for easy disconnection and removal of the motor 
when it is desired to inspect or repair either the motor itself, or 
the parts of the centrifugal machine immediately beneath it. In 
carrying out the invention, instead of forming the motor as an 
integral part of the centrifugal machine, it is made separate 
therefrom, and pled to t pindle thereof, by any form of 
suitable clutch. In the construction illustrated the centrifugal 
machine is of the type having a rotatable inner spindle A. An 
electric motor B is connected to the spindle A by a clutch C, the 
— portion connected to the motor spindle having rc D 
which enter recesses in the lower portion connected to the 








spindle A, so that the clutch can be disconnected by endwise 
movement of the motor B. The motor B is carried on a framing 
E of the centrifugal machine by a screwed spindle G secured to, 
and extending down from, the framing of the motor through a 

uide-pillar H. A tapered pin L on the motor enters a socket 
in the framing E, and a preg M may be screwed into the end of 
the pin L to further secure the motor. When it is desired to 
disconnect and shift the motor B from the top of the centrifugal 
machine, the stud M is removed, and a nut J is turned, and, act- 
ing on the screwed spindle G, raises the motor Bvertically. This 
disengages the two portions of the clutch C, and the spindle @ 
and pillar H serving as a vertical pivot, the motor can then be 
swung about it into the position shown by dotted lines, where . 
is clear of the normally beneath it. The screwed spindle | 
is made hollow, and the electric leads P to the motor are pass¢ 
up through it. (Sealed May 10, 1904.) 
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THE ST. LOUIS EXHIBITION. 
St. Louis, May 19, 1904. 


Srnce our last article on the St. Louis Exhibition 
was written much progress has been made towards 
the completion of this great undertaking, and these 
efforts bear witness to the energy of the executive. 
Roads have been constructed, and many of the 
departments have made great strides towards com- 
pletion. Very much, however, remains even now 
to be done, and we think St. Louis must have 
been a little startled—if anything can startle 
St. Louis—when, on the morning of May 13, 
it read in the newspapers of the city that the 
exhibits were installed in all the palaces. This 
announcement was issued officially, and bore the 
names of the President of the Exhibition, the 
President of the National Commission, and of the 
President of the Board of Lady Managers. ‘‘ We 
wish to announce,” this manifesto said, ‘‘to the 
public that the exhibits are installed in the exhibit 

alaces, and presentthe most marvellous collection 
of the accomplishment of mankind ever witnessed.” 

As visitors in a foreign country, and as recipients 
of great kindness from many citizens of the United 
States on this and on many former occasions, 
we are anxious to say what would be pleasing to 
our good friends; but we feel it would not be 
honest to our readers to endorse this statement, 
tacitly or otherwise. We recognise that the Exhibi- 
tion executive has laboured under immense dis- 
advantages, especially during the last two or three 
months before the gpening. The weather has, we 
understand, been extremely unpropitious ; there 
have been many disappointments and delays beyond 
the control of the executive; and, above all, the 
labour troubles have been of a most serious and 
vexing nature. The workmen recognised they were 
masters of the situation, and exerted their power 
in anarbitrary manner. Still, whatever may be said 
as to the reasons for incompleteness, the fact 
remains that the exhibits are very far from 
being installed in all the exhibit palaces, if 
by “the exhibits” is meant substantially the 
complete collection of exhibits, and not a sec- 
tion of them. The latter interpretation would 
be somewhat jesuitical, and that it was not 
the one accepted generally may be gathered 
from the remarks in the St. Louis Press. Ina 
leading paper of the following .day the following 
editorial comment appeared. 


Exhibits in all the Great World’s Fair palaces are 
now complete; an announcement which must silence the 
few ill-advised knockers who commented upon our ‘un- 
preparedness.’ An exposition one hundred per cent. 
finished within two weeks after opening is the surpass- 
ing achievement of St. Louis, which must be universally 
conceded. 


It is a strange commentary on these statements 
that later the President of the Exhibition, 
Mr. Francis, said, speaking of the week during 
which he and his two colleagues made their an- 
nouncement, that each day about 20,000 workmen 
had entered the grounds and spent the day there, 
in addition to regular -holders. 

It is no excuse for the statements that have been 
made, as some seem to imagine, to say that the 
St. Louis Exhibition was more forward than the last 
Paris Exhibition or the Chicago Exhibition on the 
day of opening—which Paris and Chicago will 
perhaps question—or that visitors get plenty to see 
for half a dollar ; that was not the statement made, 
and persons holding the prominent position of 
Mr. Francis, an ex-Governor of the State, are 
expected to confine themselves to sober facts. 

In our former notice we gave some account of 
the Machinery Hall, and on the morning Mr. 
Francis’ announcement appeared we sought a more 
profitable field of investigation in the Manufactures 
Building, that being the first we reached on 
entering by the principal gateway. The first ob- 
jects cusemaibdanill: was a stand with a number of 
unpacked barrels, On the other side was an ex- 
tensive array of Italian images, vases, &c., which a 
crowd of workmen’ were busy arranging. On the 
opposite side was a stand with furniture which might 
have been complete ; next to it was another stand 
with nothing but unpacked barrels; next was a 
large space covered with unpacked cases; on 
the other side were two stands that may have 
been complete ; next, again, was a large empty and 
unfinished show-case, and beyond that a fot of 
Unpacked cases. Opposite was a space with a large 
number of unpacked cases; on the o posite side, 


with but afew specimensin place. On the right was 
a further instalment of the extensive and attractive 
show of images—bronzes and carved wood—already 
mentioned, and beyond that a stand with unpacked 
cases. 

The above comprised the whole of the exhibits 
on one aisle in the building—the first reached. It 
was encumbered with unpacked cases and workmen. 
In some parts of this hall more progress had 
been made ; still there were many empty stands. 
For instance, in one spot within a stone’s-throw 
there were the following :—A large stand taken up 
by a cleaning company—nothing in place; the 
commercial museum of a leading city—the same ; a 
big stand opposite—nothing done ; another stand 
—only unpacked cases; across the way a big 
stand, not even completed; on the other side, 
again, a big stand, still being erected ; the next 
stand the same thing ; opposite, again, a stand in the 
same state ; next a large space with nothing on it, 
opposite an empty stand ; next that will be a very 
big exhibit, the stand being erected. All these 
empty stands or spaces were close together. They 
were of considerable extent—as large as a good- 
sized room. The alleyways were encumbered with 
workmen pushing trucks laden with timber and 
matchboarding, or wheeling barrows laden with 
terra-cotta, whilst others were carrying pails of 
water for the stucco of some of the stands, a form 
of construction that covered the neighbourhood 
with white dust. 

There were, however, some exhibits in a fairly 
advanced state, but comparatively few absolutely 
complete. Amongst the former may be mentioned 
the Brown Shoe Company’s large exhibit, a very 
instructive show, where the manufacture of boots 
by special ‘machinery was being shown on a prac- 
tical scale. Opposite this, however, was a Sues 
space with nothing in place, and adjoining 
were two allotments with exhibits not yet on 
the ground. 

From the Manufactures Building we passed 
to the Palace of Varied Industries, entering first 
the section devoted to Japan. Here the exhibits 
were practically complete, as, indeed, they are in 
most of the installations from that country, all of 
which form a very attractive show. The British 
Section adjoins, and this was also practically com- 
plete, some of the exhibits being of an extensive 
nature and well displayed. There was, however, 
in one respect, a marked difference between the 
British and Japanese Sections. That from our own 
country formed a well-ordered solitude, compared 
to the swarming activity of the display from the 
Far East. With us there was not a single atten- 
dant to give information, whilst the Japanese were 
everywhere to be seen, anxious to explain what was 
being shown, and not without a keen eye to probable 
customers. This deserted character of our exhibits 
is apparent throughout, and, perhaps, illustrates 
one of our national characteristics. What we under- 
took to do we have done, and have not gone a step 
further, as exhibitors might have done in their own 
interests. With very few exceptions everything is 
ready, arranged in an orderly and tidy way ; there 
the objects are left'to speak for themselves. After 
the bustle and excitement of other departments 
such primness is really oppressive, and one almost 
longs for a few workmen with wheel-barrows or a 
il or two of stucco to give animation to the scene. 
he Sabbath-day aspect was increased by the fact 
that many of the exhibits not in cases were covered 
with white cloths—a wise and ne precaution 
in consideration of the clouds of dust that were 
drifting in from the building operations in the ad- 
joining section. 

From the British exhibits we passed at once into 
an undeveloped territory. First there wasan empty 
space of about 50 ft. by 60 ft., with the stands 
hardly commenced. On the right was an unoccupied 
stand, and next to it another empty space. Then 
four unoccupied stands, then one nearly completed, 
with some exhibits in place, and then another un- 
finished. On the opposite side of this alleyway were 
five large stands, only one of which was completed 
and with exhibits in place; the others were bare. 
Passing from this aisle down the central alley 
adjoining, we found fifteen big stands, only three 
containing exhibits. All these were not merel 
show-cases, but the sites of big exhibits ; one, wit 
only unpacked cases, being 72 ft. long. The next 
alley was in about the same state. In this way one 
wing of this large building was accounted for. 

We have gone into this matter more in detail 


but as we had to traverse the official announcement, 
we have thought it desirable to support our posi- 
tion by facts rather than depend on a general state- 
ment. The instances we have given have not been 
selected, but came first to hand. They may be 
taken as typical of a large part of the Exhibition, 
although some departments are more forward than 
those to which we have made reference ; notably 
those devoted to mining, to electrical exhibits, and 
to transportation. 

In our last account we made brief reference to 
the installatiofi of the Westinghouse Company in 
the Machinery Building. It would be incorrect to 
describe this as an ‘‘ exhibit,” and it is really the 
installation of a large central station which supplies 
current for use in the Exhibition; at the same 
time it affords one of the most interesting and in- 
structive exhibits in the whole Exhibition. The de- 
velopment of the electrical installation is one of the 
most striking features in these ‘*World’s Fairs ;” 
a somewhat grandiloquent title, considering how 
very small a percentage of the world’s population 
attends them. In 1851 and in 1862 the placing of 
a steam-engine in the show was considered a con- 
siderable feat ; and visitors to the first great ex- 
hibition in America, held in Philadelphia in 1876, 
will remember the wonder caused by the big Corliss . 
engine contributed by the original Corliss Company, 
then in existence at Providence, Rhode Island. 
The lighting of the ‘‘ Fisheries” of 1883 by elec- 
tricity was for the time a considerable undertaking, 
and was the prototype of what has since been de- 
veloped in so remarkable a manner in Paris, 
Chicago, and elsewhere. At the Buffalo Exhibi- 
tion—memorable from the tragic death of Presi- 
dent McKinley—the electric installation was of 
a unique character, power being generated by the 
Niagara Falls, and current being brought to the 
Exhibition, as it now is to that city, for general 
purposes. 

The present St. Louis Exhibition, however, pro- 
vides an example without parallel, as previously 
stated. We have already mentioned the big Corliss 
engine sent by the Chalmers-Allis Company, 
of Milwaukee, and some other plants which generate 
current. We now propose giving a brief descrip- 
tion, which will enable our readers to form some 
opinion of the Westinghouse exhibit; proposing, 
however, to return to the subject at a later date. 
Besides the plants mentioned, there are others 
installed or in process of construction. So great, 
however, is the demand for current that a con- 
siderable quantity will be supplied from the city 
system of the Union Electric Light and Power Com- 

ny. It is proposed that the service plant of the - 
Exhibition and the company’s plant shall operate 
in parallel when both are engaged in the same 
work. The distance between the sources of power 
is between five and six miles, and this arrangement 
will therefore supply an interesting and instructive 
feature for electrical engineers. 

The contract for the supply of current in that 
section which the Westinghouse plant operates was 
undertaken by the Westinghouse Electric and 
Manufacturing Company, of Pittsburgh, Pa., but 
the installation has been designed and con- 
structed by a separate undertaking—Messrs. West- 
inghouse, Church, Kerr, and Co. This firm has 
supplied the entire electrical equipment, with the 
exception of two generators and their controlling 
apparatus. The engines were constructed by the 
estinghouse Machine Company. The interests 
of the different firms are, as may be imagined, 
very closely identified, the arrangement having 
been made in order to carry out this extensive 
work within the brief space of time allotted for the 
operations. 

The main generating plant consists of three 

similar units, which have a combined capacity 
of 8000 kilowatts. Each one consists of a West. 
inghouse Corliss cross-compound vertical engine, 
having cylinders 38 in. and 76 in. in diameter 
with a 54-in. stroke. The engines are stated 
to have a maximum overload capacity of 6244 
horse-power each under the normal conditions of 
150 lb. steam pressure and 26 in. vacuum. Each 
engine is 32} ft. high, and occupies a floor space 
35 ft. long and 10 ft. wide. The flywheel is 
23 ft. in diameter. The Corliss valve gear is 
controlled by an enclosed pon of a _ 
type. The crank-shaft is of steel, hollow forged 
in an hydraulic press. It is 31 in. in diameter at 


the ing the generator, the diameter at 
the Peart betty 28in. The main bearings are 








again, a big stand for silk, only partly finished, and 





than, perhaps, the occasion seemed to warrant ; 





of the ball-and-socket self-aligning type. The 





77° 


ENGINEERING. 


[JUNE 3, 1904. 





guaranteed consumption of these engines is 13$ lb. | 
of steam per indicated horse-power-hour when run- | 
ning under most efficient conditions. There are | 
three 80-kilowatt exciter units ; two of these are | 
sufficient for the whole plant, as well as auxiliary 
machinery. They are supplied with steam from a 
separate source, and have independent condensers. 

he speed regulation for paralleling the gene- 
rators is effected from the switchboard through 
a motor-actuated weight on the governor lay-shaft, 
the motor being connected with a switch on the 
board. The generators are ratedjat 2000 kilowatts, 
and 50 per cent. overload may be carried for an 
hour without injury through over-heating. Each 
machine, complete with bed-plate, weighs 196,000Ib., 
the rotating member having a flywheel capacity, at 
54 ft. radius, of 70,0001b. The current is three- 
phase at 6600 volts. This is delivered directly to 
the distributing system, there being no intermediate 
transformers. The armature frames can be moved 
parallel to the shaft so as to give access to the 
fields. The latter are strap-wound with laminated 
pole-pieces. 

The guaranteed efficiencies, based upon measured 
iron and copper losses, are at full load 96 per cent. ; 
at three-quarter load 95 per cent.; and at half load 
93 per cent. The efficiencies of the exciter units 
are at full‘load and three-quarter load 91 per cent. ; 
half load, 90 per cent.; and quarter load, 83 per 
cent. These units are of the standard. Westing- 
house engine type, with field frames divided in a 
vertical plane parallel to the shaft. By separating 
the two halves of the frame direct access may be 
had to the armature. The exciters are driven by 
Westinghouse compound engines, with cylinders 
12 in. and 20 in. in diameter with a 12-in. stroke. 

The switchboard for the entire plant will consist, 
when all is complete, of 35 panels of marble 
mounted upon steel frames, with non - combus- 
tible supports. Four panels are devoted to the 
main generators, three to the exciters, two to the 
incoming feeders from the Electric Light and Power 
Company’s plant, two are used for load panels, 
and twenty-four for outgoing feeders. There is a 
duplicate set of bus-bars, each having an individual 
load-panel for totalising the output. The main 
current will be controlled entirely by automatic 
electrically-operated oil-switches operated from the 
main board. All the indicating and recording 
meters have shunt and series transformers. For 
each main generator-panel there are ammeters, 
voltmeters, an indicating wattmeter, power-factor 
meter, field-discharging switch, and governor- 
motor switch. There are also time-limit relays for 
protecting the generator from prolonged short- 
circuits. The outgoing feeder-panels have similar 
equipments and a single pair of high-tension 
switches. 

The Westinghouse plant is placed at the end of 
the Machinery Hall nearest to the boiler-house. It 
occupies 230 ft. of the central bay of the building. 
At the time of our visit it was not very accessible, 
being barricaded on one side by an area of broken 
ground encumbered with machinery exhibits that 
will no doubt some day be installed, whilst on an- 
other side it. was completely shut off by a goods 
train of six of the enormous trucks and freight- 
wagons common to the country. These were laden 
with exhibits for other parts of the building. 

Steam for ‘the engines in the Machinery Hall is 
supplied from boilers situated in a separate building 
a short distance. away. For the Westinghouse 
engines there are two complete sets of boilers, each 
with independent flues, feed-pumps, feed-water 
heaters and mechanical draught, no high chimney 
being erected. Each battery of boilers consists of 
two 400-horse-power Babcock and Wilcox boilers, 
contained in a single setting. The boilers have 
42-in. diameter drums suspended from a steel 
frame, thus relieving the brickwork from stresses 
due to expansion and contraction. These boilers are 
operated by Roney mechanical stokers. Steam is 
supplied at 150 lb. pressure without superheat. 

The construction of the Westinghouse plant was 
commenced about the beginning of last April, and 
the first unit was started to work at the end of 
December. The entire plant is now complete for 
work, There are other features of great interest, 
such as the steam-turbine and gas-engines, in the 
Westinghouse exhibit, but these we reserve for a 
future notice. 





Leaving the Westinghouse section we pass to 
other parts of the Machinery Hall in search of com- | 


pleted exhibits. A conspicuous object on a railway | 
truck in the train already mentioned—which itself | 


formed a striking feature in the building—is a 
vast cylinder with closed ends. It is about 10 ft. 
in diameter and over 40 ft. long, and is doubtless 


|intended for the conversion of wood pulp. The 


ends are solid with the sides, there being only 
comparatively small openings. So far as can be 
seen, the whole structure was flanged and welded 
together, the material evidently being steel. It 
is a remarkable piece of work, and has chalked 
upon it ‘‘Continental Iron Works, Brooklyn, 
N.Y.” This company have a stand in this building, 
which will be very interesting when complete. At 
present the chief objects in place are a large welded 
gas-buoy and some corrugated flues. 

Near the Westinghouse stand the General Electric 
Company, of Schenectady, New York, are fitting up 
a steam-turbine, apparently of their usual vertical 
spindle type, with a generator above. This we 
were informed would be of 3000 kilowatts capacity. 
If this be so, it will form a very remarkable example 
of great power in little space. It will, however, be 
some time before it is complete. Just beyond this, 
and lying right across the bay, was the enormous 
girder of an electric overhead crane, preparations 
being made to instal it on the runway above. This 
crane is a fine example of work, and will have a 
capacity of 50 tons on the main hoist. It is by 
Messrs. Pawling and Harrieschfeger, of Milwaukee. 
There are already in place in this bay a Niles 40-ton 
overhead electric traveller, and another traveller 
by the Shaw Electric Crane Company, of Muskegon, 
Michigan. 

The Otto Gas-Engine Company have in this 
neighbourhood a large stand with exhibits all in 
place, but not visible, as they are all covered up— 
a wise precaution, considering the surroundings. 
Messrs. Fairbanks, Morse, and Co. have also a 
stand with exhibits complete ; but these were also 
enshrouded in coverings. Within a foot or two of 
this stand were twenty-two men mixing concrete 
for the foundations of machinery to be erected ; 
twelve men with wheelbarrows were taking it away. 
In this part the arrangements of this ‘‘ complete 
World’s Fair” are especially chaotic, and to get 
about one has to climb over baulks of timber, piled 
up machinery, scaffolding, and heaps of excavated 
clay. The difficulties encountered by thuse having 
to put heavy machinery in place have been enor- 
mous. The soil was made ground on an old river 
bottom. Not only for large engines, but also for 
walls, flues, and other structures, foundations had 
to be placed on piles. It is difficult to conceive 
that it will pay to erect such permanent structures 
for so temporary a use, and one cannot but admire 
the hopefulness and enterprise that have prompted 
the undertaking. The prospect would have appalled 
any people of a less sanguine nature. 

One of the largest stands in the building is that 
occupied by the Niles Tool Works, of Hamilton, 
Ohio ; when complete it will be a noble exhibit. 
Not very long ago one occasionally heard it said 
that though American makers might do very well 
with the smaller class of machine-tools, they could 
not produce satisfactory heavy machines of the 
same class. If any English engineers still hold 
views of this nature, we would recommend them to 
pay a visit to the Niles exhibit, when: it is com- 
plete. At the time of writing there are still nine 
car-loads of articles to come on. There are, how- 
ever, one or two notable examples in place, 
amongst them a 20-ft. boring-mill which will turn 
work up to 30 ft. in diameter. Close by is a 10-ft. 
boring-mill. Waiting to be erected were the parts 
of a 12-ft. planing-machine. In place are an axle 
lathe and a wheel lathe ; a big drilling-machine is 
half in place, and a 10-ton steam-hammer is to 
come. 

Two steam travelling locomotive cranes by the 
Brown Hoisting Machinery Company, of Cleveland, 
Ohio, were doing yeoman service in this part of 
the building. 

There were a few completed stands in this 
neighbourhood, amongst them some showing presses 
for hollow-ware and other pu: . Messrs. E. W. 
Bliss and Co., of Brooklyn, N.Y., show machinery 
of this nature and drop-hammers. Their exhibit 
appeared to be complete, but the lighter machinery 
was covered up. The Ferracute Machine Company, 
of Bridgeton, N.J., and the F. J. Swaine Company, 
of St. Louis, Mo., also have completed exhibits of 
presses and dies. . 

We will leave the Machinery Hall for the present ; 
but before doing so would like to remark on one 
feature that struck usin our tour : the good temper 
that accompanied the drive and excitement of the 





work of installation in this building. While with 
us at home it would have been dangerous to speak 
to any one in charge of operations, here a ganger 
would pause in the middle of an expletive oration 
directed to his men—who took it as happily as it 
was delivered—to answer a question ahd give such 
information as he could. The fact is, the American 
glories in ‘‘hustle.” Hurry, drive, shouting and 
confusion act on him like a tonic, and simply rouse 
his spirits. It is difficult to account for. It is not 
good digestion, for the American is more dyspeptic 
than an Englishman ; perhaps it is a lesser sense of 
responsibility. Whilst the Briton frets and fumes, 
feeling himself disgraced if he is not up to time, 
and consequently gets irritable, the American takes 
it all in good humour, and so long as you do not 
ruffie him, he will not ruffle you. The native 
American has very little virtuous indignation to 
expend either upon himself or his fellows, other- 
wise the life of some public characters would become 
unbearable. 








THE ZOELLY STEAM-TURBINE. 

In view of the widespread interest now being 
taken in steam-turbines, we are pleased to have 
the opportunity of putting before our readers 
details of the Zoelly steam-turbine, which, pro- 
duced originally at the famous works of Messrs. 
Escher, Wyss, and Co., of Zurich, is about to be 
developed on a commercial scale by a syndicate of 
powerful German firms. 

In previous articles dealing with steam-turbines 
we have described the characteristic features of 
most of the types now of commercial importance. 
They may all be divided into two general classes— 
viz.—(a) impulse and (b) reaction or pressure- 
turbines. 

(a) In impulse turbines the steam is expanded in 
the stationary guide-wheel chambers (which may be 
compared to short tubes), the potential energy of 
the steam being there converted into kinetic 
energy, the steam leaving the vanes of the guide- 
wheel with an accelerated speed proportional to the 
degree of expansion, and being by them directed on 
the vanes of the running-wheel at the proper angle. 
The vanes of the running-wheel, by changing the 
direction of the stream, take from it its speed and 
energy in an exactly similar way to the water- 
turbines of the same type. As the pressure of the 
steam does not change during its passage through 
the running-wheel, it is the same on each side, and 
there is therefore no axial thrust on the shaft nor 
any tendency to leak past through the clearance 
spaces between the wheel and casing. The clear- 
ance spaces can therefore be relatively large with- 
out affecting the efficiency of the machine. The 
typical steam-turbine of this type is the De Laval. 

(b) In reaction turbines the steam is allowed to 
expand partly in the guide-wheels and partly in 
the running-wheels, and in such a manner that it 
has a speed on leaving the latter due to the ex- 
pansion in it. The energy is transmitted to the 
running-wheel partly by impact, as in impulse tur- 
bines, and partly by the reaction of the outflowing 
stream. As the steam is allowed to expand in 
going through the running-wheel, there is a differ- 
ence in pressure between the two sides, producing 
an axial thrust on the shaft. This is usually taken 
up by a ‘‘ balance piston,” which rotates with the 
running-wheel, each side of its containing cylinder 
being connected by pipes or passages to correspond- 
ing sides of the ihdaneterel, so as to produce an 
equal but opposite axial thrust. Since there is a 
difference in pressure on the two sides of both 
wheel and balance piston, these have to be made 
steam-tight in their respective casings ; as any play 
will allow a leakage of steam to take place which 
would seriously affect the efficiency of the machine. 

Steam in expanding down from 146 Ib. per square 
inch to 14 lb. per square inch would attain a speed of 
at least 3600 ft. per second. If a single-wheel turbine 
were made to utilise the energy of the flowing steam, 
itsperipheral speed would have to be about two-thirds 
of this in a reaction turbine, or about one-half if an 
impulse turbine was used. It is not practicable to 
construct a reaction turbine to run at this speed ; 
and though an impulse turbine can be made, the 
materials used would be so stressed as to leave little 
margin of safety; and a breakage in a machine 
rotating at this speed would be comparable to an 
explosion. : 


t is possible to obtain a lower peripheral speed 
by splitting up the expansion into several stages, 
and so reducing the speed of the steam to practical 
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limits, and passing the steam through as many pairs 
of guide and running wheels.as there are ‘‘ steps” 
of expansion. This = was patented by Parsons 
in 1893, but has not been developed by him com- 
mercially, the turbine generally known by his name 
being apparently a continuous expansion turbine. 
Another method of reducing the peripheral speed is 
to expand the steam down to its lower limit in the 
first guide-wheel, direct it through a running-wheel 
which does not, however, rotate with a speed corre- 
sponding to that of the steam, so that the steam 
leaves this first live wheel at a high velocity, and is 
re-directed by a second guide-wheel through a second 


Fig.1. 


one end, A in Fig. 1, subjoined, and is directed by 
guide-blades on to the vanes of the first wheel. 
The guide-chambers are so formed as to allow the 
steam to partly expand to a lower pressure, and 
thereby partially convert the potential to kinetic 
energy, which is given up on passing through the 
live wheel, the steam leaving it at a low speed. 
The steam again is passed through a guide-wheel, 
expanded down to a lower pressure, and directed 
through a second running-wheel, giving up energy 
in proportion to the reduction in pressure, and so 
on until the last step is reached, when the steam 
is exhausted either into a condenser or into the air. 





The bearings are fixed directly on the bed-plate, 
and are entirely independent of the casings, so that 
/no heat can be transmitted to them from the 
|steam or casings. All the bearings are easily 
‘accessible, even while the turbine is running. The 
‘lubricating oil is forced through pipes into the 
bearings by a small rotary pump fixed on the bed- 
plate, and driven from the main shaft by helical 
gear. It then returns by another pipe-line to a 
reservoir in the bed-plate, where it is cooled in a 
series of coils, filtered, and again passed through 
the pump and bearings. In this way an abundant 
lubrication is assured with a minimum oil con- 
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running-wheel, which absorbs the remaining energy. 
This kind of turbine is called a ‘‘ compound tur- 
bine” by Sosnowski, and a typical form of it ap- 
pears to have been patented ; Ferranti in 1895. 
Combinations of “steps of pressure” and ‘‘ steps 
of velocity ” have been adopted by several designers. | 
_ The Zoelly turbine should be classified under | 
Impulse turbines, and is usually made as a multi- 
step turbine, the steam being expanded in stages. 
The principal difference between this and other 
impulse steam-turbines is to be found in the con- 
struction of the details of the turbine-wheels, the 
parts of which are designed so as to permit of high 
peripheral got with a moderate stressing of the 
materials. The number of steps is thereby reduced 





toa minimum. The steam enters the turbine at | 
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|The Zoelly turbine is generally divided into two 
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rts, ahigh and a low-pressure part. Such a tur- 

ine is shown in Fig. 1, which gives an external 
view of the high-pressure portion, and a section 
through the low-pressure. Views reproduced froin 
photographs are also given in Figs. 12. and 13, 
page 786. Each casing is separately mounted on 
the bed-plate, and is made of cast iron or cast steel, 
the top half of each can be lifted off, the joints 
being faced true, and they do not require any joint- 
ing material. Each casing is secured to the bed- 
plate by brackets or feet, which are in the centre 
of the length of the casing. This prevents any 
distortion due to expansion in warming up. The 
casings are lagged with non-conducting material 
and covered with polished steel plate. 
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sumption. The shafts of the smaller turbines are. 
made in one piece, and have three bearings ; for. 
larger power turbines they are made in two parts, 
and have two intermediate and two outer bearings. 
In the high-speed turbines the shafts are ‘‘elastic,”. 
the diameters being so chosen that the normal 
speed is above the critical speed. In low-speed 
machines the shaft is ‘ rigid,” and the normal. 
speed is rather below the critical speed. 

The object of the running-wheels being to 
transmit the kinetic energy of the steam to the 
shaft, they are keyed on to the shaft, and each is 
forged in one piece with its boss out of the best 
Siemens-Martin steel. A T slot is machined out 
of the circumference of the solid disc to hold the 
vanes and their distance-pieces, as shown in Figs. 2 
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and 3, one side of the slot being closed by a wrought- 
iron ring s, which is riveted to the disc.. The vanes 
are radial, and are made of nickel steel, highly 
polished, to reduce frictional losses to a minimum ; 
the material is a non-rusting one, and so hard that 
no practical wear will take place at the edges of the 
vanes, 

The section of the vanes decreases as the radius 
increases, thus reducing the stresses due to centri- 
fugal force to a minimum, while their resistance to 
bending due to the impact of the steam is a maxi- 
mum. With equal stresses it is obvious that these 
special section vanes can be made considerably 
longer than those of uniform section. The bending 
moment is taken up by the distance-pieces along 
the line g h (Fig. 3), where, owing to the convex 
shape of the vanes, they have very great resistance 
against bending, a factor of safety of 8 to 10 being 
used. As the load is constant in direction and 
amount, the peripheral velocity can be very high, 
so that the number of steps in the Zoelly turbine 
can be much smaller than in turbines not allow- 
ing of high velocities. The smaller number of 
steps reduces both the comparative size and the 
cost. The distance-pieces are made of steel, with 
the outer edge shaped to the curve gh (Fig. 3), 
corresponding to the expansion of the steam be- 
tween the vanes. The disc and rings are polished 
to reduce friction losses toa minimum. The vanes 
and distance-pieces are milled by special machinery, 
so that they can be produced with exactness and 
rapidity. After being built up the wheels are 
accurately balanced, and tested by running at a 
much higher speed than the normal one. A view, 
reproduced from a photograph, of the complete 
running-wheel is given in Fig. 9, page 774. <A 
er yeren is placed before each running-wheel to 

old the guide-vanes. The steam is allowed to 
expand during its passage through these vanes, 
thereby acquiring a high speed. There is a higher 
pressure on the one side of each of these partitions 
than on the other, and they must consequently be 
absolutely steam-tight to prevent leakage, and strong 
enough to resist the one-sided pressure. They are 
made in the form of discs, and are steel castings, 
the vanes being arranged in sets placed between the 
solid lugs p, Figs. 5 and 6. he outer circum- 
ference is closed by a ring of wrought iron h 
(Figs. 5 and 7) ; this ring has a projection k (Figs. 1 
and 7) over the running-wheel, and bears hard on 
the back of the previous guide-wheel while a pro- 
jection on the casing bears on the ring ; and the 
end-thrust, due to difference in steam pressures, 
is transmitted through successive guide-wheels to 
the casing. As will be seen in Figs. 1 and 7, each 
guide-wheel has a boss in the centre, which is bored 
out to be an easy fit over the boss of the turbine 
wheel. The hole has a series of grooves turned in it, 
intended to trap the steam and prevent it leaking 
through. This 1s the only place where any leakage 
of steam is possible ; and owing to the smallness of 
the hole, its nearly tight fit on the wheel boss, 
and the grooving, the amount is quite negligible. 
The vanes m (Fig. 8) are T-shaped ; the short 
arms n of the T fit tightly into slots! (Fig. 6) cut 
in the disc and the outer ring. Rings are then 
jlaced in annular grooves 0, 0, (Fig. 7), which are 
held by screws to both the ringé and the disc. The 
vanes are so held that they cannot get loose or fall 
out. 
The guide-discs are divided in the same plane as 
the casings, the joints being scraped true and made 
steam-tight, and the Sop halves of the discs are 
bolted to the tops of the casings, so that they all 
come away together when the top casing is lifted 
off, as shown in Fig. 12, page 786. When this 
is done, the shaft and running-wheels are easily 
accessible, and it is seen that the opening out 
of the turbine for inspection is easily and rapidly 
effected. . Stuffing-boxes are provided where the 
shaft passes out of the casing, and are of metal, 
with annular grooves turned in them. 

Before entering the turbine the steam Ss 
through an admission-valve which is controlled by 
the governor, and varies the steam pressure accord- 
ing to the load on the turbine. Its method of working 
is clearly seen from Fig, 10, page 774. The centri- 
fugal pendulum acts on the steam-valve of the servo- 
motor or relay valve m, and connects one side or 
other to pipes a and 6; a is a pipe leading from a 
reservoir full of a liquid (oil or water) under pres- 
sure, the pressure being produced bya rotary pump 
driven off the main shaft by helical gearing ; 6 is a 
return pipe leading to the suction well of the pump. 
The two pipes e and f connect each end of the 
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same rod as the piston h. If, for instance, the | 
load on the turbine is decreased, the. resulting | 
increase of speed lifts the pendulum and lever 1, | 
the valve m making a direct connection between a | 
and f andeandb. The pressure of the liquid acts | 
down on h, closes k, and reduces the pressure of | 
the entering steam. The piston-rod is prolonged 

and attached to the lever n, and in its downward 

movement automatically returns the valve m to its | 
mid-position, and no further movement will take 

place until the speed changes, and alters the posi- | 
tion of the governor balls. Messrs. Escher, Wyss | 
and Co. have applied this method of regulating | 
speed to their water-turbines for a considerable 
time with conspicuous success. It has proved 
itself equally efficient in its application to the steam- | 
turbine, the speed variation, with the greatest 
change in load, being éxtremelysmall. As will be seen | 
from the flatness of the steam-consumption curve in | 
Fig. 11, page 774, it is a most efficient device. The) 
volume of steam passing through the guide-wheels | 
is, of course, smallest in the high-pressure end, an 
augments as it is expanded in the successive steps. 
The guide-vanes in the first disc have a small area, 
and the running-wheel only receives the steam at 
certain points—i.e., it works with partial admission. 
With the increase in the volumes of steam the 
orifices of each successive guide-wheel are increased, 
until in the low-pressure steps the wheels receive 
steam on practically the whole of the vane area. In 
order that the turbine may cope with an overload a 

valve is provided, and is also controlled by the | 
governor to admit steam directly to the second and | 


third steps. A safety governor is supplied to the | 
Zoelly turbine, in addition to the governor which | 
regulates the admission of steam. It is indepen- | 
dent of the latter, and comes into action if the 
latter refuses to work, say, when the normal speed | 
is exceeded by 10 per cent. or so. The regulating- | 
valve is then shut down by a spring and the tur- | 
bine stopped. 

It has been mentioned earlier in this description | 
that the clearance spaces between the running and | 
standing parts of the turbine may, as in other | 
an yor turbines, be fairly large, both axially | 
and radially, without affecting the efficiency of 
the turbine. These spaces can be made more 
than large enough to render impossible the fouling 
of the running-wheel by any part of the casing 
or guide-wheels, due to expansion from heating up 
or from wearing down of the bearngs. A thrust 
bearing is provided to ensure th ¢ no axial move- 
ment of the shaft and its wheels can take place. 

A steam-turbine of the type described was built 
at the Zurich works of Messrs. Escher, Wyss, and 
Co., and started in the autumn of 1903. Professor | 
Dr. Stodola was requested to make a series of tests | 











undertook the electrical measurements. 
tract from their report is given below :— 


Wyss, and 
ten pressure-steps, and is rated normally at 500 brake 
horse-power at 3000 revolutions per minute, with a boiler 
— of 10 atmospheres (= 147 lb. per square inch). 


d | trials with superheated steam o 


| stable, .and reliable observations could be 


valve to the cylinder g, which is fixed directly on | to determine the steam consumption under various 
top of the regulating-valve k, which is mounted on | loads and conditions, in conjunction with Mr. 


Wagner, of the Zurich Electricity Works, who 
An ex- 


patent steam-turbine, made by Escher, 


The Zoell i 
‘0., at Zurich, is an impulse turbine having 


is directly coupled to a polyphase dynamo made by 


t 
The dynamo was 


Messrs. Siemens and Halske, Berlin. 


excited from an independent source, and this —- 


(amperes volts at the dynamo terminals) was deducted 
from the gross output of the generator. The surface- 


|condenser air-purap was driven by a separate steam- 


engine, and the circulating water was taken partly from 


| the city mains and partly drawn from the works well by 
| @ motor-driven rotar 


pump. The determination of the 
power required for the condenser was consequently very 
difficult, and this power has not been taken into account 
in arriving at the steam consumption. 

Physical Measurements.—The pressure and temperature 
of the steam were first taken before a steam-trap close to 
the turbine, as observations of these could not be con- 
veniently made at the admission valve itself. For the 

nly, a thermometer was 
placed just before the admission valve. The pressure was 
again observed before and after the first pair of guide 
and running wheels, at the connection between the two 
casings, and at the exhaust outlet, the temperature being 
taken before the first guide-wheel and at the exhaust 
outlet. They were also taken at the condenser. The 
temperatures of ‘the circulating water at the inlet and 
outlet and of the condensed steam were also measured. 

The volume of circulating water could only be ascer- 
tained by stopping the circulating pump and reading a 
water-meter inserted in the city main. The pressures 
were taken by gauges, which, with the thermometers, 
were calibrated at the laboratory of Polytecknikum 
Zurich ; the vacuum was measured directly by a column 
of mercury, the height beng reduced to a temperature of 
0 deg. Cent. ; this correction was rendered necessary by 
the temperature of the engine-room. The revolutions 
of the turbine were taken by a counter every few minutes. 
The feed-water could not be measured, as the boilers were 
supplying other engines, &c., so the only means of arriv- 
ing at the steam consumption was that of weighing the 
condensed steam. This was delivered by the air-pump 
intoa tank with a slanting bottom, and thence into a tank 
on a weighing-machine... The net weight of this tank was 
determined before each observation, and, as the capacity 
of the air-pump was large, these weighings were only made 
every ten minutes. If made oftener, the results would not 
have been uniform. ' 

That the internal condition of the turbine had become 

le, was 
recognised by the constancy of the temperature of certain 
external parts of the turbine, ‘and the uniformity of the 
product of condensation. The temperature was measured 
at the foot of the high-pressure casing, and at a bolt-lug 
on the low-pressure casing, these proving to give an ¢x- 
tremely delicate indication of the inte: conditions. — 

Electrical Measurements.—The tse yphase generator - 
run under a constant potential difference of volts, and 
was controlled by a variable water resistance, so that by 
increasing or d ing the quantity of water a constant 
load could be kept on the turbine. 


The electrical energy produced was measured by volt 
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and ammeters supplied by Siemens and Halske. Two 
ammeters were inserted in each phase, one indicating up 
to 500 or 600 amperes, the second, for smaller loads, indi- 
cating only to 250 to 300 amperes. Two voltmeters were 
used ; but by an arrangement of the switchboard at one 
instrument, readings could be taken in all three phases. 
The exciter current was also read by volt-ammeters. All 
the instruments were calibrated before and after the ex- 
yeriments by Professor Dr. Weiss, of the Polytecknikum 
Zurich ; but asthe ammeters could not be directly cali- 
brated for alternating current, they were compared with 
a thermopile which had first been calibrated with direct 
current, inserted in the switchboard in series with 
alternating-current ammeters, and again recalibrated. 

The stability of the condition of the turbine and 
generator during the tests left nothing to be desired. 

Results of the Trials.—At first the superheater was only 
moderately used, and the steam from it mixed with steam 
from other boilers without superheaters, so as to obtain 
as nearly as possible dry saturated steam. A few degrees 
of superheat could be detected before the steam-trap, 
but it was probably reduced to a trace at the admission 
valve, and the steam might be designated as dry saturated. 

The shortest tests lasted for five minutes during the 
determination of electrical ay when readings were 
taken every minute. Usually the tests lasted from 20 
to 50 or 60 minutes when determining the steam con- 
sumption, one experiment at full load with saturated 
steam lasting three hours. 

When superheated steam was used, the turbine ran all 
day, but the actual time of observation was short, as it 
was necessary to wait for the somewhat small superheater 
to give the desired temperature. 

he first series of trials, Nos. 1 to 8 of the table on the 
opposite page, had reference to gradually reduced. loads, 
with a constant steam pressure and nearly constant speed. 
The experiments were actually made in the reverse order, 
starting with a no-load test. The temperature at the 
high-pressure foot rye! , indicating that the internal 
conditions were not stable, and they did not become so 
for some hours ; this is shown particularly in test No. 8. 
The turbine was run at half load for 20 minutes to warm 
it up. Then test No. 8, which was a no-load test, 
was commenced, and while at the beginning (of the 
test) the temperature of the admission steam was 
falling, the temperature of the exhaust steam was rising, 
and at the end of two hours the exhaust-steam tem- 
perature had not reached its normal level, but was still 
falling. For estimating the steam consumption only the 
last 85 minutes was considered. The amount of extra 
heat stored up in the walls thus given out is of little in- 
fluence on the result, as the steam consumption was but, 
say, 300 kilogrammes per hour, which would take up 
only 1500 calories per hour, even if the superheating had 
been by 10 per cent. too much. 

Under heavier loads conditions become stable more 
quickly, a run of 15 minutes being sufficient before begin- 
ning the trial Lor pee Tests Nos. 9, 10, and 11 were made 
with superheated steam. Test No. 9 is the average of 
readings extending over 70 minutes ; test No. 10 is a par- 
ticular 20 minutes of No. 9, in which the highest mean 
temperature, 258.5 deg. Cent., wasmaintained. The best 
result is that plotted on the diagram to the right, ob- 
tained in test No. 10, showing a steam consumption of 
8.539 kilogrammes per effective kilowatt -hour, with 
67.7 deg. Cent. superheat. The corresponding consump- 
tion of dry saturated steam of equal initial pressure shows 
that a Ty of 1 per cent. in efficiency has been effected 
for each 5 deg. Cent. of superheat. 

All tests were made without the least trouble; the 
shaft vibrations were trifling, and may be considered as 
 aaerey nil; the temperature of the oil lubricating the 

~arings was raised from 30 deg. to 35 deg. to only 40 deg. 
to 50 deg. Cent. 


Fig. 11, page 774, shows graphically the results of 
the tests in the table, and also a curve indicating 
the steam consumption per effective horse-power- 
hour at the turbine shaft under various loads. The 
figures have been converted from the figures per 
kilowatt-hour, taking into account the efficiency of 
the dynamo. 








THE COST. OF ELECTRIC ENERGY. 
By G. L. ADDENBROOKE. 


In a recent article in ENGINEERING (see page 365 
ante) there were quoted a number of figures from a 
poe read by Mr. E. J. Fox before the Cleveland 

nstitute, giving the costs of supplying power 
electrically in several large private installations. 
These costs are very interesting in themselves, 
and they also, as remarked in the article, have 
a considerable bearing on the question of how far 
power generated at central stations can be distri- 
buted at prices to compete with them. 

_ As the subject is an important one, a few observa- 
tious from one who has had a good deal to do with 
the question of electric-power distribution may not 
.be out of place. 

‘The function of an electric-power supply-station 
will usually be to supply energy for driving works, 
for operating. electric tramways and railways, and 

_for lighting. Now, in the case of lighting and 
tramway supply, if the current, were not supplied 
from a central station, it would have to be generated 


to calculate the comparative prices at which this 
supply can be furnished we liave only to compare 
the capital and working costs of small and large 
generating stations of the same kind. In the case 
of works, or mines, the position is somewhat 
different.. Here we have two questions to deal 
with—firstly, whether electric driving in itself is 
desirable ; and, secondly, if so; how the cost of 
local generation of the power will compare with 
taking a supply from a central source. Now all 
the data given by Mr. Fox apply to electrically- 
driven plants, and electric driving has made such 
progress in nearly all classes of industry that it 
may be assumed that for the larger proportion of 
works, and mines,’in any industriai area electric 
driving is sure to be adopted sooner or later, 
whether the supply is generated locally or furnished 
from an outside source. ~ There will, of course, be 
exceptions, but these are not sufficient to alter the 
main facts. 

It is, therefore, very desirable to ascertain how 
far the cost of electric generating plants varies with 
— size, and this is dealt with in the following 
table :— 


Cost of Generating Stations ‘Complete. ; 
Cost per Kilo- Cost per Kilowatt 


Available : 
: watt of Plant Output, allowing 

Capacity. Installed. for Reserve. 
Kilowatts. £ £ 8s 
10,000 18 22 10 
5,000 20 5 0 
3,000 23 29 0 
1,500 26 34 (0 
1,000 28 j Boek 
500 30 44 0 


Notr.—1 kilowatt corresponds to about 14 indicated 
horse-power in the engines. 

These costs do not include the distributing 
system or transformers. By ‘‘ available capacity ” 
is meant that the station can actually, and without 
overload, put this amount of energy on the outgoing 
cables. In each case there will, it is assumed, 
from one-third to one-quarter reserve plant. This 
reserve plant becomes a more serious factor as the 
plants get smaller, as it is difficult to avoid its 
being at least one-third of the whole plant installed, 
and in small installations it has frequently to be 
one-half, which, of course, greatly increases the 
proportionate cost of the installation. This fact is, 
however, not taken into account in the column of 
** costs per kilowatt installed,” these being worked 
out on the actual kilowatts installed. In the third 
column a fair allowance is made for the spare plant, 
so that these figures show the complete cost of 
erecting stations of various outputs, allowing for a 
fair amount of reserve plant proportioned to the 
different capacities. These figures are all based on 
actual stations erected, or on tenders from manufac- 
turers. Of course, prices will vary in accordance 
with the design, class of plant used, &c.; but these 
figures can be taken as covering economically 
erected plants, steam-turbines being employed in all 
the larger sizes. They include buildings, chimney, 
foundations, and reasonable arrangement of ash 
and coal-handling plant in the larger sizes. 

It will be seen from the table that while a plant 
to give an output of 10,000 kilowatts can be erected 
for 221. 10s. per kilowatt output, including reserve, 
to erect a similar plant for 1000 kilowatts output 
costs 371. per kilowatt, or a difference of 141. 10s. 
while for smaller sizes the difference is greater. 
Corporations have in many cases spent much larger 
sums per kilowatt than the above, but the figures 
given will be found those. which would have to be 


steam plants, remembering, however, that to give 
the output in indicated horse-power we must add 
about 16 per cent. for the losses in the engines 
and dynamos, and one-third for the difference 
between the indicated horse-power and kilowatts ; 
so that if we take about two-thirds of the figures 
given as costs per kilowatt, we shall get the cost 
per indicated horse-power in each case ; thus we 
see that in a 16,000 indicated horse-power station 
the cost is about 12/. per indicated horse-power 
installed, or in a 1600 indicated horse-power station 
the cost is about 181. per indicated horse-power 
installed. Of course, cheaper stations than these 
can be put up, but not if all the accessories 
for economical generation are required, such as 
surface condensers, economisers, water-treating 
plant, coal-handling plant, superheaters, electrical 
driving of pumps, &c. If these are not used, there 
may be a saving of capital, but there will be a 
heavier repairs and coal and labour bill, which 
will more than outweigh the interest on the 
extra cost. 

Now a plant of 1000 kilowatts capacity would 
drive a works which would need about 2000 indi- 
cated horse-power of steam-engines installed in the 
ordinary way—-that is, a works of large size. And 
we see from the above table that a private gene- 
rating station would cost about 37/.. per kilowatt 
available, or 141. 10s. more per kilowatt.than the 
same capacity of plant forming part of a 10,000- 
kilowatt generating station. Consequently, if the 
current is transmitted from the large station and 
transformed down at the works, we can spend 
14J. 10s. on transmission and transformation, and 
it will still be as cheap in capital cost to transmit 
the current as it would be to generate it on the 
spot. 
PTthe cost of the transforming and switching plant 
at the end of the distributing-main would be well 
covered by a sum of 31. 10s. per kilowatt, including 
a short branch cable from the nearest main. Con- 
sequently there is a margin of 111. per kilowatt, 
which can be spent on feeders. In most cases a 
feeder would supply other works besides the one 
in. question, but for the sake of example we. will 
suppose that a feeder is taken straight from the 
generating station to the works. Ata pressure of 
10,000 volts a duplicate feeder can be laid complete 
under macadam roads to convey 1000 kilowatts for 
14001. per mile, including all costs and charges ; so 
that a sum of 111. per kilowatt would enable the 
feeder to be carried 8 miles from the generating 
station. If the district admits of the cable being 
laid in the form of a loop, instead“of the two cables 
being together, a larger area can be secured ; and 
while attaining the advantages of duplicate supply, 
the cost per kilowatt will be considerably reduced. 
We thus get down to the fact that if a 10,000- 
kilowatt generating station can be established in 
any industrial area, it will be as cheap in capital 
cost-to carry the current 8 miles to a works or 
tramway, or other centre where 1000 kilowatts 
output can be utilised, as to establish a local station 
on the spot, presupposing all other things equal— 
that is, that finance can he found for the smaller 
lant as readily as for the larger, and that in 

th cases the same rate of interest will be satis- 
factory: 
As a matter of fact, however, a well-established 
Parliamentary company, paying a fair dividend, 
could find money for extensions at a lower rate of 
interest than a private limited company could 
borrow at. : 
What applies to a plant of 1000 kilowatts output 





paid by manufacturers to instal such plants in their 
own works, or would have to be paid by a company | 
for the erection of central generating stations of the | 
sizesgiven. The prices do not include anything for | 
promotion costs or finance. | 
These generating plants are really steam- | 
generating stations with dynamos attached to 
the engines, and a switchboard for distributing 
the current. We are accustomed to think of 
them as electric stations, and most people 
imagine they are full of electrical plant; but it 
is extraordinary how far this is. from being 
actually the case. In fact, if we separate the elec- 
trical costs from the pure steam-plant costs, it 
will be found that three-fourths of the total at least 
relates to the steam part of the plant, and would 
have to be incurred even if the engines .were 
applied direct to their work, and only.one-fourth 
relates to the electrical portion. If, therefore, we 
deduct about one-fourth from the above figures, 





at separate electric generating stations, and hence 





we get the costs of establishing high-class modern 


applies, as can be seen from the above table, with 
greater force to plants of less than this size ; and it 
need hardly be pointed out that in nearly all in- 
dustrial areas the average power in werks or manu- 
factories is much under 1000 kilowatts, which is 
equivalent, as has already been said; to about 2000 
en horse-power in steam-engines as ordinarily 
used. 

There is also another very strong argument in 
favour of the electric supply. Granted that there 
is sufficient business to warrant the erection of a 
central power-station of a certain size, the current 
from this passing along any given route of mains 
can be sold as cheaply, within a small fraction, per 
unit for powers of 50 or 100 horse-power as for 
larger quantities. Now the cost of generating power 
privately goes up very rapidly indeed as we get 
down to these smaller amounts, so that there is a 
yroportionately greater advantage in such powers 

ing taken from a public supply. 
Itis thus clear that so far as capital cost is con- 
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THE ZOELLY STEAM-TURBINE. 
CONSTRUCTED BY MESSRS. ESCHER, WYSS, AND CO., ENGINEERS, ZURICH. 


cerned it will, in nearly all cases where electric driv- 
ing is desired, be cheaper in capital cost to have the 
power in a central station, if of sufficient size, and 
transmit it anywhere within a radius of about 
8 miles, than to establish a local plant. 

We now come to the question of working costs. 
The amount of labour needed to keep a well- 
laid set of high-class mains in good order is exeeed- 
ingly small, and it is fairly obvious that the labour 
in a large generating station per kilowatt output 
will be less than in a smaller one. 

The question of administration is not so easy to 
settle. A power company must have a board of 
directors and a well-paid official staff ; on the other 
hand, the writer finds that manufacturers in caleu- 
lating the costs of their power when privately 
generated, whether by using steam-engines direct or 
for electric driving, invariably assume that adminis- 
tration costs nothing, or next to nothing. He does 
not think this is a correct way of looking at the ques- 
tion ; the responsibility is there anyway, and capital 
and all that it means is involved ; but it seems, never- 
theless, difficult, as things stand at present, to get 
manufacturers to see the matter in this light ; and 
though on a station of 10,000 kilowatts administra- 
tion does not form a very large proportion of the 
total expenditure, it will be assumed that this item 
is rather more than in the case of privately-owned 
plants. 

Taking a station of 5000 kilowatts output, it may 
be interesting to give approximately the propor- 
tionate expenditure for the various departments, 
assuming a load-factor of about 30 per cent.—which 
is a fair average—and taking the cost of coal at 7s. 
per ton. If the cost of coal is higher per ton, 
then the proportions will vary slightly, but this 
can be allowed for by the reader. 

In expenditure there is included depreciation and 
repairs, and also a fair interest on the capital in- 
volved, which may be taken at 6 per cent. as an 
average. - 

If, then, the gross revenue received from cus- 
tomers for meh be taken as 100, we have the 
expenditure in units sold under the various heads 
approximately as follows :-—- 


Administration... me iat 10 (or yy) 
Labour (station and mains) ... 
Coal, oil, and stores .... a Ass 
Repairs, upkeep and depreciation, 
rates, taxes, and insurance .-  20(or 4 
Interest on capital Ry ... 35 (or a full 4rd) 
100 


Round figures have been taken, as they are 
more easily compared and remembered, and close 
accuracy is not required. 


(For Description, see Page 770.) 
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We thus see that, as in the case of railways, the 
working costs are about half the gross receipts, and 
that to provide fur upkeep and depreciation and a 
fair interest on capital takes about the other half. 

Returning, however, more directly to the ques- 


tion we are dealing with—namely, the comparative 
working costs of large and small plants. There is 
an idea prevalent that when engines exceed 400 or 
500 horse-power there is little extra economy to 
be got out ofthem. 

In this connection, therefore, it will be best to 
give some statistics, chiefly, however, relating to 
steam-turbines, as most power-stations are being 
engined with them. On some tests of steam-tur- 
bines of 3000 kilowatts capacity built by Messrs. 
Brown, Boveri, and Co., the consumption per 
kilowatt output was under 16 ib. of steam per 
kilowatt-hour with considerable superheat. Let us, 
however, assume that in practice this would be 





y 
as 





needed for a large works. The saving in steam 
would not, however, end here. In the larger 
stations, pumps, condensing apparatus, and auxi- 
liaries are all more economical proportionately, and 
also there is less heat lost by radiation from hot 
surfaces. Taking all these factors into account, 
and also that the central-station engines will 
usually be better loaded than those in a private 
plant, the advantage in this respect cannot be taken 
at less than 25 per cent. for a 10,000-kilowatt 
station over a plant of, say, 1000 kilowatts with 
units of 500 kilowatts. 

On the other hand, the loss in transmission and 
transformation to a distance of 8 miles ought not 
to exceed 10 per cent., to which we must add 
something for the units unaccounted for, which 
there always are between those generated and 
those shown on customers’ meters ; these ought 
only, however, to be a few per cent. above those 
which would occur in a private plant, and at any 





18 lb. Turbines of 1500 kilowatts capacity will give, | 
according to makers’ guarantees, a kilowatt-hour rate come well within the 25 per cent. economy 
for 19 lb. . Turbines of 1000 kilowatts capacity will | in coal and steam which we have shown may be 
give a kilowatt-hour for 20lb. Turbines of 500/ = in the larger station. a 
kilowatts capacity will give a kilowatt-hour for 21 lb., | hus, even counting the losses in transmission 
under similar conditions as regards vacuum, and | and transformation, the working costs of a 10,000- 
will maintain their efficienciesin practice over long | kilowatt station should be less than those of a 
periods. Now 1 1b. of steam per kilowatt-hour is | 1000-kilowatt private electrical plant anywhere 
a difference not much thought of by users at the| within about 8 miles. ; 
present day, but it is really a difference of 5 per| Let us now consider what are the prices at 
cent. in the amount used between each of ag rte current can be supplied from a station 
above sizes, so that as a matter of fact the 3000-| containing 10,000 kilowatts of plant available. 
kilowatt size pecbeliy needs in practice, including |The price depends on the load-factor — that !*, 
other losses, r cent. less steam than the 500-|on the number of units generated by the plant 
kilowatt size; which is the one which would be|per day as compared with what it could do if 
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THREE-HIGH WIRE-MILLS; WESTPHALIAN SYSTEM. 
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worked to its full capacity 24 hours per diem. press facts for the first three or four hours per diem quired for lower figures than those shown on 

These piices have been calculated for different for the load on a power-station. Assuming that the | the curve ; but as regards the rest of the curve, 

hours’ use in the diagram on the next page, in the station as a whole has a power-factor of about 30) it represents facts very closely, and: forms # very 

form originally suggested by Dr. Hopkinson. ‘per cent., energy can probably be —. during | good basis’ on which to negotiate’ charges for 
Probably this curve does not quite correctly ex- this period in the quantities it is likely to be re-| supply. ' 
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This curve would be very nearly represented by 
a charge of 4d. for the first hour’s use, and 0.2d. for 
each hour’s use afterwards per kilowatt, or 51. per 
annum as a dead charge and 0.2d. for each unit used. 
For load-factors of 25 to 30 per cent.—-those usual 
in works—the curve gives prices of 0.85d. to 0.75d. 
per unit, while for a 50 per cent. load-factor the 
price comes out at $d., and for 18 to 20 hours—the 
sort of load-factor one gets with continuous working 

lants in practice—about 0.4d. per unit, or even 
ess. 

These prices include a good dividend to the share- 
holders and a fair sum for promotion and finance, 
but perhaps hardly sufficient to cover the costs some 
companies have incurred. 

These prices are below what power companies 
are offering power for now, and naturally so. They 
are intended to show what power companies ought 
to be able to do as soon as they get 10,000 to 
15,000 kilowatt loads on the stations. At present 
nearly all the power companies are beginning with 
stations not much more than half this size, and, 





large central stations in the near future we may 
look to the unit being supplied for an expenditure 
of 3 Ib. of fair coal. 

With gas-engines, which in less than another ten 
years will have come to the front for such purposes, 
it looks as if the unit, including all losses, could be 
supplied for 2 lb. of coal. Such economies would, 
of course, still further reduce the prices at which 
current could be supplied; but it is worthy of 
remark that the utmost difference which can be 
looked for by using gas instead of steam is about 
10 per cent. in the supply price for ordinary work- 
ing hours. For very long hours consumers with 
gas-plant a reduction of probably 20 per cent. in 
the costs over steam-generation could be looked 
for ; but the number of customers for this class of 
output is limited in most areas. 

So far we have been considering electric supply 
furnished from a central source against electric 
supply locally generated. It is necessary to further 
consider how far electric supply, at such prices as 
are shown on the curve, can compete with driving 


having to carry all their promotion and Parliamen-| from steam-engines direct, where these happen to 
tary costs and the incubus of raising capital under | be well coupled up to their work, and where the 
difficulties, they are naturally not able to quote such | load is continuous during working hours and such as 
low prices as are here foreshadowed, which means | fairly to load the engine ; where, in fact, an electric 
that they cannot compete at present with the} motor would probably be substituted for the engine 


largest private plants. They will, however, find| itself rather than a group of motors. From costs 
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plenty of smaller ones in their areas to more than 
absorb the smaller outputs which they can now give 
at ‘higher prices, and as they increase they will be 
able to gradually lower prices and so compete for 
the larger plants. This output of 10,000 kilowatts 
has been taken as a basis of argument because it 
does not seem fair to found an argument as to the 
soundness or otherwise of the power supply move- 
ment on the prices on which the power companies 
are working in their initial stages. 

Just as electric lighting companies began by 
charging 9d. to 8d. per unit and have now come 
down to 4$d. to 4d. as an average for the same class 
of supply, so it will be the case with the power com- 
panies as their output gets larger and larger, and 
the working costs and capital expenditure per unit 
output less. Preliminary costs and administration, 
which are more or less fixed amounts, will bear a 
gradually decreasing proportion to the total capital 
and working expenses, and so the price at which the 
unit can be turned out ata given load-factor, with an 
equal return to the shareholders, will decrease. 

The above curve is made out on the assumption 
that about 4$ lb. to 5 lb. of coal is used per unit 
supplied to customers, which agrees with published 
results for similar work from existing stations. If 
we take 15 per cent. for luss between units gene- 
rated and units sold, and allow 80 per cent. for 
efliciency between indicated horse-power and units 
generated, and allow for the difference between 
indicated horse-power and kilowatts, this means 
24 lb. of coal per indicated horse-power in the 
engines. This is, of course, allowing for boiler- 
banking, losses in pipes, pumps, &c.; but there can 
be no doubt that for large generating sets—since 
the engines themselves should not take more than 
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derived from several manufacturers it would appear 
that the costs of electric power given above are 
practically equivalent to the costs which would be 
incurred in running a 500-horse-power engine of 
the highest class with condenser and economiser, 
and taking the price of coal at a little above what 
it would cost for a central station in the same dis- 
trict. This is assuming that there would be one 
spare boiler, but no spare engine ; that the load is 
a good one ; that very little is charged for adminis- 
tration, but a fair sum for interest and depreciation. 

On the other hand, for transmissions of less than 
8 miles the capital costs involved are less, and the 
competition would probably be in favour of supply. 
from the central station. In this comparison 
it is not reckoned that there is a spare steam- 
engine in the local plant, though it is assumed that 
there is spare plant in the central station, and 
also a duplicate system of mains for supply. 
Consequently the risk of breakdown would really 
be less in the case of the central supply, and any 
serious accident would be more quickly remedied. 

The number of engines, in any industrial area, of 
500 horse-power and upwards directly attached to 
their work without intermediate transmission 
losses, and working steadily at full load during at 
least ordinary working hours, is, however, very 
limited ; while he would, indeed, be a sanguine man 
who imagined that power produced from a central 





source could supplant power locally generated, 
'and directly applied under all possible conditions. 
|Eliminating such cases, anyone who takes the 
trouble to go into the matter will see the field 
| there is before electric power supply companies from 
| central stations on the lines indicated above, even if 
they can commence by replacing engines only up to, 


14 1b. of coal per indicated horse-power—there is | say, 200 indicated horse-power directly applied to 


still a large margin of economy to be secured by 


their work, and correspondingly larger sizes where 


looking into the losses in this part of the plant as | the application is indirect. In taking a 10,000-kilo- 


usually worked ; so that it seems probable tliat in 


watt ‘station as the unit, moreover, we have also 





unduly limited the possibilities of supply from a 
central source. Although ow in steam 
economy there will not be much to choose between 
a 10,000 and a 20,000-kilowatt station, there will 
be something, and administration, labour, capital 
cost, and other items will be less, and this will 
apply in an even greater measure to the transmis- 
sion. To take up the ground, provide troughing, 
and lay, and make good again afterwards, cost; 
nearly as much as the cable itself for the size which 
carries 1000 kilowatts at 10,000 volts. Now this 
item is almost a constant whatever size of cable is 
laid, and, again, larger cables are in themselves 
also much cheaper proportionately than smaller 
ones, so that the cost of the distributing system 
from a large central station will come out much 
less per kilowatt than from a smaller one. 

Finally we come to the fact, of which no advan- 
tage has been taken in this country so far, that the 
overhead transmission costs less than one-half of 
what it costs to convey the current underground. 
The Board of Trade are now prepared to sanction 
overhead systems, and, seeing the enormous deve- 
lopment of these in America and on the Continent, 
it seems impossible to doubt that they will come 
into use in this country before long. With such a 
system, the scale of prices given would apply to 
transmissions of 14 to 16 miles, or current could be 
supplied at equally low prices from a smaller size 
station, which latter, perhaps, is a more important 
fact, as there are a number of promising industrial 
areas where a system of electric power supply would 
be of great advantage, but which do not warrant 
the putting down of stations on the expectation 
that they will grow rapidly to a capacity of 10,000 
kilowatts or more. 

The writer cannot help thinking that these facts 
and arguments are worthy of being carefully con- 
sidered by manufacturers who are within the areas 
of power companies commencing operations, and who 
may contemplate altering, or adding to, their power 
arrangements. Even in cases where no direct 
economy in taking supply from the central source 
can for the moment be shown,- it is worth con- 
sidering whether it is advisable to incur a large 
capital outlay on a private plant for a doubtful 
present saving when, within a short period, the cost 
of the central supply will probably be reduced to 
a price which would then bring it below the cost at 
which the supply could be locally generated. 

The above article was written before the writer 
knew of or had seen the paper read by Mr. C. H. 
Merz before the Institution of Electrical Engi- 
neers, on April 28, on ‘‘ Power Station Design.” 
From a table of costs there published, those con- 
versant with the subject can deduce the fact that 
Mr. Merz contemplates an even lower scale of 
prices for varying load-factors than those mentioned 
above, thus practically corroborating them. 








RECENT PROGRESS IN WIRE-ROD 

AND BAR ROLLING-MILL PLANTS. 

Many papers have been published, principally in 
Germany, describing recent improvements in 
rolling-mills ; but with regard to small mills, those 
mostly described are American plants, English or 
German practice not being generally referred to. 

Owing to the general desire to increase the out- 
put of rolling-mills, and at the same time to lower 
the cost of production, a notable development has 
taken place in the arrangement of these plants. 
Firstly, remarkable progress has been made in con- 
nection with the cogging and the large section roll- 
ing-mills, and the improvements which have been 
effected in these mills are of the most important 
character. They are fitted with automatic convey- 
ing mechanism, apparatus for tilting the ingot, live 
rollers, skids, and so on, driven either by steam, 
hydraulic, or, more recently, by electric power ; 
electric motors for driving the auxiliary machinery 
being'very largely used. Some works have spare 
housings for the large section mills completely 
fitted out with rolls, chocks, and bearings, which 
can be changed in a few minutes. These appli- 
ances have been to a great extent based on 
those of American works, though this statement 
does not imply that they are mere copies. More- 
over, the construction in rapid succession of a 
number of new works in Luxembourg and on 
the Saar, as well as the rebuilding of o der plants 
in Westphalia and the — a oem 
the opportunity of profiting by the experien 
ped eS auig : time bf unprecedented in- 
crease in production. 
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In American wire-mill plants, continuous mills 
are preferred, the trains of roughing-housings being 
arranged one behind the other, fitted with guiding 
arrangements and working quite automatically. In 
Germany, mills are generally preferred in which 
the roughing-housings are placed in a row, parallel 
to the finishing-housings. In this case the rod is 
not only automatically guided into the grooves of 
the finishing-mills, but sometimes also in the last 
passages through the roughing-mills. If such plants 
have no billet mill, a pair of cogging-housings is 
generally placed in front of the roughing-mill for 
cogging down the ingots to billets of about 4 in. 
to 3in. square. ‘Formerly, wire mills consisted 
of one or two pairs of housings, the rolls making 
about 100 to 150 revolutions ; and as the passages 
were all in one or two housings, the loops were 
very liable to become entangled. These plants 
came from Belgium, and were called Belgian rolling- 
mills, their average output. being about 10 to 
15 tons per day of 10 hours. The improvement 
of these plants consisted principally in increasing 
both the speed of the rolls and the number of 
pairs of housings, and in the application of auto- 
matic guides. At the same time the furnaces were 
altered to the continuous principle, either coal or 
gas-fired, mechanical charging and discharging 
apparatus also being fitted. 

‘he wire mills of to-day are usually of the three- 
high type. Two pairs of roughing-housings and 
nine pairs of finishing-housings are generally used, 
and, as before mentioned, a cogging-mill may be 
added to roll from ingots instead of billets. 
Figs. 1 to 4, page 775, show a plant as usually 
arranged in Westphalia, for an output of from 50 
to 60 tons per day of 10 hours. The roughing 
three-high mill consists of two pairs of housings, 
with rolls 14? in. in diameter and 3 ft. 9} in. length 
of barrel; the finishing three-high mill having 
nine pairs of housings, with rolls from 9% in. to 
11} in. in diameter and 1 ft. 112 in. length of barrel. 
The plant is driven by a compound condensing 
engine running at 85 revolutions per minute. The 
steam pressure is 100 lb., and the cylinders 24.4 in. 
and 44 in. in diameter by 43 in. stroke. A rope 
pulley on the crank-shaft, having 19 ropes, drives 
a second-motion shaft at 210 revolutions, and to 
this shaft the roughing-rolls are directly coupled. 
On the same shaft is a rope pulley transmitting 
power to the finishing-rolls by means of 14 ropes, 
2 in. in diameter, these rolls running at 480 
revolutions per minute. 

The pinion-housings are built as a closed box, 
so that the gear always runs in oil. The pinions 
are of cast steel, with long necks, and the bearings 
are lined with white metal and fitted with ring 
lubrication. The pinion-housings are usually of 
this type for all sizes of rolling-mills, and the necks 
are sometimes as much as 3 ft. in length. Ring 
lubrication is only employed for the smaller mills 
running at high speed, as these require very good 
lubrication. In constructing the roll-housings, the 
main point is to ensure the position of the middle 
roll, and to prevent it from altering. The bottom 
roll is adjustable by means of a key, the top roll 
by a vertical screw. On each side of the second 
pair of housings of the roughing-mill is fitted a 
pair of small shears, level with the middle roll. 
These are operated by eccentrics driven by the 
shafting shown in plan, and make about 70 strokes 
per minute. They are used to cut off the bad ends 
of billets, which otherwise give much trouble in the 
finishing-miil. ~ 

In the roughing-mill the 4-in. billets are rolled 
down to §-in., and from it they are guided by means 
of a gutter to the finishing-mill. In the latter each 
of the nine pairs of housings has the top roll and 
the bottom roll alternately replaced by spindles, 
so that the rod passes between the middle and the 
top roll in one housing, and between the middle 
and the bottom roll in the next. As previously 
mentioned, the diameter of each pair of rolls is 
increased by ,'; in. towards the finishing end of the 
mill, this being done in order to obtain a higher 
circumferential speed of the rolls as the rod in- 
creases in length, and so to shorten considerably 
the final length of the loops. The first pair of 
housings of the finishing-mill is also fitted with 
Shears, cropping on the side which the rod enters. 
These shears are driven simultaneously with the 
he shears of the roughing-mill, as shown in the 
Pp an. 

_ The rod passing out of the first pair of housings 
is automatically guided to the next pair, which can 
only be done if the grooving of the first rolls is 








| square and the next oval. The oval sections are 


guided by hand to the square grooves. It appears 
that a really good guide to take the oval sections 
automatically to the square grooves has not yet 
been devised. As is well known, the oval sections 
must be turned through 90 deg. before entering the 
square grooves, therefore the guide should be closed 
the whole way ; although, on the other hand, the 
loop must be allowed to lengthen. It should not 
be impossible, however, to find an arrangement 
which will accomplish this, at any rate for the first 
passages, when the difference between the breadth 
and height of the oval section is great enough to 
keep the bar safe between the guides ; and even 
for a few passages it would save some labour. Figs. 
5 and 6, page 778, show an automatic guide as used 
for square sections. It is of some interest to note 
that the last pair of housings are arranged with 
two pairs of rolls, one above the other, as shown 
in Figs. 7 to 10, page 778, so that the rod can pass 
from one side either between the two upper or the 
two lower rolls. Every practical man knows that 
the work is not so perfect if two or more rods pass 
simultaneously between the same pair of rolls, 
owing to the variable deflection of the rolls. By 
means of the arrangement shown, each pair of 
rolls can be used at the same time without in any 
way affecting the other, as the rod can pass either 
between the top or bottom pair. In order to 
minimise the risk of the loops becoming entangled 
or overrunning the dividing-flanges of the troughs, 
the beds are inclined downwards from the rolls, 

For heating the billets, two special continuous 
billet furnaces (shown in Figs. 11 and 12, page 779) 
are employed, each of which is able to deal with 
about 28 tons of billets in ten hours. They are gas- 
fired, and the air for combustion is heated on the 
regenerative principle. The table is moved by an 
arrangement of eccentrics driven by an electric 
motor, so that at every revolution of the eccentrics 
the billet is caused to travel a certain distance 
towards the fire-bridge. Such a furnace requires 
only one man for pulling out the billets. An 
alternative arrangement is to make the table the 
whole length of the furnace and the fires at the side 
of it; the billets then travel right through the 
furnace and fall out at the end opposite to the 
charging-door, so that the action is entirely auto- 
matic, and no labour is required. These con- 
tinuous regenerative gas-fired furnaces can be 
employed with advantage for heating ingots up to a 
maximum weight of about 20001b. The coal con- 
sumption is very low, being about 10 to 12 per 
cent. of the weight of the billets if they are charged 
cold, and 6 to 8 per cent. if previously heated. 

The design and construction of furnaces is, how- 
ever, too large a subject to be dealt with in the 
limits of the present paper. A good furnace is 
indispensable for the economical management of a 
rolling-mill, though there are plants at the present 
day in which the consumption of coal in the 
furnaces is as much as 50 to 80 per cent. of the 
weight of the iron produced, not including the coal 
used for steam-raising, which often amounts to the 
same proportion. When it is realised that this 
excessive coal consumption involves an increased 
cost of manufacture of from 5s. to 7s. per ton, the 
importance of good furnaces need not be insisted 


upon. 

Recently the double two-high mill has come to 
the front, and the plant shown in! Figs. 13 and 14 
on our two-page plate is designed for rolling wire 
rod from ingots of 6 in. square, weighing 440 lb. 

To keep such a mill supplied with ingots, a 
special regenerative gas-fired continuous furnace 
is employed, having a horizontal hearth or bottom 
—not inclined, as in the usual type of continuous 
furnace. The ingots are charged into the furnace 
by means of a simple hydraulic apparatus, con- 
sisting of a cylinder and ram, the ram having a 
crosshead at the front end to push the ingots into 
the furnace-mouth. At the other end of the 
furnace the ingots are pushed out of it by a similar 
hydraulic apparatus on to an inclined live roller- 
bed, which conveys the ingots direct to the cogging- 
mill. For cogging, a three-high mill is employed, 
driven from the roughing-mill by means of ropes, the 
rolls making 90 revolutions per minute. The rolls 
are 20 in. in diameter and 5 ft. long on the barrel, 
lifting roller-tables being provided in front and 
behind the rolls for lifting the ingots. Ingots 6 in. 
square are rolled down in this mill to billets 2 in. 
square, and transported by means of live roller 
gear to the shears, cut in two pieces, and conveyed 
to the roughing-mill. 





The roughing-mill is a three-high mill direct 
coupled to a motor of 400 horse-power, making 
210 revolutions per minute. It consists of two 
pairs of housings, with rolls 14 in. in diameter and 
3 ft. 5in. length of barrel. The pinion-housiag 
forms a closed box, containing oil, in which the gear 
runs, and the bearings are of the same type as pre- 
viously described. As in the former plant (Figs. 1 
to 4), a pair of shears is fitted to each side of the 
housings to crop the ends of the billets before 
entering the rolls. These shears are driven from 
the shaft of the roughing-mills by belting and 
bevel-gear, and allow the billets to be cropped with- 
out any stoppage. The importance of billets 
having no bad or hollow ends when going through 
the finishing-miil has already been referred to. 
From the last pass of the roughing-mill the bar 
is mechanically guided to the finishing-mill. ‘This 
mill is driven by a direct-coupled motor of 350 
horse-power, running at 480 revolutions per minute, 
and consists of four pairs of double two-high hous- 
ings of the usual type, and one pair of double two- 
high housings in which the rolls are arranged one 
above the other. The bar passes through both the 
upper and the lower pair of rolls from the’ same 
side. 

Electric motors have been adopted to a very large 
extent for driving three-high and double two-high 
rolling-mills, and there are in Germany motor- 
driven plants that have been running for some 
years with very good results. Among them may be 
mentioned the plate-mill of the Dillinger Hiitte, at 
Dillingen, driven by a motor of 300 horse-power ; 
the bar-mill of the Burbacher Hiitte, at Burbach, 
driven by an electric motor of 600 horse-power ; 
the wire-mill of the Peiner Walzwerke, at Peine, 
driven by a motor of 300 horse-power ; the copper 
rolling-mill at Heddernheim, driven by a motor of 
500 horse-power, and so on. 

The finished wire-rods, after the last pass, are 
guided by means of tubes to the wire reels, which 
are now generally of the kind known as the con- 
tinuous Edinborn reels, These reels are driven 
either by the finishing-mill or by electric motors, 
and for an output of 50 to 60 tons six of them 
would be employed. They are placed at a distance 
of about 20 ft. from the finishing-rolls. 

A double two-high mill, as shown in Figs. 15 
and 16, page 779, has considerable advantages for 
rolling bar and flat sections. The plant illustrated 
is designed to roll ingots 6} in. square and 450 lb. 
weight, to round and square bars of 1 in. to 4°, in., 
flat iron of 14 in. to # in., and angles 1} in. by 
lfin. The roughing-mill is driven from an exten- 
sion of the engine shaft, making from 120 to 150 
revolutions per minute, the rolls being 18 in. in 
diameter and 5 ft. 5 in. long over the barrel. The 
finishing-mill is fixed at a distance of 40 ft. from 
the roughing-mill, and is driven from the latter by 
means of ropes 2 in. in diameter. : 

The construction of the double two-high mill- 
housings may be explained here. Usually the 
urider roll of the bottom pair is driven by the 
engine. The first pinion-housing contains two 
pinions, each of these driving one line of the rolls. 
The second pinion - housing contains the gearing 
between the bottom rolls and the top rolls. The 
principle of double two-high rolling is shown in 
Fig. 17, on our two-page plate, and the details of 
the two pinion-housings and the roll-housings is 
shown in Figs. 18 to 27 on the same plate. 

One of the great advantages that this type of 
mill has over the three-high mill is that the grooves 
in the upper rolls are quite independent of those in 
the lower; hence different sections ;may.be rolled 
in the two pairs, a feat, of course, impossible in 
three-high rolls. A greater reduction may, there- 
fore, be effected on any single pair of housings. 
Furthermore, the adjustment of the rolls is much 
simplified, because the setting of one pair of grooves 
has no effect upon the adjustment of the other 
pair ; whereas, in the case of three-high rolls, the 
grooves in the centre roll must be made to corres- 
pond simultaneously with those in the rolls above 
and beneath. It will be readily seen that the out- 
put of such a mill will be greater than that of a 
three-high mill, and twice as much as that of an 
ordinary two-high mill. The last pair of housings 
in the plant is for the purpose of finishing hoop 
iron, which is taken from the rolls to the reel 
ona chain conveyor. Other sections are finished 
in the two previous pairs of housings, in line 
with which are situated conveyors and _ hot- 


beds, from which the sections are delivered to 
the shears. 
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DETAILS OF WIRE MILLS AND AUTOMATIC GUIDES. 

















(For Description, see Page 776.) 
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LITERATURE. 


The Naval Annual, 1904, Edited by T. A. Brassey, 
Associate, Institution of Naval Architects. Portsmouth: 
J. Griffin and Co., 2, The Hard; London: Simpkin, 
Marshall, and Co. 

Sir Witi1am Waire, K.C.B., who for so long occu- 
ied the position of Assistant- Controller and 

Director of Naval Construction at the Admiralty, 

is the most important addition to the list of con- 

tributors to ‘‘ Brassey’s Annual” for this year. His 
article is rendered more valuable because he has 
for the first time divested himself, although only in 
part, of that air of official secrecy which comes as 
second. nature to Government officials of long 
standing. His most important admission is in con- 
nection with the design of the cruisers of the 

County class. This type has heen the subject of ex- 

tensive criticism, owing to sheir reputed lack of gun- 

power, to their alleged deficiency in thickness of 

‘armour, and to the restriction of area, if not also of 

weight, allowed for machinery. Sir William White 

‘confines himself almost entirely to their qualities 

of defence, the title of his chapter being, ‘‘ The 

Principles and Methods of Armour Protection in 

Modern Warships.” He states that his personal 

opinion has always been adverse to the construc- 

tion of armoured cruisers’ with less than 6 in. of 
side armour, and that “‘this opinion was well 
known to the Board of Admiralty when it was de- 

cided ‘to construct the County class” (page 126). 

The ships have 4-in. armour, and there scems no 


| reason for doubt that, even at the time they were | decks and vertical armour, Sir William defends his 
built, this was a serious deficiency, in view of the design of the protective-deck cruisers of the Diadem 
| steadily increasing power of quick-firing guns. Sir | class, contending that at the time of the design—- 
_ William, however, seems still to defend the class, | 1894—they were efficient protectors of commerce and 
/as he says somewhat contradictorily that ‘‘on the communication. Every one will accept Sir William’s 
side of protection there can be no doubt. that, | view that it is useless to fit vertical armour-plating 
| taking into account the protected area and defensive | unless it is of sufficient depth to ensure that when 
power of the armour employed, the County class the vessel is fully laden the armour will not be 
were superior to the smaller French armoured completely or almost entirely immersed, or that 
| cruisers, such as the Desaix, and closely approach or | when rolling, the hull under the belt will not be ex- 
| equal the Montcalm class and the Russian Bayan.” | posed ; its thickness ought to be equal to withstand 
While the County cruisers are of 9800 tons dis- | attack by a 6-in. gun. Otherwise a protective deck 
| placement, the Desaix is only 7578 tons, the Mont- with such curvature and thickness to give equal 
calm 9367 tons, and the Bayan 7726 tons. It is resistance may prove more satisfactory. The great 
|true that defence is only one of several necessary army of critics which Sir William's genius has 
| qualities, but there is the fact that in the Montcalm | raised around him will, however, continue to com- 
and Bayan guns superior to 6 in. calibre have been pare the Diadem with side-armoured Esmeraldas 
installed. In the later vessels of the County class, and Garibaldis of that period. It is not always 


designed by Sir William, 6-in. armour was applied | remembered that in the case of large-beam ships 
,and two 7.5-in. guns were introduced ; and since |—a battleship for instance—the weight of a deck 
his retirement from the Admiralty the design has | 1 in. thick is equal to that of 4-in. or 5-in. of broad- 
been further modified to increase the number of | side armour-belt 15 ft. deep ; and in the classifica- 
7.5-in. guns to four. This, of course, has been at | tion of cruisers, Mr. Brassey, as well as Sir W il- 
a slight cost in speed, but there is general agree- liam White, is inclined to regard a ship with 3-in. 01 


ment that the change is a distinct improvement. | 4*in. protective deck as equal to many of the foreign 
We hope to have Sir William’s views on this ques- | cruisers with comparatively thin vertical armour. , 
tion of gun-power, because if his opinions while at The relative efficiency in defence of horizonta 
the Admiralty have been set aside on many such as against vertical armour raises the whole question 
|questions, the taxpayer is entitled to know the of the effective distribution of fom in battle- 
justification for this remarkable course of rejecting | ships as well as cruisers. Sir William White's aa 
the advice of accredited experts. tention—and it is based upon sound reason—is ¢ - 
| In considering the relative advantages of armour | more importance should be attached to vertica 
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William’s recommendation, cgi only the 
under-water steel-protected deck, with the sub- 
division of the interior. Five years later, how- 
ever, the principle was accepted in vessels of the 
Canopus class. In the Formidable the idea was 
further developed by an increase in the depth of 
the 2-in. belt; in the Duncan class the thickness 
was increased to 3 in., and in the new King 
Edward class it is 7 in. to 4in. The writer on 
armour regards this greater thickness as unneces- 
sary, and contends that this forward armour belt 
should be reckoned ‘‘ non-essential to protection, 
although a limited thickness may insure mainten- 
ence of buoyancy.” A reduction here, in the case 
especially of the King Edward battleships, in com- 
bination with minute sub-division of the interior, 
would enable the armour in other parts to be in- 
creased, in order to insure the safety of the men who 
fight the guns and the keeping of the engines going. 
With two such undoubted authorities agreeing on 
concentrated defence in the middle of the length of 
the ship, the way is shown in which a satisfactory 
compromise may be sought. 

The author of the chapters on armour enters 
very fully into this question of the ‘‘ thickness and 
disposition of armour,” comparing the later ships 
of the principal Powers. He first analyses the 
increasing power of guns, showing that in three 
years the velocity of the latest type has gone up 
about 150 ft. per second, and that the factor of 

enetration of the armour-piercing projectile has 
improved by 10 to 15 per cent. Moreover, the 
‘*cap” has now been universally adopted ; in 
this country the Vickers Company have consis- 
tently worked to establish its superiority. ‘‘ From 
these considerations it results that a 12-in. gun— 
which in 1901, under certain conditions of range 
and obliquity of impact, might be considered as 
fairly matched by 12-in. plate—can now deal with 
15-in. or 16-in. plates on much the same terms as 
its prototypes did with the thinner armour” (page 
341). Making allowance for the effect of the pro- 
tective sloping deck and of the coal behind the 
armour in the region of the machinery space, he 
shows that the ‘total resistance in the King Edward 
class is equal to 124 in. of Krupp steel. This, 
however, ‘‘can be pierced with the greatest ease 
by an old type 12-in. shot at over 5000 yards 
range, while the 9.2-in., or the German 9.4-in., 
would, if it hit exactly normal, send a capped 
shell into the engine-room or barbette at between 
3000 and 4000 yards range ” (page 343). Thus the 
King Edward class, in his view, will barely keep out 
capped shot from the 9.2-in. gun at moderate range. 
His examination of the situation shows that the 
range of piercing by a 12-in. gun, using even un- 
capped shot, would be, in the case of the King 
Edward class, 5500 yards ; in the French Répub- 
lique, 3700 yards; in the United States Connecti- 
cut, 4000 to 4500 yards; in the German Braun- 
schweig, 4000 to 5000 yards ; and, according to 
particulars given, in the new Japanese battleships 
now building in this country, it will be well over 
5000 yards. While the German and British 
ships have at no part on the broadside armoer of 
greater thickness than 9 in., the two other ships 
named are partly clad with 1l-in. Krupp steel, and 
the assumption made by the author is that future 
battleships should have a belt 11 in. to 12 in. thick 
in the centre, tapering to 9 in. below the water-line, 
and to not more than 7 in. from, say, 4 ft. above 
the water-level tothetop. This tapering under the 
water-line is already applied in the French and 
American ships, and is strongly urged by the writer 
on armour-plate. It is not, however, approved by 
Sir. William White, because a ship which rolls 
through 9 deg. to 10 deg. is apt to expose the hull 
under the armour, while, as Sir William further 
points out, wave formation at ~~ speeds may 

ring about similar exposure. The writer on 
armour, on the other hand, prefers to take the 
chance of a blow under the normal water-line, as 
this part cannot be hit unlessthe shot has traversed 
some water. In nearly all the battleships the 
broadside is now tapered in thickness from some 
distance above the water-line to the upper deck ; 


but, this writer contends that in the British ships | 33 


the maximum thickness need not be carried quite so 
far above the water-line. In order to increase the 
thickness of the belt and the armoured sloping 
deck behind the belt where necessary, weight might, 
in his opinion, be taken, in the case of the King 
Edward class, at all events, from the armour 
forward, from the upper protective deck, or 
from the main deck Wales the fore barbette, 





which is some 12 ft. above water and 2 in. 
to 14 in. thick; even then he admits that an 
increase in displacement might be necessary. 

As regards the protection of the under-water part 
of the hull against torpedo attack—a point brought 
out strongly in connection with the war in the Far 
East—Sir William White expresses his views with 
characteristic lucidity and courage. He says :—‘‘I 
have been always opposed to this application of 
under-water armour, chiefly because it appeared 
probable that, even with external armour fitted at 
some distance from the outer bottom, the effect of 
the explosion of a modern torpedo would produce 
such shocks and jars upon the armoured inner 
bottom or bulkhead and its fastenings, that leakage 
into the interior would result, even if the armour 
itself was not perforated or driven in” (page 133). 

Sir William White enters into an _ historical 
analysis of the evolution of the system of protecting 
secondary batteries. Reference is made to the 
advantage of the development which was carried 
out by the Vickers Company in the Japanese battle- 
ship Mikasa. We have heard the question raised as 
to whether this was not merely a repetition of the 
old box-battery system, but it is made clear by the 
writer on armour that a material improvement in the 
efficiency of the battery was made by the introduc- 
tion of traverses and bulkheads, localising the 
damage that may be done to guns by parts of 
‘*bursters,” and isolating the very deleterious effects 
of explosive gases on the gun crews. Sir William 
White does not, however, seem wholly convinced 
of the efficacy of the system, remarking that 
the central main battery in the King Edward 
class was adopted owing to the fact that the 
9.2-in. guns in the ‘‘ quarters” limited the space 
for the 6-in. guns, so that there was no longer 
reason for locating them in separate casemates ; the 
balance of advantage, therefore, lying in the adoption 
of the central battery. Here, as always, the system, 
not only of the distribution of guns, but also of 
armour, must be the result of varying conditions 
in different ships, and, consequently, no definite 
abstract plan can be laid down. It is useful, how- 
ever, that the general principles influencing specific 
designs area’ be discussed so fully, and with so 
much knowledge and skill as is displayed by the 
two writers in the ‘“‘Annual.” It will thus be 
understood that the question of protection is very 
fully dealt with by both writers, and that there is, 
broadly speaking, some general agreement on the 
main points at issue, but it is not quite so obvious 
that our recent ships are altogether favourably 
regarded. 

he chapter on the progress of guns is, as usual, 
included in the armour section, and the author here 
pays a compliment to the ships Triumph and Swift- 
sure, the vessels built respectively by the Vickers 
and Armstrong Companies for the Chilian Govern- 
ment, and subsequently bought by the British 
Admiralty. One of the most effective comparisons 
we have yet seen made is that these two ships, 
which are to be added to the Home Fleet, could 
‘*fight the whole five ships of the Royal Sovereign 
class now in the Home Fleet with a very fair 
chance of success” (page 355). The lack of 
progress of the Admiralty in reference to guns is 
certainly not reassuring. It is pointed out that, 
even if the Edgar class be omitted, there are twenty- 
eight British ships now ranked amongst the most 
important in our fleet with short old-type guns, as 
compared with sixteen in the navies of all the four 
other principal sea Powers—France, the United 
States, Russia, and Germany. Again, France, 
Russia, and the United States are all manufactur- 
ing now 45-calibre 12-in. guns for their latest ships, 
while we are content with 40-calibre 12-in. guns. 
There are, however, rumours of a new 45-calibre 
gun. In addition to the greater length, enormously 
increasing the striking energy and flattening the 
trajectory, whereby the danger zone is lengthened, 
there is the further advantage that the long 
gun carries the blast clear of the ship’s side 
when firing the forward guns abaft the beam, 
or the aft guns before the beam. The new 
type of capped projectile is from 25 per cent. to 
per cent. more powerful, so far as direct 
impact is concerned, than when the old type of 
uncapped shot is used ; while it is further pointed 
out that there is a considerable extension of the 
practice of using a powder with a low percentage 
of nitroglycerine in preference to cordite. In view 
of the development in both directions, it seems 
surprising that uncapped armour-piercing projec- 
tiles are still used in the British service for the 





proof of armour-plates, because there can be no 
doubt that in actual service the armour on our 
ships will be called upon to withstand the attack 
made by capped shot, and, as the writer on armour 
points out, the time cannot be far distant when 
plates will be proved by the same type of pro- 
jectile that they will have to face in action. 

Submarine, or submersible, boats fall to be con- 
sidered with the offensive quality of the fleet, and 
on this subject the writer on armour has an 
interesting chapter. It is perfectly obvious that 
the practicability of the submarine is now estab- 
lished, and even from the limited information 
available it is clear that the boats built by Vickers 
for our Navy are superior craft. The difficulty 
of maintaining a uniform depth has been quite 
overcome, and with the help of the periscope, 
or optical tube, it is clear that objects can 
be plainly seen, although in the pe systems 
pe in various navies there is a wide differ- 
ence in the are of vision. This has been 
met in the British boats by an increase in the 
height of the conning-tower, which has also been 
made ship-shape, so as to involve as little dis- 
turbance as possible in passage through the water, 
the success of submarine attack being necessarily 
dependent upon the invisibility of the ship, and 
the range of vision of the officer within the 
conning-tower. France has now 26 submarine, 
or submersible, boats built, and 20 in course of 
construction ; Britain has 9 built, and 21 building 
or projected; the United States has 8 built, 
Germany has constructed, or in progress, 5; 
Russia 7, and Italy 5. ‘It is said that the French 
boats are only utilisable in local harbour defence, 
but some of the vessels to be built will have 
a much larger radius of action. The British boat is 
also said to be more efficient in bueyancy, and is 
more quickly submerged. As to the sea-keeping 
qualities of the vessels, the author points out that 
the British vessels have behaved wailin bad weather 
off the Lizard, while the French boats have been 
manceuvred off Cherbourg, Brest, and Lorient in a 
considerable sea. He suggests, however, that 
bilge keels might check rolling and improve the 
comfort of the crew. The vertical sides of the 
upper part of the hull adopted in the French 
Triton class steadies them. The author strongly 
advocates the importance of a torpedo of longer 
range than that of 2000 yards, and _ states 
that experiments are now being carried: out 
with 18-in. torpedoes, which run 3300 yards, 
while the United States Admiralty have on 
order two 2l-in. torpedoes to run at 26 knots 
for 4000 yards, and there are reports of 18-in. 
torpedoes to run 3000 yards. The use of the gyro- 
scope very materially improves the fighting power 
of the submarine. The gyroscope, it is hardly 
necessary to mention, enables the torpedo to be 
fired at any angle to the fore and aft line of the 
submersible boat. The British vessels have two 
tubes in the bow, while some of the French vessels 
carry four tubes, two pointing ahead and two 
astern. With these improvements there can be no 
doubt of the effectiveness of the submarine boat. 

Up till now ‘no successful method of combating 
the submarine attack has been evolved. The 
idea of an outrigger carried by destroyers has not 
proved successful, and the author suggests that 
destroyers should have quick-firing torpedo tubes. 
The speed of the submersible boat when under 
water is not likely to be more than 7 or 8 knots, 
so that a comparatively cheap and light torpedo 
which would run at 16 knots for 300 yards would 
overhaul the boat. The great difficulty with the 
submarine craft is her low speed, and the author’s 
narrative of the probable proceedings in attack, 
especially against a cruiser approaching the sub- 
marine boat, is certainly most interesting. 

Next in importance to the subject of matériel 
for the Navy is efficiency in its use, and on 
this subject a chapter (also anonymous) is in- 
cluded on prize-firinmg and naval efficiency gene- 
rally, in which the author makes a five years’ 
review of progress in the prize-firing of the 
navy. It records a very steady advance, especially 
since the Admiralty decided to publish lists showing 
the figure of merit of the various ships in commis- 
sion. These lists, however, while showing relative 
positions, are not always satisfactory, owing to 
varying elements in arriving at the ‘“‘ figure of 
merit,” and we hope the time will soon come when 
the Admiralty will see their way to publish a defi- 
nite statement of the precise results attained in each 
vessel. No more elective mode of developing 4 
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spirit of emulation can be conceived, unless it 
were by pronounced preference being shown to 
officers and gunners who excel. It is notable that 
in 1901 the record for the 6-in. quick -firer 
was eight hits per minute, in 1902 nine hits 
r minute, and in 1903 10 hits per minute. 
‘his is in a measure typical of progress towards 
maximum success. The general improvement is 
also good. In the Channel Fleet, for instance, the 
average number of hits per minute for the 12-in. 
guns ranged from 0.67 to 1, while the average for 
6-in. guns is from 2 to 3.67. There can be no doubt 
that it is of the first importance that the individual 
talent and aptitude of the men should be stimulated, 
and for this reason some distinction should be made 
for excellence. In fact, the time is coming when 
instead of the smartest looking ship getting most 
credit in the public mind, it will be the ship with 
the best record in firing; and this state of affairs can 
be most readily brought about by a recognition in the 
public Press of the performance of all the vessels. 
Lieutenant Carylon Bellairs has an interesting 
chapter on ‘‘Commerce and War,” in which he 
succeeds in proving that an attack on commerce is 
only efficacious if it is combined with the successful 
action of fleets, and that no mere tinkering with the 
food-supply problem will save the country if our Navy 
fails. e, therefore, is inclined to the view that 
the building of commercial protectors only to 
meet commerce-destroyers might be ill-spent 
money, and urges a more profound reliance on the 
efficacy of the battleship squadron. Commercial 
destroyers can only do a relatively insignificant 
amount of damage. Lieutenant Bellairs does well 
to contend that every ship should possess facilities 
for exchanging signals and for being able to pass 
intelligence to the authorities. It is a striking 


fact that very few of our merchant ships carry a} i 


man accustomed to signal by semaphore or by the 
Morse system. We think that under the naval 
reserve system a fee might be paid to one or two 
sailors on each ship for ability to make such sea 
communications. In such event every merchant 
ship might bring information as to the appearance 
of commerce-destroyers. 

The subject of marine engineering is again dealt 
with by Mr. G. R. Dunell, who naturally finds 
much that is hopeful in connection with the steam- 
turbine, the progress of which, not only in our 
own but in other countries, he carefully reviews. 
The writer enters the domain of speculation this 
year, perhaps to a greater extent than formerly, 
in connection with the remarkable development 
of the internal-combustion engine, noting that in 
small motor-boats the weight has been reduced to 
101b. per indicated horse-power ; but the high cost 
of petrol must be a difficulty when anything like 
high powers have to be dealt with. Gas-engines are 
also referred to as possible means of ship propul- 
sion. Mr. Dunell gives some interesting details of 
the engine trials of submarine boats. He also deals 
at some length with various aspects of the boiler 
question, and quotes an American writer to the 
effect that there is in the United States a growing 
opinion against the combination of cylindrical 
and water-tube boilers, which is now being 
advocated for our service. 

Mr. John Leyland, in an interesting article, de- 
scribes the system of reorganising the personnel of 
the Navy. As in former volumes, Mr. J. R. Thurs- 
field deals with the naval manoeuvres of the year, 
giving a comprehensive review of the mimic war, 
with its famous Sunday Fleet action. Mr. 
Thursfield has not ouly a very extensive experience 
of such tactics, but is here able to discuss the 
question with all the proofs before him. He 
notes especially the extraordinary difficulty of 
arriving at a definite conclusion, owing to what 
we may term the absence of actuality in such 
actions. When fire has been concentrated on one 
ship by several of the opposing vessels, and when 
that ship still continues in action, it is difficult to 
appraise the influence of her continuance. What Mr. 
Thursfield contends for, and he is certainly right, 
is that there should be present an umpire, with 
full power to order the withdrawal of any ship, or 
to insist on any number of guns in any ship ceasing 
to fire, when they become technically ‘‘out of 
action.” In such instances there would be some 
approximation to reality, and a fleet action would 

come something more than a tactical exercise. 
At the same time the manceuvres were of very 
considerable importance. One notable lesson was 
that if vessels are to be successful, the crews 


The breakdowns were almost solely confined to 
vessels which were specially commissioned for the 
manoeuvres with scratch crews. Under such con- 
ditions it is not surprising that satisfactory results 
were not always realised. Another interesting 

int is that the heliograph was for the first time 
rought into use for signalling purposes, and with 
marked success. Formerly, the difficulty was to 
direct the beams of the heliograph from the un- 
steady platform of a ship at sea so accurately as to 
insure correct observation by the signalman of 
another ship at a distance of several miles ; the 
apparatus devised by Admiral Wilson seems to 
have overcome this disadvantage. 

We have, as in former volumes, an interesting 
record of the progress of the navies by Mr. John 
Leyland and the editor, and also a measure of the 
comparative strength of fleets. This latter is also by 
the editor, and both chapters give evidence of 
careful preparation ; but want of space prevents us 
from entering into any details. There is also a 
chapter on the Japanese Navy, treated mostly from 
the historical and descriptive point of view ; here, 
as well asin other parts of the ‘‘ Annual,” it is very 
correctly regarded as premature to refer at any 
length to the progress of the war in the Far East. 

The ‘‘Annual” is certainly above the standard of 
excellence attained in preceding volumes. Here 
and there there are those little slips which are, 
perhaps, unavoidable. In the elevations and 
plans of warships published, only in some instances 
are the propellers shown, while in others it 
is difficult to understand whether the vessels 
are twin-screw or single-screw ; nor is this defect 
made good in the tables, where we think the 
number of screws in each ship should be stated. 
On page 46 it is intimated that the Hindustan 
is fitted with Niclausse, instead of Babcock 
and Wilcox, boilers. The source from which 
the tables given on page 5 are quoted is 
inaccurate. On page 110 it is stated that the 
German ship with turbines is the Merkur, whereas 
it should be the Lubeck, and a firm like Messrs. 
Vickers, Sons, and Maxim, Limited, should have 
its correct title instead of that given on page 120. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 18, 

THE pig-iron producers of the United States are at 
last considering a proposition which’ they should have 
considered twenty years ago. A circular letter has 
just been submitted to the pig-iron producers of the 

nited States, which reads as follows :—‘‘ No syste- 
matic effort has been made to ascertain the sentiment 
of the great corporations and consumers of the coun- 
try in relation to exchange dealings for the reason 
that, incidentally. and_ voluntarily, so many of the 
influential officers of the largest concerns in both 
these classes have advised us that they were favour- 
able to the movement (of establishing a reserve 
stock of iron). Everyone consulted on this subject 
in Great Britain has expressed himself thoroughl 
in favour of it, and the warrants of our country will 
probably be listed on thé Royal Exchange at Glasgow 
as soon as sales on exchanges in the United States 
have reached proportions which will admit of daily 
official quotations being furnished by exchanges in the 
United States to the Glasgow Exchange. The details of 
preparation for selling on exchanges have now occupied 
several weeks ; in a few days everything will be ready. 
When it is, we wish to have iron warrants to sell. The 
object of this circular is to ask you to consider what 
amount ofiron you wish to sell by warrant for spot or 
forward delivery, and to put authority to make said 
sales into the hands of some one of the houses which 
have elected to take part in the selling movement, 
The Warrant Company will make favourable terms to 
the furnace companies on all such iron.” 

The transfer of the Clairton steel property to the 
United States Steel Corporation was made to-day, and 
~ United States Court will dissolve the receiver- 
ship. 

May 25. 

The interesting transactions of the past week include 
orders for 12,000 tons of structural material to go into 
30 structures near Pittsburgh, 5000 tons of structural 
material for the Wabash Railroad, besides orders 
running into large quantities for corrugated roofing 
and steel sheets. The United States Steel Corporation 
has just shipped 25,000 boxes of tin-plate to adian 
carriers, supplanting Welsh plates heretofore used there. 
Large orders for steel rails were placed last week at 
Denver, Colorado, by western roads for early delivery. 
The supply of ore on docks at Lake Erie is larger at 
this time than ever before, amounting to 4,534,103 gross 
tons, as compared with 3,592,367 tons a year ago. The 
Canadian nail manufacturers have made a contract 
with the United States Steel Corporation for all their 
rod supplies, and in return that Corporation agrees to 
not enter the Canadian nail market. This arrangement 
will affect the maritime provinces especially. Moderate 
sales of billets are now being made on a basis of 
20 dols. to 21 dols. at mill, which will be followed 
by larger sales at an early date in order to furnish 
50,000 tons of steel for the Manhattan Bridge. 
The Missouri Pacific Railway has contracted for 
2500 tons of structural material for. bridges, and 
the Pennsylvania and Wabash systems are in the 
market for steel bars and plates for large quantities. 
Several mills producing these specialities are at present 
only working half-time, and have made concessions 
to secure the business. The Lake Superior Steel Com- 
pany has just purchased 50,000 tons of. Bessemer iron 

or their Sault Ste. Marie plant, and-have made other 
large contracts, aggregating about 160,000 tons in all. 
The downward tendency in the' market has checked 
negotiations for 30,000 tons of steel-making iron: for 
the Wheeling Mold and Foundry Company. Very 
little business has been done outside of - oh sales 
because of the widespread belief that the combina- 
tions, strong as they are, will not be able to resist the 
downward tendency in prices caused by so much idle 
capacity. 

The general tone of the market, after all, is strong, 
when we take into account all the conditions surround- 
ing the market. The secret of the strength lies in-the 
fact that there is a great deal of projected work 
which may be thrown on the market at any time, 
and which may be delayed indefinitely. The steel- 
rail makers have much to complain about ;. but 
they are standing by their guns, and refusing to 
make concessions from 28 dols., which is at , be 
4 dols. per ton more than fair dealing permits, 
The bar and plate mills are enjoying a good retail 
trade, and all other branches of the industry are hold- 
ing their own, though full time is the exception rather 
than the rule. An appropriation of 6,000,000 dols. has 
been made for the construction of docks and ware- 
houses at Baltimore. Dock improvements are .also 
either under way or projected at seven or eight sea- 
port cities along the Atlantic and Gulf coasts. For 
the next thirty days the steel market will be watched 
very closely by the larger consuming interests. 
Meanwhile considerable iron and steel-making capacity 
is coming into line, ali of which points to the possi- 
bility of strained relations between the centralised 
control of the greater-iron and steel makers and the 





larger consuming interests, 
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Tue illustrations which we publish on this page 
of a 40-ft. by 7-ft. 6-in. kerosene-oil motor launch 
are of particular interest in the light of the great 
advance made by engineers and boat-builders in the 
application of this useful power. The oil - motor, 
owing to its readiness for use and to its extreme light- 
ness and compactness, commends itself for this work, 
even more than for the many industrial purposes 
requiring a limited power. 

or a ship’s launch undoubtedly the most important 
factor, next to lightness, is the ability for starting up 
in alk weathers at short notice, and for keeping at 
sea on emergency for several days pa agret in this 
last respect the kerosene motor certainly holds a great 
advantage over any other power. A supply of oil can 
be conveniently carried under the seats sufficient for 
running an open launch of this kind for a hundred 
hours if necessary; even this long run could be 
obtained on a fuel consumption of little over half a 
ton. Salt water, too, in having no harmful effect on 
the cylinder-jacket, presents another advantage which 
will be sure to be appreciated for sea-going and down- 
river work, 

The earliest oil-launch, we believe, was the Priest- 
man, although Mr. Butler built a 15-horse-power com- 
pound three-cylinder petrol-spirit launch engine in 
1889, in which the a of valves, reversing- 
gear, and other points, including electric ignition and 
the ‘‘ float-feed induction self-regulating carburettor,” 
very closely resembled the finely-made and efficient 
petrol-motors now being so extensively used for all 
automobile purposes. It may also be interesting to 
mention in this connection that this carburettor, the 
principle of which is now adopted universally by all 
makers of petrol-motors, was first used in this par- 
ticular engine, the patents for this useful device being 
upheld by Judge Farwell in the famous motor action 
brought against the British Motor Traction Company 
three years ago. 

The engine which we illustrate is a kerosene-oil 
diagonal two-cylinder engine, with spring starter 
and silent reversing gear of the epicyclic order, 
made in 1893 for a launch that was used on the 
River Tyne for some three years by Messrs. Clarke, 
Chapman, and Co. as a service boat. The launch, 
which was 40 ft. by 7 ft. 6 in., was originally built 
for Messrs. Armstrong, Whitworth, and Co., for use 
as a motor-boat on the. cruising steamer Midnight 
Sun, for the purpose of towing passengers to in-shore 


places of interest, and eventually sank while adrift 
ete her moorings. 












Fig.?. 


HEROSENE OlL 



























Fig. 4. 


The engine, which had single-acting cylinders 8 in. | consequently not in action during the forward drive, 
in diameter by 8 in. stroke, was designed by Mr. | thus avoiding noise and frictional loss. A view of 
Edward Butler, and worked on the variable-com-|the reversing mechanism, thrust-bearing, oil-tank, 
pression principle, with an automatically-regulated | and steering-quadrant is shown in Fig. 2. A three- 
carburetting vaporiser. Benzoline spirit was used in | bladed Ross and Duncan propeller, 21 in. in diameter 
starting for a minute or so before turning on the | by 26 in. pitch, was used, which gave a mean speed of 
kerosene supply; the engiue was by this means | 8 miles per hour taken up and down the tide with an 
entirely independent of lamps or burners, and could |engine speed of 360 revolutions per minute ; the 
be started up in any weather. launch having a load of 20 passengers. 

A coiled spring 40 ft. long by 34 in. wide and j in.| The exhaust was carried down to a large perforated 
thick was used in the starter. This appliance is | keel-pipe running along nearly the full length of the 
clearly shown in Fig. 4; this reproduction is from a| boat; the escaping fumes were by this means to a 
pooterape taken looking towards the stern of the great extent deodorised, and rendered absolutely 

t, and illustrates the method adopted for winding silent. A rotary balanced valve was fitted to each 
up and releasing the spring by the two lever sockets. | cylinder with high-tension electric ignition; and as the 
Two men could easily wind it up ready for use in 3 or | engine was not covered in any way, the sparking-coils 
4 minutes, even with the launch rolling and pitching | were enclosed in water-tight boxes.. This engine is 
in disturbed water. One of the conditions imposed by | particularly interesting when viewed in the light 
the Board of Trade inspector was the possibility of |of the fast-growing use of oil-motor craft of all 
reliable starting and running in a choppy sea and wet | kinds. 
weather; a starting test was made in midstream 
with the launch rolling severely immediately after the 
passing of a large steamer, which would have been 


Send stitiag aver.” “ ~~ erenags fae Seen saaile by 34, while six furnaces were out of blast at the same agp 
; Reversing was effected by a gear carried in a revolv- | May 1908 wees te binee 34 re blast, B The peo- 
ing frame, which was locked fast with the fly-wheel | guction of pig in Belgium in the first four months of th’s 
while running in the forward direction, and held by 4 | year was 430,852 tons, as compared with 426,855 tons in 
brake clutch in going astern; the gear-wheels were | the corresponding period of 1903. 








Be.eran Buast-Furnaces.—-The number of furnaces in 
activity in Belgium at the commencement of May was 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—In the pig-iron market on 
Thursday morning a good business, ting 10,000 
tons, was done in Cleveland warrants at a decline of 2d. 
on the previous day’s quotations. The tone was ir: 4 
and cash business was done at 45s., while the month’s 
iron declined from 45s. 3d. to 45s. 1d. Hematite iron 
warrants were offered at 55s. 6d. one month. The market 
was quiet and featureless in the afternoon, Cleveland iron 
being dealt in to the extent of 3000 tons at 45s. fifteen 
days, 45s. 1d. one month, and 45s. 2d. and 1d. two months. 
The market was dull on Monday morning, Cleveland war- 
rants being 4d. lower at 43s. 5d. cash, and 1d. down at 
43s. 4d. one month. There were no cash or month deal- 
ings, but 3000 tons were dealt in at 43s. 6d. fourteen days, 
43s. 5d. and 43s. 4d. eighveen days, and 43s. 2d. and 43s. 1d. 
three months, with sellers over at the latter figure. In 
the afternoon Cleveland iron declined 14d. further to 
48s. 5d. cash and 433. 4d. one month. The turnover was 
2000 tons, but the transactions were all for odd dates, as 
fotlows :—43s. 3}d. twenty-eight to eighteen days, and 
43s. 3d. twenty-one days. The morning session of the 
pig-iron market was idle on Tuesday, and the tone was 
flat at a decline of about 2)d. in the month quota- 
tions. Owing to the increase in the kwardation 
rate there is a difference of 3d. between the cash and 
a month prices, the latter of which are quoted 43s. buyers 
and 43s. 1d. sellers. There was a smart recovery in the 
afternoon, when Cleveland warrants advanced 24d. to 
433. 6d. cash, and 5d. to 43s. 5d. one month. The turn- 
over amounted to 3500 tons, including dealings at 43s. 54d. 
sixteen days. The course of prices was irregular in the 
market this forenoon. After being dealt in at 43s. 64d. 
cash, Cleveland warrants declined to 43s. 44d. buyers at 
the close, while dealings also took place at 433. 5d. 
and 43s. 54d. sixteen days and 43s. 24d. one month. The 
turnover was 2000 tons; and in the afternoon only one 
lot of Cleveland at 43s. 44d. comprised the day’s business. 
The following are the quotations for makers’ No, 1 
iron :—Clyde, 57s. 6d.; Gartsherrie, Summerlee, and 
eg ie 58s. ; sengtee, 68s, 3 coe! py ee a nie 
the fo ing are priced as shipped at Glasgow ; Glengar- 
nock (een at Ardrossan), 58s.; Shotts (shipped at 
Leith), Bos. ; Carron (shipped at Grangemouth), 58s. 6d. 

r ton. The market opened rather easier after the 
Whitsuntide holidays, and there was only a limited 
amount of business transacted in Cleveland warrants up 
till Friday, when there seemed to be some selling orders 
in the market for cash iron, the price receding to 
43s. 54d. cash, at which the market closed with buyers. 
American advices are still very flat, and both iron and 
semi-manufactured steel are again being offered for ship- 
ment to this side, which has a very depressing effect on 
the local works, as at present they have great difficulty 
in booking f work, and any orders which they have 
are being rapidly run off their books. No_ business has 
been transacted in hematite warrants, but Scotch hema- 
tite is quoted at 56s. 6d. per ton. 


Scotch Steel Trade.—Business in the steel trade still 
remains comparatively quiet. There has been little fresh 
during the past week in the way of new inquiries ; and 
while sohellendtuns have been coming forward with a fair 
amount of regularity, still all the mills are not as profit- 
ably employed as the makers might desire. In the de- 
partment of castings and on of the trade, German 
competition is still being keenly felt. 
are no more than remunerative. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is easier, and continues quiet, with the prices 
ranging at about 12/. 2s. 6d. per ton for prompt delivery, 
Glasgow or Leith. Makers, however, report that they 
are not sellers at that price, and hold out for 12/. 5s. f.o.b. 
Leith. Some quotations give 11/. 15s. 3d. per ton prompt 
delivery, Leith or Glasgow. Last week’s shipments at 
Leith amounted to 375 tons. 


Contracts for Steamers.—Messrs. Murdoch and Murray, 
Port Glasgow, have contracted to build another pas- 
senger and cargo steamer for service on the River Amazon. 
Triple-expansion engines will be supplied by a Glasgow 
firm.—The Greenock and Grangemouth Dockyard Com- 
pany have received orders to build two twin-screw 
steamers 205 ft. in length, for foreign owners and for service 
on the River Plate, and for the general coasting trade. The 
vessels will be built at tne company’s Grangemouth yard, 
and the machinery at Glasgow, under the special survey to 
qualify for the classification of the Bureau Veritas.—It is 
understood that the Dundee Shipbuilding Company have 
just completed negotiations for the building of three 

to the order of Messrs. Pile and Co., London. 
The barges are to be put on the stocks at the earliest pos- 
sible moment.’ At present the Shipbuilding Compan 
have two small coasting vessels on hand, but these wi 
not be completed for several weeks yet. 


West of Scotland Coal.—Ths doal trade of the West of 
Scotland has not improved during the past week. For 
the season of the year business is dull in almost every 
department, and prices in some cases have a tendency to 
a lower level. House coal is A ead in fact, the bulk of 
the output is now going for shipment at, of course, the 
usual sacrifice in the way of price. Steam coal is in very 
moderate request, but otherwise without change. Splint 
continues abundant, and, with the much-curtailed require- 
ments of the various gas works, is rather back in price. 
Ell of the best quality is in fairly good demand, with 
price steady ; but the outlet for the poorer sorts of this 
class has been somewhat restricted during the past few 
days. Treble and double nuts are being dis 1 of for 
home consumption and export without much difficulty, 
and values are fairly well maintained. First-class dross 
and single nuts and all kinds of small stuff move off with 


Prices all round 


fair larity, and prices are unaltered. Quotations 
f.0.b. mene may be taken to-day as follow :—Steam 
coal, 83. 6d. to 8s. 9d.; splint, 8s. 6d. (easy); and ell, 
8s. 3d. to 9s., according to quality. 

Gas Coal.—Apart from the Glasgow Gas Corporation, 
about 50 per cent. of the gas corporations in tland 
have fixed, or are in the way of fixing, their contracts 
for coal for the ensuing year. With the exception of first- 
class cannels, which command previous quotations, prices 
are stated to show an all-round decline in contrast with 
last year’s figures, second and third-class cannels bein 
from 6d. to 9d. per ton cheaper, and splints 3d. to 6d., an 
— and second-class shales roughly about 1s. per ton 
ower. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Electrical Undertaking.—The accounts of the above, 
presented to the committee last week, showed that the 
cost of the undertaking had been 276,848/. The revenue 
for the year had been 37,887/., and the working expenses 
19,6607. The net revenue was 18,276/., of which 16,5877. 
had been applied to the payment of interest, sinking fund, 
and meter depreciation, leaving a balance of 16392. to be 
added to the reserve fund, which now stands at 11,752/. 10s. 
During the year 4,537,420 units had been generated, 
inst 3,045,508 units in the previous year. The North- 
Eastern Railway Company’s application for a supply to 
their docks, sidings, and station at Hull was considered 
by the committee. The yearly consumption was estimated 
at 14 million units. The engineer reported that it was 
proposed to distribute the power from about 21 points. In 
most cases they were in close proximity to the corporation 
mains, and the comparatively small outlay of 2300/. only 
would be necessitated. It was to enter into 
negotiations with the company for the supply. 


Sheffield and Sewage Disposal.—At the last meeting of 
the Association of Municipal and County Engineers, Mr. 
C. F. Wike, Sheffield’s city surveyor, made an interest- 
ing statement as to the sewage disposal of the city. 
Sheffield, he said, had, for the last 15 or 20 years, been 
honestly trying to purify its es. and had recently 
ag 100,000/, with this object. Now, after visits from 

r. Wilson and the Local Government Board, they were 
told it was necessary to begin all over again. They were 
considering a scheme which would involve an expenditure 
of 300,000/. or 400,000/.; and seeing that a Sewage Com- 
mission was sitting, and they might shortly expect its 
report, they had thought it advisable to hasten slowly. The 
Rivers Board, however, were pressing them, and it was 
found necessary to prepare a scheme at once, and submit 
it to the Local Government Board. 


Extraordinary Railway Accident.—During shunting 
operations on the Great Central Railway sidings near 
Beighton, a heavy coal-truck jum the metals and 
fouled the main line. The Marylebone to Manchester 
express, running at sixty miles an hour, dashed inte and 
cut off the corner of the wagon. It kept the rails, but 
the engine buffer was broken off at the wrist, and the 
whole of the-carriage handles on one side of the train 
were wrenched off and scattered along the line. 


Big Sheffield Company.—The firm of Thomas W. Ward, 
Limited, has just been registered, with a capital of 
350,000/., to take over the business carried on at the 
Aibion Works, Sheffield, under the style of Thomas W. 
Ward and the Silent Machine and Engineering Company. 


Iron and Steel.—A slight gnemtinine is noted in the 
district since the resumption. lling-mills report a fair 
amount of business during the past few months, and some 
are averaging five days a week. No marked increase is 
seen in work for the steel trade generally, but representa- 
tives of Sheffield houses returning from America have 
brought home a fair weight of orders for wire, and this 
has given an impetus to this branch. 


South Yorkshire Coal Trade.—Business generally in the 
South Yorkshire district is in a somewhat unsettled con- 
dition. It was ex that the stoppage for the holi- 
days would be followed by inc activity both in 
house and steam fuel, but these anticipations have not 

n Prices, however, remain fairly firm. Best 
Silkstones are quoted up to 13s. per ton, and_best Barns- 
ley house up to 11s. 6d. per ton at the pits. Rather more 
fuel is going to the Humber ports for shipment, but there 
is no news, so far, of the conclusion of any heavy 
contracts. 














Hut Corporation Water Works.—The Hull Corpe- 
ration water works at Springhead and Cottingham were 
inspected on Monday, and an interesting event in con- 
nection with the proceedings was the opening of the 
Raywell reservoir, which is to supply a rural district of 
the Riding, containing over 6000 inhabitants. The 
members of the water committee, accompanied by the 
Mayor (Mr. Alderman Jarman), the sheriff (Mr. J. H. 
Fisher), Colonel Wellsted, and a number of officials, left 
the Hull Town Hall in carri shortly before noon, and 
drove to Springhead, where they spent some time amon 
the machinery. Within the last six months a borlsontal 
cross-compound engine has been added, from the works of 
Messrs. Hathorn, vey, and Co., Limited, of Leeds. 
This will keep the Raywell reservoir replenished with 
water; it has a pumping capacity of 400 gallons per 
minute. Leaving = ye the party were driven by 
way of —e an irkella to Raywell, where the 
visitors descended into the reservoir. The floor, which is 
114 ft. long by 64 ft. wide, is of concrete, while the series 
of arches forming the roof, and supported upon square 
pillars, are built of blue brick, and lined with bituminous 
sheeting. No iron has been used in the work. The 





reservoir has cost, exclusive of the land, about 30007. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
: MipDLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
fairly numerous attendance on ’Change here, and the tone 
of the market was less cheerless than it has been, but 

uotations were easy, and.little business was reported. 

raders showed no inclination to buy forward, and, in 
fact, we did not hear of a single transaction for delivery 
over any part of thesecond half of the year. No. 3g.m.b. 
Cleveland pig was to be had at 43s. 6d. f.o.b., and that 
price was generally named ; but for certain brands, up to 
as much as 44s. 3d. was the quotation. No. 1 was put at 
46s. 3d. by most firms, but up to 463. 9d. was asked by 
others. also with foundry No. 4 and grey forge, the 
general quotation for the former being 43s. 3d.,and the latter 
42s. 9d., whilst some makers held out for 43s. 9d. and 43s, 
respectively. Mottled pig was 42s. 3d., and white 42s, 
East Coast hematite pig was very dull, and was reduced 
in aie. Mixed numbers were 52s.; No. 1 was about 52s. 6d.; 
and No. 4 forge 50s. 6d. Spanish ore was quieter. Rubio 
was 15s. ex-ship Tees. 

Shipments of Iron and Steel.——Shipments of iron and 
steel from Middlesbrough during May totalled 126,002 
tons, and were made up of 84,524 tons of pig iron, 13,095 
tons of manufactured iron, and 2838 tons of steel ; 50,436 
tons of pig went abroad, and 34,088 tons coastwise ; 3444 
tons of manufactured iron went abroad, and 13,095 tons 
coastwise ; and 20,664 tons of steel went abroad, and 
7719 tons coastwise. Scotland received 25,011 tons of pig, 
and Germany took 14,936 tons. India was the best cus- 
tomer for both manufactured iron and steel, receiving 
1571 tons of the former, and 6583 tons of the latter. In 
May last year the total clearances reached 130,453 tons. 


Manufactured Iron and Steel.—Little or nothing new 
can be repo! so far as the manufactured iron and steel 
industries are concerned. Several firms are short of work, 
and concessions might be made to secure orders; but it 
can hardly be said that prices are — changed. 
Market rates stand:—Common iron bars, 61. Ee 
best bars, 6/. 12s, 6d.; iron ship-plates, 67. 7s. 6d.; steel 
ship-plates, 57. 12s. 6d.; steel boiler-plates, 7/.; iron ship- 
angles, 6/. 2s. 6d.; steel ship-angles, 5/. 5s.; steel joists, 
51. 5s.; steel sheets (singles), 7/. 5s.; steel sheets (doubles), 
72. 15s.; and heavy sections of steel rails, 47. 10s.—all less 
the customary 24 per cent. discount, except rails, which 
are net at works. 

Wages in the Manufactured Iron Trade.—The accoun- 
tant to the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trade of the North of 
England has certified the average net selling price of 
rails, plates, bars, and angles, for the two months ending 
April 30 last, to have been 5/. 19s. 10.16d. per ton, as 
against 6/. 0s. 6.17d. for the previous two months; and, 
in accordance with sliding-scale arrangements, wages for 
June and July will be the same as prevailed during the 
preceding two months. 

Coal and Coke.—The fuel trade is quieter. Bunker 
coal is plentiful, and is quoted at 7s. 6d. to 8s. Coke is 
easier, average blast-furnace qualities being offered at 
14s, 3d. delivered here. ~ : 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—The demand for large steam coal has been 
almost entirely for early shipment, but the undertone of 
the market has been strong. Torinage has been taken up 
for 25,000 tons for Japanese waters, and it is expected 
that both Russia and Japan will be large consumers of 
the best Admiralty coal for some time to come. Mean- 
while quotations have shown no material change, the best 
steam coal having made 15s. 6d. to 16s. per ton, 
while secondary qualities have ranged from 14s. to 15s. per 
ton. The house-coal trade has shown a quiet tone; the 
best ordinary qualities have made 13s. 6d. to 14s. per ton ; 
secondary descriptions have from 10s. 6d. to 13s. 
per ton. No. 3 Rhondda large has brought 14s. 6d. to 
14s. 9d. per ton. Foundry coke has been quoted at 18s. 
to 19s. per ton, and furnace ditto at 16s. to 17s. per ton. 
As iron ore, Rubio and Almeria have made 14s. to 
14s. 3d. per ton, and Tafna 15s. per ton. 


Mr. Bell, M.P., on Railway Working.—Mr. R. Bell, 
M.P., general secretary of the Amalgamated Society of 
Railway Servants, spoke at a large gathering of railway 
employés at Carmarthen on Sunday. Mr. Bell said the 
changes now taking place in the management and conduct 
of railways were such as he had not experienced during 
his lifetime or read of since the early days of the lovo- 
motive. The large type of locomotive now being con- 
structed, the chi from steam to electric traction, 
and the adoption of electric Lag rmayer “ea systems of 
signalling, were having an adverse effect upon the 
condition of those employed in railway service. But the 

ition which he took up was that it was neither his 
uty, nor that of the society which he represented, to 
oppose the introduction of any of these new methods of 
working. He had, in fact, always deprecated opposition 
to the introduction of machinery. At the same time, he 
held that his duty, and that of the society, came in when 
those changes were taking place, that duty being to see 
that the conditions of employés as to machinery were 
equitably changed, as circumstances warranted. 

The P Anthracite Combine. — A_ suggested 
anthracite combine in South Wales is considered to be 
atanend. At any rate, prolonged negotiations upon the 
subject have practically failed. 

Water-Supply of Lynton. — New water-works were 
opened “eg 7 A on Saturday. For some years the 
town had been supplied with water brought from the 
river without any screening, and, after being filtered in 
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beds, has been ch into a reservoir at Lynton. The 
pipes had become defective, and, after consideration, the 
urban council decided to construct new works. Water is 
now taken from the West Lyn above Cherry Bridge; it is 
first passed through a screening-chamber, and it is thence 
conveyed through cast-iron pipes to Lynton. The water 
is filtered. by means of pressure filters introduced by 
Messrs..Candy, of Westminster. This method effects a 
considerable saving for sand-beds, and it is claimed that it 
is less costly. The water was formally turned on last Satur- 
day by Sir G. Newnes, who has done much for Lynton. 


Electricity at Portsmouth.—A start has been made with 
the installation of the electric light at Portsmouth Dock- 
yard. Sir W. Preece and Co. have the supervision of the 
work, and are generally advising the Admiralty upon the 
subject. Not only is the whole dockyard to be supplied 
with electric light, but all the machinery is also to be 
driven by electric motors. 








MISCELLANEA. 

TuE Board of Trade have approved the Ferranti meter 
for use on alternate-current circuits supplied under con- 
stant potential. 

In discussing before the New York Railway Club the 
question of the destruction of the side-sheets in wide 
locomotive fire-boxes, Mr. R. H. Soule said that some 
experiments were made a year or two since on the Santa 


Fé line, with a view to ascertaining the conditions of | ry, 


evaporation in the stay-bolt space. Gauge-cocks were 
fitted to the outer shell, and the inner ends of these gauge- 
cocks extended into this space to different distances. 
Thus in one case the inner end of the gauge-cock was only 
din. from the surface of the inner side-sheet, in others 
this distance was respectively } in. and fin. On opening 
the cocks withthe engine in full work, the first-named 
cock discharged steam only, the second a mixture of steam 
and water, and the third solid water. It thus appeared 
that with the large , nea and high rates of combustion 
adopted in modern locomotives, the water was driven 
right away from the side sheets, and a remedy might, it 
was suggested, be found in making the stay-space wider. 


We are glad to note that steps are being taken for 
the formation of a British Foundrymen’s Association, 
somewhat on the lines of the American Foundrymen’s 
Association, which for some years past has done so 
much to improve foundry practice in the States by afford- 
ing an opportunity for managers to meet and discuss 
methods of working. The excellent papers contributed 
to this association by Mr. West and Mr. Keep have 
attracted attention far beyond the limits of the societ 
before which they were read; and we trust that it will 
not be long before So communications are 
made to the = new British association by practical 
workers inthe United Kingdom. With a view to estab- 
lishing at_least a preliminary organisation, a committee 
has been formed, with Mr. Robert Buchanan, of 35, 
Thornhill-road, Handsworth, as president, and Mr. F. 
W. Finch, of Kingston House, Lansdown-road, Glou- 
cester, as secretary and treasurer, from whom further 
details can be obtained. 


In a communication to the Comptes Rendus, M. C. 
Fery describes how he has determined the tempera- 
tures of various flames by ascertaining the moment at 
which a sodium line in the flame was just reversed by the 
light from a carbon filament which was gradually raised 
in temperature by increasing the current through it. The 
temperature of the filament was measured by means of 
an absorption pyrometer, depending on the application 
of a formula of Wien, connecting the intensity of Kiesiaoes 
radiation with the temperature; the correctness of the 
pyrometer was verified by comparison with the thermo. 


electric pyrometer up to about 1700 deg. Cent. The 
results were as follows :— 
, Deg. ‘Cent 
Bunsen burner, fully aired &. 1871 
Ip partially aired ... 1812 
Ae not aired ... ee 1712 
Acetylene burner 2548 
Alcohol, free flame ... a ae ae 1705 
Denayrouze Bunsen fed with alcohol ... 1862 
Denayrouze Bunsen fed with 50 per cent. 
each of alcohol and petroleum spirit ... 2053 
Hydrogen, free flame in air . 2s, 1900 
Oxy-coal:gas-blow-pipe . 2200 
Oxy-hydrogen blow-pipe ... ae ‘ 2400 
In a paper read before the American Institute of 


ery F ngineers describing the gas electric power plant 
of the Montezuma Copper Company, at Nacozar, Mexico, 
Mr. John Langton makes an interesting comparison 
between the: respective merits of gas and steam: plants, 
A steam-engine, he points out, will at need furnish con- 
siderably more power than its designed output, whilst 
with a gas-engine there is no such elasticity, and in 
Practice gas-engines should be rated at 15 per cent. under 
their actual output when working under the very best 
conditions. It is only by making a discount of this kind 
and providing an equivalent excess nominal power that 
8as-driven stations can be worked satisfactorily on a 
varying load. Though the ease with which gas can 

piped long distances gives facilities for erecting 
“eparate gas-engines at different points of a large 
works, the practice is not to be recommended, since 
a _—— should always have a skilled attendant 
within call; and, secondly, by grouping the whole of the 


engines within a central station a better load factor is 
racticable, which more 
osses necessarily incurred 
from the power-station 
The plan of > 

y 


obtained than is otherwise 

_ offsets the transmission 
conveying energy electrical] 

to the points where it is needed. 


number of gas-engines to’ the same line of shafting 





means of belting is, he considers, not satisfactory, since 


it is impossible to make certain that each engine is taking 
its fair share of the load; hence it is much better to 
combine a system of electrical distribution of power with 
the gas-driven central station. There is then no diffi- 
culty in starting the engines, and the ampere-meter fixed 
on each unit shows exactly what each engine is doing in 
the way of supplying power. Again, with this system it 
is easy to apply the power just where needed, as motors 
can be installed anywhere ; and whilst they require very 
little attention, they will at need work under a very con- 
siderable overload. Motors, he considers, ure the most 
robust of all forms of driving machines, and will stand an 
extraordinary amount of abuse and neglect without 
serious damage, and with nearly unimpaired efficiency. 


By the official inauguration of the Western District 
Sewage Works on Monday last, the main drainage of Glas- 
gow is nearly completed. The scheme has been designed 
with a view to dealing with 240 million gallons of 
sewage and rainfall per day, about one-half of which will 
be dealt with at the works just opened at Dalmuir, with 
the assistance of the existing works at Dalmarnock. The 
territory drained extends 15 miles along both sides of the 
River Clyde, and covers an area of 39 square miles. 
this 14 square miles lie on the south of the river, and are 
to be dealt with at Shieldhall. For the larger area on 
the north side two sets of works are provided. That at 
Dalmarnock has been in operation since 1894, and here 
some 16 million gallons of sewage are dealt with daily. 

e new works at Dalmuir, just opened, are designed 
to take ultimately 48 million aalions of sewage, in 
addition to rainfall. The work now complete has 
included the construction of an outfall sewer on 
the drainage from the higher levels of Glasgow an 
Partick, and the construction of three important inter- 
cepting sewers to take the low-level drainage. A 
pumping-station, capable of raising 16 million gallons 
per day a height of 37 ft., is provided at Partick to 
raise the sewage from the Glasgow and Partick inter- 
cepting sewer into the outfall sewer, which carries it 
by gravitation to Dalmuir. At Dalmuir there is another 
pumping-station, which raises to the works level the 
contents of the Clydebank intercepting sewer, the 
lift being 21 ft. Here direct-driven centrifugal pumps 
are provided, which were supplied by Messrs. Drys- 
dale and Co., of the Bon Accord orks, Glasgow, 
there being one 21-in. pump, and two 15-in. pumps, the 
former being rated at 114 million gallons per day, and 
the two latter at 6 million gallons each. The purification 

rocess used consists in chemical precipitation on the 
ines which have, it is stated, been successfully followed 
at Dalmarnock for some _— past. The effluent from 
the precipitation tanks is discharged direct into the river. 
Mr. A. B McDonald, city engineer, Glasgow, has been 
responsible for the design and execution of the works. 


The following memorandum has just been issued by the 
Admiralty :—Owing to recent changes, the accommoda- 
tion at the Royal Naval Engineering College is now more 
than sufficient for the number of engineer-cadets under 
training for H.M. Navy. In view of the exceptional 
opportunity for training in marine engineergg and naval 
architecture which is afforded by the course, combining, 
as it d theoretical study in the college with practical 
work in the dockyard, the Admiralty have made arrange- 
ments for the admission of a limited number of supple- 
mentary cadets as private students, over and above the 
number of cadets entered for the service. Students so 
admitted will have the same advantages as the ordinary 
engineer and constructor cadets, in respect both of the 
college residence and training and of practical work in the 
dockyard, without being under any obligation to enter 
His Majesty’s service at the end of their period of 
training. e course of training taken by the students 
will be the same as that laid down for engineer-cadets or 
cadets of naval construction, and will last for the same 
period, but it will be open to them to withdraw at any 
time. On the completion of the training no employment 
can be guaranteed, but in the event of vacancies occurring 
among the engineer-cadets owing to exceptional causes, 
an opportunity will be given to the-private students to 
compete for such vacancies, and, if selected, they will be 
eligible for commissions in the Royal Navy under the 
same conditions as the engineer-cadets. ey will also 
be eligible for admission at the end of the course to the 
Royal Naval“College, Greenwich, under the conditions 
applicable to private students generally. They will be 
— to pay a fee of 75/. per annum, to cover the cost. 
of board and residence in the college, tuition, and prac- 
tical instruction in the yard. The fee-will be payable in 
three equal instalments at the beginning of each term. 
While under training they will be under the same regula- 
tions as to discipline, uniform, pay, leave, &c., as apply 
in the case of ordinary cadets. No student will be 
admitted without satisfactory evidence of character, and 
of general education and ability to profit by the college 
training. A copy of the ations affecting engineer- 
cadets and of the syllabus of instruction can be obtained 
on application to the Secretary of the Admiralty. As 
only a small number of private students can be admitted, 
——- should be made immediately; in any case 
before June 7. 


The report of the Side-Slip Committee of the Auto- 
mobile Club states that there were thirteen entries. The 
trials began with an endurance test of 857 miles, to which 
all the devices were submitted, except those which could be 
put in or out of action from the driver’s seat ; these latter 
were only run over a distance of 104 miles. The roads 
chosen were, as far as possible, representative, but in- 
cluded a large proportion of tram-lines and setts. Ob- 
servers were carried on all the cars throughout the whole 
of the endurance test, who reported every repair and 





renewal made during the runs. At the conclusion of the 





endurance test, the cars were tested to determine the 
absorption of power of the various devices. The cars were 
run down a hill atas of about 20 miles an hour : firstly 
with the device fitted, and, secondly, with the device re- 
moved. The distance between the stopping-points under 
the two conditions was then measured, and it was shown 
that there was an appreciable difference in the power 
absorbed by the different devices. The devices were then 
submitted to the actual side-slipping test. A space of 
50 ft. by 10 ft. of smooth asphalt under cover was coated 
with a thin layer of Thames mud and fluid soft soap 
forming a greasy substance closely resembling a London 
asphalt street on a damp, foggy day. All the cars were 
required to cross the greasy patch at speed, and 
to attempt to make a sharp turn while on the grease. 
None of the cars su ed in turning in the least 
d out of the straight, all making a front-wheel 
side-slip in the direction of the length of the car, with 
the wheels locked hard over : poegee ghee. the necessity 
for having both front and back wheels fitted with a non- 
slipping device to insure perfect control under extreme 
conditions. The cars were next run over the gi patch, 
and the brakes applied suddenly. A considerable varia- 
tion was apparent in the adhesion of the wheels fitted 
with the various devices, The ‘cars were then made to 
start on the greasy patch, and the results agreed with 
those of the brake test. Three of the devices under trial 
were then fitted to the front wheels, and this enabled the 
cars to make a fairly sharp turn on the grease. All the 
tyres, tubes, and devices were then examined for wear, 
and the results of the examination have led to the 
following recommendations for the prizes offered :—The 
first prize, consisting of a I a medal and 150/., goes to 
M. l’Empereur ; the second, of 100/. and a silver medal, to 
the Parsons Non-Skid Company; and the third, of 502. and 
a silver medal, to the Civil Service Motor and Cycle 
Ageney ; whilst silver medals are also awarded to the 

ilkinson Tyre and Tread Company, Mr. Mark Vivian, 
and Mr. H. 8. H. Cavendish. e committee report 
that none of the devices met all the requirements of the 
case. The device gaining the first prize consisted of 
steel plates connected by links fitted to the tread, detach- 
able and kept in position by the inflation of the tyre; the 
second prize went to an arrangement of detachable chains 
mounted on the tread ; whilst the device taking the third 
prize consisted of a detachable leather cover fitted with 
steel studs. 








Sout Iratran Rartway.—The revenue of the South 
Italian Railway last year was 5,943,6652. The workin 
expenses of the year were 3,770,132/., or at the rate o 
63.43 per cent. 


ErraTuM.—In our description of the 24-ton frictional 
double-barrelled steam-winch, which appeared on page 
749 of our last issue, there is an error in the name and 
address of the makers. It ought to be Messrs. John H. 
Wilson and Co., Limited, Sandhills, Liverpool, and not 
as of Victoria-street, Westminster, the latter address 
being that of the London office only. 





HicuH-Tension O1-SwitcuEs.—A new oil-switch for 
use with high-tension currents is now being placed on the 
market by Messrs. Dick, Kerr, and Co., Limited, of 
Preston. Good design and workmanship are most essen- 
tial to the successful working of such switch, as even a 
so-called minor defect may have a disastrous sequel. 
Much care has, therefore, been expended by the firm in 
question in the production of these switches. They are sup- 
plied single or in multiples, to suit any number of phases, 
and may be operated automatically. The main termi 
for connecting the cables are secured to vertical rods, 
which are highly insulated with mica sleeves and porcelain 
insulators, provided with large creeping surfaces. They 
are held in position by substantial insulators, securely 
fixed to a cast-iron webbed plate, which is bolted to a 
cast-iron frame. This plate acts as a cover to the oil-box 
which surrounds the switches. From the lower ends 
of the vertical rods depend the copper jaws which engage 
the switch-blade. Theswitch-blade is carried horizontally 
in a heavy porcelain insulator. The switches are encl 
in a large oil-box, which may be lowered by means of 
a winch attached tothe frame. The oil-box is lined with 
impregnated material, and fitted with fireproof partitions 
consisting of marble or other suitable material for separa- 
ting the various switches, and when the box is fixed in 
position it entirely encloses the live contacts of the switch. 

t is also dust-proof and oil-tight. An oil-gauge is fitted 
to the side of the box, by which the height of oil in the box 
may readily be observed. . To close the switch, the opera- 
see alagg ws must be forced down until the spring-bolt 
loc This motion raises a weight and closes a trip-gear 
and switch. The switch may be opened by withdrawing 
the spring-bolt and raising the switch-handle. On re- 
leasing the handle, the trip-gear is immediately brought 
into action, the weight falls smartly on to a crosshead and 
throws the switch-blades out with a quick break action. 
In addition to the ordinary operating-handle, each switch 
is provided with an emergency throw-out. This takes the 
form of a solenoid attached to the frame of the switch, the 
armature of which actuates the trip- The local 
circuit for operating the solenoid is closed by a small 
press-button switch, p immediately above the main 
switch-handle on the board. For larger work, a special 
type of oil-break switch, similar in design to the foregoing, 
is manufactured, which is operated bya motor. In place 
of the switch-handle on the , two small press-button 
switches are then provided, marked ‘‘on” and “off.” 
These are joined up by clockwork and a relay through a 
local circuit which starts and stops the motor. _The motor 
is provided with a flywheel and gearing ; the gearing 
actuates a vertical rod which engages the trip-gear for 





releasing the weight, placed above the switch-frame, 
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Tue Irauian Navy.—The Italian naval estimates for cruiser Francesco Ferruccio, and to continue the building 
1904-5 foot up to 5,087,6437., or 375d. more than the cor- of the ironclads Vittorio Emanuele, Napoli, Regina 
responding estimates for 1903-4. The amount proposed Elena, and Roma. It is further pro to lay down 
to be devoted to new construction in 1904-5 is 1,533,4697. an ironclad or a cruiser at Oastellamare, to build 
It is intended to proceed with the completion of the | three submarines of the Glanco type, to complete the 





THE ZOELLY STEAM-TURBINE. 


CONSTRUCTED BY MESSRS. ESCHER, WYSS, AND CO., ENGINEERS, ZURICH. 











torpedo - boat destroyers Zeffiro and Espero, and to 
construct 14 first class torpedo-boats. he death is 
announced of the Italian admiral Accini. He was 
considered one of the best officers in the Italian naval 
service. 
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Royal United Service Institution, Whitehall. A a on will be 
read, entitled ‘‘ Notes on Railway Surveys and Design in New 
Countries,” by Mr. Percy G. Scott. 

SocteTy oF CHEMICAL INDUSTRY — LonpoNn Section. — Monday, 
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cussed :—(1) ‘‘ The Loss of Nitre in the Chamber Process,” by Mr. 
J. K. H. Inglis. (2) ‘‘ Acetone : Its Manufacture and Purification,” 
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Tannin,” by Dr. J. Gordon Parker and Mr. E. E. M. Payne. 
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THE BOARD OF TRADE AND CON- 
STRUCTIVE ENGINEERING. 

Tuat the Board of Trade is not exempt from the 
conservatism which is apt to become a feature of 
Government departments generally is a fact clearly 
exemplified by a Court of Survey, instituted under 
the Merchant Shipping Act, which has just decided 
an important case in connection with condensers 
for steam-turbine marine machinery. The justices, 
in giving their decision, obviously could not refrain 
from very severely animadverting upon this con- 
servatism with its restrictive tendencies. The 
primary cause may possibly arise. from defects in 
the constitution of the Board of Trade, which 
render the officials, whose primary duty—so far as 
engineering matters are concerned—is to ensure the 
safety of the. public, unwilling to take even pro- 
blematical risks.. There is no need to refer to the 
natural disinclination of the average Government 
official to accept responsibility of any kind ; it isa 
psychological condition which comes with the con- 
ditions of service, because, since neither initiative 





789 | nor courage brings promotion, there is little ten- 


dency to depart from the very prescribed limits of 
‘*use and wont.” The consequence has been that 
in the development of engineering science the Board 
of Trade has in many respects acted continuously 
and consistently as a brake, more or less severe. 
Almost innumerable instances might be quoted 


93 | where progress in Britain has been severely handi- 


capped in comparison with the free advance in 
foreign countries under less restrictive adminis- 
tration. : 

We have indicated that the primary duty of the 
Board of Trade is towards the public ; but, as has 
been pointed out by Sheriff Fyfe, who presided at 
the Court of Survey to which we have incidentally 


3) referred, the Board is also responsible to the 
go4| engineer and the shipbuilder. ‘‘If, however, it 


appears that there is no real public question, and 





that, in their zeal for the public safety, the Board 


are unnecessarily ane restrictions upon in- 
dustry—especially an industry iu its develop- 
ment stage—the Court, however reluctantly, can- 
not escape adversely reviewing the official action.” 
In many instances such action, whilst serving 
no useful purpose from the public point of view, 
has greatly checked engineering development. 
Indeed, one paragraph in the Court’s decision 
would almost represent the general attitude of 
the Board of Trade for many years, and for 
this reason it may be quoted in full. ‘The 


108| Whole case for the Board of Trade is built 


upon suppositions which, from a practical engi- 
neering point of view, are most fanciful, They 
are suppositions upon which no constructed piece 
of machinery was ever made, and however tested, 
could be ‘said to be sufficient. Any strength 
of test, for instance, of a boiler, ‘is futile if, in 
considering its efficiency, it is to. be supposed 
that. it has been left empty with a fire under it. 
Nor is the test of steering-gear of any. value if it 
is to be assumed that the vessel.is running without 
the man at the wheel.” : teat 

The case immediately in dispute is.of interest 
largely because it is more or less typical, of the 
attitude of the Board of Trade. Messrs. ‘William 
Denny and Brothers, the well-known Dumbarton 
firm of shipbuilders, have constructed.and!have in 
progress a large number of turbine-driven steamers, 
and in connection with the fourth vessel completed 
—the Princess Maud, for service between. Stran- 
raer and Larne—a dispute arose with the-Board 
of Trade during the course of the tisual: survey 
prior to certification as a passenger steamer under 
the Merchant Shipping Act. Although the Act 
assumes that survey may be conducted upon the 
completion of the construction of the vessel, it has 
been the practice, for the greater convenience of 
the builders and the Board of Trade, to watch the 
progress of the work, so that should any point 
arise, it may be settled without the possibility of 
delay when the vessel is required for her service. 
In accordance with this procedure, the Board of 
Trade surveyor had been at Mesars. Denny’s, and, 
as a consequence, the question of the strength of 
the condensers to be used with the turbine machi- 
nery was raised. As the result of a consultation 
at the Board of Trade in London, instructions 
were sent to the local surveyor to ask that 
relief-valves should be fitted to the condensers 
of the Princess Maud; that an additional stay 
should be fitted in the opening or neck of the 
condensers ; that the condensers should be tested 
up to 30 lb. per square inch; and that Messrs. 
Denny should supply drawings. To all of these 
demands the builders refused to comply, their‘ con- 
tention being that the condenser was sufliciently 
strong ; that there was no precedent for the official 
test, nor for the demand for the supply of drawings. 
The condenser is of the same type as that now 
universally used for reciprocating engines, and 
corresponds with the condensers fitted into pre- 
ceding turbine-driven steamers, either by Messrs. 
Parsons or by Messrs. Denny, who have, as is 
well-known, been working in close association 
in the construction of such vessels. In the case 
of the Princess Maud the horse-power was equal to 
about 6000 indicated, and the opening or neck of 
the condenser was rather larger than in, preceding 
vessels ; but the builders acted on the principle 
that it was better to make this part with an extra 
strong plate rather than use light plates, stipple- 
mented by struts secured with ‘angle- bars. In 
accordance with their usual practice, they tested 
the condenser by hydraulic pressure up to 25 lb. 
per square inch, not so much ‘to try strength as 
workmanship. They objected to the official test 
because it would create a precedent to be main- 
tained in the future, probably with more exact 
conditions, and might therefore become a ‘ dis- 
ability ” to the steam-turbine. The Court, in their 
judgment, said that ‘‘ the unfairness. to turbines 
involved in the application of a test rule to their 
condensers which is not applied to, other engines 
seems so very obvious as to require no more than 
bare mention.” For the same reason the builders 
objected to supply drawings, as this condition had 
not been exacted in the past. The result was that 
the Board of Trade refused to grant the usual certi- 
ficate for the carrying of passengers, and an appeal 
was made to what is known as a Court of Survey 
—a tribunal consisting of one of the justices or 
sheriffs of the district and two technical assessors. 
So rarely is this court brought into service that it is 








about twenty years since the last case was heard in 
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the West of Scotland. The justice was Sheriff T. A: 
Fyfe, and he had as engineering assessors, Mr. 
David J. Dunlop, of Port Glasgow, and Mr. James 
Melrose (who did not concur in the judgment), a 
retired chief inspector of machinery of the Navy. 

The case occupied three days, a large number of 
expert witnesses being examined ; and the decision, 
issued on the 27th ult., sustains the appeal of 
Messrs. Denny, so that the license will now be 
granted to the steamer for the carrying of pas- 
sengers, in opposition to the view of the Board 
of Trade. There was naturally a conflict of evidence. 
The Court, howéver, seems to have had little difii- 
culty in arriving at a clear and well - considered 
judgment. The Board of Trade staff, including 
several engineering surveyors from other districts, 
made inuch of the question of danger. As stated in 
the judgment, ‘‘ It was pictured that the whole of 
the four air-pumps might cease to act; that in a 
first-class passenger steamer there might be no 
engineer near running machinery; that steam 
might ‘rise in the condenser and render it useless, 
and soon. Even such a wild suggestion was made 
as that the internal pressure in one of these con- 
densers might get up ‘to something like 80 per 
cent. of the boiler-pressure—which would mean 
that this condenser might. have to stand an 
internal pressure of about 120 lb.—a theory, the 
logical result of which would seem to be that a con- 
denser must be built to stand about as great an 
internal pressure as a boiler, and that safety-valves, 
similar to boiler-valves, would be wanted also on 
condensers.” It is scarcely necessary to enforce 
here that a condenser is not intended to withstand 
inside pressure at all, and that strength to with- 
stand the normal atmospheric pressure and to pre- 
vent collapse is all that is needed. It was clear from 
the evidence that there was a large margin of 
safety, even in the construction of the large neck 
of the condenser. 

There is no reason for difference between the 
condensers of crank and turbine engines, so far 
as the possibility of breakdown is concerned. In- 
deed, the turbine system, with two low-pressure 
engines and two condensers, has an advantage over 
engines of the usual twin-screw type, which in 
merchant service are entirely independent; the 
arrangement .and construction of the turbine 
machinery is such that on one condenser becoming 
useless,‘ the exhaust steam automatically passes 
into the other, so that the chances of complete 
disablement are two to one in favour of the tur- 
bine. The fact that the vessels were fitted 
with turbines seems to have raised a doubt 
in the mind of the Board of Trade officials, and it 
was possibly their desire to take such steps as would 
leave no room for the continuance of this doubt 
that induced them to adopt the unusual course they 
pursued. But it would almost appear from the 
judgment of the Court that there was really no 
room for such doubt. The Court refers to many 
points which are elementary, and lays down prin- 
ciples which are ordinary every-day practice; but this 
they point out has been done as a matter of courtesy 
to the Board of Trade surveyors, who raised them in 
the course of the proceedings. This can be the only 
explanation of such a statement as ‘* When an engi- 
neer has designed and constructed a piece of 
machinery, he does not proceed to imagine excep- 
tional circumstances, and proceed to risk destroying 
his work to satisfy curiosity as to what pressure 
is necessary to blow it to pieces. Experi- 
ence tells him what design will suit his purpose. 
Plans and calculations tell him what strength of 
construction he will have when he has carried his 
design into a practical piece of work, and he has no 
need to test his work for any other purpose than to 
ascertain that the work of construction has been 
properly accomplished.” Such a statement traverses 
the whole field so far as the Board of Trade are con- 
cerned, and one cannot conceive sound reasons forthe 
step taken, except, as was pointed out in the judg- 
ment, that an effort was mad» to create a change in 
the procedure. The chief surveyor of the Board of 
Trade frankly admitted that the test demanded 
would have made a precedent, and the surveyor 
at Glasgow, in his evidence, urged that a test of 
60 lb. ‘‘ would have been more reasonable” than 
one of 301b. But it is pointed out that ‘if it is 
necessary that condensers should be tested, then 
it may a fair subject for discussion whether 


there should be a regulation applicable to all con- 
densers ; but the Court does not think that the 
demand for test in this instance was reasonable. 


wind adding to regulations, and that, practically, 
by one individual making an arbitrary requirement 
in an isolated instance.” 

The Court further raised the question of the 
power‘of one engineer to take such decisive action 
as is indicated by the withholding of a certificate 


ere andreputation of Messrs. Denny. This point 
frequently been raised, not only in connection 
with marine engineering, but in railway work, elec- 
tric traction, electric lighting, &c.; and itis one that 
must sooner or later be brought prominently to 
the front. The Court on this occasion points out that 
if a doubt did exist, it ought to be ‘‘a reasonable 
engineering doubt, and not merely the official doubt 
which novelty always tends to create in the official 
mind. But the Court cannot credit an engineer of his 
(the chief surveyor’s) eminence and experience with 
entertaining any personal doubt on this. subject. 
Ifhe does, the Court can only say that his opinion 
iscontrary to that established by the preponderat- 
ing weight of the evidence laid before this Court, 
and that his demand was unreasonable as being 
based upon unwarranted assumptions in this 
matter.” The Court regarded with a surprise 
which will be shared by all engineers that in such 
an important matter the Committee of Experts, 


which, it is said, was created for the very 
purpose of assisting to settle such questions, 
was not brought into consultation. There is 


every justification for an engineer having con- 
scientious doubts, especially where he has had no 
direct practical experience regarding the question 
at issue ; but the natural assumption is that, in 
such case, instead of making an irrevocable decision, 
he will confer with others having experience. That, 
at all events, is the practice in manufacturing 
concerns, and ought certainly to be the case at the 
Board of Trade, where the issues are even more 
momentous, and where there is greater opportunity 
for gross injustice being done. In this case, as the 
Court pointed out in its decision, there was no real 

uestion of danger to the public. The Board of 
Trade were willing to consider the granting of a 
certificate for a shorter period than one year if 
Messrs. Denny would accept that ; but ‘‘if it wasin 
any way dangerous for the boat to be permitted 
to sail for a year, it was equally dangerous to per- 
mit her to sail for a day.” 

The remarkable point about the decision is that 
costs did not follow the event. The Court has 
made no order as to costs, and the reason is 
that, ‘‘ while it is true that the surveyor was, per- 
haps, aggressively official in his attempt to introduce 
a new practice, the appellants were not, on their 
part, particularly conciliatory.” Probably they 
thought that the action taken by the Board of 
Trade justified a peremptory reply. The Board of 
Trade has been proved to be wrong in every step 
that was taken, and under such conditions it seems 
difficult to understand why Messrs. Denny should 
lose their costs because they did not feel it neces- 
sary to assume an attitude of humility. But apart 
altogether from the question of costs, there can be no 
doubt whatever that a distinct service has been ren- 
dered to engineers, and it is to be hoped that this 
case will be followed by others whenever the Board 
of Trade’s decision is found to be inimical to advance, 
as it is only by free discussion before. a competent 
tribunal that difficult questions of: engineering 
practice can be decided satisfactorily. There is no 
appeal from the Court, so that. the decision is 
final ; but as to how far it will regulate the future 
action of the Board of Trade it is impossible to say. 
There is thus the greater reason for engineers fol- 
lowing . Messrs. Denny’s example and, when asked 
to. subordinate their judgment to official doubts, 
availing themselves of the right of appeal. 








THE RESISTANCE OF HIGH-SPEED 
TRAINS. 

Many of the problems to which it was hoped the 
experimental high-speed electric railway between 
Marienfelde and Zossen would afford a satisfactory 
solution are, of course, largely of an electrical 
nature, and have little or no bearing on steam 
railways, although, on the other hand, many of the 
difficulties involved in propelling vehicles at such 
high speeds are common to railways of every 
description. For this reason the experiments are 
of the greatest interest to locomotive engineers as 
showing the conditions which will arise at speeds 
higher than steam. locomotives have hitherto 


from a passenger steamer built by a firm of the ex-. 


were carried out was about 14} miles in length, 
the worst gradient being 1 in 200 for a distance of 
about ‘five-eighths of a mile. There were several 
other gradients of the same or less steepness, but 
a large proportion of the line was perfectly level. 
The rails were of Vignoles section, weighing only 
67 lb. per yard, laid partly on iron and partly on 
wooden sleepers, the sleepers being considerably 
more numerous than usually allowed. 

The rolling-stock used in the experiments con- 
sisted of two motor ie cars, weighing respec- 
tively about 77 and 88 tons, which were either run 
singly or attached to two or three trailers. As 
might be expected with such heavy cars at high 
speeds, the lightness of the permanent way gave 
considerable trouble. The speed was increased 
gradually from 62 to 100 miles an hour, although 
at 87 miles an hour the running of the cars 
became unsatisfactory owing to the condition 
of the permanent way. At speeds in excess 
of 87 miles per hour the rails were bent, and their 
level so much disturbed that subsequent runs 
were not allowed to exceed 64 miles per hour. 
The amount of deflection of the rails as the car 
passed over was determined by fitting the edge of 
a lead plate to the rail section, the plate being 
suppoited independently of the rail, so that the 
maximum displacement of the latter was recorded 
by the impression left on the lead plate. The 
average results are given in the accompanying 
table, reproduced, with English measures, from one 
given by Mr. Alex. Siemens in a recent paper read 
before the Institution of Electrical Engineers, from 
which it will be seen that wooden sleepers provide 
a much better support for the rails than iron ones. 











Distance Material | Speed, Deflection of 
between of ' Ballast. Miles per | Rails in 
Sleepers. | Sleepers. Hour Inches. 
in 
33.4 Wood Sand 67 0.08—0.1 
33.4 ” ” 70.8 0.14—0.2 
30.7 9 Stones 90 0.24—0, 26 
30.7 Iron Sand 70.8 0.2 —0,22 
30.7 ” 2 83. 0.24—0.26 
28.8 99 - 76.4 0.24—0.28 
33.4 Wood Sand 40-50 * 0.06—0.08 
28.8 Iron he 40-50 0.16 
! 











N.B.—The last two lines in the table show the deflection 
caused by ordinary military trains on the same track. 

Theaboveinformation was gained from experiments 
carried out during October and. November, 1901, 
and when the experiments were resumed in 1902, it 
was intended to increase the speed of the cars in 
small steps until a speed of 125 miles per hour 
should be reached, provided that every preceding 
run had been successfully performed. Owing to 
the condition of the track, however, the authorities 
insisted on it being relaid before excessive speeds 
were attempted ; but as it was impossible to get 
this done in time, the speeds were limited to 78 
miles an hour. The time was, therefore, spent in 
investigating the resistance of the cars at various 
speeds. The first experiments for this purpose 
were made by connecting the car to a locomotive 
by means of a dynamometer-coupling and reading 
the pen at various speeds. The results were not 
reliable owing to the unsteadiness of the pull, and 
the method was abandoned in favour of the one 
used by many previous experimenters on the same 
subject--namely, to allow the cars to come to rest, 
by coasting, from a certain speed, and from 
the times taken in passing over known distances, 
to calculate the retarding force. Experiments 
were made on the air resistance, by means of brass 
tubes projecting from the car, and connected inside 
to Pitot tubes. The resistance of the air, deter- 
mined in this way, was found to approximate very 
closely to the theoretical value deduced from 
the assumption that it was represented by the 
momentum imparted to the air per second. The 
theoretical pressure in pounds per square foot on the 
effective area of the train is given by the equation 
P= .0054 V?, where V is the _— in miles per 
hour ; while the experimental value of P was found 
to be .0052 V2, an approximation sufficiently close 
to be near enough i all practical purposes. It 
will be remembered that in the very careful ex- 
periments to determine the resistance of trains 
carried out by Mr. J. A. F. Aspinall on the Lanca- 
shire and Yorkshire Railway in 1898-9 the value 
of the air resistance was found to be P = .003 V? ; 
and as in both cases every ible precaution 
seems to have been taken to insure accuracy, We 
must await further investigation before being able 








Upon this ground, inter alia, that it was by a side 


attained. The track upon which the experiments 





to decide which formula is the more correct. 
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In addition to, the atmospheric resistance there 
are miscellaneous resistances due to axle friction 
and other causes, which together go to make up the 
total resistance. In the paper by Mr. Siemens 
these resistances are grouped together, and appear 
to follow very closely a straight-line law, though 
increasing less and less rapidly as the speed goes 
up. At 60 miles per hour they amount to half the 
air resistance, and one-third the total resistance of 
the train, while by extrapolation they would be- 
come, at 100 miles per hour, ,% and ,%, of the same 
two quantities respectively. Yt thus appears that 
at high speeds the atmospheric resistance is by far 
the most serious obstacle, and benefits might be 
expected from shaping the front of the car some- 
what on the lines of a ship, so that the air might 
be displaced as easily as possible. This has already 
been tried, we believe, on steam locomotives, but 
the consensus of opinion among railway engineers 
is that any advantages to be gained from such a shape 
are more than counterbalanced by the increased area 
exposed to side winds. This idea was carried out 
to a limited extent in the design of the cars on 
the Marienfelde-Zossen line, the end of the roof 
descending in a parabolic curve, and the corners 
of the car chamfered off at an angle; but the 
necessity for sufficient room for the driver and the 
provision of buffers prevent it being adopted in 
its entirety. In the experiments carried out by 
Mr. Aspinall, above alluded to, the miscellaneous 
resistances formed a much larger proportion of the 
total, and increased much more rapidly than in the 
Marienfelde-Zossen trials. At 60 miles an hour 
their proportion to the atmospheric resistance and 
the total resistance was respectively } and 4, 
while at 80 miles per hour—the highest speed at 
which measurements were: made—these proportions 


became 38 and Ae The difference between these 


figures and those obtained on the Marienfelde- 
Zossen line is very marked, and demands further 
investigation. It is too great to be. accounted for 
by any difference in the rolling-stock or the con- 
dition of the track used for the experiments ; and 
as a fairly correct knowledge of the resistance of 
railway trains at high speeds is an essential factor 
in the attainment of such speeds, it is to be hoped 
that further experiments will be undertaken to 
throw more light upon the matter. 








PROBLEMS OF NEUTRALITY. 

Just as the cases in the law courts are of interest 
to persons who are not parties to the litigation, so 
a struggle between two great nations is of interest 
to other countries who may require guidance in the 
solution of various problems in international law. 
A lecture, which was delivered by Mr. T. J. 
Lawrence, at the Royal United Service Institution, 
on May 28, entitled ‘‘ Problems of Neutrality con- 
nected with the Russo-Japanese War,” is of pecu- 
liar interest at the present time, as the lecturer 
there summarises the questions to which the Russo 
Japanese war have already given rise. The length 
of the lecture prohibits us from setting it out in 
full; but there are one or two questions which 
appear to us to be of special interest to readers 
of ENGINEERING. 

One of the most interesting problems which has 
arisen during the war is the question whether the 
newspaper correspondents of neutral powers are 
entitled to use wireless telegraphy for the transmis- 
sion of news. It is obvious that this is a matter 
which could not have been before the savants at 
the Hague who drew up the Hague Convention of 
1899. As is well known, the Times fitted up the 
steamer Haimun with De Forest’s wireless tele- 
graphy apparatus. Messages in cipher were sent 
from this vessel to Wei-hai-Wei, and were tele- 
graphed from thence to London over a neutral 
British cable. Taking alarm at this, the Russian 
admiral notified ‘‘ that if he caught off Kwang-tung, 
or within the zone of operations of the Russian 
fleet, correspondents making use of improved 
apparatus not yet provided for by existing conven- 
tions, he should treat them as spies and confiscate 
their vessels.” Mr. Lawrence pointed out that there 
18 no justification for this drastic order. Art. xxix 
of the Hague Convention on the Laws and Customs 
of War on Land declares that: “An individual 
can only be considered as a spy if, acting clandes- 
tinely or on false pretences, he obtains, or seeks to 
obtain, information in the zone of operations of a 
belligerent with the intention of communicating it 
to the hostile party.” It is difficult to see how the 


harmless n 
indicted under this narrow rule. At the same time 
there is no doubt, as Mr. Lawrence pointed out, that 
the presence of a ship like the » wala on the 
scene of action might be embarrassing to one or 
other of the belligerents. This is one of the cases 
for opinion which will have to be submitted to the 
next meeting of delegates appointed to consider 
questions of international law. - 

Another part of Mr. Lawrence’s interesting 
lecture was devoted to the question of contraband of 
war. In considering this portion of his subject, the 
lecturer once more brought into relief the extra- 
ordinary attitude which the Russian Government 
adopts towards the canons of international law. . It 
seems that if any particular canon of that vague but 
righteous code is distasteful to Russia, she has no 
hesitation about abandoning it. To explain our 
meaning, it is necessary to go into the history of 
contraband so far as coal is concerned. 

The West African Conference of 1884-1885 
decreed freedom of commerce and navigation for 
the Congo River, even when the riparian powers 
were at war, excepting, however, contraband 
articles from the operation of this salutary rule. 
In December, 1884, the Russian representative at 
the Conference astonished his colleagues by declar- 
ing that the Czar would not regard coal as one of 
the articles so excepted. Down to the date of the 
present war this was the view held by Russia, and 
the opinicn was shared by France, that country 
maintaining the extreme view that coal can, under 
no circumstances, be regarded as contraband of 
war. Other countries, notably Great Britain, the 
United States, and Japan, hold that coal is con- 
traband when destined for naval and military use, 
but innocent when destined for commerce, manu- 
facture, or domestic consumption. In the present 
war Japan has adopted this doctrine by placing 
coal in the second class of her contraband goods, 
which means that she will subject it to capture 
only when it is caught on the way to the war 
vessels of the enemy, or a hostile port of naval or 
military equipment. Far different is the attitude 
of Russia. The eighth article of her rules which 
the Imperial Government will enforce during the 
war with Japan, and which were published on Feb- 
ruary 24, 1904, included in her list of contraband, 
‘every kind of fuel, such as coal, naphtha, alcohol, 
and other similar materials.” In the light of this 
deliberate departure from her previous practice, 
it is clearly impossible to rely upon any declaration 
which Russia may make as to her reading of the 
rules of international law. 

The policy of Russia with regard to contraband 
seems to be to make no distinction between goods 
which are absolutely and goods which are treated 
as conditionally contraband in other. countries. 
The British Government treat the following as 
conditionally contraband :—‘‘ Provisions, drinks, 
horses, harness, fodder, vehicles, coal, timber, 
coins, gold and silver bullion, and materials for the 
construction of telegraphs, telephones, and rail- 
ways.” The Russian Government ap to treat 
all these goods as absolutely cae. 

One other topic of great interest was touched 
upon by Mr. Lawrence. We refer to the question 
of the floating of mines on the high seas. It is 
obvious that if these dangerous articles are allowed 
to drift away indiscriminately on the off-chance of 
doing harm tothe enemy’s fleet, neutral vessels run 
considerable risks, both during and also after the 
determination of hostilities. . Lawrence seemed 
to think that it was contrary to every sound prin- 
ciple for a belligerent to transform any part of the 
open sea into a mine-field. At the same time he 
expressed the view that if mines placed in belli- 
gerent waters, where they may properly be used, 
get loose and float about, to the danger of neutral 
navigation, then the case is on all-fours with that 
of a stray shot which, missing one of the belligerent 
ships, might perchance do damage to a neutral 
vessel in the vicinity. 








THE ELASTIC PROPERTIES OF 
SOLIDS. 
Tue difference which often exists between the 
requirements of the engineer and the physicist is 
well shown by a paper dealing with the deforma- 
tions of solids published in a recent issue of the 
Revue Générale des Sciences. The engineer is 
desirous of knowing how to act, and. the physicist 
of what to think. Data and laws accurate within 





war correspondent could be | former, whilst the physicist devotes his attention 


mainly to evaluating and, if possible, explaining 
the small discrepancies which experiment shows 
to exist between almost all the so-called natural 
laws and the phenomena as they actually exist.. 
Quite frequently an investigation of these. minute 
departures from the normal, as established. by 
theory, leads to very remarkable discoveries, and 
in all cases to a deeper knowledge of Nature. 
The time required for the completion of these 
investigations is, however, so great that those 
who are responsible for conducting the business 
of the world cannot afford to wait for exact 
results, but must do the best they can with 
the incomplete data and imperfect knowledge 
immediately available, and by allowing a suffi- 
cient margin for contingencies, they succeed in 
attaining their practical ends pretty successfully. 
Thus to the engineer, the watch-maker, and the 
ianoforte-builder, steel is, up to a certain elastic 
imit,-a perfectly elastic material. M. H. Bouasse, 
on the other hand, in the paper above referred 
to, declares the idea of a limit of elasticity a 
notion vaine et démentie par les faits. Both the 
physicist and the practician are right. Used 
in the conditions required by his work, the 
watch - maker finds his balance-spring to all 
intents and purposes a perfectly elastic body, 
whilst in his laboratory MM. H. Bouasse tt 
doubtless show in it the phenomena of elastic 
hysteresis at even thé lowest stresses. So far as 
his investigations have gone, and they have now 
extended over very many years, all materials 
show this hysteresis if the proper means are taken 
to discover it. That is to say, if a body is loaded, 
and then the load removed, the stress-strain curve 
obtained during the increase of load differs. from 
that obtained during the removal of the load, and 
there is thus always an area enclosed between the 
ascending and descending curves, which in a per- 
fectly elastic body should be identical. The term 
‘* hysteresis ” is taken from a somewhat similar phe- 
nomena observed in the magnetisation ofiron, but M. 
Bouasse maintains that the resemblance between 
the two is superficial merely. Again, if any body 
is loaded and the load removed, it does not recover 
its original dimensions immediately on the removal 
of the load; but there is always a slight tem- 
poy set, which only disappears after some time. 
is phenomenon is very marked in the case 
of india-rubber ; but M. Bouasse has detected it in 
all the materials he has experimented with. He 
declares himself incapable of forming a mechanical 
model which shall represent the interaction of the 
molecules of a body under strain, when this inter- 
action is investigated with sufficient minuteness. 
Thus, if a piece of india-rubber is first loaded and 
then released, and immediately loaded again with 
a smaller load than the first, it will be found that 
it first stretches, then shortens, and finally lengthens 
again, being all the time under a constant load. 
e even maintains that, strictly speaking, it is 
impossible to define the modulus of elasticity so 
that it shall have a real objective meaning. Thus 
one common definition is given by the relation 
pebsr 
8s di’ 
where | is the length, s the section, and P the 
stress. Then any number of: values can, he states, 
be found for E by varying the method of load- 
ing. In the case of an article such as a watch- 
spring, which works for years with a. & 
constant periodicity, we gather that M. Bouasse 
would claim that there is still elastic hysteresis, 
and that the body is never at any time in the same 
condition as it would be under a quiescent load of 
equivalent intensity to that fe mnae the vibra- 
tions. In other words, its modulus of elasticity—if 
one may use the term in the face of what has gone 
before—is different under a vibrating load from what 
it would be under a quiescent one. Of course, in all 
ordinary materials the departure from Hooke’s law 
in the case of low stresses is insignificant from an 
engineer’s point of view, so that for the present 
these researches have for him only an academic 
interest. 


LOCOMOTIVES AT THE ST. LOUIS 
EXHIBITION.*—No. II. 
By H. W. Hanpgury. 


THE next engine (‘‘No. 200”) was built at the 
Schenectady Works, and is intended for use on the 








5 per cent. or so are generally enough for the 


*For preceding article see page 757 ante. 
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Vandalia or Terre Haute and Indianopolis Railway. 
It is a four-coupled passenger engine, with a lead- 
ing four-wheeled bogie and a pair of trailing-wheels 
with radial axle-boxes, commonly known as the 
‘* Atlantic” type. The gauge is 4ft. 8$in. The 
diameters of the wheels are as follows :—Leading 
bogie-wheels, 36 in.; driving-wheels, 79 in.; and 
trailing-wheels, 49 in. The journals are 6 in. by 
10 in., 94 in. by 13 in., and 74 in: by 12 in. respec- 
tively. 

The boiler contains 351 tubes, 2 in. in diameter 
and 16 ft. long, giving a heating surface of 2923 
square feet. It is 724 in. in diameter, of the 
usual design, with wide fire-box extending some 
distance over the wheels, and with radial roof-stays. 
The working "cere is 200 lb. per square inch, 
and the total heating surface 3100 square feet. 
The fire-box is 75} in. wide and 963 in. long, 
and has a heating surface of 177 square feet, and 
a grate area of 50.23 square feet. 

The cylinders are 21 in. in diameter, and have 
a 26-in. stroke, the valves being the ordinary 
Richardson’s balanced slide - valves, operated 
through rocking-shafts by the Stephenson link- 
motion. The frames are of cast-steel, each consist- 
ing of two castings riveted together in the neigh- 
bourhood of the saddle-plate of the boiler. The 
front casting is of the ordinary bar type, the back 
merely a thick plate or slab. An outer frame of 
plate steel, carrying the outside bearings of the 
trailing-wheels, is riveted to the latter, and is 
directly separated from it by distance - pieces, 
through which the rivets pass. 

The tender is of the ‘‘submerged” type, with 
bogies of passenger-car pattern. It is designed to 
carry 7500 U.S. gallons (6000 English gallons) of 
water, and about 11 tons of coal. The wheels are 
36 in. in diameter, and the axle journals 5} in. by 
10 in. 

The wheel-base of the engine is 27 ft. 3in., the 
fixed base being 7 ft. The total wheel-base of the 
engine and tender is 57 ft. 10? in. The distributed 
weight: of the engine in full working order is as 
follows::— 





Tons. 

Weight on leading-wheels 17.85 
2 driving-wheels 48.21 

‘a trailing-wheels 16.07 
Total weight of engine 82.13 

. tender 63.76 


‘*No. 1123,” the fifth engine exhibited by the 
American Locomotive Company, is shown at the 
head of the American Car and Foundry Company’s 
exhibit, which consists of a short train of five 
railway carriages, built for the Missouri Pacific 
Railway Company. The engine was also built for 
service on this railway. It is a passenger engine 
with six-coupled wheels 69 in. in diameter, a leading 
four-wheeled bogie with 33-in. wheels, and a pair of 
trailing-wheels, provided with radial axle-boxes 
49 in. in diameter. The axle journals are 9 in. by 
12 in., 5$ in. by 12 in., and 7iu. by 14 in. respec- 
tively. 

The fire-box is radially stayed to the shell, and is 
78 in. long and 80 in. broad. It has a grate area 
of 42.9 square feet and a heating surface of 152 
square feet. The 256 2}-in. tubes provide a further 
heating surface of 2778 square feet, giving a total 
for the boiler of 2930 square feet. The diameter 
of the barrel: is 64 in., and the boiler is designed 
fora working pressure of 200 lb. per square inch. 
It is supported in a manner similar to that of 
engine Ne 695, there being, however, five thin 
supporting plates arranged at intervals along the 
barrel, as against two in the formerengine. Feed 
is. supplied through two injectors, arranged one 
below the other at the right-hand side of the engine, 
the two clack-valves being in one casting, with a 
single entrance to the boiler. 

he frame is of the composite type and single at 
the back end. In this enginethe weight is equalised 
throughout in the ordinary manner, and the beams 
between the rear driving-wheels and the radial 
trailing-wheels are provided with three pin-holes 
at the centre to enable the fulcrums about which 
they move to be changed, in order to throw more 
or, less weight on. the driving-wheels should it be 
thought desirable. 

The weight of the engine in full working order 
is 814 tons. The cylinders are 20 in. in dia- 
meter, with a stroke of 26 in. The valves are 


of the piston type, 11 in. in diameter, the gear 
being the ordinary Stephenson link-motion, and 
operating them through rocking-shafts. The arms 





of the rocking-shafts are situated on the same 
side, instead of being opposite each other at an 
angle of 180 deg. This design has, among other 
advantages, that of economising a and for this 
reason alone is an advance on ordinary practice, as 
in many engines of American construction consider- 
able difficulty is experienced in designing valve-gear 
of the compact form necessary to clear both the 
wheels and the barrel of the boiler. 

As far as American practice is concerned, it is 
customary to have no damper-doors to the ash-pan, 
there only being provided sliding or drop-doors for 
occasional use and for the purpose of removing the 
ashes. Their absence is practically a necessity, 
owing to the large number of trestle bridges on 
American railways, a spark or cinder falling on 
which might lead to their destruction. Provision, 
however, is made in various ways for the entrance 
of air. In some holes are made at regular intervals 
in the sides, back, and front, and in others a space 
is left all round, where attached to the foundation 
ring of the boiler, care being taken in all cases to 
prevent the egress of cinders. For this purpose 
wire-netting is usually inserted. The latter method 
has been adopted in this particular engine, together 
with adrop-door. The two halves of this door are in- 
clined so that on opening, the ash-pan empties itself. 

A dynamo and turbine are provided for the Pyle 
Electric Headlight, and these are arranged side 
by side on a small platform attached to the top of 
the fire-box in front of the cab.’ The tender has 
a capacity of 5000 U.S. gallons (4000 English 
gallons) of water and space for 9 tons of’ coal, the 
weight in working order being 47? tons. The bogie 
wheels are 33 in. in diameter with 5 in. by 9 in. 
journals. 

The next engine to be dealt with (‘* No. 373”) 
is that mentioned in our introductory remarks as 
being shown in motion, and standing on a slowly- 
revolving turntable in the centre of the Transporta- 
tion Building. The turntable was made by the 
Chicago Bridge and Iron Works ; it is some 70 ft. in 
length, and made up of two girders placed side by 
side and connected by lattice stays. Separate 
motors, one for the purpose of operating the turn- 
table and the other the wheels of the locomotive, 
are attached to cross-stretchers between the girders. 
This locomotive, being raised some 10 ft. above 
the ground, is shown to great advantage, and from 
a spectacular point of view is certainly most strik- 
ing. It is, however, apart from its surroundings, 
a fine and well-finished engine. It is intended for 
service on the Cleveland, Cincinnati, Chicago, and 
St. Louis Railway, commonly known as the ‘* Big 
Four.” The gauge of this railway is 4 ft. 8} in. 
The engine is of the ‘‘ Atlantic” type, like the 
Vandalia engine (‘‘No. 200’’), which has already been 
dealt with. The boiler and fire-box are of carbon 
steel, the former being of the extended wagon-top 
class, with a diameter of 682 in., and the latter 
97 in. length and 68 in. in width, of the wide class, 
with double door. The boiler is supperted by 
plates, as in engines previously referred to, but 
they are in this case somewhat thicker, and extend 
the full width of the fire-box instead of terminating 
between the frames. Feed is supplied by two 
No. 10 Monitor injectors at the right and -left of 
the engine. ; 

The cylinders are 204 in. in diameter with a 
26-in. stroke. The valves are of the piston type, 
admitting steam at the-centre and exhausting at 
the ends. This form of valve is better balanced than 
one having external admission and exhausting at 
the centre, and with it it is not necessary to 
be so careful about the packing or forms of gland 
in use at the ends of the valve-spindles, owing to the 
comparatively low pressure of the exhaust. Two 
improved Nathan sight-feed lubricators provide 
for cylinder lubrication. In these lubricators 
small glass discs, about an inch in diameter, take 
the place of the ordinary glass tubes, and no doubt 
are far less liable to break than the latter. 

The tyres of the driving-wheels, which are 79 in. 
in diameter on the tread, are secured by shrinkage 
and also by retaining-rings. Those of the leading 
and trailing wheels are merely shrunk on, and are 
respectively 36 in. and 51 in. in diameter. The 
tender tank is of the submerged type, with a capacity 
of 7500 U.S. gallons (5000 English gallons). The 
total weight of the engine in full working order is 
82.14 tons, and is distributed as follows :—Leading 
wheels, 18.75 tons; driving-wheels, 44.64 tons ; 
and trailing-wheels, 18.75 tons. 

We now come to a six-coupled shunting engine, 
of rather over 60 tons in weight, which has been 








built for use at the brewery of the Anheuser Busch 
Brewing Association. This engine rejoices in the 
name of ‘‘ Adolphus,” and, as far as external 
appearance is concerned, is the most elaborately: 
finished locomotive in the Transportation Building, 
It has been painted a rich crimson, lined with gold, 
and decorated on the cab and tender with an 
enormous monogram in vermilion, black, and gold. 
The hand-rails are of polished brass, and as every- 
thing possible in the way of nickel-plating has been 
done, including: the dome, sand-box, bell, and all 
boiler fittings, the engine presents a positively 
dazzling appearance. As a final finish to this 
artistic creation the eccentric straps have actually 
been gilded. 

The resultant effect of this lavish display of— 
let us say—art can be better imagined than 
described, and although from the point of view of 
the locomotive engineer questionable taste has been 
shown, there is no doubt that it will bean excellent 
advertisement for the company’s beer, which pur- 
pose it was obviously intended to serve. We do 
not intend to enter into a description of this engine, 
but before we pass to the next we cannot refrain 
from calling attention to the design in so far as 
relates to the large ‘‘ overhang” at the back of the 
engine, which is no less than 10 ft., measured 
from the centre of the trailing-axle. Without 
commenting further on this point, we will progeed 
with our survey and briefly refer to the eighth 
engine (‘‘ No. 998”) of the American Locomotive 
Company’s exhibit. 

This is a small four-coupled saddle-tank con- 
tractor’s engine for the 3-ft. gauge. There is no 
special feature in the design, and it will no doubt 
be sufficient for our readers if we’ merely give a few 
of the principal dimensions and particulars. 

Cylinders ...10in. in dia., with 
16-in. stroke 
Tnside diameter of boile 4 i 
Boiler pressure ... em 


6 ‘nei, es. 
oe . per sq. in. 
Length of fire-box ka 41{ in. 


Width of fire-box 24 in. 
Grate area . wis ane se 7 8q. ft. 
Diameter of tubes (which are 94 in 
number) ne ‘ae wks = 14 in. 
Length of tubes = 8 ft. 23 in. 
Heating surface in tubes... ... 303.4 sq. ft. 
nC om fire-box ... Oe Sa 3 
Total heating surface ... tas 3424 ,, 
Diameter of driving-wheels .. be 33 in. 
Size of driving-journals . Bin. by 6 in. 
Wheel-base of engine ... 8 “i 5 ft. 
Capacity of tank ... 400 US. gallons, with 
full space for about 
4 ton of coal 
Height of engine ae Bes .. 9 ft,.4in. 
Width sé,, iss me eee es | ae 
Total length of engine over all a. Os, 
»» Weight of engine, about 14 tons 


The remaining five engines of the exhibit have, 
at the time of our writing, not yet arrived at the 
Exhibition, and for the present we are only able to 
give a few of the general particulars, hoping, how- 
ever, to deal more fully with them at a later date. 

The first of these engines (‘‘ No. 3000”) is a new 
type of four-cylinder balanced compound, built for 
the New York Central and Hudson River Railway 
Company. We understand that it was designed 
by Mr. Francis G. Cole, the mechanical engineer 
at. the Schenectady, Works of: the American Loco- 
motive Company, and that the cylinder and 
valve arrangement are different from any formerly 
used. The gauge of the engine is 4 ft. 8}.in., and 
it has a total weight of nearly 90 tons, of which the 
large load of 49 tuns is carried by the driving-axtes. 
The cylinders are 15} in. and 26 in. by 26 in., and 
the valves are of the piston type. The low-pressure 
cylinders are outside, and the high-pressure cylin- 
ders between the frames, the former applying power 
to the rear driving-wheels, and the latter to the 
leading wheels, the axle of which is cranked. 

The following are a few of the leading par- 
ticulars :— 


Diameter of boiler ‘< 72} in. ~ 
Boiler pressure me ss .«. 220 Ib. per sq. 10. 
Boiler tubes (390 in number) 2 in. in dia., 
16 ft. long 
Length of fire-box 964 in. 
Width of fire-box 754 ., 
Grate area sips bs 56.23 sq. ft 
Heating surface in tubes... 3271s, 

” ” fire-box inde 175 ” 
Total heating surface...  ... ... 3446 ,, 
Diameter of leading-wheels(4))_.... | (30m. 

* driving-wheels (4) } ‘‘ Atlantic” +79 ,, 
Tend” trailing-wheels (2) _ es ¥ , 
‘ender capacit: oa + ss -S. gals. 
mT (4800 English gals.); 
coal, about 9 tons 
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The second engine was built for the Erie Railway 


Company, and is of the Consolidation type, with 62- 
in. driving-wheels and 33-in. leading wheels. The 
cylinders are 22 in. in diameter and have-a:32-in. 
stroke, the valves being the ordinary Richardson’s 
balanced slide-valves.. The fire-box is 1044 in. long 
and 75} in. wide, the grate area being 54.41 square 
feet. The boiler, designed for a working pressure 
of 200 1b. per- square inch, is 743 in. in diameter 
and has a total. heating surface of 3230.8 square 
feet, of which’ the tubes account for 3065.7 square 
feet and the fire-box 165.1 square feet. The total 


wheel-base of the engine -and’ tender is 56 ft., that 


exhibits, is a compound Mallet articulated locomo- 
tive of 144} tons weight, the whole being carried by 
the driving-axles. The boiler, which is 84 in. in 
diameter, is of the straight-top type, and is designed 
to work at a pressure of 235 lb. per square’ inch. 
The whole of the tubes—436 in number, 21 ft. in 
length by 2} in. in diameter, have been removed, 
and the interior illuminated by electric light, for 
the purpose of allowing visitors an opportunity 
of seeing the construction and realising the size 
of this boiler. 





The following are a few of the leading dimen- 
sions :— 


bush. The most important difference, from ordinary 
practice, is the casting of the steam-chest integral 
with the saddle, and so nearer the centre line ‘of the 
locomotive, which has the advantage of enabling a 
more direct and mechanically better valve motion to 
beused. We have previously mentioned the neat ar- 
rangement of the latter on the American Locomotive 
Company’s engines, so will not refer further to it. 
The valve is of the internal-admission type, and ex- 
haustsat theends. It willalso be seen by reference 
to Fig. 1 that the steam-inlet e Ais separated 





from the exhaust passage B, and from the body of the 
casting, by an air space, incoming steam therefore 
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of the engine alone 25 ft. 11 in., and the fixed or 
driving wheel-base 17 ft.. The total weight of the 
engine in full working order is about 90 tons, and 
of the tender—which carries 7000 U.S. gallons (5600 
English gallons) of water and about 11 tons of coal 
—b7$ tons. 

_ The next engine was built for the Kiushiu Rail- 
way, of Japan, and is one of a great many built by 
the American Locomotive Company for that rail- 
way. It is the standard type in use, and is for the 
3-ft. 6-in. gauge. The leading dimensions are as 
follows :—Cylinders, 17 in. by 24 in.; boiler, 58 in. 
in diameter; pressure, 180 lb. per square inch ; 
fire-box, 82 in. by 298 in. and with 16.86 square 
feet of grate area ; tubes, 190 in number, each 2 in. 
by 11 ft. 1 in.; total heating surface, 1196.89 square 
feet, of which the tubes represent 1091.22 square 
feet and the fire-box 105.67 square feet; and the 
diameters of the driving and leading wheels, 54 in. 
and 28 in. respectively. The weight of the engine 
in full working order is about 41 tons, and of the 
tender 243 tons. 

The next and last engines are to be shown at the 
head of the Baltimore and Ohio Historical Collec- 
tion, and represent the most recent type of passenger 
and of mountain-climbing locomotive. The former 
(“‘No. 1465”) is of the simple ‘‘Atlantic” type, with 
wide Belpaire fire-box and with 80-in. driving-wheels. 
The leading dimensions are :—Cylinders, 22 in. 
by 26 in.; boiler, 67 in. in diameter ; pressure, 
205 lb. per square inch; size of grate, Fo in. by 
lllin. ; grate area, 55.5 square feet ; tubes, 315 in 
number, each 2 in. by 15 ft. ; and the total heating 
surface, 2675.63 square feet, of which the tubes 
account for 2487.90 square feet and the fire-box 
187.73 square feet. The weight in full working 
order is about_80 tons, and of the tender 63 tons. 

The latter (“« No. 2400 ”), with which we conclude 





our survey of the American Locomotive Company’s 














... .Oin. and 82 in. 


Size of cylinders 
in dia. by 32in. 


stroke, 
Diam+2ter of drivers... ies bee 56 in. 
Rigid wheel-base pe ae =. 10 ft. 
Total wheel-base of engine ... 30 ft. 8 in. 


» andtencer 64., 7 


Size of grate ‘ ...96} in. by 1083 in. 
Area of grate ... a oe .. 72.2 8q. ft. 
Heating surface of fire-box ... ea ise 

rr Ss tubes... ees 
Total heating surface of boiler ... 5600 ,, 
Capacity of tender tank ...7000 U.S. gals. 

(5600 English gals.) 

Capacity for coal 13 tons 


Total weight of engine ‘and tender... 208.26 tons 


The series of locomotives just described is, as was 
intended by the American Locomotive Company, 
representative of the various types adopted by the 
leading American railway companies, and embodies 
the latest developments in construction and design, 
more especially of the simple as distinct.from the 
compound engine. In our next article we hope to deal 
with the exhibit of Messrs. Burnham Williams and 
Co., of the Baldwin Locomotive Works, which con- 
sists mainly of the latter type of engine. The two 
series, taken in conjunction, therefore entirely re- 
present American practice. Before dealing with this 
series, however, we should like to refer to an inter- 
esting cylinder,. partly in section, exhibited by the 
American. Locomotive Company as an adjunct to 
their principal exhibit. 

This cylinder is provided with a piston-valve, and 
is of improved design. It will be seen from the 
accompanying illustrations, Figs. 1 and 2, that 
a portion of the valve-chamber and barrel have 
been removed in’order to show more clearly the 
construction of the valve, the bushes and by-pass 
valves, and their relation to the steam passages in 
the casting. Fig. 2 also shows that the barrel is 
lined, and that the steam-chest is provided with a 





Fie. 2. 


not being cooled by contact with the walls of the 
latter. There are no special features in connection 
with the by-pass valves and the relief - valve 
attached to the steam-chest, so that it is not necés- 
sary to describe them, except in so far, perhaps, as 
to mention that in the illustrations they are shown 
open in the position assumed when the engine ‘is 
‘*drifting,” and that they, of course, close when 
steam is turned on. 





FACTORIES AND FIRE-ESCAPES. 

A casE which came before the Divisional Court 
lately illustrates in a forcible manner how diffi- 
cult it is for the Legislature to’ prescribe regu- 
lations for the supervision ' of factories. he 
question was whether a Mr. Brass, who owns 
certain premises in Goswell-road, Finsbury, could 
be called upon to provide means of escape in 
case of fire. The facts were that the premises 
known as No. 90, Goswell-road consisted of three 
floors and a basement under part of the ground 
floor, and were occupied in part by a paper-cutting 
company, in part by manufacturers of wood and 
cardboard boxes, and as to the rest by the owner, 
Mr. Brass, as a building store. The part occupied 
by the paper-cutting company, which no com- 
munication with the rest of the premises, was 
fitted with some thirty cutting-machines, all driven 
by a gas-engine belonging to the paper-cutting com- 
pany, and on the part of the premises occupied by 
them. Twelve males and thirteen females were 
employed on that part of the premises. On the 
part occupied by the box - manufacturers were 
several cutting-machines, driven by a steam-engine 
in the basement of that part of the premises belong: 
ing to the manufacturers. Some 140 persons were 
employed on that part of the ee The part 
of the premises occupied by Mr. Brass was used 
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only as a builder’s store, and no mechanical power 
was used thereon. The London County Council 
called upon Mr. Brass to provide means of escape 
in case of fire. He having alleged that his premises 
were not, for this purpose, a ‘‘ factory” within the 
meaning of the Act, the matter was referred to an 
arbitrator, who stated a case for the opinion of 
the High Court. Let us glance for a moment at 
the provisions of the Factory Act,.1901, which 
relate to the provision of means for escape in case 
of fire. 

Section 14 of the Factory and Workshop Act, 


1901, provides that every factory shall be provided | P®*S° 


with such means of escape in case of fire as are 
reasonable, and empowers the district councils to 
compel the owners of factories to provide such 
means of escape. Sub-section 7 of the section pro- 
vides, ‘‘ For the purposes of the section the whole of 
a tenement factory or workshop shall be deemed to 
be one factory or workshop, and the owner shall be 
substituted for the occupier.” By Section 149 
tenement factory is defined as follows :—‘‘ The ex- 
pression ‘tenement factory ’ means a factory where 
mechanical power is supplied to different parts of 
the same building occupied by different persons for 
the purpose of any manufacturing process or handi- 
craft, in such manner that those parts constitute 
in law separate factories, and for the purposes of 
the provisions of this Act, with respect to tene- 
ment factories, all buildings situate within the 
same close or curtilage shall be treated as one 
building.” 

It was urged on the part of the owner of the 
premises that for a tenement factory to come 
within the definition, it is necessary for the power 
to come from one source—as, for instance, where 
there are a number of small workshops within a 
building, which are supplied with power from a set 
of main engines. This seems to have been the 
ratio decidendi in the case of Toller v. Spiers and 
Pond, Limited ((1903) 1 Ch. 362). The Chief 
Justice adopted the same view. He said :—‘‘ The 
Legislature in defining ‘tenement factory’ had in 
their minds the ordinary case of several small 
factories receiving their mechanical power from 
some common source. In my opinion, in order to 
bring a building within the definition of a tene- 
ment factory, it is necessary that mechanical power 
should be supplied to different parts of the building, 
occupied by different persons, from one source.” 

The short effect of this case is that the local 
authority has no power to order the erection (by 
the owner) of fire-escapes from tenement factories 
unless the power used comes from a common 
source. Nor does the local authority appear to 
have sufficient power to direct the occupier of 
every tenement factory to provide sufficient means 
of escape. For instance, in the case of the London 
County Council v. Lewis ((1900) 69 L.J., Q.B., 
277), the owner of a building let the second, third, 
and fourth floors to tenants who, during their 
tenancies, carried on businesses, each of which was 
of such a nature as to render the premises in which 
it was carried on a ‘‘ factory” within the definition 
of a ‘‘factory” contained in Section 93 of the 
repealed Factory Act of 1878, and in each of 
which more than forty persons were employed, and 
where the tenants of the basement, ground, and 
first floors did not carry on business of such a 
nature. It was decided that the second, third, and 
fourth floors only were factories within the defi- 
nition of that section, Again, the powers of a 
council under this sub-section are limited to the 
enforcing of such measures only as are necessary to 
= means of escape in case of fire, in a particular 
actory or workshop, and do not extend to requiring 
the ‘‘ owner” of a building to provide such means 
of escape as will encroach upon, and constitute a 
trespass on, the property of a third party. This 
was decided in the case of the London County 
Council v. Brass ((1901) 17 T.L.R. 504). 

Whether the powers ¢«f the county councils in 
respect of tenement factories should be amplified 
or not, we do not undertake to say; we merely 
desire to draw attention to the fact that their 
existing powers are not sufficiently wide to enable 
them to secure the erection of fire-escapes to every 
building where manufactures are carried on. This 
is a fact which should be borne in mind by those 
who inveigh inst the authorities when a fire 
causes loss of life. 


= 





Carr 'Town.—The population of Cape Town at the 
date of the latest return was 64,192. Of these 37,382 
were Europeans, 





NOTES. 
New Centrat Rartway Station FoR 
CoPENHAGEN. 

TneEvarious authorities have recently agreed about 
the plan for a new central railway station at Copen- 
en. The removal of the station leaves vacant a 
lot of valuable land, which the Copenhagen Corpora- 
tion has agreed to take over for 15,000,000 kr., or 
about 830,000/., at the same time as it, without re- 
muneration, places certain areas at the disposal 
of the railway. The new Central Station, for the 
nger traffic, will be situated south of the 
important thoroughfare Vesterbrogade, instead of 
north, where the present station is located ; and, 
it may be mentioned, the earliest Copenhagen 
Station’ was also placed south of the Vester- 
brogade. A four-line railway will connect the 
new Central Station with the East Railway 
Station, which line will be underground, and prac- 
tically follow the Boulevards. The East Station 
will be extended, and some new local stations 
erected. The Frederikssund Railway will, on an 
elevated line, be carried to the new Valby Station, 
on the western main line. The line between the 
East and the Hellerup Station will be extended, 
and the new main goods station will be connected 
with the new lines. The Nérresbro goods station 
will be done away with, but a new goods or shunt- 
ing station will be built close by, at Lygten. The 
total expenditure, exclusive of the cost of some 
property to be secured, amounts in the present 
proposal to 22,573,000 kr., or about 1,250,000/., 

against 40,600,000 kr. in the original Bill. 


ANGLO-JAPANESE LOCOMOTIVE AND ENGINEERING 
Company, LIMITED. 


Although a few locomotives have been constructed 
in Japan, the Japanese have not made the same 
progress in this department of industry as in some 
others, which we have mentioned from time to time. 
This, of course, is explained by the specialised 
nature of the work required in a successful loco- 
motive establishment. First of all, great experience 
is required on the part of those who are in charge, 
and men with this experience are not easily tempted 
to a foreign land like Japan, where the prospects 
are somewhat uncertain. Then most of the machines 
and appliances require to be specially designed 
for the work, and the establishment confined to 
that alone, as the day is past when locomotives can 
be made, at a reasonable price, in a general en- 
gineering establishment. Then, lastly, every part 
of the work must be standardised, and this can only 
be done at very considerable preliminary expense, 
which comes rather heavy on a new establishment 
resting entirely.on its own merits. In this country 
the large locomotive establishments have grown 
from small beginnings, and it would now be found 
very difficult for a new firm to make a start which 
would enable it to hold its own with its powerful 
competitors. This, of course, is much more the 
case with a firm starting in the Far East, where it 
would have to compete with the huge establish- 
ments of Europe and America. Still, the matter is 
going to be tried. Recent mails from the Far East 

ave brought us accounts of. the first meeting, in 
Hong Kong, of an Anglo-Japanese Locomotive and 
Engineering Company, Limited, which proposes to 
erect a large works on a site which it has secured 
near Yokohama, Kanugawa-Ken, Japan, on a lease 
for 1000 years, free of all charges except an Imperial 
tax of 24 per cent. of its assessed value. It has its 
own wharf, it is adjoining the Yokohama-Tokio 
line of the Imperial Railway, and it is within 
400 yards of the railway station. It is stated that 
a more suitable site for the works it would be 
difficult to imagine, as it has water and railway 
accommodation ample for its ses, to what- 
ever extent it may develop. Sonkees have been 
received for the erection of the buildings, and all 
are to be completed within four months of signing 
the contract, and over 50 per cent. of the capital 
has been “sageccee As soon as the capital has been 
paid in, the company will proceed with the con- 
struction and equipment of the works, which will 
take about seven months to complete, and be ready 
to commence the manufacture of locomotives and 
other machinery. 


BEnzINE Fires. 


It is well known that benzine is apt to ignite spon- 
taneously in chemical cleaning works, at the moment 
when woollen materials are pulled out of the benzine 
wash. That the ignition must be caused by electric 





sparks was fairly obvious; but certain peculia- 
rities—for instance, why the dreaded fires were more 
fréquent in the coldest winter months than on very 
hot summer days, and more frequent in dry and 
pure air than in damp dusty air—were not fully 
explained. Before M. M., Richter investigated the 
phenomena about twelve years ago, no remedy 
was known. Richter first established by simple 
experiments that electric sparks really cause the 
trouble. If a piece of wool is partly’ wrapped with 
wire netting, Pela by the hand, which must not 
touch the wire, and dipped into benzine, then sparks 
will fly and ignite the. vapours when the wool is 
sharply pulled out of the benzine. Such ex. 
periments, Richter demonstrated, succeed best 
at a temperature of —15 deg. Cent., and under 
the atmospheric conditions indicated, and an 
analysis of the available statistics of benzine 
fires entirely supported this view. hen as 
little as 0.02 per cent. of magnesium oleate is 
added to the benzine, Richter further proved, 
no electric charges will form and no explosions will 
occur. The reason has only recently been studied by 
G. Just in the Technical High School of Karlsruhe, 
Just thought at first that, as electrostatic charges 
and the dielectric constant are closely intercon- 
nected, the constant of the benzine would be 
lowered by the presence of the oleate. This he 
found not to be the case. Conductivity tests of 
the benzine and the mixture at first also seemed to 
afford no clue. Pure benzine is, of course, prac- 
tically an insulator, and the addition of 0.05 per 
cent. of magnesium oleate raised the conductivity 
only from 2x 10-” to1.3x10-". But this slight 
increase in the conductivity is quite sufficient to 
prevent the accumulation of dangerous electric 
charges. Just placed two electrodes, the one 
connected with an electroscope, the other earthed, 
in a Kohlrausch vessel for conductivity tests. 
In pure benzine the electrode kept its charge for 
minutes ; in the diluted oleate solution it refused 
to take any charge. This is a very striking demon- 
stration of the high value of most exact work ; the 
ordinary observer might justly have been satisfied 
that the almost inappreciable rise in the conduc- 
tivity could be neglected, as not affecting the 
phenomenon. Just tried also other preparations 
which would prevent the electrostatic charging 
of the benzine. But benzine is a poor solvent 
for compounds which the textile chemist could 
accept in this case, and he found nothing prefer- 
able to magnesium oleate. He also describes in 
the Zeitschrift fiir Elektrochemie a convenient form 
of electroscope, which will indicate whether the 
benzine is likely to become electro - statically 
charged. 


Water CoMPANIES AND FireE-ExTINGUISHMENT. 


It may not be as generally known as it should 
be that water companies are bound to provide 
water for putting out tires free of charge. Sec- 
tion 42 of the Water Works Clauses Act, 1847, 
provides that :—‘‘The undertakers shall at all 
times keep charged with water under pressure all 
their pipes to which fire-plugs shall be fixed. . . . 
and shall allow all persons at all times to take and 
use such water for extinguishing fire without making 
compensation for the same.” One would have thought 
that this enactment was sufficiently explicit to in- 
clude every case in which water is used for the 
purpose of extinguishing a fire; but it seems that 
the question how the fire-plug came to be inserted 
in the pipe must be taken into consideration. Ina 
case which was heard last month in the Divisional 
Court, it appeared that the eng were possessed 
of a water-main running along a road called Pic- 
tree-lane, within the district of the Town Com- 
missioners of Chester-le-Street. Some time prior 
to 18£0 the plaintiffs, at the request of the defen- 
dants, laid a pipe from their main in Pictree-lane 
to a cattle-trough in a field of the defendants, the 
trough being about 180 yards from the lane. For 
the supply of water to this trough for agricultural 
purposes the defendants paid to the plaintiffs an 
annual sum of 16s. In 1890 the plaintiffs, at the 
request and at the expense of the defendants, 
fixed a fire-plug in the defendants’ pipe near the 
trough. In July, 1903, a haystack near the cattle- 
trough took fire, and the defendants used the 
plaintiffs’ water for extinguishing the fire. The 
plaintiffs claimed to be paid for the amount of 
water so consumed. The defendants relied on the 
clause above set out, and sought to recover the 
price of the water used. It was that the 
value of the water so used was 61. The county 
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court judge held that, whether there was or was not 
any obligation on the part: of‘ the water- company 
to put fire-plugs in private pipes, there was nothin 
in Section 42 to show that the water us 
for fire-extinction need be drawn through a fire- 
lug in the water company’s own main and pipe. 
He therefore gave judgment for the defendants. 
The Divisional Court, however; -reversed this de- 
cision. The Chief Justice said :—‘‘ It is contended 
on behalf of the defendants that the effect: of the 
sections was that an individual who had induced the 
company to fix a fire plug on his private property 
was entitled to say that he should have the water 


ssing through that plug free of charge. If it was 


intended that such a 
trading company, it ought to have been put into 
lain words.” We cannot understand this decision. 
f the water company fixed the fire-plug at the re- 
quest of the consumer, it is reasonable to suppose 
that they did so with the full knowledge of their 
responsibilities. We cannot imagine what differ- 
ence it can make that the water used for putting 
out a fire passed through a fire-plug which was put 
in at the request of the consumer. 








ARGENTINE RAILWAY PROGRESS. 

Tue experience acquired by the important British 
companies which have made large investments of 
capital in or railway undertakings continues 
favourable. The two principal Anglo-Argentine com- 
panies are the Buenos Ayres Great Southern Railway 
and the Buenos Ayres and Rosario Railway. The 
former is pressed closely by the latter as regards the 
extent of its system, but it still holds the lead, the 
length of line in working during the past half-year 
having been 2476 miles, as compared with 2304 miles 
in the second half of 1902, while an average of 2316 
miles was worked last year by the Buenos Ayres and 
Rosario Railway, as compared with 2203 miles in 
1902. In the second half of 1903 the Buenos Ayres 
Great Southern Railway earned 1,270,568/., as com- 
pared with 1,175,062/. in the ‘corresponding half of 
1902, while the working expenses were 622,914/., as 
compared with 559,646/. The net revenue for the six 
monthsending December 31 last year accordingly worked 
out at 647,654/., as compared with 615,416/. It will be 
observed that the working expenses in the second half 
of last year amounted to 49.03 per cent. of the gross 
receipts, the corresponding ratio in the corresponding 
period having been 47.63 per cent. The revenue de- 
rived from live stock in the second half of last year 
showed some falling off, but all other branches of the 
company’s business exhibited an improvement. 

An extension from Olavarria to Bahia Blanca, vid 
Pringles, a distance of 172 miles, has been opened for 
traffic, and the results which have attended the berber. 
have been satisfactory. Labour difficulties prevente 
the ee of the southern dock at Buenos ‘Ayres 
by the date anticipated ; but with the cessation of a 
strike work was resumed, and the Argentine Govern- 
ment provisionally approved the opening of the dock 
for traffic in March this year. The service of the 
Pacific Steam Navigation Company at Bahia Blanca 
was inaugurated in September. Increased accommo- 
dation and improved appliances provided at Bahia 
Blanca have proved more than equal to all the demands 
made upon them, although the tonnage handled last 
og at the port was 326,204 tons, as compared with 

73,357 tons in 1902. The train service upon the 
Neuquen extension of the Buenos Ayres Great 
Southern Railway has been improved, and this has 
resulted in a further development of traffic. Two 
shallow-draught steamers, capable of carrying 40 tons 
each, have been placed on the Limay, and a good 
traffic to and from the terminus at Neuquen is expected 
to be developed. 

The Buenos Ayres Great Southern Railway is 
waiting for the approval by the Government of 
~~ for further extensions from Tres Arroyas to 

beria and Puan to Guatraché. The locomotive 
superintendent .of the Buenos Ayres Great Southern 

ilway has moved with his staff from Sola to new 
offices at Banfield, where new workshops and stores 
have been erected. The general p of the 
Buenos Ayres Great Southern Railway during the past 
decade is illustrated by the following statement, show- 








ing the revenue os the working expenses in- 
curred, and the profit realised year by year :— 
Year, | Revenue. Expenses. Profit. 
ues 
1894 ° £ : 
— 6 | 516,195 | 219,244 296,951 
ion rs BAS 570,010 226,011 343,999 
1897 | 637,479 255,380 382,099 
a , 895 288,947 391,948 
1899 815,237 360,180 455,057 
1900 1,124,793 578,705 4 
1901 1,054,807 528,007 526,800 
ier 1,098,754 544,430 824 
1903 1,175,062 559, 615,416 
1,270,568 622,914 647,654 











urden should be put upon a|¥J' 


The ratio of the working expenses to the traffic 
receipts came out accordingly as follows : — 1894, 
42.47 per cent.; 1895, 39.65 per cent.; 1896, 40.06 per 
cent.; 1897, 42.44 per cent.; 1898, 44.18 per cent.; 
1899, 46.12 per cent.; 1900, 50.06 per cent.; 1901, 
49.55 per cent.; 1902, 47.63 -per cent.; and 1903, 49.03 
per cent. 

The revenue acquired by the Buenos Ayres and 
Rosario Railway in 1903 showed an extraordinary 
increase, amounting for the year to 3,251,182/., as com- 
pared with 2,297,148/. in 1902. The working expenses 
expanded from 1,215,047/. to 1,632,082/.; but the net 
profit realised in 1903 still came out at 1,619,100/., as 
compared with 1,082,101/. in 1902. The ratio of the 
working expenses to the traffic receipts declined last 

ear to 50.20 per cent., as compared with 52.89 per 

cent. in 1902, so that the results obtained were in 
every way satisfactory. In view of the great increase 
of traffic upon the Buenos Ayres and Rosario system, 
the directors have authorised orders for 30 heavy 
locomotives and 1000 covered trucks, with a carry- 
ing capacity of 40 tons each; all this additional 
rolling stock is to be delivered before the close 
of 1904. The law under which the Government 
of the Argentine Republic invited tenders for 
the purchase of the Andine Railway having been 
repealed, a provisional tender made by the Buenos 
Ayres and Rosario Railway Company some months 
since became inoperative, and has been withdrawn. 

The aggregate distance run by trains upon the Buenos 
Ayres pe Taaarto Railway last year was 5,287,018 
miles, as compared with 4,861,426. miles in 1902, 
showing an increase of 425,592 miles, or 8.75 per cent. 
The earnings per train-mile run in 1903 averaged 
12s. 34d., as compared with a corresponding average 
of 9s. 53d. per train-mile run in 1902. A further 
section of 90 miles of the Firmat and Rio Cuarto 
extension has been completed and opened for traffic. 
Grain elevators in the company’s dock No. 2 at Buenos 
Ayres are approaching completion, and are expected 
to be shortly. brought into working. The ground 
floors of these elevators are, indeed, already being used 
for storing and shipping grain. Stone ballasting on 
the old Central Argentine main line was continued to 
a point about 57 miles from Buenos Ayres, when it 
was found necessary to suspend the work, as the 
trucks engaged in it were urgently required to meet 
the heavy demands of public traffic. 

The revenue of the Buenos Ayres Western Railway 
for the second half of last year was 670,785/., while 
the working expenses were 318,512/., leaving a profit 
of 352,2737. After credit had been taken for sundry 
other accessory items of revenue, and after provision 
had been made for fixed charges, the directors were 
enabled to recommend a dividend at the rate of 6 per 
cent. per annum, carrying forward 155,209/. The 
length of line opened for traffic at the close of 1902 
was 816 miles, as compared with 628 miles at the 
close of 1902. The ratio of the working expenses to 
the traffic receipts in the second half of 1903 was 
47.48 per cent., as compared with 48.25 per, cent. 
in the corresponding. period of 1902. The receipts 
per train-mile run’ in the second half of last 
year were 13s. 6d., as compared with 12s. 11d. 
The distance run by trains in the second half of last 
year was 993,643: miles, as compared with 843,033 
miles, giving an average of 8793 miles per engine, as 
compared with 8937 miles per engine. The consump- 
tion of coal per train-mile run in the second half of 
last year was 61.56 lb., as compared with 63.31 lb. It 
is expected that a further extension of the system 
from Flora to. the Fifth Meridian (54 miles) will be 
opened for traffic this month. Another extension, 
from Olascoaga to Timote (94 miles), is being rapidly 
xeon with. New workshops, which are being 

uilt at Liniers, are also well advanced. 








PERSONAL. — Messrs. E. H. Turner and Co., of 4, 
Lloyd’s-avenue, Fenchurch-street, E.C., announce that 
they have been —— sole London representatives of 
Stevenson’s Me’ mpany (1903), Limited, Birmingham. 
—His Imperiat Majesty the Czar. of Russia has con- 
ferred upon Mr. Edwin O. Sachs the Gold Medal for 
Services with the ribbon of the Order of St. Vladimir, 
and upon Mr. Ellis Marsland the Gold for 
Services with the ribbon of the Order of St. Stanislas. 
The Home Secretary has intimated that His Majesty 
the King has been graciously pleased to accord Mr. Sachs 
and Mr. permission to wear these medals. 





Messrs. Ruston, Proctor, anp Co., Limitrep.—The 
directors have declared a dividend at the rate of 6 per 
cent. per annum for the year ending March 31, 1904; the 
corresponding dividend for the year ending March 31, 
1903, was at the rate of 5 = cent. per annum ; and for 
the year ending March 31, 1902, at the rate of 4 per cent. 

r annum. The allocation made for depreciation for 

903-4 is 11,304/., as compared with 7500/. in 1902-3, 


while 13,000/. has been carried for the past year to the 
equalisation of dividends account. No allocation of this 
kind was made for 1902-3. The balance carried forward 
from 1903-4 to 1904-5 is 5865/. ; the corresponding balance 
carried forward from 1902-3 to 1903-4 was 21461. 5 








ANCIENT TILTING-HAMMER IN 
SOMERSET. .: . 
To THe Eprror or ENGINEERING. 


your issue of 
interest your readers to know that a-similar hammer, also 
worked by a water-wheel, is still used by a’ spade and 
shovel maker at Halesowen, near Birmingham. A Cross- 
ley engine and suction gas plant have recently been put 
down to work a pneumatic hammer, It is interesting to 
find two such dissimilar methods of operation under the 
same roof, 
Tam, Sir, yours faithfully, 
R. E. Worraincton, 
46, Kersland-street, Glasgow, May 31. 





THE PRODUCTION AND THERMAL TREAT- 
MENT OF STEEL IN LARGE MASSES. 
To THe Epiror or. ENGINEERING. * 


° . ‘ 
Srr,—Your yay ey readers must feel indebted to, 
is letter on the above subject, which - 


Mr. J. Windle for 
appeared in your last issue. 


Srr,—Under the above heading mention is made in 
May 27 of an interesting relic. It may” 


mitting the 0.52 per cent. carbon result in Mr. Johns’s 


per on. Vickers’ ty there is a mean gain of over 


tons square inch in maximum stress in the tyres. 
tested io M 


r. Windle’s eminent engineers, the result of 
the final thermal treatment advocated by him. 

Then, in, 
“exhibits” have given average results of work done, it is 
noticeable that in Mr. Johns’s “‘ untreated” tyres there is 
a difference of 6.8 tons in maximum stress between the 
ee and lowest tensile tests given in his table. This 
difference may be sufficient to cause the “ unexplained ” 
failure of some tyres under actual working conditions. 

But of more serious moment is the fact that some con- 
temporary engineers are content to use a squirted or 
pressed material, with all its distorted and paralleled 
pag structure (referred to by Mr. Windle), and then rely 
or elimination of internal strains on an indefinite thermal 
treatment, such as that incidental to the heating of the 
tyre for shrinkage pur And this in face of 
Mr. Johns’s dictum that the results of the ‘‘ works labora- 
tory require to be carefully revised, and the new factors 
of ‘mass’ and ‘time’ allowed for before satisfactory 
results can be obtained with large masses,” 

_ The effect of erratic stresses imposed by the operations 
of pressing or squirting is, in my experience, more notice- 
able in the higher carbon steels than in those under review, 
and in both cases demands ‘‘undoing” by suitable heat 
treatment before the steel is applied. 

I am, Sir, your obedient servant, 
T. VaucHan Huaues. 

Edgbaston, Birmingham, May 31, 1904. 





DEIGHTON AND DEVIS FURNACKES.: 
To THE Epiror or ENGINEERING. 

Srr,—With reference to the recent law suit between 
the Leeds Forge Company, Limited, and the Deighton 
Patent Flue and Tube Company, and the decisions of 
the Lord Chancellor and Lord Lindley, you gave in your 
last week’s issue, there is one important point that does 
not appear to have been brought out, or commented on, in 
either of the decisions above referred to. 

A leading point relied on by the Leeds Fo Com- 
pany is their statement that the Devis form of flue de- 
pends on the depressed portions of the flues between the 
crests being suspended from such crests, so that if this 
statement is correct, it follows that ~ tendency of the 
flues to collapse at their lowest or smallest diameter por- 


presuming both gentlemen in their 


tions, where they are the thinnest, must induce a tensile. 


strain in them, and a pulling action between the crests. 
In the case of the Deighton, the centre portions of the 
depressed flue between the crests have raised portions on 
them making an enlarged diameter, so that in the event 
of any tendency of these portions to collapse, they would 
be in compression and exert a thrust on the crests—an 
entirely different and diametrically opposite result to the 


Devis. 
Yours faithfully, 
Grorce A. Goopwin, Wh.Sch., M. Inst. C.E. 
28, Victoria-street, S.W., June 1, 1904. 








Contracts.—Messrs. J. and E. Hall, Limited, of 23, 
St. Swithin’s-lane, E.C., have obtained orders for the 
supply of refrigerating machinery to. Messrs. Starita and 
Cirio, of Naples ; Messrs. Hammerton, at the Stockwell 
Brewery; the Frascati Restaurant; Claridge’s . Hotel ; 
and Messrs. Cadbury, of Bourneville.—Messrs. Graham, 
Morton, and Co., Limited, of Hunslet, Leeds, have been 
entrusted with an order for a coal-handling plant for the 

umping station at Landport, Gibraltar. e coal-store 
ere is hewn out of the solid rock, and the boiler-house 
and engine-room adjoining are worked under compressed 
air, so that provision had to be made that openings for 
the handling plant should not permit of the air escaping. 
The coal has to be lifted 57 ft. vertically, and traversed 
90 ft. horizontally. The skip used holds 30 cwt. This 
delivers the coal into a hopper opening into the boiler- 
house, and provided with an air - —_ door below, 
need by a weight so as to be normally closed. When 
sufficient coal has been discharged into the hopper to 
overcome the balance of the door, the latter opens and 
the coal is discha the door closing immediately 
so as to avoid a loss of air.—Messrs. —, and 
Sons, Limited, have been favoured by Messrs. Bruce 
Peebles and Co., of Edinburgh, with an order for six sets 
of surface-condensing plant in connection with their 
Chatham Dockyard contract, ; 
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LAUNCHES AND TRIAL TRIPS. 


On Thursday, the 26th ult., the steel screw steamer 
Stephanotis, built by the Tyne a gy ogy. 8 Company, 
Limited, of Willington-Quay-on-Tyne, to the order of 
the Stag Line, Limited, North Shields, left the Tyne for 
her official trial trip. The vessel is of the following 
dimensions:—Length, 350 ft.; breadth, 48 ft. ; — 
moulded, 28 ft. 54in. The aay er J machinery, which 
has been constructed at the Northumberland Engine 
Works, Wallsend, by the North-Eastern Marine Engi- 
neering Company, Limited, consists of a set of triple- 
expansion engines, having cylinders 244 in., 41in., and 
68 in. in diameter by 48 in, stroke, steam being supplied 
by two large steel boilers working at a pressure of 180 Ib. 
to the square inch. On the trial run over the measured 
mile the vessel attained a speed of 12 knots, the machinery 
working throughout without the slightest hitch, and gave 
great satisfaction to all concerned. 


There was launched from the shipbuilding yee of 
Messrs. Robert Stephenson and Co., Limited, Hebburn- 
on-Tyne, on Saturday, the 28th ult., a steel screw steamer 
named the Waddon, and built to the order of Sir 
Christopher Furness, M.P. The vessel is of the follow- 
ing dimensions:—Length, 350 ft.; breadth, 47 ft.; 
moulded depth 29 ft. 10 in., and she will carry about 
6200 tons deadweight. The propelling machinery con- 
sists of a set of large size triple-expansion engines, sup- 
plied with steam from two single-ended boilers working 
at 165 lb. per square inch. The machinery is being sup- 

lied by Messrs. Richardsons, Westgarth, a Co., 
Limited, of Hartlepool, and the boilers by Messrs. 
Robert Stephenson and Co., Limited. 


On ane the 30th ult., Messrs. Craig, Taylor, and 
Co. launched from their Thornaby Shipbuilding yard, 


Thornaby-on-Tees, a single-deck screw steamer measur- 
ing 291 ft. by 38 ft. by 20ft.74in. Her engines have 
been constructed by the North-Eastern Marine Engi- 
neering Company, Limited, Sunderland, the cylinders 
being 19 in., 31 in., and 51 in. in diameter by 33 in. stroke, 
with two large steel boilers working at 180 lb. pressure. 
She has been built to the order of Messrs. Van Ysselsteyn 
= Co., Antwerp, and as she left the ways was christened 
enny. 


On Monday, the 30th ult., Messrs. R. Craggs and Sons, 
Limited, launched from their Tees Dockyard, Middles- 
ree a steel cargo steamer measuring 352 ft. 3 in. in 
length by 47 ft. beam and 27 ft. 3in. deep. The machinery 
will be fitted by the North-Eastern ick Engineering 
meee, Limited, from their Wallsend works, and will 
have cylinders 24 in., 41 in., and 68 in. in diameter by 
45 in. stroke, steam being supplied by two iy single- 
ended boilers working at a pressure of 180 Ib. to the 
square inch. The vessel has been designed to have a large 
cubic capacity, and is expected to carry over 6200 tons 
deadweight on a very moderate draught. She is built to 
the order of Mr. D. G. Moraitis, of Andros, Greece, 
and on leaving the ways was named Vasilefs Georgios. 


On Monday, the 30th ult., Sir Raylton Dixon and Co., 
Limi launched from their Cleveland Dockyard, 
Middlesbrough, a steel screw cargo steamer named the 
Alm , built to the order of Messrs. Robert MacAndrew 
and Co., of London. She measures 248 ft. by 35 ft. 7? in. 
by 21 ft. 10 in., moulded, and has a deadweight carrying 
capacity of about 2330 tons on a light draught of water. 
Triple-expansion_engines will be fitted_by the North- 
Eastern Marine Engineering Company, Limited, Walls- 
end-on-Tyne, having cylinders 19 in., 32 in., and 53 in. 
in diameter by 33 in. stroke, supplied with steam by one 
large single-ended boiler working at 175 Ib. pressure. 


A large steel screw steamer named the Crostafels, built 
to the order of the Deutsche Dampfschifffahrts Gesell- 
schaft ‘‘ Hansa,” of Bremen, was launched from - the 
Neptune Shipyard of Messrs. Swan, Hunter, and Wig- 
ham Richardson, Limited, on Monday, the 30th ult. 
The vessel is 400 ft. in length by 52 ft. beam, and will be 








fitted with a four-crank quadruple-ex ion 
engines, which, with the boilers, are also Sala uilt at 
the Neptune Works. 








Revuter’s Drrecrory OF TELEGRAPHIC ADDRESSES 
REGISTERED IN AUSTRALIA AND New ZEgALAND.—This 
is published by Mr. Robert Atkinson, Salisbury House, 
London Wall, E.C., at 7s. 6d. Compiled from official 
sources, it gives the names of those firms in the Australian 
Colonies who have telegraphic addresses; and in these 
days of active commerce it may be taken that the book 
thus contains lists of almost all the large trading firms in 
those Colonies. 


Tuer Great Eastern Rarcway.—A new edition of the 
little guide-book, annually issued by the Great Eastern 
Railway Company, to places of interest in the Eastern 
Counties has just been published. The book is ex- 
nena y A illustrated, and a feature which will be wel- 
comed by golfers is the list of links to which access is 


afforded by the Great Eastern line. The particulars 


given include the name of the nearest railway station h 


and the distance therefrom, together with the name of 
the secre’ A long list of hotels and boarding-houses 
in halt seaside resorts served by the company is also 
included. 





Carr GOVERNMENT Rattways.—The revenue of this 
system last year was 5,329,868/., as com with 


5,291,6272. in 1902. The working expenses were 4,522,590/., 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) — 


Marca. 
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ms each vertical line represents a market day, and each horizontal 


line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and 11. in all 
other. cases. The price of quicksilver is per bottle, the contents of which vary in weight from 


70 lb. to 80 1b. The metal prices are per ton. 
Tin plates are per box of I.C. cokes. 


Heavy steel rails are to Middlesbrough quotations. 








as compared with 3,775,2567. in 1902. There was a con- 
siderable increase under the head of salaries and wages, 
the augmentation being as much as 145,132/. The aggre- 
gate distance run by trains last year, exclusive of dis- 
tances run by light engines and shunting, was 12,701,077 
miles, as compared with 12,318,639 miles in 1902. A dining- 
car train is now run three times a week between Cape 
Town and Johannesburg, instéad of twice a week as 
formerly. As regards the suburban train service, pas- 
senger trains on the Wynberg section have been 
lengthened, and additional trains are run. An increased 
service has also been established between East London 
and Cambridge; and it is considered desirable that the 
doubling of the line between these points should be pro- 
ceeded with as early as possible. trains leaving imme- 
diately after the arrival of mail steamers, and carrying 
mailsand newspapers tothe Transvaal and the Orange River 
Colony, Natal, and the principal towns in Cape Colony, 
ave resumed. Excursion facilities, which were 
necessarily impossible while martial law prevailed, have 
again been granted, with the result that kings have 
been heavy—especially from Kimberley to the Coast. 
There was an all-round improvement last year in the 
time kept by passenger and mixed trains. A consider- 
able advance has been made in interlocking, and the 
system will probably be made as complete as possible 
when funds admit of its being done. The difficulty of 





obtaining a sufficient supply of water was keenly felt last 
year on the Western system, north of Matjesfontein ; on 
the Midland system, between Addo and Cookhouse ; and 
on the Eastern system, north of Queenstown. It was 
necessary accordingly that water should be hauled for 
engine purposes for considerable distances. With the view 
of obviating or mitigating this difficulty, boring operations 
have been n in several districts. In the early part of 
last year substantial reductions were made in the rates 
charged for the conveyance of many articles of food and 
neral consumption, as well as of commodities in every- 
ay use. A revised scale for first and second-class pas- 
sengers was also adopted, which, particularly in the case 
of single tickets, considerably cheapened the cost of 
travelling. The — of the better treatment of 
natives travelling by railway has received the considera- 
tion of the Government, and an official has been appoints 
styled ‘Protector of Natives.” There is now a daily 
service for native traffic between Cape Town and = 
Transvaal, with connections with the Eastern, Midland, 
and Northern systems. The number of persons employ 
in working the traffic at the close of 1903 was 3818 whites 
and 1317 coloured, or 5135 inall. Free quarters have el 
been provided for station inspectors and foremen. | T oo 
are also houses for the staff at Maitland, and buildings 
Retreat will soon be occupied. The Port Elizabeth s 
will also soon have the benefit of a number of buildings. 
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SHOREDITCH REFUSE-DESTRUCTION PLANT. 
(For Description, see Page 797.) 
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ii tant one, representing, in fact, the great modern | decreased employment ;” as a result the donation list 
sttned evaleh onbt : ie |of unemployed reached dimensions which, omitting 

the period of the lock-out, had not been equalled 
In|some ten years. Slackness in trade brought about 


INDUSTRIAL NOTES. | forces which control and animate production and dis- 
Tue fifty-third annual report of the Amalgamated tribution; for the latter, after all, is much more a| 
Society of Engineers is a bulky volume of 432 pages, matter of transit than most people imagine. . 


72 of which are dev the official report, with modern life the producer and consumer are not in | reductions in wages in Scotland, along the North-East 
tables and sasamintan soviet a series of reais ” It is | direct touch, pel t incidentally ; but rapid transit | Coast, at Barrow, and at Belfast; but by negotiations 
& marvellous document, full of human interest, though | brings them sepetlian indirectly in such a way that | with the Employers’ Federation they were delayed and 
it pertains only to one section of the vast industrial distance is, in a sense, annihilated 
community, x 
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made to the revolt in Scotland, and the rejection, in 


consequence, of three members of the council, one | of 450 wives of members are 


being the chairman, as a kind of punishment because 
the council of the union refused to recognise an 
irregular strike on the Clyde. But the council was 
right ; the men were wrong. 

he society began the year 1904 with 657 branches, 
five large district branch offices, the American and 
Canadian Council, the Australasian Council, and the 
general office in London. The total membership was 
95,403—an increase in the year of 2151—about the 
same increase as in 1902; this was the net increase 
after deductions caused by death and exclusions. The 
deaths numbered 1050, the exclusions 4512, so that the 
leakage was 5562, and in 1902 it was 6153. The 
total admissions were 7713 ; in 1902 they amounted to 
8462. It is pointed out that a large proportion of 
exclusions are caused by carelessness and by arrears ; 
that many are readmitted by the payment of a small 
fine and of arrears. 

The society’s balance on January 1, 1903, amounted 
to 546,367/. 14s. 6d.; on January 1 of this year 
it reached 602,425/. 10s. 3d.; the gain in the year 
was 55,0571. 15s. 9d. The general fund amounted to 
401,208/7. 10s. 9d., and the superannuation fund to 
201,216/. 193. 6d. Of the former, 97,567. 5s. 11d., 
and of the latter 182,852/. 3s. 9d. are invested, 
151,689/. 193. 10d. of the latter being in house property, 
mortgaged to members of the union. The interest on 
these investments amounted to 11,2997. 12s. 4d. in the 
year ; added to this the total in balances the aggre- 
gate amount reached 16,967/. 12s. 10d., showing an 
increase over 1902 of 2603/. 17s. 21. In the building 
society section there are over 600 borrowers, the terms 
being far more favourable than in the ordinary run of 
building societies, permanent or otherwise. This part 
of the union’s undertakings affords an outlet for the 
capital sum at balance in the banks of the United 
Kingdom. 

The chief sources of income were as follow :— 
Contributions, 336,616/. 7s. 6d.—this includes fines, 
levies, and sale of yearly reports ; entrance fees, &c., 
47181. 9s. 6d.; sale of monthly journals, 10310. 5s. 10d. ; 
rules, cards, emblems, &c., 488/. 9s.; benefits re- 
turned, 2018/. 4s. 4d.; interest, &c., 16,967/. 12s. 10d.; 
miscellaneous items brought the total up to 362,502/. 
9s. 9d. A splendid income for the year. 

The chief items of expenditure were as follow :— 
Donation and travelling benefit, 87,249/. 5s. 2d.; fares 
to situations, 526/. 5s. ld.; sick benefits, stewards, &c., 
50,1512, 19s, 3d.; superannuation allowance, 101,419V. 
5s. 11d.; funeral benefit, 12,905/. 14s. 9d.; benevolent 
grants, 3682/, 1s. 6d.; contingent benefit (disputes), 
1418/. 18s. 9d.; assistance to own and local trades, 
1203/. 16s. 8d. The whole of the above may be de- 
scribed as benefits, strike pay being inconsiderable. 

The chief items in management were :—Secretaries, 
general office, and 657 branches, 11,023/. Is. 11d.; 
treasurers, 1153/. 16s. 6d.; auditors, 1153/. 15s.; 
district and branch committees, 3801/. 13s. 4d.; 
delegations, 691/. 183. 9d.; banking expenses, 728/. 
13s. 2d.; lost time, 71/. 17s. 8d.; printing and sta- 
tionery, 5469/. Os. 3d.; postages, parcels, telegrams, 
&c., 2167/. 18s. ld.; rent, rates, taxes, insurance, &c., 
3676/. 10s. 6d. Then there were organisers’ salaries 
and expenses, 1556/. 11s. 2d.; legal expenses, 895/. 
8s, 5d.; trades councils and labour committees, &c., 
9641. 5s. 3d ; federation fees, 6734/. 11s. 8d.; Parlia- 
mentary fund, 552/. ls. 5d.; grants to other trades, 
2387/.; accidents and loss of tools by fire, &c., 3616/. 
14s, 2d. The remainder consist of miscellaneous items 
of varying character, incidental to a great institution, 
with branches all over the world, with multifarious 
benefits, duties, and responsibilities. The whole 
balance-sheet is full and complete in details respect- 
ing the aggregate expenditure. 

The aggregate expenditure on benefits during the 
last thirty-five years was 6,555,358/., which works 
out as follows :— 


Proportionate 
Cost per Member 
in 1903. 
£ S 2, as 
Donation benefit 2,895,681 0 18 
Sick benefit... ... 1,300,966 0 10 2 
Superannuation benefit 1,444,066 oe 
Accident benefit 82,782 0 09 
Funeral benefit 389,713 0 28 
Benevolent grants 116,745 009 
Assistance to own and 
other trades ... 325,405 0 0 6 





Aggregate, wholeperiod 6,555,358 

It will be seen that superannuation benefit has out- 
grown all the other benefits. It isa serious item, but 
the union has wisely a reserve fund of 201,216/. 19s. 64d. 
The assets of the society are set forth in detail, both 
as regards the large investments in corporation and 
other stock, and the mortgages of house properties to 
members ; also the cash balances at the general and 
district offices and at the branches. Each branch 
account is also summarised in tolerable detail, so that 
every member can see how the large revenue is 
accounted for. 





The causes of death and the age of 1036 members and 
ven. . The average age 
of members was 52? years; of the females, 43 years. 
Heart disease took off 123, accidents 89; lung and 
chest diseases were responsible for many. Numerous 
tables are given relating to commerce and trade, espe- 
cially as regards the exports of engineering products, 
the shipbuilding of the world, and other matters. 
Altogether the report is worthy of the great pioneer 
union of modern times. Not the least interesting fact 
in connection with its history is that peaceful negotia- 
tion more than ever characterises its councils, and 
helps to promote that progress which is so essential to 
its well-being. 





The last report of the Boiler-Makers and Iron-Ship- 
builders is by no means reassuring as regards the 
state of trade. There was, indeed, a decrease of those 
on the funds of 434, but of these only 242 came under 
the head of unemployed. The total number on the 
funds of all classes was 8300, as compared with 8734 in 
the previous return. “Of the total, 5332 were unem- 
ployed ; previous return, 5574 ; on sick benefit, 1940 ; 
previous month, 2166 ; on superannuation allowance, 
1028 ; previous return, 994. Dealing with the state 
of trade, the report stated that the booking of new 
orders on the North-East Coast had not had much effect 
as yet, in so far as members of the union were con- 
cerned. The total expenditure in the month was 
13,949/. Os. 2d., or 2789/. 16s. per week, there being 
five financial weeks in the month. The decrease 
amounted to 114/. 2s. 9d. per week. The aggregate 
membership increased by 114, after allowing for 196 
exclusions a deaths and arrears. The report refers 
at some length to the Trades Disputes Bill, the division 
list of voting in the House of Commons being given. 
The Bill is described as a ‘‘full charter of liberty;” but 
this does not mean the right to do wrong, or to break 
legal contracts, for this union insists upon proper legal 
notice in cases of dispute or absence from work on the 
part of its members. The voting for delegates to the 
Trades Union Congress has taken place ; but the list of 
successful candidates is not yet out. It is pointed out 
that the out-of-work payments during last year was 
equal to an average of a full year’s donation benefit to 
15,000 members. This fact is notified as showing the 

reat value of the union on the provident side, apart 

rom the usual trade benefits in wages, hours of labour, 
conditions of employment, &c. The votes of members 
are being taken as to a penny levy for the Labour Re- 
presentation Committee. 

The Amalyamated Engineers’ Journal states that the 
total membership has reached 95,608 ; of that number 
4803 were on donation benefit, 2267 on sick benefit, 
and 4611 on superannuation allowance. The state of 
trade is practically unaltered since the previous report, 
and there has been no change in the conditions of 
employment. Branch secretaries are instructed as to 
any for federation benefit, as in some cases 
the application was sent too late to have effect under 
the rule which states that it must be sent in within 
four weeks of the men ceasing work. The council of 
the union — the branches to protest against the 
decision in the House of Lords giving running powers 
to ‘‘a private monopolist company” over the New- 
castle municipal tramways system. A vote is being 
taken for a grant of 150/. from the trade fund in aid 
of the Amsterdam diamond workers now locked out. 
The district organisers’ reports indicate the state of 
trade in the respective districts. On the Clyde, it is 
stated that the month compares very favourably, in 
respect of new orders, with any month of this year. 
Good orders are reported as booked at Clydebank, 
the Clyde, Leith, Dundee, and Aberdeen. In the 
Liverpool district there is little change for the better, 
except at Heywood and Rochdale. On the Tyne, the 
— marine engineering shops are moderately 

usy and steady, and in Gateshead and Newcastle 
turners and machinemen are well employed ; fitters 
are not so busy; at Jarrow all are busy. In the 
Manchester and Salford district there is a substantial 
decrease in the number of unemployed. In London 
and the South-Eastern Coast trade continues quiet. 
In South Wales there is more or less depression. There 
are useful articles and letters in the Journal, special 
and general. 





The first consignment of Chinese labour, number- 
ing 1050, have embarked for the Rand. They are 
expected to reach South Africa early in the present 
month (June). It is said that there is great anxiety 
on the part of the Chinese to emigrate. Whether 
they will be equally satisfied upon arrival and in the 
mines remains to be seen. The attitude of the white 
men and of the native population towards the immi- 
grants remains to be decided; but the Chinese have a 
faculty for combination, and can take care of them- 
selves. It is significant that the Cape Legislature 
have passed the measure to exclude the Chinese from 
the Colony. This seems an anomaly; but, then, the 
Cape and the Rand differ in conditions. 





The non-success of the two political parties in the 


Australian Commonwealth to effect a coalition to oust 


the Labour Ministry has led to negotiations on the 
part of the Labour Party with 2 view to some working 
arrangement. There is no reason why the present 
Ministry should not effect an alliance with any section 
of the Federal community which shall be for the benefit 
of all parties. The leader, Mr. Watson, is described 
as a man of excellent character and understanding ; 
of equable temper, and most courteous ; these are just 
the qualities needed in a leader. So far, the rank and 
fileseem to have deferred to his judgment; if they 
continue to do so, and do not urge any ultra policy, 
the present Ministry may remain in office lon 
enough to establish a reputation, and then the old 
political parties will suffer a cleavage. It will be 
capital and labour face to face. The conditions will 
be new ; but, then, so are the circumstances. Pru- 
dence, foresight, courage, and unity of purpose may 
carry them ——_ the trying ordeal, even if no great 
measure of social legislation should result. 
In the Birmingham and Wolverhampton districts, 
and, indeed, throughout the Midlands, very little busi- 
ness was doing last week owing to the Whitsuntide 
holidays. Many of the iron and steel works were idle 
throughout the week, although some re-started on 
Wednesday night or Thursday. There being no pres- 
sure of work, and an absence of buying, prices showed 
a tendency to decline ; but in reality there was no test 
as to rates. Producers of some classes of iron declare 
that the margin is already so small that there is no 
profit—in some cases a loss. The high cost of materials 
and heavy railway rates are alleged as the cause of 
absence of profits. Another large ironworks is about 
to be dismantled at Wolverhampton, and is to be trans- 
ferred to South Wales ; the men willing to remove are 
to be re-engaged at the new works near Newport. 
Makers of best finished iron re-started work on Wed- 
nesday night, as they have a good weight of work on 
hand. Tube strip is still inactive, and concessions 
have been made to secure orders. There is little 
change in the steel trade, but, as prices are below 
German quotations, local producers hold the market. 
The position of the engineering trades as indicated by 
the engineers’ report, was, in Birmingham, bad in four 
branches, moderate in two, and declining in the 
seventh ; in Wolverhampton it was moderate. In the 
former centre the list of unemployed was large, in the 
latter small. The boiler-makers report trade as mode- 
rate in both branches at Birmingham and at Wolver- 
hampton, very few being unemployed. In the general 
run of hardware and other iron, steel, and metal- 
using industries, employment varies considerably, but 
in the tube trade it appears to be worse than in any 
other. Some are quiet, moderate, or slack, but few 
— of actual depression, while a few continue 
usy. 





The position of the iron and steel trades in the 
Lancashire districts was practically without change 
last week; indeed, there was nothing to indicate either 
the trend of business or prices, for there was no Change 
meeting in the week. The position of the engineering 
aud allied trades was also practically unchanged, the 
holidays giving an excuse for a long rest. Most of 
the branches of the Amalgamated Engineers report 
trade as bad, one as very bad, while cay a few refer 
to employment as moderate. Inno branch of the 
engineering industries can it be said. that trade is 
brisk, though electrical engineers and some firms 
engaged on specialities in machine tools are the 
busiest. Even the recent spurt in locomotive-building 
has been insufficient to use up any considerable sec- 
tion of unemployed engineering labour. Boiler-makers 
refer to trade as slack in most cases, only in a few as 
moderate, 





The great strike of freight-handlers on the New 
York and New Haven Railroad system, involving 
several thousands of workmen, is having a disastrous 
effect upon traffic, causing great inconvenience to 
travellers, and delay of ool and baggage. The men 
demand higher pay, pe one section at New York has 
a grievance against a non-union foreman. The fire- 
men on the ferry steamers joined the strike last week, 
so that the service of trains was completely stopped. 
The influence of the Civic Federation seems to have 
been of no avail in this important and mera 
dispute. Both sides seem to be stubbornly determin 
to fight the questions at issue out to the bitter end. 
The American Federation of Labour does not appear 
to have any hand in the dispute, and no serious 
efforts seem to have been made to settle the dif- 
ferences. 





Another strike has occurred at the Penrhyn quarries, 
the section affected being those engaged in loading the 
slates. They claim a slight increase in wages because 
of delays caused by other workmen engaged in transit 
and unloading. The men consist of those taken on 
during the strike. They were discharged, and some 


of the old hands have been re-engaged. The loaders 





are paid by the piece, while others are on day-wor k; 
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the former demanded an advance, or that they also 
should be placed on the day-work system. 


There is another partial London cab strike. - The 
men complain that they cannot pay the amounts fixed 
by the Asquith award ten years ago. How can they, 
when such a large proportion are mere ‘‘ crawlers ?” 
They crawl rather than take 6d. or 9d. fares—even 
the fixed legal fare of 1s. they complain of usually, 
even if the distance is only half a mile. 





The bakers’ strike at Brest is one of the most calami- 
tous that has happened for a long time. The men 
resorted to violence ; they determined to wreck the 
shops, and rioting on a large scale was resorted to. In 
one case a house was set on fire by petroleum, and 
the wife and children of the owner were only saved by 
the arrival of the cavalry. The fighting resulted in a 
large number of casualties by bayonet charges. Later 
on the dockérs joined in the strike, and it is said that 
other trades will follow. 





The Hackney Borough Council have declared in 
favour of a minimum wage of 30s. per week for all 
able-bodied employés. It is also stated that the wages 
of skilled labourers in the Portsmouth Dockyards are 
to be raised to 24s. per week. This was refused at 
Woolwich, though the cost of living is greater at the 
latter than at the former place. 








REFUSE-DESTRUCTION AND HEAT- 
UTILISATION. 


Refuse-Destruction by Burning, and the Utilisation . of 
Heat Generated.* 
By C. Newron Russet, Borough Electrical Engineer, 
Metropolitan Borough of Shoreditch, London. 

THE important question of how best to destroy town 
refuse or garbage 1s now occupying the minds of many 
engineers and = officials ; and all who are responsible 
for the public health and sanitation are agreed that where 
possible the refuse should be destroyed by fire. This 
opinion is evidenced strongly by the fact that the old 
systems are disappearing, and already most towns of 
importance have plants for burning garbage. 

The problem of disposing of town refuse has exercised 
the minds of those connected with municipal affairs for 
many years. The old system of tipping it on vacant 
plots of land is doomed, as it now is generally recognised 
that in order to deal with the problem in a really satisfactory 
manner, other points must be considered besides ease and 
cheapness of disposal. . The most important requirement 
is that the refuse should be disposed of in a sanitary 
manner ; and whatever method of destruction is decided 
upon, this should take first place in its consideration. In 
this paper the author deals only with domestic or house 
refuse, which consists of house and shop sweepings, 
kitchen refuse, market sweepings and offal, and with what 
is known as trade refuse ; he does not refer to the disposal 
of sweepings from macadami or wood-paved roads, 
except when the sweepings are in a dry condition. 

The kinds of refuse just enumerated, if left for a few 
days, ferment and quickly become, not only offensive, but 
dangerous to health. Those who have more than ordinary 
opportunities for observing the nature of the materials 
that go to the dust-heap will agree that the only satis- 
factory way to deal with town refuse .is to. burn it as 
quickly as possible. It is much more expensive to burn 
refuse than to shoot it on to the land ; but the hygienic 
benefit derived by the former method is of such evident 
and incalculable value to the public health that the 
matter of cost is of secondary importance. 

The subject of destructors arranged to dispose of refuse 
appears to have first been dealt with seriously by Mr. 
Alfred Fryer more than 20 years ago; in fact, it may 
safely be said that the destructors of to-day are the result 
of that gentleman’s foresight. A very interesting paper 
on ‘‘Dust and Ashes” was written by him as far tok as 
1887, and shows that he was then fully alive to the possi- 
bilities and future usefulness of the destructor. The paper 
describes the trouble encountered in dealing with refuse 
even 25 years ago, and the difficulties met with then are 
the same as we now have to deal with in a more acute 
form. Mr. Fryer, in order to prove the old saying that 
there is nothing new under the sun, reminds his readers 
that in remote times, the fires of Tophet received the 
burnable refuse of Jerusalem. 

The general arrangement and efficiency of steam-raising 
destructor plants, as we know them to-day, have consider- 
ably improved during the past eight years. In 1897 
plants were in operation at Oldham, Warrington, Liver- 

1, Leyton, Cambridge, &c., and in several parts of 
ndon ; since then the number has increased consider- 
ably. The results from these installations show con- 
clusively that :—(1) In England the refuse has sufficient 
calorific value to enable it to be easily burned without the 
addition of coal or any other kind of purchased fuel ; (2) 
he gases produced contain a great amount of energy in 
the form of heat which can be utilised ; (3) The refuse of 
each locality has a fairly constant calorific value. 

The advantages or disadvantages of the various forms of 
destructor furnaces that have been erected have been 
pretty well thrashed out by other writers. Each maker 
claims some ad vantage over his rivals, but the fact remains 





Me Paper read at the joint meeting of the Institution of 
enanical Engineers and the American Society of 
echanica] Engineers, at Chicago, June 1, 1904. 





that all successful destructors have furnaces operating on 
practically the same principle, the only difference being 
in details. Similar results are obtained from the destruc- 
tors erected by different makers, each claiming superiority. 

The main object of this paper is to treat the. practical 
side of the question rather than the various types of 
destructors ; and as full particulars and statistics may be 
derived from printed publications, the author proposes to 
describe fully the works with which he is associated. 
The plant in question is owned by the Metropolitan 
Borough of Shoreditch, London, and was opened in June, 
1897. The works were about the largest of their.kind, 
and contained many new features, some of which even 
now are subject tocriticism. Before the works were built, 
most of the domestic and market refuse was carried in 
barges by the canal which passes through the Shoreditch 
area, and dumped on waste land in close proximity to the 
London suburbs. The problem of dealing with the refuse 
under the new conditions was entrusted to Mr. E. Man- 
ville, of the firm of Messrs. Kincaid, Waller, and 
Manville, consulting engineers, of Westminster; and the 
contractors who erected the destructor were Messrs. 
Manlove, Alliott, and Co., of Nottingham. 

The Shoreditch area, which adjoins the City of London, 
contains 640 acres, and had in 1897 a resident population 
of 124,000. Land was very valuable, and it was necessary 
to purchase and pull down old property near the centre 
of the area in order to obtain a suitable site. Eventually 
a suitable place was purchased, upon which was erected 
an electric generating station, refuse-destructor, baths 
and wash-houses, and a free library. The area allotted to 
the destructor works was 13,450 square feet, costing about 
18s. per square foot. The space at disposal being so 
limited, it was impossible to have an inclined roadway up 
which the wagons loaded with refuse could be taken to be 
tipped directly on the top of the furnaces, which is the 
usual practice. It was therefore decided to put in lifts, 
to raise the refuse to the top platform. The destructor 
and boiler-house (Fig. 1, page 795) is separated from the 
electricity generating station by fire-proof doors. 

The destructor-house contains two batteries of three 
Babcock-Wilcox water-tube boilers, each having two 
refuse-furnaces (one placed on either side of the boiler), 
while the ordinary coal firegrate, immediately under the 
boiler-tubes, is provided as an auxiliary, for use if required. | 
A complete set thus consists of one boiler and two fur-| 
naces (Fig. 2). The hot gases from the refuse-furnaces pass} 
through short side flues, and immediately come in contact; 
with the boiler tubes. The gases, after passing round the} 
boiler tubes, find their way into one of the main flues,} 
then to the economiser, and thence to the shaft. The, 

tes of the refuse furnaces are 5 ft. wide and 5 ft.; 
rom front to back, and are inclined at 25 deg. to the 
horizontal. The refuse-furnace bars are of the stationary 
type, and are built up of wrought-iron wedge-shaped, 
strips, in sections 2 ft. 6 in. long by 4 wide and about 
4 in. deep. The grate area of each boiler furnace is 27 
square feet, the heating surface being 1300 square feet. 

The refuse when received at the works is shot into 
one of two lifts, Fig. 5, page 798, each provided with a 
tipping-truck, Figs. 3 to 5, which is run off the lift as 
soon as it reaches the top platform, Fig. 6; the truck 
runs upon rails, and is operated on the trolley system. 
The refuse is then tipped into special charging-trucks 
(Figs. 3, 4, and 6), worked by chain gearing, one of which 
is provided for each furnace. y 

he average amount of refuse received ~ day is about 
85 tons (1 ton = 2240 lb.), and this is delive between 
9a.m. and 5 p.m., but the amount varies considerably ; in 
summer it may be as low as 60 tons, and in winter as —_ 
as 140 tons. As it is found impossible to get the supply 
at a regular rate, it is advisable to provide storage space 
to cope with extra large deliveries. This is done at 
Shoreditch, where a large rectangular iron storage-bin 
(Figs. 3 and 4), holding about 60 tons of refuse, is fixed 
under the tipping-platforms. 

The lifts and tip-trucks are worked entirely by 
electricity, and are found to act well. The average 
amount of electric onergy consumed by the lifts and 
trucks, taken upon a total of 25,000 tons of refuse (over 
a year’s working), is 0.52 kilowatt-hour per ton, the 
greater portion of which is expended on the lifting opera- 
tion. The record time taken to deal with a load of refuse 
shot into the lifts, raised to the top —— and tipped, 
and the empty truck returned to the starting-point, is 
seven minutes, the average time being about nine minutes. 
This is an important factor in considering new plants, as 
unless sufficient lift accommodation is provided, a con- 
siderable loss of time results from keeping the dust-vans 
waiting. It is found that the vans in which the dust 
is collected usually arrive in batches, and unless —— 
provision is made for rapidly shooting the garbage, dela 
occurs. The cost of repairs to the lift and tipping-truc 
part of the equipment is very small. 

The charging-trucks are of the square-box pattern, 
made of mild steel, of sufficient capacity to hold one 
cartload of refuse, and are divided vertically into five 
compartments. Each compartment holds about 500 Ib.— 
the usual amount for one charge of the furnace. The 
charging-door, or opening (Fig. 6), is of the horizontal 
pattern, and is operated from the top platform by chain- 
gearing worked by hand. 

To charge a furnace, the truck is drawn into position, so 
that one of the compartments is immediately over the 
horizontal door; the act of opening allows the false 
bottom of the truck to fall, and the refuse drops into the 
back portion of the furnace (Fig. 3, page 795). However, 
as the refuse is not sorted in any way, but is dealt with 
exactly as it is received in the van, it occasionally happens 
that large articles, such as bags, boxes, tins, &c., prevent 
the whole of the charge from falling at once on to the 
drying- hearth (Fig. 2) in which case it has to be 


ordinary refuse to be from the carts to the furnace 
without handling, and are of the kind.in use at Liverpool 
and other which are worked on Messrs. Boulnois 
and Brodie’s system. It is not found advisable to employ 
this system of charging for straw, paper, sawdust, or any 
such ag and inflammable material, owing to its tendency 
to catch fire during the operation of charging, and before 
it can be shot into the furnaces. It is found more con- 
venient and safer first of all to shut off the air-blast, and 
feed the refuse in question through the front of the fur- 
nace, the blast being turned on again when the grate is 
well covered. Each furnace is provided with both steam- 
jet and forced-air blast. In the author’s experience the 
latter has been found preferable. 

The forced-air blast. is provided by three Sturtevant 
fans, each designed to give 8000 cubic feet of air per 
minute, and driven direct by a shunt-wound electric 
motor at a s of 650 revolutions per minute. The 
three fans are not used continuously, the full number 
being only put to work during the time of heaviest load.., 
The inlets to the fans are connected with air- ducts 
(Fig. 4, page 795), that draw the hot air from the top plat- 
orm of the destructor ; the three fans are connected to a 
common discharge-duct, which is led underground to the 
ashpits, the draught to each being controlled by a sepa- 
rate air-valve (Fig. 4). The air-pressure in the discharge- 
duct at the fans is 3 in. head of water, while that in the 
ashpits is slightly less than lin. Even with the latter 
comparatively low pressure the temperature obtained in 
the furnaces often exceeds 2000 deg. Fahr. It is inte. 
resting to note the comparatively great amount of energy 
(4 units per ton, see page 798) absorbed by the electric- 
ally-driven fans ; a matter which is open to improvement. 
The works are run on the eight-hour shift system, seven 
days per week, so that some of the fans are always at 
work—in fact, they run for weeks without a stop. A 
direct-coupled electrically-driven fan is an ideal arrange- 
ment from a mechanical point of view, and one which ex- 
perience shows to require very little attention. ; 

In order to give an indication of the temperatures 
reached in steam-raising destructor plants, the author has 
collected from time to time a number of articles which 
have passed through the furnaces, from which it appears 
that such metals as cast steel, cast and wrought iron, 
copper, brass, &c., frequently reach a molten state. The 
furnaces have now been in daily use for six years, and it 
is interesting to find that the fire-bars are even now in 
good condition, and show very little sign of deterioration. 

The fire-brick linings of the furnaces are found to last 
well, and do not often require renewing; repairs are 
occasionally necessary in connection with the fire-brick 
arches, pencipaly. on account of damage done by stokin 
irons. A somewhat novel system of storing hot foot 
water is in use (sometimes called ‘ thermal storage).” The 
reason that led to its adoption was that, at the inception 
of the combined scheme, it was not thought that, for some 
time at least, the demand for electric current would be 
very great ; and that during the hours of daylight, when 
refuse was of necessity being burned, it was feared that 
some of the heat would be lost, owing to the small demand 
for steam. 

It was therefore decided to instal Halpin’s thermal 
storage system, with a view of storing up heat in the 
form of water at a high temperature, Figs. 3 to 5. 
The storage vessel was originally connected to the main 
line of steam-pipes, with a view to its being gradually 
filled by pumping in cold feed-water, which would be 
heated by means of spare heat generated in the refuse- 
furnaces during the daytime. The intention was that a 
portion of the steam raised in the boilers of the destructor 
plant would be used as 8 gg for the engine driving 
the electric generators, and the balance passed over to 
the thermal storage vessel, where it would part with its 
heat to the feed-water. The engines were designed to 
have adjustable cut-offs, so as to drive their full load with 
ge varying from 200 lb. to 120 lb. per square inch. 

he object aimed at was to fill up the thermal storage 
vessel at times of low load with water at a temperature 
corresponding to a pressure of 200 Ib. per square inch, and 
at the time of greatest demand for current, not only 
feed the boiler from the storage tank, but by the evapora- 
tion of the hot water as the pressure fell, steam would be 
ven off to augment that supplied by the ordinary boilers. 
he process would proceed until the pressure reached the 
lowest point—i.e., 120 lb.—by which time it was thought 
that the time of maximum demand would have S 
and that the ordinary boilers would be able to cope with 
the load. The dotted circles shown on Fig, 5, page 798, 
represented positions provided for additional vessels if 
required. This accounts for the provision of heavy 
structural ironwork, which has since proved unnecessary ; 
also the extensive system of steam.-mains. In practice 
things worked out very differently. First, it was found 
that pumping cold water into the vessel into which high- 
ressure steam was being admitted caused such a water 
ae that the practice had to be discontinued forth- 
with ; and it was found vanes to partially heat the 
feed-water by passing it through a Soom economiser 
before putting it into the thermal storage vessel ; this, 
however, effectively got over the difficulty. Secondly, 
by the autumn of 1897 the demand for steam during 
the a had reached nearly the limit of heat it was 
possible to get from the refuse furnaces ; so, having nothing 
to spare from that source, no additional thermal storage 
vessels were necessary. 

The boiler-feed is now furnished by a Weir pump, 


which forces the cold water through a Green econo- 


miser, where it is heated to a temperature varying with 
the load, although at light loads a maximum temperature 
of bt Ml oe ; been reached big aes Pres 
passes into the thermal storage vessel (F'1; to ed 
at a level of about 20 ft. above the boilers. The vessel 











pushed down with rods. The charging-trucks enable 





is simply a cylindrical shell 30 ft. by 8 ft., which is used 
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for storing during the hours of light load, hot water with 
which the boilers are fed directly.by gravity. 

Most of the lime in the feed-water comes down in the 
feed-storage vessel ; theamount taken out of the vessel after 
a run of seven months was little short of 1 ton after being 
dried. The deposit in the economiser tubes was less 
than 7; in. in thickness; it was of a harder nature than 
that in the feed-storage vessel, and could be removed by 
a scraper. The boiler-tubes were frequently examined 
and were found fairly clean, the deposit in the tubes 
amounting to an average of ;/; in. 

This system of feed-storage has undoubtedly contri- 
buted considerably to the success-of the ge generally ; 
it enables the engineer in charge of the steam-raising 
plant tostore hot feed-water during about eighteen hours 
out of the twenty-four, so that at the time of maximum 
load the vessel is about two-thirds full of feed-water at a 

ressure and temperature equal to that of the boilers.* 

ests have been made on several occasions, when the 
demand for electricity has been within the range of the 
refuse furnace to supply the necessary heat, and when, 
of course, no coal was used. The results showed 0.95 Ib. 
of water evaporated at a steam pressure averaging 130 Ib. 
for 11b. of refuse burnt. A considerable reduction must, 
however, be made in these figures when taken over, say, 
twelve months. Damp weather (which affects the 
quality of the refuse), low barometric pressure, choked 

ues, warped doors, the starting up of furnaces, &c., may 
easily bring down the average results over a i 
— to 0.5 lb. of water for 1 lb. of refuse burned. 

he existing vessel has, however, proved most service- 
able for the storage of hot feed-water, and as a means 
of removing the impurities from the feed - water 
before it reaches the boiler. The economiser was 
not erected until some time after the works were 
—_ as it was not anticipated that the temperature of 
the flue-gases would warrant its insertion. However, after 
the plant had been running steadily for some time, and 
careful tests had been taken, it was found that the flue- 
gases at the base of the chimney had a maximum tem- 
perature of 700 deg. Fahr. 

Adjoining the refuse-destructor and electro-generating 
station are situated the public baths and wash-houses, 
which contain :— 


1 swimming-bath, 100 ft. by 40 ft. 
1 


‘ by 34 
76 slipper baths. = 
50 troughs for clothes-washing. 


The exhaust steam after leaving the engines (non-con- 
densing) in the generating station is carried by a 16-in. 
pipe to the baths (Fig. 7), where it is put through heaters 
which supply all the hot water necessary for the whole 
of this large institution. Live steam is also supplied direct 
from boilers for clothes-boiling, &<. 

This scheme for heating the whole of the baths and 
wash-houses has proved eminently successful, and has 
excited a great amount of interest among municipal 
authorities. No charge whatever is made to the baths 
for any exhaust steam. A charge, however, of not quite 
2507. (or 1250 dols.) per annum is made for the live steam. 
The arrangement is a very economical one for the baths 
department, and worthy of serious consideration in cases 
where exhaust steam is available. The free library, 
situated close by, is heated by exhaust steam from the 
feed-pumps. 

The amount of refuse destroyed is between 25,000 and 
26,000 tons per annum. The residue (orclinker) amounts 
to from 33 to 35 per cent. of the weight. The cost for 
labour for burning the refuse is. very high compared with 
that at other destructor plants, and 1s one of the most 
serious factors for consideration. The nearer a destructor 
is to the centre of a large oor, te greater will be the 
wage bill, and this fact must borne in mind in con- 
sidering any new scheme :— 


” ” 


Per Ton. 
8, d. 
Cost for handling and burning refuse, in- 
cluding Pere xe average 


rH 6 
Clerks and establishment c — es 
Is and 


oa 
Repairs and maintenance of plant, 
and cost of engineering stores 0, OO 
. 3 8 


actually 


Total 


The average number of men employed in 
handling the refuse (per shift of eight hours) :— 


Furnace men ... ae ss ee | 
Topmen... 3 

Lift-men Sau ie a ... 1) daytime 
Yardmen (labourers) on .. QJ only. 
Foremen (in charge of shift) ey 


The above figures are for the fifth year’s working, when 
considerable repairs were necessary to the furnace, 
linings, doors, &c. 

The works are run on the eight-hour-shift system, seven 
days per week. 

The amount of electric energy consumed in the burning 
and handling of 25,000 tons of refuse is as follows :— 


Units per 
ton. 
Electric fans... ue 4.0 
» lifts and trucks 0.5 
» lighting 0.48 
Total 4.98 





* For full details of thermal storage system as applied 
toordinary steam-raising plants, see paper on “* a f 
of Fuel in Electric Generating Stations,” by Mr. H. 
McLaren, M.I.Mech.E. Proceedings, Institution of 


Mechanical Engineers, July 29, 1903. 





The cost of the destructor, inclading’| 15.0002 
fu flues, buildings, portion of | “* 
cout of elitheaby, constructional iron- (-, 000 dols, 
work, &c, a das os Bey Fe 
The cost of chimney was 2,790/., two- 
thirds of which was charged to the 
destructor and one-thi to the 
electric generating department . 13,950 dols. 


The residue from London refuse consists of, approxi- 
mately :— 





Per cent. 
of Refuse. 
Common clinker 30 
Fine ash ... Si 3 
Flue dust sok ay iz sk 3. Oe 
Old tins and iron Me ig ais car aa 
Total 34 


Fig.6. 


indebtedness to Mr. E. J. Lovegrove, Borough Engineer 
to the Hornsey Borough Council, London, for the results 
of his experience extending over a number of years. Mr, 
Lovegrove told him that rough clinker formed one of the 
finest classes of hard core, as it provided a drainage bed, so 
that the sugiace of the road was kept drier than was the 
case with other classes of foundation.. As a concrete, mixed 
in proportion of one of cement to five of clinker (care 
being taken to have a sufficient amount of fine ash), 
it was superior to what was generally considered in 
London the best class of concrete—viz., that composed 
of one part of Portland cement to five parts of Thames 
ballast; it was tougher and less subject to cleavage, 
This, on soils such as clay, where the und was subject 
to expansion and contraction, and the buildings to settle- 
ment, was a very important factor which should not be 
overlooked. The same remark applied to the use of the 
ground clinker as a mortar. Mr. Lovegrove had also used 





the material for plastering and rendering to a somewhat 
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_ The disposal of clinker when produced at works situated 
in the centre of large cities is a difficult and expensive 
matter ; it is usually found impracticable to use more 
than a small portion for slab and mortar making. _The 
greater portion has to be removed in vans to the outskirts 
of the city. This in the case of Shoreditch costs 2s. (or 50 
cents.) per ton of clinker, and should be taken into account 
in the total cost for disposal. When building operations, 
road-making, &c., are going on extensively in the neigh- 
bourhood, the clinker from refuse-destructors is of con- 
siderable value. When properly treated, it may be made 
into most excellent paving-slabs, bricks, concrete and 
mortar. 

No paper on refuse-destructors would be 
without reference to the utilisation of clinker for slab- 
making, &c. ; and the author gratefully acknowledges his 


complete 
| the bottom and top 
| cost varying from 1s. 6d. 


large extent ; but, while it made a very hard plaster, 
there was one defect which showed itself to a greater or 
less extent—namely, that after the plastering or rondeesy 
had been finished for a few months, signs of blowing b: 
| occurred, causing small circular flaws about } in. to 4 in. 
;in diameter in the face of the plaster; on examining 
| these they appeared to be due to minute particles of iron 
\in the clinker. In cases where this occurred, the small 
| places were cut out and made good, and no further trouble 
; Was, oc pene At the same time, he considered it 
| advisable to call attention to this risk, particularly when 
| the rendering was used for water-tight tanks. : 
Very successful tar-paving could be made by crushing 
the clinker and sifting it to the various sizes required for 
p arht and this could be laid at 
to 1s. 9d. per square yard, ac- 
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cording to the distance” of cartage from the works. It 
appeared to equal in durability the ordinary granitic tar- 
paving, but it was not suitable for paths where the foot: 
traffic was heavy. The use’ of the clinker for making 
paving-slabs’ was ‘not new. Many of the earlier hand- 
made slabs ‘were faced with ite, thus losing one of the 
great advantages of the clinker-slab—namely, the non- 
slipperiness of its surface. The adoption of the hydraulic 
ress had done away with the necessity for granite, at 2 
These presses had beén in use for some time, particularly 
at Liverpool and Bootle, ‘but at present the bir Be pence 
of the kind in use in or near London was that belonging 
to the Hornsey Council. The slab produced waseven in 
texture and non-slippery in wear, the effect of heavy 
foot-traffic, after four to five years, being Proceieny 
imperceptible, so that it compared very favourably wit 
other manufactured paving-slabs; and the cost of 
production was considerably less than one-half the cost of 
ordinary granite concrete paving. The clinker drawn 
from the refuse furnaces was ground in a mortar-mill 
driven by steam obtained from the destructor boilers, 
and, after being sifted through a }-in. square mesh sieve, 
was mixed with Portland cement in the proportion of 
two of ground clinker to one of cement. The concrete 
was then placed in strong iron travelling moulds and run 
by hydraulic power under the hydraulic press, which 
exerted a gy gradually increasing up to 1? tons per 
square inch. The slab remained under pressure for about 
three minutes, when it was removed from the mould and 
placed on a rack to dry under cover for about a week, and 
was then stacked in the open until required for use, it 


fuel; coal or coke should never’ be allowed inside a 
destructor works. 

4. About 8 to 10 tons of refuse have to be handled to 
produce the same'amount of steamas can be got by the 
combustion of 1 ton of coal. sf 

5. The use of lifts and trucks for handling refuse should 
be’ avoided where’ possible. Unni handling of 
refuse soon runs up the ‘costs. An ideal system from 
both’a sanitary and economical point of view would be 
to shoot the refuse straight out of the collecting van into 
the furnace. i 

6. Fine dust is emitted from the chimney, and will prove 
@ nuisance unless flues are well designed and cleaned right 
out at least once a week. 


thoroughly calcined ; it is suitable for use as a basis for 
disinfectant powder, and quantities are utilised in 
this way. When the dust is in a dry condition, it will 
absorb anything up to 30 per cent. of its weight of pure 
carbolic acid. ; 

7. Experience at Shoreditch shows that, in burnin 
coal-fires in conjunction with refuse, the full efficiency o' 
the coal is not obtained as in an independent boiler, the 
reason being that, during the process of clinkering the 
refuse-furnaces a considerable amount of cold air un- 
avoidably finds its way to the boiler-tubes. At times, 
also, when there is a scarcity of refuse and the furnaces 
are not working, as, for instance, on Sundays, it is 
impossible to obtain a high efticiency per pound of coal 
burnt, owing to the impracticability of preventing cold air 
from finding its way through the dead refuse furnaces to 





being found that after three months the slab was in good 
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the coal-grate. This drawback would appear to be one 
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condition for laying. The dimensions of the moulds in 
use were 3 ft. by 2 ft., 2 ft. 6in. by 2ft., and 2 ft. by 2 ft., 
and the thickness of the paving was 24 in. This process 
could not be looked upon in a large way as & method of 
disposal, but rather as a useful and economical method 
of using the waste material. The cost of manufacture 
was largely affected by carefully planning the works, 
so that there was sufficient mill-power to keep the presses 
at work, and the position of the mills being- between the 
furnaces and the machinery-room, unnecessary labour in 
wheeling was thereby avoided. He had carried out 
various competitive tests, for personal information, to 
ascertain the value of -clinker-paving and briquettes com- 
pared with other materials. ith regard to these tests, 
it was not suggested that the most reliable test for paving 
could be obtained otherwise than in actual wear, whether 
of macadam for roadsor paving for footways ; the results, 

owever, bore a very close relationship to the results 
obtained by the test. This test was applied by pene 
samples in a cylindrical testing-machine, the cylinders 
being cast iron and 114in. in internal diameter, with 
three 1-in. by l-in. angle-bar ribs riveted lengthwise on 
the inside of each cylinder ; each class of material was 
subjected to 8000 revolutions at a speed of 20 revolutions 
per minute. In the wet tests the materials were weighed 
dry, and about half a gallon of water was put in the 
mice, the weight after the test not being taken until 
the samples were again thoroughly dry. 

As bearing upon the scheming and working of new 
plants, the author makes the following suggestions, which 
are the outcome of practical experience from a municipal 
engineer's point of view. : 

1. The site should, when possible, be right away from 
residential and important business quarters, and near to 
4 tram route and a waterway. ; 

2. Lt is unnecessary for the destructor to adjoin an 
electric generating station. It should, indeed, be far 
enougl away, or otherwise so placed that dust from works 
and clinker yard cannot reach the engine-room ‘of the 
Benerating station. 

3. Furnacemen should be made to rely on refuse 3s 








of the necessary evils of any boiler arranged to be fired by 
either coal or refuse. The trouble, however, could 
considerably reduced, if not entirely eliminated, by an 
improved arrangement of dampers so fixed as to cut off 
entirely all possible admission of cold air from  refuse- 
furnace doors. ‘ : 

8. By increasing the air pressure in the ash-pit to 24 in. 
it is found possible to burn 25 per cent. more refuse t 
with a pressure of only:1 in. ; a harder and better class of 
clinker is also produced. Even when the air pressure is 
raised to 3 in. there is a considerable amount of combus- 
tible matter remaining in the clinker. -In fact, from 
experiments carried out on a comparatively small scale 
under the author’s: superintendence: for the Shoreditch 
Borough Council, it was found that, when ordinary 
unsorted refuse was placed in an iron-melting furnace (or 
cupola), heated in: the first instance by-a coke fire, the 
refuse contained sufficient burnable matter to melt itself 
down, and that this process. could be carried on con- 
tinuously for some hours without the addition of any other 
fuel. The residue was tapped in the ordinary way, and 
came away in the form of molten slag of a vitrite nature 
and black in colour. By this means-the residue may be 
reduced to about 15 per cent., instead of 25 per cent. to 
35 per cent. The slag may be run into moulds,'and when 
cold is of a brittle nature. Mr. C. Wegner, of Berlin 
some time ago obtained similar results; it was found 
in that case, however, that ‘a considerable addition 
of coal or other fuel was necessary to smelt the’ refuse. 
The vitreous residue from smelted refuse, when pulverized, 
is suitable for the manufacture of glass paper such as is 
used by cabinet-makers. 
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Coat In Betcium.—The rag bons erence of locomo- 
tive coal forthe Belgian State Railways has just taken 

. The — tenders delivered were 6 at about 
ate rates. Tenders were, however, received from British 


* The flue dust is of a grey colour, very gritty, and |}, 


A RATIONAL. BASIS FOR WAGES.* 


By Harrincton Emerson, New York, N.Y., Member 
of the American Society of Mechanical Engineers. 


Bors the coal- operator and the wage-earner know 
better what they are selling than the average manufacturer 
knows what he is buying, whether coal or labour, and as 
a consequence the latter usually has the worst of the 
bargain, which is wholly his own fault. ‘I couple coal and 
labour because there is much ultimate similarity between 
them as objects of contract. 

The coal-operator aims to sell ton . He owns a 
mine, whose quality he cannot change; he mines by the 
ton ; he pays freight by the ton, and, if you will let him, 

e will sell by the ton persuading the railroad, factory 
purchasing agent, or other customer that coal is coal ; no 

ifference ong: in his price, which he is willing to shade 
a little below that of competitors. 

The purchaser who knows his business is not deluded 
by a ton price, particularly not if he is running a torpedo- 
boat or cruiser on a premium trial trip. He buys what 
scales do not weigh—namely, power ; and if the facto: 
manager can get power by the metered kilowatt, he will 
forget all about coal. If he cannot obtain measured 
electric power or water power, he must create his power 
by means of a heat engine; and here again he is lucky if 
his fuel can be me to him in cubic feet of natural 
gas, or in barrels of crude oil, both of these substances 

ving a very accurate number of heat units, for the gas, 
per cubic foot at constant temperature and pressure ; for 
the oil, per gallon or pound. 

In comparing the relative value of oil or natural 
gas, the consumer can only be guided by the cost in 

ollars of brake horse-power, and, if he is wise, he will pur- 
chase coal, by the ton, perhaps, but strictly on a basis of 
dollars per thermal units. 

When a ton quotation is made, the sensible purchaser 
adds to the delivered peice the cost of unloading, shrinkage, 
cost of delivering to furnace-room, and cost of removing 
ashes, thus a re the total cost of the coal as used in 
the furnace. , He will then analyse the coal, make a calori- 
metric or experimental test of its heating value, and thus 
determine the relative cost of the heat units in the coals 
offered. If he does this, he will invariably find that the 
best coals are the cheapest. It costs on the average no 
more to mine poor coal than to mine good coal, probably 
not as much ; it costs no more to carry to market 
coal, and the man operating a seam of good quality is 
just as anxious to increase his tonnage, and thus add to 

margin of profit, as the owner of a poor seam. As the 
majority of dealers and purchasers make but little 
allowance for difference in heating value, the owner of 
the best seams has to shade his price almost or quite to 
the level of the price of the poorer coals of his competitor 
for tonnage. i 

Within the last year I have seen a large concern buy 
at over 6 dols. a ton imported English coal of 11,000 
British thermal units—coal with which steam could not 
be maintained, and later in the same year this firm made 
chemical analyses and calorimeter tests of coals offered, 
securing for 3.10 dols. a coal of 15,300 British thermal 
units. The first coal was bought because at the time it 
seemed cheap per ton; the second was bought solely 
because it was low in price per heat unit, It is evident 
that two coals do not always have the same relative value 
at different places. At Nome, in Alaska, I have seen 
coals sell at 75 dols. per ton, owing to the cost of tran- 
sportation, the expenses of landing, of ing inland, 
of dealers’ profits. If, in a camp near Nome, a coal 
of 10,000 British thermal units is worth 75 dols. a ton, 
then a coal of 15,000 British thermal units is worth 
112.50 dols. a ton. Deduct from both the cost of delivery 
from Seattle to mine, say 71 dols. a ton, and it becomes 


be | evident that the purchaser should not have hesitated to 


pay, if necessary, 41.50 dols. for the better coal rather 
than 4 dols. for the poorer fuel. I knew but one man at 
Nome far-sighted enough to realise that what he was 
paying for was heat units, so he imported and used crude 
0 


At the furnace-door the connection between dealer and 
buyer ceases. After having sold British thermal units, 
the dealer is not further concerned as to what use the 
buyer makes of the coal. One buyer will put in the best 
boilers he can secure, instal a condensing, triple-expansion 
engine, and obtain a horse-power from 1 lb. of coal. 
Another buyer will with the same coal be content to 
obtain a horse-power for 7 lb. or 81b,, or even more 
pounds of coal. — ’ 

In the economical consumption of coal three considera- 
tions enter :— 

1. The market price per ton ; 

2. The quality of the coal ; 

3. The efficiency of use ; 

and all three must be considered to obtain heat units 
cheaply. 

Prices are quoted per ton to the purchaser, who should 
determine qualities and buy on a basis of heat value, and 
not of weight ; and, finally, he should use what he has 
bought so as to obtain highest results. 

What would we think of the dealer who demanded a 
higher price per ton because the purchaser had better 
boilers and engines? Yet, on the other hand, the dealer 
is debarred from asking a price based on his heat units 
because his mine conditions and competition force him to 
sell by the ton. The buyer, not the seller, is in the 
stronger position. 

In contracting for labour the manager should consider 
it just as he does coal, and buy it in the same rational and 
unusual manner. 





* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of Me- 





firms for 45 lots, and these pro were made at slight] 
lower terms. It ‘is ex that some of the Britis 
ténders will be accepted. 


chanical Engineers, at Chicago, June 1, 1904. 
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The wage-earner, like the coal-operator, is forced to sell 
what he always has—namely, time.. The employer, who 
is not interested in fuel-tons, is also not interested in the 
w er’s hours and minutes, but solely in low cost 
of production, and this he can only secure through the 
quality and efficiency of the labour he employs, only 
magag and remotely from the hours the employé gives 
him. The wage-earner is not selling output, nor is the 
employer buying output, and any attempt to base wages 
on output is as irrational as to base the price of coal on 
boiler and engine efficiency. 

There was a time when labour was in a condition of 
status. The worker was entitled to a living more or less 
generous, and under pressure he turned out more or less 
work, just as sheep pasture their owners’ ranges and 
peacefully submit to a shearing. By political economists 
and students of sociology the substitution of contract for 
status has been heralded as a — —— a as the 
substitution of coal bought by the ton for wood gathered 
without measure from the forest was an advance. Under 
contract the wage-earner is pappteed nag inpeay sx od 
oo wage and to render a definite service, just as the ton 
of coal 1s supposed 4 4 those who know no better to be a 
definite measure of heat supply. This crude basis of 
demanding a surrender of time, and leaving the particular 
service to the whim of the employer, worked fairly well 
with certain passive services, in which time rather than 
effort and intelligence constituted the equivalent. Time 
reward was probably originally based on military or naval 
service, in which long periods of idleness alternated with 
hours or days of frenzied effort, much as firemen are em- 
ployed to-day—a profession in which pay cannot be 
gauged by performance. It is also probable that many of 
the earlier wage-earners were employed more for the sake 
of ostentatious display than for what they produced; 
survival of which we still see in the barbaric splendour of 
two postillions, a coachman, and two footmen, all in gay 
livery, taking one poor man or woman driving. It is 
time the industrial world moved away from such proto- 
types, whether military or ostentatious ; and by advocating 
an entire departure from the military type of manage- 
ment for factories our honoured member, Mr. F 
Taylor, plans a reform far-reaching and deep, 

Military and naval idleness, ostentatious time-serving, 
are not wanted in modern intensive production, and any- 
thing of the kind should be more obnoxious to the self- 
respecting producer, who is directly debased by it, than 
to the employer, who cannot help but feel in a measure 
exalted by considering himself a captain of hundreds or 
of thousands. I have heard that in England a manufac- 
turer who employs a thousand men can find admittance 
to gentlemen’s clubs, but the man who employs less than 
the magical number 1000 cannot. It would follow that 
if a non-progressive father ueathed to a progressive 
son an establishment with 1000 employés, Bal the latter 
was able, by the introduction of better machinery. and 
modern Be Bn to turn out more and better work with 
half the men, even though he doubled their wages, he 
would debase himself socially. 

There is a mental laziness in talking about dollars and 
days as if either were a humanly measurable quantity. 
The cost of living may go up or do 
men say that there were certain five minutes in their 
lives which they would not exchange for other months. 
When the wage-earner sells time, the employer does not 
necessarily obtain anything, not even as tangible an asset 
as a ton of very poor coal. Just as the coal-operator has 
foisted tonnage on his client, so the foolish employing 
class has forced the wage-earner to foist time on his em- 
ployer, time of no value in itself; and the employer, blind 
to the essentials of the transaction, builds up an elabo- 
rate system of time-checks and time-keeping (both of 
which are merely incidentals and not essentials in good 
systems) to the utter neglect of matters much more im- 
portant. 

Some thinking employers, realising that time in itself 
had no value, have endeavoured, by means of piecework, 
to buy output. The analogy of coal has already shown 
that output does not enter properly into the contract 
between employer and wage-earner. When he sells his 
time, the wage-earner does give something of value to 
himself, even if it may have none for his employer; but 
he can no more accurately and justly sell output than the 
coal-operator can sell horse-power from a boiler and engine 
over which he has no control. It might on occasion be 
convenient temporarily to measure the merit of the wage- 
earner by his output, just as it — be convenient to 
measure the value of a coal by the horse-power obtained 
from it in a given power-house; but the moment a new 
power-house is put up, the moment a wage-earner is 
coupled up with better facilities, the purchaser falls back 
on the market price of coal and on the market price of 
skilled labour. 

In buying coal the wise purchaser was advised to buy 
by the ton, to base his price on quality, and to use 
efficiently. He should act similarly when he buys labour. 

It is perfectly possible to find an equitable basis for 
reward, at once ee to the employer who wants some- 
thing more tangible than the abstraction time, and to the 
wage-earner, who is already too precariously dependent 
on uncertain wages, when what he really wants is a steady 
living. . The wage-earner, like the lawyer, has four 
different things to sell :— 

1. His time and liberty. 

2. His skill, profession, or trade. 

3. His intelligent co-operation. 

4. His power to do harm. 

Output is not among these, nor is it, except in rare, and 
—— distressing, cases, like Sweat-shop work, what.he 

oes or can sell. 


A living daily wage is due to every man who signs away 


his liberty to another, whether he stands around idly to 
glorify his employer or to amuse himself, 


wn, and I have heard I 





This minimum wage is a matter of contract. Itshould 
be due to the man, whether he is present or absent, as long 
as he remainson the pay-roll. Thisis the =~ payable as 
equivalent for assignment of time and lossof liberty. This 
part of compensation I shall call minimum wage. Above 
this minimum he should receive when at work athis trade a 
different and larger sum, equivalent to the current wages of 
his trade, but in reality made up of two distinct parts— 
namely, the minimum wage and an increment due to, him 
for his profession or trade. We have in this the basis of 
the present daily wage system relative to time. Beyond 
this, however, for future just and peaceable relations 
between employer and employé, comes the most important 

rt of the wage-earner’s reward—namely, what is due to 

im for exceptional and unusual co-operation either of 
mind, body, or both. I believe that in the old .days,of 
privateering ‘the sailor who first sighted a vessel subse- 
quently captured was entitled tospecial prize-money ; and 
in war, actions of exceptional personal gallantry are 
specially rewarded. 

From the nature of the case this third intrement of 
wages, corresponding to the contingent fee of the lawyer, 
must be fluctuating, payable some days and others not, 
because earned some days and others not. In many cases 
the earning of this professional wage does not imply 
harder or most exhausting work, but more intelligent and 
ean work. It implies the use of heart. and head 

dition to use of hands and eyes. We might say that 
ese three forms of wages are paid respectively :— 
1. For use of wane 
2. For use of hands and eyes. 
3. For use’of head and heart. 
It is foreign to this paper to discuss the fourth form of 
wi due to the ability to do harm. This wage may be 
no better than the extortion of the blackmailer or the 
ransom of the brigand, or it may be as legitimate as the 
fee paid a lawyer to keep out of a case. b 

As the State fixes the minimum age and the maximum 
hours at which children may be ey it might also, 
at least by example, fix the minimum living wage below 
which no one should accept employment, and thus fix a 


co 
in 
th 


*| minimum standard. Supply and demand, modified to 


some extent by the unions, will determine the second 
wage, and the third is a matter to be left wholly to em- 
ployer and employé, even as are to-day lawyers’ and 
doctors’ fees. 

The employé has everything to po by a system of 
strict and accurate records which will enable him to estab- 
lish his own value and worth, and on.the basis of which, 
if he changes location, he may be cagetiy sought else- 
where. Whoever heard of a lawyer, when he moves to a 
fresh location, taking with him from the mayor of his 
old town a certificate that he has left honourably? The 
official court records show whether he has won cases or 
lost them ; whether he has been a blackmailer or faithful 
to his clients. 

Why should not the machinist going to a new location 
say: ‘‘ Here is the record of work I havedone. I know 
so well how to do what is wanted—to combine machine 
performance with best cuts, feeds, speeds—as to lower 
materially the average cost of production of any operation 
undertake. I expect, firstly, current machinists’ wages, 
— secondly, I expect so much more for my special 
skill.” 

The theory and application of triple wage can best be 
illustrated by a concrete example, for which I shall select 
the case of a locomotive engineer—a man belonging to 
one of the strongest and most conservative unions, receiving 
high wa owing to long training, special skill, and great 
responsibility. 

Such a man should be allotted a fixed daily rate of 
minimum wages, to be paid whether he runs or not, 
whether he is sick or well, whether he is suspended or in 
good standing. The amount of this daily wage is deter- 
mined by agreement at time of receiving appointment. 

Secondly, under the usual terms of his own or his union’s 

reement with the company, he receives when on 
his runs definite and agreed-upon compensation due to 
him because he is an engineer in charge of a train, and 
under orders, whether standing on side track or running 
60-miles an hour. There is, however, a great difference 
in engineers and in firemen, who should jointly con- 
sidered with engineers. One engineer and his fireman 
will send into the shop in short time every engine they 
run on. Another engineer and fireman succeed in getting 
the utmost out of their engine even under the most trying 
conditions of service. It is just here that the difference 
comes in between man and man for which at present there 
is scant or no recognition—a difference that corresponds 
to difference in heat units of coal. 

In one of the largest of American railways the cost per 
mile for wages of engineers, firemen, and wipers, the cost 
per mile for coal and the cost per mile for locomotive re- 
pairs is practically thesame, being respectively 0.0946 dol., 
0.0999 dol., and 0.0867 dol. This is an average for the 
whole road, but for the heaviest engines both repairs and 
fuel are relatively greater. It is in the second and third 
items that there is abundant opportunity for railroad 
companies and their engine crews to combine to. effect a 
pn. which both are to share, and the relative rights 
of eac! pong sone not to be guessed at or conceded as a 
gratuity or bonus, -but are to be based on scientific detail 
study as reliable as the determination of heat units in coal 
or the efficiency of a boiler or engine. What encourage- 
ment is there to an engineer to work and toil over an 
engine that some other engineer has shamefully neglected ? 

t encouragement is there to him to try to put an 
engine into.the best of condition if the next man that 
takes it. will allow. everything to run down and go to 
ruin ? 

An engine costs twice as much to-day as it. did a few years 
ago, and four times as much is expected of it. .The wear 


and strain are in every way greater, and the repairs have | 








become more costly. It is easier. by.omission of unusual 
care to cause damage, more expensive :to, make it good, 
yet these new conditions have not been met by any cor. 
responding change in the relation between employer and 
employé. I leave to others who know more, about this 
particular subject of engines than I do to evolve an 
equitable basis of mutual gain to both parties, T can 
imagine, however, that it might be possible to give the 
man with the best record the pick of certain engines, the 
selection of his own fireman, and in addition to paying 
him by the day and by the regular run basis, to 
give him an ever-increasing rate in proportion to 
the number of miles his engine runs without getting 
into the et When at last the sapinp Ben to be sent 
there, he is laid off on the day-wage basis—possibly with 
the privilege of superintending the repairs—until it goes 
into service again. I can think of other methods of 
accomplishing the same desirable end—namely, securing 
the earnest constant co-operation of those in charge of the 
engine in keeping it in repair. 

Companies know the average run of their engines, the 
average cost of repairs per mile run, and the average 
— of the engineers and firemen. All the data are 
at hand to put into effect the three rates of wages. 

It will at once be objected that engines must be 
pooled in order to make more miles than they will if 
assigned to one crew. This objection may be urged 
against. this particular example, but not against the 
principle mel yet.even for the example no one who has 
not studied the subject thoroughly and exhaustively has 
authority to speak with finality. I know of no data 
available. It is a curious fact in railroad and other 
machine-shops that clerks and facilities are lavished for 
money-accounting, but elementary help begrudged for 
shop records ; also that betterments and improvements 
that would yield 100 per cent. profit on their cost are 
not made simply because the records pro and cun do not 
exist. It would be — to work out this engine-crew 
problem so as to obtain maximum of engine service, 
maximum care of engines, maximum wages to crews, 
minimum of repair costs, and lessened expense to com- 
panies. On large ocean steamers engine crews alternate, 
not promiscuously, but definitely, and on a railroad there 
need be no hard-and-fast rule one way or the other, but a 
scientific adjustment of equipment to conditions, so that 
some engines would have only one crew, other two en- 
gines have three crews, with chief engineer, and first and 
second assistants, and some few emergency engines have 
no regular crews. These matters require trouble and 
study, but so does the running of trains on time. The 
latter part of railroad operation has reached a high state 
of perfection, but the adjustment of engineers, engines, 
and company interests to one another is as yet very 
elementary. 

A system that is applicable to engineer and fireman is 
also generally applicable to other craftsmen. It is a 
principle I advocate, not an isolated case, each one of 
which will vary in method. 

There are only two ways of obtaining the lowest 
cost of production : first, a relentless and ceaseless study 
and direction of details by the officials who plan and 
control ; and, secondly, an intelligent and eager co-opera- 
tion of the employé, which cannot be equitably asked for 
without generous special compensation. It is simply a 
question of what is most profitable. 

In industrial matters, whether production or wages, 
there is no possibility of permanent a. Whether 
we export or import, whether we depend on home markets 
or on colonies, prosperity is ultimately based on the 
world’s crops, and these. depend on the variable rains 
from heaven. There are fat years and lean years, and it 
is only such a one as Joseph who is able to use the fat 
years to corner the grain market, and the lean years to 
enslave the Egyptians for ever. When work is abundant, 
employment increases and wages rise; when work is slack, 
employment decreases and wages fall—a double loss to 
the wage-earner—dearth of employment being far more 
serious than lower wages ; and in this respect the census 
and other reports dealing with rise and fall of wages 
have been most. misleading. The question is only very 
slightly whether the — wages per year of those 
actually employed are higher or lower, but whether 
more or less are employed in their own trades at reison- 
able wages. 

It is a reflection of the intelligence of the State that 
when so much is done to correct Nature, to dredge har- 
bours, build sea-walls, impound waters, regulate rivers, 
fight against diseases; when so much more is meddled 
with that might be better left alone, absolutely no use 1s 
made of the great power of the State to act as a flywheel 
for the ene of production. Here, at least, is some- 
thing in which the interests of employers and employes 
are one. When labour is scarce and materials high in price, 
governments—national, State, and municipal—should 
carefully abstain from undertaking great works of creation 
or improvement ; but when labour is = and mate- 
rials low in price, governments should carry out plans 
held in reserve for just such conditions. There is no 
other means. at once so powerful and economical to 
minimise the ups and downs of both labour and capital. 
It is in the power of governments to establish a minimum 
wage (as well as a minimum price for great staples) at 
which it is always ready to undertake great elementary 
works of public cog gros ae canals, for instance, or 
opening In some such manner as this would I 
have the State take a hand in helping to fix the minimum 


wage. | 

On the other hand, every wage-earner should keep con- 
stantly in view the possibility of ne a much higher 
rate than the average; a rate wholly due to his o- 
reputation and accomplishment; a rate far above - 
minimum offered by governments, also much above the 
mean due to him as an able-bodied, skilled, trustworthy 
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an. This extra rate must always be based on the 
oe thas he is more skilful or valuable than the average. 
He may be more skilful er f just as a prize-fighter mer 
be the champion ‘of the world to-day, but next year bot 
may be no more. than mediocre. He must constantly 
excel if he would constantly command a professional 
Pris, however, not n to wait for the slow action 
of an unintelligent and unmindful government. Every 
employer can test the oost of production as he can the cost 
of horse-power, and he should make-it his business to 
know what he can afford to pay for quality ; and the em- 
loyer who systematically seeks om will find that the 
st coal and the most efficient labour sell for less than 
their relative worth. : 
Believing as I do that the man, machine, and method 
efficiency of the average railroad or machine-shop is far 
below what it might be, often not more than one-third to 
one-half of the ideal, I cannot but regard disputes over 
wages as the effect rather than the cause of unsatisfactory 
cat unscientific relations between employer and employe. 
If the employers had been wiser, there might perha 
never have been any union antagonism—only reasonable 
bargaining, as there is to-day between lawyer or doctor 
and client. It is the employé’s ships pd to try to obtain 
higher wages and shorter hours, but not as an inducement 
to offer less work, nor yet, perhaps, more work, but 
better work, a more efficient combination of man, method, 
and machine. 








THE HEELING AND ROLLING OF SHIPS. 
On the Heeling and Rolling of Ships of Small Initial 
Stability.* : 


By Professor A. ScRIBANTI, Royal Italian Naval Reserve. 
(Concluded from page 764.) 

Havine established the above expression, we may 
now discuss all possible cases of unresisted rolling in calm 
water, for such values as the parameter h, metacentric 
height, is liable to assume. For the sake of simplicity, 
let 

T=237,/#a,~ 
VI 
putting 


so that any inquiry about the time of oscillation is re- 
duced to an inquiry about the sum A of the series, or, 


better, to an inquiry about the value of the term = >i 


= the value of the rolling period should be propor- 
tional. 

Values of A may be obtained by actual summation of 
a large number of terms, whenever the series is conver- 
gent; but they can be deduced more rapidly from Le- 
gendre’s values of elliptical integrals, which are tabulated 
in raped works employed by highly trained engineers. 
Such tables giving’ the values of the quantity 


1 d Zz fi 
K= Ul qparmnmecmanaipetamuanise neem or 0< k a ct 
J (t— 2) (1 — k? 2?) 


donot apply directly to our opening formula for the time 
of oscillation, which contains an unreal modulus. Never- 
theless, by introducing the change of variable, 


1—2= 2, 
the above expression for the time of oscillation will soon 


become 
= 1/4 
t=3 zy 2h K 


where 
pa / dae 

2o2+2% 

> 


and K should be taken from Legendre’s tables, corres- 
nding to, Finally, comparing the first and the last 
ormula just found for the time of oscillation, we obtain 
w A=2k, K, 
a formula which enables us to calculate, from Legendre’s 
values for K, the sum A of our series, without separate 
lengthy summations. 
In the following investigation, we must distinguish 
three main cases as to whether 


h=0; 


in other words, as to whether the upright position of the 
ship be & position of either stable, indifferent, or un- 
stable equilibrium. 

. Let us first consider the vessel when stable in her 
upright position : we shall then have 
h>0, 
and consequently ed 

antl} “s 


s a 


0244" 
r 


Our oe here is a convergent one, consisting of a row of 


ih = Les the Institution of N aval ‘Architects, 


terms alternating in sign and decreasing. indefinitely in 
value; therefore our leading formula 


T=25 /La, 


has a tangible meaning, and defines, in fact, in every case 
of stable ships, a certain duration of time, capable of 
being calculated. _We know, however, that even the 
classical metacentric formula 

Ti =T $ joe 

P(r -a) 

is available for the same purpose ; hence, let us compare 
both formule closely, and investigate to what extent they 
te a difference of results; if any. Should the classical 
ormula be successively transformed as follows :— 


Tu=ra/ 1 ad 3 oes 
P(r - a) Pik 


at,/T rit_x 
%VPr 4h 6 


60? 
A™ =, 4 h 
r 


we should acknowledge at first sight that the classical for- 
mula is but what the one just obtained comes to, when 
neglecting therein all powers of 4 higher than the first. 
hed the sake of a closer comparison between both formule, 
et us put 


Jt Am, 


in which 





=%, 
02 +4 
whence 
O°. @ , 
4% 1-2 
=a 
from which it will follow immediately that 
A =..,eat (5) ate (8) at (288) abt... 
2 24 2.4.6 
wet oe ee ee ee SP ee 
Vv; ae ee 8 


To get a clear knowledge of the different results yielded 
by the usual rolling formula, and by the one now arrived 
at, I have arranged, from the above expressions, a 
numerical table of the values of A and Am (which ara, of 
course, but abstract numbers) correspondiog to a set of 
values of the independent variable x, and bes plotted 
them on a diagram (Fig, 3, page 802). As 

Am _ Tm 

ms ae 
the diagram shows that the more stable a ship is the 
better do the above formule agree in their results, and 
that they are rapidly diverging from this agreement when 
the ship approaches instability. I infer from the above 
that, while the value of the rolling period might be cor- 
rectly obtained by the classical formula in vessels which 
are decidedly stable, it would require the Sp ea Soe of 
the more general formula when applied to a ship that was 
not far from instability. 

Let us consider, for instance, a ship having a meta- 
centric radius r = 16 ft., and given transverse oscillations 
of amplitude @ = ~.12 deg. = 0.2 rad.; the following 
would then be found :— 

(a) When dealing with a large battleship having a strong 


initial stability—say, a metacentric height h =3 ft.— 
w= 9.050; Bo = 1.04, 


(6) When dealing with a large Atlantic liner having but 
a weak initial stability—say, a metacentric height h = 4 in. 


a = 0,325 ; an = 1,31. 


(c) When dealing with a ship having, if possible, a 
very weak initial stability—say, a metacentric height 
h = $in.— 

a = 0,833 ; Te = 2.98 ; 
which affords ‘a clear confirmation of the statements 
already made, 3 
II. Secondly, if the ship be in indifferent equilibrium 
in the upright position, having 


h =0, 
and consequently 
so 
aa +4 *=1, 
r 


the expression for the time of oscillation will then 
become 


7 = 2954/5 (1-5) + a)- Gets) 


Py cee 2 8 
+.. .} = 254/740 
where the series between brackets is still a convergent 
one, having a sum 
‘/1¥27,/1.3\7_/1.3.57 

eter oSoki ONE gS aha oh os =O . 
— (5) +4) (573) * aes 
This case of indifferent equilibrium is included, as a 


purpose of having an occasion to. mention that, having 
reckoned the sum of the series, I obtained 0.83463 as its 
value. Hence in every indifferent ship the time of trans- 
verse oscillation should theoretically be calculated by 
means of the formula 


i te 1, 
T=2 * a/ Fosse, 


which defines in ~ case a definite value of time, whilst 
the classical formula would then define (in opposition to 
the results of experience) an infinitely long duration. 

III. Thirdly, let the ship be unstable in her upright posi- 
tion, having 





h<0, 
and, consequently, 
oe <1 
agua 2. 
= 
where — 4” is written instead of +44 just on account 
r r 


of the metacentric height being supposed to be negative. 
a the general expression for the rolling period 
here would be 


ene 07 \% (5) OF ONG 
T _ ‘ 2 


6,2 
Asay (0 i) - caee } 


where the single terms of the series may be real or 
imaginary, accordingly as 


>, &. > h, > pei 
A? <4 3 say, M =<3,/ 33 say, O 2 yo 


W being the angle of steady heel corresponding to the 
amount h of negative metacentric height. A further dis- 
tinction should then be made—viz. :— 

(a) Suppose 0) > y./2. All the terms of the series are 
then real, and their sum might be calculated, provided 
the series were convergent. In order to avoid a special 
discussion about its convergency, I avail myself of. the 
fact that the quantity . 


Rae Sa 0? \b 71\7/_ %* \8 
. 162-42 (5) aoa3 
r r 
Ey 02 \§ 
“4 (074 62-42%] —. 
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may be deduced (rather than by a direct summation of 
terms) from Legendre’s tables of values of K, according 





to the rule 
TT A; =2. ky . K, 
where 
a 1 ES 
: 2 @-38. 
r 


We infer that any unstable ship is liable to oscillate 
about her upright position, provided she be initially de- 
flected from it through an angle sufficiently large—namely, 
through an angle 6.<y/2. I cannot help remarking, 
however, that this result is almost deprived of interest 
from the ee pee of view, since the amplitude of 
oscillation, gradually decreasing from the water resistance, 
would soon cease to fulfil the leading condition @)>y /2, 
so that we would always fall into the following case. 

(b) Suppose 09<yV2. All the terms of our series now 
become imaginary, a resulo which may be explained by 
stating that every oscillation about the upright position 
as assumed when stating the problem) is impossible 
ere. 

We know, however, that any ship having a negative 
metacentric height h does not keep her upright position ; 
on the contrary, she will tend to assume an angle of 
steady heel, whose amplitude, 


v=/2%, 

/2* 
might be calculated from the data of the problem. We 
know also that the behaviour of such a ship at the same 
steady heel would agree with the behaviour of an ordinary 
vessel having pi ee ipl pecan sero height h’ and a meta- 
centric radius 7’, both given by the formule 


' ete 2 
h'=2h 1+2< 2, 
/ r - cos’ y 
Suppose now that our ship, while possessing the stead 
heel y, be deflected from it through any cnaio?: forme f 


-ing to our reasoning, we can but infer that the ship will 


assume about the position of steady keel, a smail oscil- 
lating motion, whose period should be expressed by our 
general formula as applied to stable vessels having the 
qualities h’ r’—namely, by the formula 


i 6',2 1 2 6',2 } 
An” ee ) — =, 
2=2V 5 (neve!) ( (ves) 


r’ 
(M(t) 
ee, 





limiting case, in the foregoing one, which treated of 
senlibe sousehe. T have dealt separately with it for the sole 











which I submit as suitable for rolling’ calculations in 
every instance of an unstable ship. 





\ 


if 


} 
{ 
; 
" 
| 








ENGINEERING: 


[JUNE 3, 1904. 















































































































































802 
In any actual case of an unstable ship the absolute valueh | . ir 1\2 1.3\2 inspection of the formule themselves. Owing to the fact 
of her negative metacentric height cannot help beingrather,h = 0 T= 2 — J 1- (3) + (54) —.. ¢ =| that such factors as 
small (othartries the ship would not heel, but capsize)—at | 9 : A Ay A, A’ 
least —_ enough - ve personas Fag ee - ; w,| > Se 85” 6% 
follows that even the positive metacentric height h’ a/ ra i : 
appertaining to the ship when. self-heeled, is similarly a| 29 Ta 9, should, according to what has already been said, define 
small one; in other words, the self-heeled ship must be 0 quantities proportional to the theoretical time of oscilla. 
Fia.3 THEORETICAL & EXPERIMENTAL 
8, FAG. 0. RESEARCHES } DN THE INFLUENCE OF THE METACENTRIC HEIGHT 
ON THE| TRANSVERSE INCLINATION OF SHIPS, 
° TA VE : 1 nar eibe 
B’__ ANGLES OF STEADY HEEL GELF HEEL, 4 hie | 
A TOTHE FOL Law ys rb ; 
‘ ? ANGLES OF STEADY HEEL we STABLE VESSEL. 
a SEER HEEL) | vv: A. INEUMATIONS ECORI TO THE COMMON METACENTRIC LAW, 
= D?,_ANGLES OF STEADY HEEL . 
SELF HEEL, 
3. ACCORDINGNRO EXPERIMENTAL RESULTS. Bu INCLINATIO RDING TO THE MODIFIED METACENTRIC LAW, 
: aN TAN 0 + 297 TAN 0 -2% =O 
Szlos0 
Ss gk aot INCLINATIONS ACCORDING TO THE GENERAL LAW 
$ he (38° ORDER TERMS INCLUDED) 
44) ae 0% JG, O° +6 a) 8 - 6x =O with p-6.57r 
$ 35 D__4— INCLINATIONS ACCORDING TO THE EXPERIMENTAL MEASUREMENTS 
% « s& MADE ONA SHIPS MODEL DURING A SERIES OF INCLINING 
“3 . \ ps EXPERIMENTS WITH DECREASING METACENTRIC HEIGHTS 
S38 
; ‘ ss 
_ 08 Fy < 
swiss: ieee 5 
0 i “2 “3 *4 “S “¢é 7 8 9 0 2 3 
Ss g 
#0, Fig. 4. 2 
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3 VALUES OF F (NEG) } 3 
0 nS eS eT ee BM 
OSCILLATIONS ABOUT THE UPRIGHT POSITION OF THE SHIP n 
Fig. 5 LAW OF THE OSCILLATION I + Ph 0+% Pr 03-0 4 I $2,+Pno 0 OSCILLATIONS ABOUT THE STEADY 
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regarded as not being far from instability. Hence it would la i ( 6,2 \% | tion in the four instances of stable, indifferent, upright 
not be right to infer the probable time of oscillation from o>VNz T=? = / | ——> | _ | anstable, or a self-heeled vessel, I have calculated the 
the classical formula, even if it were applied to the self- 4a? L Ege wg | O2-4— numerical values as assumed by the above quantities, when 
hesied ehip ender the foqus L\ey; ea \t A varying the parameter ” through a large range from the 
angus iy o- 5 Tr * 
T= a/ p : 3 ( 2 ) ae 8 allie te | I Ai positive to the negative field, as well as when varying the 
Poh oditina J =2r'V J % | oscillation angle 6). I have also added the corresponding 
it must actually be calculated from the general formula as |, — 9 . ; values of “ashi 
above given. nat ‘ e T 6" 4 Am any 1 
To sum up the results of the foregoing discussion. aa a a % 
hen ¢ sie (ahs %<¥ 2 t*%395 Nes Corer ot % 4% 
r{/_%_\ 4 r 
; . Ca / I ea 6? 3 = ” : : d be pro 
h>O T=2-A4 Tle, agh] - (5) eens I A’. | to which values the period of rolling should be Pr 
tee. | Bee e+ 4— =27 TI 6, portional according to the usual metacentric formu ~ 
5 r ® | which is entirely independent of any influence of the 
vib 62 \t. “s ee of oscillation. +00” hae 
( y oF egy \ ee. As is often the case with similar cumbrous formule of he ascertained values of the above quantit ie i 
2 O° + 4— = iD higher mathematics, the influence of single elements on | been: plotted as ordinates on the values of 4, thus obte = 
e VO ' the ultimate result is not easily inferred from the bare | ing diagrams which afford us al] desirable information 
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to the law of the rolling period at a given rate of initial 
stability (or instability), acd with a given angle of inclina- 
tion. I leave to the reader a close examination of the data 
afforded by such cherie (see Figs. 5 and 6, page 802), 
and would merely add that my deductions seem to 
satisfactory, firstly, because they are conclusive just at 
the points where the usual formula said either nothing or 
something absurd, and, secondly, because they assign a 

roper share to the actual values both of the metacentric 
, Ceight and of the angle of inclination. 


IL[.—EXPERIMENTAL PROOFS. 


The above theoretical deductions, both statical and 
dynamical, would scarcely afford any interest to the naval 
architect should they not be confirmed by ¢xperience 
at least to an approximate extent. I have therefore 
framed some experimental researches, intended to check 
my theoretical results — namely, a series of inclining 
and rolling experiments upon a ship’s model floating 
in a fresh-water tank and so arranged that, by moving a 
weight 7 upward along a varying travel (between vertical 
guides, decreasing metacentric heights could be obtained ; 
while, by moving another weight p sideways between 
horizontal guides along a travel z, the model heeled to a 
transverse inclination 0, which was measured. Unfortu- 
nately, the model at my disposal was such as to have 
sides far from vertical, since it belonged to a ship de- 
prived of any cylindrical body and not at all comparable 
to the ordinary type of merchant steamer ; therefore I 
cannot claim to have obtained from this a close confirma- 
tion of the results arrived at in this paper, from the hypo- 
thesis of straight and vertical sides. 

The main features of the model, as arranged when 
beginning the series of experiments, were as follow : — 


Weight or displacement in fresh 


water... oa 1: = 364 lb. 
Length on the water-line 10 ft. 8in. 
Breadth (maximum) _... 1ft.74in. 
Draught (uniform all over) 7.8 in. 
Metacentric radius ei ES ae ke 
Centre of buoyancy above keel- 

line ccs es: ee ye lc = 4.65 ,, 
Centre of gravity above keel- 

line ne ae ror a hi = 7.70,, 
Metacentric height Pe" r-a = 0.80,, 
Block co-efficient of fir eness @ = 651 ,, 


Throughout the whole series of experiments there was a 
weight p=11b., movable sideways along a horizontal 
travel ¢ =16 in., thus producing a transverse deflection 
In 
each experiment the centre of gravity was shifted up- 
wards, employing, first, a weight 7 =4 1b., and after- 
wards another one 7 =10 1b., both moving vertically 
through ¢ from zero to 3 ft., thus producing a metacentric 
height— 
f 


h=Zo+r- H 
whose value has been calculated for each experiment. 
The tangent of each angle @, of rest, or y, of self-heel 
(whether h * 0) has been found from the well-known 


of the general centre of gravity X = 5 x = 0.04 in. 


‘ ee pee 
Lit pe | = 0.8 in. p® 


formula 

8 

q ’ 

where s is the observed lateral deflection of a pendular 
wire having a length J = 3 ft. 

I forbear to tabulate here the numerical values of the 
inclinations 6 at decreasing metacentric heights as given 
by the experiments: I will only call the reader’s attention 
to the appended diagram (Fig. 7, page 802), where I have 


plotted the experimental values of tan @ on those of . 


tan? = 


the thick line of this diagram shows the theoretical law of 
the angle of inclination according to the formula 
tan? 9 +2- tan 0-2 X =0, 
r r 
while the thin line shows the law according to the meta- 
centric rule 


tané= —. 

I need not explain that the experimental values ap- 
proach much more to the modified metacentric rule than 
to the classical one ; hence the modified rule, even if it is 
not the absolute truth, marks, however, a long step 
towards the truth, in so far as it applies to vessels vir 
butsmall initial stability. The same conclusion might be 
drawn from a comparison between the experimental values 
Tepresenting angles of steady heel due to negative meta- 
centric height, and the theoretical law of the same 


angles — 
tan y =/2 Le 
r 


a8 marked on the left side of the diagram. * 
* As hinted at in the remarks appended to paragraph 

10, page 763 ante, and the paragraph at the top of the 

hext column, a much closer approximation would have 

been reached if, instead of using the hypothesis of vertical 

sides, I had started from Guyou’s parameter p3 corres- 

ponding to the vessel under examination. The parameter 

Corresponding to my’ model is p3;=6.5 7, or nearly so—a 

value which I introduced into the general equation of 

statical equilibrium— 

h x 

=no~ San 

the above diagram shows the values of 


6-6 


‘ x 
a4 3% 4 
pa—h 3+ 


The dott 1 line 
gh ed line of 


As regards the period of rolling, the rough experi- 
mental means I had at my disposal did not permit of 
an accurate checking of my theoretical deductions, which, 
moreover, it should not be forgotten, have been framed 
on the hypothesis of an unresisted rolling—namely, of a 
non-decreasing amplitude, which cannot exist in an ex- 
periment on floating bodies. Anyhow, the following 
result of a rolling experiment made on the model in 
indifferent equilibrium may be considered of interest. 
‘ The model was so ballasted as to give the following 

ata :— 


Weight or displacement in fresh water P=309 Ib. 


Draught (uniform all over) — ... i 7 in. 
Metacentric radius ee RE r=4.3 in. 
Differential metacentric radius t=1.2 in. 


An ordinary inclining experiment and an ordinary rolling 
experiment were made, from which it was found that 
the model a metacentric height r — a = 4 in., and 
(as the mean value of ten complete oscillations following 
an initial deflection 6)=0.25 rad.) a rolling period from 
right to right T=3 sec., and consequently a mass moment 
of inertia 


I =P (r—a)2” = 35.21 )b. x (inch), 
4 1? g 
after which a weight p’ =11 1b. on the model in this con- 
dition was raised vertically through a distance z’=1 ft., 
and a weight p” =2.2 Ib. was added at z”=8.5 io. above 


the water-line, when the metacentric height of the model 
became 


r—-ad=r-a- sad - * (z” — t) = a negligib’e quantity, 


and the mass moment of inertia (by a calculation which 
T omit here) assumed the value 
1’'=37.2 Lib. x (inch). 
g 


Finally, the model, being so arranged as to float at in- 
different equilibrium with the following features—viz. :— 


Weight . Pe 311 Ib. 

Mass moment of inertia... I = 37.22 1b. + (inch)? 
g 

Metacentric radius ... r= 4.3 in., 


was deflected sideways through an angle 0) = 0.25 rad., 
and the mean duration of the ten complete oscillations 
following this deflection was then observed to be T = 6 sec. 
The theoretical duration of the rolling period, according 
to the formula I have proposed as reliable for indifferent 
vessels, would have given 








T=4 2 BP Li =7 x 
% e rs - ce 
while the usual metacentric theory would have given 
T=0, 
CATALOGUES. 


Messrs. CHARLES CHURCHILL AND Co., Limited, of 
9-15, Leonard-street, London, E.C., who were certainly 
amongst the first firms to ss a comprehensive cata- 
logue of engineers’ tools of all kinds, from the heaviest 
and most powerful down to mere hand-tools, have just 
issued a new edition of their fine catalogue. The new 
volume contains 449 pages of ——— most elaborately 
illustrated. Standard tools, such as lathes, milling- 
machines, turret lathes, and the like, are represented by 
the goods of most of the best American makers. Con- 
tinual minor improvements are, of course, being con- 
stantly introduced into these, and in this respect 
has been recently accelerated by the introduction of the 
high-speed tool steels. Perhaps, however, from a purely 
mechanical point of view, greater interest attaches to 
light tools and accessories, some of which are highly 
ingenious. Amongst these we note attachments to a 
key-seating machine, fitting it for making keys, and also 
for rack-cutting. A useful tool shown is a double-spindle 
lathe, intended to replace the ordinary English gap lathe, 
with which trouble sometimes arises ree careless fitti 
of the gap-filling piece. In the two-spindle lathe the bed 
is made without a gap, but a second — is provided, 
which can takea large face-plate. Ordinary sized work is 
done on the lower spindle at a suitable speed, whilst larger 
work is mounted on the upper centres or large face-plate, 
and turned at the slower speed needed by larger diameter. 
A small attachment of some interest is an internal screw- 
cutting tool, by mounting which on the slide-rest internal 
threads can be cut in a non-screw cutting lathe. Another 
useful lathe attachment is a small motor-driven grinder, 
which can be fixed on “the slide-rest, enabling grinding 
work to be done on an ordinary lathe in case a need. By 
fixing the attachment on a planing-machine hardened flat 
surfaces can also be finished. We should note also that 
Messrs. Churchill also issue a smaller catalogue, in which, 
in spite of its reduced dimensions, the same matter has 
been compressed that appears in the larger volume. The 
tinct ; and, of course, a smaller type has had to be used. 
Mr. Herbert Perkin, of the Pru ential-buildings, Leeds, 
has sent us a copy of his new catalogue of hack-saw and 
hack-sawing machines of a large variety of ty In 
addition to a number of large double-saw machines by 
which a 12in. by 5in. girder can be cut in two in 25 
minutes, the catalogue also shows a convenient and cheap 
hand-power machine. A variety of single-saw power 
machines are also listed, and also a circular saw for cut- 
ting rails. : 
Messrs. Cammell, Laird, and Co., Limited, of Sheffield, 


engravings, being reduced, are naturally not quite as dis- | d 


they make in a very large range of patterns and sizes. 
These tools, we note, are made of Cammell’s high- 
steel, and can, therefore, be driven very hard without 
risk of having the temper drawn. 

_ New additions to their general catalogue have been sent 
us: by Messrs. Mather and Platt, Limited, of the Salford 
Iron Works, Manchester. In one of these a description 
is given of the firm’s high-lift turbine pumps. . The 
curves given show an efficiency of over 70 per cent. when 
the pump is working against a head of 120 ft. The 

umps, we note, are made to deliver against still higher 

eads, running up to as much as 800 ft. The other pam- 
phlet is the seventh edition of the firm’s steel-clad motor 
catalogue. The motors listed in it range from 1 brake 
horse-power up to 90 brake horse-power. : 

A ba Se somely up catalogue has been issued by 
the Wolseley Tool and Motor-Car Company, Limited, of 
Adderley Park, Birmingham. In it is given a more or less 
popular, but nevertheless detailed, account of the develop- 
ment of the Wolseley car. : 

A card illustrating some fine examples of electric weld- 
ing has been sent us by the Electric Welding Company, 
Limited, of 28, Basinghall-street, E.C. 

In a circular just issued Messrs. Mather and Platt, 
Limited, of the Salford Iron Works, Manchester, draw 
attention to a new departure of theirs in the matter of 
cast-iron tanks. These — are now pre to supply 
from stock in all sizes which form multiples of 6 in.. ‘I 
is provided for by building the tanks up out of a'limited 
number of sizes of standard plates. These are cast and 
machined to stock, so that any sized tank can be supplied 
on receipt of order by merely assembling the plates. _ 

Messrs. J. Beardshaw and Son, Limited, who, it will 
be remembered, have achieved some remarkable results 
in the production of sorbitic steel of extraordinary tough- 
ness, have taken up the manufacture of ‘‘high- 
speed ” tool steels, and claim, in a little booklet just pub- 
lished, to have very much improved on the results obtained 
in the ‘‘ Manchester Trials” of this class of tool steel. 
A tool $-in. square, used at Woolwich on 0.30 carbon oil- 
toughened stock, ran for over three hours at a cutting 
speed of 50 ft. per minute. The chips are said to come 
off straw colour, and not ‘‘ blue,” when the steel advocated 
is used at —_ same speeds and cuts as the original high- 
8 steels. ‘ 

Messrs. J. and H. Maclaren, of the Midland Engine 
Works, Leeds, have published a new catalogue of their 
electric generating engines. The firm make both. the 
“open” and the “closed” type of engine, the latter 
being built in sizes up to indicated horse-power. 
Special attention is called to the accurate working of the 
governor gear with which these engines are fitted, the rise 
in speed when a load of 1380 kilowatts was suddenly 
thrown off the large engine named being only 3 per cent. 
The firm also supply a condensing plant, for which the 
merits of accessibility and small space occupiedare claimed, 
in addition to efficiency in bee nang. Fee: economy of steam. 

Messrs. Holden and Brooke, Limited, of the Sirius 
Works, West Gorton, Manchester, have issued a new 
price-list of their patent steam-driers, which they make 
in a number of standard sizes for different maximum 
pressures of steam. The firm’s new steam-trap, which, 
though of the expansion type, is free from the troubles 
due to expansion strains unavoidable with some forms of 
—, traps, is recommended for use in conjunction with 
the drier. 


A catalogue of alternating-current motors has boen 
sent us b’ essrs. W. E. Burnand and Co., of the Low- 
field Works, London-road, Sheffield. 


A circular calling attention to their water-level alarms 
and indicators has just been published by Messrs. Gent 
and Co. A number of different arrangements are de- 
scribed and illustrated, and their prices stated. 

The Edison and Swan United Electric Light Company, 
Limited, have issued further additions-to their general 
catalogue. Amongst the items listed we note ‘* Parly- 
phones,” a domestic telephone for use in combination 
with electric bells. The list of electric bells has been 
further extended, and we note that the firm are also 
pushing the ‘‘ Linolite,” which, it is claimed, is specially 
suited to the lighting of shop windows and picture 
galleries, as well as private houses. 








THe Lonpoy anp Soutad-WksTeRN Rattway Com- 
PANY.—Two capital little guide-books have just been 
issued by the London and South-Wéstern Railway Com- 

ny in anticipation of the forthcoming holiday season. 
One of these is devo to quiet seaside resorts in 
Normandy and Brittany, whilst the other gives par- 
ticulars of hotels, boarding-houses, farm-houses, and 
apartments which can be obtained in the picturesque 
country served by so much of this line. 





AmericAN Rai Exports.—The exports of iron and 
steel rails from the United States in the ten years ending 
with 1903 showed very great fluctuations year by year. 
This will be seen to have been the case upon.an examina- 
tion of the annexed table, showing the exports for the 
ecade :— 


Steel Rails, 


Year. Iron Rails, 

Tons. Tons, 
1894 ee Pon oe Pe 1,084 15,561 
1895 i re af: és 2,193 10,089 
1896 aa sv ast ig 5,382 22,263 
1897 4,181 107,991 
1898 2,769 229,783 
1899 11,776 226,109 
1900 6,145 341,656 
1901 1,290 373, 
1902 640 166,816 
19038 ie 81 22, 


The exports accordingly practically worked back last 





and of the Ordnance Works, Coventry, have issued a 





as deduced from this last equation. 


catalogue of their twist-drills and milling-cutters, which 





year to about the level at which they stood in 1894. 
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‘* ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


Comritep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFIOATIONS 
UNDER THE ACTS OF 1883—1903, 
The number of views given in the Specification Drawings is stated 
wont Wks ce moarae melee 


Whore. from abroad, the Names, 

are § 

é&e., of the Communicators are given in italics. 

y Soe ete See ee oe 
anaien of aa. - vegencties 

The date of the adsortisoment the of @ Complete 

Specification i, tn each case, gen abstract, unless the 
atent has been sealed, when the date of sealing is given. 

6 I SSE ep eee the date of 
‘notes at the Patent Ofte of eppont to the ro 
ve ‘ion grant 
atent on any of the mentioned in the Acts, ar 


GUNS AND EXPLOSIVES. 


13,976. A. Reichwald, London. (The Firm of Fried. 
Krupp, Essen, Germany.) Ordnance ation, (10 Figs.) 
June 23, 1903.—In wheel-tyre brakes, known to artillerists as 
Lemoine brakes, ropes are from the brake-arms carrying 
the brake-blocks over drums mounted on the hubs of the wheels, 
to a spring which, for the purpose of throwing the brake into 
action, is adapted to be stretched by means of a -lever. The 
resent brake differs from the Lemoine brake in the fact that a 
orsional instead of a bending spring is inserted between the 
brake-ropes and the apparatus for throwing the brake into action. 
This torsional spring is in the form of a helical spring and consists 


Fig./. 
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of two ts G, G! of equal length, but coiled in opposite direc- 
tions. The spring is situated in the hollow of the middle por- 
tion E! of the cranked wheel-axle E, The inner ends of the 
springs enter holes in a sleeve H, to which is fixed the end of a 
tube D. The operating lever B is keyed upon the tube D. To 
put the brakes on, the operating lever B is pulled over towards 
the trail of the gun-carriage, The movement ofthe lever is trans- 
mitted by the tube D to the sleeve H, and by the sleeve H through 
the springs G, G! to levers M pivotally connected with one end 
of the brake-ropes N. The levers M rotate in the same direction 
as the ~ gy lever B and put a traction upon the ends of the 
brake-ropes. (Sealed May 24, 1904.) 


LIFTING AND HAULING APPLIANCES. 


8345. J. Dykes, A. Dykes, and A. Dykes, Charlton, 
Kent. Cranes or ite {4 Figs.) April 11, 1903.—This 
invention relates to fluid-pressure cranes or lifts such as are 
actuated by means of a ram and cylinder, with sheave pulleys 
fitted to the top of the ram and the bottom of the cylinder so as 
to form a multiplying gear. a, b are the cylinders, c,d the 
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rams, é, é, f are pulleys, and g and p are simply lead pulleys, 
and may be placed in any position. A and & are valves control- 
ling the pressure main 7, and j and i are valves controlling the 
exhaust main m. The single rope or chain is carried round the 
pulleys ¢, round the sirngie ;~ulleys / and g, and up and over the 
pulley p. The end of therope or chain passes over the pulley 





de attached to the cage, the other end of the rope or chain 
ing anchored. To operate the combination, the valve h is 
opened ‘and fluid admitted to cylinder a until the ram c has been 
moved sufficiently to take up the slack in the rope. The valve h 
is then closed and the valve k opened so as to operate the ram d 
and raise the load. To lower the load only the volume of fluid 
used to displace the ram d is required to be exhausted in the 
ordinary manner by opening the valve j7. Valve i is provided so 
as to enable the ram c to be lowered at any time. (Sealed 
May 24, 1904.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

10,650. Craig and Donald, Limited, and A. e, 
J Hentrewahire. fawing-bMachine. (3 Figs.} 
May 11, 1903.—According to this invention the saw-spindle A is 
supported in bearings B! by a ram C fitted in a framing 
D, and which is movable not only vertically to feed the saw S 
downwards, but also on its axis, so that the plane of the saw may 
be rotated. The saw-spindle A is driven by means of a worm E 
and worm-wheel F from a vertical spindle G, spur-gear H, and 
bevel-gear I from a belt-pulley shaft J. A stop-tappet N is 
arranged for regulating the downward travel of the saw. This 
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tappet makes contact with a lever O which acts on the usual nut 
engaging the feed-screw, so that on the tappet N making contact 
with the lever O, the feeding devices are thrown out of action, the 
spindle and ram C carrying them being then free to return at an 
increased speed to the top of the stroke by means of a balance- 
weight W connected to the ram by a wire rope R. The bearings 
BI, along with the driving-worm E and worm-wheel F, are fixed 
to the ram O, and turn with it to the angle required and through 
any angle about the centre axis of the ram C, which is vertically 
over the centre of the saw. (Accepted March 23, 1904.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


fe 

8594. The Cleveland Bridge and Engineering 
Company, Limi F. W. Dar) mn. 
Caissons. (6 Figs.] April 15, 1903.—This invention relates to 
air-locks for caissons, and the invention consists in an improved 
form of air-lock, by means of which a single lifting gear suffices 
to raise the material from the caissons through the air-lock 
without any handling of the material or of the buckets other than 
in the initial filling. The head a is fitted with an air-lock ¢ which 


5683. T. Prescott, Huddersfield, and E. Green and 
Son, Leeds. Metallic Alloy. March 11, 1903, 
—The object of this invention is to manufacture a metallic alloy 
of a light and strong character, and suitable for bearings of 
machinery and for figures, models, and other objects. For the 
pu of this invention the following ingredients are employed : 
—Zine, aluminium, iron, and silicon. It is preferred that the 
ingredients be in or about the following proportions, the quan. 
tity of each constituent by Laps a varying according to the 
degree of hardness or toughness of alloy required :—Zinc, 53.50 to 
74.75 parts; aluminium, 25 to 43.50 parts ; iron, 0.25 to 2 parts; 
silicon, 0.25 to 1 . The silicon is introduced by a powder 
made of the following constituents :—Potassium silico-fluoride, 
28.25 parts; calcium chloride, 25.82 parts; wdered glass, 
31.20 parts; carbonate of soda, 3.72 parts ; carbonate of lime, 
3.10 parts; and common salt, 12.91 parts. In making the 
alloy, the amount of iron required is first melted in a crucible, 
and the aluminium is then added; and when this is thoroughly 
melted, the zinc is added in the usual way, care being taken 
to see that the temperature is not too high when the zinc is 
added, as the latter being a volatile metal, there would be 
considerable loss if this condition be not observed. When these 
have become thoroughly intermixed, the powdered flux is added, 
In application this powder is spread over the surface of the 
molten metal, the silicon contained in the powder entering 
into combination with the metals. Ifa hard metal is required, 
the proportion of zinc will be great and the proportion of alumi- 
nium small. (Sealed May 24, 1904.) 


MOTOR ROAD VEHICLES. 


10,612. W.Starley, Coventry. Motor-Cars. [3 Figs.) 
May 9, 1903.—The invention comprises a central-drive road-wheel 
arranged in alignment with, but independently of, a pair of freely- 
mounted road-wheels and in a frame which is jointed to the main 
frame of the vehicle and provided with springs adapted to permit 
of the automatic adjustment of the central-drive road-wheel to 
the surface. In the construction of vehicle illustrated, a 
tubular main frame A, suitably braced and tied to give the 
necessary rigidity with but slight weight, is —— Beneath 
the body part B of the vehicle are three road-wheels O, D, and E 
arranged in alignment, the end wheels C and D being freely 
mounted in any convenient manner. The central or drivin 
wheel E is mounted upon an independent axle carried in a forked 

















frame F, which is jointedly or pivotally connected to a counter- 
shaft G mounted upon the main frame A. The countershaft G is 
driven from the motor H. From the countershaft G the power 
is transmitted to the driving road-wheel E through chain gearing, 
two or more sets of gear of different ratios being employed. 
Bet the main frame A and the outer extremities of the 





projects through the roof d, and is closed at top and bottom by 
doors e and f. The lower door is hinged at h, and is adapted to 
open downwards in order to place the air-lock in communication 


with the head. It will be seen that with this arrangement, when 
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the door f is shut and the inside of the chamber ¢ put in commu- 
nication with the atmosphere, the air pressure within the head a 
tends to make a tight joint. The operation of the door is con- 
trolled by a lifting device. The top of the air-lock is closed by a 
door = ye ey is arran -. oe it yd in ae 
provide for the air-tight passage through it of the rope z for 
raising the material. In order to prevent the door being opened 
while the air-lock is under pressure a locking device is provided 
consisting of a cylinder 4 communicating at one end with the 
atmosphere, and at the other end with the air-lock by way of 
pipe 6. A piston adapted to work in this cylinder carries a wedge 

arranged to lock a bolt which prevents the door being lifted 
when the air-lock is ynder pressure, (Sealed May 24, 1904.) 





jointed forked or other frame F, carrying the central driving-wheel 
E, a flexible connection consisting of springs M is provided so as 
to cause the wheel E to rise and fall as required to suit the road 
surface and ensure effective grip or adhesion. The front portion 
of the vehicle is ae peed upon a single steering- 
wheel N arranged within a fork O carried by a ball-head V, around 
which it can readily rotate to the required extent. (Sealed 


May 24, 1904.) 
MISCELLANEOUS. 

9944. Goeene Banham and Co., Limited, and C. K. 
Sagar, Pendleton, Manchester. Belting. [2 Figs. 
May 2, 1903.—At present, in the manufacture of balata and 
similar belting the method is to cover or spread a sheet of woven 
material with the impregnating substance, and then to fold it 
over upon itself to the desired thickness, and press it. The disad- 
vantage of this method is that should the balata or other sub- 
stance become softened, or lose its virtue inany way, the material 
of the belt falls asunder. This invention consists essentially in 
weaving a number of threads or strands of gutta-percha, balata, 
or other substance into the material of the belt, then heating the 
same and pressing to force the melted or softened material 
through the fabric to impregnate it. In the weaving of solid- 
woven belting there is interposed amongst the warp threads A a 





number of strands B of gutta-percha, balata, or the like, =~ 
number and thickness of the strands being gauged to give the 
most uniform degree of impregnation, according to the thickness 
and quality of the belt. The strands B may be inserted along 
with the weft, instead of with the hee A belt manufactured as 
described has increased textile strength arid durability, and od 
not so easily stretch, nor does it fall to pieces in use. In a m “4 
fication, the belt is made somewhat as formerly, the gg is 
or other strands being woven into a sheet of material, whic of 
then folded over upon itself either with or without the ery 
balata or other material between the folds. The belt is tm ; 
heated to soften the material and pressed to impre; ate the entir 
belt therewith. In the latter case the folds of the belt may 
stitched. (Sealed May 17, 1904.) 
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LOCOMOTIVES AT THE ST. LOUIS 
EXHIBITION *—No. ITI. 
By H. W. Hansvry. 

We give on the present page in Figs. 3 and 4 
yiews, prepared from photographs, of two of the 
locomotives described in our last article (see 
page 789 ante) as being exhibited by the American 
Locomotive Company, that shown in Fig. 3 being 
a passenger locomotive for the Missouri Pacific 
Company, while Fig. 4 shows the shunting-engine 
for the Anheuser - Busch Brewing . Corporation. 


* Particulars of these engines will be found on 


page 790 of our last issue. We will now proceed 
to deal with the exhibits of Messrs. Burnham, 
Williams, and Co., of the Baldwin Locomotive 
Works, Phiiadelphia. 


riveted, the former with lap-joints, and the latter 
with butt-joints, and inside and outside covering- 
strips. The diameter is 78} in., and it is radially 
stayed to the fire-box. The latter, like the boiler 
shell, is of steel. Its length is 108 in., and its width 
78 in., with a grate area of 58.55 square feet. The 
heating surface in the fire-box is 210 square feet, 
and in the tubes (of which there are 391, 2} in. in 
diameter and 20 ft. long) 4586 square feet, making 
a total for the boiler of 4796 square feet. The 
height of the boiler centre from the rail is 
9ft.10in. In order to come within the clearance 
limitations, the whistle is placed horizontally, and 
the lamp, instead of being attached to a platform 
on the top of the smoke-box, is situated on a 
bracket bolted to the front. 





The peculiar arrangement of the cylinders and | 


steam to the high-pressure cylinder, tue other to 
the low; both, however, are secured to and operated 
by the same rod. _ The high-pressure section con- 
sists really of two separate hollow valves on the 
same spindle, each having internal steam admission. 
Being hollow, the exhaust steam from the cylinders, 
which, on leaving, first enters the space between 
them, passes through their interiors into the body 
of the steam-chest, which acts as a receiver, and so 
to the low-pressure cylinder, to which it is admitted 
by the action of the other section of the valve. 
This latter section acts precisely like an ordinary 
slide-valve, steam being admitted at the ends, and 
exhausting at the centre. 

For the convenience of removing the high-pres- 
sure cylinder or any of the covers, should such be 
necessary in order to make an examination or for 

















Fic. 3. PasseNcER Locomotive For THE Missourt Paciric Ramuway Company ; ConsTRUCTED BY THE AMERICAN LocomoTIvE Company. 














Fic. 4. SHuntinc-Enorne ror THE ANHEUSER-BuscH BREWING CoRPORATION ; CONSTRUCTED BY THE AMERICAN Locomotive Company, 


The first of these is a Vauclain tandem compound 
(‘‘ No. 984”) of a type specially designed and built 
for service on the Atchison, Topeka, and Santa Fé 
Railway system, and consequently now known as of 
the ‘Santa Fé” type. This engine is illustrated 
by Fig. 5 on our two-page engraving this week. 
It has ten coupled driving-wheels, 57 in. in dia- 
meter, and a leading and trailing two-wheeled 
truck, with wheels 29} in. and 40 in. in dia- 
meter respectively. The weight of this enormous 
engine — the heaviest built up to the present 
time at the Baldwin Locomotive Works — is 
128.22 tons in full working order, of -which 
104.72 tons rest on the coupled wheels, 10.45 
tons on the leading truck-wheels, and 13.05 tons 
on the trailing truck-wheels. The total weight 
of the engine and tender is about 200 tons. The | 
boiler is intended for a working pressure of 225 lb. 
per square inch, and is of the wagon-top type. The 
circumferential and longitudinal seams are double | 


¥ | 





oy For preceding articles see page 757 of our issue of 


| 
ay 27, and page 789 of our issue of June 3. 





valves can be seen from the illustration, Fig. 6, 
page 806, which is taken from a model of actual 
size exhibited by the Baldwin Locomotive Works, 
in conjunction with this engine. The diameter of 
each high-pressure cylinder is 19 in., and of each 
low-pressure 32 in., the stroke being 32 in. The 
low and high-pressure cylinders are separate 
castings, each integral with its steam-chest. The 
former are bolted to a separate saddle casting 
placed between the frames, and the latter to the 
front covers of the former, by which alone they are 
supported. The piston-rod is packed at the joint 
between the front cover of the low-pressure cylinder 
and the back cover of the high-pressure cylinder, 
the packing consisting of segmental blocks confined 
in a casing or packing-box, and held against the 
piston-rod by means of a suitable spring. The 
packing-box is free to slide in a steam-tight bear- 
ing in the recess between the cylinder-covers, so 
accommodating itself to any slight variation in the 
position of the rod occasioned by wear. 

The valves are of the balanced-piston type, and 
are in two sections, one governing the admission of 








the purpose of repairs, a small beam and tie-rod, 
hinged to the smoke-box, is provided on each side 
of the engine. The tyres of all the coupled wheels 
are shrunk on and secured by a shoulder, and all 
are flanged except those of the main driving-wheels, 
which have plain tyres. 

The tender is of the usual type, with bogies of 
diamond pattern frame. It was designed to carry 
8500 U.S. gallons (6800 English gallons) of water, 
and rather over 9 tons of coal. The wheel-bases 
are as follow :— Driving, 19 ft. 9 in.; rigid, 
19 ft.9in. Total for engine, 35 ft. 11 in., and 
total for engine and tender, 66 ft. The total length 
of the engine and tender over all is 77 ft. 10 in. 

The next engine we shall deal with (‘‘ No. 507”) 
is a Vauclain four-cylinder balanced compound, of 
‘* Atlantic” type, for use in high-speed passenger 
service on the Atchison,. Topeka, and Santa Fé 
Railway. This locomotive, which is illustrated by 
Fig. 7 on our two-page engraving, was built in 
March of this year, and is the twenty-four-thou- 
sandth engine turned out from the Baldwin Loco- 
motive Works. The high-pressure cylinders are 
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15 in. in diameter, and the low-pressure cylinders 
25 in. in diameter. They are arranged in pairs 
in the same horizontal plane, each pair con- 
sisting of a high and a low-pressure cylinder, 
the two low-pressure cylinders being outside 
and the two high-pressure cylinders within the 
frames. The valves, of which there are two, are 
of the piston type, and are situated above the 
cylinders, each being between a high and a low- 
pressure cylinder, to both of which the one valve 
regulates the passage of steam. With the par- 
ticular valve in question the arrangement is such 
that steam is admitted to each of a pair of cylinders 
at opposite ends, the piston and crosshead of the 
high-pressure cylinder moving, therefore, in the 
opposite direction to those of the low-pressure 
cylinder, and, being substantially of the same 
weight, practically balance each other. The high- 
pressure pistons are connected to the leading axle, 
which is constructed with two cranks at right 
angles to each other, while the low-pressure 
pistons are connected in the usual way to crank- 
pins on the leading wheels. The crank-pins are 
also at right angles, that for a low-pressure cylinder 
being at an angle of 180 deg. with the crank 
on the axle for the corresponding high-pressure 
cylinder. As regards balancing, the reciprocating 
parts, as mentioned above, practically balance each 
other ; while the revolving parts are balanced in the 
usual way by adding weight to the driving-wheels. 

The boiler is of steel and of the wagon-top type, 
66 in. in diameter, and designed for a working 
— of 220 lb. per square inch. The total 

eating surface is 3206 square feet, of which 3016 
square feet represent the tubes, and 190 square feet 
the fire-box. The latter is 107} in. long and 66 in. 
wide. The grate area is 49.5 square feet. The 
tubes are of iron and 273 in number, 2} in. in 
diameter and 18 ft. 10 in. long. The wheels are of 
cast steel, and have the following diameters, mea- 
sured on the tread: — Leading truck-wheels, 
34} in. ; driving-wheels, 79 in.; and _trailing- 
wheels, 50 in. 

The tender is designed to carry 8500 U.S. gallons 
(6800 English gallons) of water and about 11 tons 
of coal, and is of the ‘‘submerged” or ‘ water- 
bottom” type. The weight of the engine in full 
working order is 864 tons. 

Engine No. 61 was built for the Norfolk and 
Western Railway, and is a two-cylinder compound 
‘*Consolidation”’ engine, with 56-in. driving-wheels 
and 30-in. truck-wheels. It is illustrated by Fig. 8 
on our two-page engraving. The boiler is 68 in. in 
diameter, and of the wagon-top type. The fire- 
box, with a length of 121 in. and a breadth of 
41} in., is narrow enough to pass between the 
trailing-wheels, the grate area being correspondingly 
small—-viz., 35 square feet. The total heating sur- 
face of the boiler is 2788 square feet, 195 square 
feet representing the fire-box and 2593 square 
feet the tubes. There are 306 of the latter, 
each being 2} in. in diameter by 14 ft. 6 in. long. 
The high-pressure cylinder, which is on the left 
of the engine, is 23 in. in diameter, the low- 
pressure cylinder being 35 in. in diameter. The 
stroke is 32 in. and the slide-valves are of the 
ordinary balanced type. The high-pressure cylin- 
der is in one casting with the intercepting-valve 
chamber and half the saddle, and the low-pres- 
sure cylinder is in one with the other half of the 
saddle, the two castings being jointed and bolted 
together. The low-pressure piston-rod is extended 
through the front cylinder cover, and is carried ina 
tail-rod bearing, while the high-pressure piston- 
rod terminates at the piston-head. The valve- 
spindles of this engine are exceedingly long (no less 
than 10 ft.), but are supported in a bearing near the 
centre of their length. The crosshead slippers are 
of gun-metal. The third pair of wheels, which are 
the main driving-wheels, have cast-steel centres, 
the others cast-iron centres, the tyres of all being 
shrunk on, and apparently no further provision for 
security is made. The tyves of the second pair of 
driving-wheels are plain, without flanges. The 
driving or rigid wheel-base is 15 ft. 6 in., the total 
for the engine being 24 ft. 6 in., and for the engine 
and tender 52 ft. 5 in. 

The tender is of the usual design, and carries 
6000 U.S. gallons (4800 English gallons) of water 
and about 9 tons of coal. The bogie wheels are of 
chilled cast iron, without tyres, and are 33 in. in 
diameter. The weight of the engine in full work- 
ing order is 83 tons, of which 74 tons are carried 
by the driving-wheels. The total weight of the 
engine and tender is about 134 tons, 





The next three engines, ‘‘ No. 606,” ‘‘ No. 90,” and | greater part of the cab, the regulator-handle has been 
‘* No. 729,” are for the same railway—viz., the Nor- | placed on the top of the boiler, the driver standing 
folk and Western—as that just described ; they are, |at the right-hand side to operate it, and leaving 
however, simple, and not compound engines. The |the back free for the fireman. The engine is pro. 
first (“‘No. 606”) is of the ‘‘ Atlantic” type, the | vided with a steam-pipe leading from the dome forthe 
driving-wheels being 79 in. in diameter, the leading — of steam to the injectors, &c., precisely as in 
bogie-wheels 36 in., and the trailing-wheels 50 in. in | ‘‘ No. 606,” and is also wired for electric light pur- 
diameter. This engine is illustrated by Fig.9 on our poses. The principal dimensions are as follow :— 
two-page engraving. The whole of the wheels, in- | Diameter of boiler, 66 in.; boiler pressure, 2001b. per 
cluding those of the leading bogie, are provided with | square inch ; fire-box, 112} in. by 41} in. ; grate area, 
brake-gear. The leading dimensions of the engine 32.6 square feet; tubes, 281; diameter, 2} in.; 
and tender are :—Diameter of boiler, 62in.; working length, 14 ft. 54 in.; total heating surface, 2559 
ressure, 200 lb. per square inch ; +fire-box, 100 in. square feet: in tubes, 2379 square feet, and in 
y 64} in.; number of tubes, 326; diameter, 2 in.; | fire-box, 180 square feet; cylinders, 20 in. by 28 in.; 
length, 16 ft.; heating surface in fire-box, 162 square | diameter of leading wheels, 33in., of driving 
feet ; in tubes, 2716.7 square feet ; total, 2878.7 | wheels, 68 in.; rigid and driving-wheel bases, 
square feet ; cylinders (with piston-valves), 19 in. | 13 ft. 14in.; total wheel-base for engine, 24 ft. 44 in.; 
in diameter, with 28-in. stroke; driving-wheel base, | total wheel-base for engine and tender, 50 ft. 9} in.; 
6 ft. 10 in. ; rigid-wheel base, 14 ft. 10 in. ; total | length over all, 60 ft.; and the height from the 
wheel-base of engine, 26 ft. 8} in., and of engine | rail to the centre of the boiler, 9ft. The weight is 
and tender, 56 ft. 3? in.; length over all, 65 ft. | distributed as follows :— 
10? in. ; height from rail to centre of boiler, 9 ft. ; 
Capacity of tender, 6000 U.S. gallons (4800 English | 
me “rf of water and about 9 tons of coal; and | 
tender-wheels (chilled iron) 33 in. in diameter. | 
Steam for supplying the injectors, the turbine 
for electric-lighting, for train-heating purposes, &c., 


Tons, 


On driving-wheels 58.1 
On leading truck 16.3 
Total for engine = ue ree ee 65! 
Total for engine and tender... «. about 125 


‘*No. 729,” the last of the Norfolk and Western 





Fic. 6. CYLINDERS AND VALVES OF VaAuUCLAIN TANDEM CompouND LOCOMOTIVE FOR THE 
Atcuison, Topeka, AND Santa Fé Ratiway. 


locomotives exhibited, is of the ‘‘ Consolidation ” 
type, with wide fire-box, like engine No. 606. It 
is illustrated by Fig. 11 on our two-page plate. In 
design the leading features are much the same as 
in ‘‘ No. 606 ;” the electric head-light and wiring, 
however, are absent, as not being necessary on a 
freight engine. 

The leading dimensions are as follow :—Diameter 
of boiler, 64 in.; boiler pressure, 2001b. per square 
inch; fire-box, 101 in. by 64} in.; grate area, 
45 square feet; tubes, 252; diameter, 2} in.; 
length, 14 ft. 6 in.; total heating surface, 2300.4 
square feet : in tubes, 2140 square feet ; in fire-box, 
160.4 square feet; cylinders, 21 in. in diameter, 
with 30-in. stroke; diameter of leading wheels, 
30 in.; of driving wheels, 56 in.; rigid and driving- 
wheel-bases, 15 ft. 6 in.; total wheel-base for 
engine, 23 ft. 11 in.; total wheel-base for engine 
and tender, 51 ft. 2 in.; length over all, 60 ft. 5in.; 
and the height from the rail to the centre of the 
boiler, 8 ft.6 in. The weight in full working order 
is distributed as follows :— 


is taken from the back of the dome by a pipe out- 
side the boiler, which is connected to a standard 
carrying the necessary cocks and situated inside the 
cab. The whistle and safety-valves are on the 
steam-dome. The engine is wired all over for 
electric-light, and for the convenience of the driver 
incandescent lamps are attached in suitable positions 
for viewing the motion and side-rods. The wires 
are protected by tubes, which lead from the dynamo 
at the back of the Edwards head-lamp under the 
engine platforms to the positions required, screwed 
connections for lamps being provided at regular 
intervals. The tender is of the same design in the 
case of all three engines. 

The weight in full working order is distributed 
as follows :— 


On driving-wheels _... 

On leading bogie-wheels 

On trailing-wheels_—... 5; ‘ : 

Total for engine vcs = os sue (Ag 

Total for engine and tender ... ... about 126 

The second (‘‘ No. 90”) is a ten-wheeled engine, 

having six coupled driving-wheels 68 in. in diameter, 
and a leading four-wheeled bogie with wheels 33 in. 
in diameter. It is illustrated by Fig. 10 on our 
two-page plate. The fire-box of this engine is 
12} in. longer than that-of the last, but as in this 
case it comes within the trailing-wheels, there is 
not a great difference in the heating surface, and | type, constructed for the Chicago, Burlington, and 
the weight and general appearance of the engine | Quincy Railroad Company. The illustration of 
are mueh the same, As the fire-box occupies the | this engine, which we give in Fig. 12 of our twe 


Tons. 
On driving-wheels 67.6 
On leading wheels 10.0 
Total for engine 3 a ee - 17.6 
Total for engine and tender ... about 128.2 
The next locomotive (‘‘ No. 1587”) is a four- 
cylinder Vauclain compound, of the ‘ Atlantic 
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age engraving this week, has, as will be noticed, 
a prepared from a photograph of ‘‘ No. 1586,” 
a precisely similar engine, and one of the same 
order as that now to be briefly referred to. 
The Vauclain system of four-cylinder compound 
is so generally known that we shall not enter 
into a detailed description, merely pointing out 
that in the present case the high-pressure cy- 
linder is situated above the low-pressure cylinder, 
and the steam-chest in one casting with them, and 
as close to them as possible; the steam for both 
cylinders being controlled by one piston-valve, and 
the power transmitted through one cross-head, 
working between a single set of four slide-bars. 
The cross-head is a solid steel casting, inlaid with 
anti-friction metal on the working surfaces. The 
high-pressure cylinder is 15 in. in diameter, the 
low-pressure cylinder 25 in. in diameter, the stroke 
being 26 in. The following are particulars relating 
to the valves :-- 


Steam ports—length 34 in. 

= » width... es ee i ee 

Exhaust ports—length ... = a 
idth “ 


Lad ” wi 
Width of bridges... ey 
Throw of eccentrics re 
Maximum travel of valves 
Outside lap—high- pressure 

ee », low-pressure 
Inside lap—high-pressure ... 

we low-pressure 
Lead—high-pressure 
», low-pressure ... 


= 44,, 
... 34 in, and 23 in. 
: 5 in. 


pS 


= # 
. in, (negative) 
3 ” ” 


0 in. 


$s» 





The eighth locomotive (‘‘ No. 306”), exhibited 
by the Baldwin Locomotive Works, was constructed 
for the Delaware, Lackawanna, and Western Rail- 
road Company. It is illustrated by Fig. 13 on our 
two-page plate, and is of the Consolidation type, 
with driving-wheels 57 in. in diameter, and leading 
truck-wheels 30 in. in diameter. The boiler is 
70,7; in. in diameter, and of the straight-top type, 
with Wootten fire-box, 126} in. long by 108} in. 
wide. It is designed to work at a pressure of 
200 lb. per square inch. The horizontal seams of 
the barrel-plate are welded, and also sextuple- 
riveted, covering-strips being provided inside and 
outside. The circumferential seams are double- 
riveted, as usual. 

In order to give the driver a better look-out 
than he would otherwise obtain had he been obliged 
to stand in his usual place on the foot-plate, a small 
cab in front of the fire-box is provided for his 
use, communication between this and the main cab, 
occupied by the fireman, being effected by means 
of a speaking-tube. The principal dimensions of 
this engine are as follow :—Diameter of cylinders, 
21 in.; stroke, 26 in.; total heating surface of 
boiler, 2773 square feet, of which 2548 square feet 
is accounted for by the tubes and 225 square feet 
by the fire-box; tubes, 350 in number, 2 in. in 
diameter and 14 ft. in length ; capacity of tank, 
6000 U.S. gallons (4800 English gallons) of water, 
and about 9 tons of coal; and diameter of tender- 
wheels, 33 in. The crossheads of this engine are 





-The total weight of the engine in full working 
order is 69 tons, and of the engine and tender, 
120 tons. 

A large ‘‘ Consolidation” engine (‘‘ No. 2726”) 
built for working heavy goods traffic on the Southern 
Pacific Railroad may now be referred to. It is 
illustrated by Fig. 15 on our two-page plate. The 


_cylinders of this engine are 22 in. in diameter and 


have a 30-in. stroke,~ the valves being of the 
piston type. The coupled wheels, with a wheel- 
base of 15 ft. 8in., are 57 in. in diameter, and the 
truck-wheels 30} in. in diameter. The boiler is of 
the straight type, with a working pressure of 
200. lb. per square inch, and is 80 in. in diameter. 
The fire-box is 108 in. long and 66 in. wide, with a 
grate area of 49.5 square feet. This large boiler 
contains no less than 413 tubes, 2 in. in diameter 
and.15 ft. in length, these accounting for 3226 
square feet of heating surface out of a-total for the 
boiler of 3397.3 square feet, the remaining 171.3 
square feet being provided by the fire-box. The 
height of the boiler centre from the’ rail is 
9 ft. 6 in. 

The tender is cylindrical in form and of the type 
known as the “‘ Vanderbilt.” However curious it 
may appear to those accustomed to the ordinary 
rectangular form, it certainly has an advantage over 
them, at any rate, as regards simplicity of design 
and of construction. With such a tender the 
bogies are exceedingly accessible, and the construc- 


'tional work in connection with the frame and the 
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Fic. 18. Locomotive ror THe St. Lovis anp San Francisco Rattway ; “ Paciric” Type, 


The boiler and fire-box are of carbon steel, the 
former having a diameter of 64 in., and the latter 
being 964 in. in length and 66} in. in width. The 
working pressure is 210 1b. per square inch, and 
the grate area is 44.14 square feet. The horizontal 
and circumferential boiler seams are double riveted, 
the latter with lap-joints and the former with butt- 
oa with inside and outside covering-plates. The 

iler-tubes, which are of iron, are 2 in. by 16 ft. 6 in. 
and 330 in number. The heating surfaces are :—- 
Fire-box, 166 square feet; tubes, 2836.5 square 
feet; and the total for the. boiler, 3002.5 square 
feet. The frames are of the bar type and com- 
posite, the back portions being placed further 
apart than the front, to come outside the fire-box 
and the trailing-wheels. These latter portions 
are attached to the front by a transverse steel 
casting, to which they are bolted, and they carry 
the outside bearings of the trailing-wheels. 

The tender has a capacity of 6000 U.S. gallons 
(4800 English gallons) of water, and is designed 
to carry about 9 tons of coal. The following table 
gives the dimensions of the wheels, the material 
of which they are made, and other particulars :— 





























| 
ae Material of | Dia- |Size of Axle-|Weight on 
Centre. meter| Journals. | Wheels, 
‘ ; | in. in. tons 
Engine bogie-wheels| Wrought iron | 387 6 x10 21.0 
Driving-wheels ..| Oaststeel | 84 9} x12 42.7 
Trailing-wheels = 54 8 x12 18.0 
Tender-wheelg _..| Wrought - 37 5 x9 
2a | Total Wheel- | Length | Weight in 
Base. Over All. | Working Order. 
E ft. in. | ft.in. | tons 
Engine... 27 8 +f 81.7 
Engine and tender 55 1} | 66 8 134 (about) 
eae To Ste eee 1. ws 83 ae See 








solid steel castings, and are without shoes or slide- 
blocks, the bearing surfaces being inlaid with an 
anti-friction metal. The total weight of the engine 
and tender in full working order is about 137 tons, 
that of the engine being 85.4 tons. Of the latter, 
76.6 tons is carried by the coupled wheels, and 8.8 
tons by the leading truck-wheels. ; 

We have now to deal with a locomotive (‘‘ No. 
545”) built for freight service on the Missouri, 
Kansas, and Texas Railway system. This engine, 
which is of the ‘‘ Mogul” type and is illustrated 
by Fig. 14 on our two-page engraving, presents no 
special features of interest ; so we will merely give 
a few of the leading dimensions :— 


| meter. 


in this case is 179 square feet. 
surface of the boiler, whichis 70 in. in diameter, is 
3053 
square feet. 





Cylinders : 
Diameter 20 in. 
Stroke ... ae 28 in. 
Slide valves ... Richardson 
balanced 
Boiler : ; .. Wagon-top type 
Diameter ae 62 in. 
Pressure .. 200 Ib, per sq. in. 
Fire-Box : 
EOE... | axe se a ie 101 in. 
Width ... a ne 5 as 66 ,; 
Depth—front 69 ,, 
‘ back ... er oe ea “ 
Tubes (Charcoal Iron) : 
Number is a 316 
Diameter 2 in. 
Length... 12 ft. 8 in. 
Heating Surface : 
Total ... ae 2234.3 sq. ft. 
Tubes ... 2081.9 ,, 
Fire-box ; oo Se 152.4 ,, 
Diameter of driving-wheels 65 in. 
e truck-wheels ... he 33: .. 
Tender capacity .. 6000 U.S. _ 
English) gallons 
of water and 9 
tens of eoal; 


tank itself is practically reduced to a minimum. 
The tool-boxes are conveniently arranged at the 
left-hand side of the tank just above the leadin 
bogie. In this particular case the tender is dedenal 
to carry 7000 U.S. gallons (5600 English gallons) of 
water and about 13 tons of coal. The weight of the 
engine in full working order is 924 tons, of which 
82.3 tons is carried by the coupled wheels and 
10.2 tons by the leading truck-wheels. The total 
weight of the engine and tender in full working 
order is about 153 tons. The length of the engine 
and tender over all is 68 ft. 4? in. 

We now come to the very fine passenger engine 
(**No. 119”) of the ‘‘ Pacific” type built for the 
Union Pacific Railroad, shown by Fig. 16 on our 
two-page engraving. This engine has six coupled 
driving-wheels 77 in. in diameter, a leading four- 
wheeled bogie, with wheels 334 in. in diameter, 
and a pair of radial trailing-wheels 45 in. in dia- 
The weight of the engine in full working 
order is 99.3 tons, 16.6 tons being carried by the 
leading bogie, 63.1 tons by the coupled wheels, and 
19.6 tons by the trailing-wheels. The total weight 
of engine and tender in full working order is 160 
tons. The cylinders are 22in. by 28in., with 
balanced piston-valves. The fire-box is of the same 
dimensions as regards length and breadth, and of 
the same grate area as the engine just described ; it 
is, however, a little deeper, accounting. therefore 
for a slight increase in the heating surface, which 
The total heating 


uare feet, the tubes. representing 2874 
Of the latter there are only 245, as 


compared with 413 in the last engine ; they. are, in 
this case, however, 2} in. in diameter. 
of the tubes is 20 ft., and the hei 
centre from the rail is 9 ft, 5 in, 


The length 
t of the boller 
e tender is of 
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Fics. 21-To 24, Easton’s DownTAKE SUPERHEATERS. 


precisely the same design and capacity as that |The total weight of engine and tender is 143 tons. 
coupled to the last engine. The total wheel-base | The tender is practically the same as those of engines 
of engine and tender is 62 ft. 8} in., and the length | No. 119 and No. 2726, the only difference being in 
over all is 74 ft. 10} in. | the axle journals, which are of somewhat larger 
The next engine (‘‘ No. 554”’) is also a passenger | dimensions—viz., 6 in. by 10 in., as against 54 in. 
engine, and is intended for use on the Chicago and | by 10 in. in the case of the other two. 
Alton Railroad. It is of the ‘“‘ Atlantic” type, having | The thirteenth, and last, locomotive (‘‘ No. 1014”) 
four coupled driving-wheels, a leading four-wheeled | exhibited by the Baldwin Locomotive Works in 
bogie, and a pair of trailing-wheels. It is shown | the Transportation Building is a passenger engine 
by Fig. 17 on our two-page plate. The boiler | of the ‘‘ Pacific” type, constructed for service with 
ressure is the same, and both the boiler and fire- | the St. Louis and San Francisco Railroad Company. 
ben are of almost the same dimensions as ‘‘ No. 119,” | We illustrate this engine by Fig. 18 on page 807. 
just described, the only difference being in the | The following are the leading particulars :—Cylin- 
number and diameter of the tubes, and the length | ders, 20 in. by 26 in. ; diameter of boilers, 64 in. ; 
of the barrel, with the corresponding difference in | working pressure, 200 lb. per square inch ; fire-box, 
tube length. In the present case the tubes are |77{in. by 80 in. ; tubes, 249 in number ; dimen- 
297 in number, 2 in. in diameter, and 16 ft. long, | sions, 2} ft. by 18 ft. 7 in. ; heating surface : tubes, 
and provide 2475 square feet of heating surface out | 2713 square feet ; fire-box, 150 square feet ; and 
of a total for the boiler of 2654 square feet. The | total, 2863 square feet; grate area, 43.3 square 
heating surface provided by the fire-box is the same | feet ; diameter of driving-wheels, 69 in. ; diameter 
as the last engine—viz., 179 square feet. The of leading truck - wheels, 30 in.; diameter of 
driving-wheels are 81 in. in diameter, with a wheel- | trailing-wheels, 50 in. ; wheel-base (driving and 
base of 7 ft., and the trailing-wheels are 51 in. in| rigid), 12 ft. ; total wheel-base of engine, 30 ft. ; 
diameter. The total wheel-base for the engine and | total wheel-base of engine and tender, 60 ft. 6 in. ; 
tender is 56 ft. 11} in.; of the engine alone, | length over all, 71 ft. 7 in. ; and height of boiler 
27 ft. 7 in., the rigid wheel-base of the latter being | centre from rail, 9 ft. 44 in. The weight is dis- 
15 ft. 9. in. It will be noticed that all the wheels, | tributed as follows :—Leading bogie, 18.3. tons ; 
including those of the bogie, are provided with | driving-wheels, 51.2 tons; and _trailing-wheels, 
brake gear. 15.5 tons ; the total for the engine being 85 tons, 
The following table gives a few of the leading | and for the engine and tender about 136} tons. The 
particulars relating to the cylinders and valves :— | above are the weights in full working order. The 
‘tender is of the ordinary rectangular form, with 
submerged or water bottom tank; the wheels are 
| 36 in. in diameter, and are of cast iron with plate 
‘centres. The axle journals are 5} in. by 10 in. 
| With this we conclude our survey of the exhibits 
| of the Baldwin Locomotive Works, so far as relates 
to those whose motive power is derived from steam. 
In the Palace of Electricity, however, the same 
| works show three small electric locomotives, and 
as these are the sole representatives of their kind 


Diameter of cylinders 
Stroke... ° is 
Steam ports—lengt 
= ne? i width * 
xhaust ports—len vib 
mS * wide ee 
Width of bridges 
Eccentrics—throw ... 
Valves—type rai 
maximum travel ... 
steam la 
exhaust lap... 


ai Pat 
.. Balanced piston 
” ; 6 in. 
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THE ANTWERP WATER WORKS. 
(Concluded from page 737.) 


CoNSIDERABLE difficulties were met with in the 
choice of a site for the new pumping station which 
is now under construction at Antwerp, as the city 
is strongly fortified, and the whole of the ground 
within the inner ring of fortifications is either 
occupied by buildings, or is only to be obtained at 
prohibitive rates. The two 20-in. mains already 
referred to enter the town on the south side, near 
the Porte de Malines, and it was desirable to 
secure a site somewhere in this district. For about 
a mile outside the fortifications the land is under 
the control of the War Department, and only 
buildings of a temporary nature may be erected ; 
but just outside this boundary and in the village 
of Luythaegen, a site of about 6 acres in extent 
was secured. This plot lies some 70 metres from 
the main road, but a strip of land, 15 metres wide, 
connecting it with the road was also purchased, in 
which the necessary connections between the new 
station and reservoir and the existing mains could 
be laid. 

A general plan of this site, showing the position 
of the buildings and reservoir, is given in Fig. 18. 
The engine-house faces the main road, and will 
contain four triple-expansion engines and pumps 
similar to those already described, except that the 
condensers have been placed at the back of the 
engines, and the exhaust steam, before passing to 
the condensers, is led through a Holden and 
Brooke grease - separator fitted with automatic 
vacuum-trap grease-extractor ; and the circulating 
arrangement for the condensers has been duplicated 
by the addition of a series of pipes connected to 
the 20-in. main from Waelhem for use when start- 
ing the engines, or when they are running at very 
slow speeds. The indicated horse-power of each 
engine is 150 at normal speed, and the power and 
number of the engines has been selected to most 





»» lead in full gear oe 


In full working order the engine weighs 82 tons, 
and of this carries 46.2 tons on the driving-wheels. 


ns i 
... vy in. (negative) | 
; yy in. 


in the Exhibition, we shall, before resuming our | economically meet the great fluctuations in the 
| survey of the remaining exhibits in the Palace of | demand for water during 24 hours. It will easily 
Transportation, briefly deal with them in our next | be seen that, with no service reservoir, the engines 
article. | are the only balancing power for the difference 





June 10, 1904. ] ENGINEERING. 809. 


a 











THE ANTWERP WATER WORKS; PUMPING STATION AT LUYTHAEGEN. 
(For Description, see opposite Page.) 

















~-----6, 00 
WORKSHOP 








810 


ENGINEERING. 


[JUNE 10, 1904. 








between maximum and minimum demand. It has | 
been found in practice that the maximum exceeds | 


the mean for 24 hours by 80 per cent., and the 
engines have therefore been divided into small 
units, so as to meet these fluctuations when each is 
working at an economical power. For instance, 
one engine working at 25 revolutions will deal with 
the whole night consumption, and yet not fall below 
an economic speed of working. As the demand 
increases in the morning, a second engine can be 
put on, until both are doing theirmaximum. These 
are then slowed down to their lowest economical 
speed, and a third engine put on to deal with 
maximum demand at midday ; and as the demand 
dies away towards evening, the pumping power is 
gradually reduced. In fact, the work these engines 
are called upon to do is very similar to that of an 
electric-light station. 

The engine-room is 90 ft. long by 36 ft. wide, 
and, besides the four sets of engines described above, 
contains space for a fifth engine. In addition to a 
feed-pump on each engine, two auxiliary steam 
feed-pumps are provided. The engine-room floor is 
11 ft. 3 in. above the pump-room floor, and a 
traveller, capable of lifting 5 tons, traverses the 
whole length of the building at a height of 20 ft. 
above the engine-room floor. The boiler-house is 
in the rear of the engine building, and the boilers 
are placed at right angles to the engines. There 
are three single-flue Cornish boilers, 24 ft. 6 in. 
long by 6 ft. 6 in. in diameter, with space for a 
fourth boiler of this type. A Stirling water-tube 
boiler will also be fitted. A Schmidt direct-fired 
superheater, similar to that already described, will 
deal with the steam from this boiler, while the 
Cornish boilers are each provided with one of 
Easton’s down-take superheaters, set in separate 
chambers behind the down-take flue of the boilers, 
and fitted with balanced. dampers, so that they may 
be placed out of the action of the gases from the 
flues if desired. These superheaters are illustrated 
in Figs. 21 to 24. The tubes are arranged on the 
Field principle ; the external tubes are of mild 
steel, twist-rolled and seamless, and with the 
bottom ends closed in the process of manufacture. 
The internal tubes are of lap-welded steel of ordi- 
nary boiler quality. The tubes are grouped in 
two equal sections, through which the steam passes 
in succession, being dried in the first section of 
tubes and superheated in the second. 

The steam-distribution chamber consists of an 
outer and inner box, and is supported on the top of 
the boiler-setting, the tubes passing downwards 
into the superheater chamber which forms the 
downtake flue. The outer box is made throughout 
of Siemens-Martin mild steel. It is formed of two 
plates, dished by hydraulic machinery, and secured 
to one another by mild steel bolts. Three weld- 
less-steel stand-pipes are riveted to the top plate, 
two forming the inlet and outlet branches, and the 
third the branch for the safety-valve. The bottom 
plate is drilled to receive the external tubes, which 
are expanded into the tube-plate and beaded over. 
The inner box is made from two steel channels and 
suitable end-plates held together with strong bolts. 
The bottom channel is drilled to receive the inner 
tubes. This box is firmly supported inside the 
outer box, which is divided into two compartments 
by a cross diaphragm at the centre. The Field 
principle of tubes insures perfect circulation and 
the distribution of the steam in a thin film over 
the heating surface. The steam enters the outer 
box on one side of the cross-diaphragm, passes 
down through the annular space in the first series 
of outer tubes, up through the corresponding inner 
tubes, into the inner box, then down through the 
second series of inner tubes, and up the annular 
space of the corresponding outer tubes, into the 
outer box on the other side of the cross-diaphragm, 
from whence it passes to the steam-pipe. There 
are thirty-two sets of tubes to each superheater, 
giving a heating surface of 120 square feet. 

The boilers work at a pressure of 150 lb. per 
square inch, and are all fitted with high and low- 


water alarms, in accordance with the requirements | 
water in the reservoir reaches a certain level, the 


of Belgian law. The safety-valves are of the Turn- 

bull dead-weight type, in duplicate on each boiler. 
The Cornish boilers are of Siemens-Martin mild 

steel throughout ; the shell is in four rings of 


pein. plates, and the end-plates, which are flanged 
or connection to the shell, are { in. thick, and are | 





A Green fuel-economiser is fitted in a chamber 
outside the boiler-house. It has 108 tubes 9 ft. 
long by 4,% in. in diameter, and the scrapers are 
worked by steam-driven gearing. The main flue 
is in duplicate, so that the gases from the boiler- 
flues may be led through the economiser chamber 
or direct to the chimney, as desired. The chimney 
is 80 ft. high and 4 ft. square inside. 

The steam and feed-pipes are in duplicate 
throughout, the feed-pipes being so arranged that 
the boilers may be fed with hot water through the 
economiser, or with water from the feed-tanks 
direct. The steam-pipes are of mild steel; the 
main pipes are 6 in. in diameter, and the boiler 
supply pipes and engine steam-pipes 3 in. in 
diameter. There is a double range of main steam- 
pipes in the engine-room, and either pipe may be 
charged with saturated or superheated steam, as 
each boiler is fitted with two stop-valves, one being 
connected to the main pipe in front of the boilers, 
and the other through the superheater to a duplicate 
pipe over the main flue. A by-pass is also pro- 
vided, so that the steam may be led direct to this 
second pipe without passing through the super- 
heater ; thus the risk of a stoppage of the engines 
through the breakdown of a steam-pipe has been 
reduced to a minimum. 

The boiler-house is 60 ft. long by 45 ft. 6 in. 
wide. The general arrangement of the boilers and 
machinery will be seen from the plan, Fig. 19. It 
will be noted that ample space has been provided 
for storage of coal. The coal-store is 39 feet 
square, with a capacity of about 500 tons. The roof 
of the coal-store is of concrete, armoured with 
expanded steel and carried on cast-iron columns. 
A number of openings are provided in this roof, 
through which the coal can be delivered, after being 
hoisted to the roof in small trucks by two hydraulic 
lifts at the back of the building, worked by the 
pressure in the mains. 

Adjoining the coal-store is a workshop, 39 ft. by 
20 ft., and containing two steam-driven dynamo 
sets for lighting the buildings. Above this, and on 
a level with the engine-room, are two rooms, each 
about 20 ft. square, one of which will be fitted as 
an office, while the other will be used for engine-room 
stores. An iron gallery on the level of the engine- 
room runs in front of the boilers for the greater 
part of the length of the boiler-house. 

A section through the buildings is shown in 
Fig. 19, and it will be seen that the engine-house 
is carried on a massive concrete foundation contain- 
ing the sump. The main sump consists of a passage 
2 metres wide and 3 metres deep, and this is carried 
through to the reservoir. Five smaller passages are 
formed at right angles to the main sump, and the 
three suction-pipes of each engine are placed in 
these. 

The arrangement of the pipes connecting the new 
station with the existing mains involved very care- 
ful consideration, as the buildings lie at some dis- 
tance from the road under which the 20-in. mains 
run ; and it is intended that, during the winter 
months for some years to come, the city shall be 
supplied with water direct from Waelhem, as at 
present. The two existing mains at Luythaegen 
run side by side on the opposite side of the road to 
the new pumping station, and there-is a small 
brick sewer in the centre of the road at the same 
level asthe mains. The small plan, Fig. 25, page 808, 
shows the general arrangement of the new connec- 
tions. The main nearest to the engine building is 
being diverted for a distance of about 40 yards, 
carried under the sewer, and brought to its original 
level on the other side of the road. A 20-in. sluice- 
cock is then inserted in each main, and branches 
taken from each on either side of the sluice-cocks, 
and carried to a point within the company’s pre- 
mises, where 20-in. sluice-cocks are fitted on all 
four branches. The two intake mains deliver into 
one 28-in. main, which is carried past the engine- 
house to the reservoir. The flow of water through 
this pipe will be controlled by a series of balanced 
valves within the reservoir, these being worked by 
floats and arranged to close automatically when the 


last of the series closing when the reservoir is full. 
When it is explained that the 20-in. mains have a 
fali of 60 ft. from the summit of Contich Hill, 
6 miles from Luythaegen, it wlll be understood 
that some such arrangement for gradually arresting 


dished so that gusset-stays are avoided. The flues | the momentum of the water was absolutely neces- 


are 3 ft. 6 in. in diameter and i in. thick. They 
are of the Adamson type, welded and flanged by 
special machinery. 


|sary. The /15-in. delivery mains from the pum 
|are led into a 24-in. collecting-pipe in front of the 
| building, and two 20-in. deliveries led from this, 





through the large air-vessels, to the mains’ in the 
road. These delivery-pipes are each connected by 
a 20-in. by-pass branch with the 28-in. main lead- 
ing to the reservoir, the branches being fitted with 
non-return valves. It will thus be possible to 
pump direct from Waelhem to Antwerp through 
the 28-in. main, without interfering with the sluice- 
cocks in the road. 

The reservoir will have a capacity of 7500 cubic 
metres of water with a depth of 3 metres, this being 
one-half of the present maximum daily supply ; 
but a reference to the general plan, Fig. 18, will 
show that ample ground has been secured for 
additional reservoirs. The reservoir is 62 metres 
long and 41 metres wide, and is being con- 
structed throughout of concrete, armoured with 
sheets of expanded steel, on a framework of 
light rolled steel joists. Owing to the nature 
of the ground, great care had to be exercised 
in the design of the structure, as the soil is 
entirely of sand, and the subsoil water -’level 
varies from 75 centimetres to 2 metres below the 
surface, according to the season. As the reservoir 
may remain empty during the winter months, when 
the level of the subsoil water is high, it was neces- 
sary to provide against the pressure from the out- 
side as well as that due to the weight of the water 
inside the reservoir when full ; and it is interesting 
to note that while two separate sets of plans were 
prepared for the structure—one on the system 
about to be described, and one of brickwork calcu- 
lated for the same strains—the tenders received 
from the contractors showed, on the average, an 
advantage of about 10 per cent. in favour of the 
concrete reservoir. 

After the excavation had been got out, and 
before commencing the construction of the floor, 
a layer of broken bricks, 12 in. thick, was laid 
over the whole area; and in this a series of open- 
jointed land drains are laid, connected at one point 
with a sealed drain leading to a sump to which a 
small pump will be connected, so that the level of 
the surface water in ‘the neighbourhood of the 
reservoir can be lowered when necessary. 

The details of construction will be understood 
from the plans and sections shown in. Figs. 26 
to 38, page 812. 

Upon a thin layer of concrete, laid on the drain- 
age bed referred to, the sheets of expanded steel 
bearing the downward strain from within the reser- 
voir are placed, each sheet being laid so that the 
long diagonals of the meshes are parallel with the 
sides of the reservoir. The sheets of metal are 
10 centimetres longer than the bays into which the 
reservoir is divided by the rows of columns sup- 
porting the roof, and the sheets overlap by this 
amount at either end, while at their sides they 
overlap by the width of one mesh. This layer of 
expanded metal is carried under the walls on all 
sides of the structure. Loops of iron wire, 4 milli- 
metres in diameter, are placed at intervals of 25 
centimetres, at the point where the ends overlap, 
and the ends of the loops are turned upwards and 
passed through the meshes of the expanded steel. 
The steel framework of the floor is formed of rolled . 
joists 8.8 in. by 4in., and these are laid across 
the reservoir at intervals of 2.30 metres, and at 


the points where the ends of the metal sheets 
overlap, so that the joists lie within the wire loops 


referred to. After the concrete has been filled in 
to the level of the upper flange of the steel joists, 
the second layer of expanded metal is laid in a 
similar manner to the lower layer, and the ends of 
the wire loops, having been passed through the 
meshes, are Rnally secured together, binding both 
layers of expanded steel to the cross-joists. This 
upper armouring of the floor is intended to bear 
the upward strain from without the reservoir, and 
the floor is further reinforced by double rows of 
angle iron, 106 in. by 106 in., running from end 
to end of the reservoir on either side of the vertical 
steel joists forming the core of the roof columns, to 
the lower ends of which they are bolted ; their 
extremities being similarly secured to the vertical 
joists in the wall, which come opposite to the 
parallel rows of roof columns. The floor is com- 
pleted to a thickness of 12 in. of concrete, which 
is formed of 1 part of Portland cement to 2 parts 
of sand, and 4 parts of small stones passed through 
a screen with a mesh of 15 millimetres diameter. 
The concrete walls are 8 in. in thickness, 
armoured with two layers of expanded steel, 
bound to rolled steel stanchions, 5.6 in. by 2.6 1., 
placed at intervals of 1.560 metres at the sides 
and 1.150 metres atthe ends of the reservoir 
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The sheets of expanded steel are placed with the 
long diagonals of the mesh horizontal. The sides 


of the sheets overlap one another for the width of. 


one mesh, and the ends overlap by 4-in. at. the 
stanchions, to which the ;sheets are bound with 
iron wire in the same manner as those form- 
ing the armouring of the floor. At the angles 
formed between the walls and floor and roof, sheets 
of expanded steel, 50 centitmetres wide, are bound 
in such a way as to form a complete junction 
between the armouring of the walls and that of the 
floor and roof, and the vertical angles at the four 
corners of the reservoir are similarly reinforced, 
both inside and outside. The roof is carried on 323 
concrete columns, 7.2 in. square, each rein- 
forced with a core of rolled steel of H-section, 
4.8 in. by 2.4 in., and concrete arches are 
carried between these columns in the direction 
parallel to the long sides of the reservoir. These 
arches, known as ‘‘ Golding” arches from the name 
of the originator of the system, are armoured with 
steel channels, 4in. by 0.44 in., bent to a radius 
of 4.15 metres, with their ends supported on angle- 
iron brackets riveted to the steel cores of the 
columns. The centering for these columns is of 
box-section, and made sufficiently strong to tem- 
porarily carry the concrete roof, the flat centering 
of which is supported on the edges of the planks 
forming the centering for the Golding arches ; 
these planks being bolted against either side of 
the channel irons and supporting the roof centering, 
while forming the sides of the troughs into which 
the concrete forming the arched girders is laid. 

The concrete roof is 5.6 in. thick; and as 
it is subject to a downward strain only, it is 
armoured with a single layer of expanded steel, 
which, however, is somewhat heavier than that 
used for the walls and floors. 

The sheets of expanded metal in the roof are 
laid with their ends resting on the concrete 
girders formed by the arches. The centering is so 
arranged that the flat roof and the concrete girders 
supporting it are formed at one and the same time. 
The two end bays of the roof are constructed on a 
somewhat different plan to that described. The roof 
over these bays is 12 in. thick, and is armoured, 
both inside and outside, with expanded steel bound 
to steel girders, 9.6 in. by 4.24 in. These are 
firmly secured at their outer ends to the stanchions 
in the walls, and at their inner ends to the steel 
cores of the first row of roof columns. The thrust 
from the arches carrying the main part of the roof 
is taken up by the heavily-armoured roof of these 
two bays. The stanchions in the side walls and 
those in the end wall, which do not carry the roof 
girders, are anchored to the roof by. steel bars, 
1.6 in. by 0.32 in., with their ends splayed 
and formed into loops which are passed round 
the upper ends of the stanchions, the ends being 
turned towards the centre of the reservoir, and 
bedded in the conerete of the roof. The floor, 
the outside of the roof, and the walls, both inside 
and outside, are rendered with a layer of cement 
plaster 1 in. thick. The floor of the reservoir 
is 3.61 metres below the ground level, and the 
roof is covered with a layer of earth 1 metre in 
thickness. 

Antwerp has often been quoted as a good example 
of a town supplied with water of uniformly good 
quality, although that water is originally taken 
from an admittedly polluted source. This is owing 
to the great care which is exercised in the working 
of the filter-beds and other apparatus used to 
purify the water. We have already alluded to the 
two laboratories which are provided at Waelhem 
and Antwerp. These are both under the personal 
supervision of Dr. Adolf Kemna, the well-known 
authority on water purification, who has for many 
years occupied the position of resident director of 
the company in Antwerp. We reproduce this week, 
on page 820, two photographs of the works at 
Waelhem : Fig. 39 gives a general view of the 
filter-beds, while Fig. 40 shows the engine build- 
ings, and in the foreground the two smaller 
settling-ponds, one of which is being cleansed, this 
operation being carried out every six months. . 

The whole of the work in connection with the new 
pumping-station is being carried out under the 
direction of Mr. T. Perceval Wilson, A.M. Inst. 
O.E., consulting engineer to the company. The 
contract for machinery has been placed with 
Messrs. Richardsons, Westgarth, and Co., Limited, 
of Hartlepool, and the pipes and special castings 
for connecting the new station with the mains were 
supplied by the Société Générale des Conduites 


d’Eau, of Liége; while the contract for the buildings 

/and reservoir was placed with M. G. Van Bergen, 
of Antwerp,;; M. Michel de Braey, architect, of 
Antwerp, being responsible for the design of the 
facade of the engine-house and other architectural 
work in connection with the buildings. 








WEST RIDING RIVERS. 
X.—Tue Law’s Detay. 


Even the driest of controverted subjects has its 
humours, whether in its essence, its aspects, or its 
handling. These, as we all know, do not owe their 
origin to that dry light of truth which philosophers 
have found it much more easy to preach than to 
practice, but rather to its absence, or, speaking 
softly, that sort of everyday truth which drops 
from the zealous suitor, advocate, witness, or, 
indeed, from any other partizan. The quality 
that breeds this kind of truth—a blend of the im- 
perfections of man with his wit or intellect—creates 
its twin-brother in that humour which infuses life 
and spirit into a subject apparently dull ; perfect 
man has it not. Hence, even the forbidding sub- 
ject of stream-pollution has its modicum of redeem- 
ing humour if we can but discover it. 

In dealing with the law’s delay, one of the most 
interesting questions which has perplexed judicial 
minds is whether, under certain circumstances, a 
watercourse may lose its identity by insensible 
degrees, and become a sewer. 


STREAM OR SEWER. 


This subject divides itself into two categories :— 
First, as bearing upon a natural stream ; and 
Second, as bearing upon an artificial cut. 

Though by no means novel, this question has 
come into strong relief of late years, for which two 
causes may be assigned ; one of which is the esta- 
blishment of the Northern Conservancy Boards, 
and the other that béte noire of all sewer authori- 
ties—the definition of ‘‘drain” and ‘‘ sewer,” in 
the Public Health Act, 1875 ; by which, unknown 
to the said authorities, a serious responsibility was 
unjustly added to the ratepayer’s burden. ‘‘ Drain” 
is defined as a drain of, and used for, the curtilage 
of one building only, or of premises within the same 
curtilage, and made merely for the purpose of com- 
municating therefrom with a cesspool or other like 
receptacle for drainage, or with a sewer into which the 
drainage of twoor more buildings or premises occupied 
by different persons is conveyed ; while ‘‘ sewer” 
includes all other sewers and drains of every descrip- 
tion, with a certain exception which need not be 
considered here. It follows, therefore, that in 
order to convert a drain from a single private house, 
within one curtilage, into a sewer, all that is needed 
is to connect another or similar drain with it, 
whether owned by the same person or not. Thus, 
since the year 1875, by the operation of this 
curiously insidious definition, sewer authorities 
everywhere have found themselves saddled with 
new sewers for ever to remain at the public charge. 
The issue was not yielded without a struggle, the 
leading case of Utley v. the Halifax Corporation 
having been decided finally in the House of Lords 
against the Corporation. Given, then, a private 
drain joined by another private drain, and the 
discharge of the joint drain or sewer, as it has now 
become, into a water-course, it is not difficult 
to see how an ingenious adversary may contend 
that a right has thus been created relieving the 
polluter from his responsibility. Hence have 
arisen several cases in which the main issue was 
not the degree of pollution, but the polluter’s right 
or otherwise. 

One of the earliest of these cases arose on the 
Batley Beck, a stream flowing from the borders of 
Tong, in the borough of Bradford, through several 
parishes, the name of each of which it takes in 
turn, and falling into the Calder at Dewsbury. 
The boroughs of Dewsbury and Batley and several 
urban districts, or. parts thereof, lie on this stream. 
In June, 1901, a deputation. of millowners on this 
beck conferred with the Rivers Board at a meeting 
specially called. No less than fifty firms were re- 
presented out of a total of fifty-five discharging 
polluting effluents, and these fifty were united in 
asking for a combined scheme for the treatment 
of the whole of their effluents, at or near the 
outfall of the beck. The scheme was simplicity 
itself. The whole stream was to be enclosed by 


& culvert, nearly 44 miles long, converted into a 








manufacturer’s sewer, and the whole of its waters, 
dirty and clean, commingled and purified at a single 





point without the manufacturers being called upon 


to do a single thing at their separate works. e 
culvert was to cost 100,000/., with an annual: ex- 
nditure of 15,0001. to 20,000/. for treatment. 

f the Rivers Board approved of the scheme, some 
representative board of management was to be 
created which would be responsible to them. It 
was urged in favour of the scheme that separate 
treatment was impossible in many cases ; and, 
further, that in any case the use and treatment 
of the water of so small a stream by so many mills 
in. succession would so harden it as to, render it 
unfit for its purpose. On the wee of the Rivers 
Board, the chief inspector stated that the number 
of mills on the beck was ninety, and not fifty-five, 
and that the work of purifying it could be done at 
less cost without such wholesale combination ; and 
the Board finally rejected the scheme on the ground 
that it was impracticable, and that they could not 
consent to the principle of converting the beck 
into a public sewer. 

It is difficult to see what other decision they 
could have arrived at. 

In connection with the Batley Beck, the case of 
the West Riding Rivers Board v. the Yorkshire 
Indigo, Scarlet, and Colour Dyers, Limited, has 
features of special interest, besides being one of 
the earliest cases in this category. The case was 
tried by Judge Cadman in April, 1902, at the 
Dewsbury County Court. The Board sought an 
order against the defendants, who had branch 
works at ‘Birstall, to restrain them from further 
polluting the Batley Beck. 

One source of interest was the bitterness with 
which the work of river-purification was regarded 
by the manufacturers in the Dewsbury and Batley 
district, which may be regarded as the seat of the 
heavy woollen trade of the Riding. The reason for 
this is not far to seek. No trade has suffered more 
from foreign competition than that of the manufac- 
turer of cheap clothing. A generation of bad trade, 
theoretically a stimulus to invention, economy, 
and the recovery of residuals or waste, sometimes 
creates in practice the stagnation of these quali- 
ties; the discouraged manufacturer too often loses 
heart, his confidence is shaken, and he grudges the 
very means whereby he can best hold hisown. He 
cannot pierce the gloom which hovers over his 
decaying trade, so as to see clearly whence he is 
to be recouped for his outlay. At present there 
are signs that this feeling is changing, largely due 
to the enterprise of a few of the ablest men among 
them—impelled, it must not be forgotten, by the 
steady pressure of the Rivers Board. But such 
has been the spirit for many long years, and here 
itis that the powerful West Riding of Yorkshire 
Millowners and Occupiers’ Assdciation has found its 

eatest field of operations against the work of the 

ivers Board. 

Already an abortive action had taken place before 
the same judge, the Board being non-suited on a 
mere point of order, the judge ruling that the reso- 
lution ordering the prosecution had not been pro- 
perly sealed—a ruling promptly reversed on the 
first appeal. 

It was shown that the stream had been from time 
immemorial, as all streams have been which water 
old centres of population, the receptacle of every 
polluted liquid, trade or domestic, produced within 


its basin. From this sum of liquid pollution the 
sewage of 40,000 people had been largely ab- 
stracted under the coercion of the Rivers rd, 


and was more or less efficiently treated at the 
sewage works of Batley and Birstal, but without 
much apparent effect upon the stream, owing to the 
immense volume of noxious trade liquids still dis- 
charged. : 

It was asked that the discharge of unpurified dye- 
refuse should cease. The pollution was admitted, 
and the Board’s chief inspector estimated the cost 
of the necessary works at 10001. to 12001.; but he 
further suggested that the proper solution would 
be treatment in combination with certain other 
works in the neighbourhood. Two witnesses only 
were called for the defence—both engineers—one of 
whom estimated that seven-ninths of the ordinary 
flow of water in the stream was domestic sewage ; 
and immediately after threw a light upon the value 
of his calculations, by admitting that of some 350 
houses capable of being drained into a system of 
sewage and sewage-disposal works in one district 
above the works, but twenty-five or so were con- 
nected ; and as to the rest he could not say when 
they would be connected. This is an experience 





common to most engineers in respect of districts 
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THE ANTWERP WATER WORKS: FERRO-CONCRETE RESERVOIR AT LUYTHAEGEN, 
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coerced into sewage disposal. The process of 
coercion has often a fourfold sequence. There is 
coercion to get a scheme prepared ; coercion to get 
it sanctioned ; coercion to get it carried out ; and, 
finally, coercion to get it used when complete ; and 
often enough a fifth measure of coercion is needed 
to get the treatment maintained. Evidently the 
experience of the Rivers Board does not support the 
sophistry that force is no remedy.~ Standing as it 
does in the rear of all justice, force is indeed the 
sole remedy against the lawless. 

Samples of the stream were presented to the 
witness—one clear, taken at its entrance to the 
works ; and the other black as ink, taken at its 
issue from the works; at the sight of which the 
Judge begged of counsel not to uncork it in Court. 
The second witness declared that the stream was 








the only outlet for sewage; which indeed may 
be broadly accepted as an axiom in all cases in | 
which a town lies inland, and therefore scarcely 
demanded the authority of expert evidence. . 












































In defence, counsel argued that by long user ard 
excessive pollution the stream was no longer a 
stream, but a sewer, and once a sewer always a 
sewer ; its identity being lost, never could it become 
anything else. 

In reply, plaintiff's counsel said that the fact that 
domestic sewage was discharged into the stream 
was no defence within the Rivers Acts ; and that 
it was apparently argued that as against a moderate 
pollution, the Board had its remedy, but as against 
excessive pollution it had none! In the face of 
the common knowledge of all concerned, that the 
excessive pollution of the West Riding streams 
was the very raison d’étre of the Rivers Act, it seems 
incredible that such a defence should be gravely 
urged in a Court of Justice. 

The Judge’s decision was that the stream was 4 
stream within the meaning of the Act; and the 
pollution being admitted, he made an order for its 
abatement. In reply to defendants’ counsel, he did 
not feel called upon to find whether or not the 
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stream was a sewer within the meaning of the charge of the effluent was admitted. It was, how- stream; and there was abundant evidence to’ sup- 
Public Health Act, 1875. This indecision led to ever, argued, on the part of the appellant, that the port the finding. The Cours was therefore of 
further litigation. judge had not found in terms that the stream was opinion that the appeal should be dismissed with 
In November, 1902, an appeal from this judg-| not a sewer; that the finding was ambiguous; and | costs, there and below. ; 
ment came before the Lord Chief Justice and | that either the case should be decided in favour of From this case we see that the scales of justice 
Justices Wills and Channell, sitting as a Divisional | the company, or sent back for a new trial. The | are so exquisitely poised that a judge may decide 
Court, who delivered judgment in the following | Court was, however, clearly of opinion, after look-| that a stream is a stream within the meaning 
month. The Lord Chief Justice said there was | ing through the judge’s notes, that the point that of the Act, yet may doubt whether it is, or 
abundant evidence that the channel into which the | this was a sewer and not a stream was clearly is not, a sewer within the meaning of another 
polluting effluent flowed was a watercourse drain- | raised before him, and that he intended to find, | Act. Here is one source of the law’s delay. But 
ing a large area of its surface water, and the dis-|and did find in fact, that the watercourse was a|in January, 1900—nearly three years before the 
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final judgment, a hitch had occurred by the refusal 
of the Local Government Board, upon a mere 
technical point, to give the necessary assent to 
proceedings against this firm. . This refusal affected 
some scores of millowners along the eight miles of 


the Batley Beck, and induced the belief that the 


West Riding Rivers Board could take no further 
effective steps under their present powers, but 
must needs apply to Parliament for some extension 
of their pi 2 Re Notices and remonstranceg, 
many times repeated, had already consumed years 
when the three years of litigation were entered 
upon. 

TTeibediasely after the delivery of the judgment 
in the case of the Yorkshire Indigo Dyers’ Com- 

any, the line of defence with regard to the Batley 
Beck changed. On March 11, 1903, the case of 
Messrs. Sands, Wilson, and Co., which had been 
suspended for two or three years, came before 
Judge Cadman. The offence was pollution by 
soap-suds, wash-off water, and dye-water. The 
Board’s counsel proceeded to any that the neces- 
sary resolutions to prosecute had been passed, and 
sanction obtained by the Local Government Board, 
when it was objected that it rested with the Rivers 
Board to prove that the meetings at which the 
resolutions were d had been properly called 
in accordance with the standing orders. This 
objection was overruled by the judge. The defence 
was that the only evidence against the defendants 
was that in December,-1900, they had discharged 
noxious effluents; that the alleged polluting 
effluents since seen had not been chemically 
tested, and that therefore there was no evidence 
of present pollution ; and counsel further submitted 
that the Rivers Board ought to have commenced 
their. prosecution at the first mill on the stream, 
and not, the tenth, as in this case; that 'im- 
provements had been made in the treatment of 
the effluents ; and that inasmuch as a Royal Com- 
mission was then sitting on the question of tradé. 
efiluents, and also a conference of West Riding 
authorities projected, it would be unfair to con- 
demn the defendants. If the judge thought a case 


that sewage had been discharged for a number 


of years into a watercourse . . . . was not of itself 
sufficient to turn the stream into a sewer.” His 
Lordship came to the conclusion that the justices at 
Quarter Sessions had wrongly directed themselves 
in some matter of law; but having regard to the 
evidence, it seemed to be by no means clear that 
the justices did consider whether certain por- 
tions of the watercourse already referred to had 
been treated as a sewer. It seemed to him that the 
matter on which they had placed some reliance— 
namely, the covering over of the drain—was wholly 
immaterial, unless that covering over had been done 
by the local authority in order to turn the water- 
course into a sewer. He thought the case really 
required further investigation, and therefore the 
Court ordered a new trial, with the view that the 
true position of that part of the watercourse might 
be considered. 

The case was accordingly sent back for a new 
trial, the costs to abide the event. Much evidence 
was given to prove that the beck could not be other 
than a sewer, but none to prove it was a sewer ; 
thus showing how easy it is to prove a negative 
when it is so desired. Gaugings were produced to 
show how little water and how much sewage got in. 
The inhabitants’ drains were counted up, with the 
gallons per head; but, as the Lord Chief Justice 
had already said in the appeal, ‘‘ You can do any- 
thing with these propositions by calculating heads 
and number of gallons: it is of very - little 
use.” The culverting of the watercourse by 
landlord and tenant, farmer and millowner, to gain 
land, building room, and the safety of cattle from 
& poisonous stream, was adduced from the earliest 
records. Evidence was called from the vestry, 
but did not establish the authority of a vestry over 
sewers. As a highway authority, they had cul- 


‘verted the beck, but for highway purposes only, 


at stream crossings. Each and all culverted. for 
their own purposes. Even the excellence (?) of 
water polluted by sewage for scouring purposes was 
used as an argument that the stream was no longer 
a stream but a sewer ; in which case nearly all the 


had been made out, he (counsel) would ask that tlé}streams of industrial England have been trans- 


present proceedings should be adjourned to await 
the result of the Commission and the conference ; 
or, instead thereof, that the judge should appoint 
a qualified person to view the works, and report as 
to the most satisfactory method of treating the 
effluents. 

Not a word was said as to the stream’s identity 
being lost in the sewer. 

The judge could not assent to the defendants’ 
proposal. He was satisfied that they were pollut- 
ing the beck; and if they would give an undertak- 
ing to bring about the desired change within six 
months, he would suspend the order he was going 
to make for that time. No appeal followed. In 
this case the volume of obnoxious liquids discharged 
was estimated at 70,000 gallons per day, and the 
pressure of the West Riding authorities had been 
applied for thirteen years. 

A more complex case was that of Messrs. 
Reuben Gaunt and Sons, owners of the Spring- 
field Mills, Farsley, on the Farsley Beck, be- 
tween Leeds and Bradford. The defendants were 
convicted of polluting, at Petty Sessions, but 
the. justices at Quarter Sessions set aside the 
conviction on the ground that the beck was a 
sewer. The Rivers Board appealed to the High 
Court of Justice, and the case came before the 
Lord Chief Justice and Justices Wills and Channell, 
after their decision against the appeal of the 
Yorkshire indigo dyers. The contention was the 
same. The stream, it was alleged, had become a 
sewer. In delivering judgment the Lord Chief 
Justice said ;—‘‘ There was no doubt that a natural 
stream might cease. to be a stream, and might 
become a sewer into which certain persons might 
acquire rights of drainage. If the channel had been 
used for a number of years for the conveyance of 
sewage, it might undoubtedly become a sewer, as in 
the case of Falconer v. South Shields Corporation ; 
and. if, even although the natural flow of water had 
not whelly ceased, a watercourse had for a number 
of years been treated by the sanitary authority as a 
sewer, and persons had been allowed as of right to 
connect their drains with it, it seemed to him to be 
quite possible that the local authority might not be 
able to set up (to prove ?), as against persons con- 
tinuing to drain into the sewer, that it was not a 
sewer. The fact that the sewer discharged into a 
watercourse did not deprive the owner or occupier 
of such right. On the other hand, the mere fact 





formed into sewers. With the like futile sequitur 
it was also argued that permission to turn a drain 
or a cesspool overflow into a stream robbed the 
stream of its identity. But no evidence was forth- 


‘coming to show that the sewer authority had exer- 


cised right of ownership over the watercourse, and 
that such rights were admitted. Probably it may 
not be law, but to the lay mind both these points 
seem to be involved in the conversion of a stream 
into a sewer. If the authority have gained a sewer, 
have not the riparians lost a stream? Have they 
any longer the right to the user of the waters flow- 
ing in its channel, or any redress against abstrac- 
tion of such water? The contents of a sewer are 
sewage. Can a sewer authority be restrained from 
abstracting its own sewage? This point of view 
does not seem to have been raised ; and as we have 
already said, it may not be law, but to the mere 
layman it seems conclusive. 

In the case of Falconer v. South Shields Corpo- 
ration it was proved that all the water from natural 
sources had been diverted from the channel ; in 
short, that it was a disused section of the stream. 
As a consequence, the plaintiff made good his 
contention that the stream-course had become a 
sewer. 

The justices’ decision was that the Farsley Beck 
was a stream and not a sewer. The appeal was 
dismissed, and the conviction and order of the 
Petty Sessional Court confirmed, with costs. 

In his argument before the justices, counsel— 
Mr. Danckwerts, K.C.—explained that the main 
reason for the judgment of the Court above in 
sending back the case for re-trial was a peculiar 
mistake of the Lord Chief Justice, who seemed to 
have thought that an old town’s drain was at one 
time the beck ; which was not the case. 

A third case—that of the Syke Ing Mill Com- 
pany—was settled without appeal. It came before 
Judge Cadman at the Dosbiey County Court, in 
March and April, 1903. This case had interesting 

ints of difference from the others. The stream, 

nown as the Chickenley Beck, came pure to the 
defendants’ mills, in which blanket and rug manu- 
facturing was carried on, with the accompaniments 
of wool-washing and dyeing, and it issued from 
them ‘‘ thicker than pea-soup.” The purity of the 
stream above the mill had only been accomplished 
in the previous year by the diversion of a tempo- 
rary sewage outfall, belonging to the Ossett Cor- 





poration, from the stream into a new outfall sewer 
designed for that purpose. This temporary outfall 
had been in use about twenty-two years. Further, 
the urban district in which the mill was situated 
Soothill Nether—had some years previously carried 
out a complete scheme of main drainage at the 
instance of the Rivers Board, having for its object 
not only the diversion of all sewage from this beck 
and all others within its district, but the reception 
into the sewers of all trade effluents under certain 
regulations. In short, the authority aimed at the 
complete purification of its natural streams. It was 
shown that the flow was perennial, and was the 
drainage of a large area of laid. For the defence, 
many. sheets of elaborate «calculations were pre- 
sented as to pit water and rainfall and their re- 
spective flows, which were admitted to be erroneous, 
and in the judge’s opinion discounted their evi- 
dence. His decision was that ‘‘the stream, so far 
down as the defendants’ mills, had not ceased to 
be a stream, the natural flow not being cut off, nor 
the old channel used merely or mainly for the con- 
veyance of sewage; nor had the Ossett Corpora- 
tion, though using it for a temporary a gw from 
1880 to 1902, treated it as a sewer. or had the 
defendants been allowed as of right to connect their 
output of trade effluents with it.” 

After the decision in this case the judge was urged 
to make no order on the plea of pending legislation 
on the question of trade effluents; and, after an 
argument, consented’ to adjourn the application for 
the order sine die, with liberty: to‘ apply. 

Probably no case of the kind was ever presented 
in a court of justice with a basis more frail and 
unsubstantial wherewith to satisfy a judge that one 
of the most difficult operations ‘which can happen 
had actually happened—namely, the conversion of 
a natural stream into a sewer, not by act or grant, 
but by the mere accidents of time: a conversion 
which, as we have said, seems to involve not only 
the imposition of a heavy burden upon the public, 
but the loss of the riparian rights of the private 
owners. Indeed, it appears in its essence a reck- 
less attack upon such rights. Such a defence, it 
would seem, could only emanate from an associa- 
tion or pseudo-corporate body, which has no soul to 
save nor body to be punished; organised not to 
defeat the law finally, but to enable each member 
to gain a little by staving off the day of reckoning 
which they know must come sooner or later. 

In the further postponement of justice which 
followed the inevitable conviction in this case the 
same spirit is manifest. After long years of delay, 
pretext, and obstruction, still further delay is 
granted, with ease, as it were, on the pretext of 

nding legislation. Yet such pending legislation 
tie merely to compel all districts to do that which 
the Soothill Nether district had done voluntarily 
—that is, to receive trade liquid pollution into the 
sewers on terms, it is difficult to understand the 
ground of the pretext. Truly, the Cromwellian 
appellation of ‘‘ waiters on Providence” is well 
applied to these men of the West Riding, and— 
though low be it spoken—even to the bench itself. 
Nevertheless, feebly as the prerogative of justice has 
been exercised in. this case, it is clear that, coming 
as the sequel of many defeats, it has loosened the 
bonds of the Millowners’ Association, since no appeal 
followed this decision. But the Rivers Board de- 
clined to accept the laissez-faire conclusion, and 
forthwith applied to the judge for his final deter- 
mination, with a view to an appeal if the course of 
justice was to be arrested thus. Under this pres- 
sure, ap order was issued to take effect if the 
necessary works were not carried out within six 
months. Like water, the pressure of the West 
Riding Rivers Board extends equally on all resist- 
ing surfaces. 

The fourth and last case in the conflict of stream 
v. sewer we propose to present falls within the 
second category—that of an artificial watercourse, 
or a channel claimed to be such. It is also the 
most recent. This also was tried in the Dewsbury 
County Court on April 29 last. The defendants 
were Messrs. A. Preston and Sons, rug and blanke 
manufacturers. Here again the offence was ad- 
mitted, and the defence set up was privilege—that 
is, that the channel was not a stream, but an old 


artificial watercourse, now a sewer. The district 
was also that of Soothill Nether, in which trade 
effluents are admitted to the sewers ; and it was 
proved by the Board that a junction had been = 
in ‘the main outfall sewer, which extended — 
the defendants’ premises, to receive the mill 
effluents after proper regulation and settlement ; 
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that several years previously the defendants had 
promised to divert their effluents from the water- 
course; and that their next neighbour below had 
long since diverted his from the same water- 
course. The origin of the watercourse was un- 
known, and might have been to convey clean water 
to a mill below, or foul water from a mill formerly 
existing on the site of the defendants’ mill. The 
judge has not yet given judgment, haying reserved 
his decision. me SSR, 


(To be continued.) ~~ * 
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CASTING-MACHINE. © \~S 

WE illustrate on page 813 four views, reproduced 
from photographs, of a patent casting-machine, which 
has been designed to do away with the use of sand 
moulds madefrom patterns. The machine is constructed 
by the London Emery*Works Company, Limited, 
58H, Hatton Garden, E.C.,and possesses some features 
of interest. oe 

Although. casting-thashines have been in use for 
several years inthe’ manufacture of pipe specials and 
similar work, the ‘machine we illustrate is well adapted 
to other kinds of work, such as brake-blocks, railway 
chairs, &c., and there a rs to be no reason why it 
should not be utilised for producing a variety of cast- 
ings. By this machine, a are made by pouring the 
molten metal into chill-moulds, but, unlike other chill- 
mould castings, the metal does not become hard, and 
can be easily machined. This result is obtained by 
having the inside of the chill-mould lined by a. special 
composition, which prevents any change of temper 
in the metal. 

Referring to our illustration, it will be seen by Fig. 1 
that the chill-moulds are in halves, each half being 
fastened to the revolving adjustable plate. In the 
case of pipe-work, after the cores are placed in the 
moulds the upper half of the mould is laid upon the 
lower one, and the plates to which they are fastened 
are clamped together, as shown in Fig. 2. When the 
plates are securely clamped they are turned into a 
vertical position, as shown in Fig. 3, and the metal is 
poured in. When the metal is properly set the two 
halves of the chill-mould are parted, and the lower 
half tilted over into the position seen in Fig. 4, and 
the castings fall out. The entire operation occupies 
about four minutes. 

If a sufficient time be allowed to pass between the 
production of each casting, the process can be carried 
on continuously ; otherwise the mould will become hot, 
and will have to be left for a while to cool. It is 
therefore advisable that, wherever possible, a number 
of machines should beemployed. The composition for 
lining the moulds is said to last for a considerable 
number of castings, and is renewable at a slight cost. 

We have examined some castings made by this 
machine, and noticed that they were very clean and 
regular, and much superior to those cast in ordinary 
hand-made moulds. 








THE BOARD OF TRADE AND CONSTRUC- 
TIVE ENGINEERING. 
To THE Eprtor oF ENGINEERING. 

Sir,—Your interesting and appropriate leader in last 
week’s ENGINEERING on the above subject is delivered at 
a time when it is most urgently required, in so far that 
it raises a very important question, and one which con- 
cerns everybody, more especially the travelling public. 

Being a disciple, and therefore an admirer and advo- 
cate, of the turbine system of engines for fast steamers, 
and taking a very great interest in their development, I 
have read the ‘‘Shipping Survey” report and verdict in 
connection with Messrs. Denny’s appeal against the re- 
fusal of the Board of Trade to grant the necessary de- 
claration for a passenger certificate for the turbine 
steamer Princess Maud, with muc': interest. The basis 
of the trial was a question of safety, and it was therefore 
the comprehensive duty of the Board of Trade to take the 
broadest view possible of the whole matter, and to make 
sure that there was no shadow of doubt as regards the 
strength of the condensers in question. 

Thesubject to my mind was only semi-discussed, and 
should have been tried by jury, so that it might have 
received the justice it so well merited. 

The point in question is, Is the turbine engine as at pre- 
Sent constructed as safe as the reciprocating engine under 
the same conditions—/.e., when it is at rest, and also when 
maction? I say it is not, and will endeavour to prove it. 
The marine reciprocating ‘ee 0 in its present-day form 
1S a very safe type; it is not liable to dangerous accidents, 
even with maximum carelessness. In its desiga and con- 
struction it apt ioe Sree the greatest possible care 
of itself. The steam, on being admitted to the reciprocat- 
ing cages, is controlled and distributed on its 
through the engines by the positive action of the slide- 
valves during t e process of expansion on its way to the 
condenser, and is further taken care of by the action of 
cylinder and receiver, escape orsafety-valves; and whether 
in motion or at rest, it is an impossibility for a dangerous 
accumulation of steam to take place’in the condenser, as 
1s well known to all engineers. _ Should any abnormal 
circumstances occur, such as a breakdown or stoppage to 


the circulating pump, the steam would then find its wa: 


the engineer’s attention:to shut down the main stop- 
valve. par even should -it be possible.for ,stearn to con- 
tinue to through the engines, it would be absolutely 
impossible for it to rise in pressure much above the atmo- 
sphere inside the condenser. Z , 
_ On the other hand, with the turbine engine the case 
is somewhat different, as I will briefly explain. Under 
the same conditions and fitted with the same principle 
of condenser and air-pump as the steamer in question, 
if the eine Peete breaks down or stops, the steam 
would then rush direct to the condenser, and there is 
every probability of the pressure rising in same. The 
steamer in question, the Princess Maud, is fitted with 
two condensers and two circulating pumps, but, never- 
theless, even with both condensers connected, the one 
-would have plenty to do to condense its own expanded 
steam without being harnessed ‘with live steam from the 
other condenser, hence the chance of a pressure arising. 

But these condensers can be made as safe in the turbine 
asin the reciprocating engine by simply fitting one or 
two safety-valves in series on the body of the turbine, 
and also one on condenser. I am, therefore, surprised 
that Messrs. — for the sake of their own reputation 
and the safety of the travelling public, should have raised 
any objection to the suggestion of the Board of Trade to 
put in a stay or two and test the condenser to 30 lb. 

With reference to the elucidation .of evidence brought 
forth at this very important op pad it bulked 

ely of one-sided selfishness, and must ‘have been very 
trying, to the patience of the judge, more especially 
when it was suggested by some of the witnesses ‘‘ that the 
engineer of a reciprocating engine” might, when —_ 
the engines, “‘ temporarily screw down the tail valve, an 
an accident might in consequence.happen in his absence.” 
Now, Sir, this, to my mind, is rather wandered evidence, 
and is about the last thing on earth that an experienced 
engineer would resort to; in fact, it would be after the 
fashion of wedging down the safety-valves on the boiler. 
The engineer who would think of, or propose, such an act 
of. diabolical danger would at once be called upon to 
surrender his certificate. 
_ It is well known that:a flat surface exposed to a burst- 
ing or collapsing force is much weaker than an ‘arched or 
domed surface, and should:be stayed, and, wherever prac- 
ticable, be curved. 

T have been constrained thus to address you, seeing the 
survey was pro bono publico. I have a fellow feeling for 
the resident-engineer-surveyor who was doing his duty as 
a surveyor to the Board of Trade, and I admire his manner 
aes the whole case. But taking the broadest view 
possible of the whole ‘survey, I have come to the con- 
clusion that there has been too much shuffling on both 
sides, and an absence of expert evidence on one side 
—— the whole inquiry, and the question might 
have m settled by compromise instead of compulsive 
action. 

I am, Sir, yours sincerely, 
At present only a ReciprocaTine ENGINEER. 

[What is to prove steam blowing through the air- 
pump valves (which would thus act as relief valves) in the 
case of the turbine engines, just as it would in the case of 
reciprocating engines ?—Ep. E.] 








INTERNAL-COMBUSTION MOTORS. 
To THE EpiToR OF ENGINEERING. 

S1r,—The indicator diagrams, Fig. 23, page 696, appear 
to me to show that the length of the stroke of the engine 
(or the reducing gear me less the earlier the igni- 
tion! As, of course, this is absurd, perhaps Mr. Dugald 
Clerk would kindly explain the reason of this peculiar 
appearance in the diagrams. 

T an, Sir, your obedient servant, 
C. A. St. Gzorcke Moore. 

Frodsham, Warrington, June 4, 1904. 





To THE EpiTor or ENGINEERING. 
Srr,—I noticed in your issue of May 27, page 747, a 
letter from Mr. F. Edwards calling attention to Fig. 23, 
illustrating Mr. Dugald Clerk’s ‘‘ James Forrest Lecture” 
on internal-combustion motors, published on page 696 of 
ENGINEERING, of May 13. Mr. Edwards has, evidently, 
doubts as to the correctness of the interpretation of the 
indicator diagrams shown in this figure, and I think his 
doubts are — justified. The point raised is such an 
important one that I hope Mr. Dugald Clerk will give it 
attention. So far as I can see, his deductions from these 
diagrams are quite unwarranted. 
I am, yours truly, 
Manchester, June 6, 1904. LANCASTRIAN, 








REFUSE-DESTRUCTION AND HEAT- 
UTILISATION. 
To THe Eprror or ENGINEERING. 

Srr,—In the very interesting paper having reference to 
the works at Shoreditch, which Mr. C. Newton Russell 
contributed to the Institution of Mechanical Engineers, 
and which appears in your last issue, a slight error has 
been made in connection with the utilisation of clinker 
for the making of paving slabs, and it is stated that the 
only pressing-machine in use at. the present time is that 
belonging to the Hornsey Council. : 

I wish to correct this statement, as the dealing with the 
residuum from the furnace is a matter in which I have 
been deeply interested for peg omg So long agoas the 
year 1882, when I erected at Ealing the first destructor 
which was put up'in the South of England, I have made 
artificial stone in one form or another. In the year 1885 
clinker was used in connection with its manufacture, and 
in the construction of our Isolation Hospital the slabs, 
window-sills, heads and mullions, copings of walls, &c., 





through the. air- ump 
of course, throug 


valves to:the atmosphere, and, 
the tai] valve, and would at once draw 





were all made of clinker. A considerable amount of 


For some three years a press by the same makers as the 
Hornsey press, but probably a somewhat improved model 
(as the result of experience), has been installed at the 
Ealing works, the outcome of this press at the present 
time being from 100 to 120 slabs per diem. No facing 
material whatever has been used, and I can corroborate 
the statement. that this clinker —_ is equal to any 

ving that we have previously laid « has, and at one- 

f the cost. 

Iam induced to call your attention to this, as I am sure 
both my friend, Mr. Lovegrove, and myself, are only too 
anxious to bring about the utilisation of the clinker, and 
so, to some extent, increase the value of the refuse- 
destructor. 

I should add that the Ealing clinker is exceedingly 
hard, which may be attributed to the fact that the refuse 
is burnt for a somewhat longer period than in most dis- 
tricts ; and as I also burn all my sewage sludge, which has 
been precipitated under the lime process, I have doubtless 
an advantage in this respect over districts where house 
refuse is the only material consumed. 

CuaRLEs Jonss, M. Inst. C.E., 
Borough Engineer and Surveyor. 
Town Hall, Ealing, W., June 7, 1904. 








THE COST OF ELECTRICAL ENERGY. 
To THE EprTor OF ENGINEERING. 

Srr,—Referring to the special article upon the above 
subject by Mr. Addenbrooke, in your issue of June 3, 
may I be allowed to point out that the author hardly 
gives sufficient place to the economies possible by the 
more efficient working of the boiler plant in electric 
generating stations ? 

From special tests and inquiries I have made during 
the last twelve months, I am convinced that from 10 to 
20 per cent. of the fuel burned in these stations at the 
present time is practically wasted, owing to the absence 
of any scientific check upon the admission of air to the 
furnaces. 

Yours, &c., 
_ Joun B. C. Kersnaw, F.1.0. 

The West Lancashire Laboratory, Liverpool. 








MERCHANT SCOUTS. 
To THE Ep1ToR OF ENGINEERING. 

Srr,—Having read the interesting correspondence on 
** Merchant Scouts ” ee in your columns, I trust 
that the question will be more fully discussed before it is 
allowed to close. 
No doubt Mr. Edwards has stated the case for merchant 
scouts very fully, but there must be points on both sides 
of the question which have not yet been onan out, 
and which may occur to your readers. One such argu- 
ment has occurred to me—viz., that in the event of the 
proposed system being adopted, and having been in 
operation for some years, there would have been called 
into existence a number of fast and useful vessels, origi- 
nally built under Admiralty supervision, and although by 
that time superseded by faster and more modern es 
would still be able, on emergency, to be conver to 
Admiralty service. The subsidised period having expired, 
they would not be costing the country one penny ; they 
would, in fact, be in an analogous position to men -who 
have completed their term of service with the colours, and 
have — into the reserve. ’ 
Such a reserve fleet of merchant auxiliaries might prove 
of inestimable service for scouting or transport purpose 
when other more modern ships had been disabled. There 
need be no fear of vessels whose period of subsidy had 
expired being sold to foreign nations, as that point is 
covered by the original conditions under which the subsidy 
is granted. 


June 7, 1904. 


Your obedient servant, 
GLascow, 








THE PRODUCTION AND THERMAL 
TREATMENT OF STEELIN LARGE MASSES. 
To THe Eprror or ENGINEERING. 

Srr,—Had Mr. Windle read my paper a little more 
carefully, he would have noticed that the results given in 
Table I. referred to a particular specification—viz., 48 
to 56 tons ultimate stress. He would then possibly have 
refrained from offering for comparison the tests of tyres 
that must of necessity have been rejected, owing ta their 
being outside the limits of that specification. 


Yours faithfully, 
Sheffield, June 7, 1904. Cosmo JOHNS, 








Tin-PLATES IN THE UNITED States.—The imports of 
British tin-plates into the United States experienced a 
very t contraction during the ten years ending with 
1902 inclusive, in consequence of the growth of American 


home production. This is shown by the annexed table, 

illustrating the imports and the American home pro. 

duction :— * ons ‘i 

m m ome 

Year Great Britain. Production. 
1893 628,095,497 123,606,707 
1894 453,880,341 166,343,409 
1895 607,075,599 254,611,395 
1896 383,882,250 359,209,798 
1897 229,208,495 674,779,520 
1898 170,872,183 732,289,€00 
1899 107,831,639 808,860,000 
1900 147,321,985 677,969,600 
1901 116,829,475 894,411,840 
1902 197,232,667 819,840,000 


British exports of tin-plates to the United States attained 
their maximum in 1891, when they amounted to 
1,032,531,124 lb. In 1882 they stood at 429,610,384 ib., 





paving laid in situ has also been made, 





and in 1872 at 196,012,092 Ik, 
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CRANE NAVVY. 
CONSTRUCTED BY MESSRS, RUSTON, PROCTOR, AND CO., LIMITED, ENGINEERS, LINCOLN. 
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A 
WE illustrate on this and the opposite pages a new 
form of excavating-machine, which the manufacturers, 
Messrs. Ruston, Proctor, and Co., Limited, of Lincoln, 
calla crane navvy. It has been designed with the object 
of having a more varied capacity than the ordinary well- 
known standard type of excavator made by the same 
firm. The standard type will, however, still maintain 
its superiority for heavy work. 
The special advantage claimed for the new machine 
is that, being on the crane principle, it will swin 
through a complete circle, so that wagons may be filled 
at the back ; owing to which it can work in cuttings of 
restricted width, where it may be impracticable to 
marshal the wagons alongside. Having all the neces- 
sary motions, it can be used when desired as a locomo- 
tive crane. For forming and cleaning out the bases of 
the slopes of a enw the machine is well adapted, 
the bucket arm being fitted with patent racking gear, 
by means of which the bucket can be advanced or 
drawn back, during the cut, with great facility. 
The great advantages also of freedom from break- 
down and facility for repair have been particularly 
kept in mind in the design of the new machine. 
Excavating in all kinds of material, from sand to 
hard clay, necessarily throws varying and _ intense 
shocks on the working parts, for which special provi- 
sion has been made by friction devices; and where 
strains must be rigidly met, as far as possible a bolt or 
some unimportant part is arranged as a ‘‘ breaking 
iece.” 
. The truck, or lower framing, is built of strong steel 
irders, steel castings, and plates, and carries two sets 
of travelling-wheels. The inside wheels, which are 
fitted with rolled steel tyres, can be set to the 
standard or any convenient gauge. The outside, or 
broad-gauge, wheels carry the machine when it is 
used for excavating, and enable the work to be 
done safely when the jib is at right angles to the 
rails, The top of the carriage is turned to receive the 
slewing-ring, which is of large diameter, and is made 
so that it can slip round on its bearing should the 
upper part of the machine, when swinging, be stopped 
or reversed too suddenly. 
The bed-plate is a massive casting, carrying at the 
back a heavy water-tank and balance-box, and the 
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engines and gearing are mounted on the bed-plate and 
arranged horizontally to keep the centre of gravity of 
the machine low. All parts can be easily taken down, 
and, to facilitate repair, the details on the engine 
countershaft are in Tascen: The engines are fitted 
with link-motion reversing gear, and can quickly 
reach a high speed, 


The gear-wheels are of cast steel, and brass-bushed 
where desirable, The winding-gear is single-purchase, 
and the main drum is driven . means of a friction 
drive, which enables the wheels to remain in gear 
and the load to be thrown on and off with the 
engine running at full speed, so that time is saved at 
every cycle of operations, and breakages are avoided ; 
a further great advantage being that when the bucket- 
teeth come into contact with a boulder, the friction- 
drive slips and modifies the shock, which, of course, is 
impossible when a ‘“‘ jaw” or :like clutch is used. A 
epg brake is provided, so that the load can be 

eld in position or lowered with little effort on the 
part of the driver. 


The machine is strongly constructed, of steel plates 
and angles, and fitted with a ‘‘ derrick ” motion for 
altering the working radius. This consists of wire 
Tropes passing over pulleys on to drums which are on | 
the :main bed-plate, and driven by worm gearing, so as | 
to be self-sustaining. <A good view of the general | 
arrangement of the machine will be gathered on refer- 
ence to Fig. 1, 

The patent bucket-gear consists of a steam-cylinder 
of large diameter fixed inside the machine, so as to be 
well protected from the stones which are projected 
When blasting, and also from injury when slewin 
round. The piston-rod of this is connected by a bal 
joint to an inside -rack running in guides and pro- 
vided with buffers. This rack rs into a pinion on 
& cross-shaft, on the outside of which other pinions 





gear into racks on the bucket-arm. In this manner | 'T 





hot only is the cylinder well protected, but a number 


Fie. 5. 


of joints in the steam-pipe are avoided. Either the 
driver or the crane-man can operate the bucket-gear. 
The arrangement is shown in detail by Figs. 2, 3, 
and 4. 

The bucket is of 2 cubic yards capacity, of stout 
steel plates and angles, with hardened teeth, and 
provided with shackles for altermg the ‘‘dip” or 
tilt” of the cutting-edge. The bucket-door auto- 
matically closes when the bucket is lowered in pre- 
paration for the succeeding cut. 

The beiter is of the vertical cross-tube type. The 
machine illustrated is the 12-ton size, weighing about 
41 tons in all, and has been submitted to exhaustive 
tests on a railway cutting, and found to be very handy 
and capable of a large output. It has repeatedly 
filled ten wagons, each of 44 cubic yards capacity, in 
15 to 16 minutes. It will excavate a face 22 ft. deep 
and drive a gullet 34 ft. wide at the bottom and 54 ft. 
wide at the top. 

A posit net iron shelter is provided, and all levers 
are placed in line, so as to be’as convenient as possible 
for the driver, and-the travelling-gear is steam-driven, 
with the usual forward and reverse motions. Fig. 5 is 
from a photograph, and shows the excavator at. work 
on the face of a cutting. 








Beaian Raits.—The exports of rails from Belgium in 
the four months ending April 30 of this year were 57,526 
tons, as compared with 81,680 tons in the corresponding 
period of 1903. Iron rails were also exported to April 30 
of this-year to the extént of 414 tons, as poretnncrs g with 
260 tons. 

Parts MetropouitaN Raitway.—The length of line 
in working upon this system last year was as follows :— 
From January 1 to January 30, 10? miles; from January 30 
to April 1, 143 miles; from April 2 to November 4, 
15 miles ; and from November 5 to December 31, 158 miles. 
he revenue collected for last year was 705,067/., of which 
691,6347. was derived from passengers and 13,433/, from 








radvertisin , automatic apparatus, &c. The working 
expenses for the year were 303,082/., and 227,746/. was 
payable to the municipality of Paris. A terrible accident 
which occurred in August, 1903, involved charges for 
compensations and repairs to the amount of 46,0002. 
This lamentable incident has now been almost entirely 
disposed of ; but five compensation claims still remain to 
be adjusted. Including 19,5797. brought forward from 
1902, and some other items, and allowing 25477. for other 
claims payable by the company, the working for 1903 
showed a final net balance of 151,434/. After making 
sundry statutory allocations, the council of administra- 
tion proposed and carried a dividend of 6 per cent. 
for 1903, a reliquat of 20,6317. being carried to. the 
credit of 1904. At the close of 1903 the company 
owned 132 auto-motors, 109 first-class carriages, and 
221 second-class carriages. Improvements are now 
being carried out in rolling-stock, with the view of 
duckies and suppressing causes of, fire and rendering 
short circuits innocuous. The objects aimed at are, first 
to secure the complete isolation’ of. all the electrical 
apparatus of trains in an incombustiblo cabin; and, 
secondly, by the adoption of a system of multiple unit 
traction, to reduce to safe intensity the, currents 
circulating in the wiring. The use of bogie carriages 
is also expected to prove an element of security y 
facilitating the passage of curves. The rolling-stoc 

ordered upon these bases now comppises 167 auto-motors, 
28 first-class carriages, and 28 second-class carriages. 
When the transformation—which can only be carried out 
by degrees—has been completed, the normal composition 
of trains upon line No. 1 will be seven carriages, of which 
three will Ce heaton, and upon line No. 2 six carriages, 
of which three will be motors. Line No. 3 will be 
worked by trains of five carriages, all fitted with bogie 
trucks, and three of them motors ; the carriages, it should 
be added, will be from 40 ft. to 45 ft. long. As the com- 
pany’s system, when fully complete, will comprise about 
21} miles of line, the council of administration has 
deemed it advisable to proceed with an e ment of 
the Charonne workshops, where the repair and mainten- 
ance of the greatly extended rolling-stock will be under- 
taken. Theexpenditure made by the company on rolling: 





58 
.tock to the close of 1903 was 456,687, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 2. 

A QUIETER tone prevails throughout the iron and 
steel industry, due in large measure to the increasing 
evidences of growing productive capacity. The recent 
records of bank clearings show that business is still 
depressed, and the net earnings of railroads show no 
change over a week or two ago. For the first ten 
months of the present fiscal year railroad net earnings 
are ahead of same ten months of the previous fiscal 
year; but the margin is declining. 

Trade conditions are observable in dividend disburse- 
ments month bymonth. Thedisbursements of a given 
list of recorded corporations for June will be 15,600,000 
dols., against 18,000,000 dols. a year ago, and 
20,000,000 dols. two years ago. This is a fair indica- 
tion of the trend of affairs in business. Prices do not lag 
correspondingly as they did before the time when trade 
combinations exerted such a powerful influence. Still, in 
several lines a strong depressing influence is at work. 
The railroad companies, instead of attempting econo- 
mies through wage reductions, are discharging surplus 
labour. Upwards of 75,000 men have been laid off 
within a short time, which represents an annual with- 
holding of 400,000,000 dols., including cost of appli- 
ances and equipment. It will not take a long time 
for the railroads to even up accounts at this rate. 
There are evidences of labour unrest also at various 

ints. 

The steel industry is creeping along without much 
to call for comment. Capacity has been reduced, and 
the reduced capacity is not fully employed. Several 
blast-furnaces have blown out, and prices for crude 
iron sagged during the past week. Finished materia] 
is held pretty closely to list prices. Crude steel— 
that is, billets—is weakening, and all that is sold, 
except the portions called for in small lots, is sold on 
a sliding-scale, which nets the makers 2 dols. to3 dols. 
per ton less than the established price. Copper is 
still engaging much attentiou. Since May 1 exports 
foot up 11,614 tons. Prices here are to-day relatively 
higher than in Europe. 

‘he listing of pig-iron warrants on the New York 
Exchange is not favoured by the heavy producers in 
the Shenango and Mahoning Valleys, and they have 
taken occasion to condemn the movement as detri- 
mental to the best interests of all. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
oho. my Pig-Iron Market.—The market was firmer on 
Thursday, but dealing continued on a small scale. Cleve- 
land closed 14d. per ton up. The official report of the 
forenoon transactions did not contain any record of 
business ; but —_——— that was the case, there were 
transactions at 42s. 11d. and 42s. 114d. three months, and 
at 43s. two months. The one month transactions ran; 
between 43s. 4d. and 43s. 5d. in the afternoon, and 
Scotch and hematite iron were not quoted. The settle- 
ment prices were quoted at the following rates :—Scotch, 
52s. per ton ; Cleveland, 43s. 6d.; and Cumberland hema- 
tite iron, 53s. 10d. per ton. he dealings amounted 
to 4000 tons. There was rather more doing on Friday 
forenoon, but the tone was flat on realisations. Cleve- 
Jand warrants declined about 3d. per ton to 43s. 2d. cash 
buyers, and 24d. to 43s, 24d. one month, and there was 
also business done at 43s. and 42s. 114d. three months. 
The turnover was 6000 tons. ‘ Numerous unofficial trans- 
actions have lately taken place in three months iron, 
and on Friday it was estimated that the dealings 
amounted to 10,000 tons. The market was rather better 
in the afternoon, when Cleveland iron recovered one 
par of the decline. A small business, aggregatin 
2500 tons, was done up to 43s. 24d. one month, an 
43s. 2d. 21 days. The market was very quiet on Monday 
morning, when a small business, amounting to 2000 tons, 
was done in Cleveland warrants at 43s. 3d. cash, and 43s. 
threa months. In the afternoon the turnover consisted 
of one lot of Cleveland iron, which changed hands at 
43s. 3d. cash, with sellers at the close at 43s. 24d. The 
market was very flat on Tuesday forenoon, when on sales 
of cash oe - so of i warrants declined 4d. 
to 42s, 104d. A moderate business, aggregating 5000 tons, 
was-dealt in, the forward dealings being at 42s. 104d. one 
month, 43s. Od. nine days, 43s. six days, and 42s. 9d. 
three months. In the afternoon the tone was rather better, 
and Cleveland iron recovered 1d. cash and 14d. one month 
of the forenoon decline. Cash quotations opened at 
42s. 10d. and closed at 42s. 11d., while warrants at a 
month improved from 42s, 9d. to 42s. 11d., finishing 4d. 
under the latter figure. I ealings also took place at 
42s. 104d. fifteen days and 42s. 114d. six days. The 
turnover was 8000 tons, The settlement prices were: 
52s., 43s. 3d., and 53s. 10}d. per ton. The market was 
dull and idle this forenoon, only one lot of Cleveland 
warrants being dealt in at 42s. 10d. one month. Cash 
sellers were nominally 1d. lower at 42s. 10d. Hematite 
iron was offered at 53s. 7d. cash. In the afternoon 
business was limited to two lots, and hematite iron was 
offered at 53s. 6d. cash sellers. The quotations of warrant 
makers’ iron No, 1 stand at:—Clyde, 57s. 6d.; Gart- 
sherrie, Summerlee, and Calder, 58s.; Langloan, 68s.; Colt- 
ness, 68s. 6d.—all the ig ome are ch as shipped at 
Glasgow ; Glengarnock (shipped at Ardrossan), oe. 6d. ; 
Shotts (shipped at Leith), 59s. ; Carron (shipped at Grange- 
mouth), 59s. per ton. For the past week the record is 
one of dull, weary, uninteresting markets, with little 





prospect of any immediate improvement. Prices are 
only maintained-at their present level by the great 
scarcity of cash warrants—or, in other words, by the 
excessive ‘‘ bearing” that has been indulged in by many 
operators. From America reports come in daily flatter, 
and considerable reductions in their pig-iron prices are 
again advised. From Germany, on the other hand, 
reports still continue good, and an actual advance 
of two marks per ton in Luxemburg iron has just 
been announced. Home trade reports do not im- 
rove, and indicate on every side that consumption will 

fore long be seriously curtailed. As far as the iron 
trade is concerned, reduced production and consumption 
are the evidences that Free Trade Britain can adduce 
in favour of her present fiscal policy, as against in- 
creased production and consumption in other protectionist 
countries. The number of furnaces in blast is 86, against 
82 a year ago. 

Sulphate of Ammonia.—The sulphate market has been 
more active during the past week, and a very fair amount 
of business has been done both for prompt and for forward 
delivery, the lower prices having evidently tempted 
buyers. The sulphate market is still a quiet one at 
11/. 15s. per ton for prompt delivery Glasgow or Leith, 
and with 11/. 12s. 6d. quoted by middlemen on speculative 

is. 

Gas-Coal Contracts for Edinburyh and Leith.—The 
Edinburgh and Leith Gas Corporation have accepted 
tenders for their requirements of coal for the ensuin 
season, purchasing in all about 200,000 tons, of whic 
about 85,000 tons were first-class cannel coals, the balance 
being principally made up of splints. The following are 
the largest contractors whose offers have been accepted :— 
Messrs. Alexander Russell and Co., Glasgow, 45,000 tons ; 
Lothian Coal Company, 35,000 tons; Niddrie and Benhar 
Coal Company, 35,000 tons; and the United Collieries, 
20,000 tons. The prices paid for splints are about 6d. 
per ton less than last year. First-class cannels com- 
manded last year’s prices, with the exception of one 
parcel, which was bought at a reduction of 1s. per ton. 


Glasgow Gas- Coal Contracts.—The committee of the 
Glasgow Gas Corporation, on Friday, accepted tenders 
for the supply of coals for the ensuing season, the total 
amount purc being round about the usual 700,000 to 
800,000 tons. First-class cannels have been bought at 
about last year’s prices, and amongst the offers accepted 
is one for 20,000 tons from the Lothians, A parcel of 
50,000 tons of Ayrshire second-class cannels has also been 
accepted. Fife shales have been bought in lots of 10,000 
to 20,000 tons at a reduction of about 1s. per ton on last 
year’s quotations. Tenders for the usual Hamilton splints 
and ells have been accepted in lots varying from 5000 tons 
up to 50,000 tons, both at reductions of from about 3d. to 6d. 
per ton on last year’s contract prices, while considerable 
quantities of main coal from the Cambuslang district have 
been taken at a similar reduction in cost. Coking coals 
have also been bought in lots running from 15,000 to 
50,000 tons at 3d. to 6d. under quotations twelve months 


ago. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Mr. J. B. Howell.—The death occurred at Leamington, 
on Saturday, of Mr. J. B. Howell, at the ripe age of 
eighty-five. Hewas the chairman of Messrs. Howell and 
Co., Limited, Sheffield Steel Tube Works. Half a cen- 
tury ago he occupied a prominent position in the steel 
trade, and was the first to make mild steel in the crucible, 
long before the process had been discovered. He also 
claimed to be the originator of the system of making 
steel to be used for constructive purposes. About thirty 
years ago, with his son, Mr. 8. E. Howell, he established 
the tube works at Wincobank, near Sheffield, which have 
from time to time been greatly extended. 


Messrs. William Cooke and Co., Limited.—A meeting 
of the shareholders in the above company was held at the 
Tinsley Steel, Iron, and Wire-Rope Works, Sheffield, on 
Tuesday. Mr. T. Wilkinson, chairman and managing 
director, gave a favourable account of the company’s 
trading and prospects. A dividend of 74 per cent. was 
declared, and the retiring directors were re-elected. 


The Hull Coal Trade.—The official returns of the ccal 
trade with Hull for the past five months, when compa’ 
with the corresponding period of 1903, show a falling off. 
Business during May has been very quiet, and as shipping 
contracts are pending, orders for fuel at the ports are 
scarce. Prices are low, and it is believed that this year’s 
rates will be lower than for some years t. The total 
imports for the month only reached 299, 568 tons, against 
315,312 tons in 1903. 


Tron and Steel Trades.—Amongst the principals at the 
large iron and steel works there is a more hopeful — 
that trade will soon “improve, and that the latter hal 
of the year will be more satisfactory than the first half.” 
The opinion is based ly on the fact that there are 
many more — in the market for all classes of 
heavy s. In the armour departments full time is 
being made, but no overtime, the object won | to keep 
the men employed as many weeks as possible. The 
makers are well up with their deliveries. There is a 
probability that the Government will give out a little 
more work later in the year. A fair amount of employ- 
ment is being found in the pea ag and the makers 
of shot, shell, and other projectiles have more work on 
hand. There is no general improvement going on in the 
railway branches, although some firms are doing well in 
tyres and axles with the Indian and other distant 
markets. Manufacturers of parts of mowing and reap- 
ing machinery, and field and garden requisites, report 
that a good average business for the time of year is being 


done, and at the present there is prospect of a better 
season than last year. Most of the lighter industries of 
the city are still very quiet. 


South Yorkshire Coal Trade.—There is still much un- 
certainty as to the immediate future of the coal trade. 
Some of the largest shipping contracts are unsettled, 
Buyers have no difficulty in obtaining all they need in 
the open market, and are aterring commuting themselves 
in the hope of better terms. The coalowners are, how- 
ever, determined not to give way in their quotations. 
The principal gas companies are inviting tenders for 
future supplies, and as the resources of meeting them are 
now so great, it is — that concessions will be made. 
Prices are decidedly weak, although a few contracts have, 
however, already been made at late rates. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — Yesterday there was a 
fairly numerous attendance on ’Change here, but the 
market was most cheerless in tone, and traders took a 
gloomy view of prospects for the near future. Buyers 
were very backward, and quotations were lowered. Pro. 
ducers of Cleveland Pg iron, however, most of whom 
are still fairly well off for work, were very unwilling to 
acknowledge reductions in rates. Business was almost 
at a standstill. No. 3 g.m.b. Cleveland pig iron was put 
at 43s. 3d. f.o.b., and there were second hands ready 
enough to dispose of the ruling quality at that figure ; but 
makers, as a rule, would not entertain offers at that price. 
For special brands 43s. 6d. was named; No. 1 Cleveland 
pig was 45s. 6d.; No. 4 foundry, 43s.; grey forge, 42s. 9d.; 
mottled, 42s. 3d. ; and white, 42s. East Coast hematite 
pig was very little inquired after; and as the output 
was reported to be considerably in excess of the require- 
ments, it was not at all surprising to find prices decidedly 
weak. For early delivery of mixed numbers 52s. was still 
the market quotation, whilst No. 1 remained at 52s. 6d., 
and No. 4 pon at 50s. 6d. Spanish ore was quieter, 
and a downward tendency was shown, but prices were 
hardly quotably altered. Rubio (50 per cent.) was still 
y wage 15s, ex-ship Tees. To-day the market was very 

at, and there was no change whatever in quotations. 


Manufactured Iron and Steel.—Extreme quietness pre- 
vails in the manufactured iron and steel branches. Rates 
have not been actually reduced, but no doubt producers 
would readily make concessions to secure orders. . Many 
firms are now getting well through the contracts they 
have on hand, and ‘they find it very difficult to secure 
new work.’ Common iron bars are 6/. 2s. 6d.; best 
bars, 62. 12s. 6d. ; iron ship-plates, 67. 7s. 6d. ; iron ship- 
angles, 67. 2s. 6d.; steel ship-plates, 5/. 12s. 6d.; steel ship- 
angles, 5/. 5s.; steel boiler-plates, 7/.; steel sheets (singles), 
71. 5s.; steel sheets (doubles),’7/..15s.; steel joists, 5/. 5s.; 
and heavy sections -of steel rails, 4/. 10s.—ail less the 
customary 24 per cent.’ discount, except rails, which are 
net at works. 


Coal and Coke.—Fuel keeps fairly steady, with a mode- 
rately good demand. Gas-coal is in pretty good request 
for this season of the year, and prices range frcm 7s. 9d. 
to 8s. 3d. f.0.b. Bunker coal is selling pretty well, but 
there is a full supply. Manufacturing coal and household 
coal are quiet. Coking coal isunaltered. The local consump- 
tion of coke keeps on a good scale, and medium blast- 
furnace qualities realise 14s, 3d. delivered here. Export 
coke is in the neighbourhood of 16s. 3d. to 16s. 6d. f.o.b. 








New ZEALAND GOVERNMENT RaiLways.—For the first 
time in the history of New Zealand ‘the revenue of the 
Colonial Government railways has exceeded 2,000,000/. in 
twelve months, the receipts for the financial year ending 
March 31 having been 2,180,641/. The working expenses 
for the year amounted to 1,438,735/. The increase in the 
revenue was 206,603/., while the increase in the working 
expenses was 95,3087. The ratio of the working expenses 
to the traffic réceipts accordingly declined in 1903-4 to 
65.98 per cent., as compared with 68.50 per cent. in 1902-3. 
The amount payable to the colonial consolidated fund for 
1903-4 to meet the charge accruing for interest on capital 
was 742,6092. The increase observable in New Zealand 


red | railway revenue last year was general throughout the 


colony. The length of line in operation in 1903-4 was 
2328 miles. ee 

Our Rams AsroaD.—The exports of rails from the 
United Kingdom in May amounted to 65,578 tons, as 
~~ with 71,584 tons in May, 1903, and 59,961 tons 
in May, 1902. The course of affairs in the past month 
was accordingly moderately favourable, the shipments to 
the four principal colonial groups last month, comparing 
as follows with the corresponding shipments in May, 1903, 
and May, 1902 ; 





} 
May, 1904. | May, 1903. | May, 1902. 


tons 


Colonial Group. 

co ag ER oe TS | 

16,562 | 
| 





tons 
1,262 
16,128 
2,634 
3,003 


tons 
4,984 
16,978 


2,208 
12,741 


British South Africa 
British India és 
Australasia .. 
Canada = 


11,919 
5, 
19,021 


af 
| 


The shipments of rails to the —— Republic last 
month were 7482 tons, as com with 3168 tons and 
6116 tons. Our te rail exports in the first five 
months of this year can hardly be regarded as satisfactory, 
having been 206,902 tons, as compared with 281,252 tons 
in the corresponding period of 1903, and 215,590 tons mn 





the corresponding period of 1902. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—There has been a moderate demand for steam 
coal for early shipment, and quotations have been main- 
tained, but forward business has shown little activity. 
The best large steam coal has made 15s. 6d. to 16s. per 
ton, while secondary qualities have brought 14s. to 15s. 
per ton. Steam smalls have been active and firm. The 
house-coal trade has been inactive, prices having shown 
a downward tendency, as was to be expected in the month 


upon which we have just entered. The best ordinary 
household coal has made 13s. 6d. to 14s. per ton, while 
secondary qualities have brought 10s. 6d. to 13s. per 


No. 3 Rhondda large has been quoted at 14s. 6d. 
9d. per ton. Coke has shown little change, 
foundry qualities having made 18s. to 19s. per ton, and 
furnace ditto 16s. to 17s. per ton. As regards iron ore, 
Rubio has been quoted at 13s. 9d. to 14s. per ton; 
Almeria, at 143. to 14s. 3d. per ton ; and Tafna, at 14s. 9d. 
to 15s. per ton, charges including freight to Cardiff or 
Newport. 

Cost of Conciliation.—A private meeting of thé members 
of the Monmouthshire and South Wales Coalowners’ 
Association was held at Cardiff on Monday, when Mr. 
F. L. Davis was —. president of the owners’ side 
of the Conciliation rd at a salary of 2000/. per annum. 


Pencoed.—The south crop measures near Pencoed are 
attracting considerable attention. Mr. Brace, Pontardu- 
lais, and other gentlemen, have just completed negotia- 
tions for taking over the Tynywann colliery, Coychurch 
Higher. Mr. Mayberry Williams and other Pontypridd 

entlemen will also shortly commence operations at Lan 
‘arw, Coychurch Higher, while another company has 
resumed operations at Carnciwe, in the same parish. 


The Swansea Valley.—-The production of steel bars has 
of late been rather below the average; the demand for 
steel bars for tin-plate manufacture locally has been rather 
quiet. The coal trade has nm in rather a fluctuating 
condition. At some of the pits employment has been 
good, but others have been working in anything but a 
regular fashion. 


The South-Western Railway and Motor-Cars.—The 
London and South-Western Railway Company has com- 
menced a motor-car service between Chagford and Exeter. 
The car used is strongly built, and capable of carrying 
20 Leena 4 all inside, the roof being reserved for 
luggage. It is similar to other cars which the company is 
running between Croydon and Sutton. The 19 miles 
between Exeter and Chagford comprise picturesque 
scenery ; and brief stoppages are made for the accommo- 
dation of sengers at Tedburn, Cheriton Bishop, 
Crockernwell—for Fingle Bridge—Whiddon Down, and 
Sandy Park. 


Ebbw Vale Steel, Iron, and Coal Company, Limited.— 
The io profits of this company for the year ending 
March 31 amounted to 126,951/., from which have to be 
deducted 9877/. for expenses of head office and legal 
charges, and 22,6137. for interest on debentures and 
calls paid in advance, leaving a balance of 94,4607. The 
directors Lave written off 30,5517. expended on new 
work, and they recommend a dividend of 12s. , per 
share (6 per cent.) freé of income tax, leaving 19,224/. 
to be carried forward.» The directors report that the 
market for South Wales steam coal during the past 
ba has been fair, with a moderately steady demand, 

ut at prices below those of the previous year. It was 
not until December that. a reduction of 5 per cent. was 
obtained in miners’ wages.. There was no redeeming 
feature to mitigate the unsatisfactory state of the iron 
and steel trades of the country for the past year. During 
October, November, and December, a period of extreme 
depression existed, such business as was obtainable being 
taken at ruinous prices by German, Belgian, and American 
competitors with their ‘‘dumping” system. The works 
were idle for several weeks.in consequence, and had sub- 
sequently a five weeks’ stop owing to a serious 
breakage of machinery in the rail mill.. In view of the 
large expenditure on improvements charged to revenue, 
the directors do not think it necessary to write off any 
sum for depreciation. The accounts of the company 
showed gross profits of 178,464/. for the previous twelve 
months, and after providing for debenture interest and 
22,028/. for depreciation, the surplus was then 117,8020. 


Newport Corporation Water Works.—After Be years’ 
labour, the new water works of the Newport Town Council 
at Wentwood, about 9 miles from the town,.iti the dite¢- 
tion of Chepstow, are now practically completed. 
Hitherto Newport has had in its*three existing reser- 
voirs a storage capacity of ~265,000,000 gallons. The 
Wentwood undertaking. will add 370,000,000 gallons, 
bringing the gross total 

1s expected to*be sufficient for all developments for a 
generation. The water from the Newchurch and Went- 
wood areas is collected by a tunnel and culvert 24 miles 
long, and the storage reservoir has been constructed on 
the Llanvaches-stream. It is 90 ft. deep, and the water 
Surface will cover an area of about 40 acrés. . The valve 
tower is 1164 ft. high, and the water is drawn into it by six 
inlets, each of which is controlled by a balance valve‘on 
the outside of the tower. The total authorised expendi- 
ture has been 406,0007. Mr. Conyers Kirby, the then 
borough engineer, was appointed engineer of the works 
in 1893. The contract was let to Mr. James Young, ‘of 
Glasgow, in 1894, but work: was suspended in the follow- 
ing year. In 1897, Mr. Baldwin-Latham,;C.E.; became 
engineer, Mr. Kirby retiring. 


ton. 
to 14s. 





_GRranp Trunk Pacirtc RamWway.—The Canadian Par- 


up to 635,000,000 gallons, which | placed 


MISCELLANEA. 


Art the forty-fifth general meeting of the German Engi- 
neers’ Association, the Grashof medal, instituted in honour 
of the founder of the association, was unanimously con- 
ferred on the two pioneers of the modern steam-turbine 
—viz., the Hon. C. A. Parsons, of Newcastle-on-Tyne, 
and Dr. de Laval, of Stockholm. 


On Monday last, at the Westminster Palace Hotel, a 
demonstration was given of a method of locating ore 
deposit by electrical methods without boring or excavat- 
ing. The system, invented by Messrs. L. Daft and A. 
Williams, consists in passing high-tension currents 
through the earth, and determining the current distribu- 
tion by telephonic receivers connected across various 
points. Professor S. P, Thompson outlined the prin- 
ciples involved, and related some experiments he had 
witnessed in the mining districts of Wales. 


This year the services of a body of the Corps of Elec- 
trical Engineers (Volunteers) have been requisitioned for 
the Royal Military Tournament, where they have been in 
charge of the search-lights, with which an effective dis- 
play was made at one period of the entertainment. The 
projectors employed were the same as were used by the 
a in South Africa, where 300 of the regiment rendered 
highly useful service. The display at the Agricultural 
Hall was under the direction of Captain Dumble, R.E., 
and Captain Phillips. 


We learn that Messrs. Armstrong, Whitworth, and 
Co.; Limited, are building a 6-cycle kerosene motor, which 
they intend to enter for the international motor-boat race 
shortly to take place between Calais and: Dover. The 
engines in question are expected to develop over 50 brake 
horse-power. far as we know this will be the only 
boat competing which does not use petrol; but we also 
note that a special prize for kerosene motor-boats has 
been offered by Mr, Muir in connection with the forth- 
coming Automobile Club trials next month at South- 
ampton. 

In an interesting research, of which details are given 
in the June issue of the Revue de Métallurgie, 
Fain has investigated the resistance to’ shock of the 
exterior and interior portions of steel bars submitted 
to different forms of heat treatment. In one set of 
experiments the bar selected was of semi-hard steel, 
measuring 80 by 80 millimetres (3.15 in. by 3.15 in.) in 
section, different lengths of which were submitted to 
different heat treatments. From each of these lengths 
were sawn forty small bars, each 8 in. long b : in, deep 
by 0.157 in. wide, taken from different parts of the section 
of the large bar. Ineach of these was then cut triangular 
notches rounded slightly at the bottom and spaced at 1-in. 
centres. Each bar was then broken at each notch in suc- 
cession by a falling weight. In all cases it was found that 
the specimens taken from near the surface of the large bar 
were less fragile than those taken from near the centre ; 
and it was possible from the experiments to lay out on the 
cross-section of the original bar curves of equal resistance 
. ney which were fairly symmetrical about the centre 
of the bar. 


The monthly report on the progress of the Simplon 
Tunnel just issued shows that the advance heading on 
the northern ‘side of the tunnel was carried forward a 
distance of 83 metres (272.3 ft.) during the month of May, 
whilst on the south side the progress made was 179 
metres (587.4 ft.). Work on the northern side was in- 
terrupted by the outbreak of another hot spring, and by 
a landslip, which obstructed the supply channel conveying 
the water for the power-station from the Rhéne. The hot 
spring was first struck on May 16, the flow being then 4.4 
gallons per second, and two days later the fault through 
which the water was flowing was laid bare. The quantity 
of water then amounted to 7.7 gallons per second, ‘and its 
temperature was 113 deg. Fahr. The quantity of power 
water for the drills and for refrigerating purposes ing 
insufficient, it was decided to suspend the work of ad- 
vance, but that of removing the débris proceeded until 
May 28, when the supply channel from the Rhéne was 
obstructed as stated, and the whole of the work was then 
stopped. On the south side the only interruption to the 
work was at Whitsuntide, when advantage was taken of 
the holiday to verify thé position of the axis of the tunnel. 
The rock remaining to pierced before the headings 
meet is 2680 ft. thick. - 


In a recent issue of the proceedings of, the Royal 
Society, Mr. J.Y> Buchanan, F.R.S. (of the Challenger 
expedition), gives particulars of some experiments he has 
recently carried out on the compressibility of a number 
of metals—viz., platinum, gold, copper, aluminium, and 
magnesium. Wires of each of the metals named were 
in a horizontal tube about 6 ft. long, connected at 
its centre with « source of hydraulic pressure. The hori- 
zontal tube was closed at the ends with thick glass tubes, 
into which extended the ends of the wires to be mea- 
sured, and these could then be seen by micrometer micro- 
SCO mounted on brackets fixed to a neighbouring wall, 
and thus quite independent of the rest of the apparatus. 
In making the observations the pressure was raised to the 
highest point desired, and the micrometers being read, 
the pressure was allowed to slowly leak off, and when the 
apparatus was quite relieved from pressure the micro- 
meters were again , the differences between the two 
sets of readings showing the compression of the wire under 
the pressure. The pressures used were not very high, 

being generally between 200 and 300 a or 
between 2940 Ib. and 4410 Ib. per square inch ; but as the 
wires were over 6 ft. long, the total strain was measurable 
with sufficient accuracy to get reliable results. The wires 
used were No. 22 S.W.G., with the exception of the 
aluminium one, which was No. 20. They were straightened, 





liament has passed a Grand Trunk Pacific Bill by a vote 
of 105 to 59. 





but not stretched, before use. Denoting by E, the co- 





efficient of compressibility under hydraulic pressure thus 
found, the following results were obtained :— 


: 2. in Pounds per 
Material. ™ uare Inch. 
Platinum ~ $7,910,000 
Gold 540,000 
Copper... 51,040,000 
Aluminium 26,340, 000 
Magnesium ie ae 13,950,000 
Young’s modulus will, of course, be about half the above 


figures, its value being given by the relation E = E, (2 - ; 


where p is a coefticient generally not very different from 
3.5. During Mr. Buchanan’s experiments the glass ends 
to the pressure tube burst on several occasions; and on 
two of these occasions the wire, on renewal, was found to 
be crimped in a most extraordinary manner, the sudden 
release of pressure having apparently set - waves of 
strain exceeding the elastic limits of the metal tested. 





More Coat.—The Wigan ‘Coal and Iron Company, 
whose sinkings at’ Manton, near Worksop, have been in 
p for six y has reached coal at adepth of over700 
ia. The long delay is accounted ‘for by the fact that 
there was a serious obstacle encountered in the shape of a 
prolific spring of water, from which nearly 6,000,000 gallons 
per 24 hours have been running to waste. Although water 
was anticipated, the volume named was never expected, and 
it has greatly hindered the sinking operations. “There are 
three shafts to the pit—one for the water, and two for the 
coal, the latter having been started on April 28, 1900.\The 
seam for which the search has been successfully made: is 
known as the “top hard,” similar to that at Shireoaks, 
and it is about 4 ft. in thickness, and of excellent quatiy. 
The company has leased: the whole of the Duke of New- 
castle’s minerals, and the success of the new pit forms 
another link in the undertakings which, with Whitwell 
and Cresswell, on the Duke of -Portland’s Derbyshire 
estate, Shirebrook, and Dinnington, in Yorkshire, where 
sinking is also in progress, promise to make Workso i in 

a as 


P. | an early future, an important mining centre. As 


only just been found at Manton, and as the machiner. 
men | appliances are, therefore, only temporary, it will 
still be some little time before coal-raising is actively 
commenced. 


Taste Bay.—The Table Bay Harbour Board has col- 
lected a mass of information in illustration of its opera- 
tions in 1903. The debt of the Board stood at the close 
of 1903 at 3,234,041/.; during the year 326,837/. was ex- 
pended on new works, making the total expenditure on 
capital account since the commencement of operations in 
1860, 3,777,9712. The revenue of the Board last year 
amounted to 769,388/., or 83,878. more than the corre- 
sponding collection for 1902.. During the year 61 vessels, 
of an aggregate burthen of 70,393 tons, made use of the 
graving ate 5 and 21 vessels, of an aggregate burthen of 
3332 tons, were taken on the patent slip. In 1902, 41 vessels, 
of a total burthen of 76,041 tons, used the dock, and 18 
vessels, of an ageregate burthen of 3902 tons, went on the 

tent slip. The income of the graving dock in 1903 was 
B4o01,, showing an increase of 301/., while the income from 
the patent slip was 2316/., which was an increase of 1027/. 
The number of vessels which visited Table Bay last year 


was 1392, of an aggregate burthen of 5,225,483 tons.. The 
corresponding number of vessels which visited the port in 
1902 was 1706, of an aggregate burthen of 6,902, tons. 
The number of vessels docked last year was 1321, of an 


aggregate burthen of 4,022,285 tons. The corresponding 
number of vessels docked in 1902 was 1330, of an aggre- 
gate burthen of 4,840,992 tons. The number of passengers 
which arrived at the port last year was 69,936, as com- 

red with 52,035 in 1902. The quantity of goods handled 
fast year was 2,108,172 tons, as compared with 2,167,544 
tons in 1902. 


Tur P. anp O.—The Peninsular and Oriental Steam 
Navigation Company now four steamers of the 
Moldavia’ class fully ~ at. work. . The “Bombay and: 
Shanghai, like ‘their sister-vessel, the Canton, have been: 
sold, ause they were not considered to be equal as; 
cargo steamers to the requirements of the present day.” 
The Victoria, the Britannia, the Arcadia, the Oceana, 
the Peninsular, and the Oriental are being extensivel 
refitted and improved so as'to enable them to cope wit 
the company’s new mail service to be commenced next 
year. e Rome was lengthened, re-boilered, and largely 
rebuilt a few years since. As she is now no longer re- 
quired for the mail service, she has been fitted up as a. 
cruising yacht, and she will leave next month for Norway 
and the Notth. She has been re-named the Vectis. 
Thecompany has concluded a contract with Messrs. Caird 
and Co. for the construction of a mail and a pasenayrer 
steamer of.10,000 tons, of the Moldavia class ; she will be 
the fifth vessel of this type in the Peninsular and Oriental 
fleet. A tender has a m accep from Messrs. 
Barclay, Curle, and Co. for building two 10,000-ton cargo- 
boats to be identical in all respects with the three vessels 
of the Palermo class which the company has‘now at work. 
a —— mail contract —— ps an — early in ape: é 
ter prolonged negotiations the directors have agreed 
a renewal wih a considerable acceleration for a : 
of three years from February, 1905. » The Indian mails 
are to be accelerated by 24 hours,:and are to be delivered 
at Bombay in about thirteen days from Cross. 
There is to be an acceleration of the Austte and 
China services. The new arrangements will involve a 
— additional expenditure, towards which the Post 
ce has undertaken to contribute 10,000/. per annum. 
The aggregate burden of the company’s fleet stands at 


366,937 tons, in which vessels building figure for 30,000 





tones, 








820 ENGINEERING. [JUNE 10, 1904. 













THE ANTWERP WATER WORKS. 
(For Description, see Page 808.) 








. 89, Firter-Beps at WAELHEM, 








Fic, 40, Enoine-Hovuse anp Setritnc-Ponps at WaAELHEM. 














ENGINEERING, June 10, 1904. 








LOCOMOTIVES AT TyHf#cT 


CONSTRUCTED AT THE BALDWiy 


LOQQIVE 


(For Desert ye E 














VAucLAIN TANDEM CompouND LOCOMOTIVE FOR 


AND Santa Fe Rarmway. 








Fic. 7. Vauciaty Four-Cy.inper Compovpfibyonvi 


Topeka, an Mia Fe | 

















Fic. 9. Locomotive (‘‘ ATLANTIC” TypE) FoR THE NorFOLK AND WEsTrERN RalLway. 


NORFOLK & WESTERN. 








Fic. 10. «,Texn-WuHeEeLep Locomonvegiine No 








Vauctatn Compounp Locomotive (*‘ ATLANTIC” TYPE) FOR THE CHICAGO, BURLINGTON, 
AND Qurtncy RaTLRoap, 











Fic. 13. Detawa 


Locomotive (‘‘ CONSOLIDATION ” Type) 


























aorvp (* Pacer) p, 
Fic. 16. Passencer Loco: oTive | ) FOR 











Hast, LOUIS EXHIBITION. 


Loofive WORKS, PHILADELPHIA, PA., U.S.A. 


Desoriolh see Page 805.) 























wpouyfpyorve (“ ATLANTIC” TYPE) FOR THE ATCHISON, 
cA, AND Ma Fé Ramway. 

















OMOTIVE : NorroLK AND WESTERN RAILWAY. 

















Fic 14. Goons Locomorivr (‘*‘Mocu.” Type) ror THe Missourt, Kansas, AND Texas Rathway. 








me Fl 


; é 








(“Fe 


i 
*E) FOR THE Tlwroe 
THE Union Pactric Ratway. Fic. 17. Passrencer Locomotive (‘* ArLantic” Tyre) FoR THE CHICAGO AND ALTON RaILROAD. 




















JUNE 10, 1904.] 


ENGINEERING. 





82t 





AGENTS FOR “ENGINEERING.” 


Austria, Vienna: Lehmann and Wentzel, Kirntnerstrasse. 

Brussk1s: E. F. Satchell, 8, Rue Capouillet. 

Care Town : Gordon and Gotch. 

EDINBURGH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, Librairie Etrangére, 22. 
Rue de la Banque ; E. M. Terquem, 31>is, Boulevard Haussman. 
Also for Advertisements, — Havas, 8, Place de la Bourse. 

GsRMANY, Berlin : Messrs, A. er and Co., 13, Unter den Linden. 

Frankfurt-am-Main: Messrs. G. L. Daube and Oo. (for 
Advertisements). 
Leipzig : F. A. Brockhaus, 
Mulhouse : H. Stuckelberger. 
Giaseow : William Love. 


Inv1A, Calcutta : Thacker, ik, and Co. 
Bombay : Thacker Co., Limited. 
Iraty: U. Hoepli, Milan, and any flice. 


LiveRPoo. : Mrs. Taylor, Landing Btage. 

MANCHESTER : John Heywood, 143, ~ oy 

Norway, Christiania: Oammermeyer’s handel, Carl Johans 
Gade, 41 and 43. 

New Sourn WaLEs, Sydney : Turner and Henderson, 16 and 18, 
Hunter-street ; Gordon and Gotch, Geo: reet. 

QuEENSLAND (SoutH), Brisbane : Gordon and Gotch. 

(NortH), Townsville : T. Willmett and Oo. 

RorrerDAM : H. A. Kramer n. 

Sourn AusTRALIA, Adelaide : W. C. Rigby. 

Unitep States, New York: W. H. Wiley, 48, East 19th-street. 

Chicago : H. V. Holmes, 957-958, Monadnock Block. 

Vicrorta, Melbourne : Melville, Mullen, and Slade, 261/264, Collins- 

street ; Gordon and Gotch, Limited, Queen-street. 








We beg to announce that American subscriptions to ENGINEERING 
may now be addressed either direct to the Publisher, Mr. O. R. 
JoHNSON, at the offices of this journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or toour accredited Agents for the 
United States: Mr. W. H. Wiley, 43, East 19th-street, New York, 
and Mr. H. V. Holmes, 957-968, Monadnock Block, Chicago. 
The prices of subscription A toe) in advance) for one year are : 
For thin (foreign) paper jon, 11. 168. Od. ; for thick eno) 
sa edition, 27. 0s. 6d. ; or, if-remitted to agents, 9 dollars for 
and 10 dollars for thick. 
NOTICE TO AMERICAN ADVERTISERS. 


American firms desirous of advertising in ENGINEERING are 
requested to apply to Mr. H. V. Holmes, 957-958, Monadnock 
pre : from whom all particulars and prices can be 
i) in 








ADVERTISEMENTS. 


The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line. The 


line averages seven words, ——- must accom all orders 
otherwise their deneation caaaaet be 


for single advertisements, 
aran Terms for layed advertisements on the wrapper 


and on the lente pram may be obtained on application. Serial 
advertisements will be inserted with all peasthcette regularity, but 
absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition 
alterations for standing Advertisements should be 
received not later than 1 p.m. on Wednesday after- 
noon in each week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the Publisher, 
post free, for twelve months at the following rates, payable in 








advance :— 
For the United Kingdom ........00.. £1 9 2 
» all places abroad— as't8-6 
Thick Pe Ph viscucsens. Gar 66 


All accounts are payable to ‘* ENGINEERING,” Limited. 
Cheques should be crossed ‘‘ Union of London and Smith’s Bank, 
Limited, Charing Cross Branch.” Pdét-Office Orders should be 
made payable at ord-street, Strand, W.O. 

When Forei ber ag tg oe are sent by Post-Office Orders, 
advice should be sent to the Publisher. 

Foreign and Colonial Subscribers receiving incomplete copies 
through newsagents are requested to communicate the fact to the 
Publisher, together with the agent’s name and address, 

Offices for Publication and Advertisements, Nos. 35 
and 36, Bedford Street, Strand, London, W.C, 


We desire to call the attention of our readers to 
the fact that the above is our SOLE Address, and 
that no connection exists between this Journal and 
on, [a publications bearing somewhat similar 

TELEGRAPHIC Appress—ENGINEERING, LONDON. 
TsLEPHONE NuMBER—3663 GERRARD. 




















CONTENTS. 
: PAGE PAGE 
Locomotives at the St, Louis Notes from the South-West 819 
Exhibition,—No. III. (1. Miscellanea .......0s00000 819 
lustrated) .. coe. soc The Potentialities of the 
The Antwerp Water-Works ’ Submarine Boat ........ 82 
wt ustrated) ....cccccces 808 || Labour in Power in Australia 822 
est Riding Rivers........ 811|| Railway Accidents in 1903.. 822 
Casting-Machine (J Uus.) :. 815|| Trade Libels .............. 823 
The Board of Tradeand Gon- The Development of the 
structive Engineering: .. 815|| ‘Theory of Electrolytic Dis- 
Refuse - Destruction and BOCINEROM 00.0000 500s case 
Heat-Utilisation (1Uus.).. 815|| Mexican Industrial Develop- 
Internal-Combustion Motors 815 ments ....... sie Spee sles 
he Cost of Electric Energy 815|| The St. Louis Exhibition .. 825 
Merchant Scouts .......... "Eas epee 82’ 
The Production and Ther- Catalogues ..:... robeosecses 
mal Treatment of Steel in Industrial Notes .......... 
‘ Large Masves..+..:.....% 815 |The Burning of Town Re- 
Grane Navvy (Illustrated) 816|| fuse (Illustrated) :....... 
— from the United || Launches and Trial -. 835 
x, AES. ee didahs uta sbwres 18 || Boiler Explosion at 8t. 
tad from the North...... DOG. MEE tin xsaubebg ac ages 
peed —_ South be wpe 818! — @ Patent Record 
from Oleveland | justrated) ..... hanidane 
the Northern Counties .. 818 | . ‘ 





With @ Two-Page E 
ST. 


ing of LOCOMOTIVES AT THE 
OUIS EXHIBITION. 


e— 





1} of this modérn war vessel. 


7.| rience in submarine navigation. 
828 | essayed the very difficult task of sketching the pos- 

29 | sible submarine boat of the future ; and the result 
830 | was not quite satisfactory. If, however, his aim was 
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THE. POTENTIALITIES OF THE 
SUBMARINE BOAT. 
THE paper read at the Royal United Service 
Institution on Wednesday last, on the ‘‘ Future of 
the Submarine Boat,” was chiefly important because 
it evoked a most interesting statement by Captain 
Bacon, who is in charge of the British submarine 
boat flotilla, and probably knows as much as, if not 
more than, any man living about the potentialities 
The paper was by Mr. 
Alan H. Burgoyne, and was remarkable for the 
large amount of facts relating to work already 
achieved in connection with the design and con- 
struction of submergible craft. It was, however, 
defective, owing to Mr. Burgoyne’s admitted want 
of practical knowledge, and his lack of direct expe- 
He, nevertheless, 





to secure such a pronouncement as Captain Bacon 


35|made, then he must be congratulated upon the 


result, 
From time to time we have had writers drawing 
most fascinating pictures of future submarine boats, 





not only for war purposes, but for the conveyance of 


ngers ; and the public, with its inherent in- 
clination to doubt the progressive attitude of Govern- 
ment departments—an inclination not always un- 
justifiable—is inclined to accept the optimistic 
statements regarding the general possibilities and 
also the performances credited to foreign-built sub- 
marine boats. In view of this, the interesting state- 
ment made by Captain Baconis of great importance. 
The lecturer aimed at a very material increase in 


%|the size of submarine boats, instancing, by way of 


encouragement, the progress not only of torpedo- 


108 | boats, but of armoured ships, and pointing to the 


fact that France, beginning with submarine boats 
of 30 tons, was now contemplating, if not. actually 
constructing, boats of 422 tons displacement. Mr. 
Burgoyne felt justified in we an increase 
in size because it would enable the vessels to have 
an armoured deck capable of withstanding an 
attack by six-pounder guns, with conning-towers 
of double this thickness, and with guns and 
many other accessories, which:might be justifiable 
provided the main offensive and defensive qualities 
remained unimpaired. Moreover, he aimed at a 
speed more equal to that’. of .the torpedo-boat 
destroyer than to that of the existing submarine. 
But, as Captain Bacon pointed out, the great con- 
sideration, which seems to have’been forgotten by the 
lecturer, was the antagonism of the qualities ensuring 
surfaceandsubmarine performances. Theformof shi 
necessary to attain a great surface _ preclud: 
a high rate of progression when submerged, while 
radius of action was similarly difficult of attainment 
under both conditions: ‘The —- consideration 
must, therefore, be the balancing of the two con- 
tending factors in the design. Another important 
consideration limiting s , which was not referred 
to by Mr.. Burgoyne, was the question of the power 
necessary to drive the ship when submerged. The 
prime mover is an electric motor run from accu- 
mulators, and owing to the enormous weight of the 
primary batteries, the difficulties of management, 
and liability to accident, combined with their high 
prime cost, and, even more important, the expense 
of annual renewal, the designer had a serious pro- 
blem to undertake. Captain Bacon’s experience was 
that the batteries would not last longer than five 
years, and thus with a hundred boats it would be 
necessary to renew all the batteries in twenty boats 
every year. Again, any attempt to increase the 
speed when submerged involved a considerable 
addition to the battery power, in order to preserve 
the speed possible with smaller boats. He thought 
that he would like to have the views of those having 
experience as to the potentialities of different forms 
of prime movers for driving the vessel under the 
water ; and, in connection with this, the lecturer 
subsequently made the statement that in Austria 
a new motor was about to be tried, but no details 
were given. Owing to the difficulties of form, it was 
impossible to attain, with our Loe experience, 
anything approaching the speed of the destroyer, 
even on the surface; because with the destroyer 
there was but one consideration, and that was 
speed, whereas with the submarine boat there were 
other considerations—notably, the power necessary 
to drive the vessel when cabemmgdl.. nies 
Dealing with qualities of defence, Captain Bacon 
was not at all inclined to be sceptical of the 
author's favourable views on the mounting of guns 
in submarine boats. The question really was as to 
how they could be carried. A gun could ‘be 
mounted on the deck of adestroyer, but it was a 
different matter with a submergible boat; more- 
over, the question came to be whether the gun was 
an effective weapon of defence for the latter. The 
determining point was really the vulnerability of 
the craft. Increase in size, involving greater time 
for submergence, made it more likely that she 
would be attacked successfully by rapid-firing guns. 
While the present size might not, therefore, be the 
maximum attainable, it must be accepted as an 
axiom that any craft incapable, from want of power 
of armament or speed, from defending itself against 
the ship she is going to attack must have recourse 
to invisibility. The torpedo-boat courted darkness, 
and the submarine depended on submergence ; and 
because of this he regarded the torpedo as the more 
effective weapon, alike for offence and defence, 
and scouted the idea that the submarine might 
depend upon quick work on the surface, especially 
against torpedo-boat destroyers. 
The stability problems have all been solved now, 
but Captain Bacon did not in this or in any other 
connection give any details of the British boats. 
The secrecy which the Admiralty and the Vickers 
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Company have been able to maintain is, from every | 


point of view, highly satisfactory : we question if 
the same reticence could have been maintained 
for such a long period in all of the dockyards. 
But such a statement as was made at ‘the Royal 
United Service Institution is to be commended 
because of its reassurance to the .public. © Sir 
William White, who was in the chair, in making a 
clear exposition of the question of. stability, added 
materially to Captain Bacon’s reassuring pronounce- 
ment in reference not only to the comparative 
safety of the craft, but also to the successful 
tackling of problems at the Admiralty in connection 
with submarines. He exploded the dreams of lay 
writers regarding the future of the submarine for 
passenger work. 

As regards the question of safety, Mr. Burgoyne in- 
stanced several directions in which he thought more 
effectual provision might be made from this point 
of view.’ Everyone sympathises with the view 
that the crew of the submarine boat should have 
the same chance as those fighting our ironclads ; 
but all warships are designed primarily to fight, 
and one cannot make omelettes without breaking 
eggs. The idea of subdivision by bulkheads, sug- 
gested by the lecturer, has been considered ; it is 
too obvious a safeguard to have been neglected. 
But Captain Bacon made an effective point when 
he stated that. it was of first importance to 
have a knowledge of the psychical characteristics 
of the sailor, and this experience led them to dis- 
pense as far as possible with small compartments, 
so that men would have company when they were 
submerged. Nor did he approve of all the auto- 
matic devices suggested : As preferred to depend 
on the brains of the men under conditions where 
mechanical appliances, if they went out of gear, 
would provedisastrous. Nodifficulty wasexperienced 
in ensuring the prescribed depth of submergence 
within a range of error of 6in. The idea of a 
special conning-tower, with telephone inside, which 
might float to the surface to give indication of the 
position of a sunken boat, did not commend itself 
to him, as it would almost be impossible to 
insure a water-tight joint when the water-pressure 
was augmented by the vessel being submerged 
even at moderate depths. Other devices — 
detachable safety - boats outside, with hatches of 
communication from the interior of the submarine- 
boat, weights recessed outside and releasable 
to cause the vessel to ‘‘shoot up to the surface” — 
were not approved by Captain Bacon because they 
were impracticable. Their weight, as well as that 
of many of the other suggested developments of the 
author of the paper, had to be reckoned with, and 
involved material disadvantages. The engine sug- 
gested by the author for working twin screws had 
four cylinders set at about 90. deg., the two 
.upper and inverted cylinders working the upper 
screw, and the two lower cylinders the bottom 
screw; but Captain Bacon pointed to the diffi- 
culties associated with lubrication with cylinders 
not inverted. From first to last Captain Bacon’s 
statement, based on practical experience in service 
with the boats, backed as it was by the views of 
Sir William White as an. authority on naval 
problems, especially when taken in conjunction 
with the undoubted engineering reputation of the 
Vickers Company, the builders of our submarine 
boats, will most effectually assure the public that, 
so far as submarine work is concerned, the British 
Navy have attained a success, and that their future 
attitude is certain to be thoroughly progressive. 








LABOUR IN POWER IN AUSTRALIA. 

Avustratia and New Zealand have in recent 
years earned some fame, and perhaps even notoriety, 
by the prominence of the spirit of Socialism in 
their legislation, and by the struggle of Labour for 
the complete mastery in the industrial . world. 
When we remember that the citizens of .those 
young colonies are largely drawn from the working 
classes at home—men dissatisfied with their lot 
here, and who have gone out to seek better fortune 
in fresh fields—we-need not wonder that, amid new. 
surroundings, where wealth is less powerful and 
its representatives numerically weak, they should 
take advantage of their strength to place them- 
selves in the positions of power, and make 
their class supreme; and, as circumstances alter 
cases, it does not follow that a Labour Govern- 
meut, which might be hopeless in this country, 
must necessarily “ prejudicial to the best interests 
of such a country as Australia, and we must there- 





fore be mindful of the altered circumstances when 
studying the outward manifestations of Socialism 
there. But the real interest in such a-study lies 
in the evidence we find of the tendency there, as 
elsewhere, for so-called Socialism—which theo- 
retically aims at the equality of all classes—to 
develop into an organised tyranny of one class (the 
labouring class) over all others. This in itself need 
not be matter for wonder, as it is really the best 
proof of the impracticability of the Socialistic 
theory, which dreams and speaks of equality. 
There must always be inequality ; and the question 
is, Which class is better qualified to be superior ? 
Must Capital give way to Labour, or must Labour 
be controlled by Capital ? 

The answer to this question can only be given 
when we have studied the practical results where 
for a time the usual order of things has been 
inverted, and Labour has obtained the control of 
affairs. Australia offers an excellent example, and 
some valuable information concerning the state of 
affairs there has been recently published in an 
interesting article in the Globe newspaper (May 30, 
1904), which deserves attention. The theme of 
the writer is the crusade now being carried on by 
the Labour party against private enterprise, which 
takes the form of attempting to bring all the manu- 
facturing industries under State control, and thereby 
under the control of the trade unions. ‘‘ Trade- 
unionism triumphant” may appear to some to be 
a most admirable battle-cry, and to the uneducated 
section of any community it must appeal with 
great force; but in its practical operation it 
scarcely seems to bring the greatest good to the 
greatest number. Let us consider one incident 
described by the writer in the Globe. 

The State Government of New South Wales 
wished to place an order for sixty locomotives, to 
be made in the Colony. Tenders were sent in by 
two private engineering firms near Sydney, and by 
the manager of the Fitzroy Dock, which is situated 
on an island in Sydney Harbour, and is under State 
control. The engineering shops at this dock are 
marine shops; locomotive construction has not 
hitherto been within their sphere of labour, and not 
only do they lack the necessary plant, but they also 
are without skilled labour for this branch of engi- 
neering. In spite of these facts, however, the Dock 
tender was the lowest of the three, and the Labour 
party demanded its acceptance. It was nothing to 
these men that the State would thereby be com- 
ee to spend a large sum of money on new plant, 
or which it might have no regular employment in 
future ; nor would they give weight to the argu- 
ment that there could be no guarantee of first-class 
workmanship where experience was entirely lack- 
ing ; but other parties did not take the same view, 
and in the end a Royal Commission was appointed 
to consider the matter. The unanimous decision of 
the members was that the Dock tender was im- 
practicable. But that has not ended the matter, 
and we are told that the Labour party has given a 
kind of ultimatum to the Ministry that if the 
order is given to a private firm, they will be turned 
out of office. 

This incident is instructive; but fresh lessons 
may be learned from the terms of the report of the 
Commission. It is there made quite clear that.the 
real object of insisting on the acceptance of the 
Fitzroy Dock tender was not to obtain the locomo-, 
tives at the lowest price, but to place all orders 
where the work would be controlled by the trade 
unions, and at all costs to shut out private firms 
where production is conducted in accordance with 
ordinary business principles. Devices for the saving 
of time and labour are accursed things in the eyes 
of the Labour party, and every effort must be 
made to secure the maximum .of labour for 
minimum output, and the maximum wage for all. 
‘The evidence goes to show ”—thus runs the report 
of the Commission—‘‘ that there is an unaccount- 
able hostility, either assumed or real, among the 
workers to any system of increasing output, other 
than employing more men on day wages and the 
laying down of a larger plant . . . No Government 
or individual can continue to operate any industrial 
concern unless on a commercial rather than on an 
eleemosynary basis ; but the evidence shows that 
the.local workmen have no intention of allowing any 
innovation in the directions indicated, if they can 
prevent it.” 

These sentences place the whole position in a nut- 
shell.» Victorious Labour means that industries 
must be carried on not on commercial, but on elee- 
mosynary, principles, and that means death to 








progress.. It does not adequately realise that labour 
without capital is inaponaible, and that to attempt to 
dictate where and how and under what conditions 
capital shall be used, is to stop the flow of -capital 
altogether and bring ruin to the workers. No one 
will deny that the idea underlying trade-unionism 
—the idea of organisation for the protection of the 
workers against oppression—is a very proper one, 
and may be productive of much good if discreetly 
carried out; but this modern form of trade-unionism, 
of which Australia is the most prominent exponent, 
is offensive and not defensive ; instead of promot- 
ing good relations between employer and employed, 
it seeks to create permanent strife between them, 
and to enable the workman, whenever opportunity 
offers, to tyrannise over the master. 

At home the same spirit is to be found, and from 
time to time attempts are made to have it mate- 
rialised. We do not, however, anticipate that it 
will ever meet with the same success in this coun- 
try asin Australia. The workers are, on the whole, 
too intelligent to accept a scheme of government in 
which no distinction would be made between skilled 
and unskilled labour, and the union leaders take 
too narrow a view of affairs to become a real force 
in the country. The outcry of these leaders 
against the law lords, when the final decision was 
given in the Taff Vale case and others like it, 
showed that their motives are largely selfish, and 
that they are not men who could be trusted to act 
wisely in positions of authority. It is easy to see 
that with such men in power, or in any way 
entrusted with control of the industries or of the 
government of the nation, progress would be 
rendered exceedingly difficult. It ought to be 
our aim to prevent all dangerous experiments in 
industrial legislation, and for this reason the 
march of events in Australia should be carefully 
observed, that no lesson may be missed. We anti- 
cipate that sooner or later a revulsion of feeling 
will take place, and that Australia will work: out 
her own salvation. We only hope that the damage 
done ere that day comes may not be such as to 
retard seriously her industrial progress. 








BRITISH RAILWAY ACCIDENTS 
IN 1903. 

THe railway companies in 1903 have again 
failed to attain the high standard reached in 1901, 
when not a single passenger was killed on a British 
railway by an accident to a passenger train, and 
but 476 were injured. As the tabulated state- 
ment below shows, the energy which the leading 
companies have recently expended in reducing 
the number of train movements appears to have 
had no favourable influence on the accident returns. 
Nevertheless, the total figures, though higher than 
last year or the year before, are less than in the 
year 1900 :— 


Accidents to Trains, Rolling-Stock, Permanent Way, «c. 
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The collisions between passenger trains, or parts 
of passenger trains, numbered 34, and in.these one 
person was killed and 304 injured. There were 
also 34 collisions between passenger trains and 
goods trains, wagons, or light engines in move- 
ment, which were responsible for the killing of 
4 persons and for injury to 117 others ; whilst there 
were also 8 collisions between trains and vehicles 
fouling the line; and 33 buffer-stop collisions, of 
which 14 were due to the train entering the siding 
at too high a rate of speed. Of course, the figures 
given in the above short table are only a small pro- 
portion of the total deaths and injuries arising from 
accidents on railways, since the full number of 
passengers killed was 149, whilst 2681 were injured ; 
the corresponding figures for railway servants being 
470 killed and 14,190 injured, out of a total employed 
of about 576,000. The Board of Trade, however, 
divide accidents to railway servants into two classes 
—viz., (1) men killed or injured in train accidents, 
or by the movement of railway vehicles; at 
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(2) men killed or injured in other ways, such as 
falling off engines or vehicles at rest, tripping 
over obstructions whilst walking on the line, ‘or 
being kicked by horses engaged on railway work. 
Accidents in the second-class cannot be con- 
sidered special to railways, since accidents of quite 
similar character occur in all large industrial under- 
takings. Many of them are trivial ; thus in one 
case dealt with a man stumbled over a heap of ashes 
and cut his face and head. In considering railway 
risks, therefore, it seems well to follow the Board 
of Trade, and class separately those risks arising 
from the peculiar character of railway employment. 
The figures for accidents to railway servants placed in 
this class show 446 deaths and 3659 cases of injury. 
The most dangerous occupation appears to be that 
of chock-man, chain-boy or slipper,.as out of 96 
men thus engaged 31 were injured and one killed 
during the year. Shunters also suffer severely, as 
out of every 280 employed one was killed, whilst 
one in every 20 was injured during the year. The 
goods guards and brakesmen are in nearly as bad 
a condition, as one in every 21 employed was 
injured, and one in‘every 420 was killed. 

The accident rate from trains.to permanent-way 
men is not high, being 244 out of a total of 66,600 
employed, but a very large proportion were fatal, 
the number of deaths being 99 out of the above 
total. About two-fifths of the injuries recorded 
consisted of bruises to head or body, whilst sprains 
and cuts formed about 18 per cent. of the total. 
The accidents resulting in loss of legs, feet, arms, 
fingers, or toes were nearly 3 per cent. of the 
whole. Only 37 cases of ‘‘ shock to the system ” 
are tabulated under the heading of ‘‘ accidents to 
railway servants,” whilst in regard to passengers 
396 cases are thus classed out of the total of 2681 in- 
juries recorded. About one-third of the injuries to 
passengers arose in alighting from trains, and for 
these the companies can hardly be held responsible. 
The next most prolific source of accidents to pas- 
sengers is to be found in the closing of railway 
carriage-doors. The number thus arising appears 
to be about one-sixth of the whole, and here the 
companies’ servants would seem to be at least par- 
tially at fault, though the passenger can hardly be 
exonerated from contributory negligence. 

A few years back the Board of Trade attempted 
to enforce on the railway companies the use of 
automatic couplers on all. goods wagons. In view 
of the small capacity of the average English goods 
wagon, such a regulation would be much more 
onerous, relatively to the tonnage handled, than it 
was in the United States, where the railways 
have been prohibited by law from using, in inter- 
state traffic, cars not thus equipped. The number 
of sets needed would be relatively much greater, 
whilst the cost’ and weight of ‘the equipment 
would be practically the same for the small wagon 
as for the large one, since the strength of the 


couplers must be a function of the total weight | 


of.the train rather than of the individual car. 
The returns just issued show that, in spite of 
the general adoption of the coupling-pole, more 
accidents to servants arise in the coupling and 
uncoupling of vehicles than from any other indi- 
vidual cause; but it must, in justice, be added 
that only a relatively small proportion are fatal. 
The total was 529, of which 23 resulted in death ; 
whilst out of 210 accidents happening to men at 
work on the permanent way, no less than 99 were 
fatal. The coupling-pole is often inconvenient, and 
cases are constantly being reported in which the 
workmen have -neglected to use it, and on occasion, 
moreover, the attempt to use it has actually been 
the cause of the accident, as at Spennymoor, in 
November last, where. the pole stuck, and on the 
man going between the wagons to release it, he was 
crushed between the drawbar hooks. On the other 
hand, the Inter-State Commerce Commission reports 
show that the general adoption of automatic couplers 
in the United States has by no means abolished 
accidents arising from the ‘‘ coupling or uncoupling 
of cars,” though the number previously recorded 
has been very substantially reduced. Thus, in 
1893, no less than 433 men were killed in coupling 
accidents; in 1900, 282; in 1901, 198; in 1902, 
143 ; and in 1903, 167. During the period covered 
by the figures the non-automatic coupler has been 
practically abolished. To compare with British 
returns, the figures given should be practically 
halved, since the number of men employed on 
American railroads is just about double the number 
employed here. The number injured on American 


2864 for the year ending 1903, so that, in spite of the 
automatic coupler, the employment is much more 


lines, although, . owing to our smaller cars and 
shorter hauls, the operation has probably to be 
more. frequently performed here than in the 
United States. If men took no risks, it is certain 
that there need be no accidents in coupling or 
uncoupling on either side of the ocean; but in 
practice men take a little risk in ‘order to save 
valuable time, and it is hard to blame them, 
particularly as the risk is generally their own 
and not that of other people. .Whether. the adop- 
tion of the automatic coupler would reduce the 
casualty roll on English lines below its present 
relatively sinall figure is perhaps doubtful, but it is 
probable that the change might result in a sub- 
stantial saving of time and in making it possible to 
handle a larger tonnage with a smaller staff. The 
first cost of such a reform would be, however, a 
very serious matter, and one which the companies 
and private owners are little likely to face without 
compulsion from Parliament, which compulsion is 
hardly to be expected unless a very clear case can 
be brought forward by the Board of Trade to. show 
that the change would greatly reduce the dimen- 
sions of. the accident list. - 

’ The fitting of automatic and continuous brakes 
to goods wagons is another reform which would un- 
doubtedly increase the safety of railway passengers 
and servants, since during the past year several 
accidents to passenger trains arose from the break- 
ing in two of goods trains without the knowledge 
of the train staff. With the automatic brake it is 
impossible for this to happen ; but here again the 
cost of the improvement would be exceedingly high, 
and the railway companies are by no means in too 
prosperous a condition, particularly in view of the 
possibility of their having shortly to provide large 
sums for the electrification of portions of their 
undertakings. 

After all is said and done, the danger of railway 
travelling is astonishingly small, even in America, 
where an enormous mileage, opening up districts 
still but sparsely settled, has rendered indispen- 
sable methods of operation which, rightly enough, 
are not tolerated in more thickly-populated areas. 
One ingenious statistician, Mr. Slason Thompson, of 
Chicago; indeed, has endeavoured to make out that 
American lines are.more safely operated than 
British, as he finds that the number of passengers 
killed or injured per mile of railway open is less 
than in Great Britain, and is thus able to show that 
on eleven American roads of practically the same 
nominal mileage as the British lines there were 
many fewer accidents. The comparative figures 


given are :— #4 
ae tleven 
ee American 
oes Lines. 
(1901.) (1903.) 
Mileage ae ee ... 22,078 23,427 
Passengers killed, train acci- 
dents bir oe ai 0 
Passengers killed, other acci- 
dents ad oa os 135 15 
Passengers injured, train 
accidents. ... aa pe 476 492 
Passengers injured, other 
accidents... om «- 1,669 315 
Employés killed, all causes 511 311 
Employésinjured, allcauses . 4,243 3,195 


The objections to taking total mileage open as a 
basis for estimating the comparative safety of the 
working of two lines operating under different 
conditions is pretty obvious ; but even apart from 
this, Mr. Thompson’s table is open to objection, 
since apparently the mileage of the American lines 
is single track, and includes sidings. The length 
of British lines reckoned on the same basis would 
be nearer 50,000 than 23,000 miles; and, of 
course, quite apart from this, density of traffic 
should be considered, as well as length of line ; 
for, to use an analogy, more accidents will occur in 
a mile of the City streets, in spite of the precau- 
tions taken by the police and the care exercised 
by drivers, than in a mile of country road, where 
there are no police regulating the traflic, and 
drivers are: often reckless. A really fair com- 

ison between the accident records of Great 
Britain and America is probably impossible, 
the conditions being so different. In many 
parts of America it has been a choice between a 
cheap railroad and no railroad; and having no 
Board of Trade to elect for the second alternative, 
the cheap railroad has been built, to the great 


dangerous in the’ United States than on British 


safety appliances leads now and then to an occa- 
sional serious catastrophe. ; a 

It is even ‘impossible to compare the British 
accident returns with those of Continental countries 
pS beara to our local conditions much more 
closely than do those of the greater bulk of American 
railways, since different regulations govern the com-' 
pilation of the returns, trivial injuries, such as a 
‘‘slightly bruised heel,” being included here, which 
would be ignored elsewhere. eed, 

One passenger in England is injured by a train 
accident out of every two million’ carried. The 
proportion varies from year to year, but on the 
average of the Inst decade the figure given is 
approximately .correct, and must, we think, be 
considered satisfactory. It. will probably ever 
remain impossible to extinguish train accidents 
entirely. The running of ‘trains can never be 
rendered quite independent of the human factor, 
and -even ‘should: automatic signalling abolish 
the accidents arising from lapses on the part of 
signalmen, drivers will continue, as -heretofore, to 
run past signals, and to collide with buffer-stops, 
with the usual seqrele. 








TRADE LIBELS, 

A casE which was recently heard in the King’s 
Bench Division illustrates with some force the 
danger to which the proprietors of a newspaper 
become exposed if they venture to criticise, with- 
out proper inquiry, the conduct of a contractor. ' 
It ap that the plaintiffs in the case in ques- 
tion, Messrs. Lawrence and Thacker, had a contract 
with the Wandsworth Borough Council to lay the 
channelling and kerbs in some new roads; the 
rest of the roadway being attended to by the 
Council themselves. The plaintiffs had to lay a 
bed of concrete under the channel and under the 
kerb. The plaintiffs having: laid over 50,000. yards 
of concrete, large payments in respect of the con- 
tract were made to them in 1901, 1902, and 1903.: 
The plaintiffs were bound to maintain their part of 
the road in good order for six months after com- 
pletion. During that period: certain complaints 
were made to the effect that the concrete was 
giving way in some places, and a committee 
of the council was appointed to investigate and 
report upon the work which had been done. While 
the committee were drawing up their report the 
defendants (the Wandsworth Borough News Com- 
pany, Limited, and R. W. Simpson) published 
three letters which accused the. plaintiffs of 
scamping the work and being guilty of disgraceful 
conduct, and of having robbed the ratepayers. 
Upon this the piaintiffs brought an action for libel. 
It came out in the course of the.trial’that the work 
had in some places been unsatisfactory, but the 
plaintiffs alleged that they. had. put it right’where 
required, and that subsidence had in -some cases 
been caused by a heavy steam roller which had been 
used by the borough council. In summing up to 
the jury, Mr. Justice Ridley said :—‘‘ The question 
is— Were these letters a fair comment on a matter 
of public interest? It was right for the editor to 
ublish such letters as reached him on the subject 
if they did not go beyond the limits of fair criticism. 
You should give a wide latitude in deciding what 
is fair comment. You must examine the letters to 
see whether there was anything showing an. inten- 
tion to attack a particular person. at would 
destroy the privilege of faircomment.” The jury 
found a verdict for the plaintiffs with 250I- 
damages. . + : 

Seeing that the defence in the above case was a. 
justification of the words which had been used, ‘it is 
obvious that the jury were of opinion that the 
charges made were unfounded. 

Many cases might be cited which go to show the 
danger of saying anything of or concerning a man 
in the way. of his trade or business. - Where a man 
is the victim of any such slanderous statement he 
may bring his action, and it is not necessary for him 
to prove that he has suffered any special damage.’ 
The Court will presume that he has suffered some 
damage, leaving it to the jury to say what sum 
should be awarded. Nor is the remedy limited to 
those cases in which a man is defamed in his own 
character. .He may also bring an action if the 
quality of his goods is disparaged. In such a case,’ 
however, he cannot succeed without showing that: 
he has sustained special damage; that is to say, 
without showing that he can earmark and estimate 
the damage actually caused. 
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the plaintiff, who was an engineer and vendor of 
a patent lubricator, complained of the following 
words, which were published by the defendant, a 
rival in trade :—‘‘ This is to caution parties employ- 
ing steam-power from a person offering what he 
calls self-acting tallow syphons or lubricators, 
stating that he is the sole inventor, manufacturer, 
and patentee, thereby monopolising high prices at 
the expense of the public. Those who have already 
adopted the lubricators will find the tallow is 
wasted instead of being effectually employed, as 
rofessed.” In the course of his judgment, Lord 

enman, C.J., said :—‘‘ A tradesman offering goods 
for sale exposes himself to observations of this 
kind ; and it is not by avowing them to be ‘false, 
scandalous, malicious, and defamatory,’ that a 
plaintiff can found a charge of libel upon them. 
. - . The imputation is only on the goods, and is 
not ground for an action.” But in the Western 
Counties Manure Company v. Lawes Chemical 
Manure Company, Baron Bramwell said :—-‘‘On 
the true statement, disparaging a man’s goods, pub- 
lished without lawful occasion, and causing him 
special damage, is actionable.” 

Mere extravagant statements will not support an 
action. In White v. Mellin ((1895) A.C. 154), Lord 
Watson said :—‘‘ Every extravagant phrase used by 
a tradesman in commendation of his own goods may 
have implied disparagement of the goods of all 
others in the same trade ; it may attract customers 
to him, and diminish the business of others who 
sell as good and even better articles at the same 
price ; but this is a disparagement of which the law 
takes no cognisance.” 

In a quaint old case (Harman v. Delany) the facts 
were as follow :—The plaintiff was a gunsmith to 
the Prince of Wales. In a newspaper known as 
the Craftsman, it was reported that the plaintiff 
had the honour to present the Prince (we believe it 
was George III.) with a gun 2 ft. 6 in. long, which 
would shoot as far as one a foot longer, and had kissed 
the Prince’s hand on being appointed gunsmith. 
The defendant, intending to scandalise him in his 
trade, published an advertisement in these words :— 
‘** Whereas there was an account in the Craftsman 
of John Harman, gunsmith, making guns of 
2 ft. 6 in. to exceed any made by others of a foot 
longer ; this is to advise all gentlemen to be cau- 
tious, the said gunsmith not daring to engage: with 
any artist in the town, nor ever did make such an 
experiment (except out of a leather gun), as any 
gentleman may be satisfied at the ‘Cross Guns,’ 
in Long Acre.” It was contended that this was 
no libel ; and that if one tradesman will pretend to 
be a greater artist than others, it is lawful for 
them to support their own credit in the same way. 
In the course of his judgment, Lord Raymond 
said :—‘‘ The defendants might advertise that they 
make as good as he, but they ought not to say he 
is no artist, which they plainly do by saying he 
dares not engage with any artist, and by advising 
gentlemen to be cautious of him; the law has 
always been very tender of the reputation of trades- 
men, and, therefore, words spoken of them in the 
way of their trade will bear an action that will 
not be actionable in the case of another person ; 
and if bare words are so, it will be stronger in the 
case of a public newspaper.” The plaintiff had 
judgment for 50/., the Court being of opinion that 
the libel tended to discredit him in his business. 








THE DEVELOPMENT OF THE THEORY 
OF ELECTROLYTIC DISSOCIATION. 
Wuen Professor Ostwald delivered the Faraday 

lecture at the Royal Institution a few weeks ago, 

his audience was a little disappointed, possibly, that 
he refrained from all reference to the modern theories 
with which his name is so eminently connected. 

There was, however, no such feeling when Pro- 

fessor Svante Arrhenius, of Stockholm, spoke last 

Friday before the same Institution, for he selected 

the very subject on which everybody was anxious 

to hear the father of the theory of electrolytic 
dissociation. It was not unnatural that he should, 
in his introduction, go back to the fifth century 
before Christ, to the great philosophers Empedocles 
and Democritus. Democritus—sometimes called 
the smiling ancient philosopher—had, like Empe- 
docles, very modern views: ‘‘ Nothing is made of 
nothing ; we cannot annihilate anything ; all that 
happens is change of form, mixture, and separa- 
tion ; bodies—and the soul even—are built up of 
indivisible particles differing in form, magnitude, 
aggregation, but not in quality.” That is an ancient 





enunciation of Dalton’s atomic theory and his law 
of multiple proportion, which divides the domains 
of physics and of chemistry. Dr. Arrhenius rather 
takes exception to this division. Two atoms of 
nitrogen combine with one, two, three, four, or 
five atoms of oxygen, but there are no inter- 
mediate compounds ; that signifies discontinuity, 
which is often assumed, but not always confirmed 
by experiment. 

Avogadro, the lecturer proceeded, enunciated 
the laws concerning gases, which were later pub- 
lished by Boyle, and Gay-Lussac and Charles gave 
these laws about the relationship between the 
volume, pressure, and temperature of gases the 
general form—equal volumes of gases contain, 
under like conditions of temperature and pres- 
sure, the same number of molecules. As ammo- 
nium chloride gave too large a volume to con- 
form to this law, it was supposed, and proved 
in 1862, that it split into hydrochloric acid and 
ammonia—the first demonstration of dissociation. 
Ste. Claire-Deville found that the vapour pressure 
of the carbonic acid over calcined limestone fol- 
lowed the same law as the water vapour over liquid 
water. In his thermodynamic and electrolytic 
researches, Clausius first hinted that salts might be 
dissociated in their solutions. Buff had found 
that the smallest electromotive force will send a 
current through an electrolyte ; Hittorf, to whom 
the lecturer, pressed by time, did not refer, pointed 
out that the electrolyte round the two electrodes 
became unequally diluted. Clausius established that 
there is an exchange of molecules even without any 
external current, just as Williamson had assumed an 
exchange for his theory of the formation of ethers. 
All that was incompatible with the theory of Grott- 
huss, according to which a definite current is 
needed to break up the chain of molecules. Bouty 
and Kohlrausch having worked out delicate methods 
for determining conductivities, Arrhenius, in 
1884, made the following experiment. He filled 
a trough, provided with end electrodes of zinc, with 
a solution of zinc sulphate, say up to mark 1; the 
solution had a conductivity k,. He diluted it with 
water up to mark 2; the molecular conductivity k, 
increased, although water is an insulator ; and so 
on. Diluting with 1000 volumes of water, he came 
to a limiting value beyond which the conductivity 
k, ky, . . . which had been rising at a slower and 
slower rate, did not increase. That showed that 
the current was carried, not by the zinc sulphate — 
for then the molecular conductivity should have re- 
mained constant—but by particles, the ions Zn 
and SO,, into which the sulphate was more and more 
split on higher dilution. Professor Arrhenius did 
not explain the nature of the ions. Authorities 
are not quite in agreement about them. But we 
have to regard the ions as particles into which the 
compounds split, each particle carrying an electric 
charge, and travelling either to the anode (the 
anion) or to the cathode (the kation), each with its 
own characteristic velocity. The ions are free in 
a certain sense; but they are impeded in their 
movements by the solvent which surrounds them. 
The ions may be simple, like Na, or complex, like 
SO,. It sounds strange, of course, that ions of 
sodium Na should travel about in water, in which 
a piece of free sodium would at once cause an 
explosion. But the ion Na, as we pointed out in 
our issue of August 7, 1903, on page 169, need not 
resemble the metal sodium any more than soda or 
any othercompound of sodium resemblesthe element. 

Similar, though less steep, conductivity curves 
were obtained with many other salts. They 
dissociate to different degrees, and Arrhenius 
simply speaks of the dissociated particles as 
active, and the undissociated as inactive. Dissocia- 
tion and chemical activity certainly go together in 
many cases; but it is not advisable to make the 
terms synonymous. There are many facts, though, 
which seem to support his view. Pure hydrochloric 
acid does not attack carbonates, because it contains 
no ions, says Arrhenius ; weak acids become com- 
paratively stronger on being diluted (Ostwald); the 
velocity of reactions (law of Guldberg and Waage) 
depends upon the activity, as Ostwald established. 
We have, further, the experiments upon the heat 
of neutralisation. It was shown to be the same what- 
ever basic and acid electrolytes were taken, a fact 
which chemists could not explain, but which 
appears simple when we consider that what unites 
is simply the O H-ions of the base and the H-ions 
of the acid to inactive H,O water. Professor 
Arrhenius might have made this clearer, however. 

Meanwhile, Van’t Hoff had in 1887, by his investi- 








gations of the osmotic pressure, demonstrated that 
Avogadro’s law could be further generalised, and that 
the laws governing gases apply to all materials in a 
very finely-divided state, whether gases, vapours, or 
solutions—provided they be highly diluted. What is 
the osmotic pressure ? If a cylinder filled with cane 
sugar solution be closed by a membrane, and the 
whole dipped in water, the water will force its way 
into the sugar solution, making the membrane 
bulge out, until the pressure inside amounts to 535 
millimetres of merc That will be the osmotic 
pressure if the solution contains 1-gramme molecule 
of sugar per litre; if it contains 2-gramme mole- 
cules, the pressure will be almost twice as large. 
Sugar is a non-electrolyte. When an electrolyte 
with two ions like Na Cl is taken, the pressure 
is twice as large as in the former case. Now the 
pressure depends upon the number of particles ; 
there must, therefore, be two particles of Na and of 
Cl, and not one of Na Cl—i.e., there must be dissocia- 
tion. Ternary compounds similarly give curves con- 
verging—from irregular beginnings for concentrated 
solutions—to a value three times as large as in the 
case of a molecule of a non-electrolyte. Together 
with variation of the osmotic pressure there is the 
lowering of the freezing-pvint and the raising of 
the boiling-point, when electrolytes are dissolved 
in water, the molecular conductivity (Kohlrausch), 
the internal friction (Arrhenius), the capillarity 
(Valson), refractive index (Gladstone), magnetic 
rotations (Perkin and Jahn), and many other pro- 

erties which are shown to be ‘‘ additive ’—that 
is, to depend upon the two constituents or ions. 
While it was formerly considered that chlorine 
was a reagent for silver in most compounds, it is 
now held that the chlorine ion is a reagent for 
silver ion, provided the solution contain Ag as 
an ion. If silver be present in a complex radical, 
the test fails. This argument must not be pressed 
too strongly, however ; for Kahlenberg has shown 
that instantaneous reactions are quite possible 
where there is no dissociation; and though his 
experiments are not unassailable, there is no reason 
to assume that bodies can only split up in the way 
in which Professor Arrhenius assumes. The 
colour tests of Ostwald support him. Fluoresceine, 
a non-electrolyte used to trace subterranean water- 
courses, gives an absorption band in the extreme 
blue ; if we replace H, by K,, we find two bands 
in the blue and green; and so with other substi- 
tutes. In-electrolytes like permanganates, however, 
we may replace K by Ca, Mg, Al, Cd, &c.; the spec- 
trum will remain semeiiall unchanged, showing 
that here the absorption "depends upon a particle of 
the substance which does not comprise the various 
metals. 

Now, if the bodies are really dissociated, we should 
be able to separate them simply by dissociation. For 
instance, let water be poured over a solution of com- 
mon salt. As the Cl-ions travel 1.4 times faster 
than the Na-ions, the chlorine should collect in the 
water; but in doing so it imparts its negative 
charge to the water, and the solution underneath 
becomes positively charged, so that the Na-ions in 
their turn are now driven out with a greater force, 
until equilibrium is established. Chemically we 
cannot demonstrate the effected dissociation ; elec- 
trically Nernst has done it. : 

Professor Arrhenius further referred to chemical 
equilibrium, the weakening of an acid by addition 
of one of its salts, the proportions in which acids 
combine with different bases in mixtures, the very 
weak dissociation in pure water (Kohlrausch and 
Heydweiller) which accounts for the very feeble 
conductivity of water, and to physiological and 
catalytic effects. That the latter should depend 
upon the number of OH-ions and H-ions is not 
universally conceded ; and as regards the physio- 
logical effects in which those ions certainly do 
appear to play a part, and toxins and anti-toxins, 
Professor Arrhenius has quite recently been 
attacked by Nernst, to whom much of the deve- 
lopment of the theories is due. 

rofessor Arrhenius made excellent use of the 
customary hour at his disposal. Having elected 
to speak on the re prion of the theory, how- 
ever, he could not dwell upon its limitations and 
difficulties. He pointed out that the different 
methods are not always in agreement, and that 
strongly dissociated salts display certain anomalies, 
now investigated by Jahn, even in dilute solu- 
tions. We have ventured to interpose a few 
references to difficulties. We should also refer our 
readers to other articles dealing with the modern 
electrolytic theories, published in our issues © 
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August 8, 1903, on page 169, November 13, 1903, 
on page 651, and on other occasions. One of the 
chief objections is that a theory which is correct only 
for highly diluted solutions is useless for the prac; 
tical concentrations with which the chemist works. 
That may be true. Yet the laws regarding gases are 
not despised because they fit only the perfect ideal 
gas, and the difficulties which the greater friction 
and other phenomena cause ‘in concentrated solu- 
tions have already been attacked with considerable 
success. The fact that the gas laws and other argu- 
ments can hardly be applied to fused electrolytes 
which yet behave like solutions is more striking. 
Professor Arrhenius has on other occasions wagered 
that the current may, in fusions, be carried by ions 
moving in the fused mass ; and Ostwald has ex- 
pressed the opinion that even in solid bodies we 
may have the substances rather in an ionic than in 
an elementary condition. In any case, nobody will 
grudge Professor Arrhenius the fame of having 
given us a splendid working hypothesis, which has 
called forth remarkably fruitful researches, and 
opened up a new field of scientific evolution. 








MEXICAN INDUSTRIAL DEVELOP- 
MENTS. 

Very remarkable industrial progress has been 
made in Mexico during the past year or two, and 
instead of slackening, the movement is spreading. 
Capital is being attracted, especially from the 
United States, for the development of the country’s 
great and varied resources, and already a vast 
number of enterprises of various natures, all 
making for a seb good future, are in course of 
prosecution. We referred recently to the creation 
of a large iron-manufacturing industry, and to the 
revised import tariff designed to foster it. In quite 
a number of localities in the various States, 
especially in the north and north-west of the 
Republic, iron ore of excellent quality is found 
which has hitherto remained undeveloped, partly 
because of the lack of cheap transport facilities, 
and partly because of the absence of capital and 
of initiative. Whether the attempt to establish a 
manufacturing industry commensurate with the 
country’s needs proves successful or not, there is 
no doubt whatever that the effort is being 
furthered with energy, and what is more, with the 
help of American brains. The fuel difficulty is 
being obviated by the. development of Mexico’s 
coal-beds, which are more extensive and more 
widely diftused than was suspected before the 
systematic fgeological exploration of the land was 
taken seriously in hand. The most fully developed 
coal-field is that in the State of Coahuila, where 
there are two beds—the upper, or Laramie, and 
the lower, or Fox Hill—both corresponding to the 
formations of the same name in Colorado, Utah, 
and Wyoming. From Sabinas, extending south 
and south-east, the Laramie group is worked, and 
in it the mines at Sabinas, San Felipe, Hondo, and 
Alamo are operating, supplying coal for various 
railways, principally the Tesien International ; 
making coke for the use of smelters in the various 
Mexican States, and also shipping through the port 
of Piedras Negras to America. Sonora has de- 
posits of considerable extent. This field has been 
traced 60 miles east from San Marcial, nearly 120 
miles north-east, and in the north to the Arizona 
line. There are three distinct seams of coal, 2 ft., 
4ft., and 7} ft. respectively. It is all anthracite 
or semi-anthracite, containing from 8 to 15 per 
cent. ash and sulphur, according to reported 
analysis. In the State of Puebla some sixty-five 
coal-mines have been opened. In the district of 
Acatlan, in the southern part of the State, there 
are twenty mines, eighteen of them belonging to 
one company. We made reference not long ago to 
the incorporation of the Mexican Car and Foundry 
Company, incorporated under Mexican laws to 
build a large car plant in the vicinity of Mexico 
City, which has begun operations. In the first 
instance a foundry to make car-castings only will 
be built outside the car-shop. A little later on, the 
company will instal a malleable iron plant, brass 
foundry, and wheel foundry. The capacity of the 
shop will be ten cars daily. 

It is in mining and miscellaneous industrial 
enterprises, perhaps, that Mexico is making the 
most striking endeavours to develop its resources. 
A concession has been granted for the construction 
of an extensive system of long-distance telephone 
lines throughout the country. An electric-power 
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the object being to provide light and power for the 
city of San Cristobal and:the-towns adjacent. The 
necessary permission has also been .received for a 
similar plant for Tescaltiche, in the State of 
Jalisco. Again, Zacatlan, a city'of some 25,000 
inhabitants, in the State of Puebla, is to havea 
municipal electric and power system, and the State 
department has approved the plans. The-Com- 
ony Maustral de Guadalajara, which operated a 
horse-power hydraulic plant at Las Juntas for 
the purpose of transmitting current to Guadala- 
jara, for lighting purposes chiefly, is about to let 
contracts for 2000 horse-power additional equip- 
ment. A project is on foot to build three electric- 
power plants in the State of Puebla. The neces- 
sary application has been filed with the Mexican 
authorities. The Zempoala River, in the district 
of Tetela, will furnish the water- power. It is 
intended to develop energy for operating machinery 
in the mines located in the Tetela de Ocampo 
district. A large plant is to be built in Mexico 
City for the purpose of manufacturing acetylene 
gas for lighting purposes. . A concession has been 
granted, permitting the utilisation, for the irrigation 
of some ranches, of water from the Tula, or Mocte- 
zuma river, at a point or points in the municipality 
of Tasquillo, in the State of Hidalgo. It is pro- 
posed to construct hydraulic works and canals of 
considerable extent, also telephone lines. All the 
plant, by the terms of the grant, is allowed to enter 
free of duty. The -construction of a water-works 
system in Agua Prieta, State of Sonora, is pro- 
jected. Agua Prieta has a population of about 
6000 people. A plant is to be erected in the 
Canton of Parcela, near Zamora, Stateof Michoacan, 
which will be devoted to the preparation of henne- 
quin, or sisal hemp, the machinery for which will 
be purchased in the United States. An American 
firm has also secured two contracts for the con- 
struction and equipment of two 1000-ton sugar 
plants in Mexico and Porto Rico. The Mexican 
Light and Power Company, Limited, has decided 
to supply the energy from its Necaxa plant to the 
El Oro mining camp, one of the most important in 
the Republic. This will mean the installation of 
considerable further equipment, and will result in 
the construction of one of the most extensive 
power-transmission systems in the world. The 
length of the line will be nearly 175 miles. For 
the Necaxa plant 45,000 horse-power of equip- 
ment has already been ordered. The plant will, 
in the first instance, transmit current to Mexico 
City for general power purposes. This section of 
the transmission system will be about 100 miles in 
length. The ultimate capacity of the Necaxa plant 
will be no less than 80, horse-power. Owing to 
the excessive cost of the existing power—steam— 
used for mining in El Oro, several properties are 
lying dormant ; but as the Mexican company hopes 
to deliver electrical energy at less than half the cost 
of steam power, it is expected that a considerable 
number of low-grade mines will be worked, which 
will, of course, result in the purchase of a large 
lot of machinery. The Necaxa-El Oro power trans- 
mission system will be one of the largest hitherto 
built. Another big system is owned by the Guana- 
juato Power and Electric Company, which has 
recently completed a large plant on the River Douro, 
and sends current to the Guanajuato district, 
another prominent Mexican mining region. This 
transmission system is about 120 miles long, and 
will be extended shortly, which will mean more 
power-house equipment. 
These are only a selection out of a large number 
of evidences of Mexican industrial developments. 
Naturally, this progress is accompanied by activity 
in railway construction in order to facilitate and 
cheapen transit. The Compania Carbonifera de 
Monterey has received a concession by the Govern- 
ment for the building of lines in the State of 
Coahuila, both to start from the coal-mines known 
as Del Menor, in the jurisdiction of Muzquez. One 
line is to connect with the Mexican International 
Railway, while another will be built to the town of 
Muzquez. The two will form one system, and will 
be known as the Compania Carbonifera del Norte. 
The construction of a railway between the Hacienda 
de Atlataxac, in the Alatriste district of Puebla, 
and a point on the Mexican railway between 
Guadalupe and Apizaco, in Tlaxcala, has also 
been sanctioned. e line will be about 40 miles 
long. The concession permits of an extension to 
Zacatlan, State of Puebla, about 20 miles further. 
A more ambitious scheme is a proposed’ line from 


upwards of 1,500 miles long, and will pass through 
the San Marcial coal-fields, situated in the ‘State of 
Sonora.::: From these. coal-fields the route will be to 
a point on the Pacific coast, near the mouth of the 
Yaqui river, and thence down the coast, touchin; 
at. the ports of Topolobampo, Manzanillo, an 
Mazatlan. Further, a concessidn has been granted 
for a system of railroads in north-western Mexico. 
The main line is to be built immediately from a 

int near El Carpio station on the Chihuahua and 

acific Railroad, and touching the towns of Casa 
Blanca, Tejolocachic and Matachic. The main line 
will terminate at Temosachic. The concessionaires 
have also secured the necessary permission to build 
other lines in the Republic. One will be constructed 
from Temosachic, as an extension of the first line 
to a point on the frontier of the United States, 
where a connection will be made with a railway 
from the north, and another from a point to be 
hereafter determined on either the first or second 
line, and will reach the Gulf of California, or a 
point on a railway already established and leading 
to the Gulf. The Mexican Central Railway pro- 
poses to extend its lines on the Guanajuato branch, 
from the present terminus at Marfil to the mining 
camp of Vulguniniies a suburb of Guanajuato, where 
a station will be built. Again, work is about to 
commence on a line between Sayula and Autlan, 
State of Jalisco, Mexico, which will be about 75 
miles long, and a preliminary survey is being made 
for a proposed road to be built from the port of 
Altata, State of Sinaloa, to Topio. The distance is 
about 100 miles. A concession has been granted 
also for the following lines :—(1) From a point near 
the San José station of the Maco and Cananea 
Railway to a point on the boundary line of the 
States of Chihuahua and Sonora, and distant about 
15 miles from the boundary of the United States. 
(2) From the terminus of the preceding lines to a 
connection with the Rio Grande, Sierra Madre and 
Pacific Railway, at such a convenient point as the 
Department of Public Communications and Works 
may approve. (3) From the terminus of the last- 
mentioned line at the junction with the Rio Grande, 
Sierra Madre and Pacific, to a connection with the 
Mexican Central, at such point as the department 
may approve. (4) From a point on the Maco and 
Cananea Railway to a point on the Sonora Railway. 
The company is also authorised to build a branch 
from the first-named lines to the Pilares mining 
district. In accordance with the Mexican general 
railway law of April 29, 1899, the free importation 
of construction material is allowed for five years. 

Nor is tramway traction neglected. The Mexican 
Government has granted Alberto Diaz Rugama, on 
behalf of the Ferrocarril de Circumvolacion of 
Mexico City, an extension of six months’ time in 
which to complete the construction of the first five 
miles or so of that street railway. The concession 
permits of the construction of a belt line around the 
capital of the Southern Republic. The Federal 
District Railway Company, which operates some 
100 miles of electric traction system in that part 
of the world, was recently negotiating with the 
Circumvolacion Company with a view to amalga- 
mation, but the deal fell through. Among other 
enterprises, the project of building a tramway from 
Henchapan, State of Hidalgo, to the railway station 
at El Cuarto, has, according to Mexican advices, 
taken definite shape. The proximity of Mexico to 
the United States gives American engineers some 
advantage in competing for contracts, but costs of 
production and transport from the manufacturin 
districts of the United States are considerable, an 
as constructional material comes into the country 
free, it seems to us that English engineers ought to 
count for more than they prkon ms do in- the 
industrial exploitation of Mexico. 





THE ST. LOUIS EXHIBITION. 
Mines anp METALuuRey. 


Or the eight large buildings which constitute the 
great central group of the St. Louis Exhibition, the 
one that was the earliest to be in the most advanced 
state was that devoted to Mines and Metallurgy. 
Great credit: is due to Dr. J: A. Holmes, the chief 
of the section, and the gentlemen who co-operated 
with him, for the progress made in the face of’ in- 
numerable difficulties that had to be overcome— 
difficulties which were common to all sections, and 
were multiplied in the case of the Machinery Section 
for reasons stated in previous notices. e chief 
trouble arose through the action of the labour 
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plant is to be established in the State of Chiapas, 


leaders. For a time all appears to have gone fairly 
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smoothly,.and within two or three.months of the 
time of opening those responsible for the work were 


sanguine that the Exhibition would be ores f 
complete by the date fixed upon—the end of April. 
When, however, success appeared assured, the 
workmen’s organisations began to give trouble. It 
had been recognised from the first that the scale of 
remuneration should :be liberal, but soon the 
.demands grew beyond all -bounds of reason. The 
workmen seem to have been organised in a union 
.or society, the leaders of which rapidly became 
masters of the situation. The management made 
the initial mistake of. giving way by acquiescing to 
certain requisitions, not of vital importance in 
themselves, but once the labour party had estab- 
lished a precedent, it was rapidly pushed to an 
extreme. It is considered that, had the manage- 
ment made a stand in the first instance, declaring 
for. free labour and a right to employ whom they 
pleased, that matters would soon have settled them- 
selves amicably; that the labour leaders would have 
recognised the foolishness of pressing unjust claims. 
Once, however, the executive began to slide, labour 
kept it going. Ordinary workmen were paid 
7 ids. a day or more, but that was not the worst. 
The unions insisted upon a certain number of men 
being put on to a given piece of work. For 
instance, in one case four plasterers were said to be 
needed on a job where there was only room for two 
to work, the other two.remaining idle. Remon- 
strance was useless, and it was impossible to get 
the men to work diligently. If any discipline were 
attempted, it was met by the threat of a strike ; 
indeed, the men were constantly suspending work 
for some cause or the other. 

This is what we hear; but we feel it but fair to 
say that since the Exhibition has been opened to 
the public the large numbers of workmen employed 
appear to be carrying on operations with quite 
reasonable vigour. It appears to be agreed on all 
sides, however, that. the labour difficulty is the 
greatest trouble in the organisation of these 
mammoth exhibitions; and predictions are rife 
that this will be the last undertaken, if from that 
cause alone. Whatever may be the reason, how- 
ever, the St. Louis Exhibition still remains at this 
time of writing—three weeks after the opening— 
far from complete. Great progress has been made 
since we last wrote, but even now the statement, 
to which reference was previously made, that all 
exhibits are iu place, would be very far from being 
warranted. For instance, the passenger service 
on the International Railway, which has been 
specially constructed within the grounds, has been 
stopped an hour earlier by order of the executive, 
as it has been necessary to utilise the line for 
conveying trucks and wagons laden with exhibits. 
There are, it is stated by the Superintendent of 
Transportation, 250 cars of exhibits waiting. The 
work of switching these in will, it is said, take ten 
days, which will bring the date ae over a fort- 
night after it was said that the Exhibition was 
‘* one hundred per cent. finished.” How long after 
the switching it will take to instal the exhibits, 
how many more cars there are to come forward, and 
how long it will take to unload the trains of cars 
in front of the buildings, is another matter for 
speculation. 

Before proceeding to our more immediate 
subject, we would say a word in correction of the 
remarks in our last article respecting the absence 
of attendants in the British Sections. In the 
Educational as well as in the Chemical Sections 
there are official representatives who are well 
acquainted with the subjects they represent, and 
are willing to give information to visitors. Possibly 
the same may be true of some other sections. We 
only spoke generally from the impression gained by 
an examination not systematic. Inthe Machinery 
Building we understand there are not any British 
exhibits. 

The Mines and Metal:urgy Building is a rect- 
angular structure, 750 ft. long and 525 ft. wide, or 
about 9 acres in area; the cost is placed at 
500,000 dols., or over 100,000/. In appearance it 
differs considerably from the other buildings, the 
architecture being described as the style of L’ Art 
Nouveau. The roof overhangs considerably, and 
beneath is a frieze supported by columns, thus 
constituting a loggia. e central entrance has 
over it a dome, and the building is flanked by large 
obelisks before the entrances. Inside, the roof and 
columns are of timber, as in the other buildings. 

The leading feature in this building is the 
display of the mineral products which the various 





States of the Union have individually contributed. 
To these must be added the Canadian exhibit and 
those of other countries, our own included. The 
private exhibits are ‘less noticeable than’ in sémeé. 
other sections, although there are one or two of 
considerable importance, such as that of the Beth- 
lehem Steel Works and of the Standard Oil Com- 
pany. The exhibits are divided into five groups, 
as follow :— Working of mines, ore beds, and 
stone-quarries ; minerals and stones, and their 
utilisation ; mines, models, maps, and photographs ; 
metallurgy; and literature of mining, metal- 
lurgy, &c. 

In connection with this department is what is 
known as ‘“‘The Gulch.” This is situated in a 
natural ravine in the grounds, extending 1800 ft. 
The average widthis 400ft. -Here will be shown 
the various processes of mining on a somewhat con- 
siderable scale. There is also a large building made 
entirely of cement. In it the methods of preparing, 
mixing, and’ using cement pottery clays will be 
exhibited on a practical scale. Here also will be 
illustrated the methods followed in boring for oil, 
and the working of oil-wells. There will also be a 
working gold-mine—presumably ‘‘salted””—and 
an ore-mill. Other attractions will consist of a 
typical miner’s cabin, a New Mexico turquoise 
mine, copper-smelting, a coal-mine, and a typical 
Western miners’ camp. Altogether the Gulch 
promises to afford one of the most attractive 
features of the Exhibition. At the time of writing 
it is not complete. In the Gulch also are to be 
carried on a series of experiments for testing the 
calorific value of various fuels, and their adapta- 
bility for various purposes of domestic and 
industrial utility. 

The Metal Pavilion, 125 ft. long by 120 ft. wide, 
is situated close by. Here will be shown the 
various operations followed in working up copper, 
tin, zinc, lead, and aluminium. Close by is a model 
foundry, 125 ft. by 120 ft. There will be a cupola 
for melting iron, from which castings will be made 
in the usual form. There will also be a section 
devoted to brass-casting. Electric cranes and other 
foundry plant will be shown in operation. 

The fine collection of different State exhibits con- 
tained in the Hall of Mines and Metallurgy affords 
an unparalleled opportunity for. studying the 
mineral resources of the United States. The limits 
of our space, however, do not permit us to give so 
full a description of the exhibits individually as their 
merits would otherwise demand, and we must treat the 
production and resources of the country as a whole 
at first, with more special reference to those features 
which are chiefly characteristic of any particular 
State in such cases as seem to demand attention in 
consequence of being of special interest to our 
readers. Our work in giving this general summary 
is made easy from our having access to the splendid 
series of publications issued by the United States 
Geological Survey, of which the Hon. Charles D. 
Walcott is the director, the section devoted to 
Mineral Resources being prepared under the direc- 
tion of Dr. David T. Day, chief of the Division of 
Mining and Mineral Resources, to whom our 
thanks are due, as well as to Mr. Parker of the 
same department, for many courtesies and much 
assistance. 

The total value of the commercial mineral pro- 
duction of the United States in the year 1902—the 
last for which we have figures at the time of writing 
—was over a thousand million dollars. This was 
the third year that this figure had been exceeded ; 
the exact total values for the three years being as 
follow :— 

Year. Dols. 

1900 ... ash ie ios : 1,063,678, 053 
1901 ... an aks es ... 1,086,584,851 
1902 ... =o ; 1,260,639, 415 

Thus it will be seen that during the last-named 
year the product reached the enormous value of 
about 262 million pounds sterling. Although the 
increase has been continuous and satisfactory for 
some years past, the greatest jump was made in the 
memorable year 1899, when the gain over the 
previous year was 39.17 per cent. The next 
greatest advance was that given above—1902— 
exceeding 1901 by 16.02 per cent. There have 
been, however, breaks in the record of advancing 
prosperity. During the industrial depression of 
the era 1892-95 there was a decline of over 27 
million dollars, and the output of ten years pre- 
viously (1892) was not again equalled until the era 
of renewed prosperity began in 1898. In the above 
figures pig iron is taken at its spot value, gold and 


silver at their coining value, copper, lead, and zing 


‘at’ their New York values, and other metals accord- 


ing to their ‘Values in the chief markets. Non- 
metalli¢ minérals, including petroleum, mineral 
waters, stone, cement, &c., are taken at spot values, 

Naturally, ina country of such varied and wide- 
spread industrial activity as the United States, iron 
and coal are the most.important of its mineral pro- 
ducts. In 1902 the'vdlue of iron was 372,775,000 
dols., and of coal 367,032,069 dols. Reducing 
dollars to pounds sterling, we set these figures 
against the output in tons of the United Kingdom, 


Year 1902. 
United Kingdom. United States, 
Pig iron produced 8,076,000 tons 77,660, 0007, 
Coal mined ... _ ... 219,046,000 ,, 76, 465, 0007. 


In regard to quantity, the American figures of 
past years for pig iron show a maintained increase ; 
the total production for the last five years being as 
follow :— 


Long Tons. 
9,652,680 
11,773,934 
13,620,703 
13,789,242 
15,878,354 
17,821,397 


Year. 
1897 
1898 
1899 
1900 
1901 
1902 


It will be seen that the increase in quantity in 1902 
over the preceding year was at the rate of 12.2 per 
cent., but the increase in value was about 54 per 
cent. The ruling price of pig iron in the United 
States affords an interesting study to the economist, 
both in regard to the inflated and depressed state of 
the markets; and it might afford an instructive 
study to those considering the fiscal question which 
is about to agitate the political world. The average 
price per long ton for eight years has been as 
follows :—1894, 9.76 dols.; 1895, 11.14 dols ; 1896, 
10.47 dols.; 1897, 9.85 dols.; 1899, 18 dols.; 1900, 
18.85 dols.; 1901, 15.25 dols.; 1902, 20.90 dols. 

It would be interesting if the cost of iron ore 
and fuel could be added, but trustworthy figures 
are not to be obtained. To a large extent the raw 
materials are owned by the iron-makers, or at any 
rate are controlled' by them. Putting aside any 
fluctuations in the labour market, a rise in price of 
pig-iron is therefore to the advantage of the iron- 
makers ; and this also applies to the steel-makers 
in the majority of cases where the control of practi- 
cally all raw material is in the hands of the 
manufacturers, 

The average total value of iron ore at the mines 
for 1901 was 1.71 dols. per long ton, and for 1902 
1.84 dols. per ton ; the advance for the latter year 
over the former being therefore 7.6 per cent. In 
1902 the value ranged, in the different States, from 
an average of 3.52dols. per ton for the quarter- 
million odd tons mined in Colorado, down to the 
0.99 dol. average of Texan ore. The Colorado ore 
is, however, exceptional, as a good deal of it 
contains a considerable percentage of manganese, 
and often also a small quantity of silver, though 
not sufficient to warrant it being classed as a 
precious metal ore. The two states which overtop 
all others in the production of ore are Minnesota, 
with over 15 million long tons, and Michigan, with 
11 million tons. The greater value of the iron 
ore of the latter State, however, reverses the order 
of precedence when we come to deal with value, 
the Michigan ore having been worth an average of 
2.40 dol. per long ton (= 26,695,860 dols. total), 
and the Minnesota ore 1.58 dols. per ton 
(= 23,989,227 dols). These are values at the 
mines. The rapid advance in the development of 
the iron resources of the Lake Superior district 
will be appreciated when it is stated that in 
Minnesota alone there was mined in 1902 more ore 
than was produced in the whole of the United 
States during any year previous to 1890. The mines 
in that State are in the Mesabi and Vermilion 
ranges. The ore is red hematite. _ The district is 
still being developed, and fresh workings are likely 
to increase the total in the future, supposing, of 
course, the demand continues to advance. The 
Michigan ore is also for. the gore part red 
hematite, a comparatively small quantity being 
magnetite. 

The only other State which had during the year 
1902 an output of over a million tons was 
Alabama, where over 3} million tons were mined 
in 1902, the average value being 1.10dols. per 
ton. Other principal States in order of product 
are Virginia, including West Virginia, 987,958 tons 





at 1.69 dols.-; Tennessee, 874,452 tons at 1.28 dols. ; 
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Pennsylvania, 822,932 tons, at .1.49 dols. ; Wis- 
-consin, 783,996 tons, at 2.30 dols. ; New. York, 
555,321 tons, at 2.45 dols.; New Jersey, 441,879 
tons, at 2.78 dols. ; and Georgia. and North Caro- 
lina, 364,890 tons, at 1.39 dols. Other States have 
a smaller production. 
In taking‘note of these values it must be remem- 
bered that thé figures represent the gross commer- 


cial value of the. ore at the mine without profit. 


The price of ore in by far the most important field 
of production, the: Lake Superior district, is 
governed’ by the Bessemer Ore’ Association. The 
basis for fixing the price for 1902'was 44 dols. per 
long ton, free on board at the Lower Lake ports. 
The guarantee was 63 ‘ae cent. of metallic iron, 
0.045 per cent. of phosphorus, and 10 per cent. of 
moisture when dried at 212 deg. Fahr. For old range 
non-Bessemer ores the basis of price was 3.60 dols. 
per long ton, free on board at Lower Lake ports, the 
content of iron to be 60 per cent., and the moisture 
12 per cent. when dried at 212 deg. Fahr. Thecorre- 
sponding figures for Mesabi ores were, for Bessemer 
quality 4 dols., and for non-Bessemer 3.20 dols. The 
basis of price for 1902 was 25 cents. per ton above 
the preceding year. When the ores contain iron or 
phosphorus respectively above or below a given 
quantity, the price is adjusted accordingly. 

As might be anticipated, the immense devejop- 
ment of newer fields of iron ore has resulted in a 
comparative falling-off in, the supply from older 
sources. - In the case of Pennsylvania, for instance, 
the great iron-producing State, the decrease has 
been not only relative, but actual. .In 1892 the 
production was 822,932 tons, a decrease of no less 
than 217,752-tons from the 1901 production, which 
was 1,040,684 tons. The result has been that 
Pennsylvania has’ fallen from the fourth to the 
sixth position’ as a producer of iron ore. 

The fact illustrates the manner in which, by im- 
proved transportation facilities, the engineer has 
annihilated distance. In the past era of Britain’s 
unquestioned manufacturing supremacy, it was an 
axiom that as an engineering nation we were secure 
because iron ore, coal, and limestone not only existed 
in abundance with*us, but that ours was the only 
country in which they were found in close proximity. 
Latter-day discoveries have shown that even this 
geological advantage is not confined to our shores ; 
but that is of less importance since so large a part 
of the ore used for steel manufacture is transported 
great distances. We ourselves have found our 
chief source of supply for the manufacture of acid 
steel in Northern Spain; whilst the great steel 
works of America bring the ore an approximately 
equal distance before it is smelted into iron; 
and, indeed, as Mr. John Berkinbine points out in 
his official report, from which we quote, a large 
part of the iron ore which is mined in the United 
States is transported long distances to the place of 
consumption. The ores of the Lake Superior dis- 
trict are smelted in Pennsylvania, Ohio, Illinois, 
Michigan, Wisconsin, New York, New Jersey, 
Virginia, Kentucky, and Missouri. The Wyoming 
and New Mexico ores are taken to furnaces in 
Colorado, whilst the magnetites of Lake Champlain 
are sent to the Pennsylvania Iron and Steel Works. 
The chief stream of traffic is from the mines in the 
Lake Superior district, and along the Lakes, there 
being generally a railway haul at each end of the 
voyage. 

The ports of shipment on the Lakes are especially 
adapted for this staple trade. The railway wagons, 
or cars, are especially adapted for discharging the 
ore into the pockets of the piers, and the ships are 
constructed so that their hatchways register with 
the spouts of the ore-pockets. Some of the docks 
have a storage capacity of 50,000 to 80,000 or more 
tons. At Superior, in Wisconsin, one dock has 350 
pockets, one has 250, and another has 160 pockets, 
the storage capacity of the whole being 168,000 tons. 
At Duluth, Minnesota, there are two. docks, each 
of 384 pockets, whilst both Escanaba, Michigan, 
and Two Harbours, Michigan, have each five docks, 
mostly of large capacity. a 

It is the excellent facilities for handling ore that 


enable it to be. transported over long distances, | 
with economical advantage over two railway hauls 


and one voyage by steamer.’ In 1902 the ports of 
Two Harbours and Duluth each .shipped over 
5} million tons of ore, and Escanaba almost 
touched that figure. The total of Lake ship- 
ments was 27,038,379 tons, in addition to which 
about half-a-million tons were’ sent wholly by rail. 
The total for previous years has been as follows :— 
Tn 1898, 14,024,673 tons ; in 1899, 18,251,804 tons ; 


‘transportation by rail. 





in 1900, 19,059,393 tons ;. in. 1901,. 20,589,237 
tons. Navigation on the great fresh-water lakes is 
closed by ice during the winter months—a circum- 
stance which is not experienced by the over-sea 


‘voyage from Bilbao to Great Britain ; and to over- 


come this defect, the lower Lake ports have large 


storage capacity, where the-ore can accumulate 
during the open season, to be distributed to the 


furnaces later in the year. At the close of naviga- 
tion on December 1, 1902, there were over seven 
million tons. at the lower Lake: ports ready for 
The size of trains and 
— of the locomotives for handling iron ore 

tween the Lake ports and the steel works, and 
the admirable appliances for transferring the ore 
from the stockyards to the furnaces, as well as the 
other furnace materials, are not within the scope 
of our present notice, but they all form links in 
that wonderful chain of productive industry, the 
American steel trade. 

During 1902 the United States imported over a 
million tons—actually 1,165,470 tons—of iron ore, 
over one-half coming from Cuba, the next largest 
supply being from Canada. Against this, 88/445 
tons were exported during the same year, nearly 
all going to Canada, to be used for special purposes 
in obtaining a desired mixture. 

Turning from the raw material to its finished or 


partly-finished . products, we find that the. manu- | 


facture of basic pig: iron. continues to increase in a 
remarkable manner.- In 1898 the total production 
in. the country was 785,444 tons; in 1902 it was 
2,038,590 tons, being an advance of about half a 
million tons on the previous year, which again was 
not very far from a gain of half a million tons on 
the year 1900. Bessemer pig also showed a notable 
increase in 1902 over the previous year. For 1901 
the product was 9,596,793 tons; in 1902 it had 
risen to 10,393,168 tons. In 1898 it was 7,337,384 
tons. The anthracite coal strike, which lasted from 
May to October of 1902, greatly affected the iron 
trade of the United States, especially in the 
eastern districts, and it is remarkable that the 
totals should have advanced in the way they did 
in the face of this and some other difficulties 
The increase in production led to enhanced demand 
for transportation. facilities ; and this was not one 
of the least of the troubles with which manufac- 
turers had to contend. :An increased volume of 
imports naturally resulted from these checks to 
home trade, the value of iron and steel and their 
manufactures brought into the country in 1902 being 
more than double that of the previous year, the 
total. being 41,468,826 dols. for 1902, as against 
20,395,015 dols. in 1901. In 1902 there was a con- 
siderable increase in the importation of foundry 
and Bessemer pig iron. On the other hand, the 
exports of iron and steel naturally fell off. Whilst 
they more than doubled in the period from 1897 to 
1900, in 1901 there was a shrinkage of 20 per cent. 
as compared with the previous year. In 1902 there 
was a further shrinkage, the total of iron and steel 
exports for that year being 97,892,036 dols. In 
the iron and steel imports and exports are included 
pig iron, scrap, bars, bands, rods, billets, ingots, 
nails, plates, sheets, structural iron and steel, and 
wire. ; 

The production of Bessemer steel rails did not 
increase in the same ratio during 1892 as did 
the increase in other branches of the iron and steel 
industry ; and this fact is attributed by Mr. Swank 
in his report to the Lackawanna Iron and Steel 
Company dismantling its blast-furnaces and rail 
mill at Scranton preparatory to their re-establish- 
ment at Buffalo on a more extensivescale. In1901 
the production of Bessemer steel ingots and cast- 
ings was 8,713,302 long tons; in 1902 it was 
9,138,363 long tons ; in 1898 the total was 6,609,017 
tons. In regard to rails the advance was small, 
the 1901 total being 2,836,273 long tons, and the 
1902 total 2,876,293 long tons. In 1898 the total 
was under 2 million tons. 

Turning to open-hearth steel ingots and cast- 
ings we find an advance of over 1,031,420 tons for 
1902, as against 1901 ; the figures for 1902 being 
5,687,729 long tons. In 1899 the production was 
under 3 million: tons. .In 1901 there were made 
3,618,993 tons: of basic open-hearth steel; while 
1,037,316 tons were made by the acid process. In 
the following year the progress of basic steel was 
still more marked, there being produced 4,496,533 
tons by that process ; whilst of acid steel the total 
was 1,191,196 tons. Pennsylvania stands far ahead 


of all other districts in this.category, no less than 
4,375,364 tons of open-hearth steel being made 








in that State in 1902. Illinois comes next with 
considerably-under half a million tons. 

The figures which we. have here given regarding 
that branch of the mining and metallurgical in- 
dustry, which is of first importance to engineers, 
will serve to give an-idea of the resources the 
collective exhibit at the St. Louis Exhibition illus- 
trates. The different State exhibits will, when 
complete, give admirable object-lessons, by means 
of ore specitnens, models, and other exhibits. For 
the present, however, we must leave this interest- 
ing section of the Exhibition. 





NOTES. 
Exectric Conpuctivity oF SoLuTIons oF 
cd Rapivm : Bromipe. 

ConsIDERING the strange behaviour of radium 
salts, it is satisfactory — or peculiar ibly — 
that the. electric conductivity of solutions of 
radium bromide seems to conform closely to that 
of barium; to which.radium, in ordinary respects, 
appears to:stand nearest. F. Kohlrausch and F. 

enning have made-the.investigation at the Reich- 
sanstalt with: rddiaw®’bromide from two sources. 
There was. no evidence of hydrolysis, and the 
bright platinum electrodes remained unaffected. 
The equivalent conductivity ‘iticreased regularly 
when.fhe solution was’ diluted from one-twentieth 
to one-twelve thousandth normal, Assuming the 
formula Ra Br, + 2 H,O for the salt and accepting 
Curie’s value 225 for the atomic weight, the equiva- 
lent conductivity increased from 99.9 to 123.6, when 
the concentration, expressed in gramme equiva- 
lents per litre, decreased from 0.0490 to 0.0000875. 
These figures refer to a temperature of 18 deg. Cent., 
and point toa limiting value,.at an infinite dilution, 
of 125. The ionic mobility in water of $ Ra should 
then be 57.4, the corresponding values for calcium 
and barium being 53 and 56. The temperature 
coefficient of the conductivity—-about 0.024—is 
also what could be expected by anal Owing to 
the difficulty of obtaining pure radium salts, the 
determinations cannot claim that high degree of 
reliability which distinguishes Kohlrausch’s work, 
particularly as there is an uncertainty about’ the 
atomic weight. From spectroscopic evidence, 
Runge and Precht have concluded that the atomic 
weight of radium is 258. If that figure be correct, 
the above conductivities would have to be multi- 
— by 1.078, and the mobility of radium would 

ecome 67, which would bring radium near the 
monatomic metals. The salt was not quite free 
from barium, but an impurity of 4 per cent. of 
barium would have raised the mobility only to 57. 
In any case, the salt solutions did not display any 
abnormal electrolytical properties. Thou, h Runge 
and Precht differ from Curie as regards the atomic 
weight of radium, their observations on the heat 
production by radium agree fairly well with the 
determinations by Curie, Laborde, and others. 
Last year Runge and Precht found that one gramme 
of radium developed 105 calories per hour ; recent 
redeterminations .gave Precht the value 98.8 
calories; the lower atomic weight, assumed by 
M. and Madame Curie, would bring this figure up 
to their own value—113.3 calories. 


THE GJEDSER-WARNEMUNDE Rattway STEAM 
Ferry. 

The most convenient and expeditious connection 
between Berlin and Copenhagen is vid Warne- 
miinde, the port of the university town of Rostock, 
in Mecklenburg, and Gjedser, on the Danish island 
of Falster. The distance is 300 miles. Up till a 
few years ago, Danish and German screw-propeller 
boats used to run between the two ports: But the 
excellent railway ferry service between the Danish 
isles had long ago suggested a steam ferry for this 
route, though the sea- e of 30 miles is very much 
longer than across the Belts. The proposals of the 
Danish Government. did not, however, find favour 
as long as the railway Warnemiinde-Neustrelitz re- 
mained in private hands, particularly as the port of 
Warnemiinde would have required considerable im- 
provement. From Neustrelitz the State railway goes 
on to Berlin. Once the railway difficulty was re- 
moved, the port improvements were started, and by 
1903 the firm of F. Schichau, of Elbing, had two 
paddle-wheel ferries and one screw-steamer ferry 
ready for the accelerated service.. To these three 
ferries the Helsingérs Jernskibs-og Maskinbyggeri 
added in October last a screw-propeller boat, the 
Prins Kristian, which is essentially of the same 
dimensions as the Elbing boats, and the largest 
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steam ferry built in Denmark. The new ferry has 
a length of 87 metres (285 ft.), a breadth of 13.7 
metres (45 ft.), a height of 6.8 metres (223 ft.), 
and with a draught of 4 metres (13 ft.), a displace- 
ment of 2120 tons. There are four cylindrical 
boilers and two triple- expansion engines, with 
cylinder diameters of 483,800, and 1320 millimetres, 
and a stroke of 711 millimetres. (19 in., 31.5 in., 
52.3 in. and 28 in). ; the common condenser is placed 
between the two engines. At the trial trip the 
steamer ran at 14 knots, the engines indicating 2600 
horse-power. The two funnels are oval in section. 
The boat is fitted with bilge keels, and with two 
helms, requiring two steering engines, because the 
Gjedser dock does not permit of the steamers turn- 
ing. The boat has two partial decks, a promenade 
and a boat deck above the main deck, on which two 
tracks have been laid, together 127 metres (416 ft.) 
in length, so that trains of good length can be 
taken on board. The superior comfort which the 
passenger enjoys on Danish boats is extended on 
these ferries to passengers of the three railway 
classes. By the te express, first and second-class 
passengers leave Berlin at 8.44 .a,m., to arrive at 
Copenhagen at 6.44 p.m.; ‘the might express takes 
an hour longer. hough the Baltic is not so 
dreaded as the North Sea, - violent stgrms have 
to be faced, and the“Ptin§ ‘Kristiin’ 
initiated by the storms of last autumn. 
also causes trouble. 


The ice 


ForreIGN COMMERCE OF JAPAN. 


From time to time we draw the attention of our 
readers to the most important points in the British 
Consular reports relating to the Far East, but it is 
desirable also to make ourselves acquainted with 
reports from other quarters. We commend, as 
particularly worthy of study, the United States 
Consular reports. They are not only more up to 
date, but also more practical than many of the 
British reports, which are somewhat official and 
academic in their style, as compared with those by 
the American Consuls, who write in a more popular 
fashion. Moreover, the authors of them are, as a 
rule, not content to collect second-hand informa- 
tion, but observe facts and conditions for them- 
selves. Special attention is, of course, paid to the 
commercial relations of the United States and 
Japan, information of which is not given in the 
British reports. From one of these United 
States reports we learn that the foreign commerce 
of Japan has more than doubled in the last eight 
years. During each of the last five years the 
United States has purchased more of the products 
of Japan than any other country, and more than 
all Europe, yet British India and Great Britain 
each sell more to Japan than does the United States. 
This is accounted for chiefly by the large demand for 
Japanese tea and silk in the United States 
During last year, however, the imports from the 
United States increased 13 per cent., as compared 
with 1901, while those of most European countries 
fell off: a condition which shows the growing 
importance of American industrial exports in the 
markets of the Far East, and which explains 
the increasing interest which the United States 
Government is taking in the affairs of the countries 
on the west of the Pacific. From the Consular 
reports we learn that the United States continues 
to surpass all other countries in furnishing Japanese 
importations of electric-light apparatus or instru- 
ments, electric motors, fire-engines and pumps, 
flour, sole leather, kerosene oil, lubricating oil, 
paraflin, wax, cardboard, leaf tobacco, timber other 
than teak, bicycles, tricycles, and electric-light 
wire. Last year the United States took the lead, 
for the first time, in steam boilers and engines and 
telephones, but seems to be losing ground as com- 
pared with other countries in the importations of 
paper- making machinery, spinning machinery, 
weaving machinery, watches, iron nails, wire and 
small rod iron, telegraph wire, steel other than 
mild steel, and glazed or fancy paper. The 
writers of the reports state that there are some 
articles which Japan imports in considerable 
quantities, and which the United States might 
compete more strongly in providing, such as lifting 
machines, drilling and boring machines, turning 
lathes, machine tools, condensed milk, rails, fittings 
for rails, iron pipes and tubes, belting and hose 
for machinery, and railway freight and enger 
cars. The imports from Canada and other parts 
of British America to Japan now amount to only a 
trifle over 1 per cent. of the value of those from the 


United States; but the people of the Dominion! 


was well, 


are making a strong effort to .increase their trade 
with the East. ‘Almost one-third in value of all the 
exports of Japanese produce and manufactures was 
bought by the United States,- whose purchase of 
silk alone amounted to more than the entire value 
of the Japanese imports therefrom, and constituted 
nearly one-half of the Japanese exports of silk. 
The trade with the Philippine Islands has shown a 
declining tendency for some years. No doubt this 
is explained by the increasing hold which the 
United States are having on that trade. 


New Howsorn TELEPHONE EXCHANGE. 

The National Telephone Company has recently 
effected an important improvement in its London 
system by the completion of the new exchange in 
Birkbeck-building, Holborn. The Holborn exchange 
replaces the one installed at Holborn-circus, and 
is worked on the ‘central battery” method, in 
which the power for operating the signals, ener- 
gising the subscribers’ transmitters, and ringing the 
subscribers’ bells, is supplied by a large battery: of 
accumulators in the central exchange. The sub- 
scriber has therefore no hand-generator to work 
when he wishes to communicate with the exchange ; 
the mere fact of removing his instrument from its 
stand calls-the operator, and by replacing it he sig- 
nifiés his wish to be disconnected. The removal of 
the instrument causes a small lamp corresponding 
to the subsctiber’s number to glow; on the desk in 
front of the’ operator. When the latter connects 
to the line of the calling subscriber, the. lamp 
goes out, and when advised of the number 
wanted, the operator puts the two subscribers 
in communication: As soon as either replaces his 
instrument as a sign that the conversation is at 
an end, the corresponding lamp glows, and when 
both are glowing the operator disconnects the lines 
which automatically extinguishes the lamps. These 
lamps are about 4 in. in diameter, and give a silent 
signal that cannot be overlooked, though as they 
are covered with opal glass caps the light has no 
dazzling effect on the operator. Whenever a signal 
lamp lights, another larger lamp _ placed in a con- 
spicuous position at the head of the board also lights, 
and serves to call the attention of the supervisor 
should a call remain unanswered. The managers 
and monitors’ desks in the operating-room are fitted 
with signals and switches by which any conversa- 
tion of the operators or subscribers can be heard if 
required, and any difticult call, which would hinder 
the norma] work of the regular operator, attended 
to. The new switchboard is 223 ft. in length, and 
is worked at present by ninety-nine operators. It 
is fitted up for 4600 direct subscribers’ lines, and 
another 1000 lines are in progress. When com- 
pleted there will be 827,894 working contacts 
on the board and 2900 miles of wire in cables, 
involving 1,169,000 soldered joints. The power 
installation in the basement consists of two 
12-kilowatt four-pole motor generator sets, lowering 
the pressure of the supply company’s mains from 
220 volts to 30 volts, for the purpose of charging 
the batteries. The latter are of the Chloride Com- 
pany’s make, with a capacity of 3430 ampere-hours, 
the maximum load being about 160 amperes at 
22 volts. A smaller battery of the same make 
supplies current at 30 volts for working the call- 
registering relays. The Holborn Exchange, in 
conjunction with the fifty-six other exchanges on 
the London system of the National Telephone Com- 
pany, serves an area of 634 square miles. As most 
of the calls pass through two exchanges, it will be 
realised how complicated a network of junction 
wires is involved, particularly as provision must be 
made for connecting every subscriber to the trunk- 
lines communicating with distant towns. The 
number of calls to dealt with by the London 
exchanges alone is upwards of 154,000,000 per 
annum, while on the entire system there are 1085 
exchanges, serving about 300,000 subscribers. The 
Kensington and Battersea Exchanges are already 
working on the central battery system. London 
Wall, with an equipment for 9500 subscribers’ 
direct lines, is nearly finished, and the company is 
converting the Barnsbury, Hop, Eastern, Brixton, 
and Sydenham Exchanges to the new system, the 
alterations costing upwards of half a million sterling. 








COAL IN THE ZOLLVEREIN.—The extraction of coal in the 
Zollverein in the first quarter of this year amounted to 
28,224,849 tons, as compared with 26,316,980 tons in the 
corresponding period of 1903. The average number of 
a employed in the three months ending 

31 was 167, as compared with 424,947 in the 





corresponding period of 1903, 





CATALOGUES. 


In celebration of the 25th anniversary of the opening 
of the first electric bapa by their hem at Berlin 4 
1879, Messrs. Siemens and stake have just published an 
elaborately illustrated —— dealing with the develop. 
ment of this system of tramway traction during the last 
quarter of 4 century. Fee CRS 

The Dermatine Company, Limited, of 95, Neate-street 
London, S.E., have sent us copies of the French and 
of the German edition of their new catalogue. In ‘these 
the metric system is used for measures cm pel hts, and 
prices are given in francs, marks, and kronen. The ‘firm 
we note, deliver théirgoods all over the Continent freight 
= aaty: pes : bc 

andsomely upand capitally illustrated catalocue 
has just. been published ‘by the Tempetley Transporter 
Company, of 72, Bisho te-street Within, E.C. In 
this volume a large number of highly interesting applica. 
tions of the very ingenious transporter first introduced by 
this firm, some few years back, are set forth. The distinc. 
tive feature of this transporter lies in the fact that a single 
rope serves to raise, lower, traverse, or.'tip the skip 
attached to the hook of the transporter. e note that 
the firm also build cranes, grabs, and cableways. 

A new pricé-list of Nernst janpe has just been issued 
by Nernst Electric Light, Limited, of 82, Victoria-strect, 
8.W. A large number of different patterns are shown, 
taking current from } up to 2 amperes. The former are 
rated at from 13 up to 40 candle-power, and the latter 
from 210 up to 314. : ' 

A neatly got up and a uy printed little booklet has 
been sent us by Messrs. C. W: Burton, Griffiths and Co., 
of Ludgate-square, E.C., which gives views of their ware- 
houses in London and Glasgow, which, exclusive of 
the area of their heavy-tool store, now cover about 16,000 
square feet.’ In addition to being the London representa- 
tives of a number of the leading American tool-makers, the 
firm also supply certain specialties of their own, amongst 
which we note a dise-grinder and anvil-grooving machine. 

We have received from Messrs. James Howden and 
Co., Scotland-street, Glasgow, their catalogue of high- 
speed enclosed engines. This gives a general specifica- 
tion of the engine powers dev the principal dimen- 
sions, and general information likely to be useful to 
purchasers. In addition to the manufacture of vertical 
enclosed high-s engines the firm undertakes, by aid of 
special plant, the construction under license of Parsons’ 
turbines with all the latest improvements. The catalogue 
is well printed and carefully got up. 





PgRSONAL.—Mr. W. A. Granger asks us to state that 
on the 10th inst. he a his address to Eaton Park- 
road, Palmer’s Green, N.-- Messrs. David Joy and 
Cooper announce that, having taken works at South- 
ampton, all future communications should be addressed 
to them at the Duke Works, Millbrook, Southampton. 


Conrracts.—Messrs. Henry Lodge, Limited, Ryhill 
Main Colliery, near Wakefield, have F et placed an order 


with Messrs. John Davis and Son ( erby), Limited, All 
Saints Works, Derby, for an electrically-driven pun:p to 
deal with 25,000 gallons of water per hour against a head 
of 320 ft. Messrs. Davis and Son have also had orders for 
coal-cutting plant from the Denby Iron and Coal Com- 
pany, Limited ; the New Silkstone and Haigh Moor Coal 
mpany, Limited; the Hetton Coal Company ; the 
Clifton and Kersley- Coal Company, Limited ; and the 
Burradon and Coxlodge Coal Company, Limited. 


Tur GREAT ZAMBESI BripcE.—A large proportion of 
the steel-work required for the great bridge proposed to 
be thrown across the Zambesi at Victoria Falls has now 
arrived. The erection of the bridge is under the super- 
intendence of Mr. Imbault, the representative of the 
Cleveland Iron Works. The excavations are now being 
made for the foundations of the stone supports on either 
bank and the central. pier. An island some 80 ft. from 
the northern bank offers a convenient spot for this cen- 
tral support, and the bridge is thus in two spans, the 
large one being nearly 4000 ft. long. The height will be 
tremendous—460 ft. from the underside of the bridge to 
the water-level. A wire tramway has been thrown across 
the river, by means of which materials and men can be 
transported ; and a little later on locomotives will be 
passed across in sections and put together on the other 
side, so as to be used in continuing the line to Broken 
Hill. This is necessary, as the bridge itself will not 
be ready until December, and, perhaps, even for some 
months later. ‘Between Bulawayo and Victoria Falls, 
after the Gwaar, which is not far from Bulawayo, 
has been pao, there are only two ‘important bridges 
until the Zambesi is hed. These are a bridge over 
the Latetsi, and another over the Deka, about 30 miles 
from each other, and about halfway between Wankies 
and the Falls. Each of these bridges is some 320 ft. in 
length. The line is now opened for traffic between 
Bulawayo and the Falls, a distance of 212 miles. Exten- 
sive use is being made of coal from Wankies, and the 
experience, acquired in connection with it has confirmed 
the good impression which was formed at first. Wankies 
coal is now used exclusively upon Rhodesian railways, 
and the experience of the Cape Government railways 
also shows that it is, if possible, slightly superior, to 
the best Welsh coal in respect of its ating capacity. 
The price of Wankies coal at the pit’s mouth is 15s. per 
ton, and the railway rate of 4d. per ton = mile makes 
its cost at Bulawayo 32s. per ton. The Rhodesian old- 
mines are inning to use Wankies coal, and the ula- 
wayo Water Works and Electric Lighting Company have 
also discarded wood in its favour. The output of Wankies 
coal has now reached a total of 10,000 tons per month, and 
a large increase is anticipated in the production, 
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THE BURNING OF TOWN 


(For Description, see Page 830.) 


SINCLE ROW BACK-FED DESTRUCTOR FURNACE. 





INDUSTRIAL NOTES. 


Tue forty-fourth annual report of the Amalgamated 
Society of Carpenters and Joiners is a bulky report of 
536 pages. It is full of facts and figures covering the 
doings of the union in the United Kingdom, America, 
Australia, Canada, and South Africa, where branches 
of the society exist. It reports that the state of trade 
was unfavourable in 1903, as it was in 1902. For two 
years there has been a scarcity of dig and the 
depression has not yet disappeared. There was an 
increase of expenditure, mainly due to out-of-work 
benefit, and there was a decrease of contributions, so 
that the balance diminished by nearly 21,860/. There 
were also many labour disputes, mainly caused by 
resistance to reductions in wages. Nearly 20,000/. 
were spent in striving to maintain the existing rates 
of wages on the North-East Coast—-the Tyne and the 
Tees—and in an abortive attempt to increase wages on 
the Weir. The loss in 1902 was 10,000/., or a total of 
31,8607. in two years. 

The total number of branches on January 1, 1904, 
was 881. Thirty-nine new branches were opened in 
1903, and six were closed—a net gain of 33. The aggre- 
gate membership was 71,547, which, after allowing 
for deaths and exclusions, shows a net gain of 1605 new 
members in the year. But this increase includes the 
members of the old Perseverance Society in London, 
which amalgamated after holding aloof for nearly 
forty-five years. Most of the old local societies are now 
absorbed in the Amalgamated Society of the general 
union. 

The net income for the year 1903 was 173,275/. 5s. 3d. ; 
the aggregate expenditure amounted to195,1365/. 1s. 1d., 
leaving a net balance with which to start 1904 of 
149,9597. 12s. 7d. The value of house property and 
other effects makes a total of 156,626/. 17s. 7d., or 
2/. 3s. 94d. per member. This is below the minimum 
laid down in the rules, and members are notified that 
the contributions will have to be increased at no dis- 
tant date to bring up the funds to the stipulated 
level. The cost of trade- unionism shows a ten- 
dency to rise in proportion to the rise in wages. 
The income was chiefly made up of the following 
items :—Contributions, levies, and fines, 161,803V. 5s. 8d. ; 
entrance fees, &c., 4342/. 14s. 10d. ; interest on invest- 
ments and on cash balances, 4332/. 1s. 4d. ; cards, 
rules, reports, emblems, &c., 909/. 14s. 1d. ; cash paid 
over by the Perseverance Society on amalgamation, 
13501. 3s. 1d.; loans repaid, 300/. The other items 
were inconsiderable. 

The chief items of expenditure were :—-Unemployed 
benefit, 52,0777. 5s. 10d. ; sick benefit, 39,035/. 18s. 4d.; 
superannuation allowances, 28,348/. 4s. 7d. ; loss of 
tools by fire and theft, 3410/. 15s. 10d. ; {accident 
benefit, 3525/. ; funeral benefit, 6827/. 6s. ; grants and 
loans, 4451/. 19s. 7d. The amount spent on labour 
disputes was 25,5097. 13s., and trade management 
cost 40717. 10s, 5d. There were besides 1013/. 3s. 11d. 
for medical certificates, and 1005/. 17s. 1d. law ex- 
penses. The cost of management included 4373/. 6s. 4d. 
for general and 881 branch secretaries, 1818/. 4s. 6d. 
Or treasurers; 14327. 17s. 6d. for sick stewards, 
2590/. 0s. 2d. for other branch officers, 866/. 4s. 2d. for 
auditors, 12127. 3s. 2d. for delegations, 2087. 16s. 10d. 
for council meetings, 104/. 4s. 2d. for American and 
Australian council meetings, and 2633/. 6s. 6d. for 
Special audits. Rent of offices and rooms, 3045/. 12s. 1d.; 
Printing and stationery, 3846/. 6s. 3d.; postages, 
parcels, telegrams, and postal orders, 1387/. 16s. 6d. ; 
defalcations, 1031. 6s. 7 i The remainder consists of 
gr items, the nature of which is fully 

ed, 


The total worth of the society in balances and assets 


DESTRUCTOR OF 24 CELLS. 
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Of the cash balances, 70,6637. 17s. 10d. was held by 
877 branches ;_ by the general office, 1220/. 3s. 1d.; by 
the American office, 751/. 6s. 3d.; by the Australian 
office, 61/. 12s, 9d.; invested in Corporation and other 
stock, 77,162/. 12s. 8d.; house property, general and 
other offices, 2239/. 15s.; goods and other property 
held by 880 branches, and American and Australian 
district offices, 29677. 10s.; general office, 1460/7. The 
assets are all solid, and there are no liabilities except 
for current expenditure. é 

The aggregate expenditure for benefits and grants 
from 1860 to 1903 inclusive was 2,238,442/., or 87. 





was 156,626/. 17s. 74d., or 27. 3s. 94d. per member. 


14s, 87d. per- member. But payments -out did not 
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commence till 1862, so that the amounts cover 42, not: 





44 years. The chief items were as follow :— 
Aggregate Amount per 
mount. Member. 
£ £ 8s. d. 
Unemployed benefit ... 748,748 29 6 iy 
Sick benefit She 646,886 25 7 1 
Superannuation allow- 
ance... Pag 222,768 814 7 
Funeral benefit ... nm 116,223 411 1 
Accident benefit = 63,290 29 7 
Loss of tools—fire and 
theft ... sas ‘ns 62,436 2 8 11? 
Benevolent grants to 
members aie ah 42,551 1 13 3t 
Grants to other trades... 34,826 i by 
Trade privileges (dis- 
putes) ... ke Wed 300,714 11 15 8} 
Aggregate 2,238,442 8714 8} 


The above record is a good one, and the society, after 
an experience ot 44 years, started, on January 1, 1904, 
with a cash balance and assets of 156,626/. to meet 
emergencies. The report gives a valuable summary of 
rates of wages, hours of labour, methods of employ- 
ment, &c., in all the towns and villages in which there 
are branches, and other useful information of interest 
to the members. Reference is made to the unnatural 
feud between the union and the ‘‘ Brotherhood” of 
the United States—not favourable to the latter. 





The Ironworkers’ Journal for June devotes con- 
siderable space to the Trades Unions and Trades Dis- 
utes Bill, quoting more especially the speech of Mr. 
ohnson, the Miners’ Member for Gateshead. It 
also deals with the German Steel Syndicate, and 
‘‘dumping” in the English markets of crude steel, 





which it says is advantageous to the producers of 
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finished material. Special attention is drawn to the 
preferential rates of foreign railways in favour of the 
exporters ; in Britain the favour seems to be generally 
in favour of the importer. The dividend of the Army 
and Navy Stores is commented upon, the amount per 
share being declared to be beyond the dreams of 
avarice, Perhaps the most important subject treated 
of by the report is the wages settlement in the 
American sheet and tinplate trades. At a conference 
held in Pittsburgh, Pa., lasting a full week, the ques- 
tions at issue were raised by the employers’ demand for 
a reduction of 20 per cent. in the wages of workers in 
those two branches. The final agreement covers the 
whole ground, but the details are too numerous to be 
quoted in these ‘‘ Notes.” The rates of wages are 
based upon a scale similar to that in operation in the 
iron ph. york trades of this country, but adapted to 
the particular industries in America. The North of 
England Conciliation and Arbitration Board arranged 
a memorandum of agreement between Messrs Palmer’s 
Shipbuilding and Iron Company, Limited, and the 
workpeople, which the representatives of the em- 
ployers and the men have signed. A new arrange- 
ment with the South Durham Steel and Iron Com- 
pany has also been made and ratified. A sub-com- 
mittee was appointed to deal with matters in dis- 
pute at the West Hartlepool Works, but the case 
respecting the Stockton Malleable Iron Works was 
deferred till the next meeting. 


The report of the Associated Iron-Moulders of Scot- 
land indicates that trade is about the same as in the 
previous month, but there was an increase of twelve 
on out-of-work benefit. On the other hand, more are 
returned as working, because the form of the return 
is changed as regards members residing and working 
in England. The membership increased in the month, 
but there is a complaint that the list in the ‘‘ Appren- 
ticeship ” column is reduced, showing either that there 
was a reduction in numbers by the attainment of the 
time limit, or that some had gone out of benefit through 
non-payment of arrears. he net income for the 
month was 2164/. 4s.; the expenditure, 2217/. 10s. 7d.; 
thus exceeding the income 531. 6s. 7d. But most 
of this excess was caused by the revision of the rules. 
In such revision provision is made for Parliamentary 
representation if the members so decide. An effort is 
to be made to reduce the levies, which of late have 
become heavy ; it is proposed to fix a maximum for 
the year, beyond which the amount must not go. At 
a conference held at Aberdeen the delegates decided 
— the proposed bonus system in the engineering 
trades. 


The report of the Associated Blacksmiths states that 
the improvement in trade has fallen short of expecta- 
tions ; but still there is improvement, for the past 
month was the best in the current year. The amount 

id as unemployed benefit fell from 326/. 8s. 4d. in 
Smeae to 167/. 3s. 4d. It appears that some districts 
have not yet felt any improvement, but the reverse. 
In the more important centres trade is better. The re- 

rt notes that further sums, amounting to 4500/., have 

n invested with the Glasgow Corporation at 34 per 
cent., while the banks sn allow 14 per cent. on 
deposit accounts. Trade unions are becoming more 
alive to the importance of sound investments for their 
surplus capital. 


The monthly circular of the Durham Miners’ Asso- 
ciation reports what was done at the last meeting of 
the Conciliation Board, when the miners’ representa- 
tives had to face the claim for a reduction in wages, 
caused by the fall in the price of coal by nearly 4d. 
per ton (3.92d. per ton). In defending the action of 
the men’s representatives on the Board, Mr. John 
Wilson, M.P., the Secretary of the Miners’ Association, 
pays a high tribute to the employers’ representatives 
on the Board for their fairness and desire to avert 
such reductions; but they are sometimes inevitable. 
He also defends his colleagues on the Board from 
charges levelled against them bya meeting held at South 
Shields, at which the Board was blamed for not actin 
upon a resolution at the last council meeting o 
the association. The fault, he says, does not rest with 
the Board. This fearless determination to say and do 
what is right may be criticised for a time ; but it will 
bear the test of time. 

It is reported that the first batch of Chinese 
immigrants has arrived in South Africa. They appear 
to be pioneers, labour prospectors, whose duty it is to 
survey the ground and see to the arrangements for the 
cargo of workers soon to be landed at or near their 
place of destination. There is at present no informa- 
tion as to arrival, reception, plans of action, or specific 
duties. There is no report as to the signature of the 
King to the Act of the Cape Legislature prohibiting 
the landing of Chinese at the Cape. The Act seems to 
be a protest against the action of the Transvaal—a 
denunciation of the Rand’s labour policy ? 


The attempts at coalition against the Labour Ministry 





in the Australian Federal Commonwealth have failed. 
The Deakinites have refused to support a policy of 
coalition, but it is thought that they and the Reidites 
may combine on some public question to turn the 
Saleer Ministry out. But meanwhile the Labour 
Party have been strengthened at the recent elections. 
In the House of Representatives they carried. their 
amendment of the Arbitration Bill, which gave them 
power, by 36 to 24 votes. Thus railway employés and 
other servants of the State will come within the sco 
of the Arbitration Act. This, once achieved, will be 
very difficult to undo. For good or for evil, it must 
remain as part of the Labour policy of the Common- 
wealth. The judges in New South Wales, it appears, 
do not take itindly to compulsory arbitration ; but 
there it is the law, and judges must enforce the law 
or resign. 


The condition of the iron and steel trades in the 
Midland districts—Birmingham, Wolverhampton, &c. 
—has not materially improved. The markets have 
been poorly attended, and the business done was, as a 
rule, on the narrowest lines, and prices are said to be 
cut very fine. Consumers only purchase to cover 
present requirements, and merchants are not disposed 
to speculate, although stocks are low in both cases. 
The output, or, rather, sales of iron, increased in the 
past two months; but the prices have receded to the 
extent of 1s. 9d. per ton on the average in the materials 
sold by the eleven selected firms, whose prices are the 
basis of the ironworkers’ wages. Their wages, accord- 
ing to the accountants’ return, will remain unchanged 
at 8s. 6d. per ton for puddling—other rates in pro- 
portion. At the meeting of the Midland Wages Board, 
when the report was presented, a discussion arose as 
to the difference between the rates and those ruling 
in the North of England under the Northern Concilia- 
tion Board. It was thought by some that the Northern 
ironmasters were placed in a more favourable position 
than those in the Midlands, and the secretary was 
instructed to make inquiries. It is an old grievance, 
the question being as to the 6d. per ton extra paid in 
the Midlands as compensation for the extras which 
the Northern ironworkers are supposed to enjoy. It 
always crops up when trade is depressed. Makers of 
best finished iron are fairly busy, but common iron is 
said to be in a lifeless condition. There is nothing 
of importance to note in connection with the engi- 
neering and allied trades, nor in the multifarious hard- 
ware and other iron, steel, and metal-using industries. 
Some sections are quiet or slack, others are fairly or 
moderately employed. 

The position of the engineering and allied trades in 
the Lancashire districts is still regarded as unsatis- 
factory. Machine-tool-makers here and there report 
more work stirring, and engineering firms engaged on 
specialities are kept fairly going, but the general run 
of trade in these industries continues quiet. Further 
inquiries for locomotives have been in the market, 
and it is expected that some orders will fall to the 
share of Lancashire makers. Railway-carriage builders 
are fully engaged, but wagon-builders are quiet. De- 
pression continues in the boiler-making trade; con- 
structive engineers report little doing, and in the 
textile-machine trade there is no real improvement. 
The iron market does not indicate any near prospect 
of greater activity, for the business done was incon- 
siderable, and there was an absence of inquiry, which 
does not show a favourable tendency. 


There are serious complaints of an overstocked 
labour market in Canada; thousands are out of work 
and starving. The gaol is full of people sent there 
for protection, and railway cars are being used as 
shelters. The chief sufferers are labourers; but 
hundreds of artisans are said to be in a pitiable 
condition from lack of employment. 


There is a great strike of iron and steel workers in 
Nova Scotia, where some 1800 men struck work last 
week. The men demanded an increase in wages ; this 
the employers refused, but offered arbitration, which 
the men refused. It is expected that the miners will 
aid the steel-workers by refusing to supply coal in case 
non-union men are engaged. 

In Vienna some 30,000 hands in the building trades 
are locked out. The employers have taken this step 
to prevent the men gaining increased wages by single 
or limited strikes. An effort to settle the masons’ 
dispute by the Minister of Commerce was rendered 
nugatory by both employers and workmen refusing to 
ratify the terms mutually agreed upon by representa- 
tives of both parties. 

The strike of cotton operatives at Bristol ended last 
week by a compromise, The reduction of 5 per cent. 
was to for the present. The works were closed 
from May 18 until June 1. 

A general strike is threatened of anthracite coal- 
miners in certain districts in Pennsylvania. Three 
district boards are united in the matters at issue. 

The severe illness of Mr. Sam Woods has led to his 
retirement as a Parliamentary candidate. He has also 





been released from his duties in connection with the 
Miners’ Federation. He is suffering from paralysis, 
It is probable that he will have to retire from his 
other official duties. 





THE BURNING OF TOWN REFUSE. 


The Burning of Town Refuse, with Special Reference to 
the Destructors at Brussels, West Hartlepool, Moss Side, 
and Westminster. * 

By Grorcr Watson, of Leeds. 

Refuse in Great Britain.—Town refuse in Great Britain 
varies considerably in character, according to local con- 
ditions ; but it is a fairly safe generalisation to say that 
it consists of one-third by weight of water, one-third 
combustible matter, and one-third incombustible. The 
last is withdrawn at the end of the burning process in the 
form of hard clinker. 

_ Refuse as Fuel.—Town refuse is so heterogeneous that 

it is almost impossible to compare it with other fuels by 

any of the ordinary methods, and, in particular, calori- 
= tests have always seemed to the author to be quite 
utile. 

The author does not propose to go through the histor 
of destructors in Great Britain, where they originated. 
The late Mr. Alfred Fryer, of Nottingham, was the 

jioneer, and built his first successful destructor in 1875. 

t may be thought that nearly thirty years is a long time for 
the development which has taken place to have occupied. 

It must be remembered, however, that, being dependent 

upon municipal enterprise, rapid advance has only been 

possible in recent years. 

In passing over the history of the development of de- 
structors, the author is also obliged to omit reference to 
many types which have proved successful, and have 
served to advance the general practice, and to many 
names honourably associated with such advance ; and in 
dealing later with the details of certain installations has 
thought it best to confine himself strictly to his own ex- 
perience. He will therefore deal only with plants on one 
particular system, at the same time remarking that there 
are 7 other destructors of different ~ in use which 
reflect the greatest credit on all concerned. 

Natural Draught.—The earlier destructors were all upon 
the natural-draught system, with slow combustion, low 
temperatures, and little or no provision for raising steam. 

Fume-Cremators.—Fume-cremators, introduced by Mr. 
Jones, the borough engineer of Ealing, were added in 
many cases, consisting of secondary fires in the flues fed 
with coal orcoke, over which the products of combustion 
had to pass, thus scorching them and largely obviatin 
the nuisance. These fume-cremators certainly rende 
a continuance of working possible in many cases, but 
owing to the high cost of fuel they were not always re- 
gularly worked. ; : 

High Temperatures.—Modern plants working at high 
temperatures with forced draught, and with steam-raising 
as one of the most important objects, involve much more 
difficult problems as regards construction and mainten- 
ance, aa also as regards the protection of the stokers 
from heat and back-draught. No ironwork can last long 
in a modern destructor unless cooled in some specia 
manner, and contrivances, such as dampers within the fur- 
nace, for closing or partly closing the draught outlet 
when the furnace-door is opened, have become not only 
superfluous but impracticable. The author has learned 
to look with the test distrust upon any supposed im- 
provement involving the introduction of unprotected iron- 
work into the hot furnaces or flues. , 

Storage of Heat.—In high-temperature furnaces heat is 
stored in the brickwork to such an extent that the furnace 
arch hardly ceases to glow even when nearly a ton of 
cold refuse has been freshly charged, and_ consequently 
the temperature does not fall below the point—say, 1250 
deg. Fahr.—at which septic gases might be given off. 

Plenum System.—No one has contributed more to the 
attainment of such temperatures than Mr. William 
Horsfall, of Leeds, who first introduced the plenum system 
and the front exhaust flue. Recognising that the principal 
cause of low temperatures in the old natural-draught 
furnaces was the inrush of a large excess of cold air over 
the fire during the ney processes of charging and 
clinkering, he set himself to apply forced draught on the 
closed-ashpit system, first by means of fans and later by 
steam blast, and this enabled him to choke the furnace 
outlet in such a manner as to always maintain a sli ht 
pressure above the atmosphere within the furnace, thus 
absolutely preventing the admission of cold air when the 
furnace-door were open and allowing loose-fitting doors 
to ‘ : 

Front Exhaust.—He placed his exhaust flue in the 
front portion of the furnace arch, thus reversing the 
draught and bringing all the fumes given off by the refuse 
drying on the hearth over the hot fire and ‘‘ cremating 
them effectually within the furnace itself. ’ 

Steam-Raising.—An important result of the introduction 
of high-temperature destructors has been that town refuse 
has now come to be regarded in some quarters as a fuel. 

The great value of steam as a by-product of 4 
destructor plant designed primarily for the disposal 
of refuse (but well arranged for the production an 
utilisation of the steam) has been amply demonstrated. 
It may now be laid down with perfect confidence 
that, on an average, town refuse in Great Britain 
may be expected to evaporate in every-day working its 
own weight of water from and at 212 deg. Fabr. In 
many places it is safe to guarantee 1 Ib. of steam per 





* Abstract of Paper read at the joint meeting of the 
Institution of Mechanical Engineers and the American 
Society of Mechanical Engineers, at Chicago, June |, 
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1 Ib. of refuse in summer, and 1} 1b. in winter. As much 
as 1.51b. may be got on test with careful management, 
as will be seen in the record of a test at West Hartlepool, 
given in Appendix I. (page 834). 

Refuse Auto-Combustible.—The author has had, =p 
to the present time, no experience of town refuse whic 
was not auto-combustible, except that from the eastern 
district (the poorest part) of Berlin. Even there he 
has by no means given up the problem of burning the 
refuse by itself. onte Carlo and Pernambucoare places 
where little or no cinder is found in the refuse, and yet 
destructors are in successful operation at each of these 
places without the addition of other fuel. ne 

High Pressures of Steam.—To revert to the conditions 
prevailing in Great Britain, it used to be said that high 
pressures of steam could not be obtained from the heat 
of destructors; but a consideration of the temperature 
of the gases leaving the destructor, which varies from 
1700 deg. Fahr. to over 2000 ny Fahr., might have 
shown the fallacy. As a matter of fact, steam is bein 
obtained at Accrington (with a Lancashire boiler) an 
Moss Side, Manchester (with water-tube boilers), at 
200 lb. per square inch, while pressures of 120 lb. per 
square inch are now quite common. ‘ 

Arrangement of Cells and Boilers.—The grouping of 
the cells and boilers is an important and much-debated 
subject. In the author’s opinion the best grouping of 
cells and boilers is to arrange the cells in blocks or bat- 
teries, not exceeding six or eight in number, and to 
place Nog boiler or boilers as near as possible to the block 
of cells. 

In the case of back-to-back cells, arranged in such a 
block, with the main flue underneath them, there is little 
or no loss by radiation, as the main flue is surrounded by 
cells. At the same time the immense advantage is 
secured that the products of combustion from all the 
cells are thoroughly mixed in the red-hot flue before 

assing to the boiler; and thus, if one of the cells 

lappens to be somewhat cooler than the rest, any un- 
burned gases that may escape from it are thoroughly 
burned in the mvin flue, where there is always some 
excess of air. All the heat generated in the cells is 
carried forward by the oo except the small pro- 
portion which escapes by radiation from the outer sur- 
faces of the furnaces themselves. 7 

With batteries of cells in a single row (Fig. 1, page 829) 
it is also possible to arrange that the loss by radiation shall 
be small. A further advantage is that the cells bein 
close together, the stokers have less floor space to wor’ 
over, and the arrangement of railways or conveyors for 
removal of clinkers is simpler than with boilers and cells 
alternately. 

Working in Rotation.—Under good management, the 
working of the cells is kept strictly in rotation, a time- 
table and a clock being provided, good time-keeping in 
charging and clinkering being insisted upon. 

Constant Pressure of Steam.—With such methods the 
temperature of the gases entering the boilers may be 
maintained almost constant, and the old complaint of the 
steam pressure fluctuating disappears entirely. The 
clinkering and charging of each cell takes place every 
one-and-a-half to two hours, according to the nature of the 
material. In some cases clinkering every hour has been 
tried ; but the experience of the author is that a longer 
run gives a harder clinker, and a better result all round, 
any small loss of steaming power being more than com- 

nsated by reduced labour and more perfect combustion. 
The capacity per cell depends mainly upon the grate area 
and the strength of blast, but also, of course, very greatly 
upon the attention of the firemen. 

Blast.—With refuse for fuel it is extraordinary how 
soon a high-pressure blast blows the fires into holes. With 
forced draught on the closed ashpit system, a few minutes’ 
use of the rake to fill up the blow-holes will increase the 
draught gauge from one-quarter inch to over an inch of 
water column. In some cases a draught of as much as 
2 in. is used; but there are two great disadvantages in 
such pressures: first, that much more labour is required 
(almost constant trimming of the fires being necessary to 
fill the blow-holes), and second, that the high blast sends 
up quantities of hot dust and sparks, which cake on the 
roof of the furnace and in the flues, necessitating constant 
cleaning. 

Grate Area.—From 25 to 30 square feet of grate area 
have usually been provided in each cell up to recent years ; 
but of late cells having 42 square feet of grate area have 
become common ; and also much smaller cells are being 
introduced for special purposes, such as for use in 
hospitals, asylums, and factories. For plants up to four 
cells, furnaces of 30 square feet of grate area are most 
suitable; but for larger plants, furnaces of 42 square feet 
are preferable, as the use of larger cells reduces the cost 
of labour. The length of the grate is usually 6 ft. from 
back to front in both sizes of cells. It is customary to 
work throughout the twenty-four hours for six days a 
week ; but in some cases, where steam is only required for 
night work, such as in electric lighting, the hours of work- 
ing have been reduced, and the number of cells and boilers 
correspondingly increased. It is yer possible to bank 
the fires for twenty-four hours, and even longer, so that 
they do not require re-lighting on a Monday morning. 

For the purpose of illustrating his remarks, the author 
has provided drawings and photographs showing several 
different types of plant in connection with the construc- 
tion of which he has recently been employed. The 
installations chosen for this pur are those at Brussels 
(twenty-four cells, Figs. 2 and 3, page 829), West Hartle- 

0] de set cells, Figs. 4 and 5, page 829), Moss Side, 
Manchester (six cells, Fig. 6, page 832), and Westminster 
(six cells, Fig. 8, page 832, and Figs. 9 and 10, page 833). 
Each of these destructors is placed in a densely-populated 
district, and all are in full operation without causing any 
jnconvenience or complaint, 





Destructors at Brussels and West Hartlepool. — The 
Brussels and West Hartlepool furnaces, Figs. 4: and. 5, 
are of the back-to-hack type, fed by hand through holes 
in the deck on the top of the furnaces. These feed-holes 
are of somewhat peculiar construction: they are so de- 
signed that no lid is required, the refuse itself gon 
trodden down into the holes to stop them up. It wil 
readily be seen that the use of a lid on a deck littered 
with rubbish would be very inconvenient. In order that 
the method of stopping above refe to may he used, 
there is provided immediately below the feed-hole (which 
is common to two furnaces) a flat table or saddle so 
arranged that when refuse is dragged or shovelled into 
the hole and allowed to lie on the saddle it fills up and 
chokes the opening. When it is desired to charge either 
furnace, the refuse is simply pushed off the saddle with 
—- very simple operation, requiring very little 
abour. 


u. 

The deck is 6 ft. below the level of the tipping-floor, 
thus forming a convenient bunker for the reception and 
storage of the refuse as near as possible to the feed-holes. 
In the West Hartlepool plant the deck is formed of 
steel plate, separated from the top of the furnace by an 
air-space in order that it may be kept cool; while at 
Brussels the deck is carried entirely by the furnaces, and 


is formed of reinforced concrete. At West Hartlepool | 2s. 


the refuse is carted up an inclined way with a gradient of 
1 in 20, while at Brussels there are two electric overhead 
travelling cranes, one over each group of twelve cells, 
which lift the cart-bodies off the wheels and dump their 
contents on to thedecks. The latter system has also been 
adopted at Hamburg, and in the plant now being com- 
pleted at Zurich. 

Moss Side Destructor.—At Moss Side, as will be seen 
on reference to the drawings, Fig. 6, page 832, the 
six cells are arranged side by side in a single battery, 
with the two water-tube boilers at the end of the 
battery; the rep cag oe are at the back of 
the furnaces, and are provided with suitable furnace- 
doors. These doors are now generally planed to fit their 
frames, and are lined with firebricks. They are raised 
and lowered by levers and balance-weights, and give a 
good command of the furnaces, which slope downwards 
to the front. 

The refuse is tipped from carts into a bunker formed of 
concrete, and having a sloping back, so that the toe of 
the heap of refuse is never far from the furnace-mouth, 
into which it is thrown by a shovel. This method would 
seem at first sight to involve more labour than the top 
feeding, but it is found in practice that, while it costs 
more to put in the refuse with a shovel, the labour in 
front of the furnace in dragging forward and trimming is 
correspondingly lessened. It may be remarked, however, 
that even at West Hartlepool, where the refuse is not 
bulky, the labour of charging costs one-third of the 
stokers’ wages, and it is, therefore, a matter of the 
utmost importance to reduce it as much as possible. 

Westminster Destructor.—The Westminster destructor, 
shown in Fig. 8, page 832, and Figs. 9 and 10, page 833, 
has been erected on the Shot Tower Wharf, at the south 
side of Waterloo Bridge, in the centre of the Metropolis, 
and serves a district of which Covent Garden Market and 
the Strand form important features. he refuse is 
exceedingly bulky, consisting largely of market and shop 
refuse, paper, packings, straw, and all kinds of light 
material, measuring not less than 90 cubic feet to the 
ton (Fig. 9, page 833). To feed such stuff by means 
of a shovel would be very costly, and therefore special 
means were demanded. The conditions have been met 
by a new design of furnace, into which the four- 
wheel collecting-carts and steam motor-wagons tip 
their loads direct (Fig. 10, page 833), no storage being 
provided other than the spare carts which are brought 
in from the yard and discharged as required. Suffi- 
cient spare wagons are provided to keep the destructor 
in full operation day and night. The furnaces are six 
in number, each having 42 square feet of grate area. 
They are arranged back to back, with a water-tube boiler 
at the end of the battery. A very large feed-hole, 6 ft. 
by 4ft., is common to two furnaces, there being thus 
three holes in all. 

The carts can be brought to either side of the feed-holes 
to dump. Great difficulty was experienced at first in 
arriving at the correct shape for the feed-holes—that is, 
expanding downwards, as now shown, so that the refuse 
cannot arch over in the furnace mouth. A worse difficulty 
was that of getting such large lids as were required to be 
quite smoke-tight when closed. Metal-to-metal joints and 
grooves filled with sand were in turn found unsatisfactory, 
and the handling of such heavy lids was also difficult. 
Eventually hinged lids, counterbalanced by weights hung 
from volute quadrants, so as to be perfectly balanced at 
all positions, were adopted. 

Each lid dips into a water-seal which surrounds the 
furnace-mouth, the water, which evaporates slowly, being 
maintained at the proper level by a ball-cock. This 
makes a perfectly gas-tight joint, and not only is the 
trouble of smoke from the feed-holes obviated, but it is 
found that the absolute tightness of the joint, preventing 
even a small leakage, causes the furnace gases to collect 
beneath the lid and to remain stagnant, thus forming a 
shield of comparatively cool gas, which protects the lids 
from the furnace heat. As long as there was any leakage 
at all the heated gases drew that way, and kept the fur- 
nace mouths and lids red-hot, which ca them to 
crack and give trouble. 

hopper, constructed of wrought-iron plates and set 
on hinges in a position at right angles to that of the lid, 
is lowered over the opening, so as to prevent refuse 
getting into the water-seal. This hopper is balanced in 
a sientiog manner to that described for the lids, and both 


hopper and lids are easily worked by hand by means of 
large chain wheels. The labour of charging is tnus saved 





-—the refuse is never handled at all, but shot straight 
into the furnaces. This is an advantage from a sanitary 
point of view, but it is not universally appreciated, as it 
puts an effective stop to trade in rags, Sen and dirty 
glass bottles, which can no longer be picked out by the 
stokers and sold. Py ; 

Before leaving the subject of the Westminster de- 
structor, which is the first of its kind, the author wishes 
to acknowledge his great indebtedness to the engineers of 
the city, Mr. Bradley and Mr. Ventris, and to Dr. 
Priestly, the Medical Officer of Health for Lambeth 
lige wd uty it was to inspect the working of the plant), 
or their invaluable aid in overcoming the initial diffi- 
culties of the undertaking. 

The author has already remarked that he would like to 
see the duty of destructors reckoned in cubic yards rather 
than tons, as giving a fairer basis of comparison. It is 
not, however, in the least likely tocome into vogue, since 
the wagon-weighing machine is such a simple and con- 
venient method of taking the quantities. 

ie aA dope gy author Lege sa however, 
suggest a further reform in comparative to the 
effect that the labour-bill in working the Poa should 
be reckoned, not in pence or shillings per ton (it varies 
even in England from 74d. at Moss Side and elsewhere to 
3d. at several London destructors, for furnace-men 
only), but in tons dealt with per man per hour. This 
would eliminate the discrepancies due to the stokers’ 
wages and hours of labour varying so much in different 
districts. A destructor in which a stoker can deal with a 
ton per hour during an: eight-hour shift may be con- 
sidered satisfactory, and this is being attained at West- 
minster. There can be no doubt that a very large saving 
is effected in charging direct from the carts.in the case of 
a destructor oe 72.tons of bulky refuse, such.as 
that of the Strand district, every 24 hours, 

Mechanical Stokers.—Many attempts have been made 

to effect the operations of stoking and clinkering by 
mechanical grates, but hitherto without much success. 
Trimming ard clinkering by hand and the intermittent 
system of firing in one-and-a-half or two hour heats.at 
present hold the field. 
_ Clinkering.—The operation of clinkering is one requir- 
ing both strength and skill. The mass of clinker is often 
5 in. thick over the whole grate surface, and in breaking 
it up and withdrawing it from the furnace the stoker 
must be careful to turn it over so as to throw off any live 
fire on the top, which he afterwards spreads evenly over 
the grate for the purpose of lighting the new charge of 
refuse. The blast, which is shut off during clinkering, 
should be put on again for a few minutes before charg- 
ing, so as to prepare a bed of hot fire for the reception of 
the charge. Another method adopted with some well- 
known types of furnace is to feed them continuously from 
the front by hand and to clinker also continuously from 
each portion of the grate surface in turn. 

Detailed Description of Furnace.—The different methods 
of charging the furnaces having described, it may 
now be convenient to deal with the details of those parts 
of the furnaces which are common to the three types at 
Westminster, West Hartlepool, Brussels, and Moss Side 
respectively. The refuse is first piled up on the drying- 
hearth above the main flue, and is afterwards raked from 
the front on to the grate-bars as may be required. The 
drying-hearth and grate-bars slope down about one in six 
towards the furnace front ; this greatly reduces the labour 
of working the furnaces. The grate-bars have narrow 
spaces—about ,°, in.—and are made in single lengths of 
6 ft., four bars being cast together. This enables the 
chisel tools used in clinkering to be worked from below 
along the whole length of the Uw ig tag a without check. 
A wide ‘‘dead-plate” is provided in front, and the fur- 
nace-mouth is closed by a door extending the full width 
of the furnace and lined with firebrick blocks. The fur- 
nace-door slides upwards to open, the working faces 
being planed, and the door suspended from a balanced 
lever. In closing it falls into wedge-shaped catches, 
which force it tight a ey its frame. Such doors are 
found much more suitable than hinged doors, which were 


commonly used in early destructors, as the latter exposed 
their -hot inner surfaces to the stoker on being 
opened. 


In each main furnace-door is fitted a small rake-door, 
just large enough to admit the stoker’s rake to enable him 
to trim the fire and pull down the refuse without exposi 
himself to the heat of the furnace. The main door ne 
only be meg for the operation of clinkeri The ash- 
pits are closed by suitable air-tight doors, and are i po 
bt ot way towards the door to facilitate the removal of 
ashes. 

Fireclays.—The whole of the interior of the furnace is 
constructed of specially made fireclay blocks of the best 
quality, dovetailed together, and all of the arched con- 
struction. Flat fireclaylumps over openings and flues are 
found tocrack. Owing to the great heats attained and the 
frequent changes of temperature, it is necessary to select 
the fireclay with care, to avoid trouble from expansion 
and contraction. Bricks too rich in silica expand and 
contract far too much; and clays which answer well for 
metallurgical pu are often found too brittle for de- 
structor work. The fireclays which are found suitable for 
use in destructor furnaces neither contract nor expand 
under heat, and are able to withstand frequent changes 
of temperature, the maximum being about 2300 deg. Fahr. 
They should consist of from 60 to 70 per cent. silica, and 
30 to 40 percent. alumina. A slight admixture of iron 
is harmless, but lime, potash, and soda, which are. uguall 
found in such clays, should only be present in very ¢ 

uantities, as they to act. as a flux. The beds of 
re-clay at Leeds, Sheffield, Glenboig (near Glasgow), 
and Stourbridge are all of suitable quality. The bricks 
and blocks must be very truly tccmad in order that the 





thinnest possible joints may be made. It isalso important 
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that the fire-bricks chivald be a little thicker than the 


naturally the joints in the common-brick work will be | 
thicker than would be desirable in the fire-brick work. | 
Fans or Steam-Blast.—The draught is forced by means | 
of fans or steam-jets. The question as to which gives | 
best results, dry air or steam-jet blast, is frequentl 
debated. A blast of about 1 in. of water column is found | 
to answer best with average refuse. The use of higher 
pressures causes the fire to burn into holes too frequently, 


and thus causes too great an excess of air to pass, and | 


consequently lowers the temperature. 
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n K 1 | grate area, whereas with a good centrifugal fan only one- 
common bricks with which they have to bond, because | fifth of this amount, or, say, 20 lb. of steam per hour, is 
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This pressure can be obtained 
easily and economically either by 
steam-jet blast or by a centrifugal 
fan. For working at a rate of 
10 tons per 24 hours, on a grate 
area of 30 square feet, or at a rate 
of, say, 30 lb. of refuse per square 
foot of grate per hour, a volume of 
about 700 cubic feet of air per 
minute at atmospheric pressure 
and temperature for each cell is 
required, or, say, 23 cubic feet of 
air per minute for every square 
foot of grate area in use. To de- 
liver this quantity of air at the 


ag 





requisite pressure requires, with 
an efficient. steam-blast appara- 
tus, about 100 lb. of steam per 
hour for each cell of 30 square feet 


needed. To compensate for the larger consumption of 
the steam-jets it may be stated that they give a higher 





temperature and evaporation than the dry-air blast, pro- 
vided that the refuse is rich enough in carbon to give the | 
necessary temperature for the dissociation of the steam, | 
which forms water-gas in the furnace, and which greatly 
improves the combustion. This action has been explained” | 
ty Lord Kelvin and Dr. Archibald Barr in the following | 


* Report.on the Horsfall Destructors, 1898. 


| creases the amount of the total steam raised as to gi 


| the refuse of Hamburg and Berlin, however, 


words :—‘‘ A more important function is, however, ful- 
filled by the steam. In coming into contact with the 
incandescent fuel it is decomposed, the hydrogen being 
freed, while the oxygen combines with the carbon in the 
fuel to form carbon monoxide. This decomposition of 
the water is effected by heat abstracted from the lower 
part of the fire, where it can be of comparatively small 
value for the cremation of the distillate. The ‘water-gas 
(hydrogen and carbon monoxide) passes upwards, to be 
burned by the excess air, which it meets with over the 
fire, thus serving to increase the temperature, which 
would otherwise exist at the meeting of the products of 
combustion with the gases distilled from the raw 
material.” f 

The importance of the action of the steam-jet was 
strikingly exemplified in an instance which came under 
the observation of the author at Bury, Lancashire, 
where, in a new destructor, it was not found possible to 
reach the guaranteed temperatures in the flues by means 
of dry-air blast. The substitution of steam-blast for the 
fans immediately pe and maintained the required tem- 
perature. It is fully demonstrated that, provided always 
the refuse is sufficiently rich in carbon, a steam-blast, 


although it uses more steam for the draught, yet so ~ 
ve a 


better steaming result on the whole than the fans. With 

it is doubtful 
whether the same can be said, because the use of closed 
stoves in those cities renders the refuse very poor o 
regards combustible cinders. One hundred pounds © 
steam used in the blast for each cell of 30 square feet 
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“aged area ved hour may be considered a very good result 
or steam-blast, and it can only be secured by using efficient 
arrangements. 

A steam-jet has been devised by Mr. C. W. James, in 
conjunction with the author, for this purpose, in which 
the nozzle is flat instead of round, thus yielding a ribbon 
of steam instead of a plug of steam. It is probable that 
the air is carried through the blast-tube mainly by means 
of surface friction between the jet of steam and the 
surrounding column of air, and it is therefore advanta- 
geous to have the greatest possible surface on the steam- 
jet per pound of steam passing. This is, !of course, 
obtained by making the jet flat and thin. A thickness of 
zs in. is found best. It is also important that the steam 
should be superheated, so as to prevent condengation and 
obstruction in the nozzle itself. A pressure of 30 lb. to 
40 lb. to the square inch for the steam-blast gives the 
most economical results. Reducing-valves are used, 
giving this pressure whatever may be the working pres- 
sure of the boiler. 

A further great advantage to be set down to the credit 
of the steam-blast, as compared with fan draught, is the 
fact that it protects and lengthens the life of the ironwork 
exposed to heat in the furnaces, such as, for instance, 
grate-bars and the cast-iron side-boxes which are used for 
heating the blast. After leaving the nozzle the steam in 
the blast is condensed, and it reaches these iron parts in 
the form of _particles of water. On striking the hot iron 
it is immediately re-evaporated into steam, carrying with 
it a considerable amount of heat, and thus keeping 

own the temperature of the ironwork. The author has 
seen grate-bars taken out of a furnace after six years’ 
constant use — little the worse for wear ; whereas with 
dry air-blast an high temperatures the grate-bars would 




















WESTMINSTER DESTRUCTOR. 


Cast-Iron Furnace Sides.—The steam-jet trumpets used 
in the West Hartlepool installation are combined with 
the cast-iron side-boxes which form the sides of the 
furnaces above and below the grate-bars. These side- 
boxes serve the double purpose of heating the blast to a 
temperature of 400 deg. Fahr. in the ashpit, and of pro- 
tecting the brickwork at the sides of the furnace from the 
undermining action of the hot clinker. - In furnaces with 
brickwork sides at the fire-level it is found that the 
clinker fuses to the brickwork, and every time it is 
removed brings away particles of the wall, thus gradually 
undermining it, and allowing the crown of the furnace to 
fall before it is anything like worn out. The side-boxes, 
which are kept cool by the passage of the cold air and by the 
cooling action of the steam above described, prevent this 
action. The air is drawn into the boxes from hoods, 
something like the hood over a blacksmith’s fire, placed 
| over the clinker-door in such a position as to draw off any 
| smoke and dust rising during the operation of clinkering. 
This improves the ventilation of the stoke-hole. 

Firing-Tools.—The firing-tools consist of prongs or 
pushers for charging the furnaces, light and heavy rakes 
| for pulling down and clinkering respectively, and chisel 
|bars. They are all necessarily long, and any means of 
| making them lighter, without reducing their strength, is 
worth adopting. It isfound a good plan to use a weldless 
| steel tube for rake-handles, and to make the chisel bars 
| of solid Mason’s tool steel in order to get the greatest 
| possible strength. 
| The two types of boiler most favoured at the present 
| time in connection with destructors are the Lancashire 
| type and the water-tube type. The former has the ad- 

vantage of large capacity for storage of hot water and 
| steam, and it is also less susceptible to troubles arising 





require to be renewed after six months to twelve months | from hard water, but it is found when using destructor 


at the latest, 


| gases that the flue area is insufficient unless the boiler be | 








Fic. 15. PortasLte Destructor. 


made larger than would be usually adopted for the same 
rate of evaporation when fired in the ordinary way with 
coal. A deposit of dust in the two flues of the boiler is 
not a a serious drawback, as the boiler is easily cleaned, 
and the lower half of the flue is, of course, less valuable 
as heating surface than the upper half. A well-constructed 
Lancashire boiler is also able to withstand the effects of 
expansion and contraction, due to the gases being sud- 
denly switched on or off by means of the by-pass damper. 

The water-tube boiler, however, seems destined to have 
the preference in most new destructor installations. It 
has the great advantage in the fact that dust can only 
lodge on the tops of the tubes (when the tubes are hori- 
zontal or sloping) leaving the lower surfaces, which are, 
of course, the most effective, always clean. 

Utilisation of Heat.—The heat of the gases from de- 
structors, although, as stated above, of considerable value, 
is, unfortunately, often lost —— lack of a convenient 
application near to the site of the destructor. It is a 
curious fact that although electric-lighting stations only 
demand a considerable quantity of power during three 
or four hours per diem, the combination of destructors 
with electricity stations is the commonest method of 
utilising the heat. There are, however, other kinds of 
municipal work that can absorb a fair ———— of the 
power available. Stone-breaking, crushing, and screen- 
ing the clinker from the destructors or grinding it for 
mortar, driving repairing-shops, sawing, chaff-cutting, 
sewage and water-pumping, heating baths and va 
houses and even schools and dwellings, have been carried 
out in different places by means of the steam from 
destructors. 

At Moss Side, Manchester, a snow-melting pit has been 
constructed by the municipal engineer, Mr. , pea vie in 
which a series of pipes bringing steam from the destructor 
boilers is placed. These are perforated so as to throw 
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jets of hot steam upon the snow as it is tipped into the 
melting-pit. 

At Folkestone, the borough engineer, Mr. Nichols, 
has constructed heating-pans on the flues beyond the 
economiser for the purpose of warming the materials for 
use in forming streets of tar macadam. 

Dust-Catcher.—A dust-catcher has been placed between 
the boiler and the chimney in the installations at Brussels, 
West Hartlepool, Moss Side, and in many other recent 
destructors. The latest form of this apparatus has been 
devised by Messrs. Newton and Diggle, of Accrington, 
in conjunction with the author, and it consists of a swirl- 
ing-chamber, into which the gases are led from the main 
flue in such a manner as to give them a circular or revolv- 
ing motion within the chamber (Figs. 11 and 12, page 832). 
In carrying this out they are madeto pass round an annulus 
formed by the outer circular wall and the inner well, built 
up to within a short distance of the domed or arched roof. 
The whole of the interior is lined with firebrick to enable 
the apparatus to deal with red-hot gases when the boilers 
are not in use. The rapid revolution of the gases within 
this chamber throws all the suspended dust—even the 
smallest particles—against the outside wall of the cham- 
ber by centrifugal force. 

At intervals, vertical slits are provided, leading into 
pockets outside the chamber. The dust, travelling along 
the outer wall, finds its way into these slits and thence 
into the pockets, where the gases are stagnant, and 
where the dust falls. The vertical slits leading into 
these pockets can be closed by suitable doors hung freely 
on ball-bearings and so arranged that whenever the outer 
cleaning-door of the pocket is opened for the purpose of 
withdrawing the dust, the door covering the inner opening 
is closed by suction. 


Fig. 15. 
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With this aprantins it is possible to extract the dust 


from. any or all of the pockets without interfering with 
the draught of the destructor. This is important when 
destructors are combined with er. stations, as at 
Accrington, because it is never practicable to allow the 
flues to get cool enough to clean out by hand. Not only 
the dust-catcher itself, but the whole of the flues through- 
out the destructor and boiler can be cleaned by simpl 

ames the end doors, and allowing the wind to <x 4 
through, whipping up the whole of the dust deposited in 
the flues, and carrying it forward into the dust-catcher, 
where the centrifugal action discharges it into the pockets 
above described. It will be observed that the stronger 
= draught, the more complete is the separation of the 

ust. 

Dampers.—Dampers of many kinds, including cast- 
iron (with and without ribs), wrought-iron, and steel 
plates of different thicknesses, have mn tried. Cast- 
iron gas-valves, with cold-water circulation, have also 
been extensively used. The latter were successful until 
—as always happened sooner or later—the water supply 
was interrupted, by accident or design, when they would 
immediately fail. Experience seems to point to a damper 


formed of firebrick blocks in a suitably designed cast-iron | 


frame as the most reliable for general pur The 
damper should be set in grooves deep enough to protect 
the frame from the action of hot gases. It should also 
be provided with suitable means for making the slit at 
the top practically air-tight, when the damper is either 
closed or open. 

The author has recently adopted double by-pass 
dampers for the by-pass to the boilers. These are found 
to be practically gas-tight, as the damper nearest to the 
chimney so reduces the tension of the draught that the 
leakage past the second damper, with which the gases 
come earliest in contact, is neg’ —. 

Chimneys.—A dissertation on destructor chimney-shafts 
would be out of place in a paper which has already run 
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to considerable length, but it may be remarked in passing 
that, unless in very special circumstances, a destructor 
chimney need not exceed from 100 ft. to 120 ft. in height. 
Even at the Westminster destructor, which is, as before 
stated, in the heart of London, the height of the chimney 
Rose pee line is only 90 ft., and the destructor is 
worked without complaint. In fact, it may be said that 
it is difficult to tell, by observation of the chimney, 
whether the plant is at work or not. 

Destructor chimneys should be constructed to with- 
stand the full heat of the gases, which are sometimes 
directed into them without passing through either boilers 
or economisers. For this reason they should invariably 
be lined to the top with firebrick, and it is good practice 
also to provide an air s , properly ventilated, between 
the firebrick lining and the outer shell. 

Clinker-Handling.—To come now to some of the ma- 
chinery accessory to destructors, it may be mentioned that 
one of the most important points is the handling of the 
hot clinker as it is withdrawn from the furnace. At Moss 
Side, and also at Westminster, overhead railways, on the 
system devised by Mr. Cox, City Engineer of Bradford, 
and the late Mr. McTaggart, are used. These railways 
consist of a single H beam suitably suspended, on which 
a small trolley, with ball or roller are, runs freely 
(Fig. 7, page 833, and Figs. 13 and 14, page 832 
trolley hangs a large tipping-truck of suitable capacity for 
taking the whole of the clinker from the cleaning of a 
single cel], This represents two, and even sometimes 
three, very large barrow-loads, which would be heavy 
labour to wheel. The clinker-truck is suspended imme- 
diately under the lip of the front dead-plate, so that the 
clinker can be withdrawn directly into it. It is then pulled 


). From the | 





away by the stoker along the runway over the clinker- 


CHART OF TEST RESULTS, WEST HARTLEPQOL, 


Observations, Temperature in Main Flue beyond Pyrometer reading. 


more. This enables a brick or flag with very clean arrises 
to produ A further feature of Dr. Schultess’s 
system is the maturing of the final product in 48 hours 
by means of steam at atmospheric pressure. 

Bricks and flags so produced have a strength consider. 

ably exceeding that of good burned clay-bricks, and the 
bricks are suitable for foundation work, embankment 
walls, and for inner w of houses. Their dark colour 
is a drawback to their adoption for outer walls. In the 
ordinary way Portland cement is used for such produc. 
tions, but Dr. Schultess claims to get a better result with 
lime, and, of course, at a lower cost. 
_ Clinker-Mortar.—Mortar made from clinker and lime 
is found to be almost equal to hydraulic mortar, and it is 
capable of withstanding considerable heat. In fact, in the 
destructors at Oldham, Bradford, and elsewhere it is fre. 
quently used for pointing up the interior of the furnaces, 
and is found to stand as well as fireclay. 

Destructors for Hospitals, &-c.—Destructors of small size, 
suitable for villages and public institutions, such as 
hospitals or large hotels, have been alluded to above. 
No special remark is called for respecting the design of 
such furnaces, except that they should of the sim- 
plest character. As a rule they are both fired and 
clinkered at the front through the clinkering-door. In 
other respects, such as in the details of grate-bars, cast-iron 
side-boxes, forced-draught apparatus, front-flue openings, 
and so forth, the design of the larger types of furnace is 
followed. In some cases, however, where it is impos- 
sible to get steam for steam-blast or electric current for 
fan draught, such furnaces have to be worked by means 
of strong natural draught. 

Portable Destructors. — Portable destructors are also 
made, consisting of a furnace following the above general 
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cooling bed, and tipped on its own trunnions so as to dis- 
charge the clinker on to the ground, where it is allowed to 
cool. These railways are capable of considerable modifica- 
tion to suit different sites. For instance, at Westminster, 
where the plant is sunk below ground level, a section of 
the rail is lifted on a suitable hoist, and it is also provided 
with a revolving arrangement, so a3 to command several 
sets of rails at the top. Turntables are also easily con- 
trived and worked. 

Clinker- Crushers and Screens. — Suitable clinker-crushers 
and screens for eens the material for concrete work, 
such as fire-proof fioors, road foundations, and the like, 
have been designed also by Messrs. Cox and McTaggart, 





and are extensively in use. The crushers consist of a pair 


of fluted rollers mounted on wooden keys so as to give | poses, 
the necessary elasticity to avoid breakage when pieces of | ing tanks, in which infected clothing, &c., can 


| 


iron are encountered. The 4 ge of the keys is sufficient | 


to stop the machine gradually, and not instantaneously, | 


N?7. 


lines, attached to a plain cylindrical multitubular 
boiler, with a dust-catcher in the smoke-box, steam-jet 
forced draught, and a short chimney, the whole being 
mounted on wheels for transport. The weight of the 
destructor illustrated (Fig. 15, page 833) is between 6 
and 7 tons, and the 2 gow | about 4 tons of refuse in 
24 hours. These small portable destructors are good 
steam-raisers, and when used in connection with hospitals 
the power may be conveniently utilised in connection 
with electric-lighting plant, Réntgen-ray apparatus, dis- 
infecting-chambers, and the like. They are intended 
to be worked when stationary. ; 

A still smaller destructor has been devised by the 
author’s brother, Mr. F. L. Watson, for military pur- 
consisting of a small furnace combined with sterilis- 
be dealt 
with, the whole being mounted on two wheels and suit- 
able for mule or horse transport. There can be no doubt 


and has the effect of throwing off the belt of the machine, | that a convenient apparatus of this kind, if available at 


and avoiding the sudden jar which would cause breakage. | 


The screens deliver the material in sizes required for the | 


various works to be undertaken. 

Paving-Flags.—Attention has recently been given also | 
to the production of concrete flags for footways, and to | 
ans and pressing- machinery for making building- | 

ricks. 

Clinker-Bricks.—Dr. Schultess, of Ziirich, has worked 
out a very complete system for the production of bricks 
from clinker and lime. One of the features of his system | 
is the lime-slaking machine, which produces a perfect 
lime in a dry powder, free from nodules, and slaked with 
exactly the proper amount of water. He also provides 
mixing-machinery ai so as to automatically mix the 


correct quantities of ground clinker, lime and water ; and -_— Fig. 15 (above), 
ays. 


one of the advantages to which he draws special atten- 
tion is the fact that no water need 


being what 


! be expressed from the Date of test .. 5 os 
flag under compression, the amount of moisture supplied | Duration of test ..  .. 
is required for the proper setting, and no| Number and type of celle .. 


all standing and advanced camps, would materially lessen 
the ravages of zymotic diseases in time of war. a 

In conclusion, the author begs to acknowledge his in- 
debtedness to many engineers, in not a few instances friends 
of his own, for their labours in connection with the dis- 
posal of refuse by fire ; and he trusts that the above notes 
of his own experience may be of interest and of service 
to the members of the Institution, 
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Tur Destructor AT WeEsT HARTLEPOOL. 
Test Report. 


Norr.—The following figures and the accompanying 
give the mean result of two 


.. January 28 and 29, 1904. 
. 48 hours. 
i: Sin back-to-back: 
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+» 180 square feet. 
. Steam-jets. 
Ashpit, nightsoil, and market. 


Total grate surface .. a 
ayaten of forced draught .. 
Nature of re 


Number of firemen and average 


wage per day ¥ -. .. Nine at 5s. E 
Number, size, and type of boilers One Babcock and Wilcox, 
2393 square feet. 


Tons. cwt. qr. Ib. 
272,432 lb. =121 12 1 20 


22,703 Ib. = 2 2°28 


31.5 
6.7 


. 8.9d. 
= -. $48,673 Ib. 
per hour .. 7264 lb. 
i ” per square 

foot of heating surface per hour 3.03 Ib. 
Total water evaporated per pound of 

refuse from and at 212 deg. Fahr. 

or 100 deg. Cent. .. . Ns 
Mean steam pressure. . 
feed temperature... 
main flue temperature 


Total quantity of refuse burned .. 
” ” ” ” per 
cell per24 hours .. os F 10 
Total quantity of refuse burned 

per square foot of grate per hour 
Tons per man per shift we Rs 
Cost of labour per ton burn 
Total water evaporated 


” ” 


1.56 Ib. 
. 155 1b. per square inch. 
. 43 deg. Fahr. 
Above 2000 deg. Fahr. (Be- 
yond — of pyrometer. ) 
534 deg. Fahr. 


,, temperature behind boiler .. 
Horse-power developed at 20 Ib. 
steam per indicated horse-power 
perhour.. Sind. eieecte sa 
Purpose for which steam is utilised 


APPENDIX II. 
City oF WESTMINSTER. 


363. 
Electric lighting. 





Test Report. 
Date of test .. ae ce .. Dec. 2, 1902, to Dec. 4, 1902. 
Duration of test 45} hours. 


Number and type of cells. Six back-to-back direct cart- 

Total grate surface .. mes -. 262 square feet. 

System of forced draught .. .. Steam jets. 

Nature of refuse ‘ — — and market. 

Number of firemen and ine stokers at 35s. per week. 
wage per week. Four top men at 27s. 6d. per 


m4 week. 
Number, size, and type of boilers... ue  : Soe 1426 square 
eet H.S. 


average 


Tons cwt. qr. Ib. 
Tota] quantity of refuse burned .. 138 15 1 0=8310,828Ib. 
” ’ , ’ per : 
cell per 24 hours ’ / 12 5 1 8= 27,476,, 


Total quantity of refuse burned per 
square foot of grate per hour 
Tons per man per shift.. <4 3 


Cost of labour per ton burned 
Total water evaporated 


— — — 27.2 1b. 
é S 3-35 

ben = exclusive of engine- 
~ man and foreman. 
perhour .. 
“s ” per square | Test for evaporation aban- 
foot of heating surface per hour .. doned, boiler blowing off 
Total water evaporated per pound of very heavily. 

refuse from and at 212 deg. Fahr., 

or 100 deg. Cent. a a oe 
Percentage of clinker and ash to 

refuse burned .. en te - 
Mean steam pressure .. 

» feed temperature ie 

» main flue temperature .. 


24 9 per cent. 

.. 125 1b. per square inch. 

. 48 deg. Fahr. 

Well over 2000 deg. Fahr., 
softened mild steel. 

500 deg. Fahr. 

Electric light, steam jets, 
hoist-engine, &c. 


», temperature behind boilers 
Purpose for which steam is utilised... 








LAUNCHES AND TRIAL TRIPS. 

TE s.s. Julia, built and engined by Messrs. Mordey 
Carney (Southampton), Limited, to the order of the 
London and South-Western and Midland Railway Joint 
Committee, for the Somerset and Dorset Line, was suc- 
cessfully launched on Saturday, the 28th ult. The 
following are the —_ 1 particulars of the vessel :— 
Length over all, 109 fo. —between area 105 ft.; 
breadth, 31 ft.; depth, moulded, 9 ft. 9in. The mach- 
nery consists of one set of compound inverted direct- 
acting screw engines, having cylinders 14 in. and 30 in. 
in diameter by 22 in. stroke. Steam at 4 pressure of 
150 1b. per square inch is supplied from a horizontal 
return-tube boiler measuring 10 ft. 6 in. in diameter by 
9 ft. 9in. long, with two furnaces 3 ft. 2 in. in diameter, 
each having separate combustion-chambers. 





_ The Danziger Allgemeine Zeitung publishes the follow- 
ing particulars of the new German battleship Lotheringen, 
which was launched at the Schichau pone Dantzig, on 
Saturday, the 28th ult., in the presence of the German 
Emperor :—Length between perpendiculars, 398.63 ft.; 

m™, measured over the armour, 73.82 ft.; draught, 
25.1 ft.; displacement, 13,400 tons; engines, 16,000 to 
17,000 horse-power ; speed, about 19 knots. The armour- 
belt extends right fore and aft, and the citadel above it 
occupies a length of about 246 ft. amidships. The vessel 
will carry four 11-in. guns—two in each turret fore and 
aft; fourteen 6.7-in. guns—ten in casemates divided by 
thick splinter. screens and four in turrets ; twenty 3.46-in. 
guns, some with shields and some without; four 1.45-in. 
machine guns and two mitrailleuses in the tops; and 
81x 17.7-in. torpedo-tubes, all submerged. 


On Tuesday, the 3ist ult., the steel screw steamer 
Harald, built by Mesers. ger Taylor, and Co., 
stockton-on-Tees, to the order of Messrs. Van Yasel- 
Steyn and Co., Antwerp, was taken to sea for her trial 
trip, which proved highly satisfactory. The vessel mea- 
Sures 291 ft. by 38 ft. by 20 ft. 74 in. dik, moulded. The 
iron which have been constructed by the North- 
qastern e oe sage Company, Limited, Sun- 
Gorland, have cylinders 19in., 31 in., and 51in. in 
~eompred by 33 in. stroke, supplied with steam by two 

rge steel boilers working at 180 1b. pressure. During 
the whole of the run everythin call g with the greatest 





tmecthness, and a speed of 114 knots was maintained on 
the run from the Tees to the Tyne. 








BOILER EXPLOSION AT ST. BLAZEY. 
A FORMAL investigation has been conducted by the 
of Trade, under the provisions of the Boiler 
Explosions Act, with regard to the circumstances and 
cause of a boiler explosion which occurred on January 15 
last, at the St. Blazey Foundry, St. Blazey, Cornwall, 
owned by Mr. J. F. Liddicoat. By the explosion one 
rson was -killed and two others were injured. The 
mmissioners were Mr. Howard Smith, barrister, and 
Mr. G. Fullerton Bell, een engineer. Mr. G. C. 
‘Vaux appeared for the Board of Trade. 

In opening the proceedings Mr. Vaux stated that the 
boiler in question was of the ordinary vertical type, 
measuring 7 ft. in height by 3 ft. 2in. in diameter, fitted 
with the usual mountings, and worked originally at a 
pressure of 651b. on the square inch. It was made, or 
supplied, by Messrs. Picksley, Sims, and Co., of Leigh, 
in 1884, and was thus about 20 years old. In 1896 it was 
owned by Messrs. Liddicoat, butchers, of Lostwithiel, 
who used it in connection with a chaff-cutting machine. 
In that year it was sent by them for overhaul and repair 
to Mr. J. F. Liddicoat, who had served his time in the 
foundry, and in the locomotive-shops at the Cape of Good 
Hope, and who subsequently set up in business at St. 
Blazey as a general engineer and ironfounder. Some 
repairs were made, and shortly afterwards Mr. Liddicoat 
bought the boiler for 5J. He did not, however, use it 
until September or October, 1898, when he fixed it at his 
foundry and worked it at a pressure of about 65lb.; but, 
as the consumption of coal was excessive, and the pressure 
higher than was needed for casting purposes, a pressure 
of 40 lb. was subsequently carried as registered by the 
steam-gauge. About 18 months before the explosion the 
boiler was leaking, and Mr. Liddicoat applied a patch, 
and tested the boiler by water up to a pressure which he 
estimated was 60 lb. or 70 1b. The patch was bolted, and 
not riveted, and at the time this was applied Mr. Liddi- 
coat said he tested the boiler with a hammer. This was 
the last overhaul that had been made. On Thursday, 
January 15, the fire was lit and the boiler filled with 
water, and soon afterwards the belt slipped and the 
engine was stopped. After some soap had been put on 
the flywheel another start was made, and immediately 
afterwards, when the steam pressure registered 40 lb., the 
boiler exploded, killing an <a and injuring a son 
of the owner and another lad. 

The explosion was a very violent one. The side of the 
fire-box opposite the fire-door collapsed and ruptured at 
about 18 in. from the bottom, the rent extending circum- 
ferentially for a distance of 16 in., and forming an irregu- 
larly-shaped opening, through which the steam and water 
rushed. The boiler and engine, with the bed-plate, were 
thrown against a wall 4 ft. distant, and the unfortunate 
lad who was killed was found to have been pinned under- 
neath the boiler, and jacks had to be used to lift it before 
the body could be extricated. An examination of the 
boiler had been made by an engineer-surveyor to the 
Board of Trade, and the cause of the explosion was found 
to be wasting of the fire-box by corrosion. 

Mr. Liddicoat, called by Mr. Vaux, gave evidence as to 
his pucchase of the boiler and the price paid for it, as 
previously stated. When he applied the patch to the 
fire-box he estimated the thickness of the plates at 3 in. 
He reduced the pressure to 40 lb. per square inch, as the 
coal burnt was excessive, and he wished to keep down the 
expenses. He could not calculate the load on a safety- 
valve, so he always worked by the steam-gauge. When 
not casting he only wanted 20 lb. pressure. He examined 
the boiler every 12 or 18 months, but did not drill the 
plates to ascertain their thickness. He had not made 
any examination since October, 1902. 

illiam Liddicoat, son of the last witness, and_who 
had been injured by the explosion, confirmed the evidence 
his father had given. 

Mr. Robert ni poy 1p Engineer-Surveyor to the 
Board of Trade, said he had examined the boiler after the 
explosion, and found that the fire-box at the point of 
rupture and for some distance on each side was very 
thin, being wasted to 4 in. from its original thickness of 
gin. The boiler was not fit for any useful pressure. 

The Commissioners having visited the scene of the 
ae to examine the boiler, and Mr. Vaux having 
addressed the court, Mr. Howard Smith _= judgment. 
The examination that he and Mr. Bell had made quite 
confirmed the — of Mr. Wotherspoon, that the 
of the fire-box 
withstand the ordinary pressure. The boiler had not 
been examined by a competent person since Mr. Liddi- 
coat purchased it. It had been examined on two or three 
occasions by Mr. Liddicoat, but he was not competent, 
for although he had served his time as a fitter, he had 
never been instructed as to how to examine a boiler. He 
did not take proper precautions, nor did he make calcu- 
lations to ascertain the pressure at which the boiler 
might safely be worked, although he chose to work it 
in the first instance at about 651b. on the square inch. 
The explosion was certainly caused by the neglect of Mr. 
Liddicoat, for in the judgment of the Court it was per- 
fectly clear that the last examination he made was not a 

roper one. If it had been, he must, beyond all doubt, 
bac detected that the boiler was seriously wasted and 
utterly unfit for work. Mr. Liddicoat had been trained 
as a fitter, but knew nothing as to the management of a 
boiler. If he had known anything, he certainly would 
have made a careful examination of a boiler twenty 

ears old, especially as it had been idle for two years. 
if he had been represented at that inquiry by an advo- 
cate, it would have been urged as an excuse for his conduct 
that he was ignorant, that he acted to the best of his 
lights, and that the explosion was caused by his ignorance 
alone. Such a contention could not be accepted by the 
Court as an excuse, because if a person chose to use an 
appliance which, if neglected, might be dangerous to 


gem ‘ 
ad become so wasted as to be unable to 


others, he must take all reasonable precautions to 
ensure that it shall not be in a dangerous condition. Mr. 
Liddicoat had neglected to do this, The Court was not 
aware, Mr. Howard Smith added, whether any other 
persens in the neighbourhood were working boilers 
under the same conditions, but if that were so, he wished 
that the judgment now given should be widely circulated, 
so that such persons might know the gt risk they were 
running. In the present case a poor had been killed, 
and the coroner’s jury had returned a verdict of “ acci- 
dental death.” The Commissioners interpreted this 
verdict to mean that there had been no criminal neglect, 
The court did not say there had been, but there was no 
doubt Mr. Liddicoat had been ea: pepligent in the use 
of the boiler, and he was to blame for the explosion. 

On this romange | of the Court, Mr. Vaux applied that 
Mr. Liddicoat should be ordered to paya portion of the 
costs of the investigation. 

In reply, Mr. Howard Smith said that this was a case 
in whic they would have e an order as to costs of 
a substantial amount, so as to mark their sense of Mr. 
Liddicoat’s negligence. The Commissioners had, how- 
ever, ascertained that he had assigned all the property 
of which he was possessed to a trustee for the benefit of 
his creditors, and was now working as a fitter, in which 
occupation he had been unable to obtain more than three 
days’ employment weekly. Following the practice which . 
the Court had adopted in such cases, of taking into account 
the ability of persons to comply with any order as to 
costs which might be Sasol on them, the Commis- 
sioners had decided not to im ny! order on Mr. 
Liddicoat, for they were satisfied that he would not be 
able to obey it. No order, therefore, would be made as 
to costs. 

In rd to the coroner’s inquest, to which Mr. 
Howard Smith referred in his judgment, we may mention 
that one of H.M. Inspectors of Factories was present 
and examined the witnesses. Mr. Liddicoat, the owner 
of the boiler, stated that ‘‘ every care had been exercised 
in keeping the boiler in good working order,” and he 
could not in any way give a reason for the explosion. 
Even a fitter unskilled in boilers would, we should 
have thought, been able to give some opinion in such a 
case. The jury, it is stated, were ‘fully convinced ” 
that no blame attached to Mr. Liddicoat, and the 
verdict of ‘accidental death” was unanimous. A vote 
of sympathy was passed with the father of the lad killed, 
and also with Mr. Liddicoat, whose son was injured. It 
is very fortunate that the public have not to depend 
upon a coroner’s jury to investigate and determine the 
cause of such occurrences. 

During the course of the coroner’s inquiry Mr. Shuter, 
the Government Inspector of Factories for the Plymouth 
district, called attention to the Factory Act, under 
which it was now necessary for a steam-user to have his 
boiler examined every fourteen months and the report 
entered on the register. There was nothing in the Act 
to prohibit the occupier of a factory from making an 
examination of his own boiler, provided he was a com- 
petent person. This, Mr. Shuter said, he considered a 
defect in the Act; and he thought in the event of an 
accident occurring, it would be far better to have had a 
report on the boiler by some independent person of 
authority. In this case Mr. Liddicoat said he had made 
an examination himself, and on oath had stated that 
everything was. in a satisfactory condition ; but he had, 
unfortunately, omitted to enter the result of his inspec- 
tion on the register within fourteen days, as the Act 
required. If the boiler had been properly examined 
any defects existing would probably have been discovered 
in time to have prevented this explosion. 








AMERICAN MANGANESE.—Manganese is produced in 
Arkansas, California, Georg, Nevada, North Carolina, 
South Carolina, Tennessee, Vermont, and Virginia. The 
output for 1902 was 16,477 tons, valued at 177,911 dols. 
The number of idle American manganese mines largely 
exceeds the number of active mines. 





CoaL oN THE NorTHERN OF FRANCE RalILway.—The 

uantity of coal and coke carried over the Northern of 
ooh Railway last year was 14,199,970 tons, as com- 
pared with 13,216,715 tons in 1902, showing an increase 
of 983,255 tons. The total of 14,199,970 tons, represent- 
ing the coal movement of last year, was made up as 
Slbows :—Coal from the Nord and the Pas-de-Calais, 
12,321,855 tons; Belgian coal, 1,684,805 tons; British 
coal, 156,925 tons; and German coal, 36,385 tons. 





American Crube Srreu.—The quantity of crude steel 
made in the United States has exhibited a prodigious 
increase during the last 20 years, as will be seen by an 
examination of the annexed table, illustrating the out- 
put year by year in the two decades :— 


Year. ‘ons. Year. Tons. 
1883 .. 1,673,535 1893 4,019,995 
1884 .. 1,550,87: 1894 4,412,032 
1885 .. 1,711, 1895 . 6,114,834 
1886 .. 2,562,508 1896 5,281,689 
1887 .. 8,339,071 1897 . 7,156,957 
1388 .. . 2,899,440 1898 . 8,932,857 
1889 . . 8,885,782 1899 10,639,857 
1890 . - 4,277,071 1900 . 10,188,829 
1891 .. . 8,904,24 1901 -» 18,473,595 
1892 .. «+ 4,927,581 1902 -» 14,947,250 
The production of Bessemer ingots and castings in 1883 
was 1,477,345 tons; in 1888 the total had carried to 


2,511,161 tons; in 1893 to 3,215,686 tons; in 1898 to 
6,609,017 tons ; and in 1902 to 9,138,393 tons. The out- 
put of open-hearth ingots and castings in 1883 was 119,356 
tons; in 1888 the total had been carried to 314,318 tons ; 
in 1893 to 737,890 tons ; in 1898 to 2,230,292 tons; and in 








1902 to 5,687,729 tons. 
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‘* ENGINEERING.” ILLUSTRATED PATENT 
RECORD. 


OCompitep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902, 
number of views given in the Specification Drawings is stated 
Cow f castcaw arene, te meat e at 


after 
sealed, when the date of sealing is given. 
Any person may, at any time within two months the date of 
the aduertieement of 


of a ete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
Patent on any of the menseed te the date. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


6646. J.A. McMullen, Hornchurch, Essex, and Wil- 
lans and Robinson, Limited, Rugby. Gas-E es. 
{4 Figs.) March 21, 1903.—This invention relates particularly to 
methods of flushing the cylinders of gas-engines with air for 
scavenging purposes. The engine is constructed with double- 
acting cylinders A, having admission and exhaust valves at both 
the back and front ends of the cylinders, B being the admission 
valves and C the exhaust valves, Instead of the ordinary cross- 
head and guide, the guide is constructed as a cylinder D, and the 
crosshead as a single-acting piston E. This arrangement forms an 
air-pump. The cylinders A are constructed with two rings of 
sorts F and G about their centres. The length of yds oad H 
is equal to or greater than the length of the stroke, and they-are 
so arranged that as each piston moves to and fro it uncovers the 
ring of ports G to the lower end of the cylinder as the crank is 


























fom 








(eas) 


passing the back dead centre, and opens the ring of ports F to the 
upper end of the cylinder as the crank is passing the forward dead 
centre. Each ring of ports has an annular belt J, K, connected 
by an air passage L, M, through a valve N, O to the air-pump. 
Each of these valves is mechanically operated once every two 
revolutions, it being arranged that the pump discharges its air 
alternately during one revolution into the passage leading to one 
ring of ports, and during the next revolution into the other pas- 
sage, the passages acting as reservoirs in which the air is brought 
to a pressure of a few pounds, On the forward stroke of every 
revolution the air pump draws in air through valve P. In the 
operation of the engine, as the piston approaches the end of its 
stroke, the exhaust valve C is opened, and the pressure in the 
cylinder falls; the piston, continuing its motion, uncovers the 
ring of ports For G. Air rushes in and scavenges the cylinder as 
the crank is passing the dead centre. (Sealed May 31, 1904.) 


MOTOR ROAD VEHICLES. 


2839. A. A. emare, Paris, France. Carbu- 
rettors. [1 Fig.) February 4, 1904.—This invention relates 
to an apparatus for the partial automatic regulation of the 
admission of air to the carburettor of an explosion-engine, 
the regulation in question being such that a variable supple- 
mentary volume of air, the proportion of which varies directly 
with the speed of the engine, is added to the volume of 
air admitted through an orifice of constant cross-section, which, 
however, is smaller than that of the suction-pipe of the engine. 
The apparatus consists of a tube or casing a@ provided with 


(2639) 


a branch b which is connected to the ordinary device c 
serving for the admission of air to the carburettor chamber. 
One of the ends of the casing a—namely, the end d—is open, 
and the cross-sectional area of that opening d is smaller than that 
of the branch b. At the other end e of the casing a is arranged a 
two-cone tube f. The reduced portion of the cone / affords a seat 
for a valve g constituted by a disc moving on a central rod A which 
forms a guide for it. A spring 7, concentrically arranged on the 
rod A, serves to maintain the valve g on its seat, and consequently 
to cut off the passage of air through the cone. The adjustment 


of the tension of the spring r may be effected by opening the rod 
h up or down in the spider i through which it is mounted. When 
the engine is running slowly, the air entering the carburettor 
passes only through the opening d of the casing a, the valve g 
remaining on itsseat. If, however, the engine exceeds a certain 
speed, the frequency of the suctions of its piston produces a 
greater depression through the branch b, which depression tends 
to open the valve g, whereupon an additional volume of air enters 
through said valve. It will be seen that, owing to the conical 
form of the casing of the valve g, the area of the permease for the 
admission of an additional volume of air, gradually increases as 
the extent of opening of the valve increases, so that the supply of 
air to the carburettor is the greater the greater the speed of the 
engine. (Sealed May 24, 1904.) 


PUMPS. 


ris’ Nakskov, and Aktie- 


3237. A. J. G. Ch 

selskabet J. P. E. Tuxen and erich’s Maskin- 
fa’ % en. Gas-Compres: Pum 

{1 Fig.) February 9, 1904.—This invention consists firstly in pro- 
viding a connection between the closed crank-chamber and the 
suction-pipe of the machine ; and, secondly, of means whereby 
the weight of the flywheel or driving-pulley, or the pressure of 
such flywheel or driving-pulley due to the pull of the driving-belt, 
is received and resis y a part of the closed crank-chamber or 
other framework of the machine. a is the crank-chamber, c the 
pump cylinder, d the delivery valve, e the suction valve, f the 
suction pipe leading from the refrigerator to the suction-valve box 
g, and h isa branch from the suction pipe f making connection 
through the passage i with the crank-chamber. It will be seen 
that when the pump is at work, gas is drawn from the refrigerator 
through the pipe f, and there is also drawn through the pipe h 
any gas that may have leaked past the piston into the crank- 
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chamber a. The pressure of the gas, which is liable to accumulate 
in the crank-chamber, is thus prevented from rising higher than 
that prevailing in the suction pipe, and consequently the stufting- 
box j, through which the end of the crank-shaft passes out of the 
chamber, is subjected only to that pressure, and therefore can 
easily be kept gas-tight. For carrying out the second part of this 
invention, the stufting-box j is extended as shown at j! and adapted 
to form a bearing on which the flywheel or driving-pulley m is 
— and rotates, the boss of the wheel m being extended 
as shown at q and adapted to be keyed to the crank-shaft b. If 
desired, this extension-g may be adapted to serve asa bearing, on 
which a loose pulley 7 is carried and rotates, such — being 
kept in place thereon by a washer s. The weight and pull of the 
wheel m are thus wholly taken by the rigid bearing j!, and little 
or no pull or weight is taken by the overhanging part of the shaft, 
which latter consequently remains concentric with its stuffing-box, 
and undue radial wear and tear thereof, and parts belonging 
thereto, are avoided. (Sealed May 24, 1904.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


1410. A. W. Hamilton and A. A. McMaster, Bel- 
fast. Feed-Water Heaters. [5 Figs.) January 19, 1904.— 
This invention, which relates to feed-water heaters of the typeused 
inside steam boilers, consists in the application, for the purpose of 
heating the feed water, of a series of trays in communication with 
a feed-water receiver and with each other, and provided with 
hoods or shields so arranged that the feed water is in free com- 


Vill bitty 
a Kp Zz, 
UA 


gu 
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, but cannot be spilled direct into 
the main steam-space by such motion as the rolling of a ship. In 
carrying the invention into effect a vessel a is pl in the steam- 
= of the boiler, and into this vessel feed water is forced 
through an opening b. The vessel a is provided with an outlet d 
in communication with the box c, which acts as a cover for the 
vessel a and the trays f. An opening e in the box c allows free 


munication with the steam-s 





communication between the feed water and the steam-space. A 


portion of this box cis partitioned off at j and forms a duct g which 
connects the steam- to the open tops of the trays /, which are 
vided with small holes so as to allow the feed water to 
in a divided state, through the series of trays. The trays /are 
also divided into compartments by titions k, which are so made 
as to provide a means of communication between the two com- 
partments m and n, into which the trays are divided. The com. 
partments m are all in ~~ communication with each other and 
with the steam-duct g. e trays fit into each other at p and so 
form a joint to prevent any of the feed water, which may be 
spilled over the of the partitions by the rolling of the ship 
or other cause, from ing directly amon; the steam. The 
trays are bound together by long bolts A fixed at ito the box c and 
to the lugsr which are provided on the lowest of thetrays /. The 
compartments m may be arranged anywhere in the trays so long 
as the feed water inthe compartments n is shielded, in the manner 
described, from splashing: in amongst the steam. (Sealed 


May 17, 1904.) 

8944. A. Ashworth, Bury, Lancs. Safety Valves. 
(6 Figs.] April 21, 1903.—In carrying this invention into effect 
the safety valve proper is caused to open into, or permit access 
of the escaping steam into, a casing, which is provided with a 
secondary safety valve opening into the atmosphere. These two 
valves are loaded very differently, the main valve, constituting 
the safety valve proper, being set to permit steam to escape from 
the boiler at any desired pressure, and the secondary valve being 
only lightly loaded. a@ indicates the boiler shell, and ba casing 
provided with a port leading to the boiler ; ¢ is a safety valve of 
the usual or any convenient construction adapted to close such 
port, and constituting the main valve. d is a port or opening 
formed in the casing, and renew gricony. | with a pipe e, by means 
of which steam which has escaped from the boiler into the casing 
may be led away to’be utilised, as, for example, to heat the boiler 


feed water. The upper part of the casing is formed with a port 
J leading tothe atmosphere and closeable by means of a valve g, 
which is lightly loaded by means of the spring h. j represents 
the spring of the main valve. The two valves may be mechanically 
or directly quite independent of each other, or their two stems or 
other suitable parts may be connected together in such a way that 
a limited independent motion of each is permitted. Also, either 
valve may be directly lifted from its seat by means of an outside- 
operated handle, and the motion so communicated to either of 
the valves may, after a certain extent of motion has taken place, 
be communicated to the other valve. Valves constructed and 
arranged as described permit efficient utilisation of the steam 
escaping through such valves, while, at the same time, means 
are provided for allowing such escaping steam to escape directly 
into the atmosphere. (Sealed May 17, 1904.) 

3328. F. J. Rowan, Glasgow. Steam-Generators. 
{9 Figs.] February 12, 1903.—According to this invention, means 
are employed to divide both the water and the hot gases into a 
number of more or less minute streams somewhat after the fashion 
of the ‘‘film” system used in multiple-effect evaporators. The 
boiler — vertical water-tubes connected at the top and 
bottom ends to headers 1 and 2, coupled together in such a way as 
to insure a freeand equal supply of feed-water to all the tubes below, 
and free access at the top for the escape of the steam to the steam- 
drum 3. Inside each of the water-tubes 4 is placed a metal spiral 
5, and each tube, or it may be a group of tubes, is surrounded by 
a larger tube 6, which may be lined with refractory substance 
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forming a spiral flue 7 for the hot gases round the tube or tubes 4 
in the direction opposite to that taken by the water. As shown, 
the water is caused to ascend in the tubes 4, and the flames and 
hot gases to descend through the spiral flues 7. In this way the 
hottest water meets the hottest and steam is produced in 
such a way as to insure that the minimum of water is carried up 
by it into the steam-space 3. An external firing chamber 17, with 
small grate 18, is preferably employed, a considerable depth of 
fuel being maintained. Air is supplied under a both ay 
the grate and above the surface of the fire. e coal can be fe 

automatically, and any desired pressure maintained in the firing- 
chamber and boiler flues by means of an air-lock for the coal- 





hopper 19. (Sealed May 31, 1904.) 
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RAILWAY BRIDGE OVER THE CLYDE 
AT UDDINGSTON. 

WE illustrate on our two-page plate this week and 
on this and the following page a new bridge which has 
been constructed over the River Clyde at Udding- 
ston, a@ few miles east of Glasgow, for carrying 
the Caledonian main line of railway between 


Fig. 36 








Glasgow and Carlisle. The new bridge, it will be | has been diverted over it, and there is a proba- 
seen from Fig. 2 and from the photograph repro- | bility that the old bridge will be demolished, and 
has been constructed immediately | that in its place there will be erected an exact 
¢ The decision to make | reproduction of the new structure. In view of this, 
an entirely new bridge was due to the fact that the piers, parapets, &c., adjacent to the side of 
it is the intention of the company to form four | the old pilaos b 

lines of railway for a considerable distance out of | extension. 


duced above, 


alongside the old bridge. 








SECTION. A.A. 





39. 


their new Central Station at Glasgow, and already| The River Clyde at Uddingston has a width of 
the work is advanced as far as this new - bridge | 240 ft., and, as in the case of the old bridge, the 
over the Clyde. At the same time the building | railway is carried over this distance in three spans, 
of a new bridge had the great advantage that | the centre span being 98 ft. 11 in., and each of the’ 
it obviated any interference with the heavy traffic | side spans 94 ft. 2in. The river here is not tidal,: 
which passes over the main line here, which is not | and is comparatively shallow, except when in flood, 
only the route to the south but also to the east.|and the height of the rails from the normal 
Now that the bridge has been opened, the traffic | water-level is approximately 50 ft, The river flows 


Fig.37. . SECTION C.C. 





Fig. 38 | 


SECTION 


at this part on a bed of rock, the presence of which 
is manifested by the outcropping in the vicinity of 
the bridge, so that no special provision was required 
in connection with the construction of the founda- 
tions. It was decided to make the new piers on the 
same lines as those of the old bridge ; but so far 
as the superstructure is concerned the bridges are 
dissimilar. The old bridge—built about 1840, 
before the days when wrought-iron work was in 
vogue—was of cast-iron arched ribs, abutting on the 
piers, with open-work spandrils, of similar metal, 
carrying the lines of rail. In the new bridge, on the 
other hand, steel lattice girders are used, resting 
on the piers, with steel flooring between the girders. 
It will be noticed, however, from the cross-section 
of the bridge shown in Fig. 3 that, instead of 
adopting, as is usual, two or three parallel girders 
carrying cross members to TT the rails, Mr. 
Matheson, the engineer of the Caledonian Com- 
pany, has preferred to construct a lattice girder 
under each rail. In this way the train-load is more 
directly carried, and it is claimed that the result is, 
at the same time, some saving in the weight of metal 
and in the cost of the structure, as ordinary curved- 
steel plating is alone required between the girders 
to form a flooring for the ballast. Facilities are 
also provided by this design for inspection, painting 
and overhauling, which in some thie cases is very 

difficult of realisation ; on the lower beam of the 

centre girders there is carried a gangway, access to 

which is provided by ladders extending through the 

lattice-work from the footway at the side. On this 

gangway an inspector can walk from end to end of 

the bridge under the floor-plating and immediately 

alongside the main girders ; when the bridge was 

being tested this proved a most advantageous posi- 

tion from which to take note of the deflection. 

The masonry-work need only be briefly referred 

to. In Figs. 1 to 5 on the two-page plate the 

general character and the dimensions are clearly 
indicated. The land piers have a base of concrete 
and are founded on gravel; the masonry from the 
concrete to the string course of the parapets and 
pilasters is coursed rubble, rock-faced, with rubble 





ave been arranged to suit such an 
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backing. Dry-stone backing is provided to carry 
off water from the back of the abutments and wing 
walls ; above the string courses the masonry is 
dressed ashlar work. The two river piers are 
bedded into the rock for a distance of some 3 ft., 
as shown in Figs. 1 and 3. A cofferdam was used 
for their construction, and the drawings of it are 
reproduced in Figs. 35 to 38, while a general idea 
of its structure is afforded by the engraving on 
page 837, Fig. 39. A double line of old rails, ata 
distance of 2 ft. 6in. apart, was sunk into the 
rock to form an enclosure sufficiently large to 
enable the area for the foundation of a pier to be 
excavated. Timber sheeting was then let in and 
fastened to the rails, forming an outside and an 
inside lining, between which puddle clay was 
rammed, as shown on the sections and plan we 
reproduce in Figs. 35 to 38. The rock inside the 
cofferdam was then excavated to the depth which 
was considered desirable in order to ensure 
a good foundation. The trench was cut wide enough 
to allow a space of 1 ft. 6 in. all round the masonry 
when built. A layer of granolithic concrete 12 in. 
thick was worked over the whole surface, and on 
this the stonework was ultimately built, the space 
between the stonework and the rock excavation 
being afterwards filled with granolithic concrete. 
The river piers are of coursed stonework up to the 
impost course, and dressed ashlar work above that 
level. 

The main girders of the bridge are illustrated in 
detail on our two-page plate. As shown in Fig. 7, 
they are open-web girders of the N type, with a 
total length of 97 ft. 5 in., and a depth of 11 ft. As 
we have already indicated, there is one main girder 
under each rail, so that each line of rails is carried 
on two girders, which are cross-braced at intervals 
of 21 ft. 4 in. along the length of the bridge. The 
building up of these main girders is clearly shown 
in Figs. 6 to 11, the details of the top boom being 
shown by Figs. 12 and 13, and of the bottom boom 
by Fig. 15. Full details of connections are also 
reproduced on the two-page plate (Figs. 16 to 27). 
Between the main girders a decking of curved plates 
4 in. thick is riveted to carry the ballast, and this, 
with its connections, is fully illustrated in Figs. 28 
to 33. Between the two centre girders vertical cross- 
bracing was purposely omitted, so that the stresses 
due to the live Joad coming on one line of rails would 
not be transmitted to the girders carrying the other 
line of rails, as would have happened had there 
been diagonal stays, as in the case of the ad- 
jacent girders under each separate line. All 
four girders, however, are connected together 
by the horizontal wind bracing, which is shown 
in detail in Figs. 20 and 21. To allow of expansion, 
contraction, and deflection, rocker bearings have 
been used for the main girders. One end of each 
girder is attached to a fixed bearing, and the other 
end to a movable one ; but in order to balance on 
the piers the forces produced by alterations in the 
length of the girders due to variations in tempera- 
ture, it was decided to have either movable or 
expansion bearings on each pier, and therefore 
the adjacent ends of girders are fitted with 
bearings of the same kind. Thus the expansion 
and contraction movement of the west and middle 
spans is taken up on the west river pier, as on 
it the expansion bearings are grouped. On the 
east river pier all the bearings are fixed, while 
on the east abutment again there are expansion 
bearings. It follows that the provision against any 
buckling of the flooriag requires only to be made at 
one point of the bridge—directly over the west 
river pier—and the provision thus made is shown 
in detail in Figs. 29, 32 and 33. 

The bearings are bolted to heavy granite blocks 
on the piers or abutments. A footway is provided 
on each side of the bridge, and is illustrated by 
Fig. 6 on the two-page plate. It is formed of timber 
cleading, supported by brackets riveted, as shown, 
to the outside main girders: The parapet girder, 
which is shown in Fig. 34 (annexed), is of the close 
lattice type, and, while self-supporting, is further 
kept rigi y in position by means of the footway 
brackets. The ballast-retaining plate is used for 
supporting the gangway, as shown in Fig. 6. Onthe 
side of the new bridge adjoining the old structure, 
bolts and nuts have been used instead of rivets for 
the connection of this ballast-plate, as well as for 
the brackets carrying the footway, so that when the 
widening of the new bridge takes the place of the 
old bridge, the ballast-plate, footway, and parapet 
girders can be removed expeditiously to their ulti- 
mate position on the outer side of the four-line 





bridge. The upper surface of the curved plate 
flooring of the bridge is covered with a fine con- 
crete rendering, 3 in. thick, which, in turn, is 
covered by 14 in. of asphalt ; gutters are formed 
along the ballast-plates with weep-pipes at every 
alternate bracket supporting the parapet. Similar 
precautions have been taken to prevent corrosion 
in the case of the bottom booms of the main girders, 
which, as shown in Fig. 15, are closed, and are 
therefore likely to collect water. 

For the erection of the steel superstructure at 
the site a temporary bridge was made between the 
east land pier and the river pier. This temporary 
bridge was of two light lattice girders, with wooden 
flooring. Each pair of the main girders was brought 
on to this bridge in pieces, and there riveted 
together. When completed it was removed to 
one side, and the weight lifted off the temporary 
bridge by supports constructed at the ends ; 
the next two girders were similarly built, and, on 
their completion, they also were supported tem- 
porarily. The small constructional bridge was next 
slung over the second span, and the same pro- 
cedure carried out in connection with the main 
girders ; and, finally, the third span was erected in 


a corresponding way. 
The 7% * was erected to the design of Mr. 
Donald A. Matheson, M. Inst. C.E., engineer-in- 


chief to the Caledonian Railway Company, whose 





names at the rooms of the Society, whilst others, 
who had come through other routes, or had been in 
the country some time, may also be counted as 
adding to the list. 

It is a happy circumstance, of which the British 
visitors are not a little proud, that Mr. Ambrose 
Swasey, the President of the American Society 
of Mechanical Engineers, is also a member of 
the Institution of Mechanical Engineers ; but 
it was as in the former capacity that he enter- 
tained Mr. Wicksteed, Mr. James Spencer, Mr. 
Worthington, and a number of other engineers 
and ladies in New York, on May 23. The banquet 
was a social function, and in this respect is some- 
what out of our proper domain. It was, however, 
a brilliant foretaste of what was to follow. A vast 
round table was covered with a forest of Florida 
palms and a mass of crimson roses. The speeches 
were few and brief; but one fact brought forth, 
that Mrs. Wicksteed, the wife of our President, 
is a lineal descendant of the famous John Hancock, 
whose name figures so conspicuously on the Declara- 
tion of Independence, elicited great enthusiasm 
among the Americans present. It isa sign of the 
healing virtue of time that ‘this lady’s ancestry 
should be an additional tie between citizens of 
the two nations. 

The proceedings in Chicago began on Tuesday 
evening, May 31, at half-past eight o’clock, when 





Fic, 34. Detarts or Lattice Parapet anp BrRAcKEetT Ganeway. 


resident engineer on the works was Mr. John W. 

Gardner, Assoc. M. Inst. C.E.; the contractor 
was Mr. Robert Park, Motherwell, the steelwork 
being carried out by the Motherwell Bridge Com- 
pany, Limited. 








BRITISH AND AMERICAN MECHA- 
NICAL ENGINEERS AT CHICAGO. 
(From ouR OWN CORRESPONDENT.) 

Cuicaco, June 2. 

Tae forty-ninth meeting of the American Society 
of Mechanical Engineers is likely to prove memo- 
rable from more causes than one. Certainly it will 
be so to those members of our own Institution of 
Mechanical Engineers who have been fortunately 
able to accept the hospitable invitation of the sister 
institution in America, and have crossed the 
Atlantic to take part in the proceedings. 


OPENING PROCEEDINGS. 


The meeting is, at the time of writing, being 
held in the City of Chicago, but the hospitality of 
our hosts—we write as one of the guests—com- 
menced at the very threshold of their country. 
Members of the Institution were invited, on 
arriving in New York, to call at the rooms of the 
American Society, where they received every atten- 
tion from the Secretary, Professor F. R. Hutton, 
and his courteous staff. The letters of introduction 
furnished and the information given enabled 
British visitors to make the most effective use of 
their time, and many things of engineering interest 
were seen that would have been missed but for 
this kindly assistance. By May 23 about forty 
members of the Institution had registered their 








members of both the Society and the- Institution, 
accompanied by ladies, assembled in the Music Hall 
of the Fine Arts Building. Here they were 
welcomed to the city by the City Controller, Mr. 
McGann, who, in the course of his speech, referred 
to the limitations put upon municipal expenditure 
by the city ordinances. These, we understood Mr. 
McGann to say, were wisely framed in this respect. 

Mr. Ambrose Swasey responded on behalf of the 
Society, and at the same time welcomed the British 
visitors, who numbered about one hundred in all. 

Mr. Wicksteed, in returning thanks, said that 
Chicago was one of the cities above others which 
engineers should visit, as nowhere else had so much 
been done. by man in so short a time to alter the 
face of Nature. The city was no older than many 
of its inhabitants ; it came within the allotted span 
of life—70 years. In that time its site had been 
raised 14 ft. above its former level, in itself a work 
of considerable magnitude. 

After this opening meeting a reception was held 
in the rooms of the Auditorium Hotel, where the 
headquarters of the meeting were situated. 


THe Waces PROBLEM. 


The first session for the transaction of the more 
serious business of the meeting was held at 
10 a.m.;-on June.1, members of the Society 
and their guests, the members of the Institution, 
assembling at that hour in the large hall—formerly 
the restaurant—of the Auditorium Hotel. This 
room is situated on the ninth floor, and commands 
an uninterrupted view of Lake Michigan. 

The President of the Society, Mr. Ambrose 
Swasey, of Cleveland, Ohio, occupied the chair at 
the commencement, on the platform being Mr. 
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Wicksteed, Professor Hutton, and Mr. Worthing- 
ton. There was a large audience, the big room 
being quite full. . The opening business was of a 
formal nature, or of interest. chiefly. to the 
members of the Society. Mr. F. J. Miller, of New 
York, proposed an amendment in the. constitution 
of the Society, which has, according.to the rules, 
to be further discussed before being voted upon. 
It'is therefore swb judice. 

Professor Hutton gave a most interesting 
account of what had been done towards preparing 
for the expenditure of the million and a_ hal 
dollars ‘which Mr. Carnegie had contributed to- 
wards a comprehensive engineering establishment 
in New York, where the allied societies would 
be housed. This subject we shall deal with in 
another article. 

The first paper taken was by Mr. Harrington 
Emerson, of ote York City, and was entitled ‘‘ A 
Rational Basis for Wages.” In this paper, which 
we published in full in our issue of June 3, 
page 799, the author discussed his subject in an 
academic manner rather than from a_ practical 
standpoint. Some of the theories. put forward 
were so unquestionable as almost to verge on 
truisms ; others. certainly would not be’ accepted 
without demur by controversialists of other schools 
of thinking. Mr. Emerson likened the hiring of 
labour to the purchase of coal. ‘The wage-earner,”’ 
he said, £‘like the coal-operator, is forced to sell 
what he always has—namely, time. The employer 
is not interested in the wage - earner’s hours 
and minutes, but ‘solely in the low cost of pro- 
duction; and this he can only secure through the 
quality and efficiency of the labour he employs, 
only indirectly and remotely from the hours the 
employé gives him. The wage-earner is not selling 
output, nor is the employér buying output, and any 
attempt to base wages on output is as irrational as 
to base the’ price of coal on boiler and engine 
efficiency.”” The paper is of too philosophical or 
speculative a nature to lend itself to discussion in a 
general notice such as this. 

In the brief discussion which followed, Mr. 
Emerson Bambridge, of Sheffield, and Mr. E. J. 
Chambers, of Tipton, criticised some’ of the 
author’s statements. 

Mr. Wicksteed said the weak part of a profit- 
sharing scheme was that the profits depended so 
largely on efficiency of management. 

Mr. H. H. Suplee, of New York, referring to 
Mr. Wicksteed’s' remark, said that in examining 
pupils in schools in New York it was found that it 
was not necessarily those who had: been under the 
highest class of teachers that turned out the best ; 
but that a great deal depended upon the principals 
at the head of management. It was the same in 
factories. The employer who was looked up to 
and respected secured the best results. 

The author, in reply, maintained that the average 
employer knew little about the work that went on 
in the shops. _He considered that any one who 
could intelligently organise a big workshop to get 
the best out of the men would improve the output 
30 to 50 per cent. ; in fact, he had known that 
actually to be done. Asa rule the man at the top 
was thinking of other things, and paid another to 
look after labour details. The consequence was 
that the hired man’s heart was not in his work, and 
the shop management was unsatisfactory. 


RervusE-DEstTRUCTION. 

The next papers being by English authors, Mr. 

Swasey invited Mr. Wicksteed to take the chair. 
Mr. Worthington then read in abstract a paper by 
Mr. George Watson, of Leeds, on ‘“‘ the Burning 
of Town Refuse, with special reference to the 
Destructors at Brussels, West Hartlepool, Moss 
Side, and Westminster.” This paper we published 
in full in our last issue (see page 830 ante), and it 
is unnecessary, therefore, for us to give any 
abstract of it here. 
_ Another paper on the same subject was next read 
in abstract by Mr. Worthington.. This was by 
Mr. C. Newton Russell, of Shoreditch, and was 
entitled ‘* Refuse-Destruction by Burning, and 
the Utilisation of Heat Generated.” This paper we 
have also already published in full in our issue of 
June 3, page 797. 

Mr. J. H. Wicksteed, in opening the discussion, 
said that a good deal of skill and experience was 
needed in burning refuse to the greatest advantage. 
One of the great distinctions about the furnace 
designed by Mr. Watson was the form of the steam- 
jet, which had been devised by Mr. C. W. James, 


of Leeds, and Mr. Watson. The general form of 
the nozzle was such that the steam issued in a flat 
ribbon—a very efficient form, as the air was probably 
carried through by surface friction. A thickness 
of 5 in. was found to be most effective, the pres- 
sure being 30 lb. to 40 lb. to the square inch, 
and the steam superheated, Lord Kelvin and 
Professor Barr, of Glasgow, had made a_ joint 
investigation of the action of the steam-jet in 
order to account for its greater economy over 
the air-jet, and it was concluded that the 


f | chief function was to shift the zone of intense heat 


to nearer the surface of the fire, owing to dissocia- 
tion of steam and its subsequent action. The 
subject treated in the two papers which had been 
read had been chosen by the American Society, 
and the English Institution had put forward the 
best authorities to deal with the question. - 

Mr. A. Saxon, of Manchester, stated that at 
Woolwich 1 1b. of refuse burnt in a destructor 
produced 1.9 lb. of steam. 

Mr. Charles Wicksteed, of Kettering, gave the 
results of an inquiry he had made in order to 
decide the advantages or disadvantages of a refuse- 
destructor for Kettering. He found that violent 
opposition was raised to the proposed installation, 
as it. was said it would give rise to intolerable 
nuisance. He considered that there was a great 
deal yet to be learnt in this field, and stated it was 
not possible to destroy refuse without creating a 
great nuisance. Altogether, Mr. Charles Wicksteed 
gave a very discouraging account of his experience. 

Dunell, 
speaker’s statements, giving the results of his 
experience with a Horsfall destructor with which 
he had purposely tried to get dust from the chimney 
by having the fires much disturbed, but without 
success. He also gave details of the manner in 
which complete combustion of the gases, or ob- 
noxious fumes, from green refuse or garbage is 
secured. He felt sure Mr. Charles Wicksteed’s 
experience must have been with destructors of an 
obsolete type, or with examples designed by un- 
skilled persons. 

SreaM-TURBINES. 

An evening sitting was held in the Music Hall of 
the Fine Arts Building on the same day. Members 
of both the American Society and the Institution 
assembled at 8.30 p.m. to the number of between 
509 and 600. It may be stated here that this 
Chicago meeting surpassed all previous records in 
the number of members attending. 

The Wednesday evening was devoted almost 
entirely to the steam-turbine question, there being 
no less than four papers on the subject ; a fifth 
being on an allied question. These papers were 
all read in abstract consecutively; the discussion of 
all being taken together. The business took a con- 
siderable time, the session not being adjourned 
until a quarter past eleven p.m.—an example of 
American strenuousness somewhat trying to un- 
acclimatised visitors. The five papers were as 
follow :—‘‘ Some Theoretical and Practical Consi- 
derations on Steam-Turbine Work,” by Mr. Francis 
Hodgkinson, of East Pittsburgh, Pa.; ‘‘The De 
Laval Steam-Turbine,” by Mr. E. 8. Lea, of Trenton, 
N.J., and Mr. E. Meden; ‘‘The Curtis Steam- 
Turbine,” by Mr. W. L. R. Emmett, of Schenectady, 
N.Y.; ‘‘ Different Applications of Steam-Turbines,” 
by Professor A. Rateau, of Paris; ‘‘The Potential 
Efficiency of Prime Movers,” by Mr. C. V. Kerr, 
of New York. The papers of Messrs. Lea and 
Meden and of Professor Rateau will be found 
printed in full in our present issue (see pages 846 
and 863), while we hope to give the other com- 
munications in early issues. 

These papers were read in abstract, Mr. Swasey 
occupying the chair at the meeting. The discussion 
on these papers occupied the rest of the sitting. 
We must, however, defer our account of the subse- 
quent proceedings. . 

(Zo be continued.) 





BORSIG’S WORKS IN GERMANY. 
(Concluded from page 746.) 
Tue Crry or Bertin ABatrorr—(concluded). 
THE refrigerator is placed in a pit in the base- 
ment, as shown in the sectional elevation, Fig. 100, 
on page 744 ante. This refrigerator is built up of 
iron plates, stiffened by T’s where the shell-plates 
abut. The total length of the refrigerator, which 
we illustrate by Figs. 108 and 109, page 840, is 44 ft., 





with a width of 8 ft. 3 in. and a height of 8 ft. It is 


of London, traversed the last, 


divided in its length into two com ents of 
unequal size ; the larger serves the main meat-chill- 
rooms, while the smaller compartment is for the 
supply to the pickling-cellars in the basement. In 
the larger compartment the coils, which are 
arranged vertically, are divided into two sections. 
These coils are of solid-drawn copper, the dimen- 
sions of the pipes being here the same as in the 
condenser described in ‘our preceding article ; 
the pressure ranges in this apparatus from 18 Ib. 
to 22 lb. per square inch. These coils are soldered 
into large headers, as shown, and from these the 
anhydrous sulphurous acid passes into the piping, 
and ultimately percolates into the bottom header, 
at the extreme ends of the refrigerator. The 
large compartment has 7600 lineal feet of pipes, 
with a surface of about 3600 square feet. It has 
an hourly capacity of 1,280,000 British thermal 
units. The small compartment for the brine for 
pickling has 1240 ft. of seamless copper coils, the 
arrangement being exactly the same as in the 
larger compartment, and here the capacity per 
hour is 208,000 thermal units. 

The brine thus produced is utilised for various 
purposes, the greater part for the production ‘of 
cold air for the chill-rooms. It must be under- 
stood that there is no attempt made to freeze 
the meat; in fact, it is regarded as of the 
highest importance that the temperature of the 
rooms should be maintained at just above freez- 
ing-point, so as to insure that the meat stored 
will be kept sweet and fresh. Where the meat 
is to be stored for a considerable period, the varia- 
tions are confined to between 36 deg. and 40 deg. 
Fahr., but in the receiving-rooms the range is 
between 40 deg. and 44 deg. The first of the chill- 
rooms, on the ground floor (Fig. 102, page 744 ante), 
where meat is stored sometimes for about four 
weeks, has an area of 12,000 square feet, while 
the second, on the first floor (Fig. 101, on page 744 
ante), is of 15,900 square feet ; the height of the 
roof in both cases is 11 ft. The receiving-rooms 
for these are of an area of 5000 and 2400 square 
feet: respectively. The rent in the chill-rooms is 
6s. per annum per square foot of floor space, which 
includes the refrigeration of the food. 

The air supply for the main chill-rooms is reduced 
in temperature to the required amount in two main 
coolers, situated in the centre of the basement, 
Fig. 100, page 744 ante; these again are shown 
in detail by Figs. 110 to 113, page 841. The brine 
supplied for cooling the air is delivered through a 
main supply-pipe on the top to a set of slotted 
pipes, and is delivered thence into a series of trays 
mounted on a framework at 30 deg. to the vertical 
line. These trays are serrated in the bottom with 
holes of about 3 millimetres in diameter, so that 
the brine may trickle or overflow from one to the 
other, the brine finally passing off in a central 
trench at the bottom. These coolers, which are 
built up of iron plates, with T-stiffeners at the 
butts, are about 23 ft. long, 13 ft. broad, and 
10 ft. high. The airsupply is driven through these 
cascades of brine from a propeller or flat-bladed 
fan, 6} ft. in diameter, driven at 300 revolutions 
per minute from the transmission shaft, and each 
cooler has a capacity of 640,000 thermal units per 
hour. The air passes from these coolers into 
specially-constructed air-ducts carried under the 
roofing; there are, adjacent to the coolers, air- 
shafts extending up to the chill-rooms on the 
upper floors. These air-trunks are square in 
section, as shown on the plan, Fig. 101, on page 
744 ante. There are separate air-ducts for the 
exhaust of the heated air, the inlet in this case 
being on the top of the duct, immediately under 
the ceiling. These exhaust-ducts extend in in- 
creasing dimensions to shafts leading to the inlet 
of the propellers supplying the coolers, so that 
there is continual circulation of the air, as shown on 
the sectional elevation and plan, Figs. 101 to 103 
on page 744 ante. These okilt-tooms are divided 
up into small areas or stalls built up of ‘‘extended” 
steel sheeting, galvanised and secured to channel 
standards, the construction being cheap, and yet 
admitting of free air circulation. To the roof- 
joists, which are of iron, there are suspended 
channel rails, and on these there run wheels with 
blocks and tackle for the conveyance of the meat. 
The doors between the various sections are formed 
of two plies of wood with sawdust between, for 
insulating purposes. The chill-rooms are lighted 
by electricity. 

For meat that is of 





poorer quality there are 


separate chill-rooms in the basement, and further 
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WEST RIDING RIVERS. 
XI.—Tue Law’s Detay—(continued). 


THe StupGine or Dams. 

To the uninitiated this method of river-pollution 
may be explained as the common—in fact, well- 
nigh universal—practice of sluicing—shifting the 
accumulated mud or silt from the bottom of a reser- 
voir into a stream by water-carriage, and so getting 
rid of it at the expense of the stream below. This 
is part of the great scheme of Nature as interpreted 
by all water-mill owners of all times and all coun- 
tries. By it not only is the water fouled for a long 
way down stream, and made unfit for use by horses 
and cattle, or for condensing or manufacturing pur- 
poses ; but banks and shoals of mud are formed in 
the stream bed. The operation is frequently carried 
out in dry weather, and generally on Saturday 
afternoons, or at holiday times, so as to lessen the 
injury to riparians below ; but this consideration 
to some is at the cost of others equally interested 
in other ways, as in the sanitary conditions and 
amenities of the lands bordering the stream. At 
such convenient times of discharge the river is often 
the lowest, owing to the intermittent discharge of 
compensation water, so that the injury to the stream 
is much enhanced. The proprietor of a beautiful 
estate sees on these holidays the clear water with- 
drawn and his stream flooded by a torrent of mud. 

This form of river-pollution drew the severe 
criticism of ‘the Rivers Pollution Commissioners 
(1865 and 1868). The power of dealing with it has 
ever been regarded as an important part of river 
purification by the West Riding Rivers Board, and 
the grant of efficient control was strongly opposed 
by the millowners when the clauses of their Act 
of 1894 were being settled in committee. 

Clearly, the sludging of dams may be an offence 
under the Act. The words defining it are, ‘‘ Every 
person who (c) causes or knowingly permits to be put 
into such a position as to be liable to fall or be carried 
into any river or stream within the jurisdiction of 
the Rivers Board. any rubbish or any de- 
—y in a reservoir, mill-dam, water-lodge, or pond.” 

ut there is saving for certain acts, which are ‘‘ (3) 
Putting, or permitting to be carried, into any such 
river or stream any sand or gravel or other natural 
deposit which shall have flowed from, or been de- 
— by, the current of any such river or stream. 

-rovided that the sand or gravel or other natural 
deposit so put back or carried as aforesaid do not 
interfere with the due flow of, or pollute, the waters 
of such river or stream.” 

Let us cite two or three typical cases. One 
of the first cases arising under the Act was 
that of the West Riding Rivers Board v. Gold- 
thorpe and Hinchcliffe in 1897. The defendants 
were corn-millers at Bull-House Mill, the highest 
water-mill on the River Don, which here is a pure 
stream. The alleged offence was committed by the 
opening of a sluice and the emptying of the storage 
reservoir. As the water lowered, a gang of men 
were at work casting in the mud deposited at the 
sides, water being at the same time admitted from 
the river so as to scour out the loosened material 
at the bottom. The case was dismissed by the 
Petty Sessional Court; and an appeal came on at 
the quarter sessions in January, 1898. The Board’s 
witnesses, including the late Sir Frederick Bram- 
well, proved the offence, and showed that in the 
present case the ill-effect was intensified by the 
fact that the Don was a compensated stream, the 
mill being within a few miles of the compensation 
intake, which, being intermittent, caused the 
partial emptying and refilling of the stream once a 
day. It was alsoshown that there was no difficulty 
in sluicing most of the silt on to the surface of a 
grass field, over which, after drying, it could be 
spread as valuable tillage, as is often done ; though 
proof of this facility was not necessary to prove an 
offence; that pollution by natural deposit, forbidden 
by the Act, was self-évident ; and it was further 
shown that banks of the deposit must needs occur 
in the stream below after sludging. For the de- 
fendants it was said that tae deposit was so fine 
that it could not re-deposit below, which seemed to 
be proving too much, inasmuch as in that case the 
stream could never rid itself of the pollution, and 
would carry on the mischief until its waters merged 
in the North Sea ; also that it was no worse than 
that found in every pool in the river; with much 
evidence of a similar kind. 

The case was again dismissed, with costs. An 
appeal to the High Court met with the same result. 


After this it seemed clear that the authorities | 





owning the great water works and storage reser- 
voirs might take the same method of ridding them- 
selves of the immense deposits of sludge they 
contain, such as was estimated at Grimwith com- 
pensation reservoir, of the Bradford Corporation 
in 1892, at 9 million cubic feet. The terrible 
havoc this would make with the beautiful River 
Wharfe, and the ruinous loss to landowners and 
farmers, may readily be imagined. Yet, according 
to the decision of the justices, and, as we shall 
presently see, of the High Court of Justice itself, 
this would be no offence. But instead of regarding 
such a method as part of the scheme of Nature, the 
Bradford Corporation discharged their plain duty 
by raising the reservoir dam 3 ft., to make good 
this loss of capacity, as well as a certain future 
loss from the same cause. In delivering judgment 
in the Bull-House Mill case, Mr. Justice Day said :— 
‘* He did not see that in this case anything more 
was put into the river than the river itself brought 
down, which was an exception within (?) the Act 
under Section 6 (3). In his opinion that section did 
not apply to ‘clearing out’ a natural deposit of a 
mill-dam. .. .” 

These are pregnant words, which, if used as a 
precedent, must defeat the intent and purpose 
of the law. They make us turn once more to 
the wording of the final proviso—Section 6 (3) : 
—‘*Provided that the . . . natural deposit so 
put back or carried as aforesaid do not interfere 
with the due flow or pollute the waters of such 
river or stream.” It seems absolutely clear that 
the qualification for exception is not the natural 
source of the deposit, but its non-polluting charac- 
ter; and to hold that the natural deposit_after 
lying in a dam for weeks, months, or years, is non- 
polluting because it has been carried in with the 
water, seems no wiser than to hold that the sewage 
which is carried out of a city is no more offensive 
than the food which is carried into it. 

Another appeal case illustrates the quick changes 
of the law. The pollution being proved beyond 
question, the two higher courts analysed the words 
“carried into a stream,” with the result that 
the law again became inoperative ; and discovered 
that by no known process in Nature can solid 
matter be carried by water into a stream, for by 
virtue of such water carriage it has lost its identity 
as solid matter, and has become matter in suspen- 
sion merely, which the law does not forbid. 

The defendants in this case were charged with 
the offence of sludging their mill-dam into . the 
Ryburn Beck. The evidence showed that on 
August 15 and 16, 1902, the head goit (or race) 
was opened so as to cause the whole stream to 
pass through the reseivoir, the discharge sluice 
of which was also open, while a dozen men were 
employed with spades, shovels, and barrows in 
dislodging the sludge from the sides and shoving 
or casting it into the stream as it flowed through. 
By this means the stream for a mile and a-half 
below the reservoir was visibly polluted. As 
the stream flowed into the reservoir it was clear 
and colourless, and as it flowed out it was black 
and turbid, while half-a-mile below the mill it 
was dark-coloured and turbid. Samples of the 
water as it entered and issued, and of the sludge 
sluiced out, were produced. 

It was agreed that the crude sewage from 500 
houseg entered the stream and its éffluent, Lumb 
Brook, above the reservoir, besides woollen-trade 
effluents, and that part of the deposit was from this 
liquid pollution. It was therefore clear that it was 
not merely ‘‘sand or gravel or other natural deposit,” 
and that it did pollute the stream. Dr. Wilson, 
chief inspector, stated that it was a grossly pol- 
luted liquid, quite unfit for any purpose.” 

In defence, it was attempted to show that the 
sample was nota fair one, because, owing to certain 
intakes above, the polluted waters of the stream 
were diverted, and only clear spring water was 
used to scour out the filth, which amounts to 
an admission that the whole of that filth must 
have been in the reservoir sludge. Other points 
raised were that no polluting liquid came frem the 
defendants’ works ; that the defendants did not 
actually tip the sludge into the river, but caused it 
to go out as it came in-—suspended in water—which 
was true, inasmuch as the clear stream had become 
a muddy torrent. The case of the Ribble Joint 
Committee v. Helliwell was cited, which on appeal 
was dismissed by Lord Chief Justice Russell and 
Justice Wills, the former of whom stated that ‘‘the 
defendant had a right to impound the water, and it 
seemed to him very difficult to see, in principle or 





reason, how he was to be made responsible for the 
necessary consequences of the reasonable exercise 
of the right which by the statute was given to him,” 
the statute being the Rivers Pollution Prevention 
Act, which by a saving clause, Section 17, preserved 
to him (the defendant) the lawful exercise of any 
rights of impounding or diverting water. The West 
Riding Rivers Act contains no such saving clause, 
and yet the case was dismissed by a majority of the 
local magistrates. 

The usual appeal followed in the High Court of 
Justice, and the case was tried before the Lord 
Chief Justice and Justices Wills and Channell on 
July 9, 1903. In opening, counsel (Mr. Danckwerts, 
K.C.) made a new point of great apparent strength 
—that the saving clauses of the Rivers Act contain 
but one single proviso by which sludging is to be 
permitted. This is set forth in Section 23, which 
gives the London and North-Western Railway 
Company freedom to return into the River Colne 
any sludge or deposit which may come into the 
Huddersfield Canal by way of Aspley Goit, so long 
as such goit shall be effectually scoured once at 
least in every twenty-four hours, Sundays ex- 
cepted.” This was a special exception granted by 
the Committee of the House of Lords which sat 
on the Bill in 1894, in order to avoid the dangerous 
consequences of the putrescent solid and liquid 
pollution pent up in this canal for a short length 
within the b#&tough of Huddersfield, in its most 
densely-crowded part. The inference drawn from 
this exceptional immunity was, of course, that no 
other person was immune from the consequences 
of the like action. 

In the argument much stress was laid as to the 
precise meaning of the words ‘‘solid matter ;” 
from which it seemed clear to the judicial mind 
that by the use of water to scour out, receive, and 
convey the sludge to the stream, such sludge 
changed its nature and became no longer sludge ‘or 
deposit, but ‘‘solid matter which was held in 
suspension, which could not be properly described 
as any one of the things prohibited by Section 5 of 
the Act.” For this reason, therefore, they dis- 
missed the appeal. 

Thus we learn that the very thing the Rivers 
Commissioners desired to stop, and that the Rivers 
Act was expressly intended to stop—namely, the 
pollution or obstruction of a stream by the scour- 
ing out of reservoir sludge—may be done with im- 
punity ; only the person doing it must see that he 
conveys it by water-carriage only. In the previous 
case, occurring in the Ribble basin, another Lord 
Justice said :—‘‘I am disposed to think that 
it may be that, if the effluent condition of the 
matter was brought about simply for the purpose 
of conveying matter which already had an inde- 
pendent existence as a solid into the stream, 
the proper moment of time to inquire whether the 
matter was solid would be the moment of the com- 
mencement of the operation of flushing or causing 
the matter to flow into the stream. The effluert 
condition may in that case be said to be merely a 
means to an end.” Most men, not being owners «f 
mill-dams, will agree with this view. But what 
strikes one as curious in these cases is that in the 
expenditure of many words none are expended upon 
the meaning of the following: sub-section in Sec- 
tion 5 of the Act :—‘‘(c) Causes or knowingly 
permits to be put in such a position as to be liable 
to fall or be carried into any river*. . . deposit in 
a reservoir.” ~Dd“nét the words~‘‘put in such a 
position as to be liable to fall or be carried” imply 
carriage by water, and nothing else? If not, what 
is meant by them?~ Are these plain words mere 
foolishness ? No doubt, had the words ‘‘ by sus- 
pension or otherwise” been added after ‘‘ carried, ’ 
this mode of evading the law by the splitting of 
hairs might have been avoided. Let us see 
where this judge-made law would hurry us. 
Solid matter in suspension, said the Lord Chief 
Justice of England and his colleagues, ‘‘ cannot 
be properly described as one of the things pro- 
hibited by Section 5 of this Act” (the West 
Riding of Yorkshire Rivers Act, 1894). It follows, 
then, that mud from the bottom of a reservoir, 
brought into such reservoir from a distance, may 
be discharged with impunity into a pure stream, 
situated in a catchment area entirely different, in 
any quantity, and to the unlimited damage of any 
riparian, so long as it is carried in suspension by 
sluicing or otherwise ; even though it should be 


carried in a pipe. The judges did not see this 
consequence of their po na. srt but can it be 
denied? Hair-splitting of the letter against the 
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manifest intent and pu of the law may be 
allowed as the refuge of counsel; but surely the 
judges should be too astute for it to be successful. 


After these judgments on appeal, the Rivers | 


Board had but one course—to desist from prosecu- 
tion, and seek enlarged powers to enable them to 
deal with the sludging out of reservoirs ; or, at least, 
to draw up their clauses, as Cobbett said, so as to 
defy the ingenuity of man, whether on or off the 
bench, to construe them in any sense other than that 
which they intend them to bear. Earlier cases, 
of precisely similar kind to that of Messrs. Rawson, 
had been decided by the justices against the offenders 
without appeal; but after the delay and fruitless 
results in the higher courts it became obvious that 
prosecution would expose the Rivers Board to 
judicial rebuffs ill-befitting so powerful an authority. 

As a rule, neighbouring manufacturers willing 
to treat their effluents do not care to give evi- 
dence against those above them who render their 
stream-water unfit for use, although it entails 
a loss of right; but the case of Messrs. Kitchen, 
Jones, and Co., of Troy Mills, Horsforth, may 
be cited, in which one of the witnesses for the 
prosecution testified that, although his firm, 
being soap manufacturers below, needed the stream 
as a subsidiary supply, they could not use it, 
owing to the foul effluent discharged by the defen- 
dant. Thus, by an unsanitary act, this firm 
were deprived of clear water for six years after 
the Rivers Board had begun to put pressure upon 
the defendants, whose assurance that the necessary 
work of purification would be provided they had 
from the beginning. ; 

In the case of one of the largest tanneries pollut- 
ing the Meanwood Beck, Leeds, the stipendiary 
magistrate’s order was got, and works carried out, 
after a year’s delay, notwithstanding which the 
pollution continued as before. A further prosecu- 
tion ensued, when the defendant was fined 30/. and 
fifteen guineas costs. The defence was an excel- 
lent example of the spirit with which the beautiful 
natural streams of the West Riding are viewed by 
traders. It was, that although the tanks and 
filters had been constructed, they had never been 
brought into use, no connection having been made 
between them and the defendant’s effluent pipe! 
This, counsel admitted, was a blunder; but there 
was method in it, for even the blunder leaned 
to economy’s side. And it may be taken as an 
axiom that no blunder is ever made on the side 
of rendering works maintenance or management 
too efficient for their purpose. The obstruc- 
tion to the law here was of that serviceable kind 
whereby the soft answer turns away wrath. No 
refusal was given ; the defendant was willing to do 
anything the Board could point out tu him ; but it 
was no part of the Board’s duty or policy to take 
charge of a trader’s obligation, howsoever it might 
suit him for them to do so, and they declined. This 
is another method of securing the law’s delay. 

This was the case of a stream from a moorland 
source, arriving comparatively pure at the defen- 
dant’s works, issuing in a foul, offensive, and dan- 
gerous condition, and ultimately flowing through a 
densely-populated part of Leeds. What added to 
the interest was certain correspondence with the 
Leeds Leather Trades’ Association, a body repre- 
senting nearly all the tanners in and around Leeds. 
This body had admitted that their trade should be 
carried on with due consideration for public health, 
‘as well as the general riparian interests below. 
‘In July, 1896, a conference was held between the 
Committee of the Rivers Board and the members 
of the aSsociation, at which a resolution was passed 
advising tanners to connect their effluents with the 
sewers where possible, after preliminary _ treat- 
ment, for which facilities had been granted by the 
Leeds Corporation ; but the Aire and Calder navi- 
gation stepped in and vetoed the project as leading 
to a violation of their rights, which included 
special powers to prevent the injurious abstrac- 
tion of stream-waters flowing into their navigation, 
even when drawn from underground sources. In 
this action of the navigation we have one of the 
best examples of the futility of schemes involving 
Interference with stream-waters on a large scale; 
futility, too, in another sense, where, as in the 
case of Nickols and Son, the effluent can be better 
treated without lessening the stream’s flow, than by 
diverting it into a sewer to be carried 10 or 20 miles, 
there to add to those enormous difficulties which, 
for thirty-seven years “we have been told, must 
attend the competent treatment cf the Leeds 


The league known as the West Riding of York- 
shire Millowners and Occupiers’ Association ap- 
pealed two years ago, through the Press, for such 
advice and assistance as we have seen requested 
in the last case from the Rivers Board. t us 
know what we must do and we will doit. This 
appeal presents a plausible and reasonable aspect 
at first sight to the general public, whose ideas 
do not get far beneath the surface of things. 
But, as was pointed out in reply to the appeal, a 
cardinal principle governing the action of the Rivers 
Board, as of all administrative bodies, had been 
lost sight of—namely, that the prosecutor cannot 
in any sense become the advising agent of the 

rosecuted ; any departure from which would 
injure rather than increase the efficiency of a Rivers 
Board. At the same time, there is nothing to 
prevent the valuable information acquired by their 
officials being placed at the service of all con- 
cerned, whether manufacturer, chemist, or engi- 
neer, to assist in the solution of any trade 
effluent problem ; and this, we are glad to know, 
has been the policy of the West Riding Rivers 
Board throughout. They have avoided the mistake 
of employing as chief inspector a professional man 
who, in his private practice, acted as adviser and 
constructor in respect of a large number of works 
for the treatment of domestic sewage and trade 
effluents, on the use and efficiency of which he 
had, as a matter of public duty, to report. -” 

A development of this idea of using the Rivers 
Board as consulting engineer has been the cross- 
examination of the Board’s chief inspector, Dr. 
Wilson, as to the method and cost of treating the 
effluents of firms summoned for offences against 
the Act; but from_the first the Local Government 
Board, on the advice of the Law Officers of the 
Crown, have upheld the advice given to the 
Rivers Board, that it is no part of their duty to 
provide estimates of cost of the necessary remedial 
works for such offences. To the question, How 
it can be ruled by the Local Government 
Board that purification is reasonable, practical, 
and available under the circumstances, it is 
answered that it is for the defendant to show 
that it is not, to which the obvious retort is that 
they are asked to prove a negative, contrary to the 
spirit of the law. On the other hand, it is open to 
the defendant to put down works to the best of his 
ability, using such skill and science as are available ; 
and if he then fail, his answer is not only positive, 
but conclusive. He is not to assume that he cannot 
do what the law requires, in the face of reasonable 
proof, from comparison, experiment, inference, or 
otherwise, that it can be done. It is no uncommon 
threat that if the law be enforced, the defendant 
must ‘‘shut up shop” and his workpeople go 
shares; but it is not yet recorded that such a 
catastrophe has been entailed in a single case. 
This sort of threatened trades live long. 

It has been ingeniously contended that dye-water 
is innocuous. In the case of the Rivers Board v. 
Sagar it was claimed that the dye-water was not 
pollution, but simply ‘‘ innocuous discoloration.” 
Fish, it was said, used to thrive in the beck until 
certain paper-mills were started and caused the 
fouling which killed the fish; clearly a case of 
post hoc ergo propter hoc. As to whether the destruc- 
tion was wrought by some chemical effect of the 
dye upon the paper effluent, or by the doubling of 
the foul infusion the stream had to carry, there 
was no evidence ; and it is not surprising that the 
Local Government Board sanctioned a prosecution. 
Certainly, in the face of the danger of blood- 
poisoning, which we know may arise from the 
wearing of aniline-dyed garments, it is difficult to 
believe that a little moorland stream reduced to a 
small flow owing to intermittent discharge of com- 
pensation water, can be periodically fouled by 
great flushes of aniline dye-water without danger 
to man or beast. Perhaps the best proof would 
be the certificate of an impartial doctor that the 
mill-owner himself had drank a specified volume 
of the water thus ‘‘ innocuously discoloured ” for 
a specific period, with no effect upon his health. 
But in any case it is very certain that the Rivers 
Board will not be advised to deal with the dis- 
charge of a liquid proved to be harmless, as an 
offence. 

It is satisfactory to note that the West Riding 
Rivers Board, while discharging their functions in 
the teeth of strong and combined opposition on 
their own slope of the Pennine Range, have not 
neglected that small area of their county which 


near Saddleworth, This also is a busy manufactur- 
ing district, chiefly producing woollens. The 
Board have here had an auxiliary of great value in 
the Mersey and Irwell Joint Committee, whose 
action had purified, to a large extent, the lower 
sections of the rivers, rendering it unreasonable 
that the higher reaches should remain polluted, as 
well as invidious that one set of manufacturers 
should be made amenable to the law while another 
escaped. This anomaly has been rectified, and the 
Lancashire streams born in the West Riding may 
now enter that county in a comparatively pure 
state if the works provided for treating the noxious 
effluents are properly used. 


(To be continued.) 








LOCOMOTIVE-TESTING PLANT AT THE 
ST. LOUIS EXHIBITION. 
By H. W. Hansury, A.M.I.0.E. 


THE locomotive-testing plant at the St. Louis 
Exhibition, which was to have been in full opera- 
tion at the beginning of last month, is, we regret to 
say, not yet in running condition, and, as far as we 
understand, is not likely to be for some consider- 
able time.. The delay has been occasioned in the 
first place by the late installation of the plant, and 
in the second by repeated breakdowns, arising from 
numerous and unexpected difficulties in connection 
with the plantitself. It is, perhaps, desirable in the 
interests of those readers not already acquainted with 
it that we should, before referring more fully to 
these difficulties, briefly indicate the principle upon 
which the plant is based ; and in order to do this 
as clearly as possible let us assume for a moment 
that we have a locomotive so mounted that each 
pair of driving-wheels is in direct contact with a 
corresponding pair of supporting-wheels, revolving 
freely in rolling contact with them; and that the 
locomotive is in forward gear. with draw- bar attached 
to a traction dynamometer of such construction 
that it cannot move horizontally to an appreciable 
extent. Under these conditions when steam is 
turned on, the locomotive will, as a whole, remain 
stationary, the driving-wheels simply forcing the 
supporting-wheels to move backwards. If now 
the latter be retarded by means of an absorp- 
tion brake, the locomotive wili tend to move 
off them ; and if the supporting. wheels are stopped 
altogether, the driving-wheels must also stop, or 
slipping must take place. We see, therefore, that 
the furce which is transmitted from the driving- 
wheel to overcome the frictional resistance of the 
supporting-wheels and brake will reappear as a 
stress in the draw-bar, to which the dynamometer 
is attached, and the reading of the dynamometer, 
in conjunction with the circumferential speed of 
the driving-wheels, will enable the work actually 
done by the locomotive to be ascertained. With 
such an apparatus it is clear that the performance 
of a locomotive under varying conditions of load 
and speed can be more readily and accurately de- 
termined than is possible under ordinary conditions 
when running on the line, and it is with the object 
of making such tests that this plant has been in- 
stalled. ie is, of course, not claimed that every 
condition of running will be attained, but it is 
hoped that the trials will result in data of perma- 
nent and lasting value being obtained. 

We very much hoped at this date that we should 
have been in a position to: give our readers a com- 
plete description of the testing plant, together with 
drawings of the principal details ; but the Pennsyl- 
vania Railroad Company, who are in charge of the 
trials, have at present declined to supply further 
information than is given in the two bullatine they 
have already issued. Although regretting this, we 
cannot but sympathise with their desire that detail 
drawings should not yet be published, especially 
under existing circumstances, when the plant is in 
a far from satisfactory condition, and when changes 
in the design may have to be carried out. . In the 
meantime we are able to give, on page 846, illus- 
trations showing the general arrangement of -the 
apparatus, and to supplement them with the follow- 
ing brief explanation. 

e plant is situated in the Palace of Transpor- 
tation, conveniently near one of the principal. en- 
trances. It is connected by rail to Be ines in 
the Exhibition grounds which are at present bein 
used for the transit of exhibits and supplies, an 
which in turn are in connection with the main line 
of the Pennsylvania Railroad Company. No diffi- 
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culty will therefore be experienced in bringing 
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CITY OF BERLIN ABATTOIR; ICE-MAKING PLANT. 
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locomotives into the building. Before placing a 
locomotive upon the apparatus, the supporting- 
wheels are adjusted and properly spaced accord- 
ing to the design and wheel plan of the engine, 
and two long beams of I-section are placed upon 
their shafts, the ends resting on further additional 
supports, should they be necessary. These beams 
are bolted close up to the inside faces of their 
corresponding supporting-wheels. 

Grooved rails, capable of taking the flanges of the 
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have a pair or more of wheels with plain tyres ; in 
such cases the grooved rail under these particular 
wheels will be filled with two short lengths of steel 
bar of the requisite section, placed end to end, one 
being removed and placed in front of the other as 
the wheels move off, and those with flanged tyres 
come into position. The general arrangement of 
the plant is readily seen on referring to the illus- 
trations which we give on the opposite page. Fig. 1) 
is the side elevation, Fig. 2 the front elevation, and | 
Fig. 3 the plan. 


of concrete. They are of such a length as to take 
any ordinary locomotive. In order that the pedestals 
may be conveniently and securely fastened to them, 
each bed-plate is provided with a T-groove, into 
which the pedestals fit, and along which they can be 
moved to any point which the spacing of the wheels 
of the locomotive demands. The journals of the 
supporting-wheels are carried in bearings, the lower 
half of each of which is of bronze, and supports the 
entire weight ; the upper half, being only serviceable 
as a cover, is made of cast iron. Each journal is 


wheels of the locomotive, are securely riveted to 
the tops of ‘these beams in such a position that 
when the wheels are on them, the tyre-treads rest 
just clear of the supporting-wheels. The ends of 
these rails are gradually tapered off and unite with 
ordinary rails, so that the wheel-treads of the 
locomotive, while it is being placed on the appa- 


‘lubricated by a chain which passes over it and dips 
‘into a bath of oil. As a further safeguard against 
C Absorption brakes. ' heating and consequent seizure of these journals, the 
D Seats for the brake-discs. | bearings are cored out, and arrangements made for 
E Travelling electric crane. circulating water through them. In spite of these 
z Tacles dee precautions, however, one of the first difficulties . 
ratus, gradually leave the track, the weight H Adjusting-wheel of the dynamometer. connection with the plant arose from the a os. 
instead coming upon the flanges, upon which the J Supporting-wheels. these same bearings, and eventually, as a final p is 
locomotive is then run into its final position. The K Brackets preventing the movement of the brake- | vision, it was decided to cut grooves in the journals. 
locomotive is attached to the dynamometer, and navers, This was done after considerable trouble ape 
arrangements made for holding it at the front end.| The bed-plates to which the pedestals carrying | already being a locomotive on the plant), = ne 
The beams are then removed, alowieg the engine to| the journals of the supporting-wheels are bolted believe that it may have had the desired ager : Ae 
rest upon the supporting-wheels. Many locomotives | are of cast iron and rest upon a solid foundation | asthe trials have not yet run for any length of time, 


A Bed-plates. ; 
B Pedestals carrying the suppourting-wheels. 
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invention of Mr. G. J. Alden, M.M.E., formerly a 
member of the faculty of the Worcester Polytechnic 
Institute. Their construction is briefly as follows :— 

To the ends of the shafts of the supporting- 
wheels are keyed cast-iron hubs, each having two 
smooth circular discs cast or attached to them. 
These discs are a few inches apart. The seats upon 
which the hubs bear are a as will be seen at 
D in the plan, the reason being to admit of their 
ready removal and attachment to the other set of 
supporting-wheels when trials on a different type 
of locomotive are to be made. On both sides of 
the discs, and close up to them, are placed thin 
copper plates, which are connected to a cover 
enveloping the whole brake, and in which the hub 
and discs revolve, actuated by the movement of the 
supporting-wheels, in their turn put in motion by 
the driving-wheels of the locomotive. This cover 
is rigidly attached to brackets, shown at K, which 
are bolted to the bed-plates, and is thus prevented 
from turning. Proper lubrication between the 
copper plates and the revolving discs is arranged 
for by having a series of radial grooves cut in the 
faces of the latter, along which oil, entering in the 
neighbourhood of the hub, flows, under the action i 
of centrifugal force, to the periphery, where it is i 
conducted back through external pipes. i 

In operation, water under pressure is admitted to i 
the chambers in the cover, and presses the copper | 
it is impossible to say definitely. The centres of the , of pedestals corresponding to them—the one to be | plates against the revolving discs, so offering resist- 
supporting-wheels are of cast steel, with steel tyres | used when a passenger engine is undergoing test, ance to their motion. An automatic valve placed 
shrunk on and held in position by retaining-rings. | and the other for a goods engine. in.a by-pass around the main supply. valve is pro- 
There are two sets of these wheels with two sets! The absorption brakes, which are in use, are the! vided. By means of this it was hoped the speed 
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of the locomotive could be regulated, instead of 
by separately operating the inlet and outlet valves, 
which are, in addition, provided for each brake. 
These arrangements have been found quite inade- 
quate to deal with the great variations of pressure 
experienced with the water supply at St. Louis. 
This variation is, we understand, occasionally as 
much as 40 lb. per square inch, and is now the 
principal difficulty in connection with the plant. 
Until some method is devised for its elimination, it 
is, of course, quite impossible to proceed further 
with the trials. A sudden rise of pressure has the 
effect of immediately ‘‘ braking” or stopping the 
supporting-wheels, a sudden fall to cause the engine 
to race and slip, both usually resulting in a ‘‘ flat” 
place being formed on the tyre. As a matter of 
fact, this has already occurred. We may mention 
here that a “flat” is also very likely to be formed 
should a small quantity of oil by any chance get on 
the tyres of the supporting or driving wheels, and 
so cause slipping to take place. 

The traction dynamometer is of the lever type, and 
on the Emery principle. It is fitted with a record- 
ing apparatus, by means of which a curve is drawn 
on a strip of paper, travelling at a fixed rate 
throughout thetrial. The position of the points on 


this curve enables one to determine the value of the} pe 


draw-bar pull at any instant. To meet the propor- 
tions of different locomotives provision is made for 
a vertical adjustment at the draw-bar of 12-in. range, 
operated by means of the wheel H ; and to allow of 
free movement of the locomotive laterally or on its 
springs, it is connected to the draw-bar through a 
ball joint. The dynamometer is so carefully de- 
signed that a horizontal motion of only y§5 in. will 
take place under the draw-bar pull equivalent to the 
full capacity of the dynamometer. 

A chimney-stack fitted with a simple form of 
cinder-trap is provided, and admits of the sparks 
being retained and afterwards weighed. This chim- 
ney is movable in the direction of the longitudinal 
centre line of the plant, and is also telescopic, so that 
it can be moved along or raised or lowered to suit the 
particular dimensions of the engines to be tested. 
A 10-ton electric travelling crane with a span of 
43 ft. has been erected, for the purpose of assisting 
in the removal of the supporting-wheels, pedestals, 
&c., when preparing for another locomotive ; and, 
further, for carrying the coal used throughout the 
trials. The other apparatus in use consist of the 
usual steam-engine indicators, speed - indicators, 
calorimeters, thermometers, pressure and vacuum 
gauges, &c., and, being of the ordinary kind, require 
no explanation. 

In this short description we have pointed out 
one or two of the principal difficulties which have 
yet to be surmounted before the long-expected 
trials take place, and we can only hope that they 
will not prove so difficult to eliminate as they at 
present appear. 

We are ourselves afraid, owing to the limited 
time at the disposal of the authorities, that they 
will be. the cause of the abandonment of, at least, 
some of the trials. We sincerely hope that such 
will not be the case. In conclusion, we have to 
express our indebtedness to the Pennsylvania 
Railroad Company for the illustrations accompany- 
ing this description, which are taken from the 
second bulletin issued by the company a short 
time ago. 








THE DE LAVAL STEAM-TURBINE.* 
By E. S. Usa and E. Mgpen. 


Tue fundamental principles of the De Laval steam- 
turbine are clearly shown in Fig. 1, page 848. It isa pure 
impact turbine, with a single turbine-wheel, carrying one 
row of buckets, to which the steam is delivered in free jets 
at the highest possible velocity. These steam-jets come 
from stationary nozzles, tapered so as to increase their 
cross sectional area toward the outlet end of the nozzle, 
and so valoulated that the steam, before leaving the 
nozzle, has fully expanded down to the pressure prevailin 
in the exhaust-chamber of the turbine, and has assum 
a wry any y high velocity, so that its whole available 
energy has been transformed into kinetic energy. 

The velocity of the steamn-jets varies considerably, 
owing to change in pressure of the steam before entering 





* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers, at Chicago, June, 1904. For 
further discussion of this topic, consult Transactions as 
follow :—No. 345, vol. x., 680; ‘Notes on Steam- 
Turbine,” by J. B. Webb. No. 648, vol. xvii., page 81; 
“‘Steam-Turbine,” by W. F. M. Goss. No. 876, vol. xxii., 

e 170; ‘‘Steam-Turbines,” by R. H. Thurston. 
Yo. 987, vol. xxiv., 999; ‘‘Steam-Turbines from 
Operating Standpoint,” by F. A. Waldron. 





the nozzles, to varying exhaust pressure, and to a greater 
or less degree of moisture or superheat in the steam. The 
lower .limit of this velocity found in general practice 
might be considered as about 2000 ft. per second, which 
is obtained at a steam pressure of about 45 lb. per square 
inch, at an exhaust pressure equal to the atmospheric 
pressure, and with steam containing 10 per cent. of 
moisture. The upper limit is found to be about 4400 ft. 
per second, at a steam pressure of 200 lb. per square inch, 
at 27.5 in. vacuum, with the steam superheated 200 deg. 
Fahr. The velocity of the steam will determine the 
conditions under which a maximum of the transforma- 
tion of the steam-jet’s kinetic energy into useful mecha- 
nical work can be reached, these conditions being the 
same as for impact water-turbines. 

The nozzle angle, or the angle of the steam-nozzle with 
relation to the plane of the wheel, should be as small as 

ible. A certain mathematical relation should exist 
tween the nozzle angle, the velocity of the steam-jet, 
the peripheral velocity of the turbine-wheel, and the 
inlet angle of the buckets. The outlet angle of the 
buckets should be the smallest possible. Practical con- 
siderations limit to a certain degree the attainment of 
roper angles for the very best efficiency. Thus in the De 
aval turbine a nozzle angle of 20 deg. has been estab- 
lished for all sizes of the turbine, the inlet and outlet 
angles of the buckets are made alike, and are 32 deg. for 
smaller sizes, and 36 deg. for larger sizes. With these angles 
fixed, and taking into consideration the thickness of the 
buckets, it will be found that the best theoretical peri- 
pheral velocity of the turbine-wheel will be about 950 ft. 
r second for asteam-jet velocity of 2000 ft. per second, 
and about 2100 ft. per second for a jet velocity of 4400 ft. 
per second. 

Contrary to popular belief, there are ne reasons, either 
theoretical or practical, to prevent the building of a safe 
turbine-wheel with a peripheral velocity as high as 
2100 ft. per second ; only economical reasons have put a 
limit to it. In the turbines that have been built, the 
actual peripheral velocity varies between about 1400 ft. 
per second in the larger sizes, and about 500 ft. per second 
in thesmaller sizes. In comparison with existing machi- 
nery and other + A age of steam-turbines, these velocities 
are exceedingly high, and have necessitated the solution 
of some very interesting theoretical problems, such as 
the calculating of the strains in wheels revolving at high 
speeds, determination of flexible shafts suitable for carry- 
ing these wheels, &c. These theories would occupy too 
much space to enumerate here, and as they have been 
published in the technical literature, we have omitted 
them. We would especially refer to a book on thesteam- 
turbine, ‘‘Die Dampfturbinen und die Aussichten der 
Wiirmekraftmaschinen,” by Dr. A. Stodola, of Switzer- 
land, where, apart from some slight inaccuracies, the said 
theories have been published in an exhaustive and able 
manner. This book is now being translated into English 
by Dr. Lewis C. Loewenstein, instructor in mechanical 
engineering at Lehigh University, and will be on the 
market in about two months. This book also contains 
that part of thermodynamics dealing with the outflow of 
steam through nozzles, and the determination of expand- 
ing steam-nozzles, as well as the efficiencies obtainable 
from the work of the steam-turbines. 

The diameters of the turbine-wheels are such, in rela- 
tion to the given peripheral velocities, that the speeds 
run from 10,600 revolutions per minute for the largest 
size to 30,000 revolutions per minute for the smallest 
size. Theses s are reduced approximately 10 to 1 by 
helical gearing, giving driving-shaft speeds of 900 to 3000 
revolutions per minute. A single gear-wheel is provided 
in the smaller types (see Fig. 2), and in the larger sizes 
they are double and Fig. 3). If the larger types were 


single-geared, the pressure in the “ape bearings, due to 


the pressure between the teeth of the gear and the pinion, 
would be too great at these speeds; therefore the gears 
are made double, so that half the load is taken by each 
wheel, the gear pressure on one side of the pinion balanc- 
ing the pressure on the other side, thus eliminating the 
pressure in the pinion bearings. 

The characteristic high velocities of the principal parts 
of the De Laval turbine also create some. interesting 
practical problems. 

We will first consider the turbine-wheel itself, which 
is shown in section in Fig. 4. The wheel is designed with 
a factor of safety at normal speed of about 8, and with 
radial and tangential stresses due to the centrifugal force 
constant throughout the wheel. The profile of the wheel 
is a logarithmic curve asymptotic to the radial axis of 
symmetry of the wheel section. The buckets, which are 
inserted into milled slots in the rim of the wheel, when 
actuated by centrifugal force, load the solid wheel body 
at its outer periphery to an amount equal to the centrifugal 
stresses in the y. The stresses vary with the square 
of the s , and with increasing speed they will 
gradually increase to a point where the wheel will burst. 

In spite of speed-regulating mechanism and safety- 
stops, a motor of any kind might race, as all regu- 
lating devices are liable to derangement, and safety- 
stops, which, as a rule, are seldom used, sometimes 
fail’ to operate. his, of course, applies also to 
steam-turbines. It is, therefore, necessary to provide 
means for the prevention of serious damage. In the De 
Laval turbine this protection is obtained by reducing the 
thickness of the wheel close to the periphery, which 
naturally decreases the strength of the Shea: at this 
point, the stresses here being about 50 per cent. higher 
than in the rest of the wheel. Atnormal speed the factor 
of safety at this point of the wheel is about 5; conse- 
quently the wheel will burst here at about double its 
normal s , and in such a manner that the rim holding 
the buckets is broken up into pieces, which, on account 
of their small size, are unable to do any damage to the 
wheel case. At the moment the rim leaves the wheel 





the stresses in the solid wheel body are considerably re- 
duced, at the same time the wheel becomes unbalanced, 
and as the clearance between the heavy hub of the wheel 
and the safety bearings in the surrounding wheel casing 
is very small, the hub of the wheel will come in contact 
with the latter, which efficiently act as a brake on the 
wheel, and bring it to a stop in a short time, as, with the 
buckets gone, the steam has no effect whatever on the 
wheel. Exhaustive experiments have verified these state- 
ments, it having been found that turbine-wheels without 
this decrease in section at the outer periphery, having 
purposely been speeded up, would burst through the 
centre in two or three heavy pieces, which, at the high 
velocity, a wheel-case of ordinary proportions would not 
resist. Such pieces have been driven through an experi- 
mental wheel-case of steel —_ having walls 2 in. 
thick. With the wheels as made, however, they are per- 
fectly safe, and in the event of the rim being stripped, no 
damage will result except to the wheel itself. 

As it is possible to design a turbine-wheel for any 
radial and tangential stresses, it might be asked why the 
wheels are not made so strong that it will be impossible, 
with the available steam velocities, to run them up to the 
bursting point. The reply to this is that it would be too 
expensive, and not practicable, to design the rest of the 
turbine and connected machinery to run safely at a corre- 
sponding speed. 

In this connection we will consider the speed-regulation 
mechanism of the De Laval turbines. This consists of a 
common centrifugal governor actuating a throttle-valve 
in the steam-supply line of the turbine. With this the 
pressure can be closely controlled, but not entirely shut 
off ; in most cases, though, sufficient to prevent the 
turbine going above its normal speed when running light. 
Thisis especially true of turbines running non-condensing. 
In condensing turbines operating with very high vacuum, 
the passive resistances are sometimes extremely small, and 
even if the governor valve throttles the steam consider- 
ably below the atmospheric pressure, the remaining pres- 
sure wag gs sufficient, at no load, to increase the speed 
above the normal. To prevent this speed increase, a 
second regulating mechanism is provided, the purpose of 
which is to decrease the vacuum in the wheel-case. This 
apparatus consists of a small valve which is directly 
actuated by the governor, but only after the governor- 
valve in the steam line has been shut off. This valve 
either lets air into the wheel-case, decreasing the vacuum, 
or, in such cases where the vacuum in the condenser must 
be maintained for other machines, it admits air into a 
regulating-valve mechanism placed in the exhaust line of 
the turbine. When air is let into this valve, it more or 
less shuts off the communication between the wheel-case 
and the condenser, thereby raising the pressure in the 
wheel-case, which then increases the passive resistances 
of the wheel, and checks the expansion of thesteam in the 
nozzles, and, together with the steam-throttle valve, holds 
the speed within the normal limits. In case of accident 
to the governor-valve mechanism this air-valve will also 
effectually prevent destructive racing. 

The peripheral velocity of the gear-wheels is about 
100 ft. per second. The pinion is made of high-grade 
high-carbon crucible or nickel steel. The gear-wheels are 
made of soft steel of low carbon. The teeth are carefull 
generated at an angle with the shaft centre, and the pitc 
is very small, insuring a smooth contact with a minimum 
amount of noise. he noise cannot be entirely elimi- 
nated, but with great care in cutting the teeth, and giving 
close attention to alignment and centre distances, it has 
been possible to reduce it to a minimum and to a point 
where it is in most cases of no consequence. The gears 
are continually lubricated, but with a very small amount 
of oil. If they get the proper amount of lubrication, and 
care is taken that no sharp grit, such as cement-dust, 
coal-dust, or the like, is allowed to enter them, they will 
operate for many years without visible wear. The gears 
are encased as much as possible, to prevent the entrance 
of dust or foreign matter. The gear-wheels were origin- 
ally made of bronze, but it soon developed that this 
material, as a rule, became crystallised after about two 
years of continuous operation, when pieces of the teeth 
were broken off and ee the gears. Steel gears 
have now been in operation for about nine years, without 
showing any of the disadvantages of bronze. 

_ Little is to be said about the bearings. They are all 
lined with white-metal. The low-speed bearings for the 
gear-shafts are similar to bearings for electrical machinery 
of the same speed, and are provided with ring-oilers. 
Ring-oiling, on the other hand, has not proved to be 
satisfactory for the high-speed bearings. The turbine 
wheel-shaft usually vibrates slightly, which is communi- 
cated to the oil-rings; they then refuse to follow the 
shaft, and consequently do not furnish proper lubrication. 
It is also found that the temperature of the oil in this 
case will increase too much, and drip lubrication has been 
found more satisfactory, only a small quantity of oil being 
required. With the highs it is very important that 
the lubrication should not be interrupted, as it takes but 
a short time for the bearing to run hot. Wick lubrication 
has, so far, proved the most reliable. It must, however, 
be arranged so that the oil leaves the wick-tube in drops, 
and with a sight-glass below the tube. through which the 
amount of feed can be ascertained. The oil is filtered by 
the wick, which insures clean oil in the bearing, and the 
oil will flow as long as any oil remains in the tank. With 
oil-tanks of ample size there will not be much attendance 
required. It seems, though, in the present advanced 
stage, that opposition is sometimes met with in aving 
this method of lubrication used. The common sight-fe 
lubricator, with such a small number of drops as are re- 

uired, has the disadvantage of a very small opening for 
the oil, so that a small amount of dirt will suddenly in- 
terrupt the lubrication. The bearing will then immediately 
heat. Any mechanical arrangement for forced lubrication 














JUNE 17, 1904. ] 


ENGINEERING. 


847 





is in itself more or less _ to get out of order. It is all 
right for slow-speed machinery, which, in case of inter- 
ruption of the oiling, can run a considerable time on the 
oil already supplied, and until the trouble can be dis- 
covered and remedied ; but it is more or less uncertain for 
high-speed apparatus. 

ft might be interesting to touch on the practical diffi- 
culties which the De Laval steam-turbine, like any other 
radically new machine, was compelled to meet, after it 
had been put on the market. The turbine naturally had 
its troubles from defects due to faulty material and 
workmanship, but these have been remedied. There 
have been troubles with bearings becoming overheated. 
This was partly due to faulty workmanship, but in 
many cases it can be ascribed to the lubrication, either to 
failure in keeping the oil-reservoir filled, or else to the 
sight-feed lubricators, which in themselves might have 
caused trouble. As more machines have been put on the 
market they have become more fully understood, and are 
therefore receiving better attention ; consequently these 
troubles have been gradually reduced. urthermore, 
there has been trouble with the buckets. It has some- 
times happened that one or more buckets have broken, 
and come out of the turbine-wheel, but without doing any 
further damage. Generally the turbine, after losing a 
bucket, can be continued in operation, as the turbine- 
shaft is sufficiently flexible to take care of the unbalanc- 
ing, though it is best to take out the turbine-wheel and 
replace the buckets. The only explanation- of these 
troubles is “hat the buckets are subjected to vibratory 
strains of more or less unknown origin, as their ability to 
withstand centrifugal force and the action of the steam- 
jet isamply sufficient. In the smaller sizes below 100 horse- 
power, broken buckets have been very rare. In the larger 
sizes it has been somewhat more frequent. Although the 
causes of bucket —_- are not yet accurately deter- 
mined, it has been possible to remedy the trouble where it 
has occurred. One cause of the undue vibrations of the 
buckets may have its source in the turbine-wheel itself, 
which, if not homogeneous, will, under action of the cen- 
trifugal force, expand unevenly in different directions, 
thereby unbalancing and causing vibration of the wheel 
at full speed. This trouble has been overcome by replac- 
ing the wheel. The buckets are also subject to more or 
less wear due to the action of the steam. The cause of 
this is also very difficult to determine. It may be that 
the buckets are chemically affected, and that thin films of 
oxide are blown away by the steam, or it may be caused 
by mechanical wear due to small solid particles coming 
with the steam, such as rust, or scale from the pipes. It 
may also be due tosome electrical phenomena. However 
this may be, it is a fact that wear takes place, and it is 
very doubtful that it can be entirely prevented. It has 
been found in a few cases that buckets have been worn 
out in a year, necessitating replacement. In other cases 
the wear has been very slight, even after a run of four to 
five years. The wear affects only the steam-inlet side of 
the buckets, and will only increase the steam consump- 
tion to a slight degree. In tests made on a turbine of 
100 horse-power, where the edge of the buckets had been 
worn away about |, in., the steam consumption was about 
5 per cent. higher than with new buckets. The wheel 
and buckets are, however, so designed that an insertion 
of a new set of buckets can be easily made at a small 
cost. 

In looking about for proper fields of usefulness, the 
De Laval steam-turbine, in common with other steam- 
turbines, first developed the direct connected electrical 
unit, no difficulty being met in adapting both direct and 
alternating-current generators for direct connection to 
the gear shafts at their moderate speeds. In many cases 
De Laval turbines can also be used with advantage for 
belt transmission. 

However, the field where the De Laval turbine is parti- 
cularly suitable is in connection with centrifugal pumps; 
these pumps require certain determined velocities to 
enable them, at a given lift and water quantity, to give 
the best efficiency. With the De Laval turbine it is easy 
to produce the most suitable velocities: with the small 
turbines, having one gear shaft, for all lifts from 165 ft. 
to 150 ft., and with the large turbines, with two gear 
shafts, for lifts from 40 ft. to 300 ft. These velocities are 
often difficult to obtain with other steam motors. 

For a greater lift the centrifugal pump has been direct 
connected to the high-s turbine-shaft. The pump- 
wheel will then revolve with a velocity of 10,000 to 30,000 
revolutions per minute, depending on the different sizes. 
The pump wheel will naturally be very small, and will 
not produce any suction, but must be fed with another 
pump, which is connected to the gear shaft, running at 
a considerably reduced velocity. This latter pump 
sucks the water and presses it into the high-speed pump- 
wheel, which then gives the high pressure required. 
Pumps of this type have been made for lifts up to a 
normal head of 850 ft. on a single wheel, which, at a 
decreased water quantity, can go up to 1000 ft., the small 
—— giving an efficiency of about 64 per cent. 

They have in some cases m made, and are in opera- 
tion, as boiler feed-pumps. 

Another field where the De Laval turbine is well 
adapted is for direct connection to blowers for all pres- 
sures above 4 in. water, for which a blower can be prac- 
tically built, the high velocity of the turbine being 
particularly suitable for this purpose. 

About the steam consumption it is difficult to make 
any general statements. It varies for the same size tur- 
bine with the steam conditions, in about the same manner 
as for other steam motors, but the degree of variation 
can be considerably different for the various sizes of tur- 
bines, dependent upon the diameter and speed of the 
tarbine-wheel. It may be sufficient to give here a few 
diagrams showing the steam consumption of different 


Fig. 5 shows the result of a test of a 10-kilowatt non- 
condensing turbine dynamo. The boiler steam pressure 
is 140 lb. ad ig inch ; steam, dry saturated The 
curves I., II., III., IV. gives the steam consumption 
per kilowatt-hour with all steam nozzles open during the 
varying conditions of the load, the governor valve alone 
having to take care of this variation by throttling the 
steam pressure. The curve IV. shows the steam con- 
sumption with the nozzles shut off in proportion to 
the varying load. In this manner the nozzle will be 
supplied with steam of the full steam pressure at all 
times. 

Fig. 6 shows a test made on a 30-horse-power steam- 
turbine motor, condensing, with 254 in. vacuum, steam 
pressure being 1254 lb. per square inch above the governor 
valve. Steam, dry satura The four different curves 
show how the steam consumption per brake horse-power 
varies with the varying load, with and without regulat- 
— number of nozzles opened. 

ig. 7 shows a test made on a aca sec steam- 
turbine motor, non-condensing, with different steam 
pressures above the governor valve, with the nozzles 
suitable for the different steam pressures. The curves re- 
resent respectively 35 lb., 50 lb., 75 lb., and 100 Ib. 
iler steam pressure per square inch. The number of 
— gsece § have been varied according to the varying 


Fig. 8 shows the result of a test made on a 300-horse- 
power steam-turbine ; steam pressure, about 200 lb. per 
square inch, vacuum about 27 in. The curve I., II. gives 
the steam consumption for dry saturated steam. The 
curve III., IV. gives the consumption for superheated 
steam. The superheat varied from 90 deg. Fahr. at 
= load to about 20 deg. Fahr. at the smaller 
oads. 

Figs. 9 and 10 are curves from very exhaustive tests 
made recently by Professors Kent and Denton on turbine- 
pumps. These curves in themselves need no further 
explanation. The curve in Fig. 9 is obtained from a 
55-horse-power single-stage turbine pump; the curve in 
Fig. 10 from a two-stage high-pressure steam-turbine 


pump. 
In the foregoing some frank statements have been made 
to illustrate the difficult theoretical, as well as practical, 
problems encountered, the solution of which have pro- 
duced the present successful De Laval steam-turbine. 


ROYAL METEOROLOGICAL SOCIETY. 
Tue second of the afternoon meetings for the present 
session was held on Wednesday, the 15th inst., in the 
rooms of the Society, 70, Victoria-street, Westminster, 
Captain D. Wilson-Barker, president, in the chair. 
he Rev. C. F. Box gave an account of some curious 
“Effects of a Lightning Stroke at Earl’s Fee, Bowers 
Gifford, Essex, April 13, 1904.” A thunderstorm occurred 





was a blinding flash, —s up the whole neighbourhood 
for miles around, followed immediately af a crashin 
explosion. One person stated that he saw what ap 

to be a cylinder, and another person a ball of fire, descend 
and then explode, ‘‘ casting darts” in all directions. On 
careful examination in daylight it was found that in an 
oat-field, which had recently been dredged, there were 
three distinct sets of holes, ranging from 9 in. down to 
about 1 in. in diameter. The holes, which were perfectly 
circular, diminished in size as they went downwards, and 
remained so on to the perfected rounded ends at the 
bottom. Upon digging sectionally into the soil, which is 
stiff yellow clay, it was found that the holes were ‘‘as 
clean cut as though bored with an auger.” An interest- 
ing discussion followed the reading of this paper. 

A paper by Mr. A. Lawrence Rotch, of the Blue Hill 
Observatory, United States, describing ‘‘ An Instrument 
for Determining the True Direction and Velocity of the 
Wind at Sea,” was, in the absence of the author, read by 
the secretary. 








ContTracts.—Raworth’s Traction Patents, of 2, Queen 
Anne’s Gate, have received orders for one ‘‘ Demi” car 
with regenerative control for the Glossop Tramways, and 
for three new cars (full size) for the Scarborough Tram- 
ways. The number of corporations and companies that 
have decided to introduce enerative control is now 
raised to ten.—Messrs. Meldrum Brothers, Limited, 
Timperley, near Manchester, have just secured the order 
for a refuse destructor to be erected at the Sewage Works, 
Twickenham, the gs to be used for sewage pumping. 
—Messrs. Marshall, Fleming, and Jack, of Motherwell, 
have secured from the Great Western Railway Company 
the contract for all the cranes and runways for their gene- 
rating station at Park Royal, and the various substations 
connected therewith.—Messrs. Matherand Platt, Limited, 
have just been awarded by the Admiralty the complete 
contract for the whole of the = to be erected at the 
dockyard, Simon’s Bay, Cape Colony, for su lying elec- 
tricity for lighting and power.— Messrs. illans and 
Robinson, Limited, of Rugby, have Fe received an 
order from the Stanton Iron Works mpany for two 
steam-dynamos for supplying light and power to their 
furnaces. They have also secured the order for two 
engines for the extensions at the Mexborough Corporation 
electric light station ; the main contractors for this work 
being Messrs. Mavor and Coulson, of Glasgow. Messrs. 
Willans and Robinson, Limited, are just erecting another 
steam-dynamo at the power-house of Messrs. J. and H. 
Hall, of Dartford, this plant being of similar size to the 
one supplied two years ago.—Messrs. Higginbottom and 
Mannock, Limited, Manchester, have secured the order 


for twenty movable electric Goliath jib-cranes, to lift 
30 cwt. each, 34 ft. radius, 57 ft. high, for the New Sal- 


during the early morning hours, and about 3 a.m. there | Pe 


THE FARADAY SOCIETY, 


AN ordinary meeting of the Faraday Society was held 
on Thursday, June 9, at_the Institution of Electrical 
on pa the President, Dr. J. W. Swan, occupying the 
chair, 

M. ——— Minet presented the first 
on ‘‘ The Electric Furnace: Its Origin, Transformations, 
and Applications.” The paper discusses the growth of 
the furnace from the historical point of view, and then 
proposes a new classification, which is worked out in 
minute detail in the form of a table. A full bibliography 
of the electric furnace completes this section of the paper. 

This discussion was postponed until the autumn, when 
the author will complete his study and fully illustrate 


rt of a paper 


his subject. 
Dr. F. M. Perkin describes a form of porous diaphragm 
that he has found convenient for laboratory use. It 


consists of two perforated concentric porcelain cylinders, 
packed in between with brown paper, asbestos, or other 
ray ap depending on the use to which the diaphragm 
is to ut. 

Mr. G. T. Beilby read a paper on “The Hard and 
Soft States in Metals.” The wide range of the pheno- 
mena which are directly or indirectly associated with the 
hard and soft states in metals indicates that a knowledge 
of these states is of fundamental importance. An ex- 
clusively crystalline theory of metal structure, even when 
stretched to its widest limits, is insufficient fully to 
explain these phenomena. But the crystalline is not 
the only form of solid te; the movement of the 
molecules in the liquid state may be so suddenly arrested 
that they have no time to fall into the regular formation 
of the crystalline state, so that the solid which results is 
amorphous, not crystalline. A suddenly congealed liquid 
may be likened to an instantaneous photograph of the 
rapidly-moving molecules of the liquid state. 

he views here advanced are on the author’s 
earlier observations on surface flow in crystalline solids. 
The evidence afforded by the micro-structure has been 
supplemented by observations on the other properties of 
metals in the hard and soft states, and the view is now 
advanced that these states are perfectly distinct phases. 
This is shown by the mechanical, electrical, optical, and 
thermo-chemical properties, as well as by the micro- 
structure. The soft phase C is crystalline, and the hard 
phase A is amorphous. ; 

The transformation of A into C is effected by heat, and 
takes place at a definite transition temperature. On 
either side of the transition point the various properties 
are characteristic and distinct ; for instance, an electro- 
motive force of 120 micro-volts may be developed in a 
thermo-junction of silver in the two phases. The electro- 
motive force falls to zero after the junction has been 
heated to 260 deg. for a few seconds. Silver leaf, which 
is opaque and highly reflecting below the transition tem- 
rature, becomes transparent and very much less reflect- 
ing if kept for a time at a temperature a little above that 

int. 

The transformation from hard to soft is thermally irre- 
versible, but is readily effected mechanically. This 
reverse transformation—soft to hard—takes place when 
the metal is deformed by overstrain, however slight. - It 
takes place through an intermediate mobile phase in 
which the molecules have a freedom analogous to that 
in the liquid phase. This freedom is produced by motion 
directly imparted to the molecules during the ipping of 
one portion of the material over another. The state 
of the mobile phase is somewhat analogous to that of an 
undercooked liquid. This transformation C, M, A, while 
it occurs at every moving surface, does so as a rule in 
extremely thin layers. The layers of the hard phase 
which result supply a rigid casing for the unaltered 
crystalline elements, and thereby give a granular and 
cellular ‘structure to metal which has been over-strained 
by having any kind of work done on it. The co-existence 
of the two * hee in this way accounts for the variety of 
— which may be developed in malleable and ductile 
metals. 

Dr. T. M. Lowry said that the temperature which Mr, 
Beilby called the transition point was not a true transition 
point, such as exists, for example, in sulphur at 96 deg. 
Cent., at which the rhombic passes into the monoclinic 
phase, but really the stability limit—that is, the tempera- 
ture at which the mobility of the molecules enables a 
change which has been trying to take place all along to 
do so at a visible velocity. 

Mr. J. C. M. Garnett suggested that the different 
results obtained in the two methods—by transmitted and 
reflected light—of measuring the optical constants me gr 
wT seca on Mr. Beilby’s hypothesis of an A and C 
phase. 

Dr. C. M. Desch thought that the existence of a thin 
transparent film on the surfaces of polished metals might 
explain the Kerr effect. . 








PrRsoNAL.—The Unbreakable Pulley and Mill Gearing 
Company, Limited, of West Gorton, Manchester, have 
apenas Mr. J. F. Hill (trading as Death and Elwood), 
of Joseph-street, Leicester, as agent for the sale of their 
products in the County of Leicester. He has large show- 
rooms and considerable stocks. 





Tuer Tynz.—Tho quantity of coal shipped from the 
Tyne in the first five months of this year was 6,162,518 
tons, as compared with 6,203,301 tons in the correspond- 
ing period of 1903. The quantity of material raised 
from the river in May was 167,733 tous, 18 compared 
with 157,767 tons in y, 1903. The weather in Ma 

was not very favourable for the construction of the nort 

pier; 270 Socks, having a total cube of 3657 yards, were 








sized turbines under more or less favourable conditions. 


ford docks, of the Manchester Ship Canal Company. 


set during the month. 
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THE DE LAVAL STEAM-TURBINE 


(For Description, see Page 846.) 
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10H.W. STEAM TURBINE DYNAMO. 


Fig. 10. DE LAVAL STEAM TURBINE. 
TWO STAGE HIGH PRESSURE STEAM TURBINE PUMP. 
TYPE LXP. N° 2026. 
LOW SPEED PUMP WHEEL N°/2 2050 R PM. 
HIGHSPEED PUMP WHEEL N° O02. 20500R.PM. 
STEAM PRESSURE 
VACUUM 
PUMP DESIGNED FOR 250 
AND 
DE LAVAL STEAM TURBINE. 
STEAM TURBINE PUMP N° 1977. 
PUMP WHEEL N° 509. 
VACUUM 25 % INCHES. 


Fig. 9. 


x IOOFEET AT 

PM. 
TEAM PRESSURE /50 LBS. 
REVOLUTIONS 1545 PER MIN. 
SINGLE STAGE PUMP, DESIGNED FOR 
1700 GALLSP.- M.xXIOO FEET AT 1545 R.P.M. 

TESTED APRIL S'" & 67" 
1904. 
X 
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THE DAVIES-PERRETT ELECTRIC SYSTEM OF OIL-‘SEPARATION. 
Fig.4. 








out of 


THE separation of emulsified oil from the condensed | 
feed-water supplied to boilers, particularly those of | 
the water-tube type, is so important a matter that it is | 
not surprising that much time and money have been | 
spent on efforts to devise a thoroughly simple and | 
practical system whereby it can be accomplished. The 
main difficulty met with is, of course, the fact that the 
particles of emulsified oil are so exceedingly minute 
that they will oy through any filtering medium that 
it is practicable to use, and, unless the minute par- 
ticles can be made in some way to unite, so as to form 
larger globules or colonies of atoms, so to speak, which 
are of sufficient size to be stopped by any ordinary fine 
filtering medium, all efforts towards separation = 
mechanical filtration are practically hopeless. Muc 
may, of course, be done by mechanical filtration 
towards extracting foreign matter, but, so far as we | 
know, it is of no use where emulsified oil is concerned. | 

This being the case, it is not surprising. that en- | 
gineers and chemists have turned their attention to | 
the question of how to treat the emulsified oil so as to 
make it amenable to ordinary filtration. This has 
been successfully done by chemical means, where, by the 
addition of certain reagents to the condensed water 
containing the emulsified oil, the atoms of the latter 
have been induced to mass themselves together, or 
coagulate into globules of considerable magnitude, 
which can readily be filtered out, leaving the water | 
perfectly clear and free from oil. 














This top piece to be screwed 
in only when w Filter is throw 





Fic. 3. 


plates, which are placed vertically in a wooden tank. 
The iron plates are connected alternately to the 
positive and negative poles of a dynamo or battery, 
so that the current passes from one plate to the 
other across the flowing water. The effect of this 
is very marked, for the oil and water, entering at one 
end of the tank in the form of a milky fluid, as shown 
in Fig. 1, pass out at the other end of the tank with 
the emulsified oil coagulated, and having the appear- 
ance shown in Fig. 2. 

The water, on leaving the treatment tank, is first 
passed through an intermediate filter of wood wool, 
and from that through a sand and sawdust filter. On 
its exit from the latter the water is perfectly clear 
and free from oil, as shown by the sample in Fig. 3, 
and we understand that analysis after treatment shows 
no trace of oil. 

There are several theories as to the action which 
goes on in the treatment tank, but the one that is most 
probably correct is-that the atoms of oil cling to the 
particles of peroxide of iron which come away from 
the plates, owing to the-electrical action. This action 
coagulates the oil, as before stated, and so renders it 
filterable. One thing. that, aps, rather confirms 
this theory is the fact that the globules of oil after 


treatment, and before filtration, are of a reddish-brown 


colour, due to the presence of iron. 
The apparatus whereby the treatment is carried out 
is shown in Figs. 4, 5, and 6, above, where Fig. 4 is 


The process, however, with which we are at present | a plan, Fig. 5 a side elevation, and Fig. 6 a front eleva- 


concerned is not a chemical, but an electrical one, 
and appears to be very simple and effective. It is 
known as the Davies-Perrett process, or, briefly, 


C of the treatment tank A by the 
|over the edge of the trough into the compartments 
the “D,.-P.” process, and consists in allowing the| DDDD of the tank A. 
oily water to run over and under a number of iron’ these compartments it flows over an 


The water from the air-pump enters the trough 
ipe B, and flows 


tion. 


uring its ge through 
d under the iron 














plates E, which are in electrical connection with the 
conductors F and G, one plate being fixed to the 
positive pole of the dynamo, and the next to the 
negative pole, as shown. After the water has passed 
through the compartments D, it flows over the side of 
the tank A into the trough H, and down the pipes I 
into the straining-tank K, whence it passes into the 
filters L. 

We had an opportunity recently of rc avi Pog 
apparatus of this kind at a large factory at Tottenham, 
where it is in practical work, and is performing 
its duties in a very satisfactory manner. It is 
capable of treating 3500 gallons of water per hour, and 
its leading. dimensions are as follow :—The treat- 
ment tank is 12 ft. long by 2 ft. deep by. 2 ft. 6 in: 
wide inside measurement; the intermediate filter, 
containing wood wool, 14 ft. long by 3ft. deep by 
18 in. wide, and the larger sand and sawdust filters 
each 4 ft. long by 4 ft. 6 in, wide by 3 ft. déep. The 
consumption of electric energy on this plant is one 
Board of Trade unit per thousand gallons of water 
treated per hour. 

For marine purposes, and where space is a considera- 
tion, press filters can be substituted for the sand 
filters. Messrs. Drake and Gorham, of 66, Victoria- 
street, Westminster, are acting as agents for the ’com: 
mercial exploitation of the process, 








Mexican Coat.—A company, composed principally of 
British and German capitalists, has been formed for thé 

uu of working a recently-discovered coal-field near 

abinas, in the State of Coahuila, Mexico. The principal 
vein is from’7 ft. to 8 {t. wide, and underlies an area of 
15,000 acres. The new coal-field is about 74 miles from 
the Mexican International Railway. 
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WIRELESS TELEGRAPHY AND THE WAR. 


THe correspondent of the Zimes who is in charge of 
the De Forest wireless-telegraph installation on the 
steamer cruising off Port Arthur has sent to his paper 
a letter giving an account of his experiences, from 
which we take the following extracts :— 

‘“‘T have delayed writing until I could give definite 
statement about the work. Owing to the movements of 
the boat we did not have an opportunity to get a 
test-out until last night: 150 miles both ways in calm 
weather, and 125 at other times, will be good enough, 
don’t you think? That was the result of the test last 
night—first test—and I am sure it will stand good. In 
rough weather the boat rolls, shakes, and jars so badly 
that Brown can’t hear me beyond 125 miles. 

‘On the boat we are grounded to the hull, and have a 
four-wire antenna a little less than 100 ft. high. 

‘With the repaired pole on the shore station we have 
a scant 150 ft. of antenna. The site is on the top of a cliff, 
about 150 ft. above the sea, with a rocky hill sg | 
sharply up to one side, rising higher than the pole. 
forgot to mention that we are on an island 14 by 2 miles 
in area—a mass of rocky hills rising several hundred feet 
above sea-level. The site we have is the best procurable 
on the island—Liukungtao—and there is no suitable site 
on the mainland within four or five miles of the office. 

“The country is full of wireless, and we have any 
amount of competition, not in Press work however. All 
the British warships, from the third-class cruisers up, are 
equipped with Marconi, about 24 in all; nearly all the 
Japs have wireless equipment; the Russian ships are 

uipped, and several German vessels. One or another 
of them can be heard at any time, day or night. The 
Japs are particularly numerous, and we are at it all the 
time. 

‘*We laugh at them, for we have struck some good 
mye in tuning, which settle them very nicely. On the 
oat, when receiving our stuff, two of the four wires are 
grounded directly, which gives best results. Any resist- 
ance between those wires and the ground weakens the 
signals. If we want to hear the Japs call, disconnecting 

round wire entirely from syntoniser of the receiver 
rings them in strong ; while with the ground wire on, 
as in receiving our stuff, the Japs come very faintly. 

‘**On the shore station it is different. Three wires are 
best in receiving up to 100 miles, with the other two 
wires free, at which time the Japs come in weakest. By 
grounding the other two wires the Japs come in ver 
strong and our stuff weakest. Above 100 miles our stu 
comes best with two wires grounded directly. That, of 
course, allows others to come in, but they are not strong 
enough to prevent my reading through. So far, that 
tuning is best, and gives very satisfactory results. 

“There are always one or more British warships lying 
here, and we have them all wondering. The lieutenants 
of two torpedo-boats have told me they do not depend on 
more than 40 or 45 miles regularly, and another says he 
can depend on 60 miles. he last one has 160 ft. of 
wire to do his 60 miles, while our boat has a scant 100 ft. 
of wire, and easily covers more than double the distance. 
Our speed is a source of wonder and admiration to these 
British ofticers. I saw some of their tape after we got 
through with it, and could not read a word.” 








Tue Turory or Exectrotytic Dissociation: ERra- 
TUM.—We regret that, owing to a printer’s error, the 
beginning of the first paragraph in the second column 
of last week’s issue, page 824, became unintelligible. 
The facts are, of course:—The laws connecting the 
volume, pressure, and temperature of gases were worked 
out by Boyle (1662), Gay-Lussac, and Charles, about a 
hundred years ag, and received in 1811 their general 
form by Avogadro:—equal volumes of Ss contain, 
under hke conditions of temperature and pressure, the 
same number of molecules. 


Water Works Enarneers.—The ninth annual meet- 
ing of the British Association of Water Works Engineers 
was commenced at Hull on Thursday, when the incoming 
President (Mr. F. J. Bancroft, C.E., water and gas en- 
gineer to the Hull Town Council), delivered his inaugural 
address. He stated that the Association now comprised 
300 members, associated with the management of water 
works which had involved a capital outlay of 56,000,000/. 
which served a population of 14,000,000, and which afforded 
a daily supply -of 444,000,000 gallons. As regards the 
water works experience of Hull, Mr. Bancroft stated that 
the average consumption per day was 9,081,000 gallons, 
or 35.75 gallons per head of the population. The maxi- 
mum consumption in any one day had been 11,055,000 
Gallons, or 43.52 gallons per head of the population. 

r. Bancroft proceeded to deal with chalk as a water- 
bearing stratum. He observed that the total area of the 
chalk in Yorkshire was about 780 aera miles, and he 
estimated that 47,000,000 gallons per day could be pum 
from the Yorkshire chalk area without drawing a gallon 
of the *‘ water on cisternage;” and whatever portion of 
that supply was not so ae was flowing away into 
the rivers and the sea. th the pumping stations of the 
Hull Town Council fulfilled the essential conditions of 
being on low poms and having a protecting layer of 
clay over the chalk. Upon his recommendation, the Hull 
Town Council in 1901 obtained an Act empowering it to 
purchase a protective area of 80 acres round the wells; 
and also to make by-laws for securing the purity of the 
water, such by-laws to be in force within a radius of half 
a mile fromthe pumping-station. Adverting to the head- 
ings necessary for chalk supplies, he said that each of the 
Hull stations would give 6,500,000 gallons per day, but in 
each case it was necessary to drive long lengths of adits 
te 7. me the true artesian supplies which the springs 
a forded. 





NOTES FROM THE NORTH. 
G Lascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a fair amount of 
— Thursday, and the tone was flat, in sympathy 
with the unfavourable character of the morning’s American 
advices. Cleveland fell 2d. per ton both for and one 
month, and the settlement prices were :—Scotch, 51s. 9d.; 
Cleveland, 42s. 9d.; Cumberland hematite iron, 53s. 6d. 
per ton, On Friday there was no business in Scotch ; but 
Cleveland monopolised the trade, and generally ranged at 
about 42s. 9d. cash and 42s, 84d. to 42s. 94d. one month. 
Cleveland was again sold in the afternoon at 42s. 84d., 
and at 42s, 8d. eight days and 42s. 7d. to 42s. 9d. one 
month. A small business was done in the pig-iron market 
at steady prices. Cleveland left off 1d. up for cash an 
4d. better for one month. The cash quotations had 
declined about 7d. per ton from the preceding Friday— 
423, 8d. cash and fourteen days and 42s. 74d. one month 
were the prevailing prices. There were sellers of Cleve- 
land in the afternoon at 42s. 9d. buyers and 42s. 94d. 
sellers, and 42s. fe. and 42s. 84d. one month. The market 
was very flat on Monday morning, when the prices of Cieve- 
land warrants fell 44d. to 42s. 44d. and 42s. 4d. one month 
buyers. Business continued on a small scale, and the 
turnover, which amounted to 1500 tons, comprised one 
lot each at 42s. 74d. seven days and 423. 64d. four and 
twenty-three days. In the afternoon the values of Cleve- 
land iron declined 14d. further, making a fall of 6d. on 
the day. The dealings aggregated 5000 tons, which 
included the following transactions:—42s. 44d. cash, 
42s. 3d. one month, 42s. 5d. seventeen and four days, 
and 42s. 2d. and 42s. 14d. three months. In consequence 
of the continued dulness of the American advices, 
which caused a little realising by holders on Tuesday, 
only a small business was done. The prices were 
weak: Cleveland fell 5}d. per ton for cash, while 
the month’s price declined 5d. per ton. Dealing took 
place in the afternoon at 42s. 2d. cash, and 42s. 
three months; 42s. 44d. was the buyers’ cash price, and 
423. 54d. was the sellers’. The settlement prices were :— 
5ls. 9d., 42s. 3d., and 53s. per ton. The market was very 
idle this forenoon, but the tone was harder, and Cleve- 
land warrants recovered a little of the recent loss. There 
were no dealings either cash or one month. There were 
sellers of Cumberland hematite iron at 53s. 1d. one month. 
Business was again at a standstill in the afternoon. One 
lot of Cleveland changed hands at 42s. 24d. three months. 
The quotations of warrant makers’ No. 1 iron were as 
follow :—Clyde, 57s.; Gartsherrie, 57s. 6d. ; Calder and 
on ewe a 66s. ; _ ree tel eo 
going all shipped at asgow ; engarnock (ship 
at Ardrossan), 57s. 6d.; Shotts (shipped at Leith), 
58s. 6d.; Carron (shipped at Grangemouth), 593. per 
ton. The past week has witnessed but few changes 
in the iron and steel industries. New orders are 
not coming forward at all freely, but there is still a 
large volume of work being turned out on account of 
old contracts. The week has been an exceedingly 
dull one in the Glasgow iron ring. There has been a fair 
amount of three months’ business put through, but day-to- 
day transactions have been comparatively few. The tone 
throughout has been very quiet, and on some days rather 
flat. The continued apathy of the public, and the easier 
tendency of trade at pnd and in the United States, 
have discouraged operations for the rise. The Middles- 
brough makers are said to have been selling forward, but 
that is simply market gossip, and must be taken for what it 
is worth. At the same time the situation in the North 
of England is not nearly so healthy as it was. That 
market, moreover, is threatened by our volatile American 
cousins. The latest advices from the United States, 
nevertheless, represent the situation in anything but 
glowing colours, and those who are committed to the 
fall are confident that prices will reach a lower level. 


Sulphate of Ammonia.—The market for sulphate, both 
prompt and near delivery, remains quiet, and the closing 
quotations are 11/, 15s. per ton, with very little business 
of importance. There has been more inquiry, but buyers 
are not urgent, and meantime makers continue to market 
their output as it becomes available. There has also 
been more inquiry in the forward ition; but the 
firmness of makers precludes much first-hand business 
being done. There is a report that 11/. 17s. 6d. per ton has 
been paid for July to December, and 12/. per ton for 
October to March. The opinion prevails that the bottom 
has been reached. 


Forge-Masters and Foreign Competition—Last Friday 
afternoon, in the North British Station Hotel, Edin- 
burgh, meetings were held respectively of British forge- 
masters and steel-casting makers to consider the subject 
of Continental competition. The meetings were attended 
by about twenty gentlemen representative of the industry 
in different parts of the country, and it was intimated 
that no definite decision was arrived at. That the com- 
petition was serious was unanimously expressed. Statis- 
tics as to the results of the competition on business for 
comparative periods were submitted from various quarters ; 
but all the districts have not yet reported, and it was 
therefore resolved to meet again. 


Outlook in the Metal Trades.—The want of confidence in 
copper has been once more emphasised by the wholesale 
uctions made by the Amalgamated Copper Company, 
who, apparently, greatly irritated at the relatively low 
—— accepted by ‘‘ outsiders.” and speculative holders, 
ave dropped their price for electrolytic to 58/. 10s. per ton. 
— an dealers are still pressing sales round about that 
evel. 

Shipbuilding Orders.—Messrs. J. and J. Denholm, 
Greenock, have placed an order for a new steamer with 
Messrs. George Seen and Co.; Garvel Park Shipyard, 
to fill the place of one—the Wellpark—which they have 





sold to a Gothenburg firm. She is to be of 1400 tons 
carrying ry ony It is said that a second contract will 
be entered into for another steamer in room of the Glen- 
park, which they have sold to oes owners.—The firm 
of Messrs. Charles Barrie and Son, Dundee, have placed 
an order with Messra. Gourlay Brothers and Co., ship- 
builders, Dundee, for a large steel screw steamer of 7000 
tons dead-weight. . The new vessel will be engined to 
steam 114 knots when loaded. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Mr. Robert Dallas.—The death occurred at Sheffield, on 


d | Monday, of Mr. Robert Dallas, at the age of 54. More 


than 30 years ago Mr. Dallas joined the engineers’ staff of 
the Great Central Railway Company at nchester, and 
in the years that followed he was, to a very large extent, 
responsible for several of the company’s principal under- 
takings. He was prominently concerned in the con- 
struction of the line from Warrington to Manchester, and 
the erection of the Central Station at the latter place. 
He was subsequently appointed district engineer at 
Sheffield, an appointment he held until his death. 
Amongst the enterprises he superintended in recent years 
was the enlarging of the Sheffield Victoria Station, the 
widening of the line to Darnall, Woodhouse, &c., and the 
Sheffield, Chapeltown, and Barnsley extension. 


Iron and Steel Trades.—It was thought at the opening 
of the year that the iron trade could not be more depressed 
than it’ was, but the bottom has not yet been reached. 
Prices still show a weakening tendency, hematites having 
in the last few weeks dropped considerably. Quotations 
are:—West Coast hematites, 62s. 6d. to 65s. per ton ; 
East Coast ditto, 58s. 6d. to 59s.; Lincolnshire No. 3 
foundry, 46s. 6d.; forge ditto, 46s. ; Derbyshire No. 3 
foundry, 48s. 6d. to 49s. 6d. ; forge ditto, 44s. 6d. to 45s. ; 
bars, 6/. 10s. ; sheets, 8/. 10s. to 8/. 15s. The present 
state of things is to some extent due to the stagnation 

revailing in the United States, and to the probability of 
arge shipments coming over. Makers are not exerting 
themselves to increase stocks, and buyers are ordering 
simply as they need. They share in the anticipation that 
lower prices may yet prevail, and so are keeping a free 
hand. The slackness prevailing in the railway-wagon 
trade, owing to the uncertainty as to what the wagon of 
the future is to be, is checking the consumption of iron. 
In the steel trade orders are very unevenly divided, and 
some firms have comparatively little to do. 


The South Yorkshire Coal Trade.—Discouraging reports 
continue to be furnished of the state of the coal trade in 
this district. The Midland Railway Company having 
succeeded in placing some of their contracts for future 
supplies at a reduction of 6d. per ton on last year’s rates, 
the coalowners have made concessions to the principal 
shippers, and most of them have now settled for their 
season’s purchases. A very considerable tonnage is going 
to the Humber ports, but the demand is not sufficient to 
allow of the pits working full time. The gas-coal con- 
tracts are under consideration, and to secure them lower 
prices, it isexpected, will be accepted. There is less doing 
In common coal, and quotations are weaker. The coke 
trade is fairly good, and prices are nominally unchanged. 








THE Surz Canau.—The profit realised by the Suez Canal 
Company last year amounted to 2,582,625/., after payment 
of statutory interest upon the share capital at the rate of 
5 per cent. perannum. Of the 2,582,625/., 1,833,664/. was 
paid in the shape of supplementary dividends to the 
shareholders. A payment of 387,394/. was also made to 
the Egyptian Government. 


WoveEN MAcuInE-BELTING.—There is about to be intro- 
duced a system of weaving belts which will give very good 
results, alike as regards strength and absence of stretching. 
This belt, which is now i by Hyatt’s, 
Limited, is the invention of Mr. J. W. Hyatt, and the 
machine by which it is produced may be described as a 
combined loom and sewing-machine on a large scale. The 
warp threads are drawn ay on from the spools at an 
even tension, and are passed through a pressure brake or 
widener to form a layer across the needle-bar of the 
machine. The sewing-threads run through tensions of 
the ordinary pattern to rages > 6 needles, the number of 
which are in accordance with the width of the fabric 
required. While the needles are in the fabric the feed 
mechanism is reversed, and the warp pulled slightly back- 
wards, which operates like the slay in a loom to beat the 
stitches closely together ; and the successive rows of 
stitching threads are thus pressed firmly into contact with 
one another, and serve to cover the entire surface of the 
fabric with the stitching threads. The fabric thus made 
by poving, with a gang of needles operating across the 
entire width of the fabric, can be produced with greater 
rapidity and cheapness than by weaving, as the needles 
travel only a very short distance as compared with the 
movement of a shuttle, which is thrown across the entire 
width of the fabric. Mr. Kirkaldy has, we understand, 
made tests as to the strength of the Hyatt belt, and it is 
pronounced as about double the strength of any other belt 
produced ; whereas, as regards stretching, Mr. Kirkaldy’s 
tests show that the Sr gp belting will only stretch about 
one-fifth to one-eighth of the amount of other machine 
belts. It is stated that the same fabric will be ny 
advantageous in connection with motor tyres. In this 
case the weaving is done with rubbered cords, which may 
be conformed to the shape of the tyre ready to receive its 
rubber solution. The machine by which this is made is 
most ingenious in its design, and we hope later on to 
illustrate and describe the process more fully. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.LEsBRoucH, Wednesday. 
The Cleveland Iron Trade. — Yesterday there was 
a fairly large attendance on ’Change here, but the 
tone of the market was most cheerless, and hardly 
any business was recorded. Both buyers and_ sellers 
were backward, the former anticipating further re- 
ductions, and the latter being very unwilling to lower 
rates. Many of the makers of Cleveland pig held 
aloof altogether, market quotations being a deal 
below the prices they considered should be ruling. The 
continued poor shipments and unsatisfactory reports from 
other iron centres assisted in depressing the market. 
Merchants offered No. 3 g.m.b. Cleveland pig iron at 
42s, 9d. f.o.b., and they were rather pressing sales at that 


figure without finding purchasers. Second hands put No. 1 | ; 


at 44s. 9d. and No. 4 foundry the same price as No. 3—viz., 
42s. 9d. For special brands, however, more than these rates 
had to be paid, and, in fact, some producers asked up to 1s. 
per ton above the foregoing quotations. The lower 
qualities were again easier. Grey forge was 42s, 3d.; 
mottled, 42s.; and white, 41s. 9d. East Coast hematite 
pig iron was in only very moderate demand, but 
sellers adhered to the quotations that have ruled for 
some little time past. For early delivery of mixed 
numbers the price was 52s.; whilst No. 1 was 
52s. 6d.; and No. 4 forge, 50s. 6d. Spanish ore was 
rather quiet, but dealers showed no disposition to reduce 
uotations. As consumers have bought most of what 
they need for the present, few sales were recorded. 
Rubio, of 50 per cent. quality, was 15s. ex-ship Tees. 
To-day quotations for makers’ iron were not changed. 
Middlesbrough warrants closed 42s. 34d. cash buyers, or 
1d. above yesterday’s close. 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades present very few new features of any 
moment. Complaints of difficulty experienced in securing 
orders are pretty often heard, and it is rather surprising 
under the circumstances that quotations are upheld as 
they are. Producers are very loath to lower their rates, 
but the tendency is undoubtedly downwards. Market 
quotations stand :—Common iron bars, 6/. 2s. 6d. ; 
best bars, 62. 12s. 6d. ; iron ship-plates, 6/. 7s. 6d. ; iron 
ship-angles, 62. 2s. 6d.; steel ship-plates, 5/. 12s. 6d.; steel 
ship-angles, 5/. 5s.; steel boiler-plates, 7/7. ; steel joists, 
bl. 5s.; steel sheets (singles), 77. 5s.; steel sheets (doubles), 
71. 15s; and heavy sections of steel rails, 47. 10s.—all less 
the customary 24 per cent. discount, except rails, which 
are net at works. 


Coal and Coke.—There is, on the whole, a steady feeling 
in the fuel market. Durham gas-coal runs from 7s. 104d. 
to 8s. 3d. f.o.b. Bunker coal is pretty stationary, un- 
screened kinds ranging from 7s. 103d. to 8s. 6d. f.0.b. 
Manufacturing coal is rather quiet, and household coal is 
dull. Coking coal isstrong. A slight upward movement 
is noticeable in coal. Demand is good both for shipment 
and for home use. Export coke is 16s. 3d. to 16s. 9d. f.o.b. 
Medium blast-furnace coke is fully 14s. 3d. delivered here, 
and some sellers ask up to 14s. 6d. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal trade has shown upon the 
whole a quiet tone. Inquiries for large steam coal have 

mn made, as a rule, for prompt and early shipment. 
The best large steam coal has made 15s. 3d. to 15s. 6d. per 
ton, while secondary qualities have ranged from 14s. to 15s. 
per ton. The house-coal trade has been extremely quiet. 
The best descriptions have made 13s. 6d. to 14s. per ton, 
while scone: een have brought 10s. 6d. to 13s. per 
ton. No. 3 Rhondda large has been quoted at 14s. 6d. 

r ton. Patent fuel has remained at former rates. 

foundry coke has made 18s. to 19s. per ton, and fur- 
nace ditto 16s. to 17s. per ton. As regards iron ore, 
Rubio has been quoted at 13s. 6d. per ton; Almeria, 
at 13s. 6d. to 13s. 9d. per ton; and Tafna, at 14s. 6d. to 
14s. 9d. per ton, charges including freight to Cardiff or 
Newport. 

Penarth.—The Taff Vale Railway Company, which 
leases and works Penarth Dock and Harbour, has decided 
that the ship-repairing accommodation is inadequate, 
and, accordingly, has resolved upon the construction of a 
pontoon dry Son, to be placed at the most convenient 
site. A conference between the directors of the company 
and the directors of the Penarth Shipbuilding and Ship- 
Repairing pgs: which owns an existing slipway, is 
to be held on the subject. 

South Wales and the Extreme East.—The exports of 
steam coal in May to North Russia, South Russia, Japan, 
China, and Hong Kong amounted to 187,527 tons, as 
compared with 85,120 tons in May, 1903. The exports 
of patent fuel to North Russia, South Russia, and China 
in y were 10,174 tons, as compared with 3756 tons in 
May, 1903. Practically all the coal despatched to the 
Extreme East from South Wales in May was shipped 
from Cardiff, Penarth, and Barry. Thea te ship- 
ments of coal from South Wales to the Extreme East 
in the five months ending May 31 this year were 
646,400 tons, as compared with 149,300 tons in the corre- 
sponding period of 1903. The shipmentsto North Russia 
were 72,000 tons, as compared with 41,400 tons ; to South 
Russia, 43,000 tons, as com with nil; to Japan, 
71,400 tons, as compared with 31,500 tons; and to Hong 
Kong and China, 460,000 tons, as compared with 76,400 
tons. The aggregate exports of patent fuel from South 
Wales to North Russia, South Russia, Kiao-chau, Port 


Arthur, and Vladivostock to May 31 this year amounted 
to 46,300 tons, as compared with 3756 tons in the corre- 
sponding period of 1903, 


Swansea Corporation Water Works.—Ata meeting of 
the Swansea Town Council, sitting as a water works com- 
mittee, Mr. R. Martin stated that the council had now 
expended 402,005/. on the Cray scheme, so that they had 
barely 39,0002. yet to spend of the amount authorised to 
be borrowed, and that amount would only carry them on 
five months. Two years since the amount required to 
finish the works was estimated at 71,000/., but they had 
actually spent more than that already. As the Local 
Government Board only allowed 30 years for pg dor 
he suggested an arrangement with the Bank of Englan 
for 60 years. The engineer’s report on the subject was 
adopted, and it was resolved to submit his estimates to 
Mr. G. H. Hill, consulting engineer. 


South Wales Coal and Iron.—The quantity of coal ex- 
rted from the six principal South Wales ports—Cardiff, 
ewport, Swansea, Port 
in May was 2,102,835 tons, as com with 2,270,958 tons 
in May, 1903. The exports foreign were 1,748,724 tons, 
while those coastwise were 354,111 tons. The exports of 
iron and steel from the six ports in May were 2524 tons ; 
of coke, 8227 tons ; and of patent fuel, 110,225 tons. The 
exports of coal from the six ports during the first five 
months of this year were :—Cardiff, 7,624,264 tons; New- 
port, 1,634,624 tons; Swansea, 791,779 tons; Port Talbot, 
398,801 tons ; Neath, 118,721 tons; and Llanelly, 116,276 
tons, making an aggregate of 10,684,465 tons. The ex- 
ports of iron and steel were :—Cardiff, 27,362 tons ; New- 
ome 10,231 tons ; Swansea, 7816 tons; and Port Talbot, 
eath, and Llanelly, nil, making an egate of 45,409 
tons. The exports of coke were :—Cardiff, 18,284 tons ; 
Newport, 7550 tons ; Swansea, 11,610 tons ; Port Talbot, 
5787 tons; and Neath and Ley, nil, making an 
ate of 43,231 tons. The exports of patent fuel were :— 
ardiff, 231,572 tons; Newport, 19,851 tons; Swansea, 
218,382 tons; Port Talbot, 57,123 tons; and Neath and 
Llanelly, nil, making an aggregate of 526,928 tons. 





Rattway Coat Costracts.—It is stated on authority 
that the Midland Railway Company has placed portions 
of its contracts for locomotive steam coal with four or five 
South Yorkshire firms at 8s. 6d. per ton. The terms date 
from the end of the present month, when the yearly con- 
tracts terminate. The price is a reduction of 6d. per ton 
on last year’s contracts, and 3d. per ton on some of the 
contracts placed in January last. The company has plac 
several contracts in Derbyshire at 8s. per ton, to date 
from the end of the month. It is understood that the 
North-Eastern Railway coal tenders are being sent in at 
8s. 6d. per ton. 





Messrs. Furness, Wituy, aND Co., Limrrep.—The 
directors of this aes sm! report that the past year has 
been one of considerable depression in most of the indus- 
tries in which the company is interested ; but they have 
pleasure in stating that the profits of the twelve months 
ending April 30 (including 69,275/. brought forward) 
amounted to 267,5162. Quarterly dividends, amounting 
to 10 per cent. for the year, free of income-tax, have been 
paid on the ordinary shares, and it is proposed that 
50,0002. be placed to special reserve account, and that 
51,3947. be carried forward. The steamship lines have 
been well employed at freights below the normal rates. 
The shipbuilding yard again shows a large tonnage com- 
pleted—viz., 36,176 tons; but the directors t that 
orders, in consequence of keen competition, have left 
only a small margin of profit. The dry dock and ship- 
repairing departments have execu a considerable 
amount of work during the year. The income from other 
departments, and the dividends from investments in 
associated companies have also been affected by the 
general state of trade. The 267,516/., representing the 
net profits of 1903-4, compare with 265,261/. in 1902-3 ; 
308,3197, in 1901-2; and 263,979/. in 1900-1. 





THE RECONSTRUCTION OF LAMBETH BripcE.—In view 
of the dangerous condition of the above bridge, the 
Bridges Committee have again recommended the fo Cc 
to obtain Parliamentary powers for its reconstruction. 
The existing structure was completed in 1862 at a cost of 
48,924/., and is of the stiffened suspension type, 828 ft. 
long, with two box-girders 27 in. by 18 in., formed of j-in. 
plates. The piers, carrying the towers for the suspension 
cables, divide the bridge into three spans of 268 ft. each, 
having a width between the parapets of 31 ft. 9 in., the 
footpaths on either side being ip re by cantilevers 
outside the suspension cables, xaminations of the 
structure at various times have revealed a very unsatis- 
factory state of affairs, and in 1887 the condition of the 
bridge became so serious that Sir Benjamin Baker was 
called in to advise the Council with regard toit., In his 
report he severely criticised the design, and recommended 
certain temporary measures and precautions which were 
adopted. Only vehicles of the lighter kinds are now 
allowed to cross, and foot-passengers are not allowed to 
congregate on the bridge; while on certain occasions traffic 
is altogether prohibited. It is impossible to increase these 
restrictions to any extent, and the only other courses are 
to abolish the bridge altogether or builda newone. The 
first alternative is out of the question, so that the con- 
struction of a new bridge is urgently required. The com- 
mittee recommend that it shall be of steel on granite piers, 
as an all-granite bridge cannot be constructed so as to 
comply with the regulations of the Thames Conservancy 
as to spans, headways, &c., while having reasonably easy 
gradients at the approaches. A width of 60 ft. is pro- 
with gradients of 1 in 30, which compares favour- 
ably with the’ present approaches, and the total cost of 
bridge and oo is estimated at 462,000/. The 
County Council has, however, determined not to under- 





take new capital expenditure at present. 
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MISCELLANEA. 

Tuer visit of the Junior Institution of ogy to 
Dover, to meg es the Admiralty Harbour Works, an- 
nounced for Saturday, July 2, 
Saturday, July 9. 


The Board of Trade have recently confirmed the under- 
mentioned Order made by the ht Railway Commis- 
sioners :—Lowestoft Corporation t Anglhan Trans- 
fer) Light Railways Order, 1904, transferring to the 
mayor, aldermen, and burgesses of the Borough of Lowes- 
toft the powers conferred upon the East Anglian Light 
Railways Company by the Kast Anglian Light Railways 
Order, 1902, and amending that Order. 

In a paper on the ‘“‘ Working Costs of Water Works 
Pumping Engines,” read before the British Association of 
ater Works’ Engineers, Messrs. Meysey Thompson and 
Lupton stated that with surface pumps of small power— 
say, up to 20 horse-power—the cost of one’ pump horse- 
ge per year (working day and night) is about 387. 11s, 

f the work was done electrically with current supplied 
at 1d. per unit, they estimate the annual cost at 46/. 10s. 
With gas-engines and gas at. 2s. 7d. per unit, the total 
working cost would be about the same as with electricity. 
With surface pumps of large power, the works cost at 
Leeds has been about 19/. 13s. 10d. per annum per pump 
horse-power, of which labour has m responsible for 
10/. 3s. 8d. ; fuel, 62. 93. ; oils and stores, 2/. &d.; and 
repairs, 15s. 6d. 

In connection with the electrification of their lines in 
New York, and for a distance of 50 miles out, the New 
York Central and New York, New Haven, and Hartford 
Railways are having built thirty very powerful electric 
locomotives, which will be capable of developing 2200 
horse-power each. They will weigh about 85 tons each, and 
be capable of taking a train of 500 tons along the level at 
a speed of 60 miles per hour. The armatures of the motors 
are to be fitted direct on the axles, instead of driving them 
by peering, as is usual in tramway practice. ‘The motors 
will be of the two-pole type, and each locomotive will 
have four rated at 550 horse-power each. All the loco- 
motives will be equipped with the Sprague-General 
multiple-unit control system, so that two or more engines 
can be coupled together and driven by a single motorman. 


In a paper recently read before the American Electro- 
r. C. I. Zimmerman describes the 
use of aluminium cells as condensers. As is well known, 
if an aluminium plate is used as one of the electrodes of 
an electrolytic cell, the current will pass in one way only, 
and this fact has been utilised to rectify alternating 
currents. Similarly, if both electrodes are of aluminium, 
the cell acts as a condenser ; and from experiments he has 
made, Mr. Zimmerman concludes that such cells can in 
some cases compete commercially with ordinary tinfoil 
condensers. This peculiar property of aluminium is 
attributable to the formation on its suface of an insu- 
lating film of oxide. The voltage at which this film will 
break down varies with the electrolyte used, and is gene- 
rally only a few volts, but Mr. Zimmerman has suceeeded 
in producing a cell in which the breaking-down voltage 
was 1250 volts. Generally, however, if a high efficiency 
as a condenser is sought, the vol should not exceed 
150 volts, and then a commercial efficiency of 95 per cent. 
may be expected. The capac: af is about 4 to 4 a micro- 
farad per square inch of the surface of one electrode. The 
thickness of the insulating film on the surface of the 
aluminium was found to range between 5 x 10-6 centi- 
metres and 5x 10-® centimetres. Punctures in this auto- 
matically repair themselves. When used with alternating 
currents, the efficiency of these condensers diminishes’ as 
the periodicity of the current increases. 


Rules have been published for a series of trials for 
small motor-cars which is now being organised by the 
Automobile Club. The trials are this year confined 
to cars costing not more than 200/., and will probably 
take place from some centre in the Midlands, and 
not from London. A radical alteration has, moreover, 
been introduced in the method of making the awards: 


as been: postponed to 


-| in that prizes will be given for the maximum number of 


non-stop runs of 50 miles each, in addition to prizes given 
entirely at the discretion of the j pe The same system 
of observation of the cars will be adopted as before, every 
car being accompanied throughout the runs by an official 
who will note everything that is done to the cars, which 
will be under observation throughout the whole period of 
the trials. Washing and a reasonable amount of adjust- 
ment is to be allowed after every run, so that the conditions 
will ——— to those of ordinary touring, the great 
object being to produce a car which will run on the roads 
without breakdown if it receive reasonable attention. 
The club also announces that the arrrangements for the 
race from Calais. to Dover for motor-boats, now being 
organised by the Automobile Club de France, are pro- 
gressing very favourably. Prizes to the amount of over 
30,000 francs, in addition to gold and silver medals and 
three valuable cups, have already been subscribed. The 
French naval and civic authorities are paying close 
attention to the race, the former offering an escort of 
heen ree and the town of Calais making the occasion 
one of great festivity. The English naval authorities 
have also promised, a to provide an escort of 
destroyers, while the yor of Dover will entertain the 
officials and competitors to luncheon on their arrival. 
The entry fee is 4/. for boats up to 20 ft. 6in., and 82. 
for boats of greater length, and this fee will be returned 
to boats being unsuccessful in winning — English 
competitors who cross the Channel will only require to 
be present at Calais on the Sunday, in order to take part 
in the Exhibition which will be held there throughout the 
day. It is hoped that builders on this side will come 
forward to enter for this important race, and show that 
they are fully up to the Continental builders. 
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OVER THE RIVER CLYDE AT UDDINGSTON. 


CALEDONIAN RAILWAY, MR. ROBERT PARK, MOTHERWELL, N.B. 
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Austria, Vienna: Lehmann and Wentzel, Kirntnerstrasse. 
BrussEis: E. F. Satchell, 8, Rue Capouillet. 

Cars Town : Gordon and Gotch. 

EpINBURGH : John Menzies and Oo., 12, Hanover-street. 


Franck, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la a ; E. M. Terquem, 31bis, Boulevard Haussman. 
Also for Advertisements, Agence Havas, 8, Place de la Bourse. 

GzrMany, Berlin : Messrs, A. Asher and Co., 13, Unter den Linden. 

Frankfurt-am-Main: Messrs. G. L. Daube and Oo. (for 
Advertisements). 

Leipzig: F. A. Brockhaus. 

Mulhouse : H. Stuckelberger. 


Guaseow : William Love. 

Inv1A, Calcutta : Thacker, Spink, and Co. 
Bombay : Thacker and Oo., Limited. 

Iraty: U. Hoepli, Milan, and any — 

LivERPOOL : Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, te. 

Norway, Christiania: Cammermeyer’s handel, Carl Johans 

Gade, 41 and 48. 

New SourH Wags, Sydney : Turner and Henderson, 16 and 18, 

Hunter-street ; Gordon and Gotch, George-street. 
QUEENSLAND (SouTH), Brisbane : Gordon and Gotch. 

(NortH), Townsville : T. Willmett and Oo. 
RotrerDaM : H. A. Kramer and Son. 
Sourn AusTRALIA, Adelaide: W. OC. Rigby. 
Unitgp States, New York : W. H. Wiley, 43, East 19th-street. 
Chicago : H. V. Holmes, 957-958, Monadnock Block. 

Vicror1A, Melbourne : Melville, Mullen, and Slade, 261/264, Collins- 

street ; Gordon and Gotch, Limited, Queen-street. 

We beg to announce that American subscriptions to ENGINEERING 
may now either direct to the Publisher, Mr. O. R. 
Jounson, at the offices of this journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or toour accredited Agents for the 
United States: Mr. W. H. Wiley, 43, East 19th-street, New York, 
and Mr. H. V. Holmes, 957-958, Monadnock Block, Chicago. 
The prices of subscription (pa able in advance) for one year are: 
For thin (foreign) paper edition, 12. 16s. 0d. ; for thick (ordinary) 

r edition, 27. 0s. 6d.; or, if remitted to agents, 9 dollars for 
hin and 10 dollars for thick. 
NOTICE TO AMERICAN ADVERTISERS. 

American firms desirous of advertising in ENGINEERING are 
requested to apply to Mr. H. V. Holmes, 957-958, Monadnock 
a een from whom all particulars and prices can be 
0 in 

















ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line, The 
line averages seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaran Terms for displayed advertisements on the wrapper 
and on the ‘inside es may be obtainedon application. Serial 
advertisements will be inserted with all practicable regularity, but 
absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
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TRADE DISPUTES. 


THE comparative rarity of bitter disputes be- 
tween capital and labour has had the .effect of 
stifling, for the time being, the clamour of those 
who would establish courts of arbitration for the 
settlement of all differences between masters and 
men. The Government has hitherto refrained from 
placing any measure upon the Statute-Book which 
would have the effect of establishing any tribunal of 
this kind. The reason for this is obvious to every 
thoughtful man. It may be easy to declare that 
no employer shall pay less than a certain wage for a 
certain piece of work; and it may also be easy 
to tell a miner or other workman that he is not 
entitled to demand more than so much per week. 
But how are such declarations and orders to be 
enforced? Is it within the power of any Govern- 
ment, however well it may represent the will of the 
people, to insist that an employer shall keep a 
particular man in his employment? Can any 
executive body appointed by the Crown compel 
a man to work if he choose to remain idle? These 
are the difficulties which transform every Compul- 
sory Arbitration Act into so much waste paper. 

Howsoever obvious may be the truth of the above 
propositions, there will surely be an outcry for 
compulsory arbitration as soon as the country is 
once more harassed by labour warfare. In these 
circumstances, it may be well to study the experi- 
ences of other countries where statutes have been 
— with a view to preventing or terminating 
abour disputes. ‘‘ Example is better than pre- 
cept’; and if the examples which are already on 
record were only read, marked, and learned by the 


5| advocates of compulsory arbitration, their zeal 


would assuredly be abated in a marked degree, 
for the working of the New South Wales Concilia- 
tion Act serves to show that the men have it 
in their power to ‘‘ drive a coach-and-four ” through 


6) any order of court which says that they shall work 


for any particular wage. 
It appears that many months ago the miners in 
the collieries of the Northern district of New South 


59 | Wales united by their lodges to form the Colliery 


Employés’ Federation as a legal personality under 
the Arbitration Act, so that the machinery of 
the Act might be made applicable. The employers 
The Arbitration Court 
was called on to give an award on disputed points 
between these two bodies, and it combed with the 
application, the award settling, inter alia, a rate of 
1s. 9d. per ton as a hewing rate. The owners and 
miners were free to contract on the basisof the award. 


2|In January, 1903, the miners of the Rhondda Lodge 


—one of the lodges of the Employés’ Federation— 
being dissatisfied with the above rate, threw down 
their tools without notice and went on strike, and 
rendered idle the mines of Messrs. Smeddon and 
Laidley, Limited. These owners, parties to the 
award, proceeded against the Federation for penal- 
ties fixed in the award. The proceedings were 





conducted in the Arbitration Court, and it was 
admitted during argument that the officers of the 
Federation had tried to dissuade the particular 
lodge’ from acting as it had done, and had repro- 
bated the strike ; also, that it was customary in the 
case of contracts in that industry, that fourteen days’ 
notice should be given in order to enable a master 
or a miner to legally terminate the contract of 
service. The Court held that, as regarded the 


88} Federation, no breach of the award had occurred. 


The fact that the officers of the Federation, im- 


3 | mediately on learning of the resolve of the Rhondda 


miners to ‘strike, had. endeavoured to get them 
back to work, was held to.be conclusive: that the 
Federation was not liable. There remained the 
miners of the Rhondda Lodge to be considered. 
The various points settled in and provided by the 
award had been observed. But the award had not 
made any provision to compel a continuance of the 
contract under the terms of the award. However, 
as the miners had struck work without, giving the 
usual fourteen days’ notice, they would be liable 
to prosecution as strikers under a provision of the 
pa nema Act. The position caused -by this de- 
cision is not, to say the least, such as was to be 
expected from the work of a Court whose business 
it was to bring abouta state of permanency in indus- 
trial matters.. The expense and labour of finding 
an award were thrown away, as, on the judgment, 
it was in the power of either of the parties to ter- 
minate their contract under it by giving four- 
teen days’ notice of their intention. In fine, it 
appears that if the miners choose to terminate the 
contract without giving such notice, then the 
employers could only prosecute them-—a proceed- 
ing not of the most satisfactory nature. For it 
might be that. in a given case there would not be 
sufficient gaol accommodation in the country to hold 
the strikers. The decision will also suggest possi- 
bilities in the way of keeping clear a party under an 
award fronr penalties, even when certain elements 
of that party should be guilty of breaches. 

Another case serves to show that the very men 
who invoke the mediation of the conciliation tri- 
bunal are not always prepared to accept its decision 
as final. 

In the early part of the present year the New- 
castle (N.S.W.) Coalminers’ Federation, consisting 
of a group of local trade unions, applied to the 
Court for a readjustment of the hewing rate. The 
employers, of course, were represented at the hear- 
ing of the application, which resulted, to the 
chagrin of the applicants, in a reduction of the 
rate. The men at two mines at Teralla, consisting 
of one union, immediately went on strike, in spite 
of the advice of their own officials. The strikers 
were theoretically liable to a fine or imprisonment 
for defying the decision of the Court ; but it was 
impossible to enforce the fine, because both the 
men and the union were without funds. 

So far as we are aware, the difficulties in work- 
ing the New South Wales Act have hitherto been 
confined to the coal trade; but it appears to be 
equally hard to enforce the orders of a Concilia- 
tion Court where those employed in other indus- 
tries are concerned. Take, for instance, the New 
Zealand Conciliation Act, which has been in force 
for some time. x 

It appears that, in one case, where the Court of 
Conciliation had decreed payment of a minimum 
wage by the masters, the firm found that since the 
award was made they had had to dispense with six 
hands who were unable to earn the minimum wage 
of 21. 8s. per week. Before the award the men 
received 35s. to 36s. a week, which the employers 
considered sufticient for the class of work performed. 
The employers were willing to retain four or five of 
these hands, provided they obtained a permit to 
work for a lower wage than that prescribed by the 
Court. The secretary of the union was applied to, 
but he refused to grant permits to enable the men 
to work at the wages named. In another industry 
it was found that the wages of boys, as fixed by an 
award, resulted in loss to the employer. The 
minimum wage for lads up to sixteen years of age 
was fixed at 10s. per week,.with an increase of 5s. 
- week for each year above that age. The trade 

ing a skilled one, the — considered that 
10s. a week was too much for a beginner, who 
during his first year was really not worth more than 
5s. or 6s. a week. One firm in this industry had in 
their employ a very small lad, who had been with 
them nine months, and was earning 6s. a week. 
When this award was made, owing to his age, 
his wages had to be increased to ll. a week, 
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and as the firm could not continue to pay him the 
increase, he was, after a few weeks, discharged. 

The foregoing illustrations will serve to show that 
the men may defeat the Act simply by refusing to 
work, and that employers may evade an order 
of court by dismissing the men. The introduction 
of legislation of this kind would seem to be a costly 
and roundabout way of proving the truth of the old 
maxim, that one man may lead a horse to the water, 
but ten men cannot make him drink. 








AMERICAN SHIPPING. 

A Mercuant Marine Commission, officially con- 
stituted, has been taking evidence on the subject 
of American shipping and the steps to be adopted 
for improving its condition and making it a worthy 
adjunct to the American Navy. The Commission 
has been visiting the leading sea-ports, and at New 
York, Philadelphia, Baltimore, and Boston it has 
obtained a great variety of conflicting views on 
subsidies, bounties, and discriminating duties, and 
has had some salutary suggestions of free ships 
forced upon its attention. There seems to have 
been agreement only upon one point, and that is 
that American shipping, so far at least as the ocean- 
carrying trade is concerned, is in a bad way, and 
that something must be done to give it new life 
and vitality. The subject is one of very great 
importance to us as the leading shipbuilding and 
ship-owning nation, and the remedies proposed are 
deserving of our consideration, some of them for 
the evidence which they furnish of the ‘‘ point of 
view,” and some for the practical solution which 
they offer of what is for the United States a very 
serious problem. One witness, long connected 
with American shipping interests, suggested that 
Congress should make an appropriation of a given 
amount annually, for a certain number of years, for 
the building of American ships. He thought that 
if 15,000,000 dols. a year for ten years were devoted 
to this purpose, the country would at the end of 
that time “‘ have a merchant marine and fast mail 
service second to that of no other country in the 
world,” besides giving profitable employment to 
‘*hundreds of thousands of our own people.” He 
does not appear to have claimed that American 
commerce is suffering from lack of mail facilities 
or of means of transportation, of which at pre- 
sent there seems to be a superabundance ; but by 
bestowing 150,000,000 dols. in ten years upon 
domestic shipbuilders, they could have under the 
American flag a lot of ships which are not needed at 
present, and probably would not be at the end of 
that time. The reports do not indicate that he 
explained how all those vessels were to be profitably 
used under American laws without a further sub- 
sidy to make up the difference between the cost of 
operating them and that of operating foreign-built 
and foreign-owned vessels. 

Another witness asked for ‘‘ mail contracts or 
mail subsidies for fast steamers running on regular 
routes upon the most liberal terms,” and suitable 
for prompt conversion into transports and auxi- 
liary cruisers. Ex-Congressman Farquhar went the 
length of advocating monopoly by the public trea- 
sury and the power of the Government. All great 
enterprises, he says, are monopolies, and the 
country ‘‘could not do away with them and do 
business.” He declares, what is hardly yet to be 
admitted, that the five trans-continental railroad 
systems ‘‘ are now controlling the inland trans- 
portation,” and he proposes, figuratively, that they 
should extend their tracks across the oceans by 
building steamships and operating them in connec- 
tion with their land lines. He would have them 
form, with the countenance and support of the 
Government, one vast combination by land and 
sea, and ‘* handle under one bill-of-lading from the 
producer to the consumer”—that is, monopolise 
the whole export trade of the country. The import 
trade is, as usual, ignored, as if it had nothing to do 
with the case. ‘‘ You can,” said Mr. Farquhar, in 
so many words, ‘“‘hide in a bill-of-lading from 
Boston to Hong Kong every bit of construction 
bounty, operating bounty, and wages, and the 
public won’t know a thing about it, and the rail- 
roads won’t lose a cent.” Either this implies that 
the Government must make up to the great railroad, 
sea and land monopoly the extra cost of building 
American ships by a ‘‘ construction bounty,” and the 
extra cost of operating them, and paying high wages 
by an ‘‘ operating bounty,” and the people will never 
know it, or that charges for inland and ocean 


eé 


transportation can be made in through bills of 





lading which will cover all the extra cost, and can 
be collected from the traffic without anybody know- 
ing the difference. Either supposition is idiotic, 
and coming from a man presumably serious and 
sane, is, as the New York Journal of Commerce 
ae it, an illustration of the vagaries to which the 

uman mind is subject when it becomes addicted 
to fallacious reasoning, or is incapable of any other 
sort. 

Mr. James J. Hill, the railway magnate, who 
has had some experience of building ships in 
America, and who frankly told the Commission 
that he wanted no more, declared that the first 
thing necessary was to create a desire in the people 
of the country to own ships, and that could only 
be done if it was attractive as a business proposi- 
tion. It was a ‘‘ purely commercial question, and 
must be governed by commercial principles ap- 
plied.” Subsidies will not do it, nor will dis- 
criminating duties. If direct subsidies were paid, 
said this gentleman, they would go into the hands 
of a few shipowners, which would give them a 
virtual monopoly and depress all other American 
shipping. In Mr. Hill’s view the greatest diffi- 
culty in the export trade is the general high cost of 
production, which obstructs the selling of products 
in other countries. This certainly would not be 
bettered by putting upon producers an additional 
cost of transportation on the sea, which would be 
the effect of taxing the people to pay subsidies or 
bounties to shipowners. 

The economical side of the shipping question is 
too frequently sunk in the sentimental and patriotic. 
As we have said before, and as Mr. Hill himself 
has allowed, you want something besides sentiment 
in the creation of a strong mercantile marine. There 
were other witnesses who put their finger upon the 
weak spot of the whole business. ‘‘The cancer 
that has slowly but surely destroyed our merchant 
marine,” said one authority, ‘‘is embodied, body 
and soul, in the obsolete and barnacle-covered 
navigation laws of the United States.” He added 
that if these were abolished, and the markets of 
the world were opened to American citizens, and if 
materials produced in the country were sold to 
builders there as cheaply as they are sold to foreign 
builders, American yards could turn out ships in 
competition with foreigners, and the questions of 
costs of operation and management would work 
themselves out. A representative of an American 
shipping line declared that the first step towards 
building up the merchant marine was such a change 
in laws as would enable American citizens and 
corporations to purchase their ships in the lowest 
market and register them under the American flag, 
and also to allow the crews to be shipped under 
the same conditions as those of foreign owners. 
The resident agent of an English line said that it 
seemed to him that ‘‘a reasonable and effective way 
of re-establishing and maintaining the supremacy 
of the American merchant marine would be to grant 
to American capital the right to seek an outlet and 
make investment in foreign- built vessels.” At the 
same time he believed that the decadence of the 
American = industry was not so much due to 
legislative neglect as to ‘‘the fundamental fact that 
the American citizen has found other and more profit- 
able outlets for his energy, enterprise, and capital, 
and has gradually withdrawn from a business the 
profits in which have been steadily diminishing 
within the past twenty-five years, and were always 
of a precarious nature.” Here we have the two 
principal causes of the decadence of American 
shipping. The navigation laws have been an in- 
superable barrier. But for them American capital 
might in recent years have gone into shipowning 
under the American flag—at least that seems a fair 
inference from the fact that it has gone into ship- 
owning under foreign flags. It could not buy ships 
built in the United States and compete with 
foreigners, because of the difference in cost. For the 
samereason, it would not go intothe building of vessels 
for the ocean-going trade.. Having more capital 
invested in them, American ships would have to 
earn larger returns, and could not live on as low 
rates. No doubt the fact that capital and labour 
could do better hitherto in other employments than 
in building or operating vessels has been an influ- 
ence ; but the cry is now for a domestic marine, 
and there are only two ways whereby it can be 
created—by purchase from abroad, or by a reduc- 
tion in costs of materials, or by both. 

There appears no reason why, with a reasonable 
tariff, the materials for shipbuilding should not be 
as cheap in America as anywhere. Many believe that 








the labour cost in construction, under a wholesome 
emulation and competition, would not be greater 
than abroad, not because wages are not higher, but 
because the labour may be made more effective 
by the use of the best methods and appliances, 
as it is in steelmaking and the construction of 


locomotives and many other machines. The 
great depressing influence is that there is in 
existence an enormous over-supply of existing 
tonnage of a high class, far in excess of the 
amount of traffic offering, and many steamers 
of this class are tied up doing nothing, awaiting 
more favourable conditions. In such a situation 
it would be poor policy to try to stimulate ship- 
building by bounties or to obstruct commerce by 
forcing it into new and costly shipping. But as 
more favourable conditions appear the situation 
would be an advantageous one for buying foreign. 
built vessels ; and if the way were clear, capital 
might invest in them in preparation of a future 
demand. All the schemes for construction boun- 
ties, operating bounties, subsidies, differential 
duties, discriminating tonnage dues, export boun- 
ties, and the rest, would be enormously costly, 
and the industries of the country would have to 
pay for them, with corresponding loss to the capital 
and labour employed in them. Such devices would, 
as has been already insisted upon, restrict and 
hinder American foreign trade by making trans- 
portation costly and lessening the facilities for it, 
and thereby they would diminish the amount of 
shipping required. And, after all, the almost cer- 
tain result would be a failure of the American 
marine to revive and acquire vigour. Its one 
chance is freedom to compete on equal terms, in 
buying ships, in getting material for shipbuilding, 
and in using ships upon the ocean. 








MACHINERY IMPROVEMENTS IN 
TRANSVAAL MINES. 

THE Transvaal mining industry at the present 
time affords further evidence that a restricted labour 
supply stimulates invention and the desire of the 
capitalist to improve mechanical plant with a view 
of minimising the amount of manual labour neces- 
sary to carry out any particular operation. The 
native workers, having earned during the progress 
of the war what to them is a competence, have, 
with characteristic indolence, refused to do any 
more work, the improvement of their future status 
being no incentive ; and thus, notwithstanding the 
encouraging terms offered by employers, the number 
of Kaffirs available for the mines was reduced to 
almost half what it was in 1899. European labour 
has not always been available for work dune by 
Kaffirs, and the ratio of white to coloured workers 
has increased from 12 to nearly 20 per cent. in 
the mines of the Transvaal. The result is a very 
serious diminution in the production of gold, and 
a considerable increase in the working costs. 
Europeans have had to be engaged to do work suited 
to the native. Indeed, in most forms of manual 
work native labour is quite as productive as that 
performed by the European — sometimes even 
more so—notwithstanding that the net cost to the 
employer of the Kaffir’s work is only one-third or 
one-fourth that of the European labourer. The 
consequence has been, as is well known, a serious 
check to the development of the most important 
industry in the South African colonies, and it is 
therefore anticipated by many that the introduction 
of Chinese labour will not only bring a larger 
amount of activity and revenue, but that there will 
be a considerable increase in the demands for white 
labour to undertake the skilled work in connection 
with machinery. 

Under the conditions prevailing recently the 
mining engineer has striven to improve his plant, 
and the progress made has been satisfactory. It 
is remarkable, however, to note that there has 
been a strike in one of the large mines, owing 
to a number of the machine-men objecting to 
superintend more than two machines, although 
each machine is manned by two white helpers. 
This was undoubtedly the thin end of the wedge, 
and it is satisfactory to note that the objection was 
defeated, men being easily found. who took charge 
of three machines, and in some cases four. It 
would be a most unfortunate condition if, when 
mine-owners are willing to develop the mechanical 
plant, on which depends ultimately the highest 
efficiency and success of any industry, objections 
of this nature were raised to defeat the main end 
in view—economy with a satisfactory wage. 
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A measure of the general progress made is 
afforded by the fact that the value of boilers, 
engines, machinery, &c., in the Transvaal mines is 
this year 1,947,5131. greater than it was a year ago, 
the total being now over 13,000,000/. It is true a 
portion of the increase is due to new plant for 
mines not previously equipped, but as the amounts 
written off for depreciation within the year have 
been deducted, the increase named — nearly 
2,000,000/.—is a net addition to values, and proves 
the tendency to introduce improvements in machi- 
nery to supersede manual labour as far as possible. 
The total horse-power of the machinery has in- 
creased by 25,580 to over 200,000 for prime-movers, 
169,086 horse-power for driven machinery, and 
75,767 horse-power for intermediate machinery, 
compressors, electric and hydraulic pumps, &c. 

Progress is most marked in the more extended 
use of rock drills, and in improved methods of 
handling the ore and waste products both in the 
mine and on the surface. Thus, rock-drills are 
being employed over small stoping widths where 
previously hand-drilling was the practice; thus, 
in a stope only 31 in. wide a 2$-in. drill is at 
work doing four 5-ft. holes per shift, lead- 
ing to the breaking up of three tons of rock 
per drill. The cost, however, is said to be 
greater than with hand-drilling. The 1340 drills 
at work in the Transvaal in June of last year, 
according to the yearly report of the Government 
mining engineer, Mr. W. Wybergh, Commissioner 
of Mines, have, as a rule, 3}-in. to 3}-in. tools, 
and each use 3 horse-power, although experience has 
shownthat theprime mover requires to developabout 
12 horse-power per drill, the loss in transmission 
being considerable. These drills cost about 371. 
each, and the monthly outlay for repairs is approxi- 
mately 51. One of the important desiderata of the 
industry at the moment is a satisfactory detachable 
bit for these drills, as the carrying of the whole 
tool of 15 lb. weight to the surface for sharpening, 
&ec., involves a large amount of labour. As each 


has as much trouble almost as a central-station 


joint. The air is not reheated, except where used 
for pumps or hoists, and then the practice gives 
marked efficiency. 
While the majority of the 7713 stamps in use 
are under 1250 lb. weight, there has been a ten- 
dency lately to go in for heavier stamps, ‘although 
1250 lb. has been found to be the practical limit 
with cam operation. Of this size there are nearly 
3000 in use, the output per stamp being about 5 tons 
per day of 24 hours, when working with a screen of 
500 mesh. The power necessary per stamp is from 
3 to 34 indicated horse-power, the drop being 8 in. 
to 9 in., and the revolutions 90 to 100. Five new 
stamps of 1600 lb. weight have recently been in- 
troduced in one mine, in the expectation of increas- 
ing the crushing capacity and diminishing the cost. 
This machine is provided with hydro-pneumatic 
cushions to obviate shock and vibration in the 
upward motion, and an output per stamp of 9} tons 
per 24 hours has been recorded by special trials, 
the average drop being 8 in., the revolutions 127 
per minute, and the screen mesh 500. The average 
horse-power per ton crushed per 24 hours is 0.6, 
whereas in the case of the smaller stamps it is 1.7. 
The continued performance of these heavy stamps 
will be watched with considerable interest. 
As to rock-breakers, it is, perhaps, interesting 
to note that opinion is divided as to the relative 
merits of the gyratory and reciprocating jaw 
breakers; but there is a tendency, according to 
the Government report, to return to the latter, 
which was that adopted at the commencement of 
mining operations in the Transvaal. Now two 
breakers are used in series, so that the rock which 
comes up in sizes ranging up to 8 in. is reduced 
first to 4 in. or 5 in., and ultimately to the 1} in. 
found suitable for the stamps ; the increase in duty 
in the stamp, resulting from this smaller size, more 
than compensates for the extra power necessary to 
drive the two-stage system of breakers. 
In the generation of power, the mining engineer 


machine needs 20 drills per shift, an installation of 
60 machines necessitates the transport up or down 
the shaft of nearly 18 tons of material, and in view 
of the enormous depths to which work is now being 
carried, this is a serious item. 

In connection with transport in the mine, aerial 
tramways and belt and jigging conveyors have been 
tried with more or less success; descriptions of 
of which are given in the Government report. Each 
of the systems seems to have its limitations, yet the 
results certainly show that under some conditions 
conveyors and tramways are adaptable. 
claimed that such conveyors can be dismantled in 
twenty minutes, and re-erected on another site 
in forty minutes, so that little time is lost. Where 
there is a satisfactory down-gradient, good results 
In a 30-in. stope, where_rock had 
to be removed 90 ft., there was moved by an 
aerial tramway, tended by seven natives, 54 tons 
more in eight hours than twenty natives could 
shift by hand shovelling. 
transport on the surface—the moving of material 
from the headgear boxes to the battery bins, &c.— 
conveyor-belts are now coming gradually into favour, 
experience having proved the good wearing quality 
of the rubber-covered belting. In connection with 
these, too, there are automatic recording weighing- 
Such conveyors are being very exten- 
sively applied ; in one mine, for instance, where 
200 heavy stamps are at work, crushing 1100 tons 
of ore per day, the material is never once handled 
except on the sorting-belts, and it is estimated that 
the percentage of inaccuracy in connection with 
the weighing is within 0.2 per cent. _ 

As to the 157 air-compressors, of a collective 
power of 46,090 horses, in use in the colony, ver- 
tical machines are not favoured, the horizontal 
two-stage compression type being almost universal. 
A machine which has become almost a standard is 
one suitable for 35 drills, running at 68 revolutions 
er minute, and indicating 450 horse-power. 
tterly there has been a tendency to go in for 
larger units, suitable for 75 drills and indicating 
An interesting departure of the 
past year is the installation of a turbo-air-com- 
pressor at one of the mines, but no results are yet 
forthcoming as to its working. The air, asa rule, 
‘eaves compressors at a temperature of about 
300 deg. Fahr., and at 80 lb. maximum pressure. 
The sectional area of the steel pipe-line into the 
mine is generally 1 square inch per drill, and it is 
made up in lengths of 15 ft. to 18 ft., having screwed 
connections, with’ flanges at each third or fourth 


In connection with 


900 horse-power. 





operator, owing to the extreme variation of the 
load. In a moderate-sized installation, where 200 
stamps are at work, the prime mover may be of 
4000 horse-power, of which 1000 is required for 
hoisting, 1100 for driving air-compressors, 1400 for 
the mill engines, 260 for electrical work, 140 for 
pumping, and the remainding 100 for other duties. 

ut, as a rule, only about a quarter the total 
power is in constant demand, although fre- 
quently varying increases involve peaks up to from 
1500 to 2500, the average being about 2000. 
In the older system belting and friction clutches 
were introduced for distributing the power, 
but in the newer installations the practice is to 
instal the mill engine solely for the purpose of 
driving the stamp batteries, which are constant in 
their demand, and to generate electric power by 
separate engines for working the other machines, 
motors being then used for driving rock-breakers, 
the sorting-tables, tailing-wheels, pumps, conveyors, 
and mechanical hauling plant generally. Three bat- 
teries, totalling 160 stamps, are now thus driven 
by electric motors, and it is generally expected that 
the practice will extend. In some cases, within the 
last few months, steam-turbines have been intro- 
duced for running electric generators. It is assumed 
that the three-phase alternating-current system will 
be the most convenient, generated by directly con- 
nected sets of from 250 to 1000 kilowatts, each 
working at from 1000 to 5000 volts pressure, and 
at about 50 cycles. There is at present in construc- 
tion, from central electric works, a distribution 
system of 10,000 volts to one of the gold centres 
where these new large lines are now being 
put up; and in view of the very stringent con- 
ditions usually laid down by the Government 
mining engineer—to which we referred. in our 
article a year ago (See ENGINEERING, vol. Ixxv., 
page 524)—it may not be uninteresting to quote 
the provisions which have been laid down in con- 
nection with this overhead electric line. 

1. For the su ts 
will be used, of figh. 


rt of the copper conductors, iron 
iemens and Halske pattern, 24 ft. 
2. The wire conductors, or mains, will be at least 18 ft. 
above the level of the ground traversed. 3. For the pro- 
tection of the electric copper conductors, the posts will 
carry four galvanised steel wires, parallel to the said con- 
ductors. 4. The two lower steel wires will be joined b: 
transverse wires, at a distance from each other not ex . 


density of 2000 amperes per square inch, would allow 220 
amperes to run through the main, while, according to 
estimate, not more than 115 amperes will be uired. 
7. The distance between every two conductors be at 
least 28 in. 8, At all crossings of public roads, ways, or 
os the poles will be lengthened so that the wires will 

22 ft. above the level of the ground traversed. 9. In 
all cases where the newly-to-be-constructed conductors are 
required to cross low-tension conductors, the former will 
be suspended above the latter, and will be at right angles 
tothem. 10. The poles will be placed at a distance from 
each other of not more than 90 ft. 11. The mains, sub- 
mains, and all conductors whatsoever will be efficiently 
protected by lightning-arresters. 

As to mine pumps, in cases of shafts not exceed- 
ing 1500 ft. in depth the Cornish is the most 
favoured on the Rand, 44.1 per cent. of the total 
number being so equipped. It is usual in this 
system to use stages of not less than 200 ft., and 
not more than 400 ft. It is not likely, however, 
that the system will be extended to deep-level 
shafts, owing to the high initial cost and the weight 
of rods. Electrically-driven pumps come second, 
being used in 20.6 per cent. of the total number 
equipped. These pumps are invariably of the 
three-throw single-acting type, operated by gearing. 
In one case the pump works from the bottom of 
the shaft to the surface against a head of 1220 ft. 

Regarding boilers, we wrote at some length in 
reviewing the Government report a year ago, and 
made particular reference to the stringent regula- 
tions then in force. The conditions prevailing 
have not materially changed. Something like one- 
third of the boilers are of the externally-fired, 
cylindrical, multitubular type; but there is a 
tendency in favour of the Lancashire boiler ; and 
several big units have lately been put down, with 
diameters of 8 ft. and lengths of 30 ft. There are 
no mechanical stokers in use on the Rand, those 
provided having been discarded, largely because 
there was a good supply of native labour; but in 
some of the newer installations there is a recur- 
rence to the automatic type, owing to the scarcity 
of labour. For the same reason, also, conveyors 
have been introduced to deal not only with the 
supply of coal, but with the carrying away of the 
ashes. Assisted draught is also being extensively 
used, even in connection with the older mines, 
because it has been found that it increases the 
volume of the steam generated by a given installa- 
tion of boilers. 








AMERICAN IRON TRADE CONDITIONS. 


THE revival in the American iron and steel trade 
—the permanence of which we took the liberty of 
doubting not long ago—-has not been sustained. 
The apathy, says the Iron Age, in the latest issue 
to hand, ‘‘is almost universal, and in the case of 
many producers has reached the point where an 
entire cessation of operations is being prepared 
for by working up such raw material as is on 
hand, and filling such orders as are still on 
the books. Resistance to a further decline is 
becoming more obstinate in those branches in 
which the market is open. Buyers seem almost 
unanimous in the opinion that values must crumble 
further, so that thins is practically a dead-lock. 
If sellers felt that concessions would bring out a 
good tonnage, some of them might be more in- 
inclined to recede; but the conviction seems 
general that actual consumption could not be 
stimulated materially through such a course. 
There is the fear, too, that it might be diffi- 
cult to check serious cutting if it were once 
entered upon.” During April the production was 
1,553,706 tons, as compared with 1,447,065 tons 
for March; and the May total ought to show a 
further increase, since the weekly capacity of the 
furnaces in blast at the beginning of that month 
was 367,355 tons, as against 337,257 tons a month 
earlier. But during last month furnaces went out 
of blast, and the remark of our New York con- 
temporary will prepare the observer of American 
industrial affairs for the further statement that 
a further considerable decrease will take place 
during the current month. The output is much in 
excess of normal requirements, and with orders held 
back until the last possible moment, and then given 
out sparingly, a sharp drop is inevitable so long as 
the existing conditions rule in the country, and 
there is no warrant-storage system to balance 





ing 7 ft., so that, in the event of the copper conductors 
breaking, the latter will be caught in the network so 
formed. 5. All such steel wires will be put in efficient 
connection with the earth at every supporting - pole. | 
6. Uncovered bare copper conductors will be used, of | 
0.11 square inch of copper section, which, at a current! 








matters. ‘‘Reports from the steel rail trade,” 
says the Iron Age, again, ‘‘are not very en- 
couraging to the majority of the mills. Some 
of them are running very slow and _ have 
very few orders on their books. Some of the very 
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low prices made lately for light rails were for 
export, and not for the domestic markets. In the 
principal branches of finished iron and steel the 
market is weaker.” A violent alternation of de- 
pression and activity must inevitably accompany 
the economic conditions which rule in the United 
States; and after each spasm of activity the re- 
action will become more and more pronounced. 
When the demand for iron and steel products was 
at the highest—from two to four years ago—the 
high tariff furnished the opportunity for putting 
prices at an inordinately high level. The enormous 
profits thereby promised led to the consolidations 
and combinations by which capitalisation was 
inflated, on the presumption that a fair rate of 
dividend could be earned upon several times the 
actual investment of capital, while fortunes could be 
made in the issue and distribution of ‘‘ securities.” 
This same urgent demand and possible large 
profits induced a multiplication and extension 
of plants to take advantage of the immediate 
situation, which prepared the way for over-produc- 
tion when the demand should again fall off, as it 
was sure to do as soon as the large requirements 
of the time had been substantially met. New fur- 
naces were built and old furnaces were enlarged, 
manufacturing plants were multiplied and extended, 
and productive capacity became out of all propor- 
tion to the mua’ demand. As this condition of 
stimulated overdoing was in large part due to 
excluding foreign competition, so the high 
level of prices of actual cost that was arti- 
ficially established obstructed the outlet to foreign 
markets when the domestic demand fell away, 
and there was a surplus of production to be 
disposed of. Thus, when the inevitable reaction 
came, there was a decidedly unhealthy condition to 
deal with in the iron and steel industry. Partial 
reductions were made in prices for ore, for pig iron, 
for foundry products, and for steel billets; but still 
furnaces had to be blown out, and foundries 
and steel-mills were reduced to silence, because 
prices were held firm for plates, structural forms, 
rails, and most of the other finished products. 
To-day steel rails are still held in the domestic 
market at 28 dols. a ton, though billets, which 
cost practically the same, but are not a finished 
product, are sold at 23 dols., and meagre lots of 
the rails are disposed of to foreign buyers at 20 dols. 
and 22 dols. The present condition of the in- 
dustry, in fact, is the outcome of an endeavour 
to rise superior to the old-fashioned law of 
supply and demand. Attempts have been made 
in other branches of national production to evade 
the same awkward law, and they have not suc- 
ceeded. Demand can be stimulated only by lower- 
ing prices and diminishing cost. That remedy 
being refused, there is certain to be a curtailment 
of production, with idleness and loss for both capital 
and labour in the industry itself and in other in- 
dustries dependent upon it. 








CASTING TUNNEL SEGMENTS DIRECT 
FROM THE BLAST-FURNACE. 

Ir is well recognised that the modern tendency 
in manufacture is to eliminate all intermediate 
processes, and to bring the source of production as 
close as possible to the venue of the use or applica- 
tion of the finished article. Railway rates, 
even when reduced to low limit, constitute an 
important item in aggregate cost, so that, while it 
may not be desirable to have factories located in 
such great centres as London, Liverpool, or Man- 
chester, it is important that they should be ad- 
jacent to such centres where the market for pro- 
ducts is most frequently, found. There are, of 
course, limitations, notably in the case of the manu- 
facture of iron, where it is essential that the blast- 
furnaces should be near to the source of supply of 
raw material. Northamptonshire is the most 
southerly iron district where smelting is carried on, 
and the ironmasters ther> have long looked upon 
London as their most legitimate market. Until re- 
cently, however, work was largely confined to the 
making of pig iron, and the South Staffordshire 
market was thus practically the only outlet for the 
material. The pig metal was distributed for use in 


foundries and forges throughout the Midlands, 
where it was melted and worked into various manu- 
factured articles. Recognising the lack of economy 
in this division of manufacture into separate stages, 
carried on at different places, Messrs. Thomas 
Butlin and Co., Limited, of Wellingborough, who 
were the first to smelt Northamptonshire iron—as 


far back as 1852—determined upon an exhaustive | 
series of experiments with the view of making cast- | 
ings direct from the blast-furnace and local ores. The | 
firm first made valves, valve-seatings, bogie wheels, 

&c., for their own use, and their suitability having 

been demonstrated, they have now entered upon the 

process upon a manufacturing sdale. A suggestion 

of the success attained is afforded by the fact that 

they are now carrying out contracts, at the rate of 

about 100 tons per week, for tunnel segments for the 

Great Northern and Strand Tunnel Railway, and 

of special castings for the King’s Cross and Picca- 

dilly line. On Friday next this important de- 

velopment in the Northamptonshire iron district will 

be formally celebrated under the presidency of Lord 

Lilford. 

Casting direct from the blast-furnace is, of 
course, not a new development in metallurgy; but 
as the efforts made have not in all cases been suc- 
cessful, the means adopted at Messrs. Butlin’s 
works are of considerable interest. The success 
has been attained, not so much by mechanical 
means, as by a careful study of the chemistry of 
the subject by the managing director of the works, 
Mr. W. H. Butlin, B.A. He acted on the hypothesis 
that all iron is essentially iron, and that differences 
in quality arise from the nature and proportions of 
the constituents associated with it, as well as the 
conditions under which the iron is produced; and he 
decided to ascertain by practical experiments the 
exact properties and behaviour of the variable ores 
found in Northamptonshire, so as to associate these 
in the correct proportions to obtain such mixtures 
as would give the most fusible compounds at the 
lowest temperatures at which these would flux in 
the blast-furnace. These suitable combinations not 
only ensured economy of fuel, but gave greater 
uniformity in the resultant metal. The Northamp- 
tonshire ore may be described chemically as a 
brown hematite from the inferior oolite formation ; 
it is a hydrated sesqui-oxide of iron containing 
about 6 to 7 per cent. of water of combination, in 





addition to the ordinary moisture found in it. 
The yield of the raw ores averages in bulk from | 
34 to 37 per cent., but a certain proportion of 
calcined ore is used to augment the yield. 

As good iron is accompanied with good slag, the | 
quality of the slag was regarded during the experi- 
ments as an index to the character of the iron. 
What was aimed at as typical was to get a slag 
which contained about 15 per cent. of alumina, 
32 to 33 per cent. of silica, and 40 to 43 per cent. 
of lime. The result was a combination fusible at 
a comparatively low temperature. The blast used 
is, preferably, at about 900 deg. Fahr., so as to 
get stronger reducing gases in the blast-furnace. 
Special care is taken in the selection of the lime- | 
stone to insure as far as possible that it will be 
porous, and that it will thus flux more readily, | 





and the segments, which are 20 in. wide, are milled 
in about seven minutes, excluding the time taken 
for fixing. Thusin the completion of the segments, 
as well as the intermediate stages, economy of 
manufacture is ensured, and we understand that 
the contract price is considerably less than that 
formerly found necessary. 








THE CONVERSAZIONE OF THE INSTI- 
TUTION OF CIVIL ENGINEERS. 
Dorine the week Sir William White, K.C.B., 
the President of the Institution of Civil Engineers, 
has entertained the members to a conversazione. 
As last year, the function has been spread over two 
evenings— Wednesdayand Thursday—the popularity 
of this gathering having made the large rooms of the 
Institution uncomfortably crowded when invitations 
were issued for one evening only. For the enter- 
tainment of his guests the well-known band of the 
Royal Artillery was engaged, and there was also a 
capital collection of paintings and other works of art ; 
but, as usual, the main interest of the members was 
centred in the exhibition of models and apparatus, 
which on this occasion was, perhaps, even more 
interesting than usual. The display of ships’ 
models was particularly striking, and some were 
really wonderful examples of the model-maker’s 
art. A special interest attached to the models 
of Japanese war vessels. Amongst them was one 
of the ill-fated Hatsuse, which came to grief on 
a mine floating in the open sea a few weeks ago. 
This vessel was one of the finest productions of 
the famous Elswick yard. She measured 400 ft. in 
length by 76} ft. in breadth by 27 ft. draught, dis- 
placing 15,000 tons, and was capable of steaming at 
18.3 knots. She was well armoured, and carried four 
12-in. and fourteen 6-in. guns. A model of the 
Yoshima was also shown, both being splendid pieces 
of work, as was also the model of the Asahi, shown 
by Mr. J. D. Ellis. Models of Japanese destroyers 
were shown both by Sir J. Thornycroft and Mr. 
A. F. Yarrow. The former showed a model of the 


| Shirakumo, a 31.8-knot boat, whilst. Mr. Yarrow 


showed a model of a 31-knot boat, of which type he 
has supplied eight to the Japanese Navy. A some- 
what similar interest attaches to the ‘model of the 
ice-breaking railway ferry steamer Baikal, exhibited 
by Mr. H. F. Swan, since on this boat is depen- 
dent no unimportant link in the Russian line of . 
communications ; and the Russian Volunteer Fleet 
20-knot troopship Smolensk also attracted much 
attention from Sir William White’s guests. The 
President himself showed a model of the enormous 
floating dock at Bermuda, which was constructed 
for the Admiralty by Messrs. Swan and Hunter, 
Limited. This dock measures 545 ft. by 126 ft. by 
56 ft. deep, and is capable of lifting 17,500 tons. 
For another set of highly interesting exhibits 








and facilitate the admittance of graphitic carbon | the Institution was indebted to Mr. Francis Fox, 
into the iron. Another important élement in and it is hard to say whether the stereoscopic 
success has reference to the quality and purity views shown by him of the Simplon:Tumnel, or 
of the coke used, so as to insure that it will con-| those of the wonderful Victoria Falls. on the 
tain 90 per cent. by weight of carbon, and not | Zambesi, were most appreciated. ‘The views of the 
more than 7 percent. of ash. The practice is to| Simplon Tunnel were stereoscopic transparencies, 
weigh it in boxes ofa cubic yard capacity after it has and the magnification of the Negretti and Zambra 
been broken into cubes about the size of a walnut ;| stereoscopes used was so great that the views 
and if the weight of this exceeds a given standard, | appeared of life size, and the detail visible was 
suggesting a larger proportion of ash than is desir- | simply marvellous. One view showed a battery of 
able, the coke is analysed. The usual floating test | three Brandt drills at work on the advance head- 
is also applied. The care taken in connection with ing. This measures 60 square feet in section, and is 
limestone and coke obviates a higher temperature | being carried forward at the rate of 18 ft. per day. 
in the blast-furnace than would otherwise be neces-| Another view showed the great hot spring yielding 
sary, and gives a sound and solid casting. 750,000 gallons per hour, which was struck at a 

There are two blast-furnaces on this system at the | distance of 2? miles from the Italian portal ; a 
Irthlingborough Iron Works, their combined capa- | third slide showed other springs at the same spot, 
city being 700 tons per week. The tunnel segments | and gave evidence of the very considerable head 
and other special castings are made in the foundry| under which the water was being discharged. 
with the ordinary sand. The specified test for The fourth slide showed the timbering at a point 
the metal is a load of 28 wt. ona bar 3 ft. Gin. long|6 miles in from the north portal. Mr. Fox also 
by 2in. by lin. set 3 ft. between centres. The seg- | showed specimens of the rock encountered, much of 
ments weigh about 5 cwt., being 6 ft. 7 in. long, | which would apparently make capital building stone, 
20 in. wide, with plate fin. thick, and flange 1} in. | though other specimens showed considerable pro- 
thick, and are formed with 4}-in. flanges on all four ‘portions of pyrites. The drills used with the 
sides, so that they can be bolted together to make | Brandt machines were also on view, both in the 
the tunnel 11 ft. in diameter. The flanges, in| unused state and after having executed much 
accordance with the general practice, are on the heavy work. The wear appeared relatively small. 
inside, forming ribs to resist exterior compression. |The views of the Falls referred to above con- 
The ends of each segment are milled so as to ensure | sisted partly of stereoscopic slides and partly 
a good bedding and to make the circle absolutely of larger photographs. In both cases it was diffi- 
true. This milling work is done on special tools cult to realise the proportions of the Falls. 
with cutters mounted at the necessary angle on |The river above them is 1900 yards wide, whilst 
slides at both sides of the central bed on which below the Falls, which are 400 ft. high, it 18 
the segment rests. Both flanges are milled simul- compressed into a zig-zag gorge, 20 miles long, 
taneously. Whitworth steel is used for the cutters, and only 120 yards wide in the narrowest part, 
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where the stream is thought to be 300 ft. deep. 
It is at this point that a bridge is to be erected to 
carry the] Cape to Cairo Railway, of which the 
Northern Rhodesia section is now in course of 
construction. . 

Near this exhibit Sir Thomas Wrightson showed 
the system adopted for erecting the long-span 
girders of the Pwil-y-Pant Viaduct of the Barry 
Railway, now being built. This is a deck struc- 
ture, consisting of independent double-intersection 
lattice-trusses carried on brick piers. Two of the 
girders are fitted with temporary extensions, and 
all have temporary rails fixed to their upper chords. 
The plan followed is to protrude the two specially 
fitted girders between those of the last span 
erected, and after these have been made secure, a 
travelling-crane running on the top of them lifts 
in turn each of the girders to form the next span 
and places them on the piers. The special girders 
being then withdrawn, the others are jacked into 
place and the lower cross-bracing riveted up. This 
done, the two special girders are again protruded 
and the girders of the next span put in place in 
similar fashion. The work of putting the girders 
in place in this way is said to take only about 
one hour to accomplish. 

In the Council-room Professor H. L. Callendar, 
F.R.S., exhibited his improved Hospitalier indi- 
cator, by which it is possible to take indicator 
diagrams at engine speeds up to and exceeding 
2000 per minute. This instrument is of the Perry 
type, a flexible diaphragm being substituted for 
the usual piston and spring, and a beam of light 
for the magnifying levers. Some examples of 
diagrams taken in this way were published in our 
issue of March 18, page 402. Near this was to be 
seen a model of one of the valves used in the 
earlier pneumatic dispatch-tubes, which was shown 
by Mr. J. M. Wilmot, M. Inst. C.E. The same 
gentleman also exhibited an intermediate signaller 
and apparatus for clearing the line on such tubes. 
An interesting exhibit was that of Mr. J. W. 
Bradley, M. Inst. C.E., engineer to the City of 
Westminster. This consisted partly of drawings 
showing the present condition of the subsoil in 
the Strand, between Charing Cross Station and 
Agar-street. In this short length there are 97 
man-hole covers, whilst the pipes and electric 
mains extend across the whole width of the 
road, and much of both pathways. Including 
‘“deads’”’ and the sewers, the total number of 
conduits below the street is over 20. Mr. Bradley 
also showed a model of a subway which he suggests 
should be constructed under the Strand. The plan 
exhibited provides for private vaults underneath 
each pathway, and next to these on each side a 
subway, in one case used for pipes and wires, and 
in the other for pedestrians, whilst between these, 
and occupying the centre of the street, would come 
a larger subway, provided with two lines of tram- 
way. Near this exhibit, Mr. H. G. Lloyd showed a 
reservoir drawing-pen, by which long and broad 
lines can be drawn when required, as in making 
wall diagrams. This consists of what is practically 
a very wide drawing-pen of the ordinary construc- 
tion, between the nibs of which is inserted a brush, 
kept moistened by a supply of ink from a little 
rubber bulb mounted on one side of the pen. 

In the reading-room were a further collection of 
ships’ models, including a number of turbine-boats. 
Amongst the latter was to be found one of the Tur- 
binia, with her numerous propellers, as well as later 
types, such as the Queen, and Mr. Gordon-Bennet’s 
yacht Lysistrata, in which each shaft carries 
but a single screw, asin boats fitted with ordinary 
reciprocating engines. The Hon. CO. A. Parsonsalso 
showed a model of a turbine air-compressor capable 
of furnishing 18,100 cubic feet of air per minute at 
& pressure of 12 in. The turbine is apparently 
one of the latest type, the casing being of uniform 
diameter throughout. A model of a new type of 
double-beat main steam-valve was shown by Mr. 
R. R. Bevis. . The peculiarity of this lies in the 
fact that the upper joint is made by a flexible plate 
fitted on the Salve, so the tightness of the joint is 
independent of differences in the expansions of the 
moving and fixed parts of the valve. A demonstra- 
tion of high-speed drilling on torpedo-boat plates 
was given by Mr. J. R. Whinfield ; and by means 
of a working model Mr. Yarrow illustrated his system 
of fitting a hinged flap to tunnel-screw boats, by 
which efficient working is secured whether the boat 
is laden or light. A number of laboratory electric 
furnaces were shown in action by Mr. Bertram 
Blount, as well as samples of carborundum and 





other products produced in such furnaces. A con- 
ductometer for ascertaining by direct reading the per- 
centage conductivity of samples of wire was shown 
by Mr. Rollo Appleyard. A model of a locomotive 
engine and tender shown at the Exhibition of 1851 
was lent by Mr. W. Hemingway. This engine is 
notable in having its cylinders above the foot-plate. 
These cylinders were segmental, the pistons moving 
in curved instead of straight lines. The pistons were 
coupled to a rocking-shaft, which, in turn, drove 
the wheels by means of a connecting-rod. A model 
of the tunnelling-machine now employed on the tube 
for the Great Northern, Piccadilly, and Brompton 
Railway was shown by Mr. James-Price. This was 
fully described in our isue of February 5 last, and 
it will therefore be sufficient to say here that the 
front of the shield is fitted with a heavy 
rotating frame, carrying buckets‘and knives, which 
excavate the spoil and deliver it into wagons 
ready for removal. A model of a facing-point 
switch, intended for use on lines traversed by fast 
trains, was exhibited by Mr. R. St. George Moore. 
This switch is of the ‘‘stub” type, but the draw- 
backs of the ordinary stub switch are obviated by 
the use of locking-wedges, which secure the perfect 
alignment of the moving and the standing rail. 

Sections of standard rails and standard beams were 
shown by the Engineering Standards Committee. 
Mr. J. J. Webster showed a pin, a washer, and a 
link removed from the Conway Suspension Bridge 
during its. recent reconstruction. This pin was 
originally about 12 in. in diameter, as far as can be 
judged by its existing dimensions, and has at one 
point lost about half its original sectional area. 
The link, however, appears little worn, but the 
washer is much enlarged. 








NOTES. 
TRAMWAY RuNNING PowERs. 

In a decidedly dull session, so far as private Bills 
are concerned, the Tyneside Tramways Company’s 
application for compulsory running powers over the 
system of the Newcastle Corporation, may appear 
to have gained undeserved prominence. The deci- 
sion of the House of Commons Committee, follow- 
ing that of the Upper House, is, however, of 
national importance rather than local, and in any 
session would surely have provoked much discus- 
sion. Now, for the first time, the utility of the 
electric tramway for inter-urban communication 
has been recognised by Parliament as being a con- 
sideration altogether superior to the exclusive pre- 
judices of municipal ownership. The interest of 
the passenger is put first. hose property the 
line or the car may be matters little or nothing to 
him, in comparison with the cheapness and conve- 
nience of the service, and the two Committees hold 
that corporations and companies must sink their 
differences and combine to afford facilities for 
through traffic. The grant of compulsory running 
powers to the Tyneside Company is a concession 
to the travelling public rather than to the company 
itself, and the value of the precedent, as affecting 
numerous other towns, cannot well be overestimated. 
There are municipalities, of course, which have had 
the ‘‘ foresight” to construct their tramways with 
other than the standard gauge, expressly in order 
to prevent through communication, while Wolver- 
hampton is commonly reported to have adopted the 
surface-contact system for the same reason; and 
even London’s conduit is not quite above suspicion, 
although there is no difficulty in fitting a car to 
take its motive power from overhead or under- 
ground conductors without more than a few seconds’ 
interruption. Any obstacle of the kind will cer- 
tainly overcome in the near future, for it is 
sure that the public will not long tolerate the 
policy which attempts to make tramway systems 
coincide with local government boundaries. We 
shall expect to see businesslike agreements entered 
into without the power of Parliament being invoked. 
Incidentally, the Tyneside decision should have the 
important effect of stimulating the construction of 
extra suburban and inter-urban lines which have 
hitherto been unattempted owing to the impene- 
trability of the chief centres of population and 
their governors. 

THE BERMONDSEY AND MARYLEBONE CLAUSES, 

Twice in the past week have Parliamentary 
Committees refused to insert the ‘‘ Bermondsey 
clause” in Municipal Bills, and it has been, 
perhaps, too hastily inferred that no such restric- 
tion will again be imposed. The clause, as is well 
known, was first.interpolated in the Bermondsey 





Electric Lighting Order, on the plea of the South 
Metropolitan Gas Company, whose counsel urged 
that his clients ought not, as ratepayers, to be 
called upon to subsidise a municipal undertaking 
established to compete with them ; and for their 
protection Bermondsey was required by this clause 
so to adjust the charges for electricity from year 
to year as to insure, as far as ible, that the 
business should pay its way, ps should not need 
support from the rates. How this condition will 
operate it is impossible to forecast. The raising of 
prices will not necessarily increase the revenue ; 
it may have precisely the contrary effect. And, 
in any case, 1t would seem to be possible for 
a council to escape from its quandary by the simple 
expedient of putting up the price of public lighting, 
which is paid for by the gas company and other 
ratepayers. It was to lay this grisly spectre that 
the Sicehene clause was subsequently devised. 
That provided, in the Marylebone Council’s Bill, 
that the charge for public lighting should not ex- 
ceed the price paid by private consumers with the 
like hours of supply. On first examination this 
proviso was pronounced futile by certain critics 
who might have known better.. An undertaking 
that public lighting shall not be dearer than private 
lighting, as they read it, was to them foolishness. 
The council could show a princely revenue. by charg- 
ing the same price. When, however, the clause 
comes before the Law Courts, as it possibly may 
it will be seen that these commentators have missed 
the point. Fairly interpreted, it means that the load- 
factor of the public lighting is a very important con- 
sideration in determining whether the charge made 
is higher than the price paid by the private con- 
sumer, and there are many municipalities which 
could scarcely survive such a test. Should Maryle- 
bone have a single power-consumer, for instance, 
charged at a low rate on account of his load-factor, 
and should that load-factor be less than, or equal 
to, that of the street arc lamps, it follows that the 
price charged for the latter must come down to 
meet the most-favoured power-consumer’s terms. 
Between these two clauses it should be difficult for 
a municipality to conceal the true financial position. 
Whether the business can be carried on at all under 
such conditions time alone can reveal. 


Spirit ror TECHNICAL PuRPOSEs. 


In connection with the International Exhibition 
for the Spirit and Fermentation Industries, held 
in Vienna this spring from April to June, Dr. A. 
Wiesler, of Prague, has puss for the Chemische 
Industrie some interesting statistics on the growth 
of the spirit industry. He refers chiefly to the 
Continent, but touches also upon the United 
Kingdom and the United States. Germany, occa- 
sionally alternating with Russia, being the largest 
producer of spirits, we give a few figures for this 
country on the total production P, the consump- 
tion as beverage B, and the technical apolication 
of duty-free spirit, more or less denaturated, all 
figures being in millions of litres (1 litre = 0.22 
gallon). 


3, B. yf 
1887-8 305 168 39 
1897-8 229 226 89 
1898-9 382 241 99 
1900-1 406 241 112 
1902-3 338 233 127 


Hence the spirit consumption for technical purposes 
has risen from 12 per cent. in 1888 to 38 per cent: 
in 1903. The chemical industries used, during 
the last year of the table, 21 million litres, 1.7 per 
cent. for the manufacture of celluloid, 5.6 per cent. 
for ether, 4.6 per cent. for varnishes, 1.7 per cent. 
for explosives, fulminates, &c., 3.3-per cent. for 
dyes and other purposes. The Société Chardonnet 
pour la Fabrication de la Soie, in Besangon, uses 
3 million litres of 95 per cent. alcohol annually. 
In Germany, 88 million litres are applied for power, 
light, and heat; 21 million litres were wanted in 
1902-3 for burning (against 2 million in the year 
—— ; the spirit motors consumed 2.40 miflion 
itres, and, in 1903-4, 3.65 million litres ; at the 
present time, the Zentrale fiir Spiritus Verwertung, 
in Berlin, which controls this trade all over Ger- 
many, supplies spirit for 1370 motors. Illumination 
by means of spirit lamps is no longer a rarity in Ger- 
many ; the Prussian State Railways alone burned 
0.7 million litres of spirit in 1900, and 1.7 million in 
1903 in their station lamps. As to production, 
the order is at present :—Germany, 22 per cent. 
of the total; Russia, 21.5 per cent.; Austria- 
Hungary, 16.5 per cent.; France and United 





States, 16 per cent.; and Great Britain, 10 per 
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cent. ; technical applications absorb in France 
16 per cent. of the total; in Austria-Hungary, 
12 per cent.; in Great Britain, less than 6 per 
cent. Per head of population, the technical 
consumption for every 100 litres taken as drink 
works out :—In Germany, 54.4 litres; in Austria- 
Hungary, 19.4 litres; France, 17.4 litres; Eng- 
land, 13.7 litres. Potatoes form in Germany 
80 per cent. of the raw material; Austria 
makes 60 per cent. of its spirit from potatoes, 
Russia 50, France 40 per cent., England none. Rye 
spirits are distilled chiefly in the United Kingdom, 
Italy, and Spain. Molasses are of some importance, 
for France (34), Austria (28), Hungary (10), and 
Russia (6) ; the figures in brackets expressing the 
percentages of the total production; fruit and 
grapes count chiefly for France (60 per cent.). As 
regards the number of distilleries, the order is :— 
France (with more than a million, comprising many 
small domestic distilleries), Austria - Hun 
(122,000 distilleries), Germany (59,000), United 
States, Russia, Belgium, and the United Kingdom 
(190 distilleries). The development of the spirit 
industry for technical purposes has been most 
marked in Germany, where, not without hard 
struggles, one branch after another, beginning with 
the scientific institutions, has been able to shake 
off the formerly heavy excise duties. 


LicHtninG Statistics. 

The Hungarian Government has, siuce 1890, 
developed a very efficient system of collecting in- 
formation on lightning and the damage done by it. 
The statistics are compiled by the Royal Institu- 
tion for Atmospheric Electricity and Earth Mag- 
netism. The local authorities are directed to 
enquire into any case that comes under their 
notice, and to report to this Institution. The rural 
policemen have instructions to pay particular atten- 
tion to the effects of lightning ; and the insurance 
companies have to send in monthly reports on 
damage done by lightning. As thunderstorms and 
hail generally go together, and as in Hungary most 
farmers insure against hail, a good deal of useful 
information is collected in this way. According to 
the statistics for the ten years ending 1900, pub- 
lished last year by Ladislaus Szalay, on behalf of 
the Meteorological Institution, 601 people were 
killed by lightning in Hungary during the four years 
1897 to 1900. Calculated on the population of 1890 
—15 million inhabitants—that would make one fatal 
accident a year for every 100,000 people. In the 
district of grilagy there was one death for every 
30,000 inhabitants. The number of fires caused 
by lightning was 309 per year. Referred to the 
number of houses in a district, the frequency of 
fires varied very much. We find one fire for 1200 
houses in one district against one for 56,000 houses 
in another, as extreme cases. The statistics do 
not show any distinct increase in the number of 
accidents due to lightning within recent years, 
although it has often been asserted that thunder- 
storms had become more destructive of late. The 
greatest number of accidents are reported from the 
districts with the densest populations. That does 
not necessarily imply, however, that densely-popu- 
lated areas suffer comparatively more ; for large 
works do not appear to be particularly endangered, 
and in a country like Hungary, where large tracts 
are very sparsely populated, we cannot yet speak 
definitely of the general distribution of lightning. 
We read, however, that lightning is comparatively 
rare in large towns, end in these most frequent in 
the suburbs, where the houses are least crowded. 
About a quarter of all the recorded lightning strokes 
are in relation to isolated objects not situated within 
towns or villages. In some of the meteorological 
stations, Fényi’s multiple needle-point coherers 
are used, which do not respond to sheet lightning. 
In Prussia, somewhat similar statistics have re- 
cently been published for the period 1885 to 1898. 
From these it would appear that, although the 
number of lightning stroks fluctuates considerably, 
we can broadly distinguish between years of fiery 
strokes, and of cold strokes which do not cause a 
fire. The distinction is, of course, arbitrary. In 
Berlin, so-called cold lightning strokes had not been 
observed at all within recent years, while they are 
not unknown in other large towns. During the 
period mentioned, lightning produced fires in towns 
in 2158 cases, and in the country in 13,785 cases, 
while 525 cold strokes were reported from towns 
and 1734 from the country. In the country dis- 
tricts, about 11 per cent. of all fires were due to 
lightning ; in the towns this proportion decreased 





steadily from 6.7 to 4.2 per cent. The belief in the 
preventive effect of lightning conductors is once 
more expressed by R. Klimpert, who argues that 
if we provided all the houses of a district with 
comb-like conductors, the atmospheric electricity 
would be dispersed before it could come to a real 
thunderstorm. Statistics leave this question un- 
decided ; but it must be regarded as improbable 
that the little pins which we stick up would have 
any such effect. 








INDIAN RAILWAY PROPERTY. 

Tue attention of the Indian railway interest is 
principally directed at present to the impending 
absorption in the growing Indian State network of 
the Bombay, Baroda, and Central India Railway and 
the Madras Railway systems, The directors of the 
Bombay, Baroda, and Central India Railway have 
been negotiating with the Secretary of State for India 
in Council with the view of obtaining a continuance 
of the present system to the end of the concession in 
1954, subject to a reduction of the interest guaranteed 
by the Anglo-Indian Treasury from 5 per cent. per 
annum to 3 per cent. per annum, or a recapitalisation 
of the company, with interest at the rate of 3 per 
cent. per annum, upon the basis of the average value 
of the stock for the last three years. Mr. Brodrick, 
who has succeeded Lord George Hamilton as Secre- 
tary of State for India, has, however, given the direc- 
tors no encouragement ; and there appears to be little 
doubt that he will exercise his right to purchase the 
property during the next few months, with prac- 
tically the same strictness as that which was enforced 
in the case of the Great Indian Peninsula Railway. 
The expenditure of capital made by the Bombay, 
Baroda, and Central India Railway to the close of 1903 
was 10,906,460/., and the dividends declared upon the 
ordinary stock for 1903 amounted to 6/. 6s. 6d. per 
cent. per annum, as compared with 6/. 3s. 1ld. per 
cent. per annum for 1902. The undertaking has 
accordingly been a decidedly remunerative one, as not 
only did the stockholders receive last year 6/. 6s. 6d. 
per cent. per annum, but half the excess profits, after 
providing for the Government guarantee of interest at 
the rate of 5 per cent. per annum, was also handed 
over to the Anglo-Indian Treasury, pursuant to the 
terms of the original contract. This excellent result 
was due, to some extent, to profits realised by the 
company in working a large extent of lines owned by 
the Anglo-Indian Government and certain native 
States. The Bombay, Baroda, and Central India Rail- 
way, properly so-called, comprises only 504 miles, while 
the length of line actually worked by the company at 
the close of last year was 2876 miles. The number of 
locomotives which the company has been authorised to 
acquire is 204; of these, 187 were actually constructed 
at the close of last year, 22 tank and two tender 
engines having being added in the second half of 1903. 
The actual stock of engines in running order at the 
close of last year was 171. The general rolling-stock 
of the company comprises a great variety of vehicles 
used for the carriage of goods, including oil-tanks, 
covered goods wagons, high-sided wagons, medium- 
sided wagons, low-sided wagons, pilot wagons, salt 
wagons, powder vans, tools and stores vans, six- 
wheeled trucks, timber trucks, travelling oil-tanks, 
travelling water-tanks, travelling goods trucks, acci- 
dent cranes, plough brakes, &c. ‘The aggregate dis- 
tance run in the second half of last year was 2,632,645 
miles, as compared with 2,871,053 miles in the corre- 
— af 1902. 

The Madras Railway does not quite clear the 
guarantee of interest given upon its capital by the 
Anglo-Indian Treasury, but the revenue of the under- 
taking is none the less steadily expanding. In 1900 
it stood at 1,020,281/.; in 1901 it had been carried to 
1,050,1062.; in 1902 to 1,070,858/.; and in 1903 to 
1,131,4977. The length of line worked remained the 
same in each year—viz., 845 miles. The ratio of the 
working expenses to the traffic receipts has consider- 
ably increased of late, having stood in the second half 
of last year at 62.20 per cent., as compared with 56.30 
per cent. in the second half of 1902, 51.69 per cent. in 
the second half of 1901, and 51.39 per cent. in the 
second half of 1900. The sharp increase observable 
in the ratio is probably explained by the fact that the 
Madras system suffered severely last year from flood 
damages, through communication having been inter- 
rupted on the South-Western line from November 12 
to November 30, on the Bangalore branch from 
November 11 to November 22, and on the North- 
West line from November 6 to November 12. A large 
outlay has also been made recently in improving 
the condition of the permanent - way and works, 
as well as of the rolling- stock. The increase in 

rmanent-way maintenance charges in the second 

alf of last year was 18,680/., 29} miles of new bull- 
headed steel rails, and 38} miles of second-hand steel 
rails having been substituted for iron rails during the 
six months, as compared with 19} miles and 20 miles 
respectively in the corresponding period of 1902. An 





increased outlay was also incurred for strengthenin 

bridges and making good flood damages. The increase 

outlay in the locomotive department in the second 
half of last year was 15,166)., as compared with the 
corresponding period of 1902, About one-third of this 
increase was due to four engines having been placed 
upon the system during the second half of 1903, as 
compared with three engines in the corresponding 
period of 1902, while heavier repairs were made to 
engines and boilers. The expenditure on locomotive 
repairs was heavier than it should have been, owing to 
the insufficient shop accommodation provided, which 
reacts unfavourably upon the efficiency of the locomo. 
tive department. A scheme for enlarging and remodel- 
ling the Perambur railway shops has been approved 
by the Anglo-Indian Government. There was also an 
increase of 9396. in the second half of last year in 
carriage and wagon repairs. 

The experience acquired by the Bengal and North. 
Western Railway is decidedly interesting. This com- 
pany has proceeded upon the principle of constructing 
a network of cheaply-made lines without any guarantee 
of interest from the Anglo-Indian Treasury ; and at 
the close of last year it was working 1330 miles, of 
which it owned 813 miles, while the remaining 517 
miles belonged to the Anglo-Indian Government. The 
expenditure of capital to the close of 1903 was 
4,392,946/., the 813 miles owned by the company 
having been accordingly made and equipped for an 
average of 5403/. per A ; and the general result has 
been that the company has been enabled to give 
its stockholders a steady 5 or 6 per cent. per 
annum for several — past. The experiment made 
by the Bengal and North-Western Railway has thus 
proved decidedly successful, and may be regarded 
as, to a large extent, solving the problem of future 
Indian railway construction. It may have been 
necessary for the Anglo-Indian authorities to offer an 
interest guarantee at the rate of 5 per cent. per 
annum some 5V years since in order to induce the 
railway capitalist and the railway engineer to set to 
work ; but itis certainly far better, as well in Asia as 
in Europe, to rely upon intelligently-directed private 
enterprise rather than to depend upon guarantees, 
which have too often the effect of producing indolence 
and extravagance. It is possible, however, that the 
operations of the Bengal and North-Western Railway 
would not have proved so successful as they actually 
have been had not the company been entrusted with 
the working of 517 miles of State lines. It may be 
assumed that some profit has not only accrued to the 
company from the working of these State lines, but 
that they have also been attended with the further 
advantage of developing a certain amount of local 
traffic, which has tended to increase the business of 
the — and North-Western Railway properly 
so called. 








THE TURBINE-DRIVEN STEAMER 
““MANXMAN.” 

Messrs. VickERS, Sons, aND Maxim, Limiren, 
launched from their Naval Construction Works at 
Barrow-in-Furness, on Wednesday, the turbine-driven 
steamer Manxman, which they have built for the 
Midland Railway Company. in connection with their 
new steamship service from Heysham. The speed 
guaranteed by the builders is 20 knots, but it is not im- 
a that a rate of 22 knots will be realised. We 
have already referred to the salient features of the 
three other vessels already launched on the Clyde— 
the Antrim, Donegal, and Lasdeniiatry.* The last of 
these three, like the Manxman, is fitted with Parsons 
turbines ; but there is this most important difference 
in the Vickers ; es the steam-pressure is 200 lb., 
instead of 150 1b., as in the case of all marine 
turbines so far fitted. As the two turbine-driven 
ships are almost identical, there will be an oppor- 
tunity of ascertaining whether increased pressure 
improves the economy. The turbines have been sup- 
plied by Parsons Steam-Turbine Company. Each 
drives its own shaft, and each shaft is fitted with 
one three-bladed solid bronze propeller. The high- 
pressure turbine is placed in the centre line of the 
ship, and the two low-pressure turbines at the sides. 
The turbines for driving the ship astern are incor- 
porated with the low-pressure turbines, and the 
slide-valves for controlling the steam admission for 
ahead and astern working in these side turbines 
are independent of the high-pressure turbine, s0 
that the latter in maneuvring will run idle. The 
reversing slide-valves are worked by large hand-wheels 
and worm-gearing, and all mancuvring gear is placed 
at the forward end of the engine-room, and arranged 
for easy manipulation. 

The condensers are cylindrical in form, placed in the 
wings of the ship. They are supplied with circulating 
water from centrifugal pumps, with which are com- 
bined the air-pumps, fitted in duplicate for each con- 
denser, and driven by independent steam-engines. 
The condensers are also fitted with Parsons vacuum 





* See ENGINEERING, pages 434, 645, and 651 ante. 
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intensifier, which we hope to describe when giving 
details of the ship later. Steam is supplied to the tur- 
bines by one single-ended and two double-ended boilers 
of the cylindrical type, working with forced draught on 
the closed stokehold system. The air pressure is pro- 
vided by four steam-driven fans. There are two funnels. 
In the engine-room there are fitted one pair of direct- 
acting feed pumping-engines for feeding the boilers, 
one duplex pump for sanitary purposes, two duplex 
pumps for bilge, fire, and wash-deck service, one feed- 
water heater, one feed-water filter, and one small 
duplex pump for clearing the cattle scuppers, and also 
various pumps for oil and water circulation as required 
by the Parsons system. 

In external appearance the Manxman is exactly the 
same as the three other vessels built for the Midland 
Railway Company, but internally there is considerable 
difference. She has been built, as her name implies, 
primarily for the Heysham and Isle of Man service, 
while the others have been constructed specially for 
the Belfast service, the designers in all cases being 
Messrs. Biles, Gray, and Co., who are the consulting 
naval architects for the Midland Railway Company. 
The accommodation of the Vickers vessel consists 
almost entirely of large saloons, instead of the 
small private cabins in the night steamers. But 
as the vessel may occasionally required for the 
night service, one of the saloons on the upper deck 
has been arranged so that it may be converted 
on short notice into a number of small cabins. The 
dimensions of the vessel are :—Length, 330 ft. ; beam, 
43 ft.; anddepth, 26 ft. She has three complete decks 
—the main, upper, and promenade ; and a shade deck 
above the promenade extends for about two-thirds of 
the length of the vessel, and is available as an addi- 
tional promenade for passengers. 

There are two classes of passengers—first and third, 
the former being accommodated amidships and the 
latter aft. On the promenade deck forward of the 
main companion there is the first-class deck-saloon, 
70 ft. by 28 ft., with settees at the sides and sofas in 
the centre. The decorations are simple but effective. 
At the after end of this saloon there is a buffet. The 
smoking-room is abaft the companion. On board 
ship this is one of the rooms that is most patro- 
nised, and the usual height of ‘tween decks does 
not give sufficient ventilation for absolute comfort. 
The designers have kept such defect in view, and the 
roof has been arched to give a height of 14 ft.; the 
result has been an apartment that for comfort and 
appearance is not excelled in the largest of Atlantic 
liners. The sides are panelled in fumed oak, the roof 
is in white lincrusta picked out in gold, the upholstery 
is in green morocco, and the floor green rubber tiles. 
On the upper deck, forward of the boilers, there is a 
ladies’ saloon, and at the sides of the boilers there are 
state-rooms for gentlemen on the starboard side and 
for ladies on the port side. On the main deck there is 
a dining-saloon seated for about 100 people ; the sides 
are enamelled white, and the upholstery is crimson. The 
revolving chairs are of special pattern, being made to 
fold up Tike opera chairs. The third-class passengers 
are berthed abaft the machinery, and the accommoda- 
tion is of the most ample description. The officers 
and engineers are berthed on deck. In addition to the 
passenger accommodation, very large cargo spaces are 
provided for dealing with light bulky cargoes, and the 
machinery for loading and discharging is of the most 
modern description. 

The vessel throughout has a complete electric light 
installation, and the ventilation is carried out on 
Stewart’s thermotank system. This arrangement has 
been used very extensively in recent years on large 
emigrant vessels, such as those of the Cunard and 
American lines, but this is the first time it has been 
used on a Channel steamer. It is an ingenious arrange- 
ment by which the air is extracted (in summer) by 
electric fans, and is circulated before delivery (in 
winter) through a coil of steam-pipes. The steering 
gear is of a novel type, being arranged to work either 
by electricity or steam. It is situated at the after 
end of the vessel, and is controlled mechanically from 
the flying bridge. 








THE MANCHESTER STEAM-USERS’ 
ASSOCIATION. 

THE annual general meeting of the members of this 
association was held at the offices, 9, Mount-street, Man- 
chester, on Tuesday, June 7, the president, Mr. Adam 
Dugdale, of Blackburn, in the chair. 

The annual report, which was read by the secretary, 
Mr. Robert Tonge, stated that the p s in the past 
year had been steady and satisfactory, there having been 
added to the constituency 63 members, 184 works, and 
398 boilers. The membership, as well as the number of 
works and boilers under inspection on December 31, 1903, 
stood = than at any previous period. The revenue 
exceeded that of the previous year by 614/., and the 
ordinary subscriptions showed an increase of 849/. The net 

alance in favour of the year was 18197. The value of 
the reserve fund, as shown in the balance-sheet, was 
slightly over 30,0007. The = number of entire ex- 
aminations usually reported been maintained, and no 











explosion had occurred of any boiler under the associa- 
tion’s care, but it had recorded during the year 53 boiler 
explosions as occurring outside its ranks, killing 21 
persons and injuring 65 others. Of these, 32, killing 17 
persons and injuring 51 others, might be termed “‘ex- 
plosions proper;” while the remaining 21, killing 4 
persons and injuring 14 others, might be termed “ mis- 
cellaneous explosions ”—i.e., those arising from _steam- 
pipes, stop-valves, kiers, rag-boilers, stills, &c. In addi- 
tion to the above, 2 explosions arose from the bursting of 
a a gl boilers, by which 2 persons were killed and 3 
injured. 

The Chief Engineer’s Memorandum for 1903, recently 
circulated amongst the members, is, the report stated, a 
full and valuable report on the subject of water-softening. 
The committee, considering that the present available 
data as to the specific heat of superheated steam is un- 
satisfactory, a grant of 1507. had been made to the 
National Physical Laboratory towards the costs of ex- 
periments on the subject. 

The association, it was stated, would attain its jubilee 
in September next, it having been formed at a public 
meeting held in the Manchester Town Hall, under the 
presidency of the Mayor, on September 19, 1854, mainly 
through the efforts of the late Sir William Fairbairn, 
Bart. At that time fatal boiler explosions were of very 
frequent occurrence; and at an inquest arising out of 
one at Rochdale shortly before, by which ten persons 
were killed, the jury stated ‘‘ they could not separate 
without pressing on the consideration of the owners and 
users of steam boilers throughout the kingdom the 
necessity there was that measures should be taken by 
them to ensure a thorough and frequent inspection of 
boilers so as to prevent, as far as human foresight can, 
the recurrence of explosions.” The late Sir William 
Fairbairn had been called in to investigate the cause of 
the explosion in question, and he had previously, as early 
as 1851, in giving evidence on a boiler explosion at Stock- 
as suggested the formation of such an association as 
this. 

The institution of this association was the first attempt 
in this country ona large scale to establish a system of 
boiler inspections, and the various joint stock boiler in- 
surance companies _— from it, though developed on 
other lines. It was founded on the voluntary ee 
and has continued faithful to that principle. It has 
abundantly demonstrated, Fd its investigations into the 
causes of boiler explosions, that there is not any mystery 
attending those occurrences, and by its system of careful 
efficient periodical inspection has shown that they may 
be prevented. So confident of this were the Committee 
of Management that in the early days of the association’s 
pecuniary guarantee given on each ou’ boiler, the 
members of the committee each undertook a personal 
guarantee of 1000/. 

By the exertions of the association, through its then 
president, the late Mr. iy Mason, M.P., and Sir 
Wm. Houldsworth, Bart., M.P., the passing of the 
Boiler Explosions Acts by Parliament was attained, and 
an inquiry by the Board of Trade into the occurrence of 
boiler explosions secured. The working of these Acts 
has been, and continues to be, most useful. 

The association’s influence on the improvement of boiler 
construction, tending to ensure safety in design and 
economy in working, has been very considerable. Some 
years ago extensive experiments were undertaken to 
ascertain the strengths of the various parts of a Lan- 
cashire boiler, double and single riveting, &c.; also a 
series of experiments were conducted to determine the 
effects of introducing cold water on to red-hot furnace 
crowns ; and special attention has been given to the best 
method of firing boilers with a view to smoke-prevention. 

he good work of the association continues, and the 
future will doubtless witness its usefulness and value. 

In conclusion, it was stated that the committee reported 
with regret that the secretary had expressed a desire to 
retire on September 30 next. He was appointed secretary 
on March 27, 1860, so that he had filled the position for 
upwards of 44 years, and in recognition of his long and 
faithful service it had been arranged that a suitable 
annual retiring allowance should be paid to him. 

The president moved the adoption of the report, and, 
among other matters, referred to the association’s ap- 
proaching jubilee. They were, he said, proud of their 
founder—Sir William Fairbairn—a leading light both in 
the industrial and scientific world. It was due largely 
to his influence, to his desire to increase our engineering 
knowledge, to his spirit of inquiry, that the association 
had undertaken various scientific researches. If Sir 
William were still amongst them, the jubilee celebration 
would be a fitting occasion for honouring him as a 
scientific and a practical man. This could not be done, 
but they could honour his memory, and it had been pro- 
pues as an appropriate way of doing this, to invite the 
eading scientific and technical men toa jubilee dinner, 

Mr. Charles Heaton, vice-president, seconded the adop- 
tion of the report, and the resolution, which included 
the confirmation of the committee’s proposal to grant a 
pension to the retiring secretary, was unanimously 


ado 2 

The committee were thanked for their past services and 
were re-appointed ; and a vote of thanks to the chairman, 
very heartily carried, concluded the proceedings. 





THE LAW OF MASTER AND SERVANT. 

A Curious Compensation Case.—A case which raises a 
somewhat peculiar point under the Workmen’s Com- 
a8 | Act was recently heard by His Honour Jud 

owland Roberts at the Dudley County Court. It 
appears that a signalman on the Great Western Railway 
met with an accident in the course of his employment 
which necessitated the amputation of one of his legs. 








He was wholly prevented from working for several 
months, during which time his employers paid him full 
a, men esp in accordance with the Act of 1897. When 
his leg was completely healed, however, they applied 
to the County Court Judge, sitting as arbitrator, for 
a review of the payments, alleging that the incapacity 
for work which had been caused by the accident 

, and that they were no longer liable. It trans- 
os that by this time the app icant was sufferin; 
rom locomotor ataxia in an advanced stage, whic 
wholly deprived him of the use of his limbs. At the 
hearing of the case medical evidence was called to 
show that the applicant was suffering from this disease 
at the time when he met with the accident, and that 
even if he had never met with any accident, the disease 
must at some time or other have rendered him incapable of 
working for his employers. On the other hand, medical 
witnesses called for the ee a one while admitting that 
the applicant may have had the germs of the disease of 
locomotor ataxia in his system when he sustained the 
injury, asserted that the — of the — was 
materially hastened by the fracture of his leg. The 
learned County Court Judge in these circumstances came 
to the conclusion that there was evidence to justify him 
in finding that the total incapacity had been caused by 
the accident, with the result that the employers will have 
to pay compensation upon that basis. It seems to us 
that this is a rather startling declaration of an em- 
ployer’s liability. The natural inference is that if 
any man has any infirmity which may hastened or 
aggravated by an accident in the course of his employ- 
ment, the employer must be held responsible; and 
this although there may be evidence that the com- 
plaint from which the man is suffering must be dangerous 
or fatal. In this respect the case goes one step further than 
Lloyd v. Sugg (1900, 1 Q.B. 488), where the Master of 
the Rolls said :—‘‘It has been contended that the injury 
arising from the jar (in that case a jar was caused to the 
applicant’s hand by a blow struck with a hammer upon 
the.wrong part of an instrument held by him) would not 
be so great but for the gouty diathesis; but this point is 
absolutely immaterial... The same principle must be 
applied in these cases which has been followed in cases of 
injury caused by negligence, so far as regards causes con- 
tributing to the amount of the injury ; for instance, in 
the case of a delicate lady — shock in a railway 
accident, the actual shock would the same as in the 
case of a lady in sound health, but the resulting injur 
would be far ter ; in every case the ultimate result 
differs according to the physical condition of the person 
at the time of the accident.” Cases are also upon record 
where ‘disease ” itself has been held to be an accident. 

In Higgins v. Campbell (20 T.L.R., 129) a workman, 
who was oe ys ap in a wool-combing factory, had, in 
the course of his a to sort or open bales of 
Persian wool, and in doing so he caught anthrax, a 
disease which is commonly imported into this country in 
Persian skins. It was decided that this was an injury 
caused by ‘‘ accident” arising out of, and in the course 
of, the employment within the meaning of Section 1 of 
the Act. 

The moral of the case decided by Judge Howland 
Roberts is that the employers, or the insurace company 
who are responsible for accidents, should take steps to 
ascertain whether any of their workmen are suffering 
from any disease which may be aggravated Ly a slight 
accident. By doing so it may be possible to avoid the 
grave consequences which may ensue. 








Tue ‘BRITISH JOURNAL OF PHorocRAPHY.”—We have 
received a copy of the special illustrated number of the 
British Journal of Photography, which celebrates the 
existence of that paper for fifty years. It contains, 
besides articles on ‘‘The Progress of Lens-Making,” 
‘*Photo-Micrography,” ‘‘Three-Colour Work,” &c., 4 
history of the journal’s life, giving details of its growth 
from the Journal of the Liverpool Photographic Society in 
1854 to the present time; during which period such 
editors as Sir William Crookes, J. Traill Taylor, and 
others, whose portraits are published, have raised it to 

rhaps the leading position in photographic journalism. 
This particular number, dated June 10, contains seventy- 
six pases of text, and is published without any increase 
of the usual price of twopence. 





TUNNEL UNDER THE THAMES AT WOOLWICH.—Traffic 
across the Thames at Woolwich is at present conducted 
by means of a service of ferry - boats, the regular 
working of which is frequently interrupted by fogs 
and other adverse weather conditions. Great incon- 
venience is felt on these occasions, and workmen often 
risk the passage during fog and darkness in small 
boats in_order to avoid delay. For this reason, the 
Bridges Committee has recommended the London County 
Council to apply to Parliament for powers to construct a 
tunnel connecting North and South Woolwich similar to 
the Greenwich tunnel. The pro; tunnel would be 
constructed for foot- ngers only, at an estimated cost 
of 145,000/.;in addition to which the maintenance charges 
and electric power for the lifts would amount to 2500/. 
annually. As a set-off against this sum, it is assumed 
that the ferry service might be diminished, with an 
annual saving of 7000/., so that the net increase of cost 
during the first year, beyond the present expenditure on 
the ferry, would only amount to 30307. This sum would 
diminish year by year as the debt was paid off, until, at 
the end of 35 years, it would vanish ; after which there 
would be an increasing yearly saving until, at the end of 
the loan period of 59 years, the cost of the combined 
tunnel and ferry service will, it is estimated, be 4500/. 
annually less than the present ferry service. The Council 
has not adopted the recommendation. 
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THE HEELING AND ROLLING OF SHIPS. 
To THE Epitor or ENGINEERING. 
Str,—In his excellent paper on “‘ Heeling and Rolling 
of Ships of Small Initial Stability,” which you print in 
our present issue, and that of May 27, Professor 
ribanti states that the formula for the stability of a wall- 
sided ship was first given by Professor Mengoli. Atwood, 
in his ‘*Disquisition on the Stability of Ships,” read 
before the Royal Society, and printed in the Philoso- 
phical Transactions, 1798, also gave this formula. He 
also showed (page 256) that if the sides of a vessel in the 
ion of the water plane are oo of common para- 
bolas, the same expression holds. This latter case is not 
mentioned by Professor Scribanti, and seems to me to 
render his investigation of more general application. 
It is a matter of surprise that although many rules for 


approximate integration are in constant use by naval 
architects for the calculation of areas and of displace- 
ment, none of these rules are used in the paper. Naval 


architects 
used for 
in Is. 
For instance, taking the wall-sided (or parabolic sided) 
vessel rolling unresistedly from an extreme angle a, and 
using the terms employed in British text-books on naval 


architecture, we get, after integration of the general 
@0=a/ ¥(cos9— cosa) {2GM-BM(1 Se 


egrern d do not realise that these rules can be 
the integration of the most complex definite 


equation of motion, 
ete ) | 
cos @cosa/ J 


The time taken to pass from the extreme angle a to the 
upright is, therefore, 


a 
dé 


vm a/ | / (om cone 9M -BM(1- 7.) | 


If the metacentric height (G M) is zero, and for the 
cosines the circular measures of the angles are substi- 
tuted, the powers above the fourth being neglected, we 


get 
a 
__ 0 
af FO * 
t=— ne 
a2 9g BM*» V1 a‘ 
If Simpson’s tirst rule be employed for the integration 
of this expression, an odd number of equidistant values of 


1 
wire 
a* 
is first calculated. The sum of the first and last, four 
times the even and twice the odd (except the first and 
last) terms — by one-third the common distance 
gives the value of the integral. In the present case the 
rule cannot be applied from 0 to a, since when @ is equal 
to a the value of ‘ 


V1-% 


is infinity. It can, however, be used from fe to 0 by 
5 


. _4a 3a 2aa . : 
putting @ = B-B’ B's and 0 in turn. The time 
thus found, in passing from 2 to 0 is equal to 

0 
1.6532, / i 
a gBM 


The time from a to = is obtained by dividing the angle 
5 


E by the mean angular velocity between a and 12. When 
4 


a 
— the an- 
5 


@ = athe angular velocity is 0. When @ = 
gular velocity is fe 
3842 a2 /7 BM 
yy R 
The mean angular velocity is, theretore, 
1921 «2, /9 BM 
\/ ke 
4a 


and the time taken to pass from a to is 
” 


1.0411 i 
a gBM 
The total time from a to 0 is thus 
2663 je 
hie g9 BM 


and the period—that is, the time taken in going from a on 
one side to a on the other side of the vertical—is 


5.39 /—a 

“ 9 BM 
This value is very near that ee by Professor Scribanti. 
If a greater number of equidistant values are calculated, 


the result is still closer. , 
Similarly, with a little more trouble, the period can be 
calculated from the first and accurate expression for ¢ 
with any values of a, GM, and BM. j : 
If Tchebycheff’s rule be employed, the integration can | 





be performed in one step, since with this rule there are 
no infinite terms. A greater number of terms should, 
however, be used. 

The method indicated above certainly does away with 
some of the mathematical beauties of the paper, but is, I 
venture to think, more practical. It can also be employed 
in many cases of integration which would otherwise in- 
volve the use of the mathematical process—so mysterious 
to most people—of elliptic functions. 

Apologising for encroaching on so much of your valuable 
space, 
I am, yours faithfully, 

A. W. Jouns, R.C.N.C., 

Instructor in Naval Architecture, 
F Royal Naval College, Greenwich. 
Chudleigh, Cloudesdale-road, Balham, 8. W., 
June 4, 1904. 





INTERNAL-COMBUSTION MOTORS. 
To THE EpiTor OF ENGINEERING. 















} 





‘ment on either side is sound.” Nevertheless it asserts 


that in this particular condenser there is a very large 
‘*margin of safety.” Between margin of safety and actual 
‘*factor of safety” there lies what the Court calls theo- 
retical evidence ; and certainly an actual factor of safety 
would have been better arrived at by the practical evidence 
given by.a.few strokes of a force-pump. The deliverance 
of the Court on the subject of the Board of Trade’s officia] 
mind does not appeal to one’s ideas of fair play, the 
expression that there “‘should be a reasonable engineering 
doubt, and not merely the official doubt which novelty 
always tends to create in the official mind,” would not be 
subscribed ‘to by many who, whether unversed or versed 
in official cerebrations, would advocate that technical deci. 
sions which become history should be in other language. 
It must always be-remembered, that the Board of Trade 
is no respecter of persons, and that its one duty is for 
the safety of the public, and that it legislates for what is 
known to happen, not for what ought not to happen. 
Hence, in this particular case, in which a large compara- 
tively unstayed flat surface, some 6 ft. long by 33 in. wide, 


Str,—Referring to the correspondence on this question | is not considered sufficiently strong for safety, as forming 
which appeared in your issues Of May 27 and June 10, as part of a rectangular exhaust-pipe, and also exposed 
to Fig. 23, on page 696 of the issue of May 13, of the James | occasionally to pressure, certainly many marine engineers 
Forrest Lecture, by. Mr, Dugald Clerk, the obvious pecu- would regard this unique novelty with 
liarities of the diagrams referred to by your correspon- ever, the law says it is strong enough! 


isgiving. How- 
erhaps engi- 
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from which they were reproduced. 
copy of Fig. 23, as corrected for reproduction in connec- 
tion with the James Forrest Lecture in the Proceedings 
of the Institution of Civil Engineers. 
Tam, yours truly, 
M. ATKINSON ADAM. 
18, Southampton-buildings, Chancery-lane, 
London, W.C., June 11, 1904. 








ANCIENT TILTING-HAMMERS. 
To THE EpiTor OF ENGINEERING. 

S1r, —Referring to your notices of the above in Enc1- 
NEERING (May 27 and June 3, 1904), those interested in 
the subject will find a full account of these ancient appli- 
ances, with photographs and drawings, in the paper on 
‘Sussex Ironwork and Pottery,” vol. xlvi. of the Sussex 
Archeological Society's Collections (Lewes), by the writer. 

Yours faithfully, 
CHARLES Dawson, F.S.A. 

Royal Societies Club, St. James’s-street, S.W. 








THE BOARD OF TRADE AND CONSTRUC- 
TIVE ENGINEERING. 
To tHE EpiToR OF ENGINEERING. 

Srr,—Endeavouring to pen a few unbiassed words on 
the above current subject, I crave a few lines. This isa 
case of engineers going a-lawing, and finding that judges 
may not understand engineering questions ; also of appa- 
rent agreement by a trained engineer with inferences and 
expressions which do not appeal to the ordinary marine 
engineer ; also of a judgment which is so far a victory 
for the appellant that, acting on it, similar certificates of 
sufficiency of machinery built on similar lines may be 
demanded, but which mode of construction is not likely 
to be imitated nor guaranteed as sufficient by many 
marine engineers; also, as a judicial eo meggeoreer ear it 
may be used by boiler-makers and ot ers, constructin 
vessels which may cause loss of life by exploding, an 
pleaded by them when disaster will inevitably ensue. 

It is novel to find that a suggested weakness of detail 
in a surface-condenser is a hampering of what is inferred 
as the experimental stage towards stereotyping a so- 
called new industry—viz., rotary engines. It is very 
novel in these days of hi hh-pressure steam to read that 
“Tn point of fact a condenser is not intended to with- 
stand internal pressure,” and to know that many con- 
densers are fitted with compound gauges; and knowing 
also that many engineers have seen pressures in con- 
densers which would give cause for misgiving as to the 
strength of the detail in question. The judicial mind, 
which argues that if a piece of machinery is safe for a 
day that therefore it is safe for a year, evidently has 
no knowledge of the — of unstayed or sparsely- 
ribbed flat surfaces, or of the fatigue of material. More 
especially as we find the reasons for the judgment 
prefaced by the remark that ‘‘A strictly technical view 
of the matter has been submitted in argument on both 





sides, but the Court-does not think the technical argu- 


| 





dents were due to a clerical error in preparing the copies | neers travelling in the Princess Maud will watch develop- 
enclose herewith a | ments. Should the Board of Trade’s contention 


rove 
true, and strengthening be found necessary, there should 
follow the amende honorable. 
Yours truly, 
M. Inst. C.E. 


To THE EprToR OF ENGINEERING. 

Srr,—You raise a very appropriate question in refer- 
ence to the Board of Trade and constructive engineering 
—viz., Would the steam not find its way up through the 
air-pump valves, which would act as relief valves in the 
turbine-engine condensers, as well as in the reciprocating- 
engine condensers, and therefore free the condenser of an 
abnormal steam pressure that might arise? 

In the first place, it is almost an impossibility for a 
pressure of steam to rise to a dangerous pressure in the 
reciprocating-engine condenser, owing to the means em- 
ployed to relieve it. As I said in my previous lettter, 
the latter type of engine ‘‘automatically takes the greatest 
— care of the steam it uses” under all conditions ; 

ut it is somewhat different with the turbine; under 
the same conditions it does not automatically keep the 
steam from rising in the condensers, for it is possible for 
the steam to accumulate in the latter, as, when the main 
stop-valve is open to admit steam to the high-pressure 
turbine, it is then in direct communication with con- 
densers; and should the turbine be brought to a stand 
suddenly by a propeller getting jammed, or a breakdown or 
stoppage with the circulating pump takes place, the live 
steam would then find its way to the condenser, and 
would accumulate rapidly, and more so if fitted with the 
same type of ae as the steamer in question—viz., 
the Princess Maud. 





Yours, &c., 
RECIPROCATING ENGINEER. 





To THE Eprtor OF ENGINEERING. — 5 
Srmr,—I notice in your foot-note to “‘ Reciprocating 
Engineer’s” letter, in your issue of June 10, you ask 
‘‘What is to prevent steam blowing through air-pump 
valves?’ In answer to your query a large proportion of 
modern steamships are fitted with the Edwards type 
of air-pump, and no doubt many of these are passed by 
the Board of Trade. I would point out that with this 
type of pump, unless the pump-piston or bucket be in 
the bottom centre or thereabouts, it is impossible for any 
pressure in condenser to be relieved by means of the air- 
pump valves; this is obvious from the nature of the design, 
and the only relief would be by means of the small escape 
valve, witb is always insisted on by the Edwards Com- 
pany, to relieve any pressure which may accumulate 
under the pump-piston, due to an excess of water ; but 
dangerous pressure from this cause will never be obtained. 
This relief valve is, however, much too small to give ade- 
quate relief to a large blow through from a main steam- 
pipe, and it would be interesting to know how the Board 
of Trade have guarded against the possibility of accident 
in ships which are fitted with this type of pump. 
T am, Sir, yours sincerely, a 
Lancashire, June 14, 1904, A Looxer-On. 
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LESTER'S TRANSPARENT DRAWING-BOARD. 


‘CONSTRUCTED BY MESSRS. JOHN DAVIS 


AND SON, LIMITED, ENGINEERS, DERBY. 








THovGH the practice of making tracings on thick 
drawing-paper off ordinary drawings by means of a 
powerful light provided underneath the drawing to be 
traced, so as to enable the lines of the latter to be 
clearly seen, is not new, it has, for many purposes, so 
much to recommend it that the neat and compact 
form of transparent drawing-board which we illustrate 
above is worthy of attention. It is made by Messrs. 
John Davis and Son, Limited, Derby, who are well 
known in connection with many labour-saving drawing- 
office appliances. As indicated by the name adopted 
for the apparatus, the drawing-board (if we may be 
allowed to use the expression) is transparent, and 
consists of a sheet of plate-glass 4 in. thick, which 
is sunk in a wooden frame, so that the surfaces of the 
glass and wood are quite flush with each other. Con- 
venient bars, which are shown in our illustration, are 
used, whereby the original drawing and the paper on 
which the copy is to be made are held down quite flat 
and prevented from slipping. A rest for the fore-arm 
when drawing can also be supplied. It will be seen 
that the transparent board is hinged along the bottom, 
or near side, to a wooden frame, in which slides a 
mirror, which can be drawn out from the operator for a 
considerable distance beyond the board. The board can 
be tilted to any desired angle, and held 4 by two 
props, which can, when not in use, be folded back into 
recesses in the frame. Light, striking the mirror 
obliquely, is reflected upwards, illuminating the glass 
on which the original drawing and the copy are 
stretched, and so rendering the latter transparent. 

The adaptability of the machine to varying con- 
ditions of light is due to the sliding-mirror before 
referred to, and this, in conjunction with the trans- 
parent board, is the important feature of the appa- 
ratus. By means of this sliding-mirror the whole of 
the transparent surface can be illuminated, and this 
can be accomplished at whatever angle the light rays 
strike the mirror. For instance, when the operator 
is compelled to work at some distance from the 
window, or source of light, the mirror is drawn out 
to suit these conditions ; but when the source of light 
is near to the worker, and the rays fall more verti- 
cally on the mirror, the latter must be pulled out 
only a little way beyond the board. The apparatus 
folds up quite flat, and is very portable. It is made 
in several sizes, suitable for drawings of different 
dimensions ; but should any drawing be too large to 
trace at one operation, one portion can be done first 
and the drawing can then be moved, together with 
the copy, until another part is over the plate-glass, and 
in this way the tracing may be completed. 

Should it be necessary to use artificial light, a 
very neat and convenient form of electric lamp may 
be used. This is known as the ‘ Lynolight” lamp, 
and is placed along the top of the board so that the 
light from it shines down on the mirror. 

In our illustration the lamp is shown detached and 
lying in the foreground, in order that it may be more 
clearly seen than would be the case if placed in its 
working position, 








INDUSTRIAL NOTES. 
Tux seventy-ninth annual report of the Steam- 
Engine Makers’ Society consists of 488 closely-printed 
pages, full of statistical and other details relating to 


the operations of the society. This union in 1850 
refused to amalgamate, and it has continued’ its in- 
dependent existence ever since. It was at that time 
a more or less local society, for it was considered to 
be — doubtful whether a trade union with branches 
was a legal society under the Corresponding Societies 
Act and other Acts then in force, some provisions in 
which are in force to-day, though repealed as regards 
friendly societies, and mofified in respect of trade 
unions by the Acts of 1871 and 1876, and by the 
Labour Laws of 1875. 

The society now consists of 112 branches; with an 
aggregate of 9651 members. This is the highest in 
both respects ever attained. The gain in members in 
1903 was 348, after allowing for deaths and exclusions. 
The total income for the year was 27,2471. 2s. 7d. ; the 
total expenditure amounted to 19,895/. 10s. 7d. ; the 
total funds at the close of the year. with which to face 
1904 were 75,560/. 4s. 6d., or at the rate of 7/. 16s. 7d. 
per member. This high proportion was always referred 
to with pride by the late lamented James Swift, J.P., 
so many years the general secretary. 

The chief items of expenditure were :—For un- 
employed benefit, 5555/. 7s. 3d.; travelling benefit, 
134/, 8s. 4d.; sick benefit, 4981/. 13s. 10d. ; super- 
annuation benefit, 45837. 15s. 10d. ; accident benefit, 
2007. ; funeral benefit, 1494/. 1s. 6d.; benevolent 
grants, 111/. 16s. 8d. ; contingent benefit (disputes), 
171. 18s. 4d. The aggregate working expenses of 
management, general office and the branches, including 
salaries of all officers, was 2842], 1ls. 7d. The above 
shows how little was spent on strikes, how much on 
provident benefits. 

The aggregate amounts éxpended from 1853 to 1903 
inclusive were as follow :— 


£ s. d 
Unemployed benefit 159,746 4 7 
Travelling benefit ... 7,621 5 9 
Sick benefit ... “3 se 117,188 12 7 
Superannuation allowance... 69,195 4 3 
Funeral benefit ot 36,588 17 11 
Accident benefit 11,535 16 0 
Benevolent grants ... i 2,791 6 8 
Contingent benefit (strikes) ... 19,082 10 2 
Management expenses, all told ... 75,473 8 5 


Total oad is ... 498,223 6 4 


The society has invested on behalf of the super- 
annuation fund 34,615/., the interest on which t 
year was 752]. 3s.1d. The bank interest on balances 
was 980/. 12s. 1d. In order to secure to superannuated 
members their full benefits, the society has made a 
rule (Rule VI.) to the effect that one-half the total 
— in each year, of income over expenditure, shall 
be devoted to the increase of the superannuation fund. 
Every detail connected with the several funds and 








with the branch funds is given in much fulness, and 


also information as.regards age and cause. of death, 
length of time the deceased member. was in.reeeipt of 
superannuation, rates of benefits otherwise paid,-and 
many other useful tables. The most pathetic: thing 
in the report is that its first pages contain.a tribute to 
the late chairman of the executive council, who. held 
the post for twenty-nine years;. this report.“was 
written by the secretary, but before it was published 
there came his own death, rather suddenly, which 
his successor had to report.. Thus the two men 
who had. worked together for so many.years 

away within a short time. The society is. not: for- 
getful of their services. A monument is erected to 
the first, that to the- second will be erected in due 
time ; both were faithful to their duties. 





The American Federationist for June .contains a 
special article on ‘‘ Freedom Through Trade Unions,” 
by Stuart Reid. It deals with what is termed in 
America the ‘‘ open-shop” question, or what, we call 
‘*free labour” in this country. It seems that the 
chief employers’ federation is the National Metal 
Trades’ Association, which association, it is said, has 
tried to limit the individual members in the choice of 
labour to an extent not even dreamt of by.the,unions. 
The Central Association claim the right to —e the 
men, and supply the needs of its members. ‘Of course, 
in sueh a case thére is no freedom. If a-trade union, 
in response to an application from an employer: or 
firm, sends men, the employer has a perfect. right to 
reject all, or each, according to circumstances: One 
American employer declared that ‘‘ the new. -system 
deprived his class of the few privileges left..to them 
by the union.”.. This is condemnation indeed. - But 
if the new system bears hard upon employers, what 
of its effect upon the workmen ?. There isa: concealed 
ese of black-listing such as was never exercised 

y the engineering employers in the dayseof: *‘ the 
document,” during the strike of 1861-2... Mr. 
Gompers writes on the same question: editorially. 
He cites the Clothing Manufacturers’. Association 
of America as an example of the kind of freedom to 
be expected under the ‘‘ open-shop ” system. In. this 
article Mr. Gompers concedes. the right) on :cer- 
tain lines, but he declares that. the unions: have a 
eyes similar right. of - refusal. « In the» abstract 

th are right. But what labour and. capital have to 
do is to apply the principle practically: tothe con- 
ditions of the workshop, and to the social life of the 
people. On just lines there need not be any infringe- 
= of the laws of the land, or of the principle of 
iberty 

The ‘‘ open-shop” system in its fullest development 
has been, and is, condemned by the laws of England 
and America, and, indeed, by most of the nations of 
Europe, if not of the world. The Factory Acts, the 
Mines Acts, and a host of other Acts in this country 
intervened to put a stop to “unlimited competition ” 
under conditions disastrous to children and women. 
In America specific laws were passed to restrict, if not 
to put a stop to, sweating. The law restricting immi- 
gration was, indeed, of that character. In this country 
the Public Health and Sanitary Acts operated adversely 
to the sweating system. The Adulteration Acts and 
the Weights and Measures. Acts also, in another form 
and with other objects, restricted unlimited competi- 
tion. The public have an interest in this ‘‘open-shop” 
question ; and in proportion as they understand the 
merits of the question, and its injurious effects when 
unrestrained, so will public opinion interpose in the 
interests ofe-humanity and justice. But in opposing 
the manufacturers and employers’ point of view, trade 
unions must not think that the ‘‘ closed door” is not 
open to objection. License is one thing, but an 
infringement of liberty .is another. The action of 
Governor Peabody, of locnin, is likely to bring the 
question of trade-union rights acutely before the 
American public, with the result, probably, of some 
definite State law being passed, or a test case taken 
into the courts. He has, it seems, over-ridden the 
civil law, and refysed a habeas corpus. The suspension 
of the latter is likely to evoke considerable feeling, and 
the American Federation of Labour does not intend, 
evidently, to sit still and allow the matter to rest— 
and sleep. There are certain questions which an 
Fata to law can alone settle; if on the wrong side, 
there is a chance of an amendment of the law itself, 
for it is a matter of legality. 





The monthly report of the Amalgamated Society of 
Carpenters and Joiners for June is a little more 
encouraging, but there is still a large number of 
members on unemployed benefit. The total member- 
ship was 72,212; of these, 3714 were on donation 
benefit, 1538 on sick benefit, and 1501 on superannua- 
tion allowance. It is remarked that the number on 
unemployed benefit is abnormally large still, as in 
1899 only 535 were on donation a t in the same 
month. The reductions consequent upon bad. trade 
have not been so serious or extensive as many feared 
they would be. In many cases the working rules have 
been continued for another year unaltered, and in some 








cases the attempted reductions have been abandoned. 
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In one case—Southampton—an advance of 4d. is pro- 
mised ata future time, if trade permit. At Malvern 
some objectionable rules were withdrawn, but at Aber- 
dare and Lowestoft matters are still unsettled. At Aber- 
deen the by-laws have been comfirmed for another year, 
and the notices of reductions at Birkenhead have been 
withdrawn. In Yorkshire a most important conference 
has been held between the representatives of the 
Master Builders’ Federation and of the Carpenters, 
Masons, Bricklayers, &c., with the view of a closer 
union to avoid disputes. The basis for an arrange- 
ment was _ to, the same to be submitted to the 
respective bodies throughout Yorkshire. This will 
have an important bearing upon the building trades 
throughout this wealthy and advancing county. 
Trade is very bad in South Africa in all branches ; 
only one reports it as improving. At Johannesburg 
it is descri as deplorable. ‘Trade also appears to 
be bad in Australia, but not so bad in New Zealand. 
In no cases was it said to be bad in the latter, only 
dull. . In others, fair to moderate, or quiet. 


The. Ironfounders’ report for this month is not 
encouraging from the employment point of view, for 
there is an increase of 105 on the unemployed list, 
which is an indication that trade is on the decline, 
instead of the reverse, as it should be at this time of 
the year. The total on the funds was 3373— increase, 
113. O£ these, 1763 were unemployed, 1155 on super- 
annuation allowance, 449 on the sick list, and six on 
dispute benefit. There was an increase in each class 
except the last, which decreased by seven. The weekly 
cost of benefits was 1096/. 14s. 10d., or ls. 2?d. per 
member per week. The cash balance in hand was 
97,928/. 18s. 1d.—-increase, 317/. 4s. 9d., but the total 
is less by 3927/. 0s. 7d. than it was a year ago. The 
returns as to the state of trade are not so discouraging 
as the increase in the list of unemployed would seem 
to indicate. Under the heads of ‘Short Time,” 
‘* Bad,” and ‘‘ Very Bad” there is a list of 45 places, 
with 7682 members ; last month there were 44 such 
places, with 8299 members. In all the other 83 places 
reported on trade was from very good to dull, so that 
the increase of unemployed may have been due to 
some temporary causes not explained in the reports. 
By the votes of members it is decided to remove the 
general office from London to Manchester. — It is 
resolved to secure a site and build offices suitable for 
the society. The site is to be selected by the two 
Manchester and the Salford branches, by whom a 
committee of three is to be elected to superintend the 
erection of the building after the design and estimate 
have béen sanctioned by the members. Mr. Masterson, 
the assistant to the general secretary, has been elected 
a member of the Southwark Borough Council ; members 
are informed that his duties as councillor will not 
interfere with his office duties, as the council meet in 
the evening. 

France is still disturbed by strikes and violence in 
many districts. At Brest the dockers’ strike has 
brought commerce to a standstill. The quays are 
occupied by infantry and mounted gendarmes, and 
violent odilidieas have frequently taken place. At 
Lorient an attempt was made to blow up a powder 
magazine, but, fortunately, it was frustrated. At 
Cherbourg the strikers and their sympathisers parade 
the streets singing the ‘‘ Internationale,” and they 
frequently attempt to storm vessels in which non- 
strikers are at work, at which times the mob is 
charged by the armed police, and is in some cases only 
driven off with difficulty. At Lyons the tramway cars 
have been besieged by the strikers, the non-union men 
being assaulted. In one conflict the gendarmes used 
their swords freely, several persons being injured. At 
Limoges the bakers on strike stormed the premises of 
an employer who refused to abolish night work. The 
shop front and all the windows were shattered by 
the mob, who were armed with bludgeons and 
revolvers. All these instances indicate a more 
violent upheaval of the masses@of the workers 
than has n the case for many years. How far 
political agencies are at work inciting to violence no 
one can exactly say ; but the violence does not seem 
to be entirely industrial. Such movements have often 
been used by intriguing political parties for their own 

urposes. In any case the outlook is discouraging. 

Ve used to point to France as the one place where 
labour disputes were more or less settled by a system 
of arbitration and conciliation 3 but this seems to have 
been abandoned. In Spain the elements of unrest are 
still in motion, though not juite so violently as they 
were a short time ago. It is strange that in the New 
World, as in the old, labour disputes are getting more 
acute than in Britain. 





The position of the iron and steel trades in the Wol- 
verhampton district continues about the same. The 
demand is steady for material for early requirements, 
to keep the manufacturing workson regularly. There 
have been further foreign orders for galvanised iron 
and hoops. Home business appears to be more confi- 


of bars, sheets, angles, &c., report good inquiries ; 
wagon-building iron and steel is in good request, and 
there is a brisk demand for structural sections and 
steel strip. In the Birmingham district things do not 
appear to be quite so rosy. Last week’s market was 
weak and ill attended. In general, business in the 
Midlands has been slow, and at a low level, and there 
has been no change for the better in prices. Trade 
with South Africa is said to be improving, and India, 
Canada, and South America are better customers than 
they have been for some time past. Owing to the partial 
secession of one or two firms from the Small Round 
Tron Association, the members met and decided to 
suspend the operation of the association for a time to 
give all a fair chance in competition. Representatives 
of employers and blast-furnacemen in South Stafford- 
shire have had a conference on the eight-hours question, 
the men desiring an eight-hours shift, as in North 
Staffordshire. he employers demurred, but the 
matter is to be reconsidered at a future conference. 





The position of the engineering trades in Lancashire 
remains about«the same as last reported. In some 
districts a fair amount of work is stirring, and some 
firms engaged on specialities are fairly well employed, 
but the general run of works are pe moderately off 
for orders, many of them being slack. No material 
a is reported in the textile-machine-making 
industry, and both boiler-makers and ironfounders 
report trade.as slack. The iron market: gives no indi- 
cation of a change for the better. The orders are 
mostly for present requirements, in small quantities. 
A fillip of some kind is needed, but there is no sign of 
it as yet. 





It appears that the Royal signature to the. Cape Act 
relating to the exclusion of ‘Chinese has not yet been 
given ; indeed, the authorisation by the Governor has 
not yet been forwarded, for some reason. No further 
batch of Chinese has landed in South Africa, nor will 
any land for some weeks to come. It is said that the 
British Minister in China has refused to sanction the 
form of indenture submitted to the coolies. 

The London cab strike has ended in a success for 
the men, subject to a final arrangement of terms. The 
real grievance is the excessive number of cabs in the 
streets, The ‘‘crawlers” are a greater danger to 
pedestrians than either bicycles or motors, and they 
crawl more conspicuously and slowly at the chief 
crossings, so that foot passengers have difficulty in 
crossing. 


The directors of various bridge-building works in 
Motherwell, in Scotland, have given notice of reduc- 
tions of 5 per cent. in day wages and 10 per cent. on 
piece rates of the iron-workers engaged, to come into 
operation on the 17th inst. The men threaten to 
resist the reduction by a strike. Several thousands of 
men are concerned. 





The strike of diamond -cutters at Antwerp has 
ended, after a six months’ struggle. The men have 
agreed by 2169 votes to 271 to accept the terms sug- 
gested by M. Terivagne, the union’s deputy. 





The Paris dockers have gone on strike for higher 
wages and shorter hours of labour. The dispute at 
Brest is not yet settled, the owners’ offer not being 
a a hg men. There is adifference of a franc 

r day in both sections of the men employed. There 
as been no further rioting, and the town has been 
quiet. 








Joun Brown AnD Co., Limitep.—The directors have 
just issued their fortieth annual report. They state that 
fair orders are now in hand for armour, gun-forgings, and 
marine shafting. Prices for coal have continued to fall, 
without any material reduction in working costs, and 
the financial prospects of this branch of the com- 
pany’s business are not encouraging. Additional coke- 
oven plant at Rotherham Main Colliery will shortly 
be completed. Work on the first-class armoured cruiser 
Antrim, and the battleship Hindustan has progres 
favourably, and it is anticipated that both these 
ships will be delivered during the current financial 
ear. A fast passenger steamer for the Midland 
ailway Company has n delivered, and orders have 
been received for two large mger steamers for the 
Cunard Steamship Company, both of which will be fitted 
with turbine engines. The larger of the two vessels is de- 
signed to develop a very high speed. The netprofit for the 
‘iow ending March 31 was 159,109/., and 81,138/. was 
rought forward. The —— depreciation on buildings 
and machinery has been provided for, and final dividends 
are proposed on the ordinary shares of 1s. per share on the 
fully-paid shares, and of 9d. per share on the partly-paid 
shares, making a total of 8/. 6s. 8d. per cent., free of 
income-tax. In view of the constant outlay for the 
development of the company’s business, the directors 
recommend the appropriation of 30,000/. towards the 
extensions of the current year, and that the balance of 
51,5817. be carried forward. The net~profit of 159,109/. 
realised in 1903-4 com with 185,750/. in 1902-3, 


THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 
May 27, Mr. J. Swinburne, Vice-President, in the chair, 
a paper entitled “‘The Law of Action betdeen Magnets, and 
its Bearing on the Determination of the Horizontal Com- 
ponent of the Earth’s Magnetic Field with Unifilar Magneto. 
meters” was read by Dr. C. Chree. Starting with the 
general formula for the action between two magnets 
perpendicular to one another, in Lamont’s first posi- 
tion; the paper :discusses how observations should be 
combined - when the higher terms, usually neglected 
in magnetometer reductions, are taken into account. 
It considers the effect of errors in setting the deflecting 
magnet or in the values-assigned to the graduations of 
the deflection bar, and of errors in the deflection angles, 
according as observations are made at one, at two, or at 
three distances. Assuming a simple magnet to be re 
placeable by poles, and making use of formule due 
originally to Lamont and Borgen, calculations are made 
as to the size of theseveral coefficients P, Q, R in the deficc. 
tion formula, for hypothetical values of the pole distance, 
in the magnets of the more usual English magnetometer 
types. These calculated values are compared with the 
mean values observed at Kew in E poo years in magneto- 
meters of the several types; and conclusions are drawn 
as to the mean ratio of the pole-distance to the total 
length of the magnets. The question of variation in the 
pole-distance with time is discussed in connection with 
recorded mean annual values of the P coefficient for 
the Observatory magnetometers at Kew, Batavia, and 
Mauritius. The paper concludes with the results of some 
experiments on the degree of uniformity in the pole- 
distance of magnets of the same size and pattern. ‘The 
method consisted essentially in employing two magnets 
alternately as deflector and deflected in the same magneto- 
meter. Instrumental peculiarities are in this way largely 
elimitated. 

Dr. W. Watson said that the author had referred in 
the course of his remarks to a statement which he (Dr. 
Watson) had-made at ‘a former meeting of the society, to 
the effect that the limit of accuracy in the setting of the 
magnet carriage upon the deflector-bar was 0.1 millimetre. 
Although it might be possible, when working under 
favourable conditions at an observatory, to make the set- 
ting with greater precision, he thought that 0.1 milli- 
metre was as much as could expected or obtained in 
ordinary work in the field. He pointed out that the 
number of settings in a deflection experiment was a safe- 
guard against inaccuracies in individual settings, and that 
it was probable that there was no source of constant error. 
He expressed his interest in the author’s experiments 
on pole-distances, and said that when the magnetometers 
were being designed for the Indian Survey he had ex- 
pr the opinion that it might be advantageous to 
make the coefticient Q equal to zero by choosing suitable 
pole-distances for the magnets. Probably Dr. Chree’s 
experiments will enable us to settle whether it is suffi- 
ciently accurate to make Q as small as possible, and work 
with a value of P only, determined in the ordinary way. 

Dr. P. KE. Shaw pointed out that brass, which is used 
for the deflection-bar, has a specially large thermal ex- 
pansion, and if 50 centimetres of it rises 3 deg. Cent., the 
increase in length would be about 25 microns, which 
Dr..Chree stated to be the error in setting the magnet- 
carriage on the scale. Possibly some alloy—e.g., some 
form of invar—would be preferable to brass. 

Professor H. L. Callendar said that some time ago he 
made some experiments upon the distance between the 
poles of the magnets, and the conclusion he came to was 
that it was impossible to express the pole-distance as a 
definite fraction of the length of the magnet. He had 
found that, among other things, the pole-distance de- 
pended upon the shape of the magnet, the intensity of 
magnetisation, and the kind of steel of which the magnet 
was com There was also a variation of the pole- 
distance with time. d 

Mr. Skinner said it might be possible to fix the position 
of the poles by using magnets similar to those used by 
Mr. Searle in many of his experiments. These magnets 
consisted of long thin needles with steel balls at the ends, 
and it was found that the poles were very close indeed to 
the centres of the balls. ee ; : 

Dr. Chree said that the limit of accuracy in the setting 
of the magnet-carriage which he, had mentioned—0.03 
millimetre—was that which was obtainable when working 
under the most favourable conditions. With regard to 
the material of the deflection-bar, he pointed out that a 
sufficiently accurate temperature correction was always 
employed to correct for thermal expansion. There was 


sed | no invar which was sufficiently non-magnetic to be used 


in accurate work with a magnetometer. 
A paper on “ The Ascertained Absence of Effects of 
Motion through the Ether in Relation to the Constitution 
of Matter on the FitzGerald-Lorentz Hypothesis,” by Pro- 
fessor J. Larmor, was taken as read. In consequence of 
recent misa; prehensions (cf. D. B. Brace, Philosophical 
Magazine, March, 1904) the argument on this subject, as 
iven in ‘* Ether and Matter ” (1900), is briefly re-stated. 
he absence of effect of convection, to the first order, 
was demonstrated by Lorentz. Absence of effect to the 
second order of the ratio of the velocity of convection 
to that of radiation has now been experimentally estab- 
lished, as regards optical interference with long path, by 
Michelson ; as regards mechanical action on a charge 
electric condenser, by Trouton ; as regards double refrac- 
tion, by Lord Rayleigh and by Professor Brace. This 
suggests strongly a complete correspondence in detail 
between the material system connected with the earth’s 
motion and the same system at rest in the ether, so that 
their internal relations are indistinguishable. Theoreti- 
cally such complete correspondence, up to the second 








dent, as prompt execution of orders is desired. Makers 


232,7982. in 1901-2, 440,3937. in 1901, and 273,528/. in 
1899-1900. 





order, exists, involving the FitzGerald-Lorentz shrinkage, 
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provided a purely electrical constitution of matter (as 
regards. its physical relations) is granted, but- apparently 
not otherwise. Thus itis held that these phenomena 
point consistently in that direction. 

A paper on ‘‘ Coherence and Recoherence,” by Dr. P. E. 
Shaw and Mr. C. A. B. Garrett, was read by Dr. Shaw. 
In a paper in the Philosophical Magazine (March, 1901), 
Dr. Shaw described a method of investigating coherence 
by measuring the forces required to sunder the cohered 
surfaces. It was there shown that’ forces of the order of 
1 dyne were required for a copper-copper contact of two 
single wires. further, there seemed to be evidence of a 
change of state at the place of coherence— bly orien- 
tation of the particles at the contact. In the present 
paper the authors follow the same method of investigation, 
udducing evidence that coherence can be explained, and 
only explained, by Lodge’s original theory of fusion, and 
further establishing the after-effect, whether orientation 
or otherwise, mentioned in the former paper. 

When electrical radiation falls on a contact of two 
wires, under suitable conditions coherence occurs. On 
applying a small measured force, the cohered surfaces 
separate. On bringing them into contact again at the 
same places coherence will often, but not always, occur 
without the incidence of electric radiation. This can be 
repeated two or three t'mes; but the power to cohere 
spontaneously soon vanishes. This spontaneous coherence 
is called recoherence. Like coherence, its presence is 
indicated by the forces required to sunder the surfaces. 
Several tables of these results are given. 

Allowing that coherence itself is due to fusion, for 
which the evidence is abundant, recoherence may be due 
to (1) fusion ;.(2) molecular or intra-molecular change, 
brought about during coherence by the locally violent 
surgings at the contact. 

As to fusion, Professor J. J. Thomson has suggested 
that the opposed spikes, formed when the surfaces are 
torn asunder, may be so fine as to be fused together by 
the small circuit current when the surfaces meet again. 
Without such spikes it is obvious the surfaces would be 
normal, and no spontaneous coherence could occur. 
Against the spike theory it is pointed out that recoher- 
ence never occurs more than a few times, which indicates 
some unstable condition of the surfaces. The orientation 
seen in magnetism can be destroyed by reversals of 
decreasing currents, by mechanical shock, and by heating. 
On adopting these methods to destroy recoherence, the 
authors obtained no definite result. 

Recoherence is therefore still unexplained. Two sur- 
faces can be pressed together, with small but measurable 
forces, by two methods:—1. By a boom attached to a 
galvanometer suspension ; a current in the galvanometer 
regulates the pressure between a wire on the boom and a 
fixed wire, these two forming the contact. 2. By a light 
balance of aluminium rendered only just stable; the 
pressure is regulated by a current in a solenoid, which 
acts on a magnet attached to one end of the balance. 
Both these methods are used by the authors to bring the 
surfaces into contact and to tear them apart again. The 
forces operating can easily be measured by a subsequent 
calibration. 

Sketches of the apparatus were shown. 

Dr. W. Watson, referring to the fact that when re- 
coherence ceases to occur with a direct current it may 
be re-established by reversing the current, suggested 
that it might be due to the effect of the oscillations set 
up in the circuit at the make and break. 

Dr. C. Chree asked whether the authors could indicate 
approximately the relative number of cases in which re- 
coherence failed when the current was not reversed, but 
occurred when the current was reversed. He suggested 
that the fragmentary remains of the bridge which the 
authors described as existing during coherence might 
sometimes be so shaped’ as:to make it easier for the 
current to pass in one direction than the other. 

Professor Trouton asked if recoherence would occur 
without a current — through the contact. * He sug- 
gested that one side of the contact might be a point and 
the other side approximately plane, so that the current 
would flow more easily in one direction than the other. 

Mr. R. 8. Whipple asked if the effect depended upon 
the materials. In the case. ‘of. a Callendar recorder, 
with a boom contact, the contact-pieces being made of 
}litinum, it was found that the* sensitiveness”6f* the 
instrument depended upon the directjon.of the current. 

Jr. R. 8. Clay asked if the reversal ofthe current 
which established recoherence took place when the sub- 
stances were in contact. ~ 

Dr. P. E. Shaw, in reply to various questions, said that 
mere reversal of current would not produce the re- 
coherence phenomenon. It only occurs as a sub-permanent 
effect following coherence, and cannot, therefore, be attri- 
buted to sparking caused by rapid reversals. As to the 
action of platinum and other materials as contact-surfaces, 
he found platinum singularly apt at coherence, but re- 
coherence has not been looked for except in a copper- 
copper contact. Any explanation offered for recoherence 
must take account of the observed effects : that it is a sub- 
permanent effect following coherence, is unstable to 
various influences, and. arises most often by reversal of 
current, but sometimes without such reversal. 





DIFFERENT APPLICATIONS OF STEAM- 
TURBINES.* 


By Professor A. RaTgau, of Paris. 
One of the most interesting developments in mechanical 
engineering during the years 1902 and 1903 was the greatly 
extended use of steam-turbines. This development is the 


Me Paper read at the joint meeting of the Institution of 
echanical Engineers and the American Society of 





result of efforts. which have been made by various people 
to increase the efficiency of turbines to such a point that 
they may compete commercially with reciprocating en- 
gines. e author has been occupied for more- than 
15 oa in the study of rotary engines, and he has already 
published several papers upon the subject. He believes 
that in presenting to the Institution of Mechanical 
Engineers an account of the precio result of his labours 
upon steam-turbines he will contribute usefully to the 
study of this important question. 

Although the principles which distinguish the different 
kinds of turbines are well known, it may useful to 
recall briefly their distinctive characters, in order that his 
own type of turbine may be more easily distinguished. In 
common with all other steam-engines, turbines transform 
into mechanical work the energy given out by steam 
during its expansion from the initial pressure of admission 
to the pressure at the exhaust. But, whilst reciprocating 
engines effect this transformation of energy by means of 
variation in pressure of the steam, turbines can effect this 
transformation both by means of the pressure and by 
means of the velocity of the steam while expanding. The 
employment of the velocity only in each moving wheel 
characterises the action or impulsion turbines, ong 
which may be cited the Laval and Curtis turbines, as wel 
as that designed by the author; whilst the simultaneous 
employment of the velocity and partial use of the nod 
sure characterise the reaction turbine, of which the best- 
known type is that of Parsons. Whatever may be the 
method in which the steam acts in the turbine, the chief 
problem consists in the employment, with good conditions 
of efficiency, of the very great velocities attained by the 
steam in expanding. hen the expansion takes place in 
one stage, as in turbines with a single wheel, then the 
velocity of flow reaches, as is well known in a condensing 
engine, a value which is usually above 3600 ft. per second ; 
but in order to obtain the maximum efficiency, the movin 
part of the machine should have a relative velocity which 
is approximately the half of that of the steam. As it is 

ractically im ible to construct turbine-wheels suitable 
or running with a peripheral Mages above 1200 ft. 7 
second, the efficiency of turbines with a single wheel is 
necessarily low, this being due chiefly to the necessity for 
the employment of diverging inlet nozzles, which give 
rise to t losses of energy by friction and eddying. On 
the other hand, angular velocities which correspond to 
these peripheral speeds prevent the direct driving of 
dynamos, and render necessary reduction gears of special 
and costly construction, which, however, cannot be pro- 
tected from excessive wear, and are exposed to accidental 
breakage. : 
A consideration of these circumstances has induced 
inventors to divide the expansion of the steam into 
successive stages, and thus to produce turbines with 
multiple wheels which are nothing but a series of simple 
turbines. mounted upon the same shaft, and driven 
successively by the same current of steam. This design of 
multiple turbines is by no means novel. It will suffice to 
mention the name of Tournaire, a French mining engineer, 
whose theoretical description to the Academy of Science 
in 1853 of a reaction turbine with multiple wheels is 
surprising when the description is compared with the 
Parsons turbine brought into use 30 years later. 
Every simple turbine may be designed either as an 
impulse turbine or as a reaction turbine. In the former 
kind the fall of pressure under which the simple turbine 
works takes place solely in the distributor, whilst in the 
latter type the fall of pressure takes place, not only in the 
distributor, but also in the moving wheel, so that in the 
latter type there is a higher pressure in the guide-vanes 
than at the exit. Fig. 1 (page 864) represents the guide- 
vanes and the moving vanes of an impulse turbine, in 
which it, is supposed that the fall of pressure is small 
enough at the vanes to render unnecessary the use of 
diverging nozzles, as in the Laval turbine. In the illus- 
tration the triangles of velocities are given at the en- 
trance OAB, and at the exit OBC of the moving 
wheel. Similarly in Fig. 2 are shown the guide-vanes 
and the moving vanes of a reaction turbine, and the 
triangles of velocities at the entrance O A B and at the 
exit O B C of the moving wheel are shown in the figure. It 
is obvious from these illustrations that, by the mere in- 
spection of the moving vanes, it is possible to distinguish 
between an action turbine and a reaction turbine. In 
the former type the vanes appear in transverse section in 
the form of an are of a circle, with entrance and outlet 
angles practically the same, whilst in the reaction turbine 
the cross-section of the vanes is in the form of a parabolic 
arc, the entrance angle being miore or less piney 
90 deg., whilst the outlet angle is generally between 
20 deg. and 30 deg, Generally the vanes are increased in 
thickness in the middle, so that the steam spaces between 
them have approximately a constant transverse section 
for impulse turbines, or decreasing section for reaction 
turbines If, however, they are made of plate, they may 
have a constant thickness as in 2, Fig, 1. -In reaction 
turbines it is important that the increase in thickness 
should, be suitably calculated, otherwise there will be an 
important loss of efficiency. It is. otherwise’ with the 
impulse turbine, in which the effitiency is very little 
affected whether the vanes have a constant or variable 
thickness. Ina given turbine with. multiple wheels the 
different simple turbines may be all designed in the same 
way, or some may be designed in one way and some in 
another way to produce Wf bm system. 

Drum Turbines and Multicellular Turbines.—From 
another point of view, drum turbines may be distinguished 
from multicellular turbines ;.in the former type, of which 
the Parsons turbine is the best known example, the 
moving vanes are fixed upon the periphery of a cylindrical 
drum; in the latter they are fixed to the periphery of 
wheels more or less flat and separated from each other by 


cells. The turbine of the author belongs to the latter type. 
Fig. 3 (page 864) is a diagram. of a drum: turbine, and 
Fig. 4a Cy me of a multicellular turbine: These two 
types have different properties, so far as losses of steam 
are concerned. In the multicellular action turbine leak: 
age of steam can only taka pines through the play c, Fig. 4, 
which exists between the shaft and the ring of the fixed 
diaphragm which surrounds this shaft. In the reaction 
drum turbine, on the contrary, leakage may take place ; 
first, around the moving wheels in a, Fig. 3 (by reason of 
the reaction) ; and second, in b through the play between 
the guide-vanes and the moving drum. The first leakage 
can be suppressed, if desired, by making the wheels -work 
by impulsion instead of m | reaction, but then the second 
leakage between the fixed vanes and the moving wheel 
attains its maximum. It is because of this leakage at the 
periphery of the drum that turbines of the Parsons type 
require the most accurate workmanship. It is easy to 
understand that a play of some tenths of a millimetre is 
sufficient, at least upon the high-pressure side, to produce 
a cross-sectional area of the leakage equal to that 
of the admission passages’ between the distributing vanes. 
If by specially exact workmanship the cross section of the 
eakage passages is e very small, is it not to be feared 
that after some years of use the wear of the parts, either 
by friction of the moving parts against the fixed parts or 
by the action of the steam, will increase the cross section 
of the leakage passages, and so cause a notable decrease in 
the efficiency of the machine ? 

In multicellular turbines the leakage, being confined to 
the periphery of the shaft, is reduced in proportion to the 
radii of the shaft and the drum ; and, moreover, friction 
being less to be feared at a place where the relative velo- 
cities are smaller, the play may be reduced to the absolute 
minimum. In practice we do not trouble about givin 
this play any precise value. We build the machine wit 
practically no play round the shaft, and when started 
the machine itself makes play sufficient to turn without 
touching the internal rings of the diaphragms. 

Friction of the Moving Parts on the Steam.—It would 
appear probable that multicellular turbines produce 
relatively large losses by friction of the moving parts 
upon the steam owing to the large surface of the moving 
wheels. This is, however, not the case. From tests 
which we have made to determine the law of friction, 
and also from the results of experiments made upon 
complete machines, we have found that frictional losses 
represent only from 2 to 4 per cent. of the normal power 
develo; the machine. These figures apply to 
turbines with an output exceeding 500 horse-power. 
These figures are comparable with those obtained in 
drum turbines, in which the friction of the moving vanes 
themselves must be added to that of the cylindrical 
surface of the drum. 

Turbines with Groups of Wheels.—Another type of 
turbine which may really be considered as belonging to 
the impulse class is being built upon a large scale, and is 
known under the name of Curtis. In this type, instead 
of using upon a single moving wheel the velocity of dis- 
charge of the steam leaving the distributor, it is used 
upon several wheels arranged in series in order to 
diminish the velocity gradually. The principle upon 
which the Curtis turbine is designed has been described 
in 1890 by Mr. Mortier, in a discussion which took place 
after a paper had been read by the author upon steam- 
turbines in general and upon the Parsons turbine in 
particular. * 

The type which we have described as having a group 
of wheels possesses the notable advantage of allowing a 
great reduction in the speed of rotation for wheels of the 
same diameter and of the same number. It would, 
therefore, be preferred to all others if it had not, in our 
opinion, the grave defect of preventing a sufficiently 
high efficiency being attained. It is easy to see that, 
owing to the t velocity of flow of the steam in the 
first wheels, the losses of yee of by friction and enaying 
are very great, reaching such a value that the secon 
wheel develops less power than the first, and the third 
wheel less power than the fourth, when more than two 
are used, and they act more like brakes than prime 
movers. The Curtis turbine, as originally constructed at 
the Fisk Station in Chicago, had groups of four wheels, 
but the process of evolution reduced these to —- of 
three, and then to groups of two wheels. Even with 
such a reduction in the number of wheels ina group the 
efficiency, according to our calculation, is still at least 20 
per cent. lower than that obtainable with the multi- 
cellular turbine, which has only one wheel per cell. The 
author therefore ventures to think that the Curtis type 
of turbine will disappear, as in the process of. evolution 
it will become the multicellular type pure and simple. 

Description of the Rateaw Turbine.—Since 1804 the 
firm of Sautter-Harlé, of Paris, with the assistance of the 
author, has been experimenting upon the construction 
of steam-turbines. The first. turbine constrycted had 
only a single moving . wheel, like the Laval turbines, and 
this wheel was formed with vanes in theform of a double 
arc similar to the buckets of a Pelton wheel, and these 
vanes were milled out of a solid block of steel. This 
type has since been copied in the Riedler-Stumpf ty 
built by the Allgemeine Elektricitats Gesellschaft, but 
which was rapidly abandoned, as it did not offer any 
chance of obtaining the maximum efficiency. The most 
recent Rateau turbine is of the action type—that is to 
say, expansion of the steam is fully carried out in the 
distributor for each group consisting of a distributor and 
one moving wheel. The steam therefore acts by its 
velocity and not by its pressure. These turbines are, 
moreover, multicellular—that is to say, they consist of a 
certain number of elements, each element comprising 
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one distributor and one moving wheel. A very interest- 
ing characteristic of the type of action turbines is the 
possibility which it allows of leaving very considerable 
play between the fixed partsand the moving parts, and 
this greatly facilitates construction and obviates the 
chances of dangerous friction if the bearings should | 
become worn or the shaft somewhat bent. Besides this 
the wheels revolve in a chamber where the pressure is | 
uniform. There is for that reason an absence of longi- | 
tudinal thrust upon the moving parts, and no necessity for | 
the use of dashpots for the purpose of overcoming the | 
effect of this thrust, although such dashpots are necessary | 
in reaction or drum turbines. Finally, in the action type, | 
partial injection of steam is ible—that is to say, the | 
steam may be directed upon a limited portion of the cir- | 
cumference. The moving wheels are formed of discs of | 


same effect the useful part of each distributor is set with 
an angular advance on the preceding ‘section; this angle 
of advance is calculated according to thes of rotation, 
so that the steam leaving one moving wheel enters into 
the following distributor, and nevér encounters a solid 
wall, which would produce a shock and therefore a loss of 
kinetic energy. For the last wheels it is necessary to 
employ total injection—that is to say, the distributing- 
vanes must be set upon the whole circumference of the 
diaphragm, and, moreover, owing to the expansion of the 
steam, the radius must be increased. The bearings of 
these turbines are external, and by means of a special 
— of spring packing they are kept perfectly tight. 

o oil is carried by the exhaust steam to the condenser, 
and this is an important advantage, as the water of con- 
densation can be used for feeding steam boilers direct 
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sheet steel more or less thin, and upon the periphery of 
these discs are riveted vanes of cylindrical form, Fig. 5, 
above, and Fig. 6, e 852. A steel band riveted to the 
periphery maintains the cerrect spacing of these vanes and 
insures great rigidity in the construction. Wheels so con- 
structed are extremely light, and remain in equilibrium at 
a veoaity far higher than that to which they are subject 
in the turbine. These moving wheels turn between circular 
diaphragms provided with distributing-vanes which enter 
circumferentially into grooves formed in the interior of 
the turbine-case. Between two adjoining diaphragms is 
therefore produced a cell, or very flat chamber, in which 
the moving wheel revolves. The shaft passes through 
the diaphragms in collars of anti-friction metal with very 
slight friction. In the first diaphragm through which the 
steam passes the distributing-vanes are p | only 
upon a part of the circumference. Partial injection of 
the steam is therefore obtained, and thus the velocity of 
the steam is better utilised. ‘Moreover, to produce the 
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without any necessity for the use of an oil-separator. The 
speed of rotation is controlled by a centrifugal governor 
with a Denis compensator, which acts upon a throttle-valve 
which controls the pressure of steam entering the turbine. 

Mixed Turbines.—In the case of installations where 
exhaust steam must be used—a subject which we shall con- 
sider in detail at a later stage—it is often desirable to 
supply the turbines temporarily with steam at high 
— when the primary machine is stopped or is 


must remain the same. In order to obtain economical 
working it is preferable not to expand this steam in order 
to lower it to the pressure for which the low-pressure 
turbine is built. herefore the author has se a 
turbine which may be described as of the mixed type, 
and this can be supplied, either simultaneously or separ- 
ately, by steam at high pressure and by steam at low 
pressure without any lowering of the efficiency of the 
mechanism. In order to attain this result the turbine is 





constructed ‘in two pp. one designed for high-pressure 
steam and the other for low-pressure steam. The steam 
at high pressure, having done work in the first portion, wil] 
pass to the second portion, which may be fed either by 
steam coming from the accumulator or by the exhaust 
from the first portion. The admission of high-pressure 
steam into the first portion is automatically obtained by 
means of a special regulator, which allows steam from the 
boilers to pass to the first portion as soon as the pressure 
in the accumulator falls below a given value. This 
arrangement, which has been adopted in all the new 
applications of the system to the use of exhaust steam, 
works very economically, and is particularly suitable to 
cases in which the primary machine works irregularly, 
and where, therefore, the demand for live steam is frequent 
and somewhat prolonged. In the small machines the two 
portions are usually joined together. 

Efficiency of Turbines.—It is essential that the word 
“‘efficiency ” should be clearly defined in order to avoid any 
misconception as to the figures which are given below, 
The author uses the expression ‘‘ theoretical consump- 
tion of the perfect machine” to denote the maximum 
work which the steam is capable of supplying when 
starting from the saturated or superheated condition in 
which this steam is delivered to the engine, and expand. 
ing adiabatically with no loss of- admission pressure P to 
exhaust pressure p. By comparing the actual consump. 
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tion of steam as measured during the tests of the machine 
with this theoretical consumption of the perfect machine 
for identical conditions of pressure and _ similar states of 
the steam, the net efficiency of the machine is obtained. 
After special study of the question, the author has been 
able to draw a curve of theoretical consumption and to 
derive from it the following empirical formula for use 
when the steam is saturated and dry at admission :— 


K = 0.85 + 8:95 0.921 P 
log P — log p 


ives the consumption K in kilogrammes 

per setae, bed of 75 kilogrammetres as a function 
of the absolute pressures P and expressed in kilo- 
mmes per square centimetre. In British measures this 


ormula becomes p 
K = 2.13 + 16-20 - 2.05 log F 


This formula 





log P — log p 
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ledge of the specific heat of the vapour of water. 


K in pounds per horse-power-hour, P and en pounds per | account of all the losses of the steam-engine and of the | know 
square inch. The diagram which is given in Fig. 7( 864) driven mechanism. This combined efficiency is merely | At present we have merely the figure obtained by 
will readily afford interesting information, particularly if it | the product of the efficiency of the prime mover multi- ault after very cursory experiments (0.48)—a figure 


be necessary-to estimate the: consumption of steam with | pli 
a given machine to obtain a certain useful effect. In that steam admitted to the turbines is 
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by. the efficiency of the machine driven. If the| which is merely a rough approximation. 
t t \ ed to mean then, of 
case the theoretical consumption per horse-power-hour course, in estimating the theoretical consumption the | su 


The author has begun some experiments upon this 
bject, from which he believes he will be able to prove 
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thes by the curve should be compared with the exact | extra calorific, energy corresponding to the superheat 
ee of steam actually observed with the ma-| must be taken into account ;* but for the exact estimation 
: ine, taking into consideration the particular number of | of this extra energy we have not as yet sufficiently precise 
electrical horse-power developed by the dynamo driven, | - + > 
or the power in water rai: (ex in. horse-| * These results were published for the first time in the 
petite -hours) if pumps are driven by the machine. The | Annales des Mines de Paris in February, 1897, and since 
om ion between these two figures of consumption gives | that date have on many occasions been republished in 
© combined efficiency of the group, and therefore takes | various French and other publications, 
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that the true specific heat of steam is not constant, as 
has been usually supposed up to the present. It varies 
inversely as the amount of superheat, and is probably 
approximately unity for very small values of superheat, 
and approaches 0.40 for large amounts of meet. 
Calculation of the Efficiency of Turbines.—The efficiency 
of a turbine may be calculated @ priori when a pre- 
liminary ong da been made of the practical coefficients 
which must be introduced into the theoretical formula, 
We calculate this efficiency with quite a remarkable 
degree of accuracy by dividing the losses of the machine 
under two headings: first, the internal losses, which are 
st yc by friction and eddying of the steam in the 
xed and moving vanes ; second, the external losses, which 
correspond to the leakages of steam in the space between 
the fixed and moving parts, and to the friction of the 
wheels i the steam, and to the friction of the bear- 
in e first kind of losses affects the internal 
efficiency, which may therefore be called the ‘‘ hydraulic 
efficiency ” by extending the use of the term employed 
for hydraulic turbines. This internal efficiency depends 
= the more or less ect form of the vanes, and 
upon the relation between the peripheral s 
of the moving vanes, and the speed of flow of the 
steam. It is ible to draw a curve showing the 
efficiency as a function of the peripheral velocity, and 
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therefore it is easy to at once assign the degree of 
efficiency which a given turbine will realise. 

Once having fixed the internal efficiency, then, in 
order to obtain the net efficiency, we must deduct the 
losses by leakage as well as the losses by friction of the 
wheels seme the steam, and also those in the i 
Let us take, for example, a multicellular turbine of 1500 
brake horse-power upon the shaft with a speed of 1500 
revolutions per minute. By means of practical co- 
efficients found by experience we can calculate that the 
internal efficiency of such a machine may easily rise to 
69 per cent. ; on the other hand, the losses by leakage 
and by friction in the bearings absorb 1.5 per cent. of 
the normal power, and the losses due to friction of the 
wheels upon the steam amount to 2.5 per cent., ing 
a total for the external losses of 4 per cent. The net 
efficiency upon the shaft at the speed stated will then be 
0.69 multiplied by 0.96 = 0.66. From this value of 
efficiency it iseasy to calculate the consumption of steam 
per horse-power-hour which would be required by this 
turbine under conditions of pressure and of superheat of 
the steam already determined. All calculations for 
designs of turbines that we have made by this means 
have always proved correct within 1 to 2 per cent. of 
actual practice. Such accurate calculations are not 
possible in the case of reciprocating engines owing to 
the action of the cylinder walls, which makes calcula- 
tions uncertain and often inaccurate, whilst in the 
turbine the continuity of flow of the steam allows 

ractical calculations of a high degree of accuracy to be 
me upon theory, once having determined the funda- 
mental coefficients which are employed in the formule. 
For a more detailed consideration of the use of these 
coefficients the author refers to the work which he pub- 
lished in 1903 in the Revue de Mécanique, entitled 
‘** Théorie Elémentaire des Turbines & Vapeur.” 

The Results of Actual Practice.—The author no oe the 
construction of his first multicellular turbines in the year 
1898, in collaboration with the firm of Messrs. Sautter- 
Harlé, of Paris, and there are now already at work or 
in process of manufacture turbines developing more than 
25,000 horse-power, in units varying from 10 to 2000 
horse-power, irrespective of the designs now in prepara- 
tion. Some of these turbines are used for drivin 
dynamos, others for pumps, for fans, and for the propul- 
sion of vessels. The author has appended a brief 
abstract of the conditions and economical results of the 
most interesting of these installations. 

Turbo-Dynamos for Direct Current.—The company of 
the mines of Pefiarroya, in Spain, installed in their 
central electric lighting station, a little more than a year 

o, three groups of turbo-dynamos developing 500 
electric horse-power, with direct current at 240 volts. 
Each of these three generating sets comprises two 
turbines for high and low pressure, and two dynamos for 
direct current, the latter directly driven from the turbines 


upon the same shaft and upon the same bed-plate, and | P 


the two dynamos supply a three-wire network with a 
potential of 480 volts between the outer wires. The 
speed of rotation is about 2200 revolutions per minute, 
and the floor space occupied by the turbine with its two 


portions is only 12 ft. by 5ft. 6in., with a height of 5 ft., | P® 


inclusive of a bed-plate 1 ft. high. The condensation of 
the steam is carried out by means of ejector-condensers 
of a type designed by the author. 

Figs. 8 and 9 (page 865) show a longitudinal section 
and a plan of the turbine which has twenty-four moving 
wheels. The works tests of the first group were made 
in September, 1902, with the greatest care, and they 
have given the results which are shown in Table 1.. The 
condensation was made for these tests by means of a sur- 
face condenser belonging to the works, so that the water 
of condensation might be collected and measured. It will 
be seen that the vacuum at the condenser declined as the 
power increased. This result arises from the fact that 
the condenser was designed for machines of 250 horse- 
at only, and therefore was of insufficient size for the 

r volumes of steam. 

t follows from the preceding figures that a turbine 
developing 644 electric horse-power and working without 
ap reciable superheat between an admission-pressure of 
156 1b. absolute and an exhaust-pressure of 1.8 Ib. (notably 
higher than the results given by good condensers in prac- 
tice) has , ee the reduced consumption of 14.9 Ib. per 
electrical horse-power at the terminals; the combined 
efficiency for the set being then 59 per cent. when com- 
pared with the energy contained in the steam for the 
same fall of pressure. With-steam at 180 lb., superheated 
50 deg., and a vacuum of 29 in. of mercury, the consump- 
tion at 2400 revolutions per minute would decrease to 
11.5 lb. per electrical horse-power-hour. 

Fig. 10 (page 865) gives the curves corresponding to the 
_— taken at a speed of 2400 revolutions per minute. 
The abscisse denote the power of the machine in electric 
horse-power at the terminals of the dynamos. The ordi- 
nates vary with the curves. For curve A the ordinates 
denote the absolute pressure of the steam on reaching the 
turbine in pounds per square inch ; for curve B they show 
the absolute back pressure at the exhaust in pounds per 
square inch ; for curve C they show the Séiel conemen. 
tion of steam in pounds per hour ; for curve D they show 
the a per electrical horse-power in pounds per 
hour, and, lastly, for curve E they show the combined 
efficiency. These graphic curves show clearly a remark- 
able characteristic of turbines which is the very low rela- 
tive consumption of steam at small loads. It will be seen 
that in order to drive the machine at its normal s 
with no load, but with the dynamo excited, the total con- 
sumption of steam is only 10 per cent. of that at full load. 
With reciprocating engines the result would be very 
different. Under similar conditions the consumption of 
steam at no load, with the 7 excited, usually reaches 
from 20 to 25 per cent. of the consumption of steam at 





= load. It spesfone follows that turbine ae are more 
peey aa than reciprocating engine sets when runnin 
at —_ oads, even supposing it be admitted that there S 
equality at heavy loads. Another valuable property of 
steam-turbines is that they may be considerably over- 
loaded without difficulty. Thus in the case of the 
machines at Pejfiarroya, which were designed for 500 
horse-power, — have been able to develop 650 electrical 
horse-power, and the output could have been raised even 
still higher had it not been for the over-heating of the 
commutators of the dynamos. In our machines we are 
enabled to take an overload by supplying steam to a dis- 
tributor more or less distant from the inlet in the series of 
successive distributors. The stop-valves which regulate 
this ee pina! admission can be moved by hand or 
controlled mechanically by the governor. The second 
group was submitted to a competent committee (consist- 
ing of Professors Stodola, Wyssling and Farny, of the 
Zurich Polytechnicum), and this commission found the 
figures for consumption of steam a little higher (from 
2 to 4 per cent.), the ony meter brought from Zurich 
having given somewhat higher readings than the instru- 
ments standardised by the central laboratory of the Ecole 
supérieure d’Electricité in Paris. 
hese sets of turbo-dynamos for direct current have 
proved somewhat unsatisfactory in practice, owing to the 
sparking of the brushes occasioned by the vibration of the 
armatures. The commutators of direct-current dynamos 
are, as is well known, the delicate parts of these machines, 
particularly when they have to run at such a great angular 
velocity as is necessary if direct coupled to steam-turbines. 
In order to obtain sparkless running special arrangements 
must be made for absorbing the vibration ; but it is very 
difficult to maintain in good equilibrium such _hetero- 
eneous bodies as the armatures of dynamos consisting of 
rs of copper which become slightly displaced under the 
action of centrifugal force owing to the compression of 
insulating material. Special arrangements for static 
equilibrium, and also for dynamic equilibrium have been 
designed, but the construction of the armatures is still 
always somewhat delicate, and it is only after several im- 
provements that it has been ible to make them work 
well. At Pefiarroya the vibrations were caused princi- 
ally by want of level between the bearings, and this was 
rought about by settlement of the masonry supporting 
the machine. In order that bodies in rapid rotation upon 
very long shafts supported by several a may turn 
easily without vibration, it is indispensable that the prin- 
cipal axis of inertia of each part should coincide with the 
axis of rotation, and the bearings must be in correct align- 
ment. In spite of these difficulties it has been possible to 
build good direct-current dynamos for direct coupling to 
turbines, and when the voltage is high the problem is 
simpler. Owing to the high peripheral velocity of the 
commutator it is usually necessary to er metallic 
brushes, but in certain cases, notably with turbines sup- 
lied by steam at low pressure, when the angular velocity 
is lower, it has been ible to use carbon brushes. The 
machine at Bruay, which will be referred to later on, is an 
example. Among other sets for direct current built by 
Messrs. Sautter-Harlé may be mentioned one of 500 horse- 
wer for Huta-Bankowa (Russian Poland), which is 
interesting from the fact that the two portions of the 
turbine and the two dynamos were built on two parallel 
shafts. This arrangement offers the advantage that one 
of the halves of the group can be used if the other is acci- 
dentally damaged. 

Turbines with Alternators.—The construction of gene- 
rators for two-phase and three-phase current for direct 
driving by turbines offers much less difficulty than the 
design of direct-current dynamos for the same purpose. 
The absence of the commutator renders possible higher 
angular velocities for alternators than for direct-current 
dynamos. Three types of alternators have been tried 
successively : the machine with the solid rotor, that with 
the ang magnet, and that with the rotating 
armature. The first type would be, from a mechanical 
point of view, the ideal generator for coupling to a steam- 
turbine. Unfortunately, from its design it is impossible 
to use speeds higher than 1500 revolutions per minute for 
a frequency of 50 periods per second. On the other hand, 
this type of machine permits much greater magnetic leak- 
age than the others, and this necessitates disproportion- 
ately large dimensions and a comparatively low efficiency. 
These circumstances are unfortunate, for the alternator 
with the solid rotor would permit of making the movable 
part of very solid construction, which is easy to balance, 
once for all, and thus avoid any chance of mishap. It 
is on these unds that types of alternators with 
revolving field-magnets or revolving armature are in 
actual use, and Messrs. Sautter-Harlé have already 
built a t number of them. The view in Fig. 11, 
page 852, represents a turbo-alternator with revolving 
field-magnets to develop 400 electric horse-power at 
5500 volts, and this machine is now working in the 
generating station of the Loire Electricity Company. The 
moving part of this machine makes 3000 revolutions per 
minute. The results of tests have been as follows :— 


170 lb. absolute. 


2.85 Ib. 
388 electric horse-power. 


Pressure of steam te 
Back pressure of the 
exhaust a a 
Output of the terminals. 
Consumption of steam 
per electrical horse- 
power, including exci- 
tation ... a : 
Combined efficiency 


The efficiency obtained could have been much improved 
by increasing to a slight extent the dimensions of the 
turbine which had only twelve moving wheels; but even 
now it is comparable with turbine sets of the same power 
of other types. Three similar sets, working with super- 


19.2 Ib. 
48.7 per cent. 





heated steam, are now being constructed for the factories 
of Pavin de Lafarge, at ‘Teil (Ardéche). The results 
guaranteed by the makers are as follow :— 


Pressure of steam on admission to 
the turbine ... eS = G, 
Vacuum in the condenser ... 
Temperature of the steam ... 
Consumption of steam per electri- 
cal horse-power at the terminals, 
including excitation . 15 lb. 


All these different machines are fitted with ejector- 
condensers. 

A machine of 2000 kilowatts at 1500 revolutions per 
minute would have a turbine efficiency of 68 per cent., 
which would enable the following guarantee to be given, 
assuming the use of superheated steam and the con- 
denser giving a very good vacuum, which it is easy to 
obtain with steam-turbines in which there is no entrance 
for the air :— 

Pressure of steam on admission to the 


156 Ib. 
26 in. 
270 deg. Cent. 


turbine ... : e 
Vacuum in the condenser 
Temperature of the steam... os 
Consumption of steam per _horse- 

power-hour upon the shaft of the 

turbine ... sti Bi 36 


This is afar better result, we Lelieve, than can be 
given by reciprocating engines, and this can be obtained 
with steam-turbines under the conditions specified. 


TasLe I. 





| | 


ver } Load. | co: 


H.P. at| 
. 185 


Date. Over- 





Electrical 
brushes. . 

Admission pressure, 
absolute, Ib. per sq. 
x = ae 

Exhaust ressure, 
_— . per sq. 
n. 


259 525 


| 
76.6 | 136 


' 46.21 


eee os ee 1.83 
Theoretical steam 
consumption of per- 
fect engine per 
H.P. hour .. Ib. 
Actual steam con- 
sumption per elec- - 
trical H.P. hour at, 
brushes .. Ib. 
Combined efficiency} 
of the electrical) 
generating set | 0.513 


8.89 


21.3 18 15.8 15.39 | 14.90 








0.540; 0.560" 0.580 





0.569 | 


Turbines for Vessels.—The author read a paper on the 
25th of March last in London, before the meeting of the 
Institution of Naval Architects, upon the application of 
steam-turbines to the propulsion of vessels. He then 
descri the difficulties which occur in the  Spemagee 
—- to the propulsion of vessels, which are as 

‘ollow :— 

(1) The difficulty of adapting screw propellers to the 
high — of rotation of the turbines. 

2) The poor efficiency of turbines at low velocity. | 

(3). The inconvenience of the combination in stopping 
and apprecening quave. f 

The author believes that the best solution will be © 
reached in the na ge pron of a reciprocating engine of 
small power and of steam-turbines coupled to inde- 
pendent shafts, so that the ope pagan 2 engine would 
always be working at oy of the vessel. Then each 
type of machine would be perfectly adapted to the part 
which it has to Pity, and excellent results in consump- 
tion of fuel would be obtained at all speeds. The author 
gives below a short account of the actual results 
obtained by turbines in the propulsion of vessels. 

Torpedo Boat 243.—The equipment of the French 
torpedo boat No. 243 with steam-turbines was decided 
upon several years ago—in 1898. The French Admiralty 
wished at that time to make experiments upon turbines 
and upon the working of multiple propellers. In order 
to reduce the costs of this experiment as far as possible, it 
was thought desirable to make use of the hull of an ordi- 
nary torpedo-boat; but great difficulty was found in 
making room for the turbines, and, moreover, the pro- 
peller shafts were placed very high at the turbine end, 
and were necessarily considerably inclined—in this case 
to 11 deg. from the horizontal. The back supports had 
to be considerably increased, and therefore the total 
resistance of the boat was much — All these con- 
ditions are extremely unfavourable, and the screws fixed 
upon the inclined shafts gave a very bad efficiency. The 
two turbines, each of a nominal output of 900 horse- 
power, are completely independent of each other. They 
are provided on the exhaust side with a single moving 
wheel for movement in a reverse direction. As the 
experiment was solely made to see if the installation of 
turbines with propellers of small diameter was suitable 
for producing in a vessel a s comparable to that given 
by a reciprocating engine, the backward movement of the 
turbine was willingly sacrificed. Very careful experi- 
ments have been made with this machinery, and it will 
be seen from the table given on the next page that a spee 
of 21 knots has been attained. It is quite certain that if 
the shafts had not been set at such a t inclination a 
Fa of 24 knots would easily have been exceeded, for 
the turbines gave an output somewhat higher than was 


expected. 
The turbines worked in a most satisfactory manner, 45 
is pore from the numerous reports of the trials made 
under the control of the engineers of the French Navy. 
A Vessel built by Messrs. Yarrow and Co.—The vessel 
of Messrs, Yarrow and Co. is similar to torpedo-boats of 
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the first class usually constructed by this firm, and 
similar, with the exception of the turbines and propellers, 
to the Tarantula, upon which Parsons turbines are 
used. The boat is of 140 tons burden, and is provided 
with three propeller shafts, driven simultaneously and 


TaBLE I1.—Torpedo-Boat mi 243. Trials of January 22, 


Six Propellers: Diameter, 23.6 in. ; Pitch, 19.7 in. 








Number of Trial. ; a Ill. IV. 
Speed of vessel (mean of three | 
runs) .... _.. knots) 17.07 | 19,59 | 20.94 | 21.26 
Rotation of Turbines ..- “at 
revs. per min. | 1,848 | 1,572 | .1,748 | 1,774 


‘Effective pressure of steam on 
admission to turbines 








Ib. per sq. in.| 68.26 | 100.98 | 129.42 | 182.26 
Condenser vacuum - in| 2 | 28 27 27.5 
Mean slip of propellers.. 0.217} 0.230; 0.260) 0.260 


separately by a turbine divided into two portions, and 
a reciprocating engine. This latter engine develops 250 
brake horse-power, and drives a central shaft which is 
completely independent of the turbines. The side 
shafts are driven by a turbine in two parts, arranged in 
series and rotating in opposite directions. The recipro- 
cating engine was used by us in order to obtain a velocity 
of 10 to 14 knots under the best conditions of consumption 
of coal, and so that movement astern might be easily 
effec The above combination, adop by Messrs. 
Yarrow and Co., has given the expected results ; but it is 
not the only possible design, and the author thinks that 
it would ‘have been even more advantageous to arrange 
the driving mechanism so that the reciprocating engine, 
instead of allowing its exhaust to escape directly to the 
condenser, should pass it in to the. turbine ‘at low 
pressure, and perhaps even into the turbine at high 
pressure during a slow-speed run. The turbine of the 
Yarrow boat can develop more than 2000 horse-power. 
The high-pressure portion is represented in longitudinal 
section in Wie. 12. [This figure will be found as Fig. 11 on 
page 513 ante in our issue of April 8.] At the points where 
the shaft passes through the frame tightness is obtained 
by a system of special packing, the same as that employed 
upon land turbines. -A special governor assures constant 
pressure upon the four packings, so as to prevent all 
entrance of air ; and owing to this arrangement it is quite 
easy to obtain an excellent vacuum in the condenser. 
Several tests were made upon this vessel between October 
13, 1903, when it first went out, and the present date. 
The table of experiments made on January 19, 1904, after 
the propellers had been improved, is given below. The 
speed of 25 knots which had been attained in the first 
trial of the boat has been increased to 26.39 knots, by 
giving to the turbines a little more than the quantity of 
steam for which they were designed. 

The propeller shafts were for this test each fitted with 
two propellers. The author’s opinion on this subject is 
that the use of a single propeller upon ‘the same shaft is 
certainly sible to give a better efficiency. - The arrange- 
ment of propellers, one in front of the other, is defective. 
The aft propeller works in the moving tail-water from the 
former. It is certain that the speed of 26.4 knots can be 
still further improved, and will become equal or even 
higher than the maximum speed given by reciprocating 
engines. The use of a single propeller for each shaft 
necessitates a peripheral diameter greater than the pitch, 
in order to obtain sufficient propulsive surface. Under 
such conditions, the efficiency can never be good unless 
the inclination of the shafts to the horizontal is very 
slight. In spite of this, it is probable that the efficiency 
of these propellers with a relatively small pitch is dis- 
tinctly less than that of ordinary propellers. Fortunately, 
this inferiority can be compensated by the fact that the 
efficiency of well-designed turbines is a little higher than 
that of the reciprocating engines used on board ship. 


TasBLe III.—Messrs. Yarrow and Co.’s Torpedo-Boat. 
Trials of January 19, 1904. 








Number of Trial. | Ed dee IV. 
Effective pressure of steam on! 
admission to H.P. turbine! : 
Ibs. persq.in.) 50 100 150 170 
Condenser vacuum. in.| 28 27.5 27 27 
Speed of vessel (two runs) } 15.68 | 19.25 23.22 | 25.714 
knots{| 20.00 | 28.53 | 26.67 | 27.067 
Mean speed of vessel .. ,, | 17.79 | 21.89 | 24.94 | 26.39 
Rotation of reciprocating en-| | 
gine .. revs. permin.) 458 | 508 555 576 
Rotation of H.P. turbine | | 
revs per min.) 836 | 1052 | 1207 1258 
Rotation of L.P. turbine | | | 
revs. per min.) 836 | 1065 | 1282 | 1307 
Slip of propellers :— | | | 
Reciprocating engine p.c.) 287 | 22.4 17 ‘| 15.3 
H.P.turbine.. = .. = 95 | 186 | 17.4 | 164 | 148 
L.P. 24.0 28.2 27.8 27.8 


Turbine-Driven Pumps.—The application of steam- 
turbines for the purpose of direct driving of centrifugal 
pumps enables most re:narkable results to obtained, 
and particularly renders possible height of lifts much 
greater than those which are at present obtained. It is 
well known that the pressure produced by the wheel of a 
centrifugal pump increases directly as the square of the 
peripheral meee. and, therefore, with the velocity pro- 
duced by steam-turbines, it becomes possible with a single 
wheel to raise large volumes of water to heights of more 


than 900 ft. in a single lift. Ifit'is desired éither to obtain 
greater pressures, or to obtain the same results with 
relatively lower speeds, it is‘ sufficient to couple steam- 
turbines with pumps consisting of several similar wheels 


arranged in series, so that each one increases by an equal 








quantity the pressure seedy git by the preceding 
wheels. : The author. has himself; designed a particular 
type of multicellular centrifugal pump. . These machines 
are designed upon the general ideas set forth in a memoir 
which he published in 1892, in the Bulletin de la Société de 
? Industrie Minerale. The principal results of the general 
theories established at that time were further developed 
in the ‘‘ Treatise on Turbine Machines,” which apps 
in 1900, in which the author showed their "paca to 
hydraulic turbines, pumps, and centrifu ‘ans, From 
a practical point of view, by combining the advantage of 
high velocities of rotation with the advantage obtained by 
putting the wheels in series, it would be quite easy to 
deliver to heights greater than 1500 ft. Some notes upon 
this subject. were given. in a communication made in 
1901 to the Société d’Encouragement pour |’Industrie 
Nationale. At that time «considerable number of 
turbine driven pumps had been manufactured by Messrs. 
Sautter-Harlé. Multicellular turbine-pumps form very 
— sets, which are compact and extremely simple. 
Their maintenance is very low, for the wear is almost nil, 
and the cost of lubricating oil is extremely small. In the 
examples referred to below it will be seen that the con- 
sumptions of steam per brake horse-power in water raised 
are comparable with those of good piston-pumps. 

Turbine-Driven Pump at Falkenau (Bohemia).—The 
first machine of this kind which was made was delivered 
to the mines of Falkenau, in Bohemia. This apparatus 
consisted of a single bed-plate, upon which were mounted 
a steam-turbine with multiple wheels enclosed in the same 
casing, and a pump with four wheels, also mounted in a 
‘Single case. The regulation of speed was obtained by a 
centrifugal governor arranged in the base of the principal 
bearing, Fig. 13, page 852. The lubrication of the end 
bearing of the shaft on the pump side was effected by 
means of a little hydraulic servo-motor. A compensating 
piston enabled the longitudinal thrust received by the 
moving part of the pump to be exactly counterbalanced. 
This thrust is, moreover, inconsiderable, owing to the 
a arrangement adopted for the wheels of the pump. 

ondensation of the steam is effected by means of an 
ejector-condenser on the system designed by the author. 
The results obtained in the different tests of this set may 
be shortly set forth as follows :— 

















TABLE IV. 
Admission pressure of steam | 
P. Pe per sq. in. 82.5 91.9 | 94.6 (97.5 | 104 
Exhaust pressure of steam p | | 
(vacuum 24.8 in. of mercury) | j | 
Ibs per sq.in.| 2.47, 2.47| 2.47/ 2.47| 2.47 
‘Revolutions per minute | 8175 | 3200 | 8200 | 3200 | '32s0 
Total height raised .. 721 721 695 669 688 
Discharge of water | 
gals. per min.) 405 492 551 608 665 
Useful work in water raised 
H.P.| 89 /107.8 |116.7 |193.6 |199.4 
Theoretical consumption of | 
steam per H.P. hour Ib. 10.7 | 10.62 10.5 10 
Actual consumption of steam 
per useful H.P. of water | 
raised .. és a Ib. /34.61 | 82.15 | 80.3 | 29.5 | 27.8 
Total combined efficiency of} | 
the turbine-pump .. “| oer 0.335 0.350) Keiait 0.360 
' 








It appears from these figures that it is possible with 
such a turbine-driven pump to obtain combined efficiencies 
of 36.5 per cent., which corresponds to an efficiency for 
the pump of 67 per cent., and an efficiency for the turbine 
of 55 per cent. 

Turbo-Driven Pumps at Bruay.—A more powerful turbo- 
pump has been madeand delivered recently to the Mining 
Company of Bruay, in-the Pas-de-Calais. This set can 
raise 950 gallons a minute to a height of 1200 ft. The 
complete set is mounted above a small tank, into which 
discharges the ejector-condenser, used for condensing 
steam, and from which is taken the suction of the prin- 
cipal pump. At the end of the shaft is a small pump 
which is directly coupled to the turbine, and furnishes 
water to the ejector-condenser at a pressure equivalent to 
ahead of 18 ft. to 20 ft. The results obtained with this 
pump at full load were as follows :— 


Discharge in gallons per minute... .... 980 
Total lift oa “ee ba ea 1195 ft. 
Revolutions per minute 2200 


lute pressure of the steam on ad- 
mission to the turbine ... ‘is <3 | 1h 
Absolute back pressure at the exhaust... 1.61 ,, 
Brake horse-power of the set re 359 
Consumption of steam per brake horse- 
power-hour in water raised ee | 
Total net efficiency... oa ...42.5 percent. 
It will be observed that the total efficiency of this set is 
very high, — 42.5 per cent. It will be pointed out 
hereafter what a slightly improved efficiency denotes in 
consumption of steam when St pressures of steam can 
be used. One of the chief advantages of turbo-pumps, 
besides their excellent efficiency, is the extremely small 
floor space which they occupy when compared with piston 
pumps. Their dimensions are very small, and they 
require very little height, so that they can be placed in a 
room which has no greater dimensions than that of an 
ordinary working gallery ina pit. In Fig. 14 (page 865) 
are shown the comparative dimensions of the chamber 
in the mine necessary to accommodate the turbo-pump 
which we have just described, and of a chamber necessary 
to accommodate a argc pump of the same power. The 
cubic volume of the masonry work is approximately in 
the proportion of 1 to 10. é 
Turbo-Pumps for Boiler-Feed Purposes.—This class of 
pump can be used very readily for feeding steam-boilers, 
and several such séts have already been constructed, 
When there is a group of generators of the same size, a 
turbo-pump can easily carry out the whole feed service 


. turbine was 





with a. consumption of steam much less than that of the 
small feed-pumps usually employed. Whilst i 

reciprocating pumps consume from 150 lb. to 250 1b, of 
steam rake horse-power in water moved, the turbo- 
pump for boiler-feed service will not usually require more 
than 40 lb. to 601b. per brake horse-power. An auto- 
matic system of control has been designed by the author, 


peared | which enables the apparatus to work automatically ina 


continuous manner, even when the demand falls to zero. 
The work of the stoker, so far as the feed-service is-con- 
cerned, consists simply in opening the feed-valve to the 
necessary amount. 

Turbo-Pumps of Large Output: for Raising Water in 
Towns.—Turbo-pumps, both from the .point of: view of 
efficiency, and also of ease in working, are particularly 
suitable for raising water into reservoirs for the service of 


towns. The following figures indicate results which have 
been obtained with this class of machine in similar.con- 
ditions to those that exist in large towns. 
Delivery in gallons per minuté ne 5200 
Height to which the water is raised ... 460 ft. 
Actual horse-power in water raised ... 730 B.H.P. 
Combined efficiency, including con- 
densation Sec | 'pseg ang ben ga OG CUMAES 
Pressure of steam in pounds per square 
inch =. oes a se ot 210 
Vacuum at the exhaust ... 28 in. 
Superheat in the steam ... te: ... 100 deg. 
Consuniption of steam per brake horse-’ ; 
power-hour in water raised ... at ca Ug 


It will be observed that the system described is quite as 
efficient as the best piston-pumps now employed. 

Turbo-Fans.—The great angular velocity of steam- 
turbines makes them particularly suitable for the direct- 
driving of fans for high pressure used for blowing-engines 
and even for air-compressors, The author has y 
described them in his work entitled ‘Fans and Centri- 
fugal Pumps for High Pressures,” inserted in the Bulletin 
de la Société de ? Industrie Minerale, in the first edition of 
1902, and has given particulars of actual results obtained 
from a turbo-fan with a revolving wheel of 10 in. in 
diameter. With an angular velocity of 20,200 revolutions 
per minute, this fan discharged 22.5 cubic feet of air-per 
second under a pressure of 19 ft. of water.. The useful 
work contained in this compressed air was about 41 horse- 
power, and the combined efficiency of the group.30.7 per 
cent. The rae of the steam on admission to the 

145 lb. per square inch, Since that time the 
system described has been improved,. and a.certain number 
of these apparatus have been built for different pu 
Several are used in sugar-refineries, for. the compression of 
air charged with carbonic acid extracted from the lime 
furnaces, and requiring to be sent into the decarbonising 
vats. A special system of regulation enables the pressure 
of discharge to be kept constant whatever may be the 
volume of discharge, and, on the contrary, to maintain a 
constant discharge whatever may be the  epeons ‘The 
set which is shown in perspective in Fig. 15, 852, is 
actually at work in the forges of Chatillon et Commentry, 
and is used for blowing a blast-furnace., The set consists 
of two fans arranged in parallel and each driven by one 
turbine (the two turbines are placed in series), and the 
apparatus will discharge 80 cubic feet of air per second 
under a pressure of 10 in. of mercury. The energy in 
the compressed air rises as high as 100 horse-power. The 
moving wheels of the fans and of the turbines are only 
11.2 in. in diameter, and Table V. (below) gives an 
abstract of the results of trials to which the apparatus 
was submitted. 

It will be seen from this table that the combined 
efficiency of the apparatus reaches the remarkable figure 
of 38 per cent. Similar apparatus of larger dimensions 
can be built, and these might sopuce advantageously the 
large blowing-engines used for blast-furnaces. One im- 
portant characteristic of these sets is their remarkably 
small dimensions, and they can be put down at an expense 
which is very small in comparison a piston blowing- 
engines. By coupling several wheels of centrifugal fans, 
as we couple the wheels of multicellular pumps, much 
ee a of air.can be obtained. In a few months 
we shall finish the construction of a centrifugal turbine- 
compressor of 350 horse-power, capable of delivering 
compressed air at a pressure of 90 1b. per square inch. 
This apparatus will be driven by a low-pressure turbine 
using the exhaust steam from a winding-engine used in a 
pit. The turbine has as astand-by a pam ga ana turbine 
so as to insure economical working during the time when 
the winding-engine is out of use. This special branch of 


TABLE V.—Turbo-Fan at Commentry. August 6 to 8, 1903. 
































| | | | oa | 
% -| Presureot (85 | | s |e |e | Bb 
B | "steam. 9° a & Bqie& | 3 
g | Absolute. (3. |» | 8 2s aa 3 
ma naan Ie ae & |"8| "4/8 
¢ | 3 es 3S | 
& | Bo ad. | mx erage 4 Bz gy 3 
i} 7 |mission. haust./gO™/§) 3 | mel g 
sq. in.| Ib. per |Ib. per, ft. of | Ib. | cub, 
| sq. in. 84 in.|water| per |ft. per } 
| | r. | sec, 
{ 15,200 118.8 | 4.68 | 10.60 |3087| 91.4 | 260.4| 99 | 
19.1 | |15,700; 128.0 | 4.80 | 11.61 |3403) 93.5 | 209.5 |/112.6 (0.377 
14,600, 113.8 | 4.92 | 9.0 3037| 99 | 266.9! 98.2 /0. 
22.84 |15,200' 128.0 | 6.82 | 9.90 |3403/ 1038 289.6 106.52/0.368 
15,800' 142.2 | 5.68 | 11.0 [3760 107.5 | 327.2 121.91|0.372 
27 8{ 14,300! 113.8 | 4.44 7.65 |8087| 114 261.8 | 91.08)0.348 
ss ‘sii 128.0 | 4.80 | 8.25 8408 117.5 | 299.5 ated tess 
‘ . 











the application of steam-turbines to air-compression has, 
in our opinion, a great future, not only for work in mires, 
but also in merase: where blowing-engines of all kinds 
for blast-furnaces and for the tuyeres df steel works, may 
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be replaced by the centrifugal machines of a much simpler 
and smaller character, costing far less and requiring less 
repairs than the present piston engines. 

Turbines for Low Pressure with Steam-Accumulators.*— 
One-of the most interesting and promising applications 
of steam-turbines is the = of steam at low 
pressure, and particularly exhaust steam coming from 
engines working intermittently.. This last class of 
engines, which are, of course, usually agen in instal- 
lations for the working of minerals, or for rolling-mills 
and pile-drivers, has not untilrecently been able to fit 
by the improvements ado in the case of engines work- 

continuously, and this is owing to the special diffi- 


i 
po Fa in the application of condensing plant, multiple ex- 
pansion, and superheating to such engines. The majority 


of such engines discharge the exhaust freely into the air, 
and the quantity of steam which is thus lost is consider- 
able. e author has pie special attention to the 
omnes | problem of the employment of such waste 
steam, and he has obtained satisfactory results by means 
of his regenerative accumulator of. steam, combined with 
turbines at low pressure, which are themselves coupled 
directly to dynamos, centrifugal pumps or fans. e 
regenerative accumulator is intended to regulate the 
intermittent flow of steam before it to the —, 
and it consists essentially of a vessel containing solid an 
liquid materials which play the part of a flywheel for heat. 
The steam collects and is condensed as it arrives in large 
—— in the apparatus, and is again v ised durin: 
the time when the exhaust of the principal engine dimi- 
nishes or ceases. The necessary variations for condensa- 
tion and regeneration of the steam correspond to fluctua- 
tions in pressure in the accumulator, this pressure rising 
when the apparatus is being filled, and descending when it 
is disc g into the turbine. Water which has a ve 
high calorific capacity has been used as a heat flywheel, 
but in order to rapidly communicate to a liquid mass a 
considerable quantity of heat, corresponding to the latent 
heat. of steam to condensed, it becomes necessary, 
owing to the poor conductivity of water, either to arrange 
it in thin layers or to cause a rapid circulation in order to 
increase the surface of contact between the steam and the 
water itself. The first solution of the problem gave rise 
to the aceumulator with flat cast-iron trays, in which 
water is contained in shallow vessels arranged one above 
the other, Fig. 16 (see Figs. 3 and 4 on 745 of vol. 
Ixxy., issue of June 5, 1903). The second solution of the 
problem gave rise to the accumulator with water only, in 
which a rapid cirenlation was produced by the injection 
of steam into the body-of the hquid itself (Fig. 17, oppo- 
site). The low-pressure turbine, fed by the regular flow 
which comes from the accumulator, and working, for 
example, between an admission pressure of 15 lb. per 
square inch and a vacuum at the condenser of 27 in. of 
mercury (back pressure of 1.6 lb.), can furnish an electric 
horse-power for about 31 Ib. of steam per hour. In a 
moderate-sized pit, consuming 13,000 Ib. of. steam per 
hour, it is therefore possible to economise under these 
conditions about 350 electric horse-power. In steel works 
where reversible steam-rolls are employed, consuming 
about 45,000 Ib. of steam per hour, it will be easy to 
develop by means of accumulators and turbines, an extra 
output of over 1100 electric horse-power. It is desirable 
to mention that the prime movers are in no way injuri- 
ously affected in their working by the presence of the 
accumulator and turbines. This method was applied for 
the first time at Bruay, and the installation has worked 
most satisfactorily since August, 1902, when it was first 
put into use. The exhaust steam from a winding-engine 
is first of all treated by an accumulator with cast-iron 
trays, and then passes to a low-pressure turbine of 300 
horse-power, which itself drives two dynamos keyed upon 
the same shaft. This group is shown in Fig. 18 (opposite). 
A particular feature of this type of installation is the 
‘* Automatic Expander,” which comes into use when the 
winding-engine is not giving sufficient steam, and also 
when this engine is not working. This a gga then 
permits the admission to the turbine of live steam, 
which is passed from the boilers through reducing valves ; 
this expander can be adjusted by means of a spring, and 
comes into use as soon as the pressure falls below a pre- 
determined point. 

Table VI. (page 869) gives the results of tests made 
upon this set in April, 1902, and January, 1903. Numerous 
similar tests have been made at different times since the 
apparatus was first started, and Fig. 19 enables a com- 
parison to be made between the efficiencies which were 
calculated from the results obtained in April, 1902, 
January, 1903, and November, 1903. 

It will be noted from this table that although the tests 
of November, 1903, were made with an output much 
lower than the normal output of the turbine, and for a 
part of the curve in which the efficiency varies rapidly, 
the mean point which these tests graphically represent is 
very distinctly higher than the curve of 1902. The com- 
bined efficiency of the turbo-electric group has therefore 
been maintained at an excellent value since the set was first 
put into use. When, as at Bruay, the low-pressure turbine 
1s fed with expanded live .team during the time when the 
ae we mover is at rest, the consumption of steam is obviously 

igher than that of an engine working at the full pres- 
sure of the boilers. If the demand for live steam is only 
made during a relatively short period, the slightly higher 
consumption during these periods will have y any 
influence upon the total economy. If this is not the 
case, and, on the contrary, such periods are of consider- 
able length as com with that during which exhaust 
steam is used, as, for example, when the prime mover is 
only working during the day, and it is desired to have a 
regular service day and “— from thesecondary set, then 
it would be best to add to the low-pressure turbine a high- 


* Proceedings, 1901, page 945, 


pressure turbine, which, during the time that the prime 
mover is not working, would. receive live steam at boiler 
pressure. The steam passing out of this high-pressure 
turbine sage we to the low-pressure turbine, which 
would use eq’ well either the steam coming from the 
accumulator or the exhaust from the first portion of the 
turbine. The admission of live steam at high pressure is, 
moreover, automatically obtained by a suitable system of 


throttle controlled by a speed-regulator on the one 
hand, by the pressure in the acoumulator on the other 
hand. Such a group works under all conditions with the 


maximum possible economy with an ordin vacuum, 
and working at full load it would consume only 18 lb. of 
steam e ic horse-power-hour if supplied with steam 
at 110 Ee. posses, and it would consume 26 Ib. to 36 Ib. 


Fig.17. WATER HEAT- ACCUMULATOR 
. (Rateaw) 
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disadvantage for a considerable time in the driving of 
dynamos, but now it is possible to mos for 
very high speeds, and these can be coupled to steam 
turbines, forming light and inexpensive sets, which take 
up little room, although they are very powerful. Such 
sets are very simple, and are very.easy of maintenance. 
Besides the constant value of the turning effort, the chief 
advantages which can be claimed for steam-turbines may 
be thus summarised: very low consumption of ‘steam, 
particularly at small loads, From this point of view they 
are notably superior to piston-engines of even the best- 
known types. Further advan are the small floor 
space occupied and the absence of expensive foundation 
work ; the cost of oil is very low, icularly for our 
turbines, which have oil-reservoirs and ring lubrication to 
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of steam when it was fed by exhaust steam at atmospheric 
pressure. This system of regulation by means of steam 
accumulators and turbines, which is particularly applic- 
able to mines‘and steel works, enables very considerable 
economy to be effected. Installations of this nature are 
now in course of erection at the following places :— 


330 horse-power at the Béthune mines (turbine- 
driven air-compressor). 

600 horse-power at the steel works of Reunion, in 
Spain (electric generating sets). 

2000 horse-power at the Donetz Steel Works (electric 

generating plant). 

700 horse-power at the Acieries de Poensgen a 
Diisseldorf (electric generating plant, &c.). 


As the author showed in a note published in January, 
1904, in the Revue Universelle des Mines, this system 
offers great advantages when there already exists a central 


carried out in that manner. 

usion.—There is no need to insist upon the well- 
known advantage in turbines resulting from their abso- 
lutely steady rotation ; but, on the contrary, the enormous 
speed at which they must work in order to suit the 
velocity of flow of the steam is, in many cases, a 
serious inconvenience, particularly in the application of 
the turbine to the propulsion of vessels, It was a similar 





condensing plant, and the Poensgen installation is being | 


Fic. 18. Low-Pressure Tursine Drivinc Two Dynamos at Bruay COLLIERIES, 


















































Fug. 79. COMPARSION OF EFFICIENCIES (1902 & 1903). 
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| all the bearings. The oil in the reservoirs need be changed 
only once in two months, and it is not thrown out by the 
prmgg, © ahe so that the machinery always remains 
clean. With steam-turbines momentary or even permanent 
overloads are very easy to deal with. It is even quite 
possible to have overloads of more than 50 per cent. higher 
than the normal load. The regulation of speed in steam- 
turbines is carried out in a more perfect manner than 's 
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TABLE VI.—EXPERIMENTS WITH THE LOW-PRESSURE TURBINE AND Dynamo OF 300 Horsk-Power FOR 
THE Bruay COLLIERIES. 











| | | 

| TEMPERATURE OF | CONSUMPTION OF STEAM | 

ate | -Amscuore Paassonen. STEAM. iba | PER Horse-PoWER-HOUR. | 

voluti ilowa low 0: 

oe Po maar at the Bete ey ts aaa beats Steam | apse | ener. 
; Terminals. | gteam to | | Measured. iis 
n. Turbine, | Condenser. | t | Measured. | Theoretical. p* 
a p. | I K. | 
los p. 8q in. | Ib. p. sq. in.| deg. Cent. | deg. Fahr. | cub. ft. per | Ib. Ib. is 
| | | | hour | 
April 3, 1902. 
1337 169.5 12.02 2.13 | 132 269.6 | 45.2 | 21.9 0.485 
1500 176.5 12.02 2.22 | 132 269.6 | 42.8 22.2 0.518 
1610 186.0 12.02 2.22 | 132 269.6 | 165 | 40.6 22.2 0.547 
1690 190.5 12.02 | 2.22 | 132 269.6 | | 39.7 22.2 0.559 
1840 | 198.0 12.02 | 2.22 | 133 271.4 . | | 38.1 22.2 0.581 
1510 225.0 } 14.37 | 2.49 135 275.0 | 41.0 } 21.2 0.516 
1605 232.5 | 1437 | 2.52 | 135 276.0 | oop 39.8 _ | 21.3 | 0.534 
1700 240.5 14.37 2.57 | 135 275.0 | | 38.5 | 21.5 0.559 
1800 247.0 14.37 | 2.62 | 135 275.0 37.4 | 21.7 0.580 
April 5, 1902. Experiments made by Messrs. Sauvage and Picou. 

1589 70.3 — 5.42 | 1.25 111.0 231.8 79 | 51.1 25.1 | 0.492 
1600 140.9 9.37 1.82 135.0 275.0 | 130, 42.1 22.3 | 0.530 
1591 202.0 12.83 | 2.32 137.0 278.6 177 H 39.7 21.1 0.531 
| 2.79 147.0 296.6 203 | 39.5 21.9 0.556 


1598 232.5 14.70 


| 
' 





* The efficiency is the relat 





between the electric power measured at the terminals of the dynamo, and the theoretical ene 


contained in the current of steam utilised for such conditions of pressure ; this yield is therefore stated after the deduction of all 


losses in the turbine and in the dynamo. 


ible for piston-engines, and this is due, on the one 
and, to the absolute constancy of the turning effort, and, 
on the other hard, to the great kinetic energy accumulated 
in the revolving parts. This last characteristic makes the 
machines very insensible to variations in load. The full 
load may be taken off and put on again without causing 
a variation in speed of more than 2 to 3 per cent. When 
coupled to dynamos, fans, or centrifugal pumps, steam- 
turbines mn er it ape to obtain surprising results 
owing to their capability of giving great power at very 
high speeds. The author has constructed turbine-driven 
fans giving a pressure of 7.5 lb. per square inch, and 
turbine-driven pumps raising water to several hundre 
of meters. - Such sets can now be built to develop several 
thousand horse-power, compressing air to more than 90 lb. 
r square inch, or raising water to more than 2000 ft. 
igh. Turbines are able to use to perfect advantage 
steam at low pressure, for they have an efliciency rising 
in value as the pressure of the steam becomes lower. In 
combination with steam-accumulators of the type designed 
by the author of this paper, turbines permit of the em- 
loyment of exhaust steam in large quantities produced 
y engines ‘working intermittently, such as winding- 
engines and engines used in metallurgical works, In the 
preceding paper, the author believes that he has given 
typical examples of the chief +g pray in which steam- 
turbines are available. It will be seen that their field of 
application is very wide, and it is certain that a great 
future is in store for them. 








CATALOGUES. 

Messrs. J. BEARDSHAW AND Co., Limited, of the Baltic 
Steel Works, Sheffield, havesent us a copy of their list of 
‘* Profile” tool steels. These steels are rolled to forms 
suitable for tools which are much lighter than rounds or 
squares of equivalent stiffness. Special taper sections are 
provided, for example, for use as parting tools, whilst 
other sections are suitable for producing reamers or taps 
without neéding to be milled to form. The sections are 
rolled in several qualities of steel, including a high-speed 
steel, which is claimed to be of very exceptional quality. 

Messrs. Beanland, Perkins, and Co., of the School 
Close Works, Leeds, have sent us circulars drawing atten- 
tion to their belt-driven cross-cut log-saws and their self- 
acting rack saw-bench. The latter is made in three sizes, 
taking re ymnccak: 3 4-ft., 5-ft., and 6-ft. saws. 

A small pamphlet entitled ‘‘The Counsel of Experi- 
ence” has just been issued by Mr. A. G. Thornton, the 
well-known instrument-maker, of the Paragon Works, 
King-street West, Manchester. A number of neatly- 
arranged cases of drawing instruments are illustrated, 
some of which are exceptionally well arranged. Special 
drawing-office devices are also described, including the 
Leoham—an instrument which enables a tee-square to 
used in any position of the drawing-board, no matter how 
steeply inclined. 

essrs. Evershed and Vignoles, Limited, of the Acton- 
lane Works, Chiswick, W., have sent us a copy of their 
new price-list of electrical measuring instruments. 

The Blake and Knowles Steam-Pump Works, of 179, 
pag Victoria-street, E.C., have issued a new edition of 
their catalogue of cooling-towers, feed-water heaters, and 
air-pumps. We note that the firm supply four stan- 
dard-pattern surface condensers capable of condensing 
25,000 lb. of steam per hour; whilst the standard sizes of 
air-pumps are of even greater capacity, the largest listed 
being able to handle 68,000 lb. of steam per hour. 

Messrs. Holden and. Brooke, Limited, of the Sirius 
Works, West Gorton, Manchester, have sent us a capi- 
tally-printed catalogue devoted to their protected seat- 
valves. These are designed on the view that the cutti 
to which steam-valves are subject arises from the rapi 
flow through the valve at the moment of closing, and the 
valve is accordingly constructed so as to obviate this. 
The valves are made with either screwed or flange coup- 
lings as required. 

The Horafall Destructor Company, Limited, of the 
Lord-street Works, Whitehall-road, Leeds, have sent us 
a copy of a report on their destructors at West Hartle- 





1, prepared by Mr. J. W. Brown, M. Inst. C.E., 
Seine engineer to that borough. The first destructor 
was erected in 1901, ‘and had six cells, the waste gases 
being used for heating two standard Babcock and 
Wilcox boilers, each having 870 square feet of heating 
surface, and designed for a working pressure of 160 lb. 
per square inch. The new plant is of six-cell capa- 
city, and heats a Babcock and Wilcox boiler of 2393 square 
feet of heating surface. This plant was tested in January 
last, when in a two-days’ trial 10 tons 2? cwt. of refuse 
were burnt per rt: ag 24 hours, the cost of labour per 
ton burnt being 8.9d. The water evaporated per pound 


reds | of refuse was 1.52 lb. from and at 212 deg. 


Messrs. Gent and Co., Limited, of the Faraday Works, 
Leicester,’ have issued a new list of their watchmen’s 
clocks and tell-tales. In these a clock is used which may 
be situated in a room inaccessible to the watchman, and 
the latter then records on a cylinder driven by the clock 
his presence at any point of the premises by pushing in 
a press button, which, by means of an electric current, 
operates a marker. The record is in ink, the supply of 
which only needs attention about once in every six to 
nine months. : 

We have received from Messrs. Buck and Hickman, 
of 2. and 4, Whitechapel-road, London, E., a copy of the 
second issue of the Joe Reporter,” a publication 
issued at intervals by the Niles-Bement-Pond Company, 
dealing with new .patterns of their machines. In this 
issue, among the illustrations is one of a chip taken from 
a gun-forging bya 90-in. lathe at the Midvale Steel Works 
by a “high-speed” tool. A new Pratt and Whitney 
turret-lathe, designed for working with rough stock up to 
3 in. in diameter, is also illustrated. 





AMERICAN RatLRoAD DEVELOPMENT.—The first rail- 
roads opened in the United States were brought into 
operation in 1832, when there were 229 miles in working. 
By 1840, the total had been carried to 2818 miles; by 


1850, to 9021 miles; by 1860, to 30,626 miles; by 1870, D 


to 52,922 miles ; and by 1880, to 93,262 miles. It will be 
seen that even the great Civil War of 1861-5 did not 
materially check constructive operations. During the 
20 years ending with 1902 inclusive, the further progress 
made was as follows :— ' 


Year. Lines Worked. Year. Lines Worked. 
Miles. Miles. 
1888 .. oo 121,422 1893 .. a5 177,516 
1884 .. és 125,345 1894 .. os 179,415 
1885 .. ee 128,320 1895 .. 181,065 
1886 136, 1896 . 182,769 
1887 149,214 1897 .. 184,591 
1888 156,114 1898 186,810 
1889 161,276 1899 190,818 
1890 166,703 1900 194,334 
1891 .. ae 170,729 1901 .. 198,768 
1892 .. oi 175,170 - 1902 .. 203,132 


The close of the American Civil War in the spring 
of 1865 was followed by a great revival of American 
railroad enterprise; and in 1866 1716 miles were 
brought into operation; in 1867,'2249 miles; in 1868, 
2979 miles; in 1869, 4615 miles; in 1870, 6078 miles; in 
1871, 7379 miles ; and in 1872, 5878 miles. In 1873 a 
serious financial panic occurred, and the length of line 
completed in that year sunk to 4097 miles, there being a 
further fall in 1874 to 2117 miles, and in 1875 to 1711 
miles. Then there was once more a period of almost 
feverish activity, the new lines completed in 1876 com- 
prising 2712 miles; in 1877, 2274 miles; in 1878, 2665 
miles; in 1879, 4809 miles ; in 1880, 6706 miles; in 1881, 
9846 miles ; and in 1882, 11,569 miles. The great exten- 
sion effected in 1882 was unduly rapid, but the record 
was once again broken in 1887, when 12,876 miles of new 
line were finished off.. The rapid development of American 
railroads has naturally excited the astonishment of the 
world ; but it should be remarked, at the same time, 
that a large proportion of the new lines brought into 
operation in the Western and North-Western States are— 
in the first instance at any rate—appreciably below the 
European standard, although they grow in stability and 
security as their business increases and as years move on. 





LAUNCHES AND TRIAL TRIPS. 
On Thursday,~ the 2nd inst., the steel screw cargo 


steamer Ringhorn, built by the Laxevaags Engineerin 
and Shipbuilding Company; Bergen, Norway, went for 
her trial trip, when a series of runs on the measured mile 


— a mean speed of 10? knots. The vessel is of the 
0 


lowing dimensions:— h, extreme, 278 ft. ; breadth, 
38 ft. 6 in. ; depth, 19 ft. 8? in. ; dead-weight carrying 
capacity, about 2700 tons. ‘The engines, which have also 


constructed by the Laxev: Company, are of the 
triple-expansion type, with cylinders 19 in., 31 in., and 
51 in. in diameter with a 33-in. stroke. The working 
pressure is 175 lb. per square inch. 


The trial trip of the s.s. Christiansted, built by the 
Elsinore Iron Shipbuilding and a Br Company, 
—— Denmark = = er o' bed est ~~ 

mpany, Limited, o penhagen, took place in the 
Sound, on Thursday, the 2nd inst.; and was considered 
very satisfactory. The vessel is built of steel, and 
measures 140 ft. by 24 ft. 6 in. by 9 ft. 114 in. The 
engines are of the triple-expansion type, with surface 
condenser, and they indicate 300 horse-power. During 
the trial trip an average speed of about 10.5 knots was 
attained with a very low consumption of coal. 





On Saturday, the 4th inst., the steel screw steamer 
Eddie, built by Messrs. Wood, : Skinner, and Co., 
Limited, of Bill Quay-on-Tyne, to the order of Messrs. 
Stephenson, Clarke, and Co., of London, left the Tyne 
for her official trial trip. 6 propelling machinery, 
which has been constructed by the North-Eastern Marine 
Engineering og , Limited, at their Northumberland 
Engine Works, Wa nd-on-Tyne, consists of a set of 
compound surface-condensing engines, having cylinders 
14 in. and 28 in. in diameter with a 21-in. stroke, steam 
being supplied by a steel boiler: working at a pressure 
of 100 lb. to the square inch. During the trial run the 
machinery gave every satisfaction to all concerned. 





The s.s. Newburn, which has been built by Messrs, 
Swan, Hunter, and Wigham - Richardson, Limited, 
Wallsend-on-Tyne, to the order of the Newcastle Steam- 
ship ae Limited, was taken out to sea on her 
trial trip on Tuesday, the 7th inst. The leading dimen- 
sions of the vessel are :—Length over all, 350 ft.; beam, 
extreme, 47 ft.; and depth, moulded, 27 ft. 3 in.; and she 
is expected to carry a dead-weight cargo of over 5800 tons 
on a light draught of water. ..The machinery has been 
constructed by the Wallsend Slipway and ennering 
Company, Limited, and consists of a set of triple-expan- 
sion engines, having cylinders 234 in., 39 in., and 66 in. 
in diameter with a 45-in. stroke, steam. being ap ied by 
two large single-ended boilers working at 180 1b. pres- 
sure. e trial was quite satisfactory to all concerned. 


On Wednesday, the 8th inst., the new steamer Skjold, 
built by the Sunderland Shipbuilding Company, Limited, 
Pp led on her official trial. She measures 240 ft. be- 
tween perpendiculars by 364 ft. extreme breadth by 19 ft. 
deep, and carries 2200 tons dead-weight. The trial was 

uite satisfactory. The machinery was supplied by the 

orth-Eastern Marine Engineering Comgeny Limited, 
Sunderland, and her cylinders are 18 in., 29 in., and 48 in. 
in diameter with a 33-in. stroke. A mean speed of 10 knots 
loaded was obtained. The steamer has been built to the 
order of Mr. L. H. Carl,-of Copenhagen. 


On Wednesday, the 8th inst., the new steel screw steamer 
Adriatic, recently launched by Irvine’s Shipbuilding and 

if Company,: Limited, West -Hartlepool, and 
built to the order of Messrs. W. H. Cockerline and Co., 
Hull, proceeded to sea for her trial trip. She measures 
336 ft. by 47 ft. by 24 ft. 10 in. — of the triple- 
expansion type have been a and fitted by Messrs. 
Richardsons, Westgarth, and Co., Limited, Hartlepool, 
having cylinders 24 in., 38 in., and 64 in. in diameter with 
a 42-in. stroke, steam being supplied by two large single- 
ended boilers working at a pressure of 160 lb. After 
adjusting the com a series of runs were made and 
a mean speed of 11 knots was obtained, the engines work- 
ing smoothly and well. 





On Thursday, the 9th inst., the s.s. Ruperra, built by 
Messrs. Short Brothers, Limited, Sunderland, for Messrs. 
John Cory and Sons, Limited, of Cardiff, left Pallion 
Shipyard for her official trial trip. The dimensions of the 
steamer are :—Length, 345.4 ft. ; breadth, 51.1 ft. ; depth, 
24.96 ft. The engines and boilers have been supplied by 
Messrs. John Dickinson and Sons, Limited, Sunderland, 
the cylinders being 25 in., 42 in., and 68 in. in diameter, 
with a stroke of 45 in., and two large steel boilers supply 
steam at 180 lb. pressure. pity be trial, which passed 
off to the satisfaction of all on board, a mean speed of 
104 knots was easily maintained. 


On Friday, the 10th inst., the s.s. Hillbrook, built b 
the Northumberland rangen soe f Company, Limited, 
Howdon-on-Tyne, to the order of Messrs. | ugh Evans 
and Co., Liverpool, for the Hill Steamship Company, 
left the Tyne for her trial trip. This vessel measures 
350 ft. over all by 48 ft. breadth, extreme, and 30 ft, 10 in. 
depth, moulded, and ill carry about 6400 tons dead- 
weight. The machinery has been supplied by Messrs. 
Richardsons, Westgarth, and Co., Limited, Hartlepool, 
with cylinders 24 in., 39 in., and 66 in. in diameter with 
a 49-in. stroke. There are two boilers, 16 ft. 3 in. b: 
10 ft. 9 in., designed for 180 lb. working pressure. 
speed of 104 knots was easily attained, the machinery 
working smoothly and satisfactorily. 











~ 


87 


oO 


ENGINEERING. 





[JUNE 17, 1904. 





‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep sy W. LLOYD WISE. 
BELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 


number of views given in the Specification Dranwings is stated 


The 
in each case; where none are mentioned, the Specification is not 


ey Lem may, 


give notice at the Patent 
Patent on any of the 


ELECTRICAL APPARATUS. 


8812. H. Leitner, Woking. Regulating Electric 
Circuits. {1 Fig.] April 18, 1903.—This invention has refer- 
ence to electric-lighting or power circuits in which an electric 
generator is employed in connection with a battery of accumula- 
tors for supplying current to the’mains. The mains are supplied 
by a generator and a battery in parallel with one another, and a 
motor generator consisting of a shunt-wound motor portion and 
a series-wound generator portion is arranged with the armature 
of the motor portion connected directly across the mains and its 
field winding conneeted to the terminals of the battery through 
a variable rheostat, whilst the series-wound generator portion is 
connected between one terminal of the battery and one of the 
mains. When the current demand is too large for the generator 
a, current from the battery c passes through the armature g and 


opposition to the grant of a 
0 ern the Ads. 





























(ease) 


w= 


field d of the motor-generator portion. This being driven by the 
armature / of the motor portion, develops an electromotive force, 
which is additive to that of the battery, and enables the battery 
to supply more current to the mains. When the current demand 
on the mains is less than the normal output of the generator a, and 
the voltage of the battery is below the normal, current flows in 
the reverse direction through the booster portion of the motor 
generator, and the battery thus receives more charging current than 
it would do, under similar conditions, without the intervention of 
the motor-generator. When the voltage of the battery becomes 
equal to that of the mains, no current passes through the booster 
portion of the motor-generator. The manner in which the motor 
portion of the motor-generator is connected increases the delicacy 
and responsiveness of the arrangement. (Accepted April 7, 1904.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7537. B.Musgrave, Heaton, near Bolton. Internal- 
Combustion Engines. [5 igs.) April 1,1903.—This inven- 


Fig. 1. 
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tion relates to internal-combustion engines on the two-stroke 


and compressor. Preferably the motor cylinders of three single- 
acting inverted enginesare arranged in a line, with their connect- 
ing-rods attached to a three-throw crank-shaft ; the com- 
pressors are arranged behind the motor cylinders, also in line, 
with their connecting-rods attached to another three-throw 
crank-shaft, the two crank-shafts being parallel and connected by 
spur-wheels 12 of equal diameter. ‘The motor and compressor 
> agen are cast in one piece, with a water-jacket 22 surrounding 
them, and having the inlet at the compressor side and the outlet at 
the engine side. At the top each pair of engine and compressor 
cylinders is closed by a common cover, containing two valves for 
each cylinder. (Accepted April 7, 1904.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


10,494, J. Baillie Hamilton, London. Valve-Seats. 
(2 Figs.) May 8, 1903.—According to this invention a valve-seat 
comprises a ring-like body that is adapted to fit in the opening in 
the partition that divides the valve casing, or in or on the body 
of the valve, the sides of the opening or the valve body and of the 
ring-like body being so ped that the ring-like body is held in 
position both frictionally and positively. 1 is the valve-casing, the 
partition 2 of which is formed with an es in which fits the 
valve-seat 4, that comprises a ring of phosphor bronze, and is 
suitably formed to co-operate with the valve. The valve-seat 4 
is divided for a portion of its length by a number of saw-cuts 5. 
These saw-cuts enable the seat to be sprung or forced into position. 
The sides of the opening in the partition 2 are so formed that they 
first slope iemendty and downwardly at 6, and are then curved 
outwardly at 7. The exterior wall of the valve-seat first slopes 





downwardly and outwardly at 8, then downwardly and inwardly 
at 9, and is finally shaped so as to curve outwardly at10. The 
arrangement, as will be seen, is such that the downwardly and 
inwardly sloping portion 9 and the curved portion 10 of the valve- 
seat will engage r tively with the inwardly and downwardly 
sloping portion 6 and the curved portion 7 of the opening. The 
saw-cuts 5 extend upwardly of the curved portion 10 to the point 
where it joins the downwardly and inwardly sloping portion 9. 
In placing the valve-seat in position within the opening, the seat 
is pressed downwardly so as to cause the portions thereof 
between the saw-cuts 5 to move inwardly. These portions have 
a considerable amount of spring, and move outwardly as soon as 
the seat is in position. The application of the renewable valve- 
seat to the body of the valve will be carried out in a similar 
manner, but reversed in position, to that described with reference 
to the opening in the partition. (Sealed May 24, 1904.) 


9237. D. M. Nesbit and W. Clowes, London. Steam- 
Traps. (3 Figs.) April 23, 1903.—This invention has reference 
more cularly to the manner in which the steam-tubes are 

ted in tion with fittings thereon, so that the altera- 
tion in form of two semi-circular or curved tubes produces an 
opening and closing of a valve so as to permit the accumulated 
water to escape automatically without the intervention of hand or 
other independently-controlled devices. The two curved tubes a 
are moun on aT or cross-like branch b, into which a common 
steam inlet-pipe enters. To the outer ends of the tubes a valve- 
casing ¢ is attached. This valve-casing c has a valve seat d 
therein for a loose valve member e carried upon a rod / attached 
to the branch b. The valve-casing has also an outlet junction- 


























piece g, 80 as to permit the water to escape when the valve e¢ is 
opened, due to alteration in the form of the tubes. When steam 
one fills the tubes, the valve-casing ¢ and seat d are moved on 
to the valve e; but when water accumulates, then the contrac- 
tion and alteration in form of the tubes a causes the casing 
to be moved away from the valve and the water to freely escape. 
The valve is mounted on the stem so that it can bed itself upon a 
conically-formed end, as shown, in order that it may tighten with 
the pressure of the steam. To adjust the position of the valve in 
the valve-seat to suit the temperature and pressure at which it 
has to work, a right and left-handed nut A is fitted on the rod /, 
the part of the rod carrying the valve having a hole drilled through 
it, so that it may be prevented from turning when adjustment is 
taking place. (. May 24, 1904.) 


19,307, A. B. C. Danks and J. A. Danks, Nether- 
ton, Staffs. Steam Boilers. [10 Figs.] September 8, 1903.— 
A boiler according to this invention consists of two drums 1 and 2 
arran; one above the other and connected by a large central 
riveted tube 3 which is securely riveted to the drums 1 and 2, the 
tube-plates of which are flanged to receive it. The central tube 3 
thus forms a reliable support for the steam-drum 2. Within and 
concentric to the tube 3 is a tube 6. Around the tube 3 and 


nace enter the chamber 15 within which the boiler is enclosed, at the 
level of the lower tube plate 4 ; the gases surround the lower end 
of the water-tubes 7, so that the water therein, as also that between 
the tubes 3 and 6, become heated. As the gases ascend they are 
deflected in and out amongst the tubes by brickwork off-sets 16 
until they impinge against the top tube-plate 5 ; and when on their 
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way to the chimney, which surmounts the casing 17, the gases 
traverse the outside of the steam-drum 2 at 19, and thereby, to 
some degree, superheat the steam. Upon reaching the steam- 
drum 2 the particles of steam which have been formed are given 
off into the same space; the return flow takes place by way of 
the inner tube 6. (Sealed May 16, 1904.) 


11,732. D. Roberts, Grantham, Lincs. Mechanical 
Stokers. {6 Figs.] May 22, 1903.—This invention relates to 
mechanical stokers of the endless chain-grate type, and also of 
the type wherein the bars move to and fro and the fuel is forced 
on to the bars by mechanical action. The object of the invention 
is to provide means whereby the fires may be more readily forced 
than is now the case when a sudden demand for more steam arises, 
as is often the case with boilers in electric-lighting installations. 
According to this invention the grate, whether of the endless t; 
or of the to-and-fro moving type, is made in sections adapted to 
be independently operated at different speeds, so that the fuel on 
one section may be moved more rapidly than that upon the other 
sections of the grate, in order to bring fresh fuel on the rapidly- 
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moving parts quickly into the mass of incandescent fuel on the 
slowly-moving parts. In applying the invention to an endless- 
chain grate, the te is divided into longitudinal sections e, /. 
The chains of all these sections run at the back end of the grate 
over pulleys carried upon a shaft h mounted in the frame c. The 
chains of the sections ¢ at the front end of the grate run around 
pulleys upon the shaft i, whilst the sections f run around pulleys 
upon the.shaft k. The shafts i and & are rotatably mounted in 
the frame c, which is itself mounted upon wheels d so that it can 
be run in or out of position. The shaft i is continuously rotated 
through the medium of an eccentric-rod 1, eccentric m, and inter- 
mediate mechanism 0, and the shaft k is rotated in a similar way 





equally spaced are a large number of tubes 7 of varying sizes. On 





cycle system having an explosion chamber between the cylinder 


reference to the drawing it will be seen that the gases from a fur- 


from the eccentric-rod p, eccentric g, and intermediate me- 
chanism r, (Sealed May 17, 1904.) 














JUNE 24, 1904.] 


ENGINEERING. 


871 





THE EDISON PHONOGRAPH WORKS, 
ORANGE, NEW JERSEY. 


Ar all exhibitions any object that is in motion, 
or that produces sound, never fails to attract crowds 
of visitors; and the Edison phonograph display is 
always pre-eminently successful in this respect. At 
every great International Exhibition held for many 
years past the phonograph exhibit has been an 
attraction, and the Exhibition now being held 
at St. Louis forms no exception to the rule. 
There are the same well-displayed instruments 
of every type made; the records, mute, and 


Fig.7 


In this direction alone the phon h a rs to 
have found its really useful cuipehe r 9 vere dillon 
sense it must be regarded as an expensive toy, the 
demand for which ap never to fail. We believe 
we are right in saying that the supply of talking 
machines is shared between the Gramophone and 
the Edison Phonograph Companies ; in what pro- 
“aragson this supply is divided we do not know, 

ut certainly the output of the latter company 
is almost incredible, being no less than an average 
of 3500 records per day, and 2500 phonographs 
per week. Thus, from having been at the outset, 
nearly thirty years ago, only a dangerous appendix 
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Company are manufactured and the records pro- 
duced. This being so, we propose now to give an 
account of this important factory. 

A ground plan of the Edison Phonograph Works 
is shown in Fig. 1, annexed ; among the numerous 
buildings is included the laboratory about which so 
much has been written. The machine-shop, in which 
all the me ig 8 parts for the phonograph are made, 
is marked No. 1 on the ground plan, Fig. 1. It 
is a single-story brick building, 324 ft. in length 
and 74 ft. broad. Over 500 hands are employed in 
this department. 

Great attention has been paid to the grouping of 
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speaking, in all varieties ; the courteous and skilful 
operators, and the crowd eagerly watching for dis- 
engaged ear-pieces, and never weary of listening 
to the music or the speech poured out in volumes 
from the metal trumpet. 

Two novelties, however, may be noticed in this 
display : the one a so-called commercial phono- 
graph ; and the other, records systematised for the 
purpose of teaching languages vivd voce. The 
special features of the commercial phonograph are 
rapid acceleration and quick arrest, effected by 
a clutch controlling a mandrel, which is always 
running. By means of an ingenious device the 
record, when being reproduced by the typist, 
can always be set back to any desired word for re- 





petition. This machine is not yet placed on the 
market, but it isin use throughout Mr. Edison’s | 
establishments. It will be remembered that, some | 
years ago, great efforts were made to introduce the | 
phonograph into current office work to replace the | 
stenographer ; the attempt failed, however, for 
many reasons too obvious to repeat, and it does not 
seem to us likely {pat any better success will attend | 
the advent of the *‘ commercial phonograph.” | 

The use of records for teaching languages is, | 
on the other hand, successfully employed in the | 
United States, especially by the International Corre- 
spondence Schools of Scranton, Pennsylvania ; and 

nguage records are now largely made and sold in 
sets. Each set comprises twenty-five records, 
arranged especially for accent and intonation, while 
forty text-books complete the set. 
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to a valuable patent, it has passed through stages 
of being a scientific marvel, a laboratory instru- 
ment, and an unprofitable manufacture, to its 
resent stage of ber and universal demand, and a 
lon e and apparently durable commercial success. 
The Edison phonograph display at St. Louis is, 
but for its larger scale and more sumptuous equip- 
ment, very like the outfits in the shops and depéts 
of most great cities; it fully serves the purpose of 
the average visitor who comes to listen and so often 
remains to buy ; but to our readers the interest of 
the display is centred, not at St. Louis, but at the 
Edison Phonograph Works, of Orange, New Jersey, 
where all of the instruments sold by the National 
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machines. Similar tools are arranged in rows, and 
each row in turn is placed in such a manner as to 
reduce all unnecessary transportation of material 
during the process of manufacture. The machinery 
for producing the different parts of the armatures 
for the motor-driven phonographs form one group. 
The iron sheets for the laminations are first cut 
into strips of the required breadth by a machine 
furnished with circular shearing-wheels. These 
strips next pass through punching-machines, where, 
for the smaller-sized motors, a whole armature 
disc is produced at each operation; whilst for 
the larger sizes the teeth are cut separately. by 
machines fitted with automatic index feed. The 
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smaller armatures are used on phonographs driven 
from the ordinary lighting circuit ; the larger are for 
instruments intended to be driven by storage 
battery. The motors are built of thicker lamina- 
tions than those generaily used, as heating is not 
to be feared when working with such small-power 
machines, and eddy currents are not taken into 
consideration ; neither is a high efficiency of much 
importance. 
ther narrower strips, cut by the circular shear- 
ing-machine already mentioned, pass on to another 
unching-machine, to be converted into washers ; 
it consists of two punches and two dies, their 
diameters being equal to those of the central 
hole and the external diameter of the washer 
respectively ; they are spaced at such a distance 
that whilst one punches the smaller hole in one 
washer, the other is punching the external diameter 
of the next. In this manner a washer is really 
produced in two operations, although one is 
turned out for each punch. The other punching- 
presses are used for producing such work as the 
covers for the drums of spring motors, the discs 
afterwards to be poner into gear-wheels, and 
the brass sides of Edison’s paring boxes, &c. All 
told, there are 24 of these. 

We next pass to a battery of automatic tools 
grouped in two rows, extending half-way along the 
building. These are employed in turning out, with 
great rapidity, the many small and intricate parts 
which, when assembled, help to make up the finished 
phonograph. A brief notice may be given of the 
work done on the more important of these tools. 

The governor-balls for regulating the speed of the 
phonograph are cylindrical, about @ in. in diameter 
and ,;% in. long. These are made in an automatic 
lathe, by cutting the required length from a bar. 
The small stem which is nearly always left on 
work produced in this manner is slightly larger 
than usual, and is turned to a useful purpose. The 
springs are stamped from a long length of watch- 
spring, with three holes, one at either end for 
attachment to the top and bottom of the governor 
proper, and the third in the centre. The stem of 
the ball is passed through the central hole of the 
spring and held in position under a hammer, which 
rivets it over and secures it firmly to the spring. 

The small axles for the gear-wheels are also 
made automatically from steel rods. These axles 
have to be reduced at both ends to fit into the 
side-frames as bearings; only one end can be re- 
duced at a time in the automatic machines ; after 
this is turned down and the length cut off, the axles 
are taken to another tool fitted with a magazine, 
into which they are loaded, and are then fed one by 
one into a revolving-chuck, thus entirely avoiding 
the more usual and costly operation of stopping the 
machine each time and feeding by hand. 

In all there are forty-six of these automatic 
machines, made by the Brown and Sharpe Manu- 
facturing Company, Providence, R.I., besides 
two four-spindled «tools by the National Acme 
Manufacturing Company, Cleveland, Ohio. About 
seven of these machines are attended by one man ; 
it is found that when an operator has got thoroughly 
into the method of manipulation, he can handle 
these with ease. A large amount of lubricating oil 
is required in operating these machines, but nearly 
all of it is recovered. The turnings are put intoa 
centrifugal machine, which separates the oil from 
the turnings; in this. way. about 25 gallons of oil 
are saved per day. Before being stored the finished 

rts are cleaned by immersion in a mixture of 
oiling water and potash. There are twenty-five 
screwing and tapping machines operated by hand ; 
about 200 taps per week are used. 

Before the castings forming the phonograph 
frames are drilled, they are trued up on emery 
wheels ; for drilling, the casting is held fast in a jig, 
which is in turn firmly clamped to the table of the 
machine. All the holes in the ends are drilled at 
one operation, six on the one side and four on the 
other. The table is then turned through a right 
angle, and all the holes in the sides are drilled by 
another motion ;.in this case there are four holes 
on one side and only one on the other. Next, seven 
holes are drilled in the top ; in all twenty-two holes 
in three simple motions. One man can handle as 
many as 150 castingsina day. In drilling the frame 
sides for the gear motion a pair is clamped together, 
and all the necessary holes drilled through a jig at 
once. The holes are reamed out in a similar 
fashion. Besides the larger-sized drills there are a 

eat number of smaller machines used for miscel- 

aneous work ; among these should be mentioned 





some very beautiful little tools constantly in use for 
drilling holes in small washers, &c. 

The leading screw for traversing the diaphragm- 
holder along the records has 100 threads per inch ; 
these screws are made on very accurate lathes, the 
thread being cut witha chaser. Near these machines 
is another series of lathes, used for turning such 
work as the leading shafts before the screw is cut. 

The gear-cutting machines for producing the 
toothed wheels which convey the motion from the 
spring or motor to the wax record are of many 
different classes. Some are employed in cutting 
brass wheels, whilst others are used for wrought- 
iron wheels ; some only cut one tooth at a time ; 
others cut three or five, as the case may be. 
In these machines a revolving milling - cutter 
traverses backwards and forwards parallel to the 
spindle on which the discs are assembled. As a 
rule from twelve to fifteen wheels are cut at a 
time, according to their thickness. Recently, new 
machines have been installed, the principle of which 
very closely resembles the system now well known 
for hobbing worm-gears. The cutting apparatus is a 
worm, the edge of which is in the form of a milling 
tool; this is revolved at a fixed ratio to the revolu- 
tion of the discs. In this manner all the teeth may be 
said to be in process of being cutat once. The drums 
on which the records are mounted are made of brass, 
and afterwards nickel-plated. They are polished by 
means of rapidly- revolving rag- wheels About 
twelve of these drums are polished at once by each 
wheel. They are grouped around its circumference, 
and held loosely in position by spindles passing 
through a specially-shaped casting. In this manner 
they revolve in an opposite direction to the wheel, 
which gives them a very high polishing speed. 
A large grinding-shop, in which 45 men are 
employed, is used for surfacing. The different 
emery wheels are all driven from one central shaft 
running down the middle of the shop between two 
rows of wheels ; the smaller castings are cleaned up 
in tumblers. 

The storing arrangement for tools, materials, and 
finished or partially finished parts is very excellent. 
Every tool is brought back to the store at least once 
a week, where it is thoroughly examined. This rule 
applies to templates, jigs, gauges, &c.; in this 
manner a reliable record is kept. As each opera- 
tion is finished on any of the small parts for the 
phonograph, or rather on a whole set of parts, they 
are taken to a store, where the number sent in is 
registered before the next man can take them and 
proceed with subsequent operations. This is done 
as a check on the men, who are paid by piece- 
work ; it is also a ready manner of telling how 
many of any particular set of parts was started, 
and, consequently, should a number of these be 
spoilt in subsequent operations, it can be detected 
by referring to the register. 

Before going to the store, the finished parts are 
placed in boxes beside the machines which produced 
them. Here they are examined by an inspector, 
and should any defective work be found, it is marked 
with a blue label ‘‘ defective.” Should many blue 
labels be seen by the foreman in charge of that par- 
ticular set of machinery, a reason is demanded from 
the workman. But, again, should too many labels 
be noticed by the chief foreman, then the foreman 
responsible for the work has in turn to give an 
account of himself to his chief. 

The department known as the sapphire-room 
is a portion of No. 1 partitioned off.. It is here 
thatthe tiny sapphire stylus is manufactured with 
the highest degree of accuracy attainable. An error 
of z@55 in. is sufficient cause for a stylus to be 
rejected. To follow the production of a stylus from 
the rough uncut stone to the finished article is, per- 
haps, the best method of gaining a clear idea of this 
work. The stones used are mostly imported from 
Ceylon. These are first cut into slabs which, after 
being cemented together, are cut again in such a 
direction as to leave thin strips of a square section. 
The next operation performed is rounding off the 
rough edges, and then polishing their cylindrical 
surfaces. They are placed fifty at a time in a radial 
slot formed in a red fibre retaining-piece, which is 
afterwards held between the surfaces of a specially 
constructed chuck in such a manner that, on the 
chuck revolving, the pieces rotate against the sur- 
face ; diamond powder is used for polishing. A 
double-ended lathe is used, so that 100 are polished 
at one time, each operation taking about 20 minutes. 
Every piece is now tested both by a micrometer 
gauge and the microscope. The ends are next 
trued up in special lathes, worked by girls. No 





chuck of the ordinary pattern can be produced to 
run true enough for this work. The device used 
consists of a brass chuck about } in. in diameter 
and 4 in. in length. The jewel is first secured in 
the jaws of this, and afterwards the end of this 
chuck, which is remote from the sapphire, is placed 
in a small self-centering chuck. A rest is provided 
for the brass chuck quite close tothe stone. When 
turning the ends, the brass holder is pressed against 
this rest, with the result that the chance of error 
in the self-centering chuck is greatly reduced. 
Each machine is furnished with a microscope 
attached to the slide-rest, through which the 
operator watches her work. The process should 
rather be called ‘‘ grinding” than ‘‘turning,” as 
the tools used are small revolving wheels made of 
tortoise-shell, treated with diamond powder. 

At this stage the sapphire may be employed for 
either one of the three forms used—the old or 
new pattern of reproducer, or the recorder. The 
new form of reproducer, when finished, is illus- 
trated, greatly enlarged, in Fig. 2, page 871, whilst 
Figs. 3 and 4 show the different shapes it assumes 
in the course of its production. When it is shaped 
as shown in Fig. 2, it still has to be polished three 
times before completion. The first polishing is 
done by means of a copper red rubbed over with 
fine diamond powder ; the second with a strip of 
boxwood treated in a similar manner ; whilst the 
third operation is performed by chamois-leather 
bufting-wheels revolving at a very high speed. 
This last process is carried out on exceedingly 
neat little machines fitted with five chucks 
and buffing - wheels. The sapphires are put 
into different chucks for this last polishing, to 
ensure no diamond powder being present. At 
each stage the stones are thoroughly examined 
under a microscope, and none are passed that show 
the slightest scratch or any other defect, however 
minute. Fig. 5 shows the finished shape of the 
recorder. The concaved recess is turned out with 
a diamond tool. Fig. 6 shows the older form of 
reproducer. It may be mentioned here that many 
English and German firms from time to time have 
sent over specimen styluses, with a view of solicit- 
ing orders for manufacturing them for the Edison 
phonograph ; but these compared very badly with 
those made at the Orange factory, even after only 
their first polishing. Mr. A. C. Loomis, the 
manager of the sapphire department, has intro- 
duced many improvements. Thirty-five hands are 
employed on this part of the work. 

The cast-iron frames, after being cleaned up and 
drilled, are brought over to the building marked 
No. 2 on the plan, in which a week’s supply is 
always kept ; here the castings are japanned either 
by immersion or with a brush, and are afterwards 
annealed at a temperature of 275 to 300 deg. 
Fahr. In the same department the gilt lines and 
other decorations are added to the frames. The 
holes are now reamed out for the purpose of clean- 
ing them, machines of a similar nature being used 
to those already described for the drilling process ; 
thus the 22 holes in each casting are reamed out in 
three motions. A large portion of building No. 2 
is given up to a collection of miscellaneous tools, 
lathes, milling-machines, shapers, &c., used entirely 
for odd jobs and experimental work. It is also in 
this section that the armature windings are con- 
nected up to the commutator segments, for the 
motors used for driving ‘certain types of phono- 
graph. The remainder of this building is devoted 
to making cutting and other tools. : 

Building No. 17 is a high timber structure, with 
a broad gallery running down its entire length. It 
is here that the finished parts are brought to be 
assembled. At one end is the department to which 
the finished machines are brought to be tested for 
clearness and repetition. As a large number of 
phonographs are always in operation here, re- 
peating a great variety of records, instrumental, 
elocutionary, or vocal, it is a wonder how the 
experts can judge each individual instrument. 

Putting the phonographs together is done on 
nine long benches running the full length of the 
department. At the first, work is started on the 
frames for four different types of spring-driven 
phonographs. At some half a dozen other benches 
miscellaneous operations are carried out, such as 
weighing governor balls, assembling the governor, 
putting the frame sides together for the gearing, 
fixing the gear-wheel in position, securing the 
springs in the drums, &. The machines really 
begin to assume shape when the top plate with the 
gearing, driving-screw, and record drum complete, 
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are fastened to the main casting. When so far 
finished they are placed in rows supported ona long 
‘wooden framework, where boys are employed in 
graphiting the springs. Each machine is now sub- 
jected to very severe tests for regulation of speed 
and vibration ; the required speed is 160 revolu- 
tions per minute. Preliminary tests are carried 
out on each machine with both vocal and instru- 
mental records before it is placed in its cabinet. 
On long benches under the gallery, many girls are 
employed in making the separate parts of the 
‘‘ speakers.” The diaphragms are made of three 
layers of mica, stuck together with cement, each 
layer being gqy5 in. thick. These are tested with 
a micrometer gauge, and any found to deviate from 
the standard are discarded. The holders for 
the sapphire stylus are made in two small 
machines, the first of which punches the 
metal, and the second turns it up to the re- 
quired form. Other girls assemble the speakers 
and recorders, setting the sapphires, and 
finally testing each finished mechanism on a wax 
record to see that the stylus is set at the right 
angle. Other work is also carried on under the 
gallery, such as the winding of armatures, the 
making of small leather belts, and the production 
of copper brushes for the motors. After the final 
tests each phonograph is packed for shipment by 
the Erie Railroad, which runs alongside the pack- 
ing department. At the present time over 2500 
phonographs are made a week, and in the fall of 
each year the number dispatched reaches the high 
figure of 3000 per week. 

Building No. 18 is the carpenters’ shop ; a three- 
storied timber structure. The first floor is devoted 
entirely to the making of packing-cases. The 
cabinets are made on the second floor; the most 
modern machinery is used in this department. 
Specially-constructed presses are in use for forming 
the circular tops of the cabinets, the outer form 
consisting of a U-shaped matrix. Two thicknesses 
of veneer, previously glued, with a strip of white 
wood between, are placed across the top of this 
matrix ; the sides are also glued and held in posi- 
tion; a smaller U block is now screwed down till 
the wood is pressed tightly into the mould, and 
left. till thoroughly set. All the wood-working 
departments throughout the works are fitted with 
a system of metal piping, and an exhaust fan to 
carry away dust and wood-chips. On the top floor 
of the same building the cabinets are finished off. 
They are dipped in a green solution of filling 
material to fill up any small crevices; when dry 
they are sand-papered. The transfers, with the 
name and type of machine, are next put on ; and 
the finished cabinets are then passed on to the 
varnishing-room. 

On the ground floor of building No. 20 are carried 
out some of the most ingenious and delicate opera- 
tions connected with the phonograph manufacture. 
They have already been described in more or less 
detail in some of the American journals, and 
will for that reason be only briefly noticed here. 
The manufacture of records begins with the pro- 
duction of the master cylinders at 65, Fourth 
Avenue, New York, where an entertainment of 
some kind is always going on. In making band 
records about twenty-five instruments are employed, 
and in their arrangement before the phonograph 
there are many interesting departures from the 
conventional band-grouping. Formerly a number 
of phonographs were used, each making a master 
record. These were then placed in duplicating- 
machines, and other records produced from them, 
the master and blank record rotating together, and 
the instrument for cutting the blank being con- 
trolled by a guide which followed the indentations 
in the surface of the master record. In the im- 
proved system but one phonograph is used. It is 
provided with a horn 4 ft. in length and 18 in. in 
diameter at the mouth, placed horizontally, about 
4 ft. from the floor. Seats at various heights are 
provided for the musicians ; the latter are so placed 
that each instrument will be at the proper elevation 
and angle, and at the distance which has been 
proved by experiment to evenly balance the parts 
in the record. 

The appearance of the spiral groove, cut in the 
Surface of the cylinder, is shown highly magnified in 
Fig. 7 ; and Fig. 8 is a longitudinal section through 
the finished record, which is, as a rule, about 4% in. 
long and 2% in. in diameter. The bore is tapered 
to the extent of about } in. to the foot, to suit the 
phonograph mandrel, and a number of recesses are 


faces about ;j; in. wide. The composition upon 
| which the master blanks are moulded isa prepara- 
tion of white wax, the finished cylinders being as 
smooth as glass, and having the appearance of 
ivory. Every master record, as it is made, is 
thoroughly tested, both by musical and mechanical 
inspectors, to detect any error or imperfection in 
workmanship or in the quality of the music repro- 
duced. 

After testing, the master records are sent to the 
works at Orange, New Jersey, for the construction 
of the moulds in which the reproductions are after- 
wards cast. The first operation is the plating of 
the surface of the wax cylinder. Fig. 9 gives an 
idea of the apparatus employed. The wax cylinder 
is shown at a, and at b is a head, on which the 
cylinder is held. It is placed on the conical- 
ended post c, At the top of b is an armature d ; 
and over armature, cylinder, and support is 
placed the glass e, this resting on a ground-glass 
base f. By means of a pipe qg connected to a 
vacuum pump, the air is exhausted from the glass 
jar, the plating being performed in a vacuum. At 
hh are two glass uprights, each insulated from the 
base by hard rubber bushings 77, and carrying con- 
ductors jj, around which the upper ends of the 
glass supports are sealed. The conductors are 
hooked at the top, and on these hooks are sus- 
pended two strips of gold leaf kk. The magnet / is 
arranged to be revolved by means of a pulley, 
and the armature d and the wax cylinder a turn 
with it. An arc being established between the 
electros suspended on the conductors, the gold is 
vaporised, and, as the wax record rotates in the 
vacuum, the vaporised gold is deposited in an 
extremely fine coating upon its surface. 

The master record, having received a film of 
gold, is slowly electro-plated in a copper bath ; this 
operation takes about four days to secure the thick- 
ness of dense copper required, which is nearly one- 
sixteenth of an inch. The copper shell, with the 
wax still within it, and reinforced with a brass 
sleeve, is then turned off smooth, and fitted into a 
glass cylinder, which forms the outer body of the 
mould. The wax is removed from the mould by 
placing the latter for a few moments in a slightly 
lower temperature than that of the work-room ; the 
contraction of the wax releases it from the metal. 
The mould, which is gold-lined, is thoroughly 
cleaned by washing with benzine, and is stored in a 
fireproof building until required for use. There are 
at present over 15,000 moulds stored in this manner. 

The commercial records, familiar to every. one, 
are made in the building marked 20 on Fig. 1. 
In this building 500 hands are employed, and 
work never ceases during the 24 hours. A tem- 
perature of 94 deg. Fahr. is constantly main- 
tained, and the melted composition from which the 
records are cast is never allowed to cool. Al- 
though this department is on so large a scale, it is 
only by continuous work that the demand can be 
supplied. The composition from which the records 
are made is held in a number of long tanks, divided 
into compartments, which are heated by gas. In 
casting the records, the mould is lowered into the 
hot mixture by means of an arrangement shown 
roughly in Fig. 10. In this sketch p is the mould, 
q a cap placed over the top of the latter, and r a 
holder in which the mould is placed. This holder 
is carried in the frame s; it may be moved up and 
down. on guides ¢ by means of the wire wu. The 
holder is lowered into the tank until the top of the 
mould is below the surface of the composition » ; 
the latter enters the bottom of the mould, and as 
it passes up, it solidifies on coming into contact with 
the metal, and thus a hollow cylinder of composition 
is formed, the thickness of the walls depending, of 
course, upon the length of time the mould is im- 
mersed, as well as upon the temperature of the liquid. 
After remaining in the composition for about a 
minute; the holder is lifted and the mould removed. 
The adhering composition is scraped off by a knife, 
and the mould is then placed ina boring-machine, in 
which the interior is finished. Three cutting-tools 
are required for this operation : the first roughs out 
a plain tapered hole, the second cuts the grooves 
on the inside of the cylinder, and the third finishes 
the boring and brings the narrow bearing surfaces 
to the correct taper. When the work is taken out 
of the machine, it is put on one side for a few 
minutes, till the composition contracts sufficiently 
to permit its removal from the mould. When 
finished, the records are placed on cast-iron shells 
to prevent distortion in further cooling. The final 


The finished records are now taken up to the 
third floor, where they are carefully examined by 
two inspectors. Over 130 girls are employed in 
packing. The old style of machine for duplicating 
records may still be seen at work making the 5-in. 
concert cylinders, as there is not sufficient demand 
for these to warrant the expenditure involved in 
making gold-lined moulds. 

The main machine-shop of the phonograph 
works is driven by a horizontal steam - engine 
manufactured by Messrs. OC. H. Brown and 
Co., Pittsburgh, belt-connected to the overhead 
shaft system. The light for this department is 
derived from a direct-driven continuous-current set, 
both incandescent and arc lamps being used. The 
general rule, however, throughout the works is 
electric driving. A temporary power-station is at 
present being erected in a wooden building formerly 
used as a wax-producing plant. This will ulti- 
mately be replaced by a much larger permanent 
building, the position of which is shown on the 
pen, Fig. 1. The machinery already erected will 

increased when the new power-house is com- 
pleted. At present only one engine is installed ; 
it is compound, of 500 horse-power, and was built 
by Messrs. Weyher and Richmond, of Pantin, near 
Paris ; it will drive two Edison dynamos, each of 150 
kilowatts capacity. The boiler-house adjoins the 
engine-room ; two ‘‘ Climax” boilers are already in 
position, and a third will be installed shortly. Each 
unit is rated at 375 horse-power, and is 22 ft. in 
height, with an external diameter of 12 ft. When 
this new power-station is finished, a siding from the 
Erie Railroad will run alongside the boiler-house. 
The rails will be situated at such a height that 
the coals can be automatically tipped from the 
wagons into the coal-bunkers. 

In concluding this notice of the Edison phono- 
graph factory, we may add that the accuracy and 
rapidity with which the work is turned out is chiefly 
due to the employment of automatic machinery ; 
but there is yet another reason. Few of the 
workers have ever served an apprenticeship. They 
have learned to work only one type of machine, or 
to repeat constantly the same fitting operation, as 
the case may be. They perform this same work from 
year to year ; and although this monotonous round 
may not be calculated to raise the intellectual 
standard of the operator, it insures his earning 
higher wages and bringing larger profits to his em- 
ployer. 





LOCOMOTIVES AT THE ST. LOUIS 
EXHIBITION *—No. IV. 


By H. W. Hanpury, A.M.1.C.E. 


As stated in our last article, we next propose to 
deal with the three electric locomotives exhibited 
by the Baldwin Locomotive Works. The first of 
these engines (‘‘ No. 12”) to which we shall give 
our attention was built for the Norfolk Coal and 
Coke Company, Switchback, West Virginia, the 
mechanical parts and frame being made at the 
Baldwin Locomotive Works, at which it was con- 
structed, and the armatures for the motors and 
other electrical accessories at the works of the 
Westinghouse Electric and Manufacturing Com- 
‘pany. . This latter statement applies also to the 
other two electric locomotives exhibited, and all 
are consequently referred to as ‘‘ Baldwin- Westing- 
house” electric locomotives. This particular one, 
which is illustrated by Fig. 19 on page 874, while 
details of the frame, &c., are given by Figs. 20 to 
28 on page 875, was built specially for coalfield ser- 
vice, and is heavier than the usual standard locomo- 
tive of itsclass. The frame is entirely of cast iron, 
the sides being 4 in. thick, and the ends, which are 
fitted and bolted to them, 5 in. thick. Sand-boxes 
are provided for each wheel, and they as well as the 
buffers and lifting-snugs are cast solid with the 
main frame. The gauge is 3 ft. 8 in., and the 
length, excluding the buffers, 12 ft. 2 in. ; the 
height, 3 ft. 2 in., excluding the trolley ; and the 
width, 5 ft. 7 in. This locomotive is four-wheeled, 
and driven by two Westinghouse (No. 79) 50-horse- 
power single-reduction motors, one being geared to 
each axle. Itis capable of developing 100 horse- 
ower, the speed being 6 miles per hour on the 
Gat The motors are series-wound, and suitable 
for 500 volts pressure. They are geared so that 
they have enough power to slip the wheels on the 








* For preceding articles see our issues of May 27, June 3, 








formed as shown, leaving projecting rings or sur- 


operation is turning off and finishing the ends. 


and June 10, pages 757, 789, and 805 respectively. 
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rails under all conditions likely to be met with in 
mine work, the weight being partly carried by the 
axles and partly by the frame, the method of 
suspension adopted being known as the ‘‘nose.’ 
The armature pinion, which has 14 teeth, is forged 
and cut from a solid ingot and pressed and keyed to 
the shaft ; while the gear-wheel on the axle, with 
68 teeth, is of the split type, keyed and attached by 
means of four bolts, with nuts and locking-nuts. 
The draw-bar pull on the level with full load is 
4300 lb., and at starting, with clean dry rails, 6000 lb. 
A rhevostatic controller is in use, which has five 
operating points, used in series or in multiple 
by means of a separate contact cylinder, serving 
also the purpose of a reversing-switch. The resist- 
ances are of the ‘‘ grid” type, and consist of seven 
frames, each having twenty ‘‘ grids.” On passing 
from the line to the motor the current goes through 
each frame, when operating either in series or in 
multiple. The wheels, which have a diameter of 
30 in., are of cast iron, with a tread 3 in. in width, 
the wheel-base being 4 ft. 8in. The axle-boxes are 
of cast iron, with bronze bearings, and the journals 
are 8 in. in length and 4} in. in diameter. A hand- 
brake is provided, with gear for all the wheels, the 
brake-blocks being situated between them. Two 
electric lamps are in use, one at each end. A 
Wurts non-arcing type of lightning-arrester is 
also furnished. The trolley-pole is manufactured 
by the R. D. Nuttall Company, of Pittsburgh, and 
is of their ‘‘Form D” type. It has a vertical 
range of about 3} in. As the pole is of wood, the 
current is conveyed by a flexible cable, furnished 
with a movable contact block engaging with a fixed 
one fastened to the locomotive. The cable is, of 
course, attached to the trolley-pole. The total 
weight of the locomotive is 13.7 tons, all carried on 
the driving-wheels. 

The second locomotive (‘‘No. 36”), illustrated 
by Fig. 29, annexed, was built for the Berwind 
White Coal- Mining Company, and, being for the 
3-ft. gauge, is not quite so large as the one with 
which we have just dealt. It is, however, of 
the same general design, and the details of con- 
struction are practically identical. The height, 
exclusive of the trolley, is in this case 3 ft., and the 
width 4 ft. 8in., the length being 12 ft. 2 in., as 
before. The wheels are precisely the same, as 
is also the wheel-base ; but the journals are some- 
what smaller—viz., 4in. by 6 in., with the cor- 
responding difference in the axle-boxes. As with 

o. 12,” power is derived from two 50-horse- 
power single-reduction motors, which are suit- 
able for 500 volts pressure. The locomotive, 
with full load, is capable of exerting a draw-bar 
pull of 4300 lb. when on the level and a starting 
draw-bar pull of 5500 1b., provided that the rails 
are clean and dry. The total weight of the loco- 
motive is 94 tons. 

The last of these three electric locomotives 
is illustrated by Fig. 30, annexed, while the 
frame, &c., is shown by Figs. 31 to 39 on page 
875. It is for the extremely narrow gauge of 
2 ft., and is of a type in considerable use in 
manufacturing establishments, and on industrial 
and narrow-gauge railways in general. It is carried 
on four wheels, of the same design and dimensions 
as those already described ; but the axles in this 
particular case are driven by two (No. 75) 35-horse- 
power single-reduction motors, which are geared to 
them through an intermediate gear in order to 
economise space. The motors are suitable for 
250 volts pressure. The locomotive is capable of 
developing 70 horse-power, the speed being 6 miles 
per hour, and of exerting a draw-bar pull of 
3000 Ib. and a starting draw-bar pull of 4000 Ib. 
under the usual conditions. The main frame is of 
cast iron, 3} in. thick, the end buffer-beams being 
of channel iron lined with wood. The length, ex- 
cluding the buffers, is 11 ft. ; and the width 5 ft. 
6 in. This locomotive, unlike those already re- 
ferred to, has a comfortable cab, fitted with a door 
on each side and windows at the sides and ends. 
The height from the rail to the top of the cab is 
9 ft. The motors and intermediate gear are all 
closed in with sheet steel, several doors or open- | 
ings being provided, so that there is no difti- 

culty in getting at important parts should neces- 
sity arise. A hand - brake, acting on all the 
wheels, is conveniently placed in the cab. The 
axle-boxes are of cast iron, with a lug at each | 
side for carrying a helical spring, the other end | 
of which is attached to the frame. This arrange- | 
ment is rather different to that of the others, in 
which only one spring is used, this being situated 
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represented. We hope in due course to be in a posi- 
tion to fully describe and illustrate one or two of the 
most important, including the balanced and the 
tandem compounds, which are, perhaps, the most 
noteworthy of the engines shown by these works. 

However, to continue our survey. We have now 
to deal with five locomotives, all of the standard gauge 
of 4 ft. 84 in., exhibited by the Rogers Locomotive 
Works. Of these, the first two have been built for 
the Illinois Central Railway, the one being of the 
‘* Atlantic’ type, and intended for passenger ser- 
vice, the other of the ‘‘ Consolidation” type, and 
intended for heavy goods traffic. 

The passenger engine (‘‘No. 1017”) has four 
coupled driving-wheels 79 in. in diameter, a leading 
four-wheeled bogie, with wheels 33 in. in diameter, 
and a pair of trailing-wheels having a diameter of 
48 in., the total wheel-base being 27 ft. 9in. The 
wheel centres are of cast steel, the axles of iron, 
with driving journals 9} in. by 12 in., and trailing 
journals 8} in. by 12 in. The valves, which are 
operated by the Stephenson link motion, are the 
ordinary balanced slide, and the cylinders are 20 in. 
in diameter with a stroke of 28 in. Cast steel has 


case is 2740 square feet—2557.7 square feet being 


that of the tubes and 182.3 ene feet that of the 


fire-box. The latter is 108 in. long by 72 in. broad, 
with a grate area of 54.09 square feet. 

As a point of detail, we may mention that the 
coupling-rods of this engine have strapped ends in 
lieu of the usual solid-bushed ends, which are now 


in almost universal use. The engine is accom- | 
panied by a tender of the same design, capacity, | 


and weight-as that on the passenger engine. In 


full working order the engine weighs about 85 tons, | 


73 tons being carried on the driving-wheels. 


The third engine (‘‘ No. 330”), of which, as it| 
possesses no special features of interest, we shall | 
merely give a few of the leading dimensions—is of | 
the ‘‘ Mogul” type (six-coupled, with leading two- | 


wheeled truck), and was built for the St. Louis 
South-Western Railway, commonly known as the 
‘*Cotton Belt.” The cylinders, with balanced 
slide-valves, are 19 in. by 26 in.; the boiler (ex- 
tended wagon-top type), 644 in. in diameter ; 
working pressure, 200 1b. per square inch ; fire-box, 
106 in. in length by 39 in. in width ; grate area, 





28.95 square feet; tubes, 270 in number, 2 in. in 


_R. Francis, the President of the Exhibition and late 
|Governor of the State of Missouri. In the his- 
| torical collection it is representative of the modern 
| type of freight engine ; but as it has no particular 
‘details of construction worthy of note, we shall 
| not describe it further than by giving some of the 
| leading dimensions :— 


Diameter of cylinders va oe 22 in. 


Stroke... at a? 28 in. 
Type of valves bas a .. Balanced Slide, 
Diameter of driving-wheels me 56 in. 
ie », leading truck wheels 30 ,, 
is », boiler (Belpaire type, 
with wide fire-box) me .. TLin. outside 
Worki onsite “sess 
orking pressure ... iss . per sq. in, 
Length of fire-box ... ” 105 ." 
Width of * 'S: Sas i 66 ,, 
|: Gratearea . |... © 49,81 8q, ft, 
Number of tubes... por 371 
Diameter of tubes, outside ae 2 in. 
Length of : - 13 ft. 9} in. 


Heating surface, total mn ... 2845.11 sq. ft. 
tubes... ... 2664.54 ,, 
fire-box ... os 180.57 ,, 
a 4 in. in dia. 
16 ft. 64 in. 


Safet: valves (two) ... 
Fixed wheel-base 
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Fic, 40, Saay Patent Locomotive; Constructep py THE Lima Locomotive AND Macatine Company, Lita. 


been used for the rocking-shafts and also for the | 
valve connecting-rod, the former having a hole | 
cored through the centre, and the latter being of I | 
section. The cross-head works between two slide- | 
bars, the upper of which is considerably broader | 
than the lower, and is cut away at the sides, allow- 

ing the cross-head shoe to come partly over it. The 

boiler is of the usual design of extended wagon-top | 
type, and, with an inside diameter of 66 in. at the 

first course, is intended for a working pressure of | 
200 lb. per square inch. The barrel-plates are | 
32 in. thick, except that on which the dome is| 
situated, which is }3in. thick. The fire-box is| 
102 in. by 72 in., and hasa grate area of 50.7 square | 
feet. The total heating surface is 3231.5 square | 
feet—3051.8 square feet representing that of the | 
tubes and 179.7 square feet the fire-box. The! 
regulator handle is attached to the top of the fire- | 
box, and extends downwards at a convenient angle | 
for the engine-driver to operate when looking for- 
ward through the cab-window. Both injectors are 
situated at the right-hand side, the feed-pipes | 
meeting in a common casting with the clack-valve, | 
and allowing water to enter the boiler through one | 
opening. The safety-valves are twoin number and 

3 in. in diameter. 

The tender of the ordinary design, with frame | 
built up of 12-in. steel channels, is designed to | 
carry 7000 U.S. gallons (5600 English gallons) of 
water and about 14 tons of coal. Its weight in 
working order is 653 tons. The bogies have 
pressed-steel frames and steel-tyred paper wheels 
38 in. in diameter over the tread. The weight of 
the engine and tender in full working order is 
149} tons, the engine alone being 84 tons. 

The ‘‘ Consolidation” engine (‘* No. 751”), with | 
eight coupled driving-wheels 56} in. in diameter, | 
and with 33-in. wheels for the leading two-wheeled | 
truck, has a fixed wheel-basé of 16 ft., and a total | 
wheel-base of 24 ft. 8in. The axles of this engine | 
are also of iron. The cylinders are of the same 
diameter and stroke, and the boiler pressure and 
diameter are identical with those of the passenger 
engine. - The total heating surface, however, in this 


| 


| 


| 
} 


diameter, and 16 ft. 3} in. long; total heating 
surface, 1887.76 square feet ; tubes, 1725.39 square 
feet ; fire-box, 162,37 square feet ; driving-wheels, 
61 in. in diameter; leading wheels, 33 in. in dia- 
meter ; fixed wheel-base, 14 ft. 8 in. ; total wheel- 
base of engine, 22 ft. 9 in. ; and weight of engine 
in full working order, 64.7 tons. 

The tender, with a capacity of 5500 U.S. gallons 
(4400 English gallons) of water and space for about 
11 tons of coal, is carried on two four-wheeled bogies 
with diamond pattern frames, the wheels being of 
cast iron with chilled treads, and 33 in. in diameter. 
The weight in working order is 50.7 tons. 

The next engine (‘‘ No. 1069 ”) is a ten-wheeled 
passenger engine intended for service on the Great 
Northern Railway. The coupled wheels, of which 
there are six, are 73 in. in diameter, and the 
wheels of the bogie 36 in. in diameter, the total 
wheel-base being 24 ft. 11 in:, and the rigid wheel- 
base 13 ft. 6 in. The boiler contains 280 tubes, 
2 in. in diameter, and has an inside diameter at the 
first course of 66 in. The fire-box, which is of the 
Belpaire type, is 112 in. long by 41} in. wide, and 
has a grate area of 32.08 square feet. The working 
pressure is 210 lb. per square inch, and the total 


.| heating surface 2261.75 square feet. That of the 


tubes is 2089.08 square feet, and of the fire-box 
172.67 square feet. The cylinders are 19 in. in 
diameter and have a 28-in. stroke. The engine, 
which has a total weight of 72.3 tons in full 
working order, and of which about 60 tons are 
carried by the driving-wheels, is accompanied by 
a tender carrying 6000 U.S. gallons (4800 English 
gallons) of water and about 10 tons of coal, and 
weighing altogether about 58} tons. The tender 
bogie wheels are steel tyred and are 36 in. in 
diameter. 

The fifth and last locomotive (‘‘ No. 2346’’) ex- 
hibited by the Rogers Locomotive Works is a 
‘Consolidation ”” engine, and is included in the 
historical collection of the Baltimore and Ohio 
Railway Company, for which railway it was con- 
structed. This engine has been given the name of 
‘* Governor Francis” as a compliment to Mr. David 





Total wheel-base of engine 24 ft. 9 in. 
Total wheel-base of engine and 
tender ssh 


a = eee 56 ft. 34 in. 
Capacity of tank—water ... 


.. 7000 U.S. gals. 
(5600 English gals.) 
a . coal ip ... 11 tons (about) 
Total weight of tender... 3 63 tons 
Weight carried by driving-wheels, 
full working order i ce 77 tons 
Weight carried by leading truck, 
full working order at ay Daz 
Total weight of engine, full work- 
ing order ... < ve ae 86 ,, 
Total weight of engine and tender, 
full working order ee 3% aD: 33 
The next American firm represented at St. Louis 
is the Lima Locomotive and Machine Company, of 
Ohio, who show one of their Shay patent geared 
locomotives (‘‘ No. 867”). This locomotive, of 
which we give an illustration in Fig. 40 on the pre- 
sent page, is carried on three four-wheeled trucks, 
to whose right-hand wheels steel gear-rims are 
bolted, these rims engaging with pinions on a hori- 
zontal flexible shaft, through which they are driven. 
The rigid wheel-base of each truck is 52 in., the 
diameter of the wheels 36 in., and the gear 
ratio of the pinions 19 to 42. The shaft is of 
iron, and in sections, each being connected by a 
universal joint and expansion coupling, so that 
while rigid in revolution, it is flexible in all direc- 
tions, and able to adjust itself when the locomotive 
is passing round curves. One section of this shaft 
is provided with three cranks set at 120 deg. with 
each other, and is driven by means of three vertical 
engines attached to the right-hand side of the boiler. 
The three cylinders are 12 in. in diameter and have 
a 15-in. stroke, steam being controlled by ordinary 
balanced D valves operated by the Stephenson 
link-motion. The steam and exhaust-pipes are both 
outside the boiler, the former emerging just below 
the dome base. The connecting-rodsare of wrought 
iron and have a solid bushed end at the crosshead, 
and a strap end at the crank. Each engine is self- 
contained and cast in one piece; the crosshead 
guides, which are adjustable, being bolted on. 
The crossheads are of cast steel with bronze 
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gibs. In order to counterbalance the weight of 
the driving - engines and insure balance the 
boiler is set over a little to the left of the 
centre of the frames. These latter are built 
up of steel beams of [ section, the trucks of 
steel channels. The boiler, which has an outside 
diameter of 46 in. at the first course, is of the ex- 
tended wagon-top type with radial roof stays, and 
is designed for a working pressure of 180 lb. per 
square inch, The total heating surface is 986.8 
square feet, of which 897.4 square feet represents 
the heating surface of the tubes and 89.4 square feet 
that of the fire-box. The grate area is 21.14 square 
feet. The ash-pan is provided with both front and 
back dampers. The engine is fitted with a steam- 
brake and also the Westinghouse brake. The 
cylinder of the former is situated on the left-hand 
side of the engine and is somewhat unusual in 
having two pistons, one at each end; the one 
operating the rear and the other the forward brake- 
rods. Steam is admitted simultaneously at each 
end, forcing the two piston-heads towards each 
other, and so applying the brakes. The accom- 
anying tank carries 3000 U.S. gallons (2400 
Finglish gallons) of water and about 43 tons of 
coal. 

The average weight of the engine in working 
order, reckoned on the basis of about half a tender 
load of water and fuel, is about 58 tons, and the 
maximum tractive power on the level is 25,870 lb. 
The total wheel-base of the engine is 38 ft. 8} in., 
and the total length 47 ft. 2} in., including the 
tender. The height of the top of the chimney from 
the rail is 13 ft. 7 in. 

The principal advantage gained by this type of 
engine is that the entire weight is carried by the 
driving-wheels, and-is available for adhesion. The 
distribution of the weight on twelve wheels—in 
some of the smaller locomotives of this type on 
eight—enables much lighter rails to be used for the 
particular service for which these locomotives are 
in most frequent use ; even wooden rails have been 
used when necessity required. The fact of there 
being three cylinders gives an equal distribution of 
power on the crank-shaft, and avoids vibration. 
This particular engine is adapted for service on 
exceedingly sharp curves—the sharpest it can take 
with safety is one of 100 ft. radius—and also for 
heavy grades. The hauling capacity in tons claimed 
for this engine is given in the following table :— 


Exclusive of Loco- 


Feet pe : 
: motive and Tender. 
Mile. Tons. 
On absolute level ... — 2829 
On 4 per cent. grades 4 1224 
On1 Fe ie 52.8 766 
On 2 + Be 105.6 422 
On 3 > ou 158.4 280 
On 4 s es 211.2 204 
On 5 mE ae 264.0 155 
On 6 ms 316.8 122 


The next locomotive is an old passenger engine, 
and has been rebuilt. It is shown by the Hicks 
Locomotive and Car Works as an example of repair 
work, for which they have recently gone in. ‘The 
principal business of this firm is, however, railway- 
carriage building, and this branch is represented 
by an exhibit consisting of a train of carriages, the 
locomotive standing at the head. Particulars of 
this engine not being available, we will in our next 
article deal with an exhibit which is, perhaps, the 
most interesting of the many shown in the Palace of 
Transportation—we mean the historical collection 
of locomotives shown by the Baltimore and Ohio 
Railway Company. 








WEST RIDING RIVERS. 
XTI.—Tue Law’s Detay—(concluded). 
Rerractory AUTHORITIES. 

Apart from the great county boroughs, the 
obstruction from refractory, dilatory, or evasive 
authorities has not been greater than might have 
been expected. 

As has been stated, the county boroughs have 
been reported, reminded, expostulated with, and 
even threatened ; but hitherto only Rotherham— 
while still a non-county borough—has been prose- 
cuted. Even the old and utterly inadequate 
works were neglected and disused, without excep- 
tion. Leeds, Sheffield, Bradford, Huddersfield, 
and Halifax all offered the same example—not 
one strove to do its best. In February, 1900, 
Huddersfield pleaded for three years more in 
which to complete their works ; but having done 





nothing since the Rivers Act was passed, the order 
for prosecution was given, but for some reason 
not acted upon. - 

We have already stated that in 1900 Sheffield ex- 
tended its boundaries and took power to acquire a 
large area for the construction of bacteria beds and 
additional tanks’; but no material advance has been 
made towards purification, and no longer ago than 
April 15 last it was decided, at a meeting of the 
Rivers Board, to instruct their solicitor to give the 
Corporation two months’ notice of the Board’s inten- 
tion to take proceedings against them. Rotherham, 
being under the powerful coercion of the Board, 
has joined the ranks of those self-respecting towns 
which have provided the means of treating their 
sewage adequately, and now feels bitterly its griev- 
ance against Sheftield—the arch-polluter of the Don ; 
that great borough vomiting its filth almost within 
the boundaries of Rotherham and smothering the 
comparatively pure current of the Rother, which 
there joins the Don. Uniting the forces of many 
other suffering authorities, it presented a joint peti- 
tion to the Board last autumn, seeking for its object 
the purification of the river. The chairman of the 
Rivers Board characterised it as bitter and not 
quite just, but he was disposed to forgive much in 
the case of those who were enduring what he knew 


to be an almost intolerable state of things. He- 


further said that the Board was accused of dealing 
partially with the county boroughs, while coercing 
the smaller districts; nevertheless, they were 
always pressing the county boroughs, but were 
bound to appreciate the magnitude of the problem 
which faced the great authorities. True ; but the 
appreciation seems to have gone too far when it. is 
seen that all those who cannot find time to deal 
with their vast problem find a superabundance of it 
to promote schemes of aggrandisement, the in- 
evitable consequence of which is to increase that 
very magnitude which causes the rivers authority 
to hold its hand. Years before this petition was 
sent in, complaints had been sent in against Shef- 
field, notably one from Mr. J. S. H. Fullerton, re- 
specting a pestilential stench from the River Don 
at Thrybergh Hall—a beautiful seat some miles 
below Rotherham—which arose from the discharge 
of sewage from Sheffield and other intervening 
districts. 

Leeds, too, has been counselled, warned, and 
reminded; but it receives all remonstrances with a 
patience and long-suffering not excelled by those 
of the West Riding Rivers Board in offering them ; 
and so recently as May 4 last, at a meeting of the 
Leeds Town Council, when a councillor, who is also 
a member of the Rivers Board, mooted the question 
of proceeding with a scheme of treatment, he was 
earnestly besought not to ‘‘ rush” the question, as 
they had done before, but to set to work with the 
patience and deliberation worthy of a great borough. 
The unconscious irony of this is delightful to the 
philosophic observer, no matter how it may incense 
those earnest workers in whose ear it falls like 
a bitter jibe. One thing is certain ; ‘‘ looking care- 
fully into” the great question of Leeds sewage since 
1866 has not reduced the difficulty before the Leeds 
ratepayers, nor are they wise who still counsel that 
delay, every year of which increases the difficulty, 
and casts the heavier burden upon the ratepayers. 

The position of Bradford and Halifax we have 
sufficiently described. Passing on to the minor 
boroughs and the urban districts, there has been 
enough and to spare of delay, but not much real 
ditticulty. 

In January, 1894, the West Riding County 
Council (before the Rivers Board was established) 
prosecuted the Holmfirth Local Board, under the 
Act of 1876, for discharging their unfiltered sewage 
into the River Holme—a clean stream. The 
case was tried in the Holmfirth County Court. 
The defence was that the Act was not retro- 
spective, and that, therefore, the sewers of 
Holmfirth being in existence before the passing of 
the Act, proceedings could not be brought under 
the Rivers Pollution Act of 1876, which at that 
time was the basis of all attempts to secure the 
purification of the West Riding rivers. Singularly 
enough, this contention succeeded in satisfying the 
judge, who dismissed the suit. Two ‘months later 
an appeal from this decision was heard in the 
Queen’s Bench Division of the High Court of 
Justicé, before Justices Cave and Wright, and was 
allowed, Justice Cave saying that, quite apart from 
the Act of 1893 for the Joint Committee, which it 


judge that the defendants in this case were know- 
ingly permitting this sewage to fall into the river 
within the meaning of Section 3 of the Rivers 
Pollution Act, 1876, and that he ought to have 
calléd upon them to show that they had adopted 
the best possible means for rendering that sewage 
harmless. The defendants were entitled to give 
evidence of that description, and to call upon the 
County Court judge to exercise his discretion in 
the matter. The case was accordingly sent back to 
the County Court judge, and the final decision was 
in favour of the County Council. A noteworthy 
forerunner of this case was the Rivers Pollution 
Prevention Act, 1893, which practically consists 
of a single clause, as follows :— 

‘*1, Where any sewage matter falls or flows, or 
is carried into, any stream after passing through or 
along a channel which is vested in a sanitary 
authority, the sanitary authority shall, for the 
purposes of Section 3 of the Rivers Pollution Pre- 
vention Act, 1876, be deemed to knowingly permit 
the sewage matter so to fall, flow, or be carried ;” 
thus simplifying proof. 

Early in 1900 the two urban district councils of 
Linthwaite and Golcar were fined. In 1893 the 
two councils obtained Parliamentary powers to 
acquire a site for joint works of sewage-disposal at 
Milnsbridge, and in 1896 they appointed a joint 
committee to carry out the works. In February, 
1899, the Local Government Board sanctioned the 
scheme, but nothing had been done. In defence, the 
chief plea was the failure of other inefficient works, 
aud the committee’s doubt as to the best scheme— 
the common resource of those evaders of the law who 
cannot plead the magnitude of their needs. It isa 
curious idiosyncracy in human nature that this plea 
should, so far as our memory serves, be reserved as 
an excuse for not finding the way to sewage purifica- 
tion. Why not use it in respect of other ends in 
view ; as, for instance, when the belated soldier, 
due in barracks, cannot make up his not very sober 
mind which is the best way,; or when the loafer, 
summoned to explain why he does not bring in a 
living for his wife and family, cannot decide how 
best to make it? Ordinarily, human effort is applied 
to the means we possess, and so progress is 
made; not by waiting for that perfection of the 
future which never comes. Such pleas may be 
regarded as ‘‘laughing in the beard” of judicial 
authority. 

The West Riding County Council litigation with 
the Wakefield Corporation was protracted, and 
engendered no little friction: locally, the city of 
Wakefield being the official centre of the County 
Council. Yet the friction was inevitable owing to 
the stubborn determination of the Wakefield 
Council not to give reasonable assurance of their 
intention to proceed with an efficient scheme of 
sewage purification, The following briefly sum- 
marises the facts of the dispute :— 

In November, 1894, after three years of remon- 
strance, expostulations, and promises, an order of 
Court was made against the Wakefield Corporation, 
on the application of the West Riding, County 
Council, allowing twelve months within which to 
execute and complete works ; obviously an inade- 
quate space of time. At the end of the twelve 
months the time was extended another twelve 
months. In November, 1896, the Corporation 
made application to the County Court for a further 
extension of twelve months in which to carry out 
the necessary works, The scheme, it was ex- 
plained by the town clerk, was to cost 82,0001., 
and the sanction of the Local Government Board 
was only received in November 1, 1895; but the 
Corporation had let contracts for 40,000I. in respect 
of the scheme ; and was proceeding as rapidly as 
possible. In cross-examination, the city surveyor 
admitted that no part of the land filtration works 
were being carried out, although an essential part 
of the scheme; neither were the tanks being carried 
out. Asked why, under the circumstances, all the sec- 
tions of the scheme were not being constructed con- 
currently, each being equally necessary, the witness 
asserted that it was quite impossible ; that he could 
not concentrate his attention on two or three parts 
of the work at one and the same time. On personal 
grounds, he said, it was a physical impossibility to 
carry out the different sections of the work 
concurrently. Those great engineering chiefs we 
see around us, who, with ease and affluence, 
direct the operations of a dozer contractors 
on a dozen great schemes of railways, docks, 





had been contended was not retrospective, there 
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THE HUTTON MOTOR-CAR. 
CONSTRUCTED BY MESSRS. J. E. HUTTON, LIMITED, ENGINEFRS, THAMES DITION, SURREY. 
(For Description, see Page 884.) 
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cation works. Throughout they had | poe aged 
refused to supply to the County Council details of 
what they proposed. Not until the end of 1894, 
after the Order of the Court was made, had they 
taken steps towards an inquiry. Counsel im- 
pugned the delay in respect of notice to commence, 
and the methodical and calculated vacillation 
with respect to the intended sewers; and finally 
charged the members of the Corporation with defy- 
ing both the law of the land and the judge’s order. 

After a long argument, the judge decided he had 
no right to impose a prospective penalty, as some 
‘*catastrophe of Nature might happen to render it 
impossible for the works to be completed within 
the time”; but he allowed costs on the highest 
scale. When a judge invokes some ‘ catastrophe of 
Nature” as a reason for holding back the strong 
arm of the law, it is easy to see on which side his 
sympathy lies. 

Lastly, in November, 1899, three years later, the 
conflicting parties once more appeared in the 
Wakefield County Court, the Corporation being 
again summoned -for non-compliance with the 
order to abate the nuisance of polluting the Calder 
by the discharge of the city sewage into it. An 
adjournment of the hearing was sought by the 
Corporation, on the plea that the advice of some 
experienced engineer should be obtained as to how 
long the completion of works would take, so that 
a sufficient extension of time could be sought. 
Evidence showed that the tanks had been com- 
pleted twelve months, but the main outlet drain 
was still unfinished ; that the land filtration works 
were proceeding, but that no more than three acres 
were ready out of 48 acres required; that the 
drawing-pipes were waiting for certain specials to 
be fixed; while the work of building was wait- 
ing for the pumps and specials. The absence of 
the city surveyor at this special inquiry was com- 
mented upon as a noteworthy feature. 

This time, after a lapse of five years since the 
date of the Court’s order, the Court’s patience 
seomed to be exhausted. No ‘‘catastrophe of 
Nature” had occurred, and yet the construction of 
the Wakefield Sewage Works dragged on; so the 
Judge announced that he would dismiss the town 
clerk’s application for an extension of time, and 
made an order for a penalty of 1001., not to be 
enforced if the work was completed and the nuis- 
ance abated within three months; which proved 
so effective a stimulus that, although too late to 
save the penalty, the works were opened early 
in the following year, or nine years after the first 
approaches of the West Riding County Council ; and 
yet Wakefield had not then arrived at the dignity 
of a county borough with 50,000 inhabitants, and 
could scarcely plead the magnitude of its problem. 

As might be taken for granted, a number of 
other districts and small boroughs have needed 
coercion; but it may be finally stated that in almost 
every case of litigation against sanitary authorities 
they have agreed to orders and have paid costs. 
They have not, like the manufacturers, gone to the 
extent of appeals. This much, at least, may be said 
for the sewer authorities. 

Leaving obstruction by law, evasion is a favourite 
resource in many cases. Trap-door arrangements 
have been discovered admitting of sewage diver- 
sion by the simplest of means, and its discharge 
direct into the streams, sometimes unknown 
to the innocent committees who have disallowed 
them and afterwards are stupefied to find them in 
being. No doubt the activity and vigilance of the 
inspectors will find scope in unearthing many 
more in the future, for it is hard missionary work 
and travail on a refractory soil. To counteract 
these underground currents and to maintain the 
adequacy and use of the means of treatment: 
these are the difficulties of the future ; but they are 
difficulties which cannot but diminish as the number 
of offenders decreases, and the purity of the streams 
increases. But, first of all, what is now wanted is 
real work, not experiment, by the great county 
boroughs. Hitherto the West Riding has beheld 
the tragedy of ‘‘ Hamlet ” played with the part of 
Hamlet, by special desire, left out. 

With zeal to float a great navy of wooden walls 
we have gone into the wood, and with much ado 
have felled the underwood, and left standing the 
great oaks—the fathers of the forest. There are 
some who say that had these been felled first, 
the great navy would have been built. Had the 
county boroughs been first attacked, and _ their 
inertia overcome, from that moment the Rivers 
Board would have multiplied their forces of reform 








tenfold. Their new allies, like converted sinners, 
would have been a power in the land, testifying, 
with a zeal commensurate with their previous in- 
difference, to the salvation of the streams ; and so 
would have effected it far more quickly. How this 
may be we leave the sagacious reader to judge, 
meanwhile adding one parting benediction : Let our 
rivers conservancy boards and our rivers and 
streams flourish ; and, so far as possible, be restored 
to those sweet natural charms in which the whole 
world cannot excel them, while yet ministering to 
the necessities and economies of the great industries 
of the country. 

A brief practical consideration of the future 
policy of the West Riding Rivers Board will be 
accepted as a fitting conclusion to this résumé: of 
their past work. 








BRITISH AND AMERICAN MECHA- 
NICAL ENGINEERS AT CHICAGO. 
(From OUR OWN CORRESPONDENT.) 
(Continued from page 839.) 
STEAM-TURBINES. 


In our last issue we gave an account of the 
earlier proceedings of the Chicago meeting of the 
American Society of Mechanical Engineers, in 
which meeting the Institution of Mechanical 
Engineers also took part. We carried our report 
as far as the evening sitting held on June 1, when 
four papers on steam-turbines were submitted ; 
the reading and discussion of which, together with a 
paper by Mr. C. V. Kerr, occupied a long evening. 

It will be convenient to repeat here the titles of 
the four turbine papers. They were as follow :— 
(1) ‘‘Some Theoretical and Practical Considerations 
on Steam-Turbine Work,” by Mr. Francis Hodg- 
kinson ; this paper we print in full in our present 
issue; (2) ‘‘The De some Steam Turbine,” by 
Messrs. E. 8. Lea and E. Meden, which we printed 
on page 846 of our last issue; (3) ‘‘The Curtis 
Steam-Turbine,” by Mr. W. L. R. Emmett, of 
which we give an abstract below; and (4) 
‘* Different Applications of Steam-Turbines,” by 
Professor A. Rateau, which we published in full 
last week (vide page 863 ante). The title of Mr. 
Kerr’s paper, which was discussed with those on 
steam-turbines, was ‘‘The Potential Efficiency of 
Prime Movers.” This paper we hope to print in 
full in an early issue ; it is one of which it would be 
very difficult to give a satisfactory abstract in the 
space at our disposal. 

Mr. Emmett’s paper, referred to above, dealt 
chiefly with the Curtis turbine, a form already illus- 
trated and described in ENGINEERING. The advan- 
tages claimed for this form were set forth. We deal 
with the subject chiefly in the author’s own words. 
This description of turbine has independent steam- 
operated valves controlled by a governor. ‘The 
speed is not dependent upon the successful opera- 
tion of all the valves, as the governor keeps.open 
only as many as are needed for the power required. 
Illustrations are given of a Curtis turbine operating 
in two stages, each stage having a single wheel, 
which carries four rows of moving buckets. The 
step-bearing, which forms so important a feature in 
this design, is dealt with. It consists, we are told, 
of two cast-iron blocks, one carried by the end of 
the shaft, and the other held firmly in a horizontal 
position, and so arranged that it can be adjusted 
up and down bya screw. The lower block is re- 
cessed to about half its diameter, and into this recess 
oil is forced with sufficient pressure to balance the 
weight of the whole revolving element. About a 
gallon of oil per minute is used in the 5000-kilowatt 
machine, but & less quantity can be used. The whole 
structtire is inside the base, and packing is used 
between the oil-chamber and the base, so that the oil 
or air cannot get into the vacuum chamber. Water 
has been used in place of oil, and in some later 
designs water will be used exclusively for the step- 
bearing, the lower surface being of wood. Expe- 
rience has shown the success of this form of step- 
bearing, but in cases that have occurred there have 
been accidental stoppages, but in hardly any 
instance have they caused interruption of service. 
The step-bearing cuts immediately lubrication is 
= but the metal from it is removed very 
slowly, and it has the power of re-establishing 
itself almost immediately when oil-flow is again 
started. The step-bearing pressure has failed five 
or six times in one plant, and all the three machines 
comprised in it were, when the pe er was written, 
running on step-bearings which had been stopped ; 











but no harm had resulted to the machines, and the 
bearings operated as if new. In more recent 
machines a brake is provided to take the re- 
volving weight in case the step-bearing should 
fail. Figures are given with a turbine of 2000 
kilowatts running at 750 revolutions per minute, 
with steam at 155 lb. and superheat of 242 deg. 
Fahr., the corrected vacuum being 28.73 in. The 
steam used per kilowatt-hour was 15.3 lb. 

We now proceed with our report of the dis- 
cussion. Several written communications had 
been sent, which Professor Hutton read. Mr. EK. 
Meden, in commenting on Mr. F. Hodgkinson’s 
paper, pointed out that the author, in speaking 
of the ideal turbine element, had selected the 
Pelton wheel because it might be capable of 
giving a complete reversal to the jet, so that the 
spent fluid might issue from the buckets without 
any velocity. Mr. Meden did not think a reversal 
of the jet represented the ideal conditions, although 
a complete reversal of its relative velocity might 
be necessary in Mr. Hodgkinson’s ideal ttrbine. 
It was, however, difficult to comprehend a fluid 
issuing without velocity, and hence it was necessary 
in the ideal case to assume an angle, however small, 
between the discharging edge of the bucket and the 
plane of rotation of the wheel. Further, a tan- 
gential jet was only possible if a single stationary 
element of the Pelton type were considered ; but 
in the case under notice a continual process of ideal 
energy transmission was dealt with. Mr. Hodg- 
kinson had also spoken of the difficulty of obtaining 
efficient velocity of turbine-wheels on account, of 
limitations of strength of materials. While Mr. 
Meden recognised that there was such a limit, 
there was, he held, no limit to the strength of 
structures of such materials if properly designed. 
Mr. Hodgkinson spoke of the expansion of steam 
in the De Laval nozzle, and it was—the speaker 
said—well always to bear in mind that this nozzle 
had converging and also diverging parts. Mr. 
Hodgkinson had stated that because the work done 
by the expanding steam varied directly as the 
square of the velocity, the volume of the steam 
increased much more rapidly than the velocity. 
It was, Mr. Meden said, to be presumed that this 
related to the diverging part of the De Laval 
nozzle. In the converging part the work also 
varied as the square of the velocity, but in the 
diverging part the velocity increased more rapidly 
than the volume. Speaking of the Lewicke test, 
Mr. Meden considered the blower effect had more 
influence than skin friction. They were not 
separated, and there the tests were of no value in judg- 
ing the effect of skin friction. _ Photographs which 
Mr. Hodgkinson had shown indicated what steam 
could do if blades were made of Delta metal. The 
conditions, the speaker said, must be unfavourable, 
and in the De Laval wheel the wear had been much 
less. 

Mr. F. A. Waldron said that a very high 
vacuum was desirable in steam - turbines, so far 
as the water consumption per horse-power pér 
hour was concerned; but the point to be con- 
sidered was whether it paid as a whole to run 
with an abnormally high vacuum. He had been 
able to obtain as high as 29} in. of vacuum as 
referred to the barometer, but the cost did not 
compensate for the additional economy in the 
turbine itself. This was especially true when 
surface condensers were used, and the water of 
condensation was returned to the boilers. It was 
doubtful whether it was expedient to attempt 
vacua above 28 in. where surface condensers 
were used. There might be conditions which 
would make it desirable to go higher, but it was a 
matter that needed careful investigation. Mr. 
Waldron had made several tests as to superheat in 
the turbine exhaust, and had found that, under 
proper conditions of piping and condensing appa- 
ratus, the temperature in the exhaust of the 
turbine did not vary more than one or two degrees 
either way from the theoretical temperature of the 
vacua with loads varying from 0.75 to 1.25 of the 
nominal capacity of the generator. 

A communication from Mr. E. Meden, on Pro- 
fessor Rateau’s paper, was next read by Professor 
Hutton. Mr. Rateau had stated that it was practi- 
cally impossible to construct a turbine-wheel to run 
at a peripheral velocity above 1200 ft. per second; but 
Mr. Meden stated that De Laval turbines had been 
run at higher velocities than that named since 1897. 
The same author had said that efficiency in a single 
wheel is necessarily low, chiefly due to the necessity 
of employing diverging nozzles, giving ‘rise to great 
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loss of energy, due to friction and other causes. 


Mr. Meden allowed that these losses of energy- 


would occur ; but the comparatively efficient results 
obtained from the De Laval turbine negatived the 
assumption contained in Professor Rateau’s paper. 
The latter had spoken of the defects in the 
special gear of the De Laval turbine. As a matter 
of fact, the type used was old, and the cost was not 
excessive. Many of the gears had been in operation 
for upwards of nine years without showing appre- 
ciable wear. 

Mr. S. A. Reeve, of Worcester, Mass., had also 
contributed a long written communication on Mr. 
Kerr’s paper. This was read by Professor Hutton, 
but as we have not yet been able to give the paper 
in full, we must omit Mr. Reeve’s comments. 

Mr. C. V. Kerr, in discussing Mr. Hodgkinson’s 
paper, pointed out that he had said that the 
efficiency was at a maximum at 21-in. vacuum, and he 
had made tests on this subject with larger turbines 
and high vacua. The results confirmed previous 
indications that the potential efficiency decreased 
for the higher vacua. The chief reason was pro- 
bably the rapid increase in heat made available by 
adiabatic expansion. The question arose, at what 
point should additions to condensing surface, to 
volume of condensing water, and to dry vacuum 
pump capacity, be stopped? The lists for the effect 
of superheat showed an increase in efficiency for 
added superheat. How far the process would con- 
tinue to be profitable was not answered by the data 
at command. Theoretically, the increase in poten- 
tial efficiency should continue indefinitely, accord- 
ing to the entropy-temperature diagram. The 
lists indicated, however, the curious contrast of 
an increasing potential efficiency as superheat was 
added, accompanied by a decrease in potential 
efficiency as the vacuum was increased. 

Mr. F. Hodgkinson, discussing the tests in Pro- 
fessor Rateau’s paper, pointed out that the latter 
had expressed the efficiency of his turbine by 
dividing the steam consumption of an ideal engine 
by the consumption actually observed. This 
efficiency was, Mr. Hodgkinson said, undoubtedly 
the basis upon which engine performances might 
best be compared, but he took issue with the man- 
ner in which the Professor had expressed the 
efficiency at fractional loads. He, the author, ap- 
peared to charge his machine with the heat value 
of the steam at the internal pressure of the cylinder, 
after it had been reduced by the governor-valve, in- 
stead of the pressure in the steam-pipe adjacent to 
the throttle. Steam being wire-drawn through the 
governor-valve would be superheated. 

Mr. Hodgkinson, commenting on Mr. Emmett’s 
paper, compared the test made by the author with 
those he had put forward as made by Mr. F. W. 
Dean. With 180 deg. superheat and 28 in. vacuum, 
the steam consumption per brake - horse - power- 
hour was 11.17 1b.; with 100 deg. superheat it was 
12.06 lb., at almost the same load; assuming the 
increase of economy due to superheat between 
180 deg. and 240 deg. to be at the same rate as 
between 100 deg. and 180 deg., the result of 
11.17 lb. per brake-horse-power-hour would be im- 
proved about 5.7 per cent. The increase of vacuum 
from 28.08 in. to 28.73 in. would improve the 
economy of the Westinghouse - Parsons turbine 
about 2} per cent. Ifa generator efficiency of 
5 per cent. were allowed, the result would be 
brought to 14.5 lb. per kilowatt-hour for the 400- 
kilowatt turbine, as against Mr. Emmett’s best 
result of 15.3 Ib. per kilowatt-hour with a 2000- 
kilowatt unit. 

Professor Storm Bull, of the University of Wis- 
consin, continued the discussion of the steam- 
turbine papers. He said the most vital question 
now before manufacturers was whether they should 
buy steam-engines or steam-turbines. He was 
glad to hear that it was not considered desirable 
to go above’ 28-in. vacuum. In that case it would 
be well to consider whether it was advisable to instal 
4 surface condenser, taking into consideration the 
cost and trouble it entailed. The speaker was 
fitting an injector condenser, and preferred it to 
the barometric type on account of its cheapness. 
He had been impressed with the need of a large 
eduction pipe ‘when exhausting to the atmosphere, 
and he considered the modern turbine theory 
Wrong in providing the enormous -exhaust-pipes 
now seen. There was a principle based on the 


friction of steam against the surfaces of the pas- 
sage, which had not been fully explained; but it 
was known that the ffiction did not increase in pro- 
portion to the area exposed. He objected to the 





term ‘‘ impact ;” the correct expression was ‘‘im-| 
pulse.” - - - ai 

Professor D. S. Jacobus, of the Stevens Institute, | 
pointed out that the comparisons that had been 
made by the authors gave results agreeing within 
the limits of practical error of observation and ex- 
periment. A lesson to be learnt was that it was 
dangerous to trust entirely to any refined theory of 
efficiency. The method that had been introduced 
by the Institution of Civil Engineers was similar to 
that set forth by Mr. Kerr ; and the committee of 
the American Society of Mechanical Engineers on | 
the testing of steam-engines had adopted the In- | 
stitution of Civil Engineers’ conclusions. A chart 
had been published by which the efficiency of an | 
engine could be ascertained in a few minutes, and 
without elaborate calculations when the conditions 
were known. 

Mr. Durley regretted that there was a tendency 
to change from the old terms of efficiency as applied 
to steam-engines. 

Mr. H. H. Suplee, of New York, remarked that 
it had been said that not much was known about 
the action of steam-jets, but some experiments 
recently made had thrown a great deul of light on 
the subject, some very surprising results being 
obtained as to the action of eddies and swirls formed 
by the passage of steam. It was too early to formu- 
late the results, as additional data were needed. 

Another speaker remarked that, though objec- 
tion had been raised to the ‘‘ impulse” type of steam- 
turbine on account of friction in the nozzle, it was. 
to be remembered that though there might be less 
velocity in the Parsons type of turbine, there was 
a greater amount of surface. It was, however, a 
problem that had to be solved, what became of the 
work done by friction. It might go into heating 
the steam as heat, where it would be available for 
use, although there might be a loss in superheated 
steam if the heat were allowed to escape to the con- 
denser. In that case he would be in favour of the 
Parsons turbine, because if there were a loss, it 
would only be in the last one of several stages ; but 
in the other types it would be a loss in the whole 
series. In regard to the cutting action of steam on 
buckets, he would point out that there was a well- 
known example of this in the erosion experienced 
in the case of reducing-valves. There should be 
more return per dollar spent in the steam-turbine 
than in the reciprocating-engine ; but the former 
was suffering from its friends ; they were surround- 
ing it with too many refinements. He was not in- 
stalling a condenser, for though the theory of a 
high vacuum might be right, there was not much 
money to be made by its adoption. He did not 
recognise the need for a dry-air pump, which was 
only useful to cover up the neglect of the engineer 
in not observing and remedying leakage ; and he 
was of opinion that in many cases the ejector con- 
denser would be sufficient, whilst the syphon con- 
denser might be desirable. In order to obtain feed- 
water free from contained gases it was best to run 
it through an open heater, when the advantage 
would be found in the vacuum. He pointed out 
the desirability of small clearance spaces in air- 
pumps, and for that reason commended the Edwards 
air-pump. The final form of turbine was hardly 
yet reached ; but he believed that the forms brought 
before the meeting would go forward, each to fill 
its appropriate place. . : 

Mr. Hodgkinson said that he had selected the 
Pelton wheel for comparison because it gave a com- 
plete reversal. He agreed with Professor Storm 
Bull that the term ‘‘impulse” should be used 
rather than ‘‘impact.” He was glad to notice that 
Mr. Rockwood was installing turbines and putting 
in smaller exhaust-pipes. The effect of short bends 
or abrupt turns in the passages was not to be 
forgotten. : 

Another speaker, in replying for the De Laval 
turbine, nt that in many cases 26-in,. vacuum 
might be as much as it was needful to get; but 
matters of this kind depended on the conditions 
under which work was done, as to the price of fuel, 
supply of. water, and other considerations. There 
were a large number of De Laval turbines driving 
centrifugal pumps from 20 up to 225 horse-power, 
whilst there were some building which would go to 
300 horse-power. They had reached an efficiency of 
75 per cent., and'‘hoped soon to get to 80 per cent. 
The meeting was then adjourned. 





Power Piant ror TatL Ovrice Burpines. 
The meeting was resumed on the following morn- 








ing, Thursday, June 2, when members assembled 


at 9.30, on the ninth floor of the Auditorium Build- 
ing. Mr, Swasey. occupied the chair, and was sup- 
ported by Mr. Wicksteed. Five papers were down 
for reading and discussion, The first two. were 
taken together, and were respectively: by Mr. 
J. H. Wells, of New York, and Mr. R. P. Bolton, 
of New York, the title of both being ‘‘ Power Plant 
of the Tall Office Building.” Situ 

These two papers we propose printing, together 
with the illustrations, at an early date. . The first 
was read by the author, and the second by Pro- 
fessor Hutton in abstract. Mr. Wells.gave some 
very interesting particulars of the construction of 
these high buildings, whichareso prominent afeature 
in most large, American cities. We have on pre- 
vious occasions illustrated and described some of 
the most prominent structures.. Among those in 
New York City may be mentioned the Park-row 
Building, which is twenty-five stories high, has ten 
electric elevators, and has a gross floor area of 
31,500 ft.. The Broad Exchange Building is more 
amply provided with vertical transport facilities. 
It is. twenty stories high, and has eighteen hydraulic 
elevators to serve 25,860 square feet of floor. The 
Wall-street Exchange and No. 63, Wall-street are 
both lofty structures ; the latter is twenty-six stories 
high, and has eight hydraulic cars for 21,500 ft. of 
floor area. Electric elevators have hitherto been but 
little used for buildings over fifteen stories high, on 
account of the design not being suitable for speeds 
exceeding 350 ft. per minute, hydraulic elevators 
travelling at 600 ft. per minute being preferable, 
Each elevator is usually designed to carry safely 
2500 lb. exclusive of the cage; whilst one of the 
cages—or cars as they are called in America—is 
designed to transport safes usually not more than 
4 tons. It costs less to operate an electric elevator 
than an hydraulic machine. The heating, ventilat- 
ing, lighting, and mechanical appliances used for 
various purposes were also discussed. 

Mr. Bolton, in his paper, brings forward the 
interesting fact that general practice seems to have 
settled down to a height of from 16 to 20 stories, 
the extreme presented by two buildings 27 and 
25 stories high not having justified general imitation, 
Remoteness of lofty floors from the street, and the 
excessive expense of maintaining elevators, tend 
to make the venture commercially . unsuccessful. 
Electric elevators are more liable to over-running 
at the landing places than are those on the hydraulic 
system ; but in this, naturally, much depends on 
the operator. The peculiar advantages of elec- 
tricity, in distribution of power over long distances, 
do not apply in the case of the elevator, since: the 
source of power is close to the work. The author 
does. not speak favourably of the electric ‘‘ screw 
machine” and other types of drum machine, as 
they are expensive,.and need constant attention 
and renewals. ‘‘ The electric elevator,” he says, 
‘*stands to-day an economic failure for schedule 
service ; while in point of simplicity, safety, .ease 
of maintenance, and control, the hydraulic eleyator 
has maintained its reputation.” pees Dern 

The discussion was opened by. Mr. W. H. Bryan, 
of St. Louis, who said that, in his opinion, onl 
one engine need be ov bse the others, whi 
would not often be used, being of the simple types 
He did not agree with Mr. Wells that four units 
were needed, and he thought the boiler power given 
by that author was excessive. In St. Louis, heating 
by the two-pipe system had been abandoned, the 
single pipe being used. The speaker discussed the 
positions and responsibilities of the engineer and 
the architect in-the construction and design of 
these high buildings, pointing out the important 
part played by the former, both of the civil and 
mechanical branches of the profession. Some were 
of opinion, he said, that the proper_sphere of thé 
architect was simply in producing the ornamental 
or artistic features of the structure. He thought 
the criticism of the electric elevator might be true 
for extremely tall buildings—the last strongholds of 
the hydraulic system—where speeds of over 400 ft. 
were necessary. Elsewhere, electric elevators would 
be preferable. ; a i aos 

Mr. G. Colles said.that the limit of height to 
16 stories might apply in some cases, but it was: 
evident that the question would be.goyerned by the 

rice of land. He thought that the very tall 
uildings iri New York were largely a fad, ono 
designer trying to surpass the other. . The upper 
floors did not pay, on account,of the great expense 
of running them. The authors had not given 
particulars of the way in which the foundations 
were rendered waterproof. He did not see the 
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probability of any great departure in this branch 
of engineering with regard to electricity, but im- 
provements would be made in detail. Dynamos 
had reached their maximum efficiency many years 
ago, whilst lamps, wiring, and other details were 
firmly standardised. 

Mr. Rockwood referred to the plunger type of 
elevator introduced during the last few years, the 
application of which, he thought, would : proceed 
rapidly, if only on account of its safety. It might 
not be known to all that it cost two to three times 
as much to ventilate these buildings as it did to 
heat them; It was an important question, there- 
fore, how ventilation should be effected. It was 
hardly practicable to put in a big fan in the base- 
ment, and carry fresh air to the different floors by 
means of trunks, if only because of the space 
occupied. There might, however, be a disc fan 
placed on every floor, as was done in hospital 
buildings. 

Mr. H. H. Suplee said that in most tall buildings 
no provision was made for ventilation, and tenants 
were driven to do something on their own account ; 
so that quite a big industry had sprung up in the 
supply of. minor fittings. The ventilation scheme 
of the Drexel Building was, however, well thought- 
out, an exhaust system having been adopted. . This 
was’ applied to every floor, and ran to the top of 
the building, a large exhaust fan being placed in 
the roof. 

Mr. Bonner pointed out the need of taking back- 
pressure on engines into consideration when esti- 
mating power. He advocated the use of simple 
engines, as having the greater range. 

Mr. Gifford said that in several instances it was 
necessary to observe special precautions in the 
construction of the damp-course in the founda- 
tions, an invert arch being used. Two coats of 
asphaltum, applied hot inside, were generally suffi- 
cient ; but if it were necessary to make a water- 
tight tank structure, the application should also be 
made outside. The problem of electric as against 
hydraulic elevators was largely a question of the 
nature of the service. If loads were light and vari- 
able, electric power was suitable ; but with a more 
constant duty of a heavy nature the hydraulic 
system was the best, although expensive to operate. 
Ventilation was the great difficulty. In an office 
building with a large number of small rooms the 
demand for space for air-ducts was excessive ; and 
in some cases it might be sufficient to let the draught 
pass up'the elevator wells. In buildings with large 
spaces—such as theatres, public halls, and hospitals 
--more elaborate systems were advisable, the air 
being washed by passing through wetted screens, 
and then brought to the required temperature. 

Mr. Wells, in briefly replying to the discussion, 
said, in regard to the objection that he had given an 
excessive power supply, that what had been stated 
might be right for St. Louis, but would be wrong in 
New York, where time was of such value that if a 
plant broke down tenants would be likely to leave ; 
and thus an amount would be lost to the proprietors, 
whith would be far greater than any saving for re- 
duced boiler installation. For that reason he had 
provided a margin for emergencies, should they 
arise. 


MippiessroveH Dock Power Pant. 

At this point Mr. Swasey requested Mr. Wick- 
steed to take the chair, in order to preside over the 
reading ofan English paper. This was a contribu- 
tion by Mr. Vincent L. Raven, chief assistant 
mechanical engineer to the North-Eastern Railway. 
This paper we print in full, together with the 
illustrations, in our present issue. 

The discussion on Mr. Raven’s paper was opened 
by the reading of a letter from Mr. E. B. Ellington, 
and, in view of Mr. Ellington’s well-known experi- 
ence in the matters dealt with, we think it well to 
give this communication in full. Mr. Ellington 
wrote as follows :—‘‘Mr. Raven’s paper, a 
as a record of facts, is 1 most useful contribution 
to the elucidation of a subject which has roused 
considerable controversy, and the Institution is 
greatly indebted to him for it. It is not, however, 
easy to obtain data which are really comparable, 
and Mr. Raven’s figures and conclusions are open 
to criticism from this standpoint. 

‘‘He states in his opening remarks that the 
hydraulic and electrical appliances at the Mid- 
dlesbrough Dock ‘are working side by side, and 
are all thoroughly up to date, giving an excellent 
opportunity for judging the value of one against 
the other’ so far as economy in working is con- 
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cerned.’ But this statement can only be applied 
with accuracy to the generating plant and possibly 
to the capstan. With regard to the hydraulic 
cranes it is stated that they were made fifteen 
years ago. In no sense can these be taken to 
be comparable with the very perfect electric 
cranes recently erected. Fifteen years ago com- 
paratively little attention was paid to the economi- 
cal production and use of power in docks, The 
hydraulic system had proved economical as a whole, 
but there was little competition. The effect has 
been that a very large number of hydraulic ap- 
pliances installed are uneconomical as compared 
with what it is possible to obtain by the system. 
When electricity for these purposes became avail- 
able, an entirely different set of conditions arose. 
In order that the electrical system should have a 
continued success it is essential that the machinery 
should be constructed in all its details in the most 
perfect manner, so as to reduce the serious loss of 
efficiency which would otherwise occur, and also 
to secure that perfection of control and safety in 
use which has been the special characteristic of 
hydraulic plant. Bad examples of hydraulic cranes 
are extravagant in power, and frequently work 
at slow speeds; but they are safe, and not 
costly to maintain. A bad example of an elec- 
tric crane is useless. I am not now concerned 
to show that an hydraulic plant is better than 
electric for dock work. They each have their 
special advantages, and I have elsewhere expressed 
my conviction that in the best-equipped docks of 
the future both systems of power will find a place. 
Local conditions vary so greatly that a great deal of 
variation in practice is probably desirable. In 
some cases both powers will be wanted ; in others 
the balance of advantage will be in favour of 
hydraulic, and in others electric, according to the 
circumstances which may make the special ad- 
vantages of each system predominate. As to the 
generating plant at Middlesbrough, from the par- 
ticulars of the trials it appears that the mechanical 
efficiency of both is practically the same, but the 
electric plant takes 33 per cent. more coal per unit 
of energy produced. There is no record of the 
results of working at lower load-factors than 100 per 
cent., with the exception of those given in the 
tables, which show about the same difference— 


one-third in favour of hydraulics. The figures are, | 
however, so irregular (17.3 lb. to 8.4 1b. coal burnt | 
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per unit) that they are of little value on this point. 
It is quite certain that at low load-factors there is a 
considerable advantage in economy of coal con- 
sumption in the hydraulic system, owing to the 
nearly constant load on the engine and the variable 
speed, as compared with the variable load and 
constant speed of the electric plant. Indeed, 
Mr. Raven’s figures indicated this, as the 1844 
gallons pumped per hundredweight of coal are a 
larger percentage of the maximum of 5090 than the 
corresponding figure of 11 lb. of coal per unit is to 
the equivalent of 21.2 lb. of water per electrical horse- 
power. But the figure 1844 is a very poor result— 
only about 36 per cent. of the maximum. Even under 
very unfavourable conditions of load-factor, and 
taking long periods of work, it should not be less 
than 60 per cent. I have obtained about 70 per cent. 
from one year’s end to the other with worse load- 
factors. A few hours’ test on such a point cannot, 
in ‘my judgment, give reliable results, because 
of the impossibility of obtaining correct data 
in the time. Mr. Raven’s figures are also influenced 
to a very great extent by the fact that the hydraulic 
work done was spread over 7 hours and the electric 
over 5} hours. He, of course, explains how this 
came about ; but the explanation only shows how 
little up to date the hydraulic-crane equipment of 
the dock is. Mr. Raven uses the term “load- 
| factor” in a sense which deprives it of most of its 
value. The proportion of the actual output to the 
| capacity of the plant installed tells you nothing but 
‘the size of the central station. As the total 
| electrical-power installation is twice the size of the 
hydraulic, the hydraulic load-factor, as Mr. Raven 
| expresses it, is necessarily twice the electric under 
all conditions of equal total output in a given time. 
It would be ‘absurd: to say that the results of the 
| trials given in the earlier pages of the paper 
| were obtained with a load - factor of 33 per 
'cent., yet that is so in the sense in which Mr. 
| Raven uses the term. The load-factor, as usually 
‘understood, is the relation betwen the actual 
|average output during the time to the maximum 
‘output at any instant during the ‘time. If the 
central station is well divided into units, this may 
approximate to the ratio of the average output to 
the maximum output of the units in-use. Mr. 
Raven seenis to think that if the experiments 
had been made with a larger number of cranes 
‘and better load: factors, the saving ‘due to the 
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use of electricity would have been doubled—i.e., | 
from 25 to 50 per cent. Of this there is no proof. | 
The load-factor on Mr. Raven’s definition depends | 
entirely on the average total output per unit of | 
time. This would increase in direct proportion to 
the number of cranes at work, and the ratio of the | 
hydraulic and electric load-factors would remain 
constant. I assume, of course, that the number | 
of cranes in use under test of each system are equal. | 
If, however, the station plant actually running | 
or the maximum demand on the engines actually 
running is taken as the basis of the load-factor, then 
within certain limits the greater the number of 
cranes the greater will be the discrepancy between 
the respective load-factors. . Thus, suppose the 
number of cranes in use is doubled, the maximum 
electric output for the- number recorded on the 
diagram (Fig. 8) is nearly 350 amperes. As there 
are no accumulators, the maximum for twice the 
number would be at least 550 amperes—the power 
of one station unit. The total output per hour 
must be doubled ; therefore the load-factor is in- 


0 x 3 or 7 to 54, or, 





creased by not more than mn 


say, at most 50 per cent. Now in the case of hydraulic 
the ratio is quite different. The maximum within 
the limits of a single pumping unit is the same 
whatever the total output. The engines will work 
at full speed for a few minutes in the hour or for 
many minutes approximately in proportion to the 
total output. If the number of cranes in use is 
doubled, the total output is doubled also, and, the 
maximum being the same, the load-factor is increased 
in the ratio of two to one, or 100 per cent. When 
the total output becomes so large that several 
pumping engines or dynamos are required, both 
systems settle down to a -characteristic load- 
factor for each. I may also point out that the 





load-factors of the two diagrams, Figs. 7 and 8, | 
are almost equal; but as one is for 44 minutes, | 
and the other for 7 hours, and as the elec-| 
trical diagram perhaps includes the constant, 
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million gallons per annum, and has multiplied seven 
times in the interval. The area of supply has in- 
creased about three times. 

‘*Mr. Raven has failed to realise that the load- 
factor of an hydraulic central-station plant engaged 
in supplying intermittent demands must always be 
higher than that of an electric station doing the 
same work, owing to the influence of the hydraulic 
accumulator. There is a further point which affects 
the results, on which I hope Mr. Raven will give 
some additional information. There has been 
installed at Middlesbrough about 1000 electrical 
horse-power and about 500 hydraulic horse-power. 
The total boiler plant is thus, say, 1500 horse- 
power. On what basis has he made the apportion- 
ment of the total cost of the station? So much 
depends on that and on the apportionment of the 
total running cost. Does he take into account the 
cost of the cranes? However, Mr. Raven’s relative 


lighting load, they are hardly comparable. Am I figures are 2d. per unit and 1s. per 1000 gallons 


right in assuming that the arc lamp lighting load | 
given in Table II. was constant during the three 
hours? The electrical figures of power costs cannot | 
be correct for the current used for the cranes. For | 
the cranes alone the cost works out at more than | 





than the electric. 
would expect to find that when the hydraulic | station plant. 
power is applied to lifting operations this initial | 


Under these circumstances one 





plete to be able to state positively the efficiencies 
of the machines tested. For instance, there is no 
information at all as to the 35-cwt. hydraulic cranes 
or the capstan. From the stated power of the 
motors in the case of the 3-ton electric cranes, 
and the sizes of the hydraulic rams in the case 
of the 5-ton crane, it would seem that the elec- 
tric cranes have an estimated efficiency of about 
60 per cent. at full load, while the total efficiency 
at full load—2.74 units per 1000 foot-tons—was 
only about 28 per cent. The 3ton hydraulic 
crane had an estimated efficiency of only 58 per 
cent., and there are no figures available as to 
actual results obtained with full load. As the 
efficiency of hydraulic machines—i.e., the ratio of 
useful work done at full load to power expended— 
only falls below 70 per cent. in ill-designed cranes 
of the class dealt with in the paper, it is difficult 
at first to see exactly the reason for the results 
which Mr. Raven has experienced. But in Table I. 
it is recorded that 100 tons were dealt with by 
one of these cranes (No. 6) with an expendi- 
ture of 3140 gallons of water. A similar crane 
(No. 2) does the same work with 2920 gallons. 
The same work is done by a 35-cwt. crane (No. 1) 
with an expenditure of only 1620 gallons, and another 
35-cwt. crane (No. 4) takes 2020 gallons. Such 
| variable results give a very weak basis to work 
upon. I have known meters to be wrong, but it 
looks here as if the cranes were at fault. More- 
over, a 5-ton single-power crane lifting loads of 
2 tons cannot show well in such a calculation. It 
is quite evident that if really efficient cranes suit- 
able for the work had been used, the work recorded 
could have been done with half the consumption. 
It is curious to note, though, that on the basis of 
‘calculations adopted the only effect on the power- 
station costs. would have been a very unim t 
| difference in the cost of coal. It would have been 
‘interesting to have had the same detail as to the 
power used in the electric cranes (see Table II.) ; 
but the total consumption alone is given. It has, 
I think, been well established by past experience 
that there is only a small annual saving to 








(Tables I. and II.), and indicate that the cost of the effected by small economies due to using plant of 
hydraulic energy delivered into the mains is less variable power, unless it is accompanied b; 
|diminution of maximum demand an 


a 
diminished 


‘‘ Probably the most important point to deter- 


3d. per unit. A mere increase in output does not advantage would be more than maintained. But mine in order to form a correct opinion as to the 
in itself improve the load-factor in the general Mr. Raven considers from the results of his relative economy of hydraulic and electric dock 
current sense of the term. In London the General | experiments that this initial advantage of the | plant is the relative power required at the central 
Hydraulic Power Company’s load-factor has re-| hydraulic system not only disappears, but is | station. When once that has been installed, the 
mained practically constant at 33 per cent. for the| converted into a disadvantage of at least 25 per 


past 15 years, though the supply is now nearly 000 | 


cost per 1000 gallons, or the cost per unit, will 


cent. The figures given are not sufficiently com- rise and fall with the total output over a given 
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time, but the total cost will remain approximately 
equal, whatever the output, within the limits of 
the minimum and. maximum demand in the same 
time. 
figures show for the electric system would disap- 
pear if hydraulic cranes had been tested which 
were of the same maximum power as the elec- 
tric, and if they had been constructed to do the 
work in the same time with reasonable efficiency. 
Speed of working is only a question of requirements, 
though probably hydraulic cranes and lifts can be 
worked at a higher speed than electric without 
sacrificing safety. In the case of the Middles- 
brough Docks the best possible use appears to have 
been made of the electric energy transmitted, while 
the same cannot be said of the hydraulic energy ; 
and in my judgment no conclusions of a general 
character can, with any advantage, be drawn from 
them as to the relative economy in the use of the 
two systems.” 

Mr. John Barr, of Kilmarnock; pointed out 
that the sluing described in the paper would have 
been better done by sluing-cylinders than by 
capstans. There were also other details that 
might be noticed. He also called attention to the 
fact that the maintenance of the electric installa- 
tion was based-on the experience of a short time 
only, whilst the hydraulic plant had been in use 
fifteen years, and was still in perfect condition. 
He would be glad to know whether the electric 
machines gave the same smooth working results 
as was obtained by hydraulic power. He would 
also like to know why the electric cranes were 
provided with motors for moving them, whilst 
the same provision was not made for the hydraulic 
cranes. ‘The principal advantage of electricity was 
with light loads; but, on the other hand, the 
hydraulic pumps worked in conjunction with an 
accumulator, so the electric motors must have a 
larger reserve of power. Both hydraulic and elec- 
tric cranes had, however, their own proper fields, 
which they would occupy with advantage. 

Mr. Saxon said that there were other points 
besides the economy of the machine that should be 
considered in estimating the advantages of diffe- 
rent types of lifting appliances ; but critics were 
too apt to confine themselves to one point. As 
the hour was late, and there was other matter to 
be brought forward, he would submit his remarks 
in writing. 


SuPERHEATED STEAM AND REHEATERS. 


A paper by Mr. Lionel S. Marks, of Cambridge, 
Massachusetts, on ‘‘The Use of Superheated Steam 
and of Reheaters in Compound Engines of Large 
Size,”. was next read in abstract by Professor 
Hutton. The paper was a long one, and contained 
the results of a large number of tests made on nine 
separate high-speed two-cylinder compound engines. 
The details of the tests contained in the paper are 
too numerous for us to give here, but we hope in a 
later issue to publish the paper in extenso or in 
very full abstract. It appeared that the con- 
clusions, which the author considered justified 
when applied to large-size, high-speed, compound, 
four-valve engines of ordinary proportions, were 
as follow:—That the jacketing of the high-pres- 
sure cylinder was of little importance when mode- 
rately superheated steam (100 deg. Fahr.) was 
used. Reheating was probably a source of loss, 
unless the receiver steam were superheated at 
least 30 deg. Fahr., and was not fully effective 
unless the superheat of the receiver steam was 
about 100 deg. Fahr. In the latter case it might 
be expected to effect a saving of 6 per cent. to 
8 per cent. of the total heat used per indicated 
horse-power. The experiments further showed 
that jacketing the low-pressure cylinder was un- 
necessary when the reheating was effective, as was 
shown by the qualities of the steam during ex- 
pansion. The effect of admitting moderately- 
superheated steam to both high and low-pressure 
cylinders was to keep the heat consumption per 
indicated horse-power practically constant through- 
out a considerable range of loads—-namely, from 
half load to about one-quarter overload. The 
variation, within the ordinary limits, of the ratio of 
stroke to diameter, in large-size engines of the 
same power, when using moderately-superheated 
steam, was not found to have any marked effect 
upon the economy of the engine. The size of the 


engine was an important factor in determining its 
efliciency ; one engine, having cylinders 18 in. and 
38 in. in diameter, had about 10 per cent. greater 


The economic advantage which Mr. Raven’s 


another with cylinders 31 in. and 64 in. in dia- 
meter, the ratio of the sizes of the engines being as 
1 to 3. 

Mr. Barrus criticised the manner in which the 
facts were set forth in the paper. He questioned 
whether the results given in one case were trust- 
worthy. He had seen some of the diagrams taken 
from one engine, and questioned whether they were 
good enough for affording data upon which to found 
definite conclusions. He thought the author should 
publish facsimiles of the cards. 

Mr. Kerr considered that the reheater would 
come into use with superheated steam. Jackets 
were useless through the range of working loads, 
as it was not possible to get heat through the walls 
of the cylinder sufficient to prevent condensation. 
In support of this conclusion, the speaker quoted 
results of trials made. He considered that the 
receiver using superheated steam would come into 
favour. 

Mr. G. I. Rookwood, of Worcester, Massa- 
chusetts, thought the experiments were like the 
threshing over of old straw, and the conclusions 
drawn were not especially new. The chief value of 
reheaters rested in the increase of the capacity of 
the engine beyond the original cost, but they did 
not add to economy in working. 


Gas-Encine TESTING. 
A paper on ‘‘Commercial Gas-Engine Testing 
and Proposed Standard of Comparison” was next 
read in abstract by the author, Mr. William: P. 
Flint, of East Pittsburgh, Pennsylvania. The paper 
discussed the application of friction brakes, which 
the author considered ‘‘ by long odds the most satis- 
factory means of measuring the power developed.” 
Indicator cards should, however, be taken in con- 
junction with brake tests for the purpose of giving 
information, but it was often superfluous to calculate 
the power from them. For constant load tests the 
governor should keep the speed regular. For 
measuring the gas a proved meter should be pre- 
ferred ; the calorimeter giving the value of the gas. 
It was pointed out that, though the most natural 
standard of comparison was the cubic feet of gas 
used per brake horse-power, there was the load to 
be considered ; and, therefore, the standard varied 
with the load. Consequently, the author plotted 
with brake horse-power as abscissve, and the cubic 
feet of gas—or, better, the British thermal units— 
per hour as ordinates. The power of gas-engines 
of the four-stroke cycle type would vary, the author 
further pointed out, almost in proportion to their 
suction displacement ; and some one size of engine 
might be taken as a standard to which the figures 
obtained on other engines might be reduced. The 
curves thus obtained from the results of tests on 
many sizes of engines would be mutually com- 
parable, and would furnish a basis for predicting 
what still other sizes of engines might be expected 
todo. The results of tests on a large number of 
similar engines, using natural gas for fuel, have 
shown that every 345 cubic feet mixture displace- 
ment per minute would give in the neighbourhood 
of 115 maximum brake horse-power, or 100 rated 
brake horse-power. The author illustrated his 
meaning by instances and diagrams with plotted 
curves. 
In. the. course of the discussion which followed, 
Mr. Mathot, of Brussels, read a report giving 
figures of two gas-engines which he had tested, 
explaining and illustrating his remarks by means of 
the blackboard. He referred to the suction gas- 
producer, which, he said, was taking the place of 
the producer under pressure, as it did not need a 
gas-tank for storage. 
.Mr. Chambers, of Tipton, Staffs, said he was a 
believer in the gas-engine. He had had in the 
course of his career to lay out three big works, and 
to carry them on afterwards. In the first place, he 
had conveyed power for machinery by shafting, and 
had replaced that by carrying steam from a battery 
of central boilers. Later, he had been delighted 
with the results obtained by electricity, but the 
financial question had led him to instal gas-engines. 
He had started with three small ones, but that was 
a mistake, and he had come to one big engine. He 
considered it necessary to test his engines, and 
naturally could not spare them for the exclusive 
work of a brake test, so used the indicator. He 
made a point of having diagrams taken every day, 
and was thus able to see at a glance if. the engine 
was working properly. He found that the cost for 
power had gone down 50 per cent. 


parison was better than the ordinary way adopted ; 
but it did not follow in some respects the standard 
which had been established by the Society. 

Mr. Flint, in replying, said that his method was 
designed to compare gas-engines with gas-engines, 
and not with steam-engines. 

The meeting was then adjourned. 


(To be continued.) 








THE HUTION CAR. 

In our notice of the Automobile Exhibition recently 
held at the Agricultural Hall we referred briefly toa 
Hutton car that was then on view, and promised at a 
future date to give it a more detailed description. 
This promise we are now able to fulfil. 

The Hutton car, which is constructed in accordance 
with a number of patents granted to Mr. T. W. Barber, 
M.I. Mech. E., has been Seataiont with a view to pro- 
vide easier methods of control for the mechanism, 
in order to. reduce the expenditure of physical effort 
on the part of the driver. 

Now that cars of 20 and 30 horse-power are coming 
into general use, it has been thought desirable by 
the designer of the Hutton car that the manipula- 
tion of the controlling gear shall be such as to 
bring the least possible physical strain on the driver, 
particularly if the latter should happen to be in any 
way deficient in strength. In other words, what has 
been kept in view is to render control possible with 
little more than the movement of a finger. The con- 
centration, therefore, of all the means of control on 
the steering-wheel, which has already been attempted 
to some extent in other cars, is in this one made a 
central feature. 

The following description, together with the draw- 
ings accompanying it, will give to those interested an 
idea of the features which differentiate this car from 
the usual types. : 

Figs. 1 and 2, page 878, show the general arrange- 
ment of the chdssis, which is constructed of nickel 
steel members, hydraulically pressed to shape, and 
riveted together at the cross-junctions with gusset- 
plates. The springs for the steering-axle are provided 
with elastic attachments, which add considerably to 
the light running of the car. Cross-members are 
placed where the twisting strains, due to the attach- 
ments of the springs, are transmitted to the frame, 
which provision enables the frame to be constructed 
of a very light form, and at the same time consider- 
ably increases its rigidity. 

Figs. 3, 4, and 5 are an elevation, end elevation, 
and plan, of the 20-horse-power standard Hutton 
engine. This engine has four cylinders, cast in pairs, 
mechanically-operated inlet valves, which are placed 
on the top of the cylinders, and exhaust-valves, placed 
in the usual position at the side. The ignition is low 
tension, and the current is obtained from a magneto 
driven by the engine. All the movements for the 
valves and the sparking are obtained from one cam- 
shaft, at one end of which the governor A is placed, 
and at the other end are gear wheels, which transmit 
motion from the crank-shaft to the cam-shaft, and 
also to the fan B. The position of the magneto is 
indicated at C; the carburettor at D ; the pump for 
the hydraulic control arrangements of the car at E; 
the inlet valves at F ; the exhaust valves at G ; and 
the sparking mechanism at H. 

The inlet valves are provided with a variable lift ad- 
justment by means of eccentrics on the shaft K, Fig. 4, 
which eccentrics operate a rocking-arm J. Means are 
also provided to advance and retard the time of spark- 
ing by the use of the lever L, which can be moved hori- 
zontally in a slide M by means of an arm N, which is 
controlled from the steering-wheel. The radiator is 
shown at O. : 

The engine and its entire accessory mechanism is 
carried elastically on the frame of the car by springs, 
which fit into sockets. By this means the engine is 
freed from the stresses due to distortion of the frame 
of the car, and the necessity for a flexible connection 
between the clutch and gear-box is eliminated. 

Fig. 6, page 878, shows a sectional elevation of the 
carburettor, which is controlled direct from the 
governor in such a manner that the richness of the 
explosive mixture is varied automatically, according 
to the speed of the engine and the power required. 
This is accomplished in the following manner :—The 
body of the carburettor P contains an annular float Q, 
surrounding the jet R, which is in the centre of an 
induction tube 8S. The induction tube, which is per- 
forated in the end adjacent to the jet, projects into the 
main induction pipe of the engine. ‘Sliding on the 
tube S is a throttle-collar T, operated by means of the 
rocking-lever shown at U, Fig. 5, in connection with 
the governor. As shown in the drawing, this collar 
has shut off all access to the induction tube S, at the 
same time leaving a full passage for air up the main 
induction pipe. This is the position which the collar 
would assume when the engine tended to race, or was 
set by hand to run at the minimum speed. When 
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raises the collar to its highest position, and it will 
then prevent air passing direct into the main induction 
pipe, forcing it to pass through the tube S, and supply 
the engine with a rich explosive mixture for starting. 
As the engine speeds up; the governor lowers the 
collar; air is then admitted direct into the main 
induction pipe, thus gradually reducing the strength 
of the mixture until the correct proportions of 
petrol and air are obtained for the speed and power 
required. 

Acceleration or retardation of the engine is obtained 
in the usual way by the interposition of a spring, 
actuated from the dashboard, and operating against 
the governor. Below the carburettor a water- 
separator V is attached, and into this the petrol is 
admitted near the top, and passes upward through the 
gauze filter W into the carburettor. Particles of 
water and dirt are intercepted by this gauze, and 
gravitate to the bottom of the separator, from which 
they can be drawn off through the tap at any con- 
venient time. Hot air is supplied to the carburettor 
through the orifice X, the air being heated in the usual 
manner, by surrounding a portion of the exhaust-pipe 
of the engine with the air-tube leading to the carbu- 
rettor. Figs. 7 and 8, page 879, show the radiator. The 
chief feature of this is the use of the bent tube, which 
is said to give an efficiency equal to nearly three times 
what would be the case if straight tubes were used. 
This form of radiator is very efficient, and affords a 
free passage for the circulation of the water ; further, 
it is said, not at all liable to be choked up with 
sediment. It is constructed entirely of aluminium, the 
end receivers being castings, and the tubes drawn 
aluminium. 

Figs. 10, 11, and 12, on the two-page plate illustrate 
the metal clutch between the engine and the gear-shaft. 
A cast-iron ring y is attached to the flywheel, and is pro- 
vided with grooves similar to those in the split rings z, 
which form the expanding portion of the clutch. The 
wedges a are advanced and retreated from the position 
shown by means of the levers 6 and the screws c, the 
latter working in spherical nuts d. The levers are 
moved backwards and forwards by means of a sleeve e, 
Fig. 10, onthe shaft, which sleeve is operated in the usual 
manner by a forked arm. The clutch is controlled by 
a foot-lever, and the adjustment for wear is very easily 
and quickly accomplished by means of the set-screws /. 
These set-screws project into cavities formed in the 
sides of the nuts d, and all that is necessary to take up 
the wear of the clutch is to slacken back the screws, 
and rotate the nuts until the next cavities register 
with them ; the screws are then tightened up again. 
Sixteen of these cavities are drilled in the periphery 
ofeach nut. The annular chamber g is provided to 
carry a quantity of oil, which is supplied constantly 
to the clutch, and the whole of the working surfaces 
are kept uniformly lubricated. This causes the clutch 
to have a very sweet action, and relieves the car from 
shock, even if the clutch be let in suddenly, as is 
sometimes the case. No end thrust is created by this 
clutch. The slip-rings h, Fig. 10, are, however, pro- 
vided to prevent any friction which might be set up, 
due to variation in the longitudinal adjustment of 
the shafts. 

Figs. 13, 14, 15, and 16 show various views of the 
infinitely variable speed-gear, which is another im- 
portant characteristic of the car. The operation of 
this mechanism may, perhaps, best be described in 
the following manner : — 

If we refer to Fig. 13, which is a longitudinal sec- 
tion through the shaft, it will be seen that the latter 
is hollow at the right-hand side, and has a projection 
or cross-head formed on it at 7, which is bored out and 
forms a cylinder for a ram or piston &. In Fig. 15, 
which is a cross-section through the part 7, the latter 
is shown, but with the ram removed. On the cross- 
head a sheave or éccentric / is placed, which is free to 
tlide in such a manner that the position of its centre 
with regard to the centre of the shaft can be varied 
from a minimum, which is zero, to a maximum, which 
is at once seen on reference to the figure. In Figs. 13 
and 15 the sheave is shown with its centre at the 
maximum distance from the centre of the shaft. A 
strap m having lugs x, Figs. 14 and 15, surrounds the 
sheave/, The variation in the stroke of the eccentric / 
is obtained by hydraulic pressure, the pressure being 
admitted through the centre of the shaft under the 
ram k, which forces the sheave and strap outwards, 
according to the quantity of fluid admitted to the 
cylinder. The ram cylinder is, as before stated, 
formed as part of the shaft, and rotates with it, at the 
same time carrying round the ram k and sheave /. 

In Fig. 16 the eccentric strap m is shown with links o 
attached to the lugs n. The other ends of the links 
are attached to toggles p, which form a connection 
between the shoes g and r, which operate on opposite 
sides of the rings s, provided on the rotating portion 
of the gear, Figs. 13 and 16. In the view, Fig. 13, 
it will be seen that there are three sets of these links, 
toggles, and lugs placed side by side between the 
cheeks ¢, and separated by the thin plates w, the only 
difference in the arrangement of each being that the 
links o in the two outside sets are inclined in the 


direction shown in Fig. 16, and in the middle set in 
the opposite or left-hand direction, taking the set of 
links at the top of our illustration, Fig. 16. By this 
arrangement it will be seen that the links o form a 
toggle joint, so that when the eccentric / is placed 
out of centre with the shaft, a circular motion is given 
to the lugs x, the amount of which depends on the 
amount of eccentricity given to the sheave. This motion 
tends to force the ends of the linkso in the two outside 
sets of toggles in one direction, while the links o of the 
middle set are being forced in the opposite direction. 
The effect of this on the shoes qg and r is that when the 
links o move in one direction, the shoes are made to 
grip the rings s on the periphery of the gear, and the 
whole rotates ; while when the links move in the other 
direction, the shoes are disengaged, and slide back 
freely on the ring. In other words, when the shoes 
grip the rings on ¢, ¢ and v, they tend to move the two 
former in one direction, and the latter in the opposite 
direction. As the ring v is quite independent of ¢ 
and ¢, the speed-gear forms also a differential motion, 
because the rings ¢, ¢ and v have teeth on the circum- 
ference which gear with wheels transmitting their 
motion to each of the driving-wheels, the two ¢ and ¢ 
to one wheel, and v to the other. When the eccentric 
is quite central, no movement is conveyed to the strap, 
and the rings ¢, ¢and vdo not revolve. The greater 
the eccentricity of the sheave the greater the circular 
movement of the lugs 2, and consequently the more 
reciprocating movement is communicated to the links, 
and through them to the periphery of the gear. 
Reference to Fig. 17, which is from a photograph, 
will, we think, help to explain the construction of the 
gear. 

The provision of large ball-bearings between the 
sheave and the strap reduces the friction in this gear 
to a minimum, and the provision of large wearing sur- 
faces on the shoes q and 7 and large diameter pins 
reduces the wear and tear to a negligible amount. 

The control of the gear is effected through a small 
lever on the steering-wheel, which operates the inlet 
and exhaust-valves. The inlet valve is supplied with 
oil from an accumulator on the dashboard in such a 
manner that the opening of the valve admits pressure 
fluid to the ram / in the gear, and thus increases the 
movement of the gear and the speed of the car. The 
opening of the exhaust valve allows the pressure 
fluid to escape, thus decreasing the movement of the 
gear and reducing the speed of the car. It will, of 
course, be understood that when the eccentric is at 
the centre, the gear is motionless, and the clutch can 
be dispensed with. It is therefore practicable to 
eliminate the clutch on a car provided with this gear. 
This will eventually be done in the Hutton car, but in 
view of the fact that so many drivers are accustomed 
to control their cars largely by means of the clutch, 
it has been thought desirable, in the first instance, 
to retain the clutch, and only to eliminate it when the 
newer method of control becomes more familiar. As 
before stated, this arrangement takes the place of the 
differential, and a reverse is also obtained without the 
addition of any further mechanism save the reversing- 
lever. Thisis done by sliding the wheels, which gear 
with the teeth on ¢, when the car is going in a forward 
direction, out of gear with ¢ and into gear with v, thus 
reversing the driving-wheel on one side of the car. 
At the same time the wheel that is in gear with the 
teeth on v for the forward motion are taken out of 
gear with v and put into gear with ¢, thus reversing 
the motion of the driving-wheel on the other side of 
the car. 

We understand that so delicate is the control of speed 
by means of this gear that it is possible to run the 
engine at 1500 revolutions per minute while the 
driving-wheels make one revolution in 25 minutes. 

It is claimed, therefore, that in this gear the motorist 
has clutch, differential, reverse, and all speeds in both 
directions in one compact combination. The whole 
mechanism operates in an enclosed gear-case, which is 
kept half-full of lubricant. 

Fig. 18 is a sectional elevation through the end of 
the axle and the hub of the driving-wheel. A section 
is also shown through the brake, which is coupled 
direct to a flange on the hub of the wheel, to which 
also the driving-sprocket is attached. 

The chief feature of this hub is the large diameter of 
the balls adopted for the anti-friction bearings. The 
axle is a nickel-steel tube, and the axle end carrying 
the ball races is a nickel-steel drop forging. 

The method of attaching the springs to the axle is 
shown at w. The keeper-plate slides in grooves pro- 
vided in the axle-strap, and transmits the whole of 
the stresses direct to the axle. The bolts have only to 
retain this keeper in position. The portion of the 
cross-section showing the brake in this view is chiefly 
interesting because it shows the screws, lever and nut, 
by means of which the internal brake is expanded. 
Figs. 21 to 23 show further details of the external 
hydraulically - controlled brake, which is directly 
attached to the driving-wheel. In Fig. 23 the hydraulic 
cylinder is shown, which transmits the movement of 
the ram to the external brake-ring through a univers- 


given in Fig. 21 also shows clearly the manner in 
which the oil-pressure is admitted to the cylinder, in 
order, through the links y, to contract “the lick they 
upon the drum. 

The success of the metal-to-metal brakes, as is the 
case with metal-to-metal clutches, depends entirely 
upon a successful and reliable system of lubrication. 

These brakes are supplied constantly with oil, under 
pressure, from the special lubricator which is attached 
to the cars, Consequently their action, like that of 
the clutch, is a sweet and gradual one, and firing or 
seizing-up of the parts need not be feared. 

Fig. 24 shows a section through the steering-axle 
head and steering-wheel hub. The head is of special 
cast steel ; the swivelling axle is a nickel-steel drop 
forging, and the hub is of cast steel. It will be seen 
that the weight of the fore-end of the car is transmitted 
to the wheels through a ball-race in the head, while 
at the same time all side stresses, which would be liable 
to interfere with the perfect movement of this race, 
are eliminated by means of the central pin, upon 
which the swivelling axle turns. This ball-bearin 
makes the steering of the car very easy. The centra 
pin is hollow, and contains sufficient lubricant to keep 
the hub ball-races in good condition for many months. 
It will also be apparent from the construction of 
these hubs that, eithough they are very large in dia- 
meter, they are light in weight; the construction, in 
fact, is tubular—similar to that of many other portions 
of the car. 

Figs. 26, 27, and 28 show the general arrangement 
of the. steering apparatus, and of the valves for the 
hydraulic control of the speed-gear and brakes. 

The steering-screw is carried between ball-thrust 
bearings, and a spring device is inserted in the hori- 
zontal steering-arm, which eliminates shock to the 
steering apparatus, and thus makes it unnecessary to 
provide complicated devices for the taking up of undue 
wear of these parts. This wear is caused more by 
shock than by the actual operation of the steering 
mechanism. 

The ordinary ball-and-socket universal joint is not 
used in this car, the designer considering that it is a 
dangerous type of construction for so important a part 
of the car mechanism. Nickel-steel tubes of large dia- 
meter are used for the steering-rods and the steering- 
arms, as well as for the tubes of the steering-pillar. 
The valves for the hydraulic control are manipulated 
by means of rods attached to the lower end of these 
tubes, which latter are controlled by levers at the top 
of the steering-column. The levers and tubes are 
shown clearly in Figs. 29 and 30, page 879 ; one lever 
a a for the sparking ; one, b 6, for the brake ; and one, 
cc, for the variation of speed. 

The segment over which these levers work is marked 
clearly :—Brake—on, off; speed—increase, decrease ; 
spark—advance, retard. 

Coming to the starting-gear attachment on this car, 
instead of the usual arrangement placed on the front 
of the car underneath the radiator, a side shaft is pro- 
vided, gearing through bevel-wheels on to a suitable 
engaging stud in the flywheel; by this arrangement it 
is possible to start the motor from the pavement and 
step direct into thecar. The accumulator, which forms 
the chief feature of the hydraulic-control apparatus, 
is shown at Fig. 31. It consists, as will be seen, of a 
chamber in which a spring is confined between two 
pistons. One end of this chamber forms a storage for 
oil, under pressure, which is distributed to those por- 
tions of the gear operated by its means, and the other 
end forms an elastic device for eliminating shock when 
starting up the speed-gear. This end of the chamber, 
in fact, is placed in series with the cylinder contained 
in the speed-gear shaft, so that the strap and links are 
actually operated by an elastic medium instead of by 
an incompressible element, such as oil or water under 
pressure would be without this arrangement. This 
accumulator is charged constantly by means of a slow- 
moving pump, operated by the second-speed shaft of 
the motor. 

Fig. 9, page 882, is from a photograph, and repre- 
sents the chdssis with some of the parts removed. 

The car is manufactured by Messrs. J. E. Hutton, 
Limite? of Thames Ditton, and of 81 to 83, Shaftes- 
bury-avenue, London, W. 








Moror-Cars ON THE GREAT WESTERN RAILWAYy.—The 
Great Western Railway Company has inaugurated a new 
service of rail motor-cars between Plymouth, Plympton, 
and Saltash. Stopping-places, in addition to the ordinary 
stations, have been provided at Laira, Lipson Vale, Wing- 
field Villas, Ford, and St. Budeaux. 





Recent Procress 1n Rowinc- Mint Prants.— 
ErratumM.—In a recent article on the above subject (see 
page 777 ante), when describing the Edenborn continuous 
reel for wire-rod invented by Mr. William Edenborn, of 
the American Steel and Wire Company, we regret that 
the name of the inventor was slightly ~~ Our 
attention was called,to the matter by Mr. Kd. Brand, 
35, Shakespeare-street, Manchester, the agua in this 
country for the above reels, as well as for double two-high 
rolling-mill plant of the type described in the article. 











ally jointed connection at x, Fig. 21. The section 
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In a former issue (see page ‘739 ante) we made|can be run considerably beyond this if needed. The 


reference to the fine 5000-horse-power vertical an 
horizontal compound-condensing engine which the Allis- 
Chalmers Company, of Milwaukee, Wisconsin, have 
constructed for the St. Louis Exhibition. On page 
890 we now give a general view of this engine, and 
the dynamos it drives, as erected in the Machinery Hall 
at St. Louis. The engine is of the Reynolds-Corliss 


type, having cylinders 44 in. and 94 in. in diameter | pag: 


by 60 in. stroke, both cylinders working on to a single 
overhung crank. The engine is coupled direct to a 
three-phase generator of 25 cycles by the Bullock 
Electric Manufacturing Company, the capacity being 
3500 kilowatts and the voltage 6600. This is trans- 
formed to 110 volts in the Exhibition. Views of the 
generator are given in Figs. 2 to 4 on the opposite 
page. The revolutions per minute are 75, and the 
steam pressure 150 lb. to the square inch. The 5000 
horse-power is the economical load, but the engine 





d | length of the engine over all is 39 ft., and the height 


above the top of the foundation is 39 ft. 2in. The 
low-pressure cylinder is vertical, and the high-pressure 
cylinder horizontal, as shown by the side elevation of 
the engine, Fig. 1, which we give on the present page. 

The general arrangement is well shown in our illus- 
tration on page 890, and by Fig. 1 on the present 
e. It will be seen that the bed-plate is common 
to both high- and low-pressure engines. It is 17 ft. 
long, 11 ft. 6 in. wide, and 4 ft. 9 in. high. The low- 
—. engine is of the side-plate construction. The 
rame and slide of the low-pressure cylinder are 
mounted on the bed-plate, and are of the usual con- 
struction. The valves of the low-pressure cylinder 
are mounted in the heads, and are double-ported also. 
The high-pressure valves are 10 in. in diameter, and 
the low-pressure valves 16 in. in diameter. The high- 
pressure cylinder has steam and exhaust wrist plates, 





a----~----37!0% 


whilst the low-pressure cylinder has an exhaust-plate 
only. The releasing gear is of the usual Reynolds 
type The vacuum pots on the admission-valve are of 
the noiseless type, the air not escaping to the outside, 
but being contained within the apparatus. The 
exhaust-valves on both cylinders are driven by one 
eccentric, and the admission-valves by another, there 
being therefore only two eccentrics for the two cylin- 
ders. The valve-gears of both cylinders are arranged to 
give high rates of expansion. The governor is of the 
centrifugal ball type, heavily weighted, and gives 
automatic expansion in both high and low-pressure 
cylinders. There is both electric and hand synchro- 
nisation, as this set has to run in parallel with others. 
There is a large intermediate receiver attached to the 
standard carrying the low-pressure cylinder, as shown. 

The high-pressure crosshead slide rests on a ey 
foundation-plate, and is bolted to one end of the bed- 
plate and to the low-pressure frame. There is a foot 
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which is bolted to the foundation-plate. The latter is 
23 ft. 3} in. long by 13 ft. 33 in. wide, and 12 in. deep. 
It extends from under the bed-plate, to which it is 
fastened, to the end of the foundation. It supports the 
high-pressure slide and cylinder, and the brackets for 
the high-pressure carrier arms and. regulator. 

The crank-shaft has a main bearing 34 in. in dia- 
meter by 60 in. long, and an outer bearing 32 in. in dia- 
meter by 48 in. long. The main shaft is a hollow steel 
forging ; the hole is 16 in. in diameter. The weight 
of the shaft is 61,000 lb. The crank-web is balanced, 
being of what is known as the “‘fan-tail” type. It is 
a steel casting, and weighs 32,000 1b. The crank-pin 
is of nickel steel, and is 20 in. in diameter by 18 in. 
long. It is pressed into the crank-web. As stated, it 
iscommon to both high and low-pressure cylinders, 
the low-pressure connecting-rod bearing being next to 
the crank-face. The crank-pin bearing is 20 in. in 
diameter by 9 in. long for each cylinder. 

The connecting-rods are of steel, the cross-head 
ends being solid and the crank-pin ends having straps. 
The cross-heads are steel castings, and weigh between 
7000 Ib. and 8000 1b. They have adjustable shoes of 
cast iron fitted with babbit metal. The cross-head 
pins are 14 in. by 14 in., and are fitted into the cross- 
head by taper fits, being held in place by nuts. The 
piston-rods are of steel, the high-pressure rod being 
9 in. in diameter and the low-pressure rod 10 in. in 
diameter. They are screwed into the cross-heads, 
and are held by nuts. They are fitted to the pistons 
by a taper joint, being held by steel nuts. The pistons 
are of usual construction, the belly of the high-pressure 
piston a nd steel, with cast-iron pi af and 
follower. e low-pressure piston is semi-steel, also 
With cast-iron junk-ring and follower. 

















The flywheel is 25 ft. in diameter, and weighs 
300,000 lb. The rim is 30 in. on the face and 33 in. 
deep. The whole is built up of ten segments, each one 
being a separate casting, consisting of an arm and a 
part of the rim. The revolving parts, comprising 
the crank-shaft, fly - wheel oak generator, weigh 
514,400 lb. 

The throttle-valve is 14 in. in diameter, and the area 
of the ee steam-ports is 150 square inches ; 
the area of the exhaust-ports is 206 square inches. The 
high-pressure eduction pipe to the receiver is 16 in. 
The connection between the receiver and the low- 
pressure cylinder is 30 in. in diameter, the area of the 
steam-ports being 712 square inches. The area of the 
exhaust ports is 930 square inches. The eduction pipe 
is 34 in. in diameter. The condenser is of the Alberger 
barometric type. 

The above are the chief details of the design of this 
powerful and well-finished engine. It was completed 
and at work before the day of opening of the Ex- 
hibition, and on the several occasions we have seen it 
in operation it has been working with remarkable 
smoothness and regularity. 








HIGH-LIFT TURBINE-PUMPS. 

For many years the plunger-pump held an unassail- 
able position for certain classes of work. Its great 
efficiency and capacity for giving a high lift were 
quite beyond anything attainable by centrifugal 
pumps, and more than counterbalanced the defects 
which it possessed. That these defects were present 
was never questioned ; but as there was no other ty 
then existent with which the same results could be 
, obtained, it was a case of Hobson’s choice. For raising 








Rotor without Shatt, 120,000 las. 








water to a height of, say, 70 ft. or less, the cen- 
trifugal pump proved very successful; but it was 
handicapped by its low efficiency. During recent 
years, fast - running plunger - pumps have been 
introduced from which excellent results have been 
obtained ; but they are all more or less subject to the 
defects which were common to the old type, and 
which may be briefly summarised as follows :—The 
wear and tear occasioned by the shock of reversal of 
even the slowest type of plungers is considerable. A 
large amount of space is necessary for the installation 
of the pump and for its working, which means con- 
siderable expense, especially in relation to mines. The 
heavy parts are difficult to transport, and, when fitted, 
require to rest upon heavy foundations. 

The degree of perfection to which the turbine-pump 
has been Soonghs has made it a very serious rival to 
the plunger- pump. Possessing many advantages, 
and capable of dealing with large quantities of water 
with a high working efficiency and lift, it has been 
extensively adopted for all classes of work, but pro- 
bably more especially in mining. Very. little space 
is occupied, and it is an easy matter, owing to the 
comparatively small size of the parts, to instal. the 
pump. A pump of this type, which is being 
adopted, and many examples of which are now at 
work, is the patent high-lift turbine-pump, ‘made 
by Messrs. Mather and Platt, Limited, and illustrated 
on page 883, ; 

It will be seen from the illustration that the pump 
is directly coupled to an electric motor, by means of 
which many difficulties consequent upon the use of 
steam driving are obviated. In Fig. 1 a pump for the 
De Beers Mines, Kimberley, South Africa, is shown ; 
it being driven by an induction motor of. 160 brake 
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horse-power, and capable of delivering 1000 gallons 
per minute against a head of 320 ft. 

The construction of the:pump is simple: the water 
enters the revolving wheel axially, and, after traversing 
between the vanes, is discharged tangentially at its 
periphery into a stationary guide-ring of special con- 
struction. The latter conveys the water to the annular 
chamber in the body of the pump, where the velocity 
head imparted to it by the rotation of the wheel is 
converted to pressure head. If the pump is a multiple 
one, the water is discharged into a second and similar 
chamber ; but if single, into pipe-lines. The design of 
the stationary guide-ring, which is fixed concentrically 
to the wheel or impeller, is a special feature of the 
pump. It is owing to this that a very perfect con- 
version of the velocity into pressure head is obtained, 
greatly increasing the possible height of lift, and, at 
the same time, the efficiency of the pump. The im- 
pellers of a duplex or multiple pump revolve in their 
own chambers, but are mounted on a common shaft. 
The delivery pressure of the liquid varies directly as 
the number of chambers used. If an ordinary single 
pump is capable of delivering water against a 100-ft. 
head, then by the addition of a second chamber a 
200-ft. head may be overcome ; while with three cham- 
bers a final delivery head of 300 ft. may be obtained, 
and so on. This construction enables any desired 
multiplication of units to be obtained. 

The only part of the pump which moves in contact 
with any other is the steel spindle carrying the im- 
pellers, which revolves in large self-lubricating bear- 
ings. No air-vessels are used in connection with the 
pump, while heavy foundations are unnecessary. In 
certain cases the pumps are installed on what is known 
as the ‘‘series” system—that is, one pump is placed 
on a higher plane than another, which pumps into it. 
This is being done in the installation of a pumping 
plant at a mine in India, the total height of litt of 
which is 1650 ft., there being three stages employed. 

We have had the opportunity of inspecting a pump 
and motor for an English colliery on test. The capacity 
was 500 gallons per minute against a head of 280 ft. 
This result was easily maintained, the pump after- 
wards being run to obtain a head of nearly 400 ft. 
The pump and motor were connected by a Zoidal- 
Voigth flexible coupling, which is extremely ingenious, 
and which obviates the need for a combined bed-plate, 
each machine being bolted separately to cross-timbers 
in the mine. 

The efficiency of the new turbine-pumps is very 
good. A motor-pump driven at 735 revolutions per 
minute by a three-phase motor was employed to drive 
a pump which was built for the De Beers Company, 
and its efficiency reached the high figure of 76 per 
cent. Recent improvements have been effected in the 
pump, and, after tests extending over a lengthy period 
and closely checked, the excellent results shown in 
Fig. 2 were obtained. It will be seen that an efficiency 
of 84.5 per cent. was reached, which is very exceptional 
for this class of pump. Messrs. Mather and Platt have 
installed numbers of turbine-pumps in the Colonies 
and abroad, and although engineers in this country 
have not as yet adopted them largely, the use of this 
type appears to be gaining ground. 








PersonaL.—We are informed that Mr. Herbert Hay 
Witty is about to retire from the directorship of Messrs. 
Witty and Wyatt, Limited, 88, Leadenhall street, E.C., 
for reasons of health, Mr. Robert Clement Wyatt remain- 
ing sole managing director. Mr. Alphonso de Zulueta has 
joined the board in place of Mr. Witty.—Messrs. Archi- 

ald Constable and Co., Limited, announce that on 
June 21 they will move from 2, Whitehall Gardens to 16, 
James-street, Haymarket, to which all future communi- 
cations should be addressed. 


TRACTION-ENGINE OWNERS’ ASSOCIATION. —This associa- 
tion held a meeting at the annual show of the Norfolk 
Agricultural ergs | at East Dereham, on Thursday. 
The meeting took place in the tent of Messrs. Ransomes, 
Sims, and Jefferies, Limited. Mr. C. Burrell, Jun., 
Mayor of Thetford, was called to the chair. The chair- 
man expressed his regret at the unavoidable absence of 
Mr, Howard Humphries, the consulting engineer of the 
Association, who was serving its interests, he added, by 
giving evidence in an important law case. The object 
of the meeting was to draw attention to the necessity of 
the organisation being more largely and generally sup- 
ported. The Act of 1898 in regard to the use of traction- 
engines gave power to county councils to make by-laws 
for the regulation of traffic by this method; and in a 
great many instances these by-l1ws were of such a tyran- 
nical character that, if they had been confirmed by the 
Local Government Board, the whole industry would have 
been wiped out. Fortunately, the Association was in 
existence at the time, and owing to the efforts of its 
executive committee many of these absurd regulations 
had not been confirmed. Inquiries were held under the 
presidency of inspectors of the Local Government Board, 
who had actefl with great fairness; and the result had 
been generally beneficial to all owners and users of traction- 
engines. It was necessary, however, that all Acts of 
Parliament should be care ully watched and scrutinised, 
and as this, together with the fighting of cases which 
involved principles, was costly work, the Association 
required aud de-erved general suppors. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was rather more 
business doing on Thursday in the pig-iron warrant 
market, and the tone was somewhat firmer, which was 
due to a natural reaction after the decline which had 
taken place, and also to a little ‘‘ bear” covering. Cleve- 
land gained 2d. r ton, business being done in the 
forenoon at 42s. 44d. cash, at which there were buyers 
and sellers 4d. higher. One month’s business was done 
in Cleveland at 42s. 4d. In the afternoon business was 
done in Cleveland at 42s. 5d. cash, and the price 
went up to 42s. 6d. eight = and six days. The 
settlement prices were:—Scotch, 51s. 9d.; Cleveland, 
42s. 44d.; Cumberland hematite iron, 52s. 104d. r 
ton. There was a quiet and easier tone in the market 
on Friday forenoon, and Cleveland warrants were 1d. 
under the close of Thursday. A small business, amount- 
ing to 2500 tons, was dealt in at 42s. 6d. fourteen days, 
423, 5d. seven days, and down to 42s. 44d. one month. 
Cleveland warrants continued flat, and were 14d. lower 
per ton in the afternoon, on the report of further sales of 
iron from America. There were no cash transactions, 
but business was done at 42s. 24d. twenty-one days, and 
at prices near hand. ‘The turnover, which amounted to 
3000 tons, included one lot at 423. 2d. two months cash, 
and 42s. 14d. threemonths. The settlement prices were: 
—b5ls. 9d., 42s. 44d., and 52s. 104d. per ton. Despite the 
unfavourable advices received from America, the market 
was firm on Monday morning. There were no cash deal- 
ings in Cleveland warrants, which rose 2d. to 24d. per 
ton. A small business of 1500 tons was dealt in at 
42s. 4d. one month, and 42s. 44d. eleven days. In the 
afternoon the tone was steady at 42s. 5d. cash one 
month, and 18 and 11 days for Cleveland warrants. 
The turnover amounted to 5000 tons, and included busi- 
ness at 42s. 4d. three months, the settlement prices being 
5ls. 9d., 42s. 44d., and 52s. 104d. per ton. The market 
was again steady on Tuesday morning, with a firming 
tendency towards the close. Only a small business, 
aggregating 2000 tons, was reported in respect of 

eveland warrants at 42s. 6d. 11 days, 42s. 64d. 17 days, 
and 42s. 5d. three months, with buyers over for the latter 
date. The upward movement which began at the earlier 
session was developed in theafternoon, when Cleveland iron 
recovered 14d. further to 42s. 74d. cash. There was, how- 
ever, no improvement as regards the volume of business, 
which continued small, the turnover being only 1000 tons. 
The settlement prices were:—5ls. 9d., 42s. 6d., and 
52s. 10$d. per ton. Cleveland warrants further im- 
proved this morning on ‘‘bear” covering. Cash iron 
was idle and nominally 2d. dearer at 42s. 9d. per 
ton, while 2000 tons were dealt in at 42s. 9d. six 
days, and up to 42s. 74d. one month, with buyers at 
42s. 84d. at the close. The tone continued firm in 
the afternoon, when from 3000 to 4000 tons changed 
hands at 42s. 104d. cash and 42s. 94d. one month. 
The quotations of makers’ iron No, 1 were the follow- 
ing :—Clyde, 57s.; Gartsherrie, 57s. 6d.; Summerlee and 
Calder, 58s.; Glengarnock, 57s.; Langloan, 68s.; Colt- 
ness, 66s.—the foregoing all shipped at Glasgow ; Shotts 
(ship: at Leith), 58s.; Carron (shipped at Grange- 
mouth), 583. 6d. per ton. There has m no improve- 
ment during the past week in the condition of the local 
iron market, which remains in a dull and lifeless state. 
The little business that was done was almost wholly con- 
fined to the trade ; and with continued realising by holders 
of warrants, combined with the report of further sales of 
iron from America, the tone was weak and irregular. 
Cleveland warrants dropped {to 42s. 24d. cash on Friday ; 
that represents a decline of 6d. on the week. As has 
been the case for some time past, a considerable propor- 
tion of the turnover pons eval pe three months’ iron, and 
Messrs. Jacks and Co. state that consumers are showing 
more inclination to make forward contracts. Stocks have 
been depleted to the extent of 1187 tons of Cleveland and 
45 tons of Cumberland hematite iron, whilst furnaces in 
blast number 86, as compared with 81 a year ago. 


Scotch Steel Trade.—There is comparatively. little to 
report in reference to the Scotch steel trade. The works 
in the Lanarkshire district still manage to keep them- 
selves fairly well employed, although inquiries for new 
work are not numerous. The plate mills are fairly busy, 
more especially those turning out light material. There 
has been for some time, and still is, a large demand for 
the thinner description of sheets. Much of this class of 
steel, after undergoing galvanising, is being exported to 
the East. There is no change in prices. A meeting of 
British forge-masters and steel-castings makers has been 
arranged to take place in Edinburgh, when, it is under- 
stood, the subject of chief consideration will be that of 
Continental competition and the means to be adopted to 
meet it. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has had something in the shape of a smart re- 
covery, 12/. 2s. Sd. to 12/. 5s. per ton being the figure 
quoted. Makers refuse to accept less than 12/. 5s. for 
prompt delivery, and it is said that business has been 
done at that price for October—March delivery. Buyers 
on the Continent do not seem dis to follow. The 
tendency is showing itself still further. 


West of Scotland Coal Trade.—There is no change to 
report in the state of trade, but the outputs, however, 
are unchanged. A meeting of the coal trade was held 
last week to consider the masters’ position on the Con- 
ciliation Board as at present constituted, in view of the 
feeling that the miners’ wages are out of proportion to 
the low prices ruling for coal. It is to be hoped that 
some arrangement will ultimately be arrived at to meet 
the present condition of trade, and thus insure a con- 
tinuance of this Board, which has hitherto proved so 





beneficial to masters and men alike. Prices f.o.b. Glas. 
gow may be quoted as follows :—EIl coal, 8s..to 93. 3d. 
(according to quality); splint, 8s. 3d. to 8s. 6d.; steam, 
8s. 9d.; main, 7s. 3d. to 7s. 6d. 


The Bridge-Building Trade at Motherwell.—The dis- 

ute that had arisen in the bridge-building trade in the 

otherwell district has been settled. The masters held 
a meeting last week, and they agreed to modify their 
terms on the wages question. The revised terms were 
communicated to the men, who held a meeting in the 
Co-Operative Hall, and, after much discussion, it was 
agreed to accept the terms. They seemed relieved that 
a strike had been averted. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel Trades.—The heavy branches of trade 
show no improvement, and the reports this week are 
more discouraging than ever. Even the businessmen who 
have been most hopeful admit that their expectations are 
not being realised, and that things are steadily going 
worse. Consumers are endeavouring to take advantage 
of the situation, and are pressing for easier terms. A 
similar condition of things rules in the steel trade. There 
are, however, inquiries for considerable weights of both 
Bessemer and Siemens qualities, but contracts are being 
held back pending the result of efforts to secure easier 
terms. Leading makers are very firm, and, alike in 
their own interest and that of trade generally, they will 
not concede even half a crown a ton where a line for 
hundreds of tons are involved. The crucible branch is 
quiet. Quotations for common qualities have reached a 
level almost as low as those at which steel from the Con- 
tinent is offered, and some trade is being won back. The 
foundry and engineering establishments are complaining 
of continued depression, and large numbers of men are 
going about seeking employment. Makers of light goods 
say they have not known a period when business was so 
quiet. 

South Yorkshire Coal Trade.—The coal trade, taking it 
all round, is described as more depressed than it has been 
known for years. In house coal, as was to be expected, 
there has m a more than usual falling off, and the 
Derbyshire coalowners are competing so keenly with 
those of South Yorkshire that lower prices will rule with 
the first of next month. Up to the present the demand 
for steam coal for shipment has not reached expectations ; 
and there has been no improvement in the tonnage going 
into the large works. Even with a restricted output 
there is difficulty in disposing of all the hard coal raised. 
Boiler and other common coal is plentiful. In the con- 
— for the next half-year easier terms are being con- 
ceded. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — bear 4 there was 
only a thin attendance on ’Change, and business was 
again quiet, though a slight upward movement in war- 
rants imparted a little life into affairs. Some traders 
were sanguine enough to express the hope that with the 
commencement of the second half of the year improve- 
ment will appear, as inquirieson autumn account are then 
likely to begin. Early in the day merchants offered 
No. 3 g.m.b. Cleveland pig iron rather freely at 42s, 9d. 
f.o.b. ; Lut towards the close they were not pressing sales 
at that price. No. 1 was put at 44s. 9d., and No. 4 
foundry at 42s. 6d. These were merchants’ prices. 
Makers asked higher rates, some of the best brands of 
No. 3 being quoted 43s. 6d., and even 44s. The lower 
qualities of Cleveland pig iron were reported to be more 
plentiful than they have boom for some considerable time 
past, and they were reduced in price. Grey forge was 
423. ; mottled, 41s. 6d.; and white, 41s. 3d. East Coast 
hematite pig-iron was also a little easier, though producers 
were most reluctant to admit a fall in quotations, Pur- 
chases could be made from second hands at 51s. 9d. for 
early delivery of mixed numbers; 52s. 3d. for No. 1; and 
49s. 6d. for No. 4 forge; but most of the makers asked 
3d. more than these prices. Spanish ore was weaker, 
but hardly quotably changed. Rubio (50 per cent.) was 
15s. ex-ship Tees sellers. Middlesbrough warrants 
opened at 42s. 54d.,.and advan by the close to 
42s. 7d. cash buyers. To-day sellers advanced quota- 
tions for foundry qualities of Cleveland pig. No. 1 was 

ut up to 45s.; No. 3 to 43s.; and No. 4 to 42s, 9d. 

iddlesbrough warrants further improved, and at the 
close stood at 42s. 10d. cash buyers. 


Manufactured Iron and Steel.—There is hardly anything 
new to learn about the manufactured iron and steel in- 
dustries. New orders are very scarce, and though market 
quotations are the same as have ruled for some little time, 
no doubt most firms would gladly make concessions if 
they thought that such a step would lead to busi- 
ness. Some makers in certain departments are prac- 
tically through the orders they have on hand. Common 
iron bars are 6/. 2s. 6d.; best bars, 6/. 12s. 6d. ; iron 
ship-plates, 6/. 7s. 6d.; iron ship-angles, 6/. 2s. 6d. ; 
steel ship-plates, 5/. 12s. 6d.; steel ship-angles, 5/. 5s.; 
steel boiler-plates, 7/.; steel joists, 5/. 5s.; steel sheets 
(singles), 77. 5s.; steel sheets (doubles), 77. 15s.; and heavy 
sections of steel rails, 47. 10s.—all less the customary 2} 
per cent. discount, except rails, which are net at works. 


Coal and Coke.—Manufacturing coal is quiet just now, 
and household coal is dull. There is a little better feelin 
so far as gas-coal is concerned, and a few contracts, both 
on home and foreign account, have been entered into. 
Good Darham gas.-coal may be quoted 7s. 104d. to 83. 3d. 
f.o.b. Unscreened Durham bunker coal ranges from 
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7s. 9d. to 8s. 6d. Coking coal is steady, and coke shows 
little change. The general quotation for average blast- 
furnace coke delivered here is 14s. 3d., but some sellers 
ask a little more. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Sales effected in the coal trade have been 
almost entirely for early shipment. Quotations have 
shown a drooping tendency. The best large steam 
has made 14s. 6d. to 15s. 3d. per ton, while secondary 
qualities have brought 14s. to 14s. 3d. per ton. The house- 
coal trade has been dull. The best ordinary descriptions 
have made 13s. 6d. to 14s. per ton, while secondary 

ualities have been quoted at 10s. 6d. to 13s. per ton. 

o. 3 Rhondda large has brought 14s. 6d. per. ton. 
Foundry coke has ranged from 17s. 6d. to 18s. 6d. per ton, 
and furnace ditto from 15s. to 16s. 6d. per ton. © As 
regards iron ore, Rubio has made 13s. 6d. per ton; 
Almeria, 13s. 6d. to 133. 9d. per ton; and Tafna, 14s. 6d. 
to 14s. 9d. per ton, charges including freight to Cardiff 
or Newport. 


The Swansea Valley.—Five furnaces have been in full 
operation at the Upper Forest and Landore, and the out- 
put at the bar mills attached to these works has been a 
fair average. The tinplate trade has continued in a satis- 
factory state ; and there has been an increase in the out- 
put of the collieries. 


Bristol Wagon and Carriage Works Company, Limited.— 
After placing 4000/. to the depreciation fund, and writing 
2000/. off wagons let on simple hire, the directors recom- 
mend a dividend of 4 per cent. and a bonus of 2 per cent. 
on the preference and ordinary share capital for the half- 
year ending March 31 last, a balance of 84551. being 
carried forward. 


The Telephone at Portsmouth.—The revenue of the 
Portsmouth municipal telephones in their first complete 
year of working amounted to 5982/. After providing for 
working expenses, interest, and sinking fund, a profit of 
1259. remained. 


Water Supply of Street.—New water works at Street, 
constructed at a cost of 26,000/., were opened on Satur- 
day. Thecost to the town, however, will be only 25,000/., 
as Mr. J. Clark bore the expense of the Act of Parlia- 
ment, amounting to 10002. The question of a water 
supply for Street has been under the consideration of the 
Street Urban District Council for many years. In May, 
1901, the council took the advice of Mr. A. P. L. Cotterell, 
C.E., of Bristol ; and in a full report he gave his opinion 
that in the end the best and cheapest source could be 
obtained from the Mendip hills.: In a further report he 
proposed that the council should acquire two springs and 
the surrounding land at Rodney Stoke, and carry the 
water thence in 9-in. cast-iron pipes across the moors to 
Street, with high-level and low-level reservoirs, pumping 
the water from the low-level to the high by means of wind 
or oil-engines. This scheme was approved by the council, 
and the necessary plans and ican were prepared. In 
June, 1902, an Act of Parliament was obtained, and in 
September of that year a tender was accepted for the 
supply of pipes from Aubrives, in France. The contract 
plans and specifications were then prepared for the con- 
struction of intake works at Rodney Stoke, for the lay- 
ing of about 9} miles of 9-in. main, and 11} miles of 5-in., 
4-1n., and 3-in. service mains, also for the construction of 
a low-level service reservoir with a capacity of 300,000 
gallons, and a_ high-level reservoir of 150,000 gallons. 
The tender of Messrs. Wright and Son, of Glastonbury, 
was accepted for the whole of this work, with the excep- 
tion of the high-level reservoir, a contract for which was 
let to Mr. F. Huish, of Street. 


Rhymney Iron Company, Limited.—At the Rhymney 
Merthyr pits a compound air-compressor is in course of 
erection to give the further power now required at these 
pits. Old wooden coal trams are being replaced by steel 
trams with improved wheels for economy in working ; 
100 of these steel trams have already been put to 
work, and a further 100 are now being supplied. 
In the last annual report reference was made to the 
proving of the lower 4-ft. seam in the New Duffryn 
pit. A trial heading in this seam has been driven 726 
yards, and the quality and thickness of .the coal 
are satisfactory. A pump has been fixed at the 
om bottom for dealing with any water which may 

> met with, and the pit has been fitted up for 
winding from the lower depth. A fair quantity 
of coal should shortly be worked from this seam. 
This will be a valuable acquisition to the company’s 
resources in providing a further considerable supply of 
good steam coal. The headings on the Ras Las vein in 
the Mardy pit are now within 286 yards of the east 
boundary of the company’s freehold, and a trial pit will 
shortly be sunk to prove the lower four-foot seam 
under this portion of the freehold. At Groesfaen the 
sinking of the new pit has been continued energetically. 
The Brithdir seam was — through at a depth of 
155 yards, and this pit has reached a total depth of 
190 yards. A new locomotive is at work on the siding 
hauling up the necessary materials, and also taking away 
the rubbish from the pit. The Penygarreg pit has reached 
a depth of about 40 yards. The foundations for a sinking 
engine have been completed, and the engine itself is in 
course of delivery. e walling stage, capstans, ventila- 
ting fans, and four Babcock and Wilcox boilers are on the 
ground, the boilers being in course of erection. The 
excavation of a tramway for conveying the rubbish up 
the hillside has been completed, the road is being laid 
with heavy rails, and a hauling-engine for this work is 

ing constructed. At new sinkings at Pengam a per- 


manent winding-engine and pithead frames, and also four | : ; 
j tained, This resylt is the more noteworthy, as the ex- 


Babcock and Wilcox boilers, have been completed. 
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MISCELLANEA. 


TuHosE of our readers who appreciate the importance of 
uw scientific education for boys will be interested to hear 
of the forthcoming opening, on June 29, of the Kelvin 
Science School, at Trent College, Derbyshire. The 
school has been thus named by the special permission 
of Lord Kelvin, who is one of the subscribers to the 
agg, Sheers The opening ceremony will be performed 

uglas Fox, late President of the Institution of 
Civil Engineers. 

Arrangements for the autumn meeting of the Iron and 
Steel Institute in the United States are now sufficiently 
advanced to permit of the Council issuing a provisional 
——— According to this members will arrive in 
New York on October 21, 22, or 23, according to the boat 
by which they travel. Headquarters have been secu 
at the Hotel Astor. The New York Reception Com- 
mittee, of which Mr. James A. Burden is chairman, and Dr. 
R. Moldenke secretary, have arranged for excursions to 
various places of interestin New Y ork for October 24 and 25, 
and the annual general meeting will be held on the even- 
ing of Monday, October 24, whilst on October 26 there 
will be two meetings of the Institute for the reading and 
discussion of papers. In the evening the Institute will 
entertain the reception committee to dinner. On Thurs- 
day, October 27, the party will proceed to Philadelphia, 
and will spend there the next day. On Saturday the 
Institute will proceed to Washington, where it will be 
received by President Roosevelt, and the members will 
spend in Washington the following day, proceeding to 
Pittsburgh on Monday, October 31, where it has been 
arranged to spend three days. On the following Friday 
the Institute will leave for Cleveland, p ing on the 
next day to Buffalo.’ Arrangements have further been 
made by which a limited number of members, as an 
alternative to the Cleveland trip, can visit the St. Louis 
Exhibition, proceeding afterwards to Chicago. 


On Saturday last a large number ot guests accepted 
the invitation of Messrs. Crompton and Co., Limited, 
Chelmsford, to be present at the fifteenth annual race- 
meeting of the Arc Works Club. The visitors were 
conducted round the works by Colonel Crompton, Mr. 
W. A. Price, and other gentlemen connected with the 
company, and were shown the various products of the 
firm in course of manufacture. The main shops, in 
which the larger generators, motors, &c., are built, are 
composed of eight bays under one roof, covering a floor 
area of 63,000 square feet. In onebay is situated the 
dag plant, consisting of two pairs of horizontal engines 

y Marshalls, driving continuous-current generators. 
The machinery throughout the works is driven by motors, 
and all the travelling cranes are motor-driven. Con- 
siderable interest was taken by the visitors in the opera- 
tion of a pair of machines which, we unders , were 
designed by Messrs. Crompton and Co: for ‘‘ forming” 
dynamo coils from copper strip. No solid former or tem- 
plate was used ; but the strip was pulled into the required 
shape, the coils being produced with great rapidity and 
absolute exactness. The lamp-shop, a separate building 
270 ft. by 160 ft., is used for the manufacture of arc 
lamps, motors, projectors, switch-gear, &c., and is driven 
by current from the general power plant. Adjoining this 
department is the instrument shop, in which are manu- 
factured the Crompton potentiometers, standard shunts 
and resistances, reflecting galvanometers, pyrometers, and 
other apparatus of this class.. The assembling and cali- 
bration of the moving-coil instruments was watched with 
interest, and it was explained that the manufacture of 
all such apparatus was carried out under a most rigid 
system of gauging, so that perfect interchangeability of 
parts was ensured. The instruments and shunts are both 
calibrated independently on a Crompton potentiometer, 
with the result that any instrument will read correctly 
with every shunt of the same rating. After leaving the 
shops, the guests were entertained to luncheon in the 
large — of the oo and subsequently 
driven to the sports ground, where they witnessed an 
excellent progran:me. 


The Administration Report of Indian Railways for 1903 
has been issued at Simla, from which it appears that rather 
more than a thousand miles of railways were opened during 
the year, bringing up the total length of lines in the 
dependency to 26,955 miles; and at the end of April last 
there were over 3000 miles of line under construction or 
sanctioned for commencement. The capital expenditure 
of the year on open lines was 11.65 crores of rupees, 
bringing up the total capital outlay to 3354 crores, repre- 
senting, at the os of 16d. per rupee, no less yw 
222,333, 333/. sterling ; but itis to be remembered that a 
great proportion of the capital was raised and expended 
when the ru was above or near the nominal 2s. 
standard. With an addition of 3.68 per cent. to the 
open mileage, the gross earnings ex ed those of the 
previous year by 6.15 per cent.; and as the additional 
cost of working was only 2.43 per cent., the net earnings 
exceeded those of 1902 by 9.72 per cent., the return on 
capital outlay rising from 4.92 to 5.52 per cent.; 210 
millions of ngers and 47.6 million tons of goods were 
carried, both totals showing a substantial increase on the 
previous figures. One element in the reduction of work- 
ing cost is the continued substitution of Indian for 
foreign coal for stoking purposes; in fact, less than 
18,000 tons of imported coal were used, as against 2.2 
million tons of the product of Indian mines. Wood fuel 
is still resorted to in some parts of the country, and the 
consumption for the year was close upon half a million 
tons. For the fourth year in succession the State was a 
substantial gainer by its capital outlay on railways and 
its guarantee contracts with companies, and the net 





surplus of 137? lakhs last year was the largest yet ob- 





penditure side includes the annuity payments for railways 
purchased by the State, both in respect to interest and 
the reduction of capital liability. Excluding this latter 
sum, technically charged against revenue through really 
a capital charge, the net gain to the State was 232 lakhs. 
To = the statement of Sir A. T. Arundel, the Public 
Works member of the Government, laid before the 
Supreme islative Council last March, “the large 
surpluses of the last four years-are full of encouragement 
for the construction of carefully-selected extensions and 
projects in the future.” : 





Tue Skerries LicnTHouse.—A contract for structural 
work eres in connection with alterations of the 
Skerries lighthouse has been placed by the Trinity House 
with Graham Morton and Co., Limited, Leeds. Included 
in the contract is a new circular-lantern floor, a circular 
service-room floor, one weight tube (fitted with a steel 
door) used for enclosing the vous for working the 
mechanism of the lantern; a light-room floor, and a 
number of large tanks, which are to be suspended from 
the lantern floors. The whole of the steel work is to be 
of the best English manufacture, and it will be inspected 
before being forwarded to the Trinity depét at Holyhead. 





Compound PumPINnG-ENGINES AT THE HaMBuRG WATER- 
Works: Errata.—In connection with the article on 
Borsig’s Works in Germany in our issue of April 15 last 
(page 525 ante), we gave on page 538 a perspective view 
of two sets of compound pumping-engines, built in 1899 
by the firm for the Hamburg Water Works ; but in the 
article we described a newer set of engines of the same 
iype with several improvements in .detail by Mr. 

réder, of the Hamburg Water Works. We are asked 
to make this explanation, and to state that all three 
engines were erected under Mr. Schrider’s supervision, 
according to his design.and detailed drawings, and in 
conformity with his specification. 





Tur Navat Pocket-Boox.—Sir W. Laird Clowes’s 
pocket-book, issued at 7s. 6d. net, by Messrs. W. Thacker 
and Co., 2, Creed-lane, London, E.C., is of very conve- 
nient size, and is popular, especially with those who 
cannot afford Brassey's Annual, with its more compre- 
hensive scheme and its articles by experts, or who wish 
to have the main facts within small compass. » The lists 
of ships of all the Powers is more intelligibly arranged 
in the pocket-book. Instead of. being in alphabetical 
order, as in Brassey’s Annual, the ships are grou in 
classes, and arranged in order from the most modern and 
best downwards, so that it is easy to see at a glance the 
number of units in any class. An index gives all ships’ 
names in alphabetical order. There do not seem to 
included this year data of results of all vessels tried 
during the year. In fact, in most cases only the legend 
speed is given; thus, the Drake is given as a 23-knot 
ship, whereas she attained a mean of 24 knots, and so 
with other vessels. The sectional drawings have the 
defects to which we referred in connection with Brassey’s 
Annual, only some are shown to have screw-propellers. 
The book includes a list of graving-docks, gun ballistics, 
tables for converting metric to English measures, and 
other similar data of use to all interested in naval affairs. 
In connection .with subsidised merchant steamers, the 
horse-power of the new Cunarders is given (page 92) at 
75,000, and the coal consumption at 46 tons per hour. This 
latter seems a sanguine result for the power. . One does 
not look for classical English in such books,- but this 
phrase is odd—‘‘ These vessels were purchased from Chili 
in December, 1903, having not .then, left England” 
(page 37). But withal the book is a handy and service- 
able work of reference. 





Tue NATIONAL WaTER-Supp_y.—On Friday, the 10th 
inst., at the annual conference at Hull of the British Asso- 
ciation of Waterworks Engineers, Mr. R. E. Middleton, 
C.E., read a r on ‘*The Administration and Control 
of the Nation’s Water-Supply.” He observed that a sugges- 
tion that water-boards responsible to a central authority, 
having jurisdiction over the large drainage areas, should 
be constituted was nothing new. » It was not the fault of 
the existing authorities that they were unable to treat an 
of the questions under consideration to the best ad- 
vantage, hampered as they were by purely arbitrary, and 
frequently by most complicated, divisions of land; and it 
was believed that they would welcome a system of adjust- 
ment which would tend to simplicity and economy. There 
appea: to be considerable dissatisfaction with the 
existing law in respect of underground water, and Parlia- 
ment had in several recent Acts practically over-ridden 
the common law as it stood, with effects which he con- 
sidered were not in all respects beneficial. The same or 
a similar —- appued, if anything in a ter 
degree, to authorities and companies which sank wells and 
drew water from them for the supply of a community, 
whether sold at a profit or otherwise. In such cases it 
was’ reasonable that the owners of existing wells or 
springs which were depleted by such works should be 
compensated. On the other hand, it was not reasonable 
that such owners should claim to be supplied with water 
free of expense to themselves—that was, at the cost of the 
authority or company—for the water they previously 
obtained from their wells involved some expense in 
machinery and pumping, and was more liable to con- 
tamination than a public supply. An authority having 
jurisdiction over the whole drainage area being equally 
interested in every part of its area, and having power to 
keep efficient records of rainfall, gaugings of streams and 
rivers, levels of water in wells, &c., would be far better 
qualified to deal with such questions than any existing 





authority having merely local jurisdiction and interests, 
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NOTICES OF MEETINGS. 

Puysicat Society oF Lonpon.—Friday, June 24, at 5 p.m., at 
the Royal Me of Science, Exhibition-road, South Kensington. 
1. “Chemical Dissociation and Electrical Conductivity,” by Mr. 
A. E. Garrett and Dr. RS. Willows. 2. ‘‘The Magnetisation of 
Iron in Bulk,” by Dr. W. M. Thornton. 

Society oF ENGINEERS.—Wednesday, June 29, visit to Messrs. 
Martin, Earle, and Co.’s Portland cement works at Wickham, 
Rochester, to inspect the manufacture and testing of cement 
made by the ordinary method and by the new rotary kiln 
system. Train leaves Victoria at 9.30 a.m. 
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A MINISTRY OF COMMERCE AND 
INDUSTRY. 

Fo.ttowrne upon the brief announcement made 
last week, that a Departmental Committee had 
recommended the abolition of the Board of Trade 
and the creation of a new Minister of State for 
Commerce and Industry, there has been an in- 
teresting discussion in the House of Commons on 
the subject. But this debate, it must be confessed, 
has not added to our information regarding the 
extent of the proposed change, or offered much sug- 
gestion as to the linés upon which an effective 
trade department should be organised. The De- 
partmental Committee which made the suggestion 
confined itself to the question of the status and 
duties of the chief of the Board of Trade, the raison 
d’étre for the investigation being his relationship to 
labour rather than to commerce. By the terms of 
their reference they may have been justified in thus 
narrowing the issue ; but the time has come when 
a thorough investigation would be welcomed, as it 
could materially assist towards the reforms urgently 
required. It has been urged in excuse that such 
wider inquiry would have delayed the issue of the 
report ; but when it is remembered that the pre- 
sent constitution of the Board of Trade has lasted 
through many generations, and that, while assist- 
ing industry in some directions, it has undoubtedly 
handicapped it in others, even a year’s delay would 
have been amply justified by the evolution of anew 
constitution, which would continue the advantageous 
service while eliminating those features that have 
been inimical to industrial progress. 

The main suggestion of the Committee was that 
the chief of the department should have a salary 
of 50001. a year instead of 2000/., and that there 
should be a Minister of Commerce and Industry, 
instead of a Board, which has been obsolete for 
several generations, because not representative of 
comimerce or industry in any true sense. The 
question of salary is, perhaps, of greater signitfi- 
cance than might at first sight appear. No one 
presumes that the high officers of State are in- 
fluenced in their acceptance or rejection of an 
invitation to fill such important posts by the 


7 | emoluments associated with the office ; but, unfor- 


tunately, the amount of the salary is frequently a 
measure of the relative status of the office. At the 
same time there have been instances—notably in 
the case of the ex-Colonial Secretary—where the 
digr.iiy of an office has been enormously enhanced 
by the exhibition of a high ideal of the imperial 


99 | importance of the duties. In the case quoted the 


whole conception of the relationship between the 
Mother Country and the Colonies was raised to 
a higher plane ; but it is doubtful if there is 
opportunity for the same advance in status of 
the chief of the Board of Trade, where the work 


is more administrative than creative: Moreover, 
the higher standing suggested by the Committee 
removes the idea at present entertained that 
the Presidency of the Board of Trade is a stepping- 
stone to higher things. The United Kingdom 
ranks essentially as a commercial country. We 
are proud of Napoleon’s sarcasm that we are a 
nation of shopkeepers; and it has long been a 
subject of reproach that. the Government depart- 


8} ment. on: which the industrial greatness of the 


nation depends is’ regarded as a secondary post. 


o| No statesman having occupied’ one of the higher 


State appointments cared to return to the Board 
of Trade ; and if the increase in salary and the 
elevation of the chief to the position of a Secretary 
of State removes this disability, and establishes 
the post on an equal footing with the best, some 
gain will result. 

The value of the debate in the House of Com- 
mons was largely nullified by the introduction of 
the oft-discussed question whether the President 
of the Board of Trade should be a purely com- 
mercial man. . There is much to be said on both 
sides of the question, but the most suitable 
managing-director, general manager, or chief officer, 
even in an industrial department, is the man of 
affairs who can sufficiently detach himself from 
bias and from the study of details as to wisely 
discriminate between two sets of conditions, so that 
the issue will be satisfactory to all concerned. No 
doubt commercial training of an ideal nature will 
produce the master mind, but there is ever the 
danger that early associations will predominate and 
give that bias which will, even unconsciously, assert 
itself. Thus the managing-director of a naval con- 
struction firm, who has passed through all the 
grades, say, of marine engineering, may be disposed 
to lean towards engineering interests rather than 
naval architecture ; and so with a great combination 
where two or three departments of industry have 
become associated. If, then, an expert in railways, 
or in shipping, or in textile industries, were 
ultimately to find his way to the Ministry of 
Commerce and Industry,; it is just possible that 
his expert knowledge would make him more an auto- 
crat and less a discriminating agent. The best de- 
finitions of the requirements of the case were: those 
enunciated. by Professor. Bryce, the member for 
Aberdeen, who: has held the position of the Pre- 
sident of the Board of Trade. He said it was to 
some extent a scientific department, and the 
scientific man would have an advantage there; 
secondly, and to. a far greater extent, it was a 
legal department ; and, thirdly, it was an economic 
department, where one needed to know something 
about other countries besides one’s own, and to 
have studied economic questions. What, therefore, 
is demanded is a first-class thinking machine, with 
a well-balanced judgment, having a knowledge of 
the world and all the affairs of the world. It should 
not be assumed that a commercially trained man 
cannot possess these ; and it was especially unfor- 
tunate for Mr. Gerald Balfour, the present occu- 
pant of the office, that he should suggest that if a 
commercial ‘man was found: for ‘the position of 
chief of the Board of Trade, he would either bea 
man retired from business, or from whom business 
had retired, since the Parliamentary Secretary of 
the Board of Trade—Mr. Andrew Bonar Law—is a 
commercially-trained man, and is probably one of 
the most successful administrative authorities. that 
the Board of Trade has had for many years. 

But a change in the status of the chief will not 
of itself suffice. There must be a radical reform 
in the internal organisation ;. and since extreme 
views have so frequently been expressed as to the 
nature of the reconstruction desired, a com- 
mittee should be appointed to evolve a sound and 
sensible scheme. There has been in the past too 
much interference with commerce and industry 
under the pretence that it was necessary for the 
safeguarding of the interests of the people. While 
this latter must ever be dominant, there is an in- 
termediate course or compromise,. whereby the 
same result may be attained without unduly handi- 
capping manufacturers. We. have only recently 
reviewed the attitude of the marine department of 
the Board of Trade in an important dispute con- 
nected with steam-condensers for turbine-driven 
vessels, and the danger of the situation is now further 
reflected by the statement that, following upon the 
adverse decision of the Court of Survey, it is pro- 
posed to enforce a new set of regulations as to tests 
connected with marine machinery. These the 





Board of Trade have power to enact without any 
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preliminary discussion or consultation with any 
manufacturers’ organisation, and it is quite easy to 
understand that, with the best intentions in the 
world, injury may be done to. industrial interests. 
We are not greatly enamoured of administration by 
committee, but in such an important question the 
chief of the commercial department of the nation 
would certainly be well advised to be sure that he 
was in possession of the views of representative 
manufacturers as well as of the engineering experts 
of the department. Other similar cases affecting 
the railway and electrical industries might be 
quoted. Where important departures are pro- 
jected by the department, the organisation should | 
make it possible for the chief to have the advice of | 
outside authorities in touch with engineering 
practice, with its continuous developments. 

The very delicate and important nature of the 
duties that may be laid on the Board of Trade was 
shown by the attitude in the House of one or two 
of the members from agricultural districts. These 
raised the question of the cheaper carriage to 
London of agricultural produce from Scandinavia 
and other foreign countries, as compared with that 
brought from the home counties. It was urged 
that the Board of Trade ought to interfere in the 
interests of the home producer, and insist upon fair 
play, at the very least. This view appeals to the 
public, for, in spite of all that has been put for- 
ward by the companies as to the inability of the 
British farmer to adapt his methods to modern re- 
quirements, and to send his goods in wholesale 
quantities, it has been proved that the railways treat 
the native grower far worse than his Continental 
rival. The latter, however, has the possibility of 
sea carriage from his own coast right up to London, 
and if railway rates were put against him, he could 
use it, with the result that the railway shareholders 
would suffer without helping the farmer. The 
Board of Trade can only act with safety in such a 
matter when it knows all the facts, and often a 
knowledge of the facts shows that action is im- 
possible. 

In this connection one cannot help supporting 
the plea that Chambers of Commerce have not 
always fulfilled their function in an ideal way. 
They lack in some cases the truly representative 
character ; and if in the reorganisation of the de- 

rtment it were found possible to bring these 
te associations, with their potentialities for the 
distribution of information and the organisation of 
local trade, into direct relationship with the Board 
of Trade, much good would result. 

Such local associations under the Government 





officers on their reports—notably in the direction 
of accuracy—but one hint, timeously given, of a 
possible market is worth pages and columns of 
statistical data as to the course of trade a year or 
eighteen months ago. The appointment of com- 
mercial attachés for some of the principal countries 
has had good effects, and their reports have been 
useful ; but the areas over which such attachés are 
expected to exercise close commercial supervision 
are too extensive. While they ought to be con- 
tinued, similar duty might very well be discharged 
by every consul in his respective district. As to 
how the immediate requirements of a foreign 
district are to be communicated to the manu- 
facturer it is always difficult to say; but such 
hints might well be conveyed to individual manu- 
facturers through the medium of the reformed 
Chambers of Commerce. In view of this, we wel- 
come the suggestion that consular officers should 
have some training, either at the Board of Trade 
or in some other way, before their appointment to 
any district, as by this means they may become 
alive not only to the importance of trade to this 
country, but to the dignity which must ever be 
associated with that commerce and industry upon 
which the greatness of our Empire depends. 








RESERVOIR EMBANKMENTS. 

One of the most difficult problems which the 
water-works engineer has to face has reference to 
the nature of the strata under the site for an em- 
bankment impounding the water of a stream or 
river. The principal method of arriving at any 
definite idea of the nature of the ground is by 
sinking bore-holes. To be thoroughly reliable these 
should be driven very closely together ; but the 
cost then becomes almost prohibitive. In the end, 
too, it may be found that the data obtained from 
the bore-holes do not convey an accurate idea as 
to whether the substrata are impervious to water. 
Sometimes the drill may pass through a large 
pocket of good clay sufficiently deep to satisfy the 
engineer’s requirements, but experience may dis- 
cover that it is very narrow. At other times the 
bore-drill may come upon a huge boulder, giving 
the idea of rock, and many engineers are tempted 
to cease experimental work on such promising evi- 
dence. Even where extensive rock is discovered, 
the true state of the case may not be revealed by 
the bore-holes. This was the case at the Craigmaddie 
reservoir of the Glasgow Corporation water works. 
There rock existed practically throughout the whole 
site of the long embankment enclosing the reser- 





would be particularly useful in connection with 
such reorganisation of the Consular Corps as is 
urgently required. This is a point which was 
raised in debate because the Committee had con- 
sidered the question as to whether our Consuls 
abroad could be transferred from the control of 
the Foreign Office to that of the new Department 
of Commerce and Industry. The Committee, how- 
ever, did not see their way to recommend the 
change, in respect that a large part of consulate 
work is associated more with diplomacy than 
with trade ; but they recommended that, in future, 
communications in connection with commerce 





should pass directly between the departinent and 
the consular officers, instead of passing through 
the Foreign Office. This will be advantageous ; | 
but, apart from this, there is a great need for | 
amended instructions to the Consuls in connection | 
with their ideas of trede propaganda. It is true | 


voir ; but when excavation was carried down into 
the rock, numerous fissures were discovered which 


| necessitated a puddle wall being formed in a 


narrow trench cut in the rock to a depth in some 
places of 150 ft. 

Many cases of disappointment Have occurred 
under equally promising conditions, and one of 
the most striking of recent instances is that at the 
reservoir for the supply of a large area of Lanark- 
shire. The scheme promoted by the County Council 
was authorised by Parliament in the session of 
1892, and was for the impounding of the water of 
a stream called Glengavel, a tributary of the Avon 
and Clyde. The idea was that 24 million gallons of 
water per day would be obtained from the Glengavel, 
in addition to the compensation water for the main- 
tenance of the stream, amounting to14 million gallons 
per day. The embankment for the reservoir was 
to be made of a width and of a length and height 


that trade cannot be fostered to any material extent | sufficient to store 165 days’ supply for the district. 
by Government aid ; manufacturers must depend, | In addition, filters and clear-water tanks were to 
in the first instance, not only on their own initia-| be constructed at Glassford. Several service reser- 


tive enterprise, but on continuous efforts to conform | 
to the ideas of clients, alike in the conception of | 
the needs and in the method of fulfilling them, and | 
particularly in showing that consideration for a | 
client which includes the communicating with him | 
in a language which will te appreciated, and by | 
showing due deference to even his little peculiarities | 
in reference to non-essentia. matters.. We have, | 
it is true, improved in this respect, and many of 

our firms now recognise that the purchaser is en- 

titled to have his own ideas embodied in the goods | 
for which he is to pay ; but more may still be done. | 
While we think that the best course to pursue is for | 
large firms to send out agents of their own, much | 
help can be given by the consular officers, especi- | 
ally where the volume of possible trade may not | 
justify the expenses of a special agent by one firm, | 
or by a combination of firms. No one will question | 
the extreme care which is bestowed by the consular | 


voirs were also to be arranged at various points in 
the extensive area of supply, with the necessary 
pipe connections. The construction of the works 
was entered upon in the spring of 1893, imme- 
diately following the Parliamentary authorisation ; 
and the general scheme anticipated the construc- 
tion later of a second reservoir by the formation of 
a second dam, one mile further up the Glen than 
that to which we have referred. The contract sum 
for the reservoir was 57,0451. The expectation was 
that on the east side there would be red sandstone 
rock, to give a foundation at a short depth below 
the surface, while on the west side this rock would 
continue, although sloping rapidly towards the 
west, with a thick layer of drift overlying it. Bores 
were put down, and seemed to justify the expecta- 
tion that the work would go on quite satisfactorily ; 
but difficulties were very soon met with, and the 
story of these is to’d in one of the ‘‘selected papers” 


of the Institution of Civil Engineers, by Mr. 
W. A. P. Tait, B.Sc., who, as a partner since 
1894 of Messrs. J. and A. Leslie and Reid, of 
Edinburgh, the engineers: of the undertaking, 
was associated with the overcoming of the difti- 
culties. 

The first part of the work carried out was the 
construction of a culvert to pass the compensation 
water and flood water; and for this a concrete 
pillar was erected over the site of the usual puddle 
trench, feathers being formed on the sides to bond’ 
the concrete into the clay. The excavation of the 
puddle trench on each side of this culvert was next 
proceeded with, and no trouble was experienced in 
getting the foundation on the east side, where 
sandstone rock was known to exist; while for 
250ft. west of theculvert work proceeded in the usual 
way. But here the rock dipped towards the west 
at a slope of about 1 in 3, and in view of this 
bore-holes and two trial pits were sunk. While this 
was in progress there was, in August, «1895, a very 
severe rain flood, the trench and the beds being 
completely filled with water. The water was soon 
pumped away. Later, however, after another heavy 
rainfall, it was found that, although pumping was 
not resorted to, the water never overflowed, and 
gradually escaped. This proved that the subsoil 
was far from being impervious, and work was 
consequently discontinued. -Mr. G. H. Hill, of 
Manchester, and Mr. William Crouch, of Glasgow, 
were desired to make an investigation of the whole 
of the circumstances, and they came to the con- 
clusion that there would be a decided risk in con- 
structing a reservoir, such as that proposed, for 
several reasons, but mainly because the material 
above the rock, at the point in question, consisted 
of gravel, sandy clay, silt, mud, &c., and that the 
water in the trial shafts had never overflowed in 
wet weather, and, on the cessation of rain, had 
fallen slowly to a certain level at which it had re- 
mained. The retention of any large quantity of 
water in the reservoir could not therefore be enter- 
tained without a long and gradual series of tests, 
which could only be made after the completion of 
the proposed second reservoir a mile further up the 
Glen. They did not, however, anticipate any 
serious difficulty in the construction of this second 
reservoir, as rock—which they had every reason 
to suspect was of a close character—was met with 
throughout the site for the embankment. 

The construction of this second reservoir was 
therefore decided upon, but at this point there 
arose difficulties of a financial character. The 
promoters of the scheme were the Middle Ward 
District Board of the County Council of Lanark- 
shire, created under the Local Government Act of 
1889, and they superseded some nine independent 
water district boards, three of which had no 
independent works, while the others were seriously 
hampered in their operations by the fact that the 
rating power was limited to 2s. 6d. in the pound. 
The areas, too, were very irregular in plan, and were 
not at all conducive to economy in water-distribu- 
tion. When the new District Board came into 
office, they secured power to levy a public water 
rate upon all lands and _ heritages within the 
district, not exceeding 3d. in the pound, in 
addition to the domestic supply rate of 11d. in 
the pound, payable one-half by owners and one- 
half by tenants. But as the Board, under the 
original Act of 1892, could not levy the domestic 
rate until the completion of the upper reservoir, 
they were limited to the revenue from the public 
rate of 3d. in the pound. Delay thus created a 
serious financial situation, and an effort was made 
to augment the supply from the Glengavel source 
as soon as possible. 

The engineers proposed that a pipe should be 
laid right up to the site of the upper reservoir, in 
order to tap the water in the extensive gravel bed 
in the vicinity, at the same time utilising the dam, 
so far as-it was constructed, for the storage of 
compensation water. The dam under these condi- 
tions enabled a depth of 28 ft. to be maintained 
with a capacity of 70 million gallons, ora little over 
40 days’ supply of compensation water to the 
stream. The regulation of the supply, it was 
decided, should be by a balanced Stoney sluice at 
the mouth of the outlet culvert of concrete, already 
referred to ; this sluice was installed in the autumn 
of 1898, and has given satisfactory results since. 
At the same time the supply-pipe was carried 
to the gravel bed above the proposed dam for 
the upper reservoir, its depth being 30 ft. 





below the surface. This pipe, which was of 27 in. 
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diameter, terminated in a shaft, from which there 
radiated several 7-in. pipes as feeders, while at two 
or three points down the valley there were junc- 
tions made, with smaller branches to adjacent 
burns or streams, which also contributed towards 
the flow in the supply pipe. This pipe was carried 
under the embankment to the measuring-house, 
built in anticipation of the completion of the No. 1 
reservoir, and thence passed to the filters and 
clear-water tanks to which we have referred. The 
result of the construction of the pipe and _ its 
feeders has been to give a supply of 1} million 
gallons per day, the compensation water being 
maintained from the surface flow into the reservoir 
formed by the uncompleted dam. This, it will be 
noted, is only half of the public supply anticipated 
by the construction of the reservoirs; but it has 
been maintained quite satisfactorily for a year or two. 
Under the Act of 1896, another reservoir on Logan 
Burn was constructed, and in view of the difficulty 
at Glengavel, the embankment in this case was 
increased in height and width to enlarge the 
storage capacity from 150 to 185 million gallons. 
A supply pipe was taken from this reservoir to 
the filters and distribution system in connection 
with the Glengavel supply. In an Act passed in 
1899, the Board got power to levy the domestic 
rate, although the upper reservoir at Glengavel had 
not been made, as by that time the available yield 
of the partly -completed works there had been 
satisfactorily proved. 








THE ROYAL SOCIETY SOIREE. 

On Wednesday evening last the annual ladies’ 
soirée of the Royal Society was held at Burlington 
House. The exhibits were considerably less 
numerous than at the soirée last month, and many 
of them were identical with those shown on that 
occasion and described in our issue of May 20 (see 
page 701 ante). We give below a short account of 
some of the exhibits not previously shown, though, 
as usual, there were many others which deal with 
matters outside the scope of this paper. 

Mr. W. Duddell exhibited a thermo-galvano- 
meter for measuring extremely small alternating 
currents. A narrow loop of very fine wire carry- 
ing a mirror was suspended by a quartz fibre in a 
strong magnetic field, somewhat as in the Duddell 
oscillograph, but in the present instrument the 
ends of the loop were closed by a minute thermo- 
couple. Immediately beneath the couple was 
stretched a fine wire, forming part of the circuit 
carrying the current to be measured. This wire 
became heated by the current, and affected the 
thermopile, thus producing a continuous current 
in the closed loop and causing it to rotate in the 
magnetic field. A beam of light from the mirror 
was thus caused to move along a scale graduated 
in micro-amperes. Telephonic currents were easily 
measured in this way, and currents generated in 
the aerial of a wireless telegraph apparatus, by a 
transmitting plant in another room, were also 
measured. For the latter purpose the aerial was 
syntonised by altering the inductance in circuit, 
and it was noticeable how slight a dissonance would 
prevent the reception of signals. The sensibility 
of the instrument was so great that a few micro- 
amperes of either alternating or direct current were 
measurable, the deflections being proportional to 
the mean square value of the current. 

In the Council-room, Mr. Killingworth Hedges 
showed a number of photographs and drawings pre- 
“= in connection with the work of the Lightning 

esearch Committee. Many of the buildings illus- 

trated had been badly damaged by the stroke, not- 
withstanding the presence of lightning-conductors. 
In one case the tower of a church had been partially 
destroyed, while the flagstaff surmounting it had 
escaped injury. 
_ An experiment was shown by Mr. H. Knapman, 
in the principal library, illustrating the formation 
of harmonic undertones. If a vibrating tuning- 
fork is held lightly against a piece of stiff paper, it 
may strike the paper only at every alternate vibra- 
tion, in which case the paper gives a note one 
octave lower than the pitch of the fork. Similarly, 
contact at every third, fourth, &c., vibration of the 
fork will cause the paper to give the rest of the 
series of lower’ harmonics. In the experiment 
shown, the paper formed a reed, fixed in a diaph- 
ragm across the base of a trumpet, which rendered 
the various notes audible to several listeners. 

Mr. Francis Sheridan exhibited: a printing 
process, to which the name Physiotype has been 


given. The details of the process were not made 
public, so that we can only describe the modus 
operandi and the results obtained. The subject to 
be reproduced was pressed for a moment on a piece 
of white paper, which was then covered with a 
dark powder. When the powder was brushed off, 
a clear dark permanent print of the object remained 
on the paper. Finger-prints, veins of leaves, and 
other designs were reproduced perfect in every 
detail, the whole operation taking only a few 
seconds. 

A new automatic vacuum pump was exhibited by 
Mr. C. E. S. Phillips, consisting of a modified 
Toepler pump, in which the cycle of operations was 
controlled electrically. When the mercury arrived 
at certain levels, it completed electric circuits 
through contacts fused in the glass walls, thus ener- 
gising solenoids which operated a slide-valve con- 
necting the lower chamber of the Toepler pump 
either with the atmosphere or with an ordinary 
mechanical air-pump driven bya motor. The appa- 
ratus will reduce the pressure in a vessel of 200 c.c. 
capacity from atmospheric pressure to 0.002 milli- 
metre in a quarter-of-an-hour. 

Two exhibits were shown by Mr. R. Inwards. 
One was a model illustrating the probable arrange- 
ment, according to Dr. Flinders Petrie, of the 
— door concealing the entrance to the Great 

yramid. It is supposed that the quotation from 
Strabo, ‘‘ A stone that may be taken out, and which, 
being raised up, there is a sloping passage,” refers 
to such an arrangement. The second model 
was of an ellipsograph capable of drawing any 
ellipse within the range of the instrument, 
between the limiting cases of a straight line and 
circle. A rotating crank was fixed in the centre of 
board, the crank-pin being attached to a link, 
the ends of which were guided in slots, which were 
situated at right angles, and, being continued, 
would have intersected at the centre of the shaft. 
The motion is fundamentally the same as the Scott- 
Russell parallel motion, and it will be seen that 
an adjustable tracing-point fixed on the link will 
travel in various ellipses according to its position. 

In the Archives-room Mrs. Ayrton showed appa- 
ratus illustrating the origin and growth of ripple 
marks on the sea-shore. A number of long rect- 
angular glass troughs containing a layer of sand 
covered with water were arranged on horizontal 
rollers, and kept slowly oscillating by means of 
motors driving through eccentrics. The motion of the 
troughs caused the water to surge backward and for- 
ward, and in so doing to form ripplesin the sand. A 
ridge is first formed where the horizontal velocity 
of the water is greatest, and others shortly form in 
pairs on either side until the whole surface is covered. 
The actual process of formation, and the sweeping- 
up of the ripple sides by vortices in the water were 
made evident by means of pepper in suspension. 
Pairs of ripples sometimes approached one another 
until they coalesced and finally formed a heap of 
sand covered with lesser ripples at positions of the 
greatest horizontal velocity of the water. In 
another tank it was shown that a steady current of 
water was powerless to form ripples, and would 
even obliterate them after they had been produced 
by some disturbing cause. 

Sir W. de W. Abney’s colour photographs, 
shown by spectrum colours, were mentioned in our 
remarks on the first soirée of this year. He had 
this time a better position for displaying his results 
to advantage. 

The me a camera with free swinging lens 
of Dr. W. M. Flinders Petrie, F.R.S., which he 
finds very convenient for his archeological work and 
for photographing in museums, keeps the plate 
fixed parallel to the plane of the object and swings 
the lens. With a stop of f/100 the image is 
sharp over the whole plate at angles up to 45 deg. 
skew, and objects seen askew in poor light may 
be brought to focus with full aperture by increased 
skew of the plate. One clamp fixes the base- 
slides and the other slides, so that the manipula- 
tion is simple. The plate-box is fixed to the top 
of the tripod, the ground-glass slides back into a 
bag, and the bellows are held by steel wire spirals 
which permit of free motion. 

Dr. Tempest Anderson showed photographs, very 
fine enlargements of quarter-plate negatives, which 
he took this April on Stromboli and the Lipari 
Islarids. Several of the craters have noticeably 
changed since 1888, when he first visited this vol- 
canic region ; and he was fortunate to secure good 
photographs of explosions from the Stromboli crater. 








The magnetic balance of Mr. W. Hibbert enables 





the student to determine the strength of a pole in 
C.G.S. units in a few minutes. It is a very simple 
instrument, and independent of the terrestrial field. 
A beam of magnetised steel rod, 27 centimetres in 
length, is suspended on needle points. In the 
same vertical plane is placed, on a graduated ver- 
tical stand, the bar-magnet to be tested, so that 
it repels the magnet. The repelling force is 
balanced by pushing a small aluminium circle over 
the beam. There are also coils for the approximate 
measurement of electric currents. In another 
rougher form of the instrument the magnet-beam is 
held in a cradle. 

Sir J. Norman Lockyer, F.R.S., had further 
solar photographs on view, taken in the K-light 
with the spectro-heliograph of the Solar Physics 
Observatory. The work is now so well in hand 
that during the few minutes’ sunshine of a few days 
ago good photographs were obtained; June 16 
gave excellent results. The limb gets an exposure 
of, say, 9 minutes, the disc of from 20 to 30 seconds. 
One prominence reached an altitude of 3 minutes 
of arc. One of the photographs showed the streaks 
of the clouds ; yet some detail could be distinguished. 
The other exhibits were referred to last time. 

Dr. G. J. Burch, F.R.S., brought again his 
cylindrical telescope for the rotation of images ; 
this attracted much attention. 

Dr. L. N. G. Filon showed expériments demon- 
strating the effect of internal stresses in glass upon 
light of different wave-lengths. A block of glass— 
Zeiss glass, very rich in lead, with densities up to 
5.8, having especially been studied—is compressed 
by a weight of 10 kilogrammes attached to a long 
lever, and the polarised light passing through it is 
examined with the aid of a spectroscope. An ab- 
sorption band will be noticed ; when the pressure 
is taken off, the whole spectrum appears a little 
brighter, showing that absorption is not altogether 
confined to that particular portion, and the band 
travels towards the red. Dr. Filon is studying the 
influence of chemical composition and the variation 
of the wave-length of relative retardation for unit 
thickness with the aid of a grant from the Royal 
Society. 

The cilioscribe of Dr. W. E. Dixon and Mr. O. 
Inchley is a machine for recording the movements 
of cilia—the ciliated» mucous membrane from a 
frog’s pharynx. The cilia are wrapped round a 
vertical silver spindle, and turn it for several hours 
after death; the movements are recorded on a 
blackened horizontal disc attached to the spindle, 
on which a style describes a spiral marking the 
seconds. The apparatus is designed to study the 
effect of physical conditions and of chemicals upon 
the cilia. 

The cilioscribe had been located near the trans- 
mitting station of Mr. W. Duddell’s signalling 
apparatus described above, and it was curious to 
note that the membrane was strongly affected by 
the Hertzian waves, and behaved in an erratic 
manner when signalling was in progress. 

The kammatograph of Mrs. Dunkenfield and Mr. 
H. Scott is a kinematograph devised for watching the 
movements of living plants as they bud and grow— 
as the flowers close in the evening, open in the 
light, &c. The experiments are sometimes con- 
tinued for weeks. The interesting specimens on 
view were sensitive plants, maurandia (showing 
the twining of a leaf stalk), and sparmannia 
africana (movements of stamens and petals). 

Professor A. Schuster, F.R.S., of Owens College, 
and Dr. G. Hemsalech, demonstrated the separation 
of oscillating electric discharges in a very instructive 
way. The real electrodes are two platinum wires, 
2 millimetres apart ; to these are joined two sharp- 
edged metallic plates, forming a gap which opens 
out below; an air current is blown down this 
spark-gap. The original spark passes at the top ; 
this layer of air becomes thereby conductive, but 
the blast carries the layer down a little lower, so 
that the return wave of.the spark is seen a little 
below the first wave. In this manner we obtain many 
bands of light underneath one another, instead 
of many undistinguishable superposed oscillations. 
The greater the self-induction of the discharge cir- 
cuit, the further the bands will be separated. 
When a zinc cylinder is lowered into the core of a 
large coil, the frequency of the oscillations is in- 
creased ; when an iron cylinder is put in, the 
oscillations die down ; but when a zinc cylinder is 
slipped over the iron cylinder—still within the coil 
—the frequency effect of the zinc reappears.. When 
a large (liquid) resistance is interposed in the cir- 
cuit, the discharge becomes continuous or inter- 
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mittent. The spectroscope shows the air lines in 
the original discharge (between the platinum 
points) and the band spectrum of nitrogen in the 
oscillations. 

Dr. W. R. Hodgkinson and Captain Hardcastle, 
R.A., displayed micro-photographs of the interior 
of rifle-barrels in which cordite cartridges have 
been fired. The cordite badly corrodes the steel, 
and the copper-nickel casing of the bullets which 
coats the rifling makes matters worse. If any 
small cracks develop in the barrel, the copper- 
nickel is visibly driven into the crack by the ex- 
plosion. The second and not less interesting exhibit 
consisted of a series of micro-photographs, enlarged 
70 diameters, obtained from a sample of strip 
brass used for cartridge cases. This brass had 
been rolled as hard as it could be, and then heated 
—by means of the blow-pipe, up to nearly 1000 deg. 
Cent.—at the one end. his end, which had been 
in a semi-fused condition, shows large crystals of a 
definite alloy, with 71 per cent. of copper. As we 
move from this heated portion, the crystals become 
smaller. 

Both Professor E. J. Garwood and Mr. F. Enock 
exhibited beautiful colour photographs obtained by 
the Sanger-Shepherd process ; the former of sections 
of igneous non the latter of living moths and 
butterflies in their three stages as larva, pupa, 
and imago. 
details of the insects and their surroundings brought 
out by this process may prove of high value. 

The Hon. R. J. Strutt demonstrated the spon- 
taneous electrification of radium. A small glass 
tube containing a little radium bromide is suspended 
byan insulator within a vacuum vessel, itself tubular ; 
the outer wall of the little tube is covered with a 
conducting coating of phosphoric acid. Above the 
radium tube is an electroscope consisting of two 
fine aluminium leaves. Negatively-charged par- 
ticles are emitted by the radium through the glass, 
and penetrate to the vacuum vessel, which is partly 
covered with tin-foil. The tin-foil being earthed, 
the negative charge escapes, the electroscope inside 
becomes positively charged, and the leaves diverge 
until they touch the tin-foil. Then they collapse 
slowly, to diverge again—a kind of perpetual motion 
sustained by the radium emanation. This experi- 
ment and Mr. F. Enock’s admirable colour photo- 
graphs of living insects were the subjects of two 
of the discourses. The lantern-slides, taken by 
Mr. Francis Fox, M. Inst. C.E., of the Simplon 
Tunnel and the Victoria Falls of the Zambesi River, 
were shown in the first lecture of the evening. 








ROYAL AGRICULTURAL 

SOCIETY’S SHOW. 

Tue second of the Royal Shows to be held at 
Park Royal was opened on the 21st inst., and we 
trust—although the prospects at the time we are 
writing do not appear hopeful—that the final returns 
will prove better than last year, when the net 
result was a loss of 96801. 13s. 8d.—a deficit 
which has been but once exceeded during the 
whole 64 years of the Society’s existence. Of 
course, as at the Kilburn Show of 1879, the weather 
last year was much against the success of the 
undertaking, and this was of the greater im- 
portance in that it was the first Show on the new 
site, so that Londoners had not formed the habit 
of attending, and the unfavourable weather con- 
ditions were, therefore, especially detrimental. 
Last year’s failure, nevertheless, has rendered more 
pointed the criticism on the decision of the Society 
to abandon their previous practice of changing 
every year the district in which their Show should 
be held. This practice had much to recommend it, 
but also many serious drawbacks, especially in 
the matter of finance. The very success of the 
Society has led to the formation of a number 
of small local societies, and few districts are able, 
as matters stand, to insure success both to the 
annual show of their local society and to that of the 
parent body. If each local society had sufficient 
public spirit to abandon its own show in any year 
in which that of the Royal Agricultural Society was 
held in the same district, all might be well; but 
this course has not been followed, and the unex- 
pected failure of the meeting at York in 1900 was 
undoubtedly due to the fact that the population 
of the district, unable to visit both shows, gave 
the preference to that of their own society. Of 
course, if landed proprietors as a whole took a 
rational, if liberal, view of their duties to agri- 
culture, on which they are dependent for their 
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Apparently insignificant markings and | - 





rent-roll, the Society might well and quite properly be 
‘* run ata loss,” though the gentry in question would 
find their return indirectly through the improvement 
of methods of tillage and stock-raising. Considering 
that the area of cultivated landin the United King- 
dom is over 47 million acres, the rent received from 
which is about as many millions per annum, both 
the invested capital and the income of the Royal 
Agricultural Society appear ridiculously small, 
particularly when it is considered that of the area 
named above about one-fifth is in the hands of 
some 600 individuals. The annual income of the 
Society is under 10,000/., and the liquid assets only 
about twice as much ; so that if a few more years 
showed a loss such as that of last year, it would spell 
bankruptcy. The results of the last eight shows 
have been as follows :— 


| Imple- Entries Number, Profit 





Year. | Place of Meeting. ments ofLive of or 
Entered. Stock. | Visitors. Loss. 

£ 
1896 | Leicester 6447 1883 146,277 3660 
1897 Manchester .. 7340 2688 217,980 + 4074 
1898 Birmingham 4938 2323 93,277 , — 1568 
1899 Maidstone .. 4231 1885 68,576 | — 6382 
1900 York .. : 49383 | 1997 87,511 | — 3465 
1901 Cardiff 4070 1575 = 167,423 | + 1998 
1902 Carlisle - 3916 1911 93,187 | - 2898 
1903 Park Royal .. 5524 2134 65,013 | - 9681 





This year the entries of implements number 
4419, for which 66 medals are offered; whilst the 
agricultural entries number 3141, for which prizes 
to the value of 58401. will be awarded. This is 
about the same amount as will be received in 
money from the implement - makers for their 
stands, whilst the corresponding sum received from 
the entries in the other section of the show is 
generally about 1501. to 2001. There is a great 
disproportion here, but the arrangement is less 
unfair than it looks, as the implement exhibitors 
stand to make a very much greater indirect profit 
from the Show than it is possible for a farmer 
exhibitor to do. The commercial value of a first 
prize to the maker of a steam-engine, windmill, or 
oil-engine is very great. Engineers of all kinds 
have also every reason to wish well to the Society, 
owing to the important trials it carries out every 
now and then on steam-engines, windmills, or oil- 
engines. The knowledge gained at these trials 
becomes the common property of the engineering 
world. The tests are made with care by experienced 
and responsible men, and seldom afford room for 
criticism. We are not therefore unbiassed in ex- 
pressing the hope that the decision of the Society 
to establish a permanent show-yard will prove 
highly successful, as the better off the Society is 
financially the more likely it is to continue to assist 
by its trials in the advance of engineering. 

The decision of the Society to make the change was 
not due solely to the growing importance of the local 
agricultural societies and the consequent clashing of 
meetings referred to above, but also to the steadily 
increasing difficulty in getting a suitable locus for a 
show of such large dimensions as the Royal has now 
become. The use of public land is almost unavoid- 
able, and as preparations must start in February, 
whilst the last of the erections cannot be removed till 
a month after the Show, local authorities hesitate to 
part with the full control of their lands for so long 
a period. Moreover, in the case of large cities it is 
difficult to get the area requisite within city limits, 
whilst if it is taken outside these, asat Birmingham 
in 1898, the townsfolk do not turn up in the 
numbers requisite to make the meeting a financial 
success. Of course, it has been necessary in the 
case of the new fixed show-yard to choose a site 
some distance outside of London; but the Park 
Royal site is served by a particularly excellent 
series of trains. Those from Paddington cover the 
distance in 12 minutes, making only one interme- 
diate stop, whilst there are also some running 
without a stop, which are timed to do the journey 
in 2 minutes less. The Great Western Company 
has a siding giving direct communication with 
the show-yard. Access is also to be gained by the 
London and North-Western line and by the District 
and Metropolitan Railways, but the journey by 
these lines is somewhat more prolonged. 

The adoption of a permanent site should tend to 
reduce considerably the annual expenditure of the 
Society, since there will not be the same necessity 
as heretofore for pulling down the structures again 
after every show. A source of revenue will also be 
found in the letting of the ground for the purposes 
of football and other sports when not actually 





required forthe Show. Implement-makers will, more- 


over, as years go by, find some great advantages in 
the adoption of a permanent home for the exhi- 
bition, since good roads will gradually be made, 
enabling them to get their heavy machinery into 
place without the heartbreaking difficulties ex- 
perienced last year and on some previous occasions, 
when a long spell of wet weather made the show- 
ground little better than a morass. 


THE ENGINES. 


Each successive year shows no striking change in 
the design and get-up of the many fine engines to 
be seen at the Show, yet, nevertheless, though 
variations from the old standards are small, there 
is a constant improvement in the design of details 
and in the workmanship put into the engines, so 
that an engine of this year’s date is substantially 
better than one made by the same firm ten years 
ago. That some new things should appear is, of 
course, to be expected, but what there are seem 
mostly to be in connection with heavy oil and 
petrol engines, and in connection with hay-rakes 
among the implements. Among steam - engines 
it is hardly reasonable to expect that many im- 
provements should be found. That there are im- 
provements is evident to anyone who will take the 
trouble to look carefully round the stands, but 
they consist chiefly in a better arrangement of old 
methods and a simplification of details. Most of 
the old exhibitors are well to the front, and it is 
satisfactory to see that they keep well in evidence. 
Every now and then, moreover, some firm makes 
a wide departure from the beaten track, and 
should the change be also an improvement, as it 
sometimes is, the example is soon followed by other 
builders, often with improvements of their own, till 
the new variation becomes in its turn a standard. 
An engine in which a change of this kind is em- 
bodied, and which may quite possibly be the pre- 
cursor of numerous successors made by different 
firms, is the semi-portable engine fitted with a 
superheater, which is shown at the stand of Messrs. 
Richard Garrett and Sons, Limited, of Leiston. In 
this engine the smoke-box is much prolonged, and 
is lined round its lower two-thirds with numerous U 
tubes, through which the steam passes on its way to 
the cylinder. Baffle-plates are provided, compelling 
the hot gases on their discharge from the flues to 
find their way between these tubes before escaping 
at the chimney. The heating surface thus provided 
is so ample that a superheat of 500 deg. is readily 
attained. The cylinder, which is fitted with a 
piston valve, is 12 in. in diameter by 15 in. 
stroke, and is designed for 135 revolutions per 
minute, the boiler pressure being 115 Ib. per 
square inch. The engine has only just been 
finished, and the makers have not yet had an 
opportunity of definitely determining the degree 
of economy attained ; but preliminary runs have 
given highly encouraging results, and a thorough 
test is to be made at their works in the near future, 
when we hope to recur to the subject. A 10-ton 
road-roller is also on view at this stand. The 
wheel-rims in this case are steel castings, and 
not cast iron, as is generally the case. 

We do not know which firm was the first to intro- 
duce small traction engines built to come within 
the requirements as to weight of the Motor-Car 
Act. When first shown, many makers of the larger 
class of traction engine were disposed to question 
the industrial value of the new departure, but ex- 
perience has shown that there is a large field open 
for this type of tractor, which, if not capable of 
hauling the heavy loads handled by its predecessor, 
can, at the same time, be economically used to haul 
weights which the big engine would have to let accu- 
mulate, so as to make up a load which it would 
pay to move. Now, builders are prepared to supply 
these pigmy engines, which, in spite of their 
diminutive proportions, are yet capable of taking 
loads of 5 tons or so over average roads, and at a 
higher speed than is advisable with the heavier 
engines. In fact, these small tractors could, if 
desired, and the law allowed it, be run at a speed 
of 10 miles an hour when unladen. Engines of 
this type were shown by Messrs. W. Tasker and 
Sons, Limited, of Andover, by Messrs. Aveling 
and Porter, of Rochester, and Messrs. Fodens, 
Limited, of Sandbach. The exhibit of the 
latter was entered as a ‘‘new implement.” On 
trial this engine has taken a load of 8 tons 46 miles 
in one day with one charge of water, the coke 
used being 3 cwt., and the time 6} hours. 
The weight of this engine all on is 6} tons. The 
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engine is compound, the cylinders being 4 in. and | alone, taking steam direct from the boiler, whilst 


8 in. in diameter by 6} in. stroke ; and at need, as|the high-pressure cylinder is cut out. 


Three 


in starting, or on short stretches of bad ground, | changes of speed are provided for, the gears being 
both cylinders can be worked with high-pressure | ‘‘readied ” by one handle, whilst a second handle 


steam. 
venient one when there is much manceuvring to 
do, as the engine cannot then stick on a dead 
centre. 

As usual, many very fine road locomotives 
of large size are also exhibited; but even these 
are generally only of an intermediate size, still 
larger engines being built for use in South Africa, 
and similarly-conditioned countries. The weight 
of these ‘‘ outsize” engines, however, prohibits 
their use in this country. Those shown are a 
striking testimony to the excellence of material 
and workmanship generally associated with the 
best class of British manufactures. The designs of 
different makers differ but little in general appear- 
ance and dimensions, though each firm has gener- 
ally something special in the way of details which 
distinguishes its product from that of its rivals, 
without establishing any very essential differ- 
ence between the two. Very handsome engines 
of this class were to be seen at the stands of 
Messrs. Aveling and Porter, John Fowler and Co., 
Burrell and Co., and Wm. Foster and Co. The 
engine shown by the latter firm we hope to 
illustrate at a future date, as it embodies some 
special features in the practice of the firm. The 
engine is spring-mounted, a single plate-spring 
being used for each axle; the arrangement is 
such that the axle can move relatively to the 
engine-framing without changing the degree of 
engagement of the teeth of the gearing. Generally in 
romp pee road locomotives the gears between 
the axle and the last-motion shaft are made with 
long teeth, so that a certain amount of relative 
motion—say ,%; in. or so—can occur without 
sensibly affecting the working of the gears. This 
amount of play is sufficient to take up the minor 
tremors of the road, and a greater extent of relative 
motion is not admitted. In Messrs. Foster’s arrange- 
ment, however, much greater relative motion is 
possible. A link between the axle and last- 
motion shaft keeps the centres of the two at 
an invariable distance apart. The last-motion 
shaft, in its turn, slides between inclined guides, 
which allow it to move only in a direction 
parallel to the common tangent of the spur-wheels 
by which it receives its motion. The engine has 
two cylinders 6} in. and 11} in. in diameter by 
12 in. stroke. These can at will be worked either 
compound or as a two-cylinder high-pressure engine, 
or, if desired, the low-pressure cylinder can be used 





This arrangement is also a very con-|completes the operation by throwing the wheels 


thus ‘‘ set” into mesh. Unless all gears are out of 
mesh, the handle first-named cannot be moved ; and 
unless this is home in one of its three positions, 
the second handle is locked in its turn. 

Messrs. Clayton and Shuttleworth show a trac- 
tion engine which is fitted with Joy’s valve 
gear. This is the first time they have exhibited 
an engine thus fitted, though they have made 
them for some years, and find them to work well, 
the links and sector suffering little from the 
dust of our highways. This engine is a ‘‘ com- 
pound,” the cylinders being 5} in. and 9 in. in dia- 
meter by 12 in. stroke, and the working pressure 
160 1b. per squareinch. Good examples of engines 
of this class are also shown by Messrs. J. and H. 
Maclaren, of Leeds. One of these is a single- 
cylinder engine and the other a compound, having 
three changes of speeds, the sliding gears for which 
are mounted on square shafts, thus dispensing with 
keys and keyways. The most unconventional trac- 
tion engine at the Show is, however, the ‘‘ Pedrail ” 
tractor, shown by Diploch’s Patent Traction Haul- 
age Syndicate, Limited, of 61, Marsham-street, 
S.W. This was entered as a ‘‘ new implement,” 
and ‘‘took a walk” round the ‘‘empties yard” on 
Tuesday afternoon. The motion of the feet with 
which the hind-wheels are fitted bears a striking 
likeness to the act of walking. As each foot comes 
round a regular leg protrudes from the wheel, which 
is capable of placing its foot on the top of a balk of 
timber 9 in. high, and such an obstruction can 
accordingly be walked over by the tractor. In the 
trials made the machine was asked to walk up a 
few steps which had been prepared for it, these 
it successfully mounted, stepping down again on 
the other side. It would be interesting to see 
further trials of this engine after it had experienced 
a few years’ service. 

Messrs. Ruston, Proctor, and Co., Limited, 
Lincoln, have some high-class exhibits, among 
them being a 7-horse-power traction-engine, with 
winding-drum and water-lift, as well as a com- 
pound 8-horse-power traction-engine and a 12}-ton 
road roller, which are well up to the standard of 
this firm’s usual work. This firm exhibit also a 
10-horse-power portable engine with two cylinders, 
in which all the engine parts are erected on steel 
seatings, and there are no bolts into the boiler. A 
small vertical high-speed engine is also shown by 
this firm. 


Messrs. Brown and May, Limited, Devizes, 
Wilts, exhibit a 7-horse-power portable engine, 
which is fitted with an eee ee cmagtivenn 
and grease-separator combined, and also a patent 
steam-blast rs sap es Semy A 2h-horse-power port- 
able engine is on view at this stand. - 

Heavy motor-cars are evidently meeting with a 
considerable market, but the final type does not 
yet appear fixed, some firms—such as Messrs. 
Fodens, Limited, of Sandbach, and Mann’s Patent 
Steam-Cart and Wagon Company—are working on 
traction-engine lines, whilst the exhibits of other 
firms show a wide departure from this. The engine 
shown by the latter firm is practically the same as 
we have already described in connection with the 
Smithfield Club Show last December, but is fitted 
with a door permitting of firing the grate from 
above, in place of at the side only, as hitherto. 

The Yorkshire Patent Steam-Wagon Company’s 
exhibit is a two-speed motor-car, designed to carry 
5 tons on its platform and to travel 40 miles per 
day at an average speed of five miles per hour. 
The boiler is on the locomotive principle, but has 
two barrels, with the fire-box and the chimney 
between them. There are two smoke-boxes (or, 
perhaps, theyshould be called combustion-chambers, 
since there are return tubes), closed by doors of the 
locomotive pattern, but double-walled. The exhaust 
steam from the engines is admitted to this inter- 
space, and escapes through the upper row of 
tubes into the chimney, being completely super- 
heated on its way before passing into the atmo- 
sphere. An interesting example of this class of 
motor is the Musker steam lurry, shown at the 
stand of Messrs. Cottrell, Ross, and Co., Limited, 
of Hungerford, Berks. As now made, this lurry 
has a fire-tube boiler with 110 square feet of heating 
surface and 34 square feet of grate area, de- 
signed to work at a pressure of 225 lb. per 
square inch. The engine, which is fitted on an 
independent platform below the goods platform, 
is of the compound high-speed enclosed type, the 
cylinders being 4 in. and 7 in. in diameter by 5 in. 
stroke, the power developed at the full speed of 
450 revolutions per minute being 25 brake horse- 
power. All the gears are encased and run in‘oil, whilst 
all bearings have forced lubrication, oil being sup- 
plied to them at a pressure of 40 1b. per square 
inch. Six hundredweight of coke can be carried 
on the fore portion of the lower platform, on which 
the engine is mounted, whilst on the main platform 
above an area of 100 square feet is available for 
goods. The tank holds 60 gallons of water. A 
very powerful heavy motor-car is also shown by the 
Straker Steam Vehicle Company, the engines in 
this case being rated at 40 indicated horse-power. 

Messrs. Bomford and Evershed, Limited, Per- 
shore, exhibit a steam-wagon to carry a load of 
5 tons. It is fitted with a multitubular boiler, 
which can be fired with oil or coke. A compound 
engine is used for driving, Joy’s valve motion 
being adopted. The wagon is a good example of 
the firm’s work. 


O1L-ENGINEs. 


Oil-engines are, as might be expected, very much 
in evidence at the Show, and it is among these, as 
before stated, that the greatest number of novelties 
are to be found, at any rate, so far as prime 
movers are concerned. 

Messrs. Thomas Glover and Co., Limited, 49, 
Queen Victoria-street, London, exhibit a horizontal 
‘* Gothic ” oil-engine of 6 brake horse-power, which 
has an impulse every revolution ; but as we intend 
describing this engine more fully at a future date, 
we will not refer to it further at present. The 
same firm have also a twin-cylinder horizontal 
engine, intended chiefly for electrical purposes. 

essts. T, G. Slipper and Co., Norwich, ex- 
hibit a new form of petrol-engine which has been 
constructed for them in the United States. It has 
an impulse every revolution, and is exceedingly 
simple in principle and construction. Successful 
engines of the one-impulse-per-revolution type are, 
of course, not new. The engine to which we 
have referred is known as the ‘“ Eli” engine, 
and has no gears, cams, levers, or any valve 
mechanism, except a small brass check-valve in 
the air inlet. It is fitted with a piston and 
rod in a similar manner to a steam-engine, 
the rod passing through a stuffing-box at the 
front end. The action of the engine is as 
follows :—At the commencement of the stroke, 
when the piston is at the rear end of the cylinder, 





the front end is full of petrol vapour and air, 








































































NN OIE TPS Ber ES 


a A nL YS I hn 








896 





ENGINEERING. 


[JUNE 24. 1904. 








which have been drawn in from a chamber under- 
neath the cylinder during the back stroke of the 
piston. Two passages communicate from this 
chamber with the cylinder, one of them to the 
front end, and the other to a point about midway 
in the stroke, and in such a position that it is 
covered by the piston until the latter has travelled 
through a considerable portion of the forward 
stroke. Electric ignition takes place by the piston 
coming in contact with a pin, which is held in 
place by a spring at the rear end of the cylinder. 
The piston, as it travels forward after the explosion 
and towards the end of the stroke, passes over an 
opening in the upper part of the cylinder, through 
which opening the exhaust gases pass. At the same 
time the motion of the piston has uncovered the 


passage communicating from the underside of the | 


cylinder to the space in front of the piston, and 
the petrol and air which were drawn into this space 
during the rear stroke of the piston now flow behind 
the piston, and form the next charge, ready for com- 
pression when the piston makes its return stroke. 
The sparking device can also be removed, cleaned, 
and replaced very quickly. The wrist-pin, cross- 
head-pin, and the slide are automatically lubricated 
by oil placed in the crank chamber. The engine 
appears to run very steadily, and without much 
noise. The firm exhibiting this engine have also on 
view some ‘‘ Wolverine” petrol or gas motors for 
agricultural purposes. 

The Campbell Gas-Engine Company, Halifax, 
have seven oil-engines on view, and also one gas- 
engine; but there is nothing about them requiring 
special comment, this firm’s engines being too well 
known to require it. 

The National Gas-Engine Company, Limited, 
Ashton-under-Lyne, exhibit eight gas-engines, 
ranging from 2 to 75 brake horse-power, and two 
oil-engines, one of which is coupled direct to a 
dynamo, and the other is suitable for agricultural 


—- 
essrs. Crossley Brothers, Manchester, are well 
represented, having a fine show of oil and gas- 
engines, but these are all of the firm’s well-known 
type. There is also on view a suction gas-producer 
for making power-gas from anthracite coal, or from 
coke; but about this there is nothing requiring 
notice except that the hopper is made with double 
doors, so that the producer can be charged without 
air being drawn in when the top door is opened. 

Messrs. James B. Petter and Sons, Limited, 
Yeovil, Somerset, exhibit a new 1}-brake-horse- 
power portable petroleum-engine, which is intended 
to be used for driving a hay or straw elevator, and 
might with advantage be employed for many other 
purposes, where only a small power is required. 

The Ivel Agricultural Motors, Limited, London, 
exhibit their new form of agricultural motor, which 
is fitted with a 20-horse-power engine having two 
speeds. It is designed to draw ploughs, harrows, 
and other implements over the land. The weight 
of the motor is 28 cwt., and it is stated that it will 
‘‘not imbed the land in the slightest degree.” 
This statement can scarcely refer to soft land. The 
motor will also do road haulage much quicker than 
horses. In addition to hauling, it can be used for 
driving all kinds of stationary machinery, such as 
threshing-machines, &c. 

Messrs. F. C. Southwell and Co., London, S.E., 
exhibit a new form of steam-motor tractor, which 
is manufactured by the Simplex Balance Motor 
Syndicate, 75, Southwark-street, London. It is 
intended for agricultural work generally, and for 
road haulage, and the makers claim that it is 
the most economical steam-motor yet introduced. 
In addition to haulage, it can be used for driving 
threshing and other farm machinery. A new ty 
of oil, gas, and petrol engine is also exhibited 
this firm. 

Messrs. Ransomes, Sims, and Jefferies, of 
Ipswich, are showing, as ‘‘a new implement,” 
a Thotor- tractor using petrol. This weighs 
43 cwt. all on, and is driven by a 20 - brake- 
horse - power four-cylinder petrol motor, fitted 
with the Sims- Bosch ignivion. Three changes 
of speed are provided, ranging from 1} up to 
6 miles per hour, and the car will reverse at 
each speed. For driving stationary machinery by 
belting a shaft extends through the gear-box to 
the back of the motor, where it carries a belt- 

ulley for driving all classes of farm machinery. 
‘sing a three-furrow plough, it has proved possible 
to plough an area of 5 acres in ten hours, the petrol 
used being 1} gallons per hour ; on a level road 
the tractor is capable of hauling 7 tons at 1} miles 


y 





‘per hour, and up a gradient of 1 in 10 will take a 
‘load of 4 to 5 tons at the slow speed. 

Messrs. Richard Hornsby and Sons.exhibit many 
patterns of the engine with which they gained the 
first prize at the Cambridge trials in 1894. This 
engine has not been essentially altered since that 
date, but is made in more patterns and larger sizes, 
‘and the firm, we learn, are now engaged in con- 
‘structing one of 550 horse-power, which will be 
‘developed by four cylinders. These engines, it 
' will be remembered, are capable of using crude oil. 

Messrs. Ruston, Proctor, and Co., of Lincoln, 
| who occupy the next stand, also show a large variety 
'of oil-engines, amongst which is one of 8 brake 
'horse-power, which is shown working with crude 
'Texas oil. The change from this fuel to Russo- 
|lene can be made practically instantaneously, the 
only adjustment needed being the opening of a 
valve, admitting cooling water to part of the vapo- 
riser, which would otherwise get too hot with the 
refined fuel. In both cases, as in their ordinary 
pattern, no lamp is required to maintain the tem- 
perature of the vaporiser once the engine has been 
started. 

Messrs. Blackstone and Co., Limited, of Stam- 
ford, have among the various oil-engines on show a 
60- brake-horse-power double-cylinder engine. The 
cylinders are placed opposite to each other, and 
work on to a double-throw crank which is placed 
midway between them. The cranks being placed 
at an angle of 180 deg. with each other, the reci- 
procating parts are practically perfectly balanced, 
and the explosions occurring alternately in each 
cylinder take place at equal periods. The engine 
thus runs very steadily. It is fitted with Messrs. 
Blackstone and Co.’s horizontal automatic vapo- 
riser andigniter. The automatic igniter is screwed 
into a small horizontal cylindrical chamber at the 
back of the combustion-chamber, though the cylin- 
drical chamber is separated from the combustion- 
chamber by a semi-rotary plug timing-valve. An 
annular vaporising space is arranged round the 
small horizontal chamber, and communicates with 
it by means of a lateral port. Into this annular 
vaporising space oil and air are sucked through a 
port at the side. An exterior oil-pipe leads to this 
port, and an oil-pipe and nipple project vertically 
into it. Over the nipple the air on its way to the 
vaporiser is sucked, mixing with the required 
quantity of oil on its journey. By means of a 
small overflow-chamber the oil in the nipple is 
kept at a constant level. The vaporiser has formed 
on its underside a cast-iron tube, in which the 
charge is fired at starting until the explosions have 
sufficiently heated the main igniter. Before start- 
ing, the vaporiser and tube are heated by means of 
alamp. The speed of the engine is regulated by 
the firm’s shaft-governor, which is of the centri- 
fugal type. 

Messrs. Merryweather and Sons, Greenwich, 
have an extensive show of fire-extinguishing appli- 
ances, among which there is a very handy and 
portable petrol-motor, which drives one of the 
firm’s well-known Hatfield pumps mounted on 
an iron carriage. This we illustrate on page 895. 
They have also a 12-horse-power petrol-driven 
centrifugal pump for water supply to country houses 
and estates. 

IMPLEMENTS. 

The numerous exhibits of implements are this 
year well up to the standard, and many of them 
have distinct improvements on what has been 
shown before. 

Messrs. Blackstone and Co., of Stamford, have 
on show, for the first time, an ingenious swath- 


turner, for which they claim several advan- 
itages. It consists of a pair of turning-heads, 
which are suspended from the shafts directly 


in front of the travelling- wheels. The con- 
struction of the turning-heads, and the method 
whereby they are worked, are ingenious, though 
it isan adaptation of the horse-rake principle. A 
number of rearward hinging single tines, curved 
like those of a horse-rake, turn the swath, and 
the tines being free to follow all the inequalities 
of the ground, are very effective in collecting the 
swath, and while they do this they also, by their 
lateral rotary motion, turn the swath right over on 
to the dry track. The widest swath can be turned, 
as the tines are in contact with the ground fora 
sufficient distance to effect this. In addition to 
this, they enter and leave the swath in such a 
way that the liability to carry the crop round 
with them, even under the worst conditions of 
weather, is reduced to a minimum. Another 








feature about the machine is that it can be very 
quickly altered in order to follow a right or 
left-hand mower, as well as to collect the swaths 
inwards, or to turn them both outwards, so 
as to form windrows of three for loading on a 
wagon. The seat for the driver is at the back, in 
full view of the work; and the lever by means 
of which the tines are raised is within easy reach. 
The firm also show their patent swath-turner with 
rocking beam, which has been improved since 
the Show last year. A large number of hay- 
makers and horse-rakes are on view. 

Messrs. Sargeant and Co., Limited, Northamp- 
ton, also exhibit a new type of swath-turner, 
which they call the ‘“‘Standard.' It is for turn- 
ing two swaths at the same time, the turning 
mechanism being placed in front of the driver, 
and well under his control. The machine is 
mounted on three wheels, and is fitted with 
yielding stripping-teeth. A three-wheeled car- 
riage supports the two revolving turners, which 
work just in front of the front main wheels. Each 
turner is inade up ofa series of rakes having yield- 
ing spring prongs. Each rake has a shaft which is 
pivoted at one end to a suitable support, and 
between this point and the head it is connected by 
a link to an eccentric. In this way the tines are 
made to advance and retire in such a way as to 
grasp the swath, turn it over, and release it at the 
proper time. The rotary turners are set at an 
angle to the ground, for which the following advan- 
tages are claimed:—The body of the turner is 
past the point af which the rakes do their work 
before the swath has been disturbed ; any tendency 
to carry the grass round is thus prevented. The 
rakes can also be set much closer to the road-wheels, 
and chance obstacles can be more easily mounted. 

Messrs. J. and F. Howard, of Bedford, have a 
very good display of ploughs. One two-furrow 
plough can, it is claimed, be easily managed 
by one man, and is adaptable for wide or 
narrow work, as well as for all kinds of soil. 
A motor-plough exhibited is also a_ special 
implement for making two or three furrows, as 
desired, at the same time that the machine is 
being hauled by a petrol or other kind of motor. 
A useful type of swath-turner is also exhibited, 
which is intended for working one row at a time. 
It has been designed for use on hilly farms, and 
where the roads and gateways are too narrow for a 
two-swath machine. A hay-making, or tedding, 
machine is also shown which will work two swaths 
at a time, as well as several types of horse-rakes. 
A new form of steam-motor wagon is on view also 
at this stand, which has not been exhibited at the 
Show before. It is intended for carrying loads of 
5 tons and for hauling a trailer with an additional 
load of 3 tons. It can be driven at two speeds and 
can be controlled by one man. 

In our next issue we shall conclude our report of 
the Show. 








GoLp.—The value of the gold imported into the United 
Kingdom is showing a considerable increase this year, 
in consequence of the steady progress which production 
is making in South Africa. The three principal gold- 
producing regions from which we import the precious 
metalare South Africa, British India, and Australasia ; 
and the supplies received from these quarters in May, 
compared as follows with the corresponding receipts in 
May, 1903, and May, 1902, sauealedy +-- 





Colonial Group. | May, 1904. | May, 1908 + May, 1902. 
er een a: &£ 
British South Africa 1,302,926 | 877,981 557,731 
British India. 176,567 | 194,272 | 191,256 
Australasia .. 407,927 | 499,960 509,602 


The aggregate value of the gold imported into the United 
Kingdom to May 31 this year was 13,962,798/., as com- 
pared with 10,617,316/. in the correspondin riod of 
1903, and 8,040,000/. in the corresponding period of 1902. 
To these totals the three colonial-producing regions to 
a we have just referred made the following contri- 
utions :— 








Colonial Group. — 1904. 1903. 1902. 

£ P £ 
British South Africa 6,119,488 - 4,592,977 | 1,905,383 
British India a 8,570,737 | 1,071,468 | 1,415,409 
Australasia .. 1,960,609 2,455,653 .| 2,233,036 


As regards the commercial movement of gold, Germany 
delivered 1,202,930/. to the United Kingdom in the first 
five months of this year, as compared with 124,525/. in 
the corresponding period of 1903, and 33,141/. in the 
corresponding period of ‘1902. On the other hand, the 
receipts from pt fell away to 21,506/. in the first five 
months of this year, as compared with 154,310/. in 1903, 
and 470,000/. in 1902 (corresponding periods). 
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NOTES: 
THe Minerat WeattH or British CoLuMBIA. 


Tue Annual Report of the Minister of Mines of 
the Province of British Columbia, Mr. Richard 
McBride, dces not indicate any material advance 
in the production of minerals during the last three 
or four years, the total value for 1903 having been 
34 million sterling, practically the same figure as 
in 1902; while in 1901 the total was 4 million 
sterling. This latter was the maximum attained, 
and constituted 10 per cent. of the total mineral 
wealth produced within the province since mining 
work commenced, now 52 years ago. The deve- 
lopment up till 1895 was moderate ; but the total 
value of 1,000,000/. of that year increased fourfold 
ia six years. There has been some falling-off in 
the value of gold got ; the total of placer gold last 
year was 200,000/., whereas the highest figure was 
270,0001. in 1899. From lode mines the total last 
year was 963,0001.—double the amount of five years 
ago; but in silver there has been a decrease, 
the value now being 304,000/., as compared with 
575,0001. two years previously, and 655,000/. in 
1897. In lead there has been a decrease to 
140,000/., as compared with 540,000/. in 1900. In 
copper, however, there has been a marked increase, 
the total now being over 900,000/., which, although 
nearly equalled in 1901, is three times the figure of 
1900. These data refer to lode mining. As regards 
coal, which, from an industrial point of view is, 
after all, much more important than the superior 
minerals, we note that here also the development in 
recent years has not been quite maintained. For 
the year under review the total value of the pro- 
duction was 700,000/., the output having been 
1,168,194 gross tons, but in the four preceding 
years the total was much higher, the value averaging 
over 800,000/. In ten years there has only been an 
increase in the value of about 20 per cent. 


HicH SPEED ON THE ATLANTIC. 

The North German Lloyd steamer, Kaiser 
Wilhelm II,, constructed last year at the Vulcan 
Works at Stettin, has just completed a remarkable 
performance on the Atlantic, attaining for the 
complete voyage an average speed of 23.58 knots, 
while on the last day of the trip the distance 
run gave a mean speed of 24.35 knots, which is the 
most remarkable performance yet :chieved by any 
large ship for the same length of time. Accord- 
ing to the steamer courses laid down by agree- 
ment amongst the Atlantic companies, the distance 
between Sandy Hook and the Eddystone Light, 
in autumn and winter, when the Atlantic is free 
from ice, is 2970 miles, while the usual southerly 
route, when there is danger of meeting bergs, is 
3080 sea miles. At the present time, however, 
there is more ice afloat than is ordinarily the case, 
and thus the Kaiser Wilhelm II. followed a more 
southerly course than usual, the distance run being 
3112 nautical miles. The tine taken was five days 
11 hours 58 minutes, which is rather longer than 
in some of the trips when record speeds were 
attained, but the speed— which from an engineering 
point of view, is the important point—is the best 
ever attained by an Atlantic vessel. The 23.58 


Record Passage of ‘‘ Kaiser Wilhelm II.” (Captain 
D. Higemann.) 


| | 


—_ Miles. | i io | Remarks. 
ith.) 4. aa .. ‘Passed Sandy Hook Light vessel : 


8.12 a.m. standard time. 
lth 77 40.19 72.9 Cloudy ; smocth sea. 
15th 532 40.8 60.34 |\Cloudy ; moderate sea. 
16th 551 40.10 48.83 Ole: r weather; moderate sea. 
17th 553 44.7 | 37.34 Cloudy ; light sea. 
18th 564 47.81 | 25.00 Cloidy ; smooth sea. 
19th 556 49.84 11.22 Overcast ; moderate sea, light easterly 
| swell. 
Passed Eddystone Lighthouse : 


20th 279 - Z 
| | 110a.m., mean Greenwich time. 


Distance: 3112 miles. Passage: 5 days 11 hours 58 minutes. 
Average speed : 23.58 knots. 
Highest day’s run ever made 564 sea-miles in 23 hours 10 
minutes = 24.35 miles per hour. 
knots compares with the 23.51 knots, the highest 
for a voyage by the Deutschland in June, 1901 ; 
the Kronprinz, another of the Vulcan ships, 
has equalled this, and the Kaiser Wilhelm der 
Grosse, the fourth of the splendid quartette of 
Vulcan ships, has recorded 23 knots on an east- 
ward trip. When it is noted that the best per- 
formance credited to a British ship is 22 knots, it 
will be recognised that the new Cunard ships have 
not been ordered too soon if British supremacy is 











not to belong to the past. A notable feature about 
the performance of the Kaiser Wilhelm II. is that 
her propellers have been fitted with four new blades 
of considerably increased surface, and during the 
trip these propellers made a mean of about 79 
revolutions per minute, while the average power of 
the engines was 44,600 indicated horse-power. The 
former best average for this ship was 22.9 knots, 
and there is every prospect that she will make 
even better performances later in the season. We 
reproduce the official log in the preceding column. 
That the vessel has attained a high degree of popu- 
larity under Captain Hégemann is shown by the fact 
that she carried to Europe on this trip 740 first-class 
passengers, 180 of whom landed at Plymouth, the 
same number at Cherbourg, and 380 at Bremen. 
In addition there were 865 steerage passengers and 
920 bags of mails for England alone. It is further 
noteworthy that on her last trip this vessel carried 
specie of the value of 9,000,0001. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 8. 

THE export trade in iron and steel for the present 
fiscal year, which ends June 30, will show a marked 
increase in sales. Imports during the past ten months 
have fallen off about one-half. In ten months, ending 
April, the total exports of iron and steel amounted in 
value to 89,094,415 dols. , against 79,839,462 dols. for the 
corresponding months of previous fiscal year. The ex- 
ports for April alone show an increase of 1,500,000 dols. 
more than for April last year. For the entire fiscal 
year the exports of iron and steel will exceed 100,000,000 
dols., which is considerably below the figures of 1901, 
when the total was 147,000,000 dols. The principal 
increase was in billets, ingots, and blooms. Steel rails 
amounted in value for ten months to 1,860,107 dols., 
against 665,695 dols. for the corresponding period for last 
year ; exports of locomotives for that time amounted 
to 3,947,225 dols., against 2,998,141 dols. same time 
previous fiscal year. 

The tone of the American iron market at present is 
weak, and buyers and sellersare both equally reserved, 
owing to the declining tendency in both crude and 
finished material in all sections of thecountry. Blast- 
furnaces are blowing out one after the other, and 
it is impossible to say to what extent this restriction 
will go. Considerable Southern No. 2 foundry has 
sold during the past week at 9 dols. per ton. 


June 15. 

The volume of business in iron and steel is gradually 
being reduced, and prices are weakening. Large con- 
sumers are being solicited to place their autumn orders, 
but are not willing to accept the propositions made 
just at this time. The makers of pig iron are becomin 
dissatisfied with the long delay of large consumers, an 
have taken the bull by the horns, so to speak, and are 
blowing out furnaces, with the intention of reducin 
output to a point which will wipe out any surplus o 
stocks and turn the scales in the opposite direction 
In other words, there is a determination among the 
larger pig-iron-making interests to stop making pig 
iron when profits fall below a satisfactory level. At 

resent indications there will be a further curtailment 

Poth in foundry and steel-making irons during July 
and August. The usual repairing season will be pro- 
longed until such times as the market shows some 
aptitude to take iron freely. During the month of 

ay stocks at furnaces increased about 103,000 tons, 
and production during that month decreased 24,000 
tons. The production on May 11 last year was 
1,714,000 tons, when a declining tendency set in, and 
by December production amounted to only 847,000 
tons. Production then began to increase, the maximum 
being reached on April 1, when the output was 
1,557,267 tons. By July 1 the producing capacity of 
the United States per annum will be about 16,000,000 
tons. One reason for the blowing out of many fur- 
naces is that the limit of cost has been reached. The 
makers of No. 2 Southern iron are selling their product 
at 9 dols., which is the lowest point at which it can 
be sold. 

The only daylight seen in the crude-iron market is in 
the prospective heavy demand from the manufacturers of 
agricultural implements throughout the West. A good 
demand is also in sight among the makers of electrical 
ae and the manufacturers of cast-iron pipe. 
Within two or three days large consumers of malleable, 
Bessemer, basic, coke-foundry, and charcoal grades 
have asked at what prices pig iron would be furnished, 
but the quotations have not brought any business, 
The same dullness continues in the finished trades. 
The bar-mills are unable to run full time, but the 
sheet-mills, having entered the spring trade with busi- 
ness for summer delivery, are better off. The plate- 
mills are picking up business in lots ranging from 50 to 
100 tons or more, the bulk of which goes into building 
requirements, which just now are very satisfactory ; 


tin-plate market is steady, and interest at present is 
centered into the probable action of wage-earners 
in the fixing of a scale to regulate wages for the coming 
year. 

Wage ya will soon be up for consideration 
in other branches of the iron and steel industry, 
the workers having recently met and formulated scales 
which they propose to fight for at the coming confer- 
ences between proprietors and themselves. 

The general drift of prices is downward, as it is im- 
possible for it to be anything else. Financial managers 
pretend to see an end to the present depression, and 
observe signs of increasing vitality, based upon ex- 
cellent crop conditions ; but the iron and steel makers 
themselves are not expressing any opinions on this 
matter one way or the other. Crop conditions are 
certainly favourable, and prices are encouraging to 
farmers, and some benefit would naturally grow out of 
these facts. There is not much to expect during the 
hot months in the way of a revival of business. 

The Lackawanna Steel Company has started one 
of the largest blast-furnaces in the United States, 
which is operated by a gas-engine. The capacity of 
the furnaces are tons daily. A good many im- 
provements are being made in blast-furnaces for the 
purpose of reducing cost. Large quantities of Lake 
ore will soon be handled by immense ferry-boats on 
the Lakes, the purpose of which is to reduce handling 
at docks, and thereby decrease the cost of ore at fur- 
naces. Other economic devices are being introduced 
at furnaces and mills, some of them deserving.of high 
commendation for their ingenuity and practicability. 

Renewed efforts are being made by some large steel- 
producing interests to extend trade abroad in steel 

roducts. The efforts which have been made have 
en gratifying, and further efforts are now being 
energetically put forth. The possibilities of a heavy 
export trade are being carefully studied, and no doubt 
some of the larger producers will more fully acquaint 
themselves, through the personal efforts of their repre- 
sentatives abroad, with the proper course to pursue to 
get business. 








Moror-Carks ON THE MipLanv.—In the course of a few 
weeks the Midland Railway Company will introduce a 
service of steam motor-cars on its Hitchin and Bedford 
Branch, and also between the Heysham and Morecambe 
Stations. The first of these cars, which are being built 
from the designs of Mr. R. W. Deeley, the company’s 
locomotive engineer, has recently been completed at the 
Derby Works, and has made some successful trials, in the 
course of which the carriage attained, and for some 
distance maintained, a speed of 56 miles per hour while 
travelling on the level, and about 53 miles per hour while 
ascending a gradient of 1 in 60. The car, which is 
divided into four compartments, is over 60 ft. in length 
over the buffers. Accommodation is provided for over 
60 passengers, but only one scale of fares is to be in 
operation. 





Contracts. — The Belfast Harbour Commissioners 
have — with Messrs. Andrew Barclay, Sons, and 
Co., Limited, engineers, Kilmarnock, the important 
contract for the pumping machinery for the new graving 
dock just commenced. It is the widest and deepest 
dock either built or projected up to date, and the pump- 
ing-machinery contract stipulates that it is to be emptied 
in 100 minutes. Messrs. Barclay, about five years ago, 
equipped the Princes Dock, Govan, with pumping 
machinery. That dock is emptied in 90 minutes, but 
the Belfast New Dock is to contain 21 million gallons of 
water, as compared with 14 million gallons at Govan ; 
so that the s of pumping is much greater. The con- 
tract price for the pumping plant to be supplied by 
Messrs. Barclay, Sons, and Co., is 11,307/.—We are in- 
formed that Messrs. Ernest Scott and Mountain, Limited, 
Close Works, Newcastle-on-Tyne, have recently secured 
a contract from the Ashington Coal Company, Limited, 
for an extensive equipment of electrical pumping machi- 
nery for their Ashington Collieries. 'Three-phase current 
at 500 volts will be led down two shafts by means of three- 
core armoured cables, and distributed to the various under- 
ground motors. The latter will be of the slip-ring induc- 
tion type, and drive a rope hauling-gear takin brake 
horse-power ; five sets of pumps delivering 780 gallons 
per minute against heads of from 120 ft. to 329 ft., two 
sets each delivering 75 gallons at 600 ft. head ; four sets 
delivering 650 gallons at heads from 150 ft. to 290 ft.; and 
one set delivering 300 gallons per minute against 317-ft. 
head. The pumps are of the firm’s three-throw horizontal 
type, with interchangeable gun-metal fittings and cut 
gearing. The whole of the pumps, motors, &c., will be 
manufactured by Messrs. Scott and Mountain at New- 
castle, and, when completed, the installation will be 
the largest three-phase pumping plant in the North of 
England. Messrs. Ernest Scott and Mountain have a 
considerable number of other contracts in hand for 
collieries, &c., including a plant for the Consett Iron 
Company, to deliver 4500 gallons per minute against a 
head of 300 ft.; a plant for the Croxdale Colliery, 2000 
gallons by 750 ft.; Bekermet Mines, Cumberland, 600 
— by 1300 ft.; Barton Coal Company, 700 gallons by 
600 ft.; and Benwell Colliery, 300 t ors per minute at 
600 ft. head. —The Burma Gold-Dredging Company 
have ordered three new gold-dredgers from 
Lobnitz and Co., Limited, Renfrew, to the designs of 





more so than they have been for a year at least. The 


Messrs. Cutten Brothers. 
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550-BRAKE-HORSE-POWER GAS BLOWING ENGINE. 


B 


CONSTRUCTED 





Y MESSRS. RIGHARDSONS, WESTGARTH, AND CO., LIMITED, ENGINEERS, MIDDLESBROUGH. 
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THE 
Cockerill-type gas-engines as now built at Seraing, 
and by Messrs. Richardsons, Westgarth, and Co., 
Limited, of Middlesbrough, the concessionnaires for 
the United Kingdom. The engine has been specially 
designed for dynamo work, and therefore has two 
double-acting cylinders, which are placed tandem ; 
consequently there is an impulse every stroke, as in 
the case of a steam-engine ; and with a moderately- 


illustration above shows one of the latest ' 


| ago. 





ago4 per cent. The mean proportion for ten years pre- 
viously was 3.7 per cent. 





In the coal-mining industry there was a slight decline 
in employment compared with a month ago and a year 
At collieries employing 521,656 workpeople the 
pits worked on an average 5.09 days per week; same 


|month a year ago, 5.21 days per week. But the 
|number employed was 1.2 per cent. more in both 


weighted flywheel sufficient regularity can easily be | 


obtained for running alternators in parallel. 
further assisted by the latest arrangement of govern- 
ing gear, which insures a constant supply of air 
and a varying quantity of gas, so that the compression 


This is | 
| tinues good. 


| 5.78 days in the same month a year ago. 


months than a year ago. 

Employment in the ironstone-mining industry con- 
At 131 mines and open works reported 
on the average time worked was 5.86 days per week ; 
But the 


is regular. ‘The gear is controlled by a ball-governor | number employed was fewer by 2.5 per cent. than a 


and the usual trip apparatus. 
that several new features have been introduced since 
we last illustrated an engine of the same make. 
framing and general details have been simplified and 
improved, and a very important alteration is effected 


The | 


It will be observed | year ago. 


In the pig-iron industry employment showed a slight 
improvement, but it is still worse than a year ago. 


| Returns relating to 112 ironmasters show that 308 
furnaces were in blast at works employing about 21,800 


by the disposition of the gas and air-inlet valves, which, | 


together with their gear, are now placed upon the top 


of the cylinders, so that they are very accessible. | 


Another important improvement which has become 
possible is the placing of both inlet and outlet valves 


upon the body of the cylinder, so that the end covers | 


can be removed quickly and the piston examined just 
as for an ordinary steam-engine. 

The engine illustrated has been constructed to use 
coke-oven gas, and similar engines are now being built 
for the works of the Cockerill Company, and also by 
Messrs. Richardsons, Westgarth, and Co., for the 
electrical generating plant of their works at Middles- 
brough. This engine will be working in conjunction 
with a Talbot patent producer. The cylinders are each 
double-acting, as stated above, are 238 in. in diameter 
by 314 in. stroke, and at a normal running speed of 
135 revolutions per minute will develop 550 brake 
horse-power. We may add that Messrs. Richardsons, 
Westgarth, and Co. now have engines of the same 
design, but larger power, running with blast-furnace 
gas in Middlesbrough and Frodingham, in both cases 
driving dynamos, so that they have now made sub- 
stantial progress in the development of the gas-engine 
with double-acting cylinders. 





INDUSTRIAL NOTES. 


workpeople, as compared with 303 in the previous 
month, and 325 a year ago. 





In the manufacture of iron and steel employment 
showed a decline compared with a month ago and a 
year ago. At 195 works, employing 73,650 persons, 
the total volume of employment, including persons 


| and shifts, was 2.3 per cent. less than in the previous 





month, and 3 per cent. less than a year ago. 

Employment in the tin-plate trade is good—better 
than a month ago, and about the same as a year ago. 
There were 372 mills at work, compared with 367 in 
the previous month and 374 a year ago. The esti- 
mated number employed was 18,600 persons. 

ln the engineering group of industries employment 
is dull, showing a decline compared with a month ago, 
and is worse than a year ago. The proportion of un- 
employed trade-union members was 6.6 per cent., 
6.2 per cent. in the month previous, and 3.8 per cent. 
a year ago. 





Employment in the shipbuilding industry continues 
bad ; it is worse than a month ago, and much worse 
thana yearago. The proportion of unemployed trade- 
union members was 13.1 per cent.; previous month, 
12.7 per cent.; a year ago, 8.7 per cent. 

In the building trades employment generally is dull, 
especially so for this time of year. There is little 








slack also in 
making trades. 

In the cotton trades, both the spinning and weaving 
branches continued bad, but there was some improve- 
ment in both. Short time was extensively worked 
in mills using American cotton. The woollen trades 
were fairly good, but not so good as a year ago. The 
worsted trades were slack—worse than a year ago. 
The hosiery trades were bad ; the jute and flax trades 
were moderately employed, but not so well as a year 
ago. 


the pottery, brick-making, and tile- 


Employment in the boot and shoe trades shows a 
decline. Returns from 649 firms, employing 75,541 
workpeople, show a decrease of 4.4 per cent. in the 
number employed, and of 6.2 per cent. in the amount 
of wages paid. The other leather trades are slack, 
with short time. The proportion of unemployed union 
members was 9.5 per cent.; previous month, 9.8 per 
cent. 

Employment in the tailoring trades was moderate 
in London, fairly good in the provinces, but not so 
good asa year ago. In the hat and cap trades it was 
dull, but better than a month ago, but not quite equal 
to what it was a year ago. 

Agricultural labourers were fairly well employed, 
but the supply was all-sufficient. Dock and riverside 
| labour was moderate on the whole, showing an improve- 
| ment over the previous month. There was an increase 
of 1.9 per cent. in the number employed at the London 
docks and wharves, but the total was more than 1000 
below the average of the seven years 1897 to 1903. 





The total number of workpeople involved in labour 
disputes in the month, new and old, was 6077 ; in the 
previous month, 5529 ; same month a year ago, 16,888. 
The aggregate duration of the disputes amounted to 
73,300 working days, compared with 70,700 in the 
previous month, and 217,000 days in the same month 
a year ago. Only 22 disputes began in the month, 
involving 4443 persons, compared with 21 disputes in 
| the previous month and 27 in the same month a year 
| ago. Settlements were effected in 19 disputes, new 
| and old, affecting 2383 persons. Of these, four, affecting 
| 232 workpeople, were decided in the employés’ favour ; 
| eight, affecting 872.persons, in favour of employers ; 
| and seven, involving 1279 workers, were compromised. 
| In the case of five other disputes, involving 1403 
| persons, certain points were still being negotiated 





Tux state of the labour market as disclosed by the | change from the previous month, but it is worse than | upon. 


report of the Labour Department of the Board of | 4 year ago. 
The report | was 5.9 per cent.; last month, 6.1 per cent.; a year| 


Trade is not of a reassuring character. 


The proportion of carpenters out of work 


is based on 4026 returns—namely, 2617 from em- | ago, 2.6 per cent, ; plumbers, 9.2 per cent. 


ployers, 1321 from trade unicns, and 88 from other 


Employment in the woodworking and upholstery 





The changes in rates of wages during the month 
affected about 113,900 persons ; of whom over 113,400 
| sustained decreases, and only about 500 obtained ad- 


sources. These show that there is little change com- | trades is dull—worse than a year ago. The proportion vances. The net effect of all the changes was equal 


pared with the previous month. 


dustry there was a slight improvement, but in the , year ago, 2.8 per cent. 


engineering and allied trades there was a slight 
decline. Generally the figures show adecline. The 
proportion of unemployed trade-union members was 
considerably in excess of the mean percentage for the 
same month in the past ten years. 

In the 271 trade unions specially reported on there 
was an aggregate of 571,384 members ; of these 36,002, 
or 6.3per cent., were reported to be out of work ; in 


| 


| 


1 


the month previous there were 6 per cent., and a year’ moderate, the flint-glass branches slack. 





Employment in the printing and bookbinding trades 
was rather slack. The proportion of unemployed 
union members was 5.6 per cent.; previous month, 
4.5 per cent.; a year ago, 5 per cent. In the paper 
trades it was fair; the proportions were 3, 3.1, and 
3.3 per cent. respectively at the same periods. 


In the glass trades the bottle-making branch was | 


Trade was 





In the cotton in-| of unemployed was 5.3 per cent.; last month, 4.9; a} toa decrease in wages of 2800/. per week ;-in the pre- 
| vious month 40,800 persons were affected, the net de- 
| crease being about 1000/. weekly. In the same month 


a year ago about 128,400 persons were so affected, the 
net result being a decrease of about 2200/. per week in 
wages. The principal change affected 107,500 coal- 
miners in Durham. One change, affecting 80 work- 
people, was settled by arbitration ; two, affecting over 
107,500, were arranged by conciliation boards ; and 
one, affecting over 1000 workpeople; was effected by a 
sliding-scale. The remainder, affecting nearly 5300 
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workers, were arranged by employers and workpeople 
directly, or by their’ representatives ¢ two: of these, 
affecting about 300 persons, were preceded by a stop- 
page of work. This shows progress in peaceful nego- 
tiations. 

The Amalgamated Engineers’ Journal for June is far 
from reassuring as regards the state of trade. The 
total membership had increased by 395 in the month, 
reaching an aggregate of 96,003 members. Of these, 
6013 were or donation benefit—previous month, 4803 ; 
on sick benefit, 2172—last month; 2267; on super- 
annuation allowance, 4654—last month, 4611: These 
figures indicate a decline in trade which is depressing 
at this time of year: As a result of this slackness in 
employment, certain trade movements have hung fire ; 
in certain other districts the union has had to take 
action in defence of existing rights. The general levies 
for the June quarter amount to 2s. per member—Is. 
for superannuation, 6d. for accidents, and 6d. for fede- 
ration ; in addition to which the Diamond Workers’ 
levy was voted almost nem. con., there being only 
23 against it. Ina paragraph on foreign competition 
—‘* Made in Germany ”—the report states that the 
new large engines imported some time ago into India, 
for the East Indian Railway, are failures, - Instances 
are given as to workmanship and material. It is also 
noted that, after a stiff contest for the new bridges at 
Cairo, the contract has been secured by a Glasgow 
firm against Belgian, French, and German competitors. 
The general and special articles in the journal com- 
prise comments upon the first Labour Ministry, the 
Co-Operative Congress, Conscription, and a suggestion 
by Mr. Carroll. D. Wright, the United States Labour 
Statistician, on allowance for the depreciation of 
labour’s machinery—its hands, brains, and body— 
when writing off depreciation in machinery and other 
property. Other articles are technical, pertaining to 
the engineering industry. 





The monthly report of the Boiler-Makers and Iron- 
Ship-Builders shows that there has been a further 
decline in trade, tested by the returns as to employ- 
ment. The increase on the funds was 215; but the 
increase of unemployed was 234; while there was a 
decrease of 53 on the sick list, there was an increase 
on superannuation allowance of 34. The total on the 
funds was 8515; last month, 8300. The total of un- 
employed reached 5566 ; on sick benefit, 1887 ; and on 
superannuation allowance, 1062. In spite of this de- 
pression some of the branches have sent letters to the 
executive asking for consent to apply for an advance in 
wages. It is pointed out that requests for benevolent 
grants for distressed members show that the time is 
inopportune for such demands. When the time comes 
for seeking advances, the first cases to be considered 
are those who have suffered more than one reduction, 
then others as circumstances may justify. It is in- 
dicated that any further reductions would be re- 
sisted. The expenditure for the past month was 10,440/. 
lls. 4d., or at the rate of 2610/. 2s. 10d. per week, 
which is a decrease of 1791. 13s. 2d. per week as com- 
pared with the month previous. In spite of bad trade 
the membership increases; after allowing for exclu- 
sions and deaths there was a net increase of 116 in the 
month. Special attention is directed to the election 
of district auditors, the nominations for which have to 
be sent in. Care is being taken to obtain the best 
members for such posts. The labour representation 
levy was carried by 33044 for, 4611 against ; majority 
for, 28,433. The vote for rendering financial assist- 
ance to Mr. John Hill’s candidature was 32,141 for, 
4087 against. This hearty approval of direct labour 
representation is regarded as a good sign, for the 
members were interested in it, and voted therefor. 


The iron trade in the Midlands is dull and spiritless. 
In the Wolverhampton district business was very 
languid, orders being for very limited quantities. At 
the Birmingham market sales were slow and restricted. 
Prices were low and profits meagre, owing to the 
price of raw material. Generally trade is said to be 
abnormally dull—much quieter than usual at this 
season of the year. Buying is on a very limited scale, 
though stocks in hand are very low. Many of the 
works are reported to be on short time. There was a 
falling off in employment in South Staffordshire, both 
in steel and iron, among the workers; but in Shrop- 
shire the steel-workers were fully employed. On the 
other hand, those at West Bromwich and Smethwick 
report no improvement in either class of work. The 
forges at Ilkeston, however, were on full time. 
Employment in the engineering trades has declined. 
The proportion of unemployed in this group was 
4.9 per cent. ; previous month, 4.1 per cent. ; same 
month a year ago, 2.3-per vent,- Iron-founders report 
trade as fair, boiler-makers_as- moderate. © Electrical 
engineers are moderately employed at: Birmingham ; 
the motor section is good; cycle-makers report 
trade as ‘good at Redditch, moderate at Wolver- 
hampton and Coventry.. In the East Midlands trade 
generally is quiet in these branches.of industry, fair 
at Leicester, but bad in Nottingham. Iron-founders are 


moderate at Derby and Mansfield, bad at Nottingham. 
Employment,with -hosjery-machine builders and in the 
cycle trade is moderate. | Lace-machine builders at 

ottingham report trade as fairly good, but slack at 
Long Eaton. mployment in the hardware and other 
iron, steel, and metal-using industries varies more. 
Some sections of ftubé-makers are on short time; 
makers of. nuts, bolts, nails; &c., are busy; brass- 
workers are slack; chain and cable makers, anchor- 
smiths, and makers of anvils and vices report trade as 
fair; with spring’ and axle makers trade is good ; 
makers of- locks, keys, ;and general builders’ iron- 
mongery are slack, Hollow-ware makers generally 
are quiet. 





Reports as to the state of the engineering and allied 
trades in the Lancashire districts are not very encou- 
raging, Generally there is a decline in employment. 
The latest returns show 7.1 per cent. of unemployed 
in Manchester, Salford, and Liverpool districts, com- 
pared with 7 percent. in the month previous, and 3 per 
cent. in the same month a year ago, In the Oldham, 
Blackburn, and Bolton districts the proportions were 
11.3 per cent., previous month 11 per cent., and a year 
ago 4.4 per cent. This shows a serious decline for the 
year, but only a small decline in the month. Iron- 
founders report trade as bad, but it has improved at 
Salford and Wigan. Short time continues at Crewe. 
Core-makers report trade as improving at Manchester. 
Repair trade on steamships at Liverpool has been 
moderate, and trade with brass-founders is fair. In the 
districts where textile-machine makers and steam-en- 
gine builders preponderate trade is still bad. At Oldham 
there is much short time. At Bolton employment is 
described as very bad; but moderate at Preston, Roch- 
dale, Bury, and Heywood, Iron-grinders and glaziers 
report trade as moderate—better than a month ago. 
Boiler-makers are slack; iron-founders are slack on 
the whole, but moderate at Bury and Preston, good at 
Burnley and Rochdale, At Lancaster this branch is 
described as bad, other sections asmoderate. At Barrow 
iron-ship-builders report trade as moderate, but ship- 
wrights report it good. Generally trade is said to 
moderate in the , stan district. In spite of these 
rather gloomy reports, the proportion of members of 
the Amalgamated Society of Engineers on donation 
benefit in the large district covered by Manchester, 
Salford, and their neighbourhood is not very large. 
In some 25 branches the proportion of ray 
does not reach 4 per cent. ; but at Bolton, Black- 
burn, Oldham, and some other districts the proportion 
is large—much above the average. But the signs are 
brighter in some districts. 


The East Lothian engine-keepers at the Bankton 
and Preston Links Collieries struck work last week 
against a proposed reduction in wages of 2d. per shift. 
The men decided not to return to work except upon 
the old. terms; meanwhile, it is said, the collieries may 
be closed for a time.’ 


Mr. Askwith, the Board of Trade arbitrator in the 
dispute at some tinplate works near Swansea, has 
given his award in favour of an advance of 4d. per 
ton to bar-cutters, making the rate 84d. per ton. 
But he awards to the employers 10/. for breach of 
contract by the men by refusing to continue at work. 








SOME THEORETICAL AND PRACTICAL 
CONSIDERATIONS IN STEAM-TURBINE 
WORK.* 

By Francis Hopckinson, East Pittsburgh, Pa, 


THE general subject of steam-turbines is not new to the 
Transactions of this Society ; the paper presented by the 
late Dr. Thurston; in 1900, forms a valuable treatise on 
this subject, Later, at the June meeting, 1903, a paper 
by F. A. Waldron was presented, which, from the 
operator’s standpoint, showed the all-round commercial 
economy.of the turbine, and was a tribute to the dura- 
bility and general performance of the particular machine 
he described. It is, therefore, inten to confine this 

per to some special features of turbine work, which 

ave a more or less intimate bearing upon the operation 
of a successful steam-turbine. 

_The Ideal Turbine Element.—An ideal elementary tur- 
bine may be said to consist of a steam-nozzle directing a 
tangential jet of fluid upon a bucket-wheel of the Pelton 
type. This type of bucket is selected because it may be 
capable of. giving a fin gree reversal to the jet, so that 
the spent fluid may issue from the buckets without any 
velocity. Even this type may not be quite ideal, because 
of the distance which-must necessarily exist between the 
outlet of the nozzle and the receiving wedge of the 
buckets, the effect of which will be to cause friction 





* Paper read at the joint meeting of the Institution 
of Mechanical Engineers and the American Society of 
Mechanical ‘Engineers, at Chi , June 1, 1904. For 
further ‘discussion on this topic, consult Transactions as 
follows :—No. 345, vol. x., pee 680, ‘* Notes on Steam- 
Turbine,” J..B..Webb; No. 648, vol., xvii, page 81, 
‘*SteanTurbine,” W, F..M. Goss; No, 876, vol.- xxii., 
170, “‘Steam-Turbine,” R. H. Thurston; No. 987, 
vol. xxiv., page 999, :/‘Steam-Turbine from Operating 








Standpoint,” F. A. Waldron. 








between the jet and the surrounding medium, causing 
eddies, and perhaps entraining some of this surrounding 
medium; Age 

Steam expands approximately adiabatically in the 
nozzle, and on its arrival at the exit should be eapeahty 
expanded to the exhaust pressure, so that its heat energy 
may be entirely transformed into kinetic energy, and its 
velocity be the greatest attainable on striking the buckets. 
For conditions of maximum efficiency thé same relation 
between velocities of jet and vane applies to the steam 
impulse wheel as to its hydraulic logue—viz., bucket 
8 uals one-half of jet speed. 

The difficulty of such a design as this is obviously due 
to the fact that the velocity of steam expanding between 
even moderate differences of pressure is so high as to 
render the most efficient velocity of the bucket difficult to 
provide for,: because of the limitations of strength of 
materials. Thus, for terminal pressure of 165 1b. and 1 Ib. 
respectively the bucket s should be 2025 ft.* per 
second, - In practice, the maximum attained is 1378 ft. per 
second in a 300 horse-power De Laval turbine, whieh ia 
32 per-cent. below speed, -- In a 50 horse-power turbine 
the bucket velocity is 58 percent. below normal ; but even 
at this speed the radial stresses amount to 23,000 lb. per 
square inch, 

The Expansion of Steam.—The so-called phenomenon 
of maximum flow of steam through an orifice is now 
generally understood. It has been generally stated that 
the velocity of steam flowing through an orifice will not 
exceed about 1500 ft. per second, no matter what the 
differences of pressure may be, This condition has been 
said to be reached when the exhaust pressure bears a 
certain ratio to the initial pressure. This ratio has been 
variously given from 52 per cent. to 58 percent, 

Experiments made at Kast Pittsburgh, however, seem to 
show that the above — vary with the initial pressure, 
The velocity becomes higher and thé above ratio lower 
with the lower initial pressure. Therefore, in the above- 
mentioned elementary turbine, if the initial pressure is 
150 lb. per square inch, and the exhaust pressure is 
greater than 85 Ib. (57 per cent. of the initial pressure), ali 
that is needed in the shape of a nozzle is a well-rounded 
orifice. If the exhaust pressure is less than 85 Ib., a 
divergent nozzle, as used by Gustav de Laval, is necessary. 
Without this divergence, the steam will expand outside of 
the nozzle where it is uncontrolled by its walls, and con- 
sequently much of the expansion will take place laterally, 
which will not further accelerate the jet. 

A further reason for the divergence is apparent from 
the fact that the work done by the expanding steam varies 
nearly in direct proportion to the number of expansions, 
and also varies directly as the square of the velocity. 
The volume of the steam, therefore, increases much more 
rapidly than the velocity, and room must be provided for 
its proper expansion in the nozzle. 

A theoretical design of a divergent nozzle is shown in 
Fig. 1, page 902, which considers a nozzle expanding 1 lb, 
of dry saturated steam per second from an shook pres> 
sure of 165 lb. per square inch to 1 lb. per square inch. It 
has been assumed that the expansion will be adiabatic, and 
that equal increments of work will be performed in equal 
increments of nozzle length. 

he abscisse are laid out to uniform scale, and represent 
the foot-pounds of energy given up by the steam expand- 
ing between the limits of pressure referred to the scales 
of ordinates. The curve of pressure shows the pressure 
drop corresponding to increasing work. The velocity 
curve is calculated upon the assumption that all energy of 
the expanding steam has been expended internally and 
converted into velocity. The curve of the areas of the 


nozzle is found by the equation a = aa 


@ = area of nozzle, 

8 = specific volume, 
a2 = quality of steam, 
V = velocity of steam. 


An examination of the curve shows that the throat of 

the nozzle corresponds to a velocity of 1500 ft; per second; 
and to a pressure 574 per cent. of the initial pressure. __ 
_ It is logical to assume that steam expands adiabatically 
in a nozzle, as nozzles are generally small relative to the 
amount of steam passing, so that there is little oppor- 
tunity for any interchange of heat. The state of the 
steam at the outlet of the nozzle, therefore, is, except for 
some frictional losses, the state of the exhaust of an ideal 
engine. - It contains considerable water, which has been 
condensed during the adiabatic expansion of the steam. 
This may amount to over 20 per cent. in cases of low ex- 
haust pressures, and is discharged from the nozzle in the 
form of vapour or fine spray. 

If the steam issuing from this nozzle be brought back to 
rést in a-closed--chamber, the kinetic en of the jet 
will be reconverted into heat, and the expanded steam will 
become superheated, oes as in the well-known throttling 
calorimeter. Fig. 2 shows this graphically, by means of 
an coieey temperature diagram. The steam expands 
from 165 1b. absolute to 1 Ib. absolute. S, represents the 
state of the steam at the outlet of the nozzle, which con- 
tains 23.1 per cent. of moisture. On the steam being 
brought to rest, it attains the state S,., and becomes 
superheated 167.8 deg. Fahr. 

An interesting fact on this subject was pointed out by 
Professor W,; H,* Watkinson (Transactions of the Insti- 
tute of Engineers.and Shipbuilders in Scotland, vol. xlvi., 
Part V.), of Ragland, who shows that if, after the energy 
of the jet has been converted into-velocity, we were to 
separate therefrom the water of condensation and then 
bring the jet to rest, the steam would become highly 
superheated, This is graphically shown in Fig. 3, Using 





* Conrad Anderson, Transactions of t e Engineers and 
Shipbuilders in Scotland, November, 1902. 
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The form is subject to frictional losses, due to large disc areas 


modate extraordinarily high peripheral speeds. ; ; E 
operating at high speeds in dense media. 


buckets consist of metal strips about one-half the radius ; 2 
of the wheel length. They are secured to a two-piece A still further method of securing the advantages of 
hub by projections, as shown in Figs. 5 and 6, and a cross- | compounding is reg ome in the construction of the 
section of a imately uniform strength is obtained by | Parsons turbine ; which, however, antedates, both in con- 


proxima Y 1 I 
milling the bucket curves deeper from hub torim. Thus | ception and introduction, other forms of modern steam- 


the weight is largely decreased, as are also the internal | turbines. f é 4° 
stresses to be provided for. Zoelly found by experiments | _Parsons.—In the types previously described the original 
that his buckets might be spaced much farther apart than | impact element has been made use of in simple or com- 
customary in the De Laval turbine, without serious loss | pounded form, the pressure fall being secured by nozzles 


expanding adiabaticly, one pouud 


Theoretical design of 
0d per second of dry and satarated steam from 1f6 poun. 
Bre to 1 pound gbsolute pressure, assnmin . ° 
work will be performed in equal increments of length of nozale. Diagram, showing 
The expansion of steam from 165 
absolute pressure to 1 pound absolute pressure, 
980) The bri: to rest without 
work and witbout 
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Absolute Steam Pressure,in Pounds per Square Inch. 
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Temperature, in Degrees Fahrenheit. , 


Velocity of Steam, in Feet per Second 
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' of turbine is so well known as to require only passing com. 


ment here. The steam volume progressively increases 
from inlet to exhaust in the annular space between stator 
and rotor. The entire expansion, which is approximately 
adiabatic, is carried out within this annular compartment, 
which essentially corresponds to a simple steam nozzle. 
There is this difference, however, that whereas in a nozzle 
the heat energy-of the entering steam is expended upon 
itself in producing high velocities of efflux, in the Parsons 
turbine the total velocity, due to expansion, is subdivided 


S; 


Diagram, showing 
The adiabatic expansion of steam from 165 pounds 
absolute pressure to 1 pound absolute pressure, and 
The abstracting of the moisture due to 


steam to rest without its per 
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n efficiency, which justifies his construction. The peri- 
pheries of the bucket-wheels are surrounded by stationary 
metal shrouds to prevent radial escape of the steam. 
The sides of the buckets are further enclosed in sheet- 
steel housings, to reduce the windings which would occur 
with exposed buckets of such length. Complete reversal 
of the steam-jet is impossib'e, and the action is similar to 
that of the familiar Pelton wheel. 

he Rateau.—Professor Rateau, in his later form of 
turbine, has discarded the simple impact element, and 
employed the subdivided element to a still greater extent 
than any hereinbefore described. Figs. 7 and 8 show a 
section of a Rateau turbine of 25 stages.. Annular nozzles 
are provided in each division wall between stages. The 
stages being numerous, the pressure drops are small, such 
that the nozzles require no divergence. The increasing 
nozzle area is secured through increasing the arc, or per- 
centage of total circumference, rather than the nozzle 
width, as in the Zoelly form. Thus, in the later stages a 
complete annular jet results, and the entire periphery of 
the whee] is made use of. This seems 9 decided step in 


a 


iJ 
i) 


wus. £1 cosucpeH 3g. tre 


and the velocity abstracted by vaqes.-: Thus each bucket- 


pressure at all points. Mr. Parsons, however, ear 
ceived the idea of so des’ 
vanes that they should perform.the functions of bucket and 
nozzle as well, at the same time confining the steam to the 
periphery of the wheel in order to avoid superficial friction 
in large disc areas. The actual construction of this type 


ly con- 





the direction of reducing fluid velocities; but even this 


wheel presumably rotates in.an atmosphere of uniform ;evident that heré frictiona 
|} of efflux, are largely redu 


ing and locating the turbine- | 


3 


8 
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Brake Horse Power 


|into a number of steps, in each of which it is reduced 
| through thedynamic relation of jet and vane ; so that a com- 
| paratively low velocity is maintained from inlet to exhaust, 
| this generally varying from 150 ft. per second as a mini- 
| mum at the high-pressure end to about 600 ft. per second 
/as @ maximum at the low-pressure end. The action of the 
| steam in this turbine differs from other types also in this 
| respect, that the steam expands in the ring (2) of moving 
| blades (see Fig. 9), so that a reactive effect is produced in 
| addition to the impulse of the steam from (1). The total 
a produced at the shaft from ring (2) of moving 
| blades is, therefore, due to impact of steam from (1) an 

'reaction: fromi (2). This process is repeated in each 
‘element of the turbine, and the average velocity may be 
rmaintained at a uniformly low figure throughout. It is 
1 losses, due to high velocities 


gh vacuum—in 
provided, the 
This may. be so in 

rtions of the 
‘. the parallels 


~It has-been often held that unless br hag 
fact,-an almost uncomimercia! one—be 

economy, of the turbine will -suffer. 
certain t in’ which there are idle 
| bucket-wheels rotating in dense media. 
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flow type, however, losses from this source are not so 
much in evidence, by réason“of the fact that the steam is 
confined to the annulus, and the entire circumference is 
active in producing torque, thus reducing the proportion 
of friction to useful work. By reference to the tables of 
tests, pages 900 and 901, it will be found that the results 
from turbines operating under ‘poor vacua are not less 
excellent, relatively, than thosé obtained with high vacua. 

The question.is frequently asked, Why three diameters 
of barrel have been generally selected in. the Westing- 
house-Parson? turbine? ~ This selection has no. bearing 
whatsoever on thé design: of the machine,. but. is: merely 
one of mechanical convenience. The proper expansion 
can be provided for just as well should there be one 
or several different diameters. It would be found, how- 
ever, that if a speéd and diameter of drum were selected 
that would permit convenient proportions of blades at the 
outlet, the blades at the inlet of’ the ‘turbine would 
become unmechanically small ; similarly, if diameters and 
speeds were selected to suit the inlet blades, the areas of 
the blades in the last stages would become unmanageably 


BRAKE TESTS OF 1250 K.W. TURBINE N° 43 
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.as its action is similar to wire-drawing in a restricted 
passage ; hence it is superheated to a slight degree, and 
serves to partially dry the working est, which contains 
considerable moisture, due to adiabatic expansion, 

In any type of turbine it is necessary to provide glands 
at the ends of the casings, to prevent the escape of steam or 
the influx of air into the turbine at the point of entry of 
the shaft. Air leakage is particularly detrimental in 
cases where it is desirable to maintain high vacuum. 
Various forms of packing glands have been used, but the 
later type Westinghouse-Parsons turbines are fitted with 
an arrangement of water-sealed glands. They require no 
lubrication, and it is impossible for any oil to escape from 
the bearings or the lubricating system into the steam 
spaces. There are no rubbing surfaces in these glands, 
and it is found that they do not wear out. The water 
uséd for sealing them is small in quantity, but it is not 
necessarily lost, as it may, in a power plant, be taken 
from the feed-pump delivery, and the overflow returned 
t6 the feed-pump suction. ~ vege 4 

At the entry for the steam a steam-strainer is provided, 
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cally operated is greatly extended ; in this case from 400 
01 


to over 1000 brake horse-power, with a steam consumption 
varying from 13.2 to 14.3, or but slightly over 8 per cent. 
from that of maximum efficiency. 

The intermittent admission of steam to the turbine is 
productive of some gain in economy at light loads, by 
keeping the temperature range ter than would be 
possible if the steam were throttled. Another advantage 
to be derived from this method of admitting steam is that 
the admission-yalye and the mechanism that operates 
it are constantly reciprocating, and consequently get 
no opportunity to become stuck. The reciprocating 
motion necessary to operate the mechanism originates 
with an eccentric driven by the turbine, and is 
transmitted through the clutch of the governor, causing a 
continual disturbance ; such that the governor is at all 
times ready to go to a new position with the least change 
of speed, simply because the “‘friction of rest” does not 
have to be dvercome, On the er size turbines the 
governor is supplemented by a special automatic centri- 





fugal safety-stop which is mounted at thé end of the 


try : ’ 5 . % 
TESTS OF 1250-K.W. STEAM TURBINE AND GENERATOR 
Pig. 43 . TUR, E N° 41 BUILT BY 
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large. By> varying the-barrel diameters at several con-} and the steam -passes thence. through a poppet valve, | shaft, and which actuates, by means of high-pressure 


venient points, corresponding variations may be made in | which is controlled by the governor. 


the velocity: of the steam, thus permitting blade designs of ! 
convenient proportions for both extremes. 

It is an important feature of the parallel-flow turbine | 
that the entire’ annulus ‘between rotor and: stator is filled 
with working steam.’ ‘It permits thé use of large axial 
clearances between moving and stationary blades without 
loss in efficienty.-'In actual practice, this:is never less 
than 4 im., and in large blades ‘it is as much asin. In 
all forms:of: impulse turbine separation of nozzle and vane 
results. in surface friction of the jet, and particularly 
an entraimment of the surrounding medium, as in the 
fashiomof a steam-injector ; thus increasing fluid friction by 
ae the steam backwards through the idle portion of 

ne OW, e: ’ ; 

Atthough small ‘axial clearances are unnecessary in the 
Parsons turbine, it is desirable to'employ as small radial 
clearancés*as possible in order to prevent leakage of 
steam’ from stage to stage,- In order-to avoid over- 
estimating the probable extent of this leakage, it is’ 
necessary to bear in mind a point which is usually lost | 
sight of, and which, in a considerable measure, offsets the | 
loss from this source. \In-a machine of given size the 
radial clearances between the ends of blades and the walls 
of the turbine would presumably be constant. The 
greater leakage. would, therefore; naturally occur at the 
high-pressure: end of the turbine, or at the beginning of 
the expansion. By the time the lower stages of the 
turbine have been reached, the total volume of the steam 

as become 80° great, compared with the clearance area, 
that the latter becomes unifmportant. All leakage steam 





hen in operation, 


steam, an auxiliary self-closing throttle-valve located in 





returns:energy to the working’ steam in fhe form of heat, : 





this poppet valve is continually opening and closing at | the main steam-pipe supplying the turbine. The safety- 
constant intervals, the periods of which are proportional | stop may be set at any predetermined speed, which, if 
to the speed of the turbine. Its operation is well shown | attained, causes the turbine to be. brought to rest. 
in Fig. 10, which represents some indicator cards taken | It is employed mainly as a precaution against damage 
on a 1250-kilowatt turbine at-various loads, the indicator |due to any possible derangement of the governor 
being attached to the -admission port, and the indicator | mechanism. 

barrel revolved at constant speed by suitable means. At| With the form of governor employed, the speed regula- 
light loads, the valve opens for very short periods, and | tion may be kept to within 2: per cent. between friction 
remains elosed during the greater part of the interval. | load and full load, or 1 per cent. either side of the mean 
As the load increases, the valve remains longer open, | speed. Full load or overloads may be entirely thrown on 
until finally continuous full pressure is obtained in the | or off without causing more disturbance than a momentary 
high-pressure end of the turbine. At this time the valve surge of speed. of about 4 o cent, or 5 per cent. 

does not reach the seat at all, but is merely vibrating | he function of the ba apts yo is to neutralise 
without sensibly reducing the pressure of steam in the | the unbalanced axial thrust resulting from the pressure of 


turbine. This, in a turbine, would correspond to some- | the steam acting on the various drums of the turbine. - 


what over full load. _.. |These are equal in area to the effective area of the 

On the load being still further increased, an auxiliary | turbine, and are subjected to the same pressure by means 
or ‘‘secondary” valve, designated Vs, begins to open and | of equalizing ports or pipes. It is evident that, whatever 
admits steam as may be required to a later stage in the | may be the distribution of pressures within the turbine 
turbine where the working steam areas are greater, thus | due to varying loads, the thrust in the direction of the 


increasing in proportion the total power of the turbine. | pistons must be equal to that in the direction of the 


| The operation of this poppet valve is the same as the main | blades, with the result that the rotor remains practically 


admission, so that the governor automatically controls the | in equilibrium. In order, however, to preserve the adjust- 

ower and speed Of the turbine, from’no load to such over- | ment of these balance-pistons, a thrust bearing of small 
Siete as are prope beyond the limits of generating | dimensions is provided at the end of the shaft. This, 
apparatus built on normal ratings.’ Its performance may | however, should be called an alignment bearing rather than 
be seen in Fig. 11, which shows an economy test on | a thrust bearing, for the reason that, in practice, it takes 
a turbine where tests were made up to 76 per cent. over-|no_ thrust. @ balancing-pistons revolye within the 
load. The economy, it will be observed, drops off slowly | casings with a close fit, but without. mechanical friction, 
as the ‘‘secondary” valve opens; but, on ‘the other hand, | and their peripheries are deeply serrated, -in' order to 
the range of load at which the- turbine may be economi-' interpose a path for steam attempting to’ leak past 
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the pistons sufficiently devious to render loss from this 
source as small as possible. 

A turbine has an important advantage—that local 
temperature conditions vary but little during operation, 
and on steady load are absolutely constant. ‘The reversals 
of temperature in a reciprocating engine cylinder have no 
equivalent. Thus the temperature of rotor and stator is 
at all points approximately equal to that of the steam in 
the corresponding expansion stages. Generally, the 
tator is made of cast iron and the rotor of steel, so that 
the differential expansion that must necessarily exist, be- 
tween them has the effect of increasing or decreasing the 
axial clearances between running blades at different loads. 
This, however, is unimportant with this type of turbine 
because of the ample axial clearances provided. The ex- 
haust end of the turbine is bolted to the bed-plate, while 
the steam end is provided with a sliding-foot working 
between machined ways on the bed-plate, so as to permit 
the turbine to expand as it will. fo types of turbines, 
however, where small axial clearances exist, this question 
of differential expansion is not such a simple matter. 

It has been advanced that the blade construction 
employed in the Parsons turbine constitutes an element of 
complexity, which also is not conducive to low cost of 
construction. The author is, perhaps, not conveying new 
information in —, that the blades are rolled out from 
special bronze or steel into long strips, then sawed into the 
proper length, and finally mounted around the perenne 
of the rotor and the stator in grooves, with special 
separating - ang se the whole being finally caulked in 
position. In practice it is found that with this con- 
struction the blades are never released, except through 
some special cause, and the construction is of immense 
advantage in minimising the delays due to accidents.* 
When opened f6r inspection, by placing the shaft in a sling 
the rotor can be lifted out by a crane, and the entire 
interior examined. Such a turbine can be taken apart 
and completely reassembled inside of two hours; which 
cannot be said of many types of prime movers now known 


us. 

In view of the widespread discussion upon the merits of 
a reheater in reciprocating engine work, it may be of 
interest to mention the results of its application to steam- 
turbines. The earlier Westinghouse-Parsons turbines of 
large size were constructed in tandem two-cylinder form, 
for the purpose, not only of reducing the span between 
bearings, but also to permit the introduction of a receiver 
between high-pressure and low-pressure cylinders, the 
arrangement being intended to separate as much moisture 
a3 possible resulting from adiabatic expansion, and to 
superheat the remaining steam. Exhaustive tests have, 
however, shown the reheater to be of little, if any, value 
in increasing the economy of the turbine when the high- 
pressure steam condensed in the reheater coils was 
charged up against the turbine. An improvement in the 
separator resulted in an improvement in the operation of 
the reheater ; but, notwithstanding this, no advantage due 
to the reheater could be observed, and its application 
does not seem warranted, on account of the decreased 
compactness of the machine. 

In the course of regular operation of power-stations, it 
is not an unusual occurrence that wet steam comes over 
from the boilers, due to foaming, overfilling, or other 
causes. The effects upon reciprocating-engine machinery 
need not be commented — here. In several instances 
of turbine plants, slugs of water coming over from the 
boilers have been known to bring the turbine almost to a 
standstill, but without any apparent damage resulting. 
As soon as the water passes over to the condenser, the 
turbine again regains its speed. The effect on the 
economy of entrained moisture in the steam has been 
found to increase the steam consumption to an amount 
about twice the percentage of moisture in the steam— 
i.e., 2 per cent. of moisture will decrease the economy 
about 4 per cent. 

Finally may be mentioned the system of lubrication 
desirable with turbine outfits. Essentially a point in 
mechanical design, and independent of the steam cycle, 
it is nevertheless one on which the successful operation of 
any machine is absolutely dependent. Although posses- 
sing extraordinary features of excellence in the matter of 
securing great compactness of design, forced lubrication, 
as ordinarily understood —oil under high pressure — 
does not seem entirely desirable. In the Parsons 
type of turbine the projected areas of the journals are 
proportioned so that the entire weight of the rotatin 
element may be op upon a fluid film of oil throug 
capillary action alone. A small pump, driven from a 
worm gear upon the shaft, circulates oil through a closed 
system, comprising in the order of their arrangement : 
pump, oil-cooler, bearings, and reservoir. The oil is 
always applied to the bearings at the point of least pres- 
sure ; that is, it enters at one end and follows a ve 
along the top of the shell, from which it is distributed 
around the shaft. The pressure impressed upon the fluid 
films is due simply to a static head of 1 ft. to 3 ft., suffi- 








* Such accidents are, however, of rare occurrence, and 
one that may be attributed tc the blading construction has 
yet to happen. On one occasion an expanding exhaust- 


pipe, which had been too firmly anchored at the lower 
end, occasioned sufficient distortion of the turbine casing 
to destroy several rows of blades. The turbine was im- 
mediately shut down, the casing opened, and the débris re- 
moved. It was then again put under steam, and continued 
in full-load service during the day without further trouble 
or apparent effect on its capacity. At night, after extra 

leding had arrived from the factory, the machine was 
again opened and the damaged rows replaced. The 
repairs were made during several short — at 
nights, but the turbine was kept in uninterrupted daily 
operation. The accident only kept the turbine out of 
service about three hours, 





cient to insure thorough flushing of the bearings. It 
is probable that the shaft never comes into actual contact 
with the bearings, but is separated by the oil -film. 
This is evident by the fact that bearings when taken out 
for inspection after several years’ continuous run are 
found to be subject to practically no wear. In several 
cases the original tool-marks upon the interior of the 
shell have been preserved. 

The benefits resulting from the employment of a closed 
oil-circulating system and large bearing areas are apparent 
in the cost of operating a turbine in regular service. As 
a result of inquiries in several concerns employing West- 
inghouse-Parsons turbine machinery, it has been elicited 
that a turbine ordinarily consumes about 3 gallon of high- 
grade engine oil per kilowatt capacity per year; or, in 
other words, the total quantity of oil used per year 
averages about 100 gallons for a 400-kilowatt turbine. 
As this oil costs from 25 to 50 cents a gallon, the expense 
for oil for the turbine is not ordinarily over 74 to 12} 
cents a day ; and even this is not all directly chargeable to 
the turbine, as it is common practice to utilise the oil 
which is removed from the circulating system on auxiliaries 
and other low-speed machinery. 

It is well known that flexible bearings are employed on 
Parsons turbines of small sizes, in order to permit the 
rotor to revolve about its gravity instead of its geometric 
axis ; this being necessary at the high speeds employed, in 
order to neutralise the effect of minute errors in the 
balancing of the discs. The flexible bearings consist of a 
nest of concentric bronze sleeves, with sufficient clearance 
between them to permit the formation of oil-films, which 
act as cushions, permitting a certain amount of vibration 
of the shaft, but at the same time restraining such vibra- 
tion within narrow limits. In the larger sizes of turbines, 
however, and, in fact, for all machines running below 
1200 revolutions per minute, the flexible bearing is no 
longer found necessary, and is replaced by a solid split 
self-aligning journal, lined with anti-friction metal, as in 
the ordinary forms of low-speed machinery. 

Turbine Generators.—It is an interesting fact that, 
owing to the introduction of steam-turbines, the general 
characteristics of generating apparatus have been modified 
to a wide extent, and in points of running speeds have 
returned to the practice of the first build«s of electrical 
machinery. Owing to the restrictions laced upon the 
designers by reciprocating engine speeds, the dimensions 
and bulk of engine-type generating machinery have, of 
late years, become enormously increased ; similarly, the 
cost of construction. With the advent of the turbine, 
however, speeds have been increased to such a point as to 
secure in the generator construction minimum bulk and 
cost consistent with strength and durability.* 

The turbine generator is more easily applied to alter- 
nating-current work, for the reason that commutation 
difficulties involved in direct-current machinery running 
at high speeds are avoided. The preferable construction, 
therefore, comprises rotating field and stationary armature. 
In present turbine generators the armature construction 
is not essentially different from that of the ordinar 
engine-type machines. In the construction of the field, 
however, the centrifugal stresses necessitate a construc- 
tion of greater inherent strength. Recent practice em- 
braces two designs—one of built-up forms used in fields 
having six or more poles ; and the other of a solid steel 
casting thoroughly annealed, bored for the reception of 
the shaft, and slotted axially for the reception of bar or 
strap windings, which are insulated and confined in posi- 
tion by wedges. 

The turbine, however, makes possible the use of a still 
further type of generator, which, although — diffi- 
culties in design at ordinary engine speeds, becomes ideally 
suited for direct connection to the turbine, both by reason 
of its electrical characteristics and its inherent strength of 
mechanical construction. It is well known that, if the 
ordinary squirrel-cage induction-motor runs below syn- 
chronism with the system upon which it is operated, it 
will absorb power from that system proportionate to 
the slip or drop in speed. If.it.is run in synchronism 
therewith by external means, it will absorb no power; 
and if run above synchronism, it will become a generator, 
and return electric power to the system. 

When running below —, the greater part of 
the current absorbed by the motor appears as power, but 
a small part is consumed within the motor itself in mag- 
netising its rotating field. When run above synchronism, 
the motor, now a generator, still requires magnetising 
current from the line to which it is amen It is, 
therefore, incapable of operating by itself, and must be 
run in connection with synchronous machinery capable of 
supplying its magnetising current and controlling the 
frequency of the system. 

e induction or non-synchronous generator, unfortu- 
nately, imposes a lagging current upon the supply system, 
but the power-factor can be brought within a few per 
eent. of unity, so that the effect upon the system may be 
readily neutralised. Its peculiar electrical characteristics 
impose limitations upon its general use for power-station 
work ; but when employed in conjunction with synchronous 
apparatus, such as ordinary alternators, synchronous 
motors and rotary converters, it becomes peculiarly suit- 
able for extension to a power system in which the limit of 


* A pertinent comparison may be made in the two 
types of 5000-kilowatt generators which will form the 

wer equipment of the Rapid Transit Subway in New 

ork City. The engine-type generators, run at 75 revo- 
lutions per minute, are a ey 40 ft. in diameter, 
and weigh 980,000 Ib. e turbine generators, on the 
other hand, run at 750 revolutions per minute, are 12 ft. 
6 in. in diameter, and weigh 234,000 lb., the weight of 
journals and shaft excluded in each case. The engine- 
type generators have 40 poles, and the turbo-generators 
four, giving the same frequency—25 cycles per second. 








generator capacity has already been reached: With the 
apparatus mentioned, particularly with synchronous 
motors and rotary converters, a sufficient leading current 
may be imp: upon the system by over-exciting the 
fields of these machines to entirely neutralise the effects 
of the magnetising currents required by the induction 
generator ; so that, in general, if existing apparatus is 
ample to care for existing inductive loads with reasonable 
margin, the induction generator can be employed to great 
vantage. 

. A feature which is particularly favourable in rendering 
it suitable for turbine driving is, that by largely reducing 
the number of poles the magnetising currents may be 
largely reduced. For this reason the limitations of the 
induction generator occur largely in the direction of bulk 
rather than otherwise. As it must operate at the com- 
paratively high speed of the turbine, it is thus possible to 
reduce the number of poles to a few pairs, so that the 
losses above mentioned are minimised and the generator 
becomes commercially practicable. And as the squirrel- 
cage construction of the rotor is peculiarly well suited for 
high-speed work, we are fortunate in having here one 
of the few cases in which the electrical and mechanical 
conditions “rfpoecrete generator and prime mover are 
almost exactly suited toeach other. In general, the higher 
the speed at which the machines can be safely operated, 
the less the material necessary and the smaller the losses, 
sored in an extraordinarily high efficiency and power. 
actor. 

For example, with.a two-pole 60-cycle induction 
generator of 500 kilowatts, running at 3600 revolutions, 
the power-factor may be brought as high as 98 per cent. 
or higher at full load, and the total efficiency will be far 
greater than that of present generating machinery. 

Economy.—As one of the principal claims which the 
turbine makes is economy of steam, and consequently of 
fuel, a few observations may be made upon this subject. 
As is well known, high economy has been obtained with 
the turbine operating under favourable conditions ; but as 
abstract figures of steam, heat, or fuel consumption rarely 
convey an adequate idea of the actual merits of the prime 
mover in question, it is necessary to examine the con- 
ditions under which these results were obtained. 

The table of tests, pages 900 and 901, has been prepared 
with a view to presenting, in as concise shape as possible, 
the results of several hundred tests upon turbines of 
all sizes, and under all conditions of operation, the head- 
ings being arranged with reference to these conditions. 
The tests were conducted in the testing department of the 
Westinghouse Machine Company at East Pittsburgh, 
where every turbine put through the shops is thoroughly 
tested before shipment. 

Columns 51 and 52, page 900, give results under mode- 
rately favourable conditions—150 Ib, steam pressure, 28 in. 
vacuum, and 180 deg. superheat ; and in columns 1 and 3 
will be found tests under decidedly unfavourable con- 
ditions—125 lb. pressure, 26 in. mercury vacuum and 
saturated steam. ; 

The testing department provides facilities for the 
accommodation of :~ 


Four turbines of small capacity, up to 500 kilowatts. 

Four turbines of 2000 kilowatts capacity. 

Two turbines of 5000 kilowatts capacity. 

Song latter foundations at this time are not yet com- 
plete. 

This is somewhat of a radical departure in manu- 
facturing methods, and entirely unprecedented. At 
present it is unusual practice among generator-builders 
to determine efficiency in large machinery by other than 
the motor-generator method, and in the largest sizes, such 
as the 5000-kilowatt Manhattan generators, the machines 
are not even turned over in the factory; similarly, 
engines above 500 to 1000 horse-power are seldom tested 
in the shop, and the larger sizes are shipped without 
having steam turned into them. It is thus of peculiar 
interest that the largest turbine units will be tested under 
steam at the shops. The testing equipment comprises 
boiler plant, a gas-fired superheater, and four independent 
surface-condenser outfits, ranging in size from 1600 square 
feet up to 10,000 square feet surface. 

The condensers, with the exception of the smallest, are 
all of the ‘‘counter-current” type, exhaust steam bein 
admitted from beneath. The condensed water is receiv 
in a hot well located below the condensers, and air is 
withdrawn from the top by two stage dry vacuum pumps. 
These are capable of maintaining a vacuum within } in. 
of the barometer, with a closed suction. The vacuum 
with the condenser in operation depends, of course, upon 
the temperature condition within the condenser. 

Tests are made by means of brakes or by electric 
generators, as desired. For the latter, large water 
rheostats are available; while for the former a special form 
of water friction brake has been devised which has proved 
extremely flexible in its application, and of great value. 

Steam consumption is determined by weighing con- 
densation in the usual manner. Vacuum readiggs are all 
reduced to a basis of 30in. of mercury, necessitated by the 
elevation of Pittsburgh. 

The tests shown in columns 38 to 43 of the table are 
plotted in Fig. 11, 902. This curve embodies the re- 
sults of the introduction of the secondary governor valve, 
and shows a remarkable ee of load with high economy. 
_ Some brake tests of a 1250-kilowatt turbine are plotted 
in Fig. 12, with vacua ranging from 25 in. to 28 in., and 
clearly show the effect of vacuum and superheat. 

Fig. 13 and columns 93 to 100 show some electrical tests 
on a similar machine, these having been verified by 
Mr. Julian Kennedy, consulting engineer, of Pittsburgh. 

Fig. 14 shows the plotted results of tests carried out at 
the Westinghouse hine Cees works by Mr. F. 
W. Dean, of the firm of Dean and , and shows a very 
good performance for a small machine. ; 

The general appearance of these curves might possibly 
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give the impression of a poor economy at lighter loads, 
a to engineers who have been accustomed to con- 
sidering engine performance on 4 basisof indicated horse- 
power. en they consider such performance on a basi 
of brake or electrical horse-power, they readily make a 
mental correction between brake or electrical horse-power 
and indicated horse-power at full load, but seldom realise 
the fact that the mechanical efficiency is much poorer at 
fractional loads than at full loads. 

It may be said that the mechanical losses of an engine 
are approximately constant at all loads; and, assuming 
this, an engine that has 94 per cent. mechanical efficienc 
at full load has an efficiency of but 88.6 per cent. at half 
load, and at quarter load of 79.8 per cent. To exhibit 
this, Fig. 15 has been prepared with two of the tests 
already shown in Fig. 14 plotted again, with the curves 
Cand D added. The method of plotting curves C and D 
has been as follows :— 

Take, for instance, curve C :— 


From tests, brake horse-power 


at rated full load te i = 593.17 
Internal horse-power = en = 631.03 
Loss, horse-power ; as 87.86 

This loss has been assumed constant at all loads. 
Total steam, pounds per hour... 8249 
Pounds steam per indicated ‘ 

249 
h * h — a 9B 

orse-power hour 631.08 08 
Pounds steam per _ indicated 
horse-power hour, when doing, ais 
4 : 
, 300 brake horse- eae TB 

say, rake horse-power PT a aT 


In this way curves C and D show an indicated horse- 

ate af performance at light loads that is particularly 
ood. : 

. In columns 122, 123, and 124 are shown some test3 on a 

2600-kilowatt turbine, tested under high operating condi- 
tions. The turbine, however, is of the Parsons type, and 
was bu lt by Messrs. Brown Boveri and Co. for the 
Municipal Electric Power Station for Frankfort-on-Main. 

From these curves and table of tests may be gleaned a 
number of interesting facts which it may be worth while 
to point out here :— 

1. The Willans line or curve of tot1] water consumption is 
approximately a straight line at all points up to the open- 
ing of the secondary governor valve on heavy overloads. 
‘This relation has an immediate thermodynamic meaning, 
and points to the utilisation of steam in the turbine, with 
the same internal efficiency at all loads; or, in’ other 
words, that the losses in the turbine from all causes, 
thermal,-'thermodynamic, and mechanical], are approxi- 
mately constant. at all loads; 

2. ‘I'he necessity of high vacua and high superheat is 
not essential to high economy, as has been before alluded 
to. This is shown in tests of a 400-kilowatt turbine under 
26-in. vacuum, 125-lb, pressure and saturated steam. A 
water rate of 15.41 1b. per brake horse-power was obtained, 
which, although not remarkable, would seem to bear out 
the supposition of small fluid frictional losses within the 
turbine. Another result of 14.4 lb. steam per brake 
horse-power hour, obtained with a 1250-kilowatt turbine 
operating with 150-lb. boiler pressure and 25-in. vacuum, 
is of interest. 

3.. The gradual improvement in economy, with an im- 
provement in operating conditions, is well brought out by 
the tests on the 1250-kilowatt turbine (see Figs, 12 and 13). 
By increasing the vacuum from 27 in. to 28 in., and the 
temperature of the steam from that corresponding to dry 
saturation to 77 deg. Fahr. superheat, the nll-load steam 
consumption was reduced from 14.6 lb. to 13.2 lb. per 
electrical horse-power hour. ; 

Foundations and Power-Plant Designs.—With steam 
turbines practically no foundations are necessary, merely: 
something that will- uphold ‘the: dead weight: of the 
machine. Foundation bolts are never used except on 


shipboard. Operation -of turbines on light flooring is. 


entirely satisfactory, thus*permitting their being placed 
on upper floors of buildings. This also permits of the con- 
densing plant being located immediately below the tur- 
bine, by this means the total plant occupying the minimum 
amount of floor space. 

This is the construction made use of in the new power- 
house of the Westinghouse Electric and Manufacturing 
Company. .: 

Some condenser lay-outs have been prepared embodyin 
the above principles ; one such lay-out has been arran; 
for four 400-kilowatt turbines, all exhausting: into a 
central surface condenser of 7000 Square feet cooling sur- 
face. The condenser equipment consists of a dry vacuum 
pump, circulating pump, and condensed water pump, and 
1s suitable for maintaining 28-in. vacuum. Allowing ample 
space for passageways, &c., the enginé-room covers a space 
of 35 ft. by 26 ft. The basement is 14.6 ft. deep. Turbines 
are placed at 7-ft. 10-in. centres. 

A similar lay-out embraces four 1000-kilowatt turbine 
generators. In this case, the condenser equipment con- 
sists of a surface condenser of 4000 equare feet surface, a 
circulating pump, and a condensed water pump for each 
turbine. ‘Two air pumps are used, either one of which is 
big enough to take care of the whole plant. In this case, 
the engine-room occupies a space of 59 ft. by 36 ft., the 
bee being 18 ft. deep, turbines being placed at 13-ft. 
centres, 

A larger engine-room lay-out consists of four 5500-kild- 
watt turbines. Here each turbine is equipped with a 
complete separate condensing outfit, the condensérs each 


having 20,000 square feet surface. The engine-room | 


occupies 100 ft. by 61 ft., and the basement is 23 ft. deep. 
The turbines are placed at 22-ft. 6-in. centres. 








Tabulating the above figures, we have 














Nain: Normal | Normat | Squiaré — Se ome 
ber Capacity of |Capacity of} Feet Area gquere F | Engine- 
of | each Unit.| ..Engine-t.| of Engine- of Engine! | Room 

Units. K.W. |RoomK.W.| Room 4% |per E-H.P. 

4 400 1,600 910 1.76 | 424 
4 1000 4,000 2124 18s f -- .896 - 
4 | 5500 22,000 6100 8.60. . [: +207 - 














It will be observed that means are provided in all these 
cases for operating any one of the turbines non-condensing. 

In all these lay-outs surface-condensers have been chosen, 
because it is presumable surface condensers will be more 
frequently employed in connection with turbines than 
other types, if only because of the advantage of absolutely 
clean feed-water. 
. It is claimed by condenser -builders that with modern 
dry_vacuum pumps, and a closed hot-well system, a 
better vacuum can be obtained than with a jet condenser, 
due to the fact that the feed-water does not become 
aerated. 

The cost of operating a surface condenser can, under 
favourable conditions, be kept very small, especially when 
Mee ere water does not have to be raised to any 

eight. 

Ys jet condenser, on the other hand, has to do work 
in order to expel the cooling water against nearly an 
atmospheric pressure, according to the vacuum ; but is a 
considerably simpler piece of apparatus, is less costly, and 
is generally not’ subject to electrolytic troubles that are 
sometimes incidental to surface condensers. 

Barometric condensers make a very suitable type of 
condenser for large vertical engines, especially when the 
steam can get direct to the condenser without having to 
be carried upward. 

With turbines, in connection with this type of con- 
denser, the author has observed that some work is 
required to carry the water in the exhaust steam to the 
top of the condenser. 

In one instance this was carefully observed in connec- 
tion with a 1500-kilowatt turbine. The exhaust left the 
turbine-cylinder at the bottom by means of two elbows 
and about 6 ft. of horizontal pipe, passing up a vertical 
pipe to the condenser. Except on fairly heavy loads, the 


orizontal pipe had water in it, observed by a gauge. The-+}- 


amount of this water may be said to have been a measure 
of the load. The back pressure due to this piece of pi 
and two elbows, together with the water lying in the 
bottom, amounted, to 3 in. mercury with steady load. 

If the load became less, the back pressure would 
disappear until more water collected in the pipe, and the 
same 2 in. back pressure would be re-established. 

Jf, on the other hand, the load increased, this back 
pressur6é would rise sometimes to as high as 1 in., until 
the water could be carried away, when it would fall back 
again to about the same § in. 4 

As turbines can expand down to the utmost limits of 
exhaust pressure—it is desirable to give the turbine every 
advantage in this respect—hence it is well to avoid carry- 
ing the exhaust up-hill, thus giving the water that must 
necessarily exist in the éxhaust an opportunity to drain 
and keep the exhaust-pipe free. 

While the author’ has endeavoured to point out that 
high vacuums are-not necessary to the successful opera- 
tion of steam-turbines, the higher economy obtained with 
high vacuunt warrants the condenser problem being care- 
fully considered. It will be seen by the table of tests that 
each inch of vacuum above 26 in. will benefit the economy 
from 3 per cent, to 4 per cent. 

Assuming a 1500-kilowatt turbine, operated at full load 
for a day at 28 in. vacuum instead of 26 in, vacuum, it 
will save approximately 1 lb. of steam per horse- 

wer per hour, or 48,000 lb. a day of twenty-four hours. 

f we allow for 1 lb. of coal costing 2 dols. per ton, and 
evaporating 7 1b. of water, this will mean a saving of 
6875 1b. of coal, representing a rag saving of 6.87 dols., or 
2061 dols: a year. Thus the difference between the 
two.-condenser. investments, being 4000 dols., would ac- 
cordingly pay interest of about 50 per cent., due to the 
saving in coal. 

Such figures as these, however, are of no practical value, 
because of the time a power plant is running at fractional 
loads ; but, . nevertheless, it is apparent that it is worth 
while t@employ high-class condensers. A point, how- 
ever, whith should not be lost sight of is, that the higher 
vacuunr gives a greater percentage gain in economy at 

loads than at full loads. ¥ 


fractio In this matter must 
be considered the ‘extra cost of operating with a high 
vacuum: * 


With air leaks eliminated and a closed hot-well system, 
the air-pump should take no more power because of high 
vacuum... A dry ———? will obviously be doing no 
work beyond its own friction when there is no vacuum in 
the condenser. Similarly, it will be doing no work when 
there is a perfecé vacuum in the condenser, provided 
there are no air leaks: It may be interesting to record 
that the maximum load when the air-pump is started 
comes on, when the vacuum is about 20 in. to 21 in, 

With the circulating water-pump, however, the matter 
is different, as it will have approximately two or three 
times as much water to handle, according to its inlet 
temperature, with the higher vacuum. @ power re- 
quired to do this varies in individual Cases, but it often 
happens that the water can be returned to the same level 
from which it has been taken, such. that the circulating- 
water system forms a syphon, and the pump has only the 
fluid friction of « the pipes: and .condenser tubes to 
overcome. rae er 

Ina 5500-kilowatt turbine, similar to those referred to 
above, in course of construction, the over-all dimensions, 


13,000 horse-power. On 


Maximum overload om tp ‘ 
jorse-power to a square foot, 


this is we have over 17 


.| including the generator. The speed will be 750 revolu- 


tions per minute. 
In closing, it may be appropriate to make passing 
comment on a few typical turbine installations now in 


* | operation. 


There is a turbine installation at the Cleveland and 
South-Western; Traction Company’s power -house at 
Elyria: This machine has been successfully in operation 


since early in November, 1903, at times carrying the 
whole 1 of the Station, amounting to 1600 or 1700 kilo- 


watts, during the disablement of the reciprocatin 
engines. There is the power-plant of the West Penn Rail- 
way and Lighting Company at Connellsville, with three 
1000-kilowatt units now in-operation; a 400-kilowatt 
turbine plant installed at the Yale and Towne Manu- 
facturing Company ; and a 400-kilowatt turbine installed 
at the Johnston Harvester Company. 

Many other installations might bé mentioned, which 
would only serve to exemplify further such features of the 
steam-turbine as have duaske formed thé basis of this 
paper. Suffice it to say that at present there are in 
operation and in course of erection in this country, in 
sizes ranging from 400 to 2000 kilowatts, 43 turbines of 
the Westinghouse-Parsons type, the total capacity of 
which approximates 27,000 kilowatts. There are also 
under construction at Kast Pittsburgh, in various sizes, to 
a@ maximum capacity of 5500 kilowatts, turbines - 
gating 69,400 kilowatts. The output of one builder, 
including machines in operation, reaches a total of 
111 turbines, aggregating 96,400 kilowatts ; or an average 
per unit of 868 kilowatts. The foregoing record is con- 
veeweg that the application of the steam-turbine to 
general power work is permanently established. 








MIDDLESBROUGH DOCK ELECTRIC AND 
HYDRAULIC POWER PLANT.* 


By Vincent L. Raven, Chief Assistant Mechanical 
Engineer, North-Eastern Railway. 

Now that the question of electric appliances for dock 
purposes is so generally considered, the author thinks that 
it may be of interest to record and place before the . 
members of the Institution the particulars of the instal- 
lation and the tests which have been made at Middles- 
brough Dock, on the North-Eastern Railway, comparing 
hydraulic with electric. These are working side by side, 
and are all thoroughly bs to date, giving an excellent 
opportunity for judging the value of the one against the 
other, so far as economy in working is concerned. The 
author proposes, therefore, first to describe the machinery 
at this dock, and then to give the very careful tests 
which have been carried out. 

When the dock, Fig. 1, page 906, was constructed, it was 
equipped with steam-cranes, and had a small hydraulic 

wer-station for working the bridge and gate machinery. 
Twelve years later, a further extension was made, and 
hydraulic cranes were then supplied to the new exten- 
sion. A separate electric-lighting station was also put 
down for dock-lighting ith this plant, in the year 
1900, the following tonnage was dealt with :— 





Tons. 
Coal and Coke exported .. 222;616 
Merchandise, exported .. 197,933 
Re imported .. 26,931 
Ballast worked iis +s 1,751 
Or a total of 459,241 

To do this work :— 
Coal. 
Tons Owt, 

The steam-cranes burnt .. 1 0 
The hydraulic station burnt 994 15 
The electric station burnt 932 11 
Or a total of 3916 6 


The total ‘merchandise worked per ton of coal burnt 

was therefore 117 tons. 

hen the present extension was proposed, after 
careful consideration, it was decided to abandon the 
steam -cranes and to supply their places “with electric 
cranes, and at the same time make one large power- 
station, which would supply both the electric power. for 
the cranes and for the lighting, and the hydraulic power 
water for the hydraulic plant. The work in connection 
with the power-station was divided into two contracts, 
Messrs. Siemens Brothers and Co., of Woolwich, bein 
responsible for the electrical portion, and Messrs, Carric 
and Wardale, of Gateshead-on-Tyne, for the hydraulic 
installation. 

The power-station contains three sets of Messrs. Bellis 
and Morcom’s compound three-crank self-lubricating 
quick-revolution vertical engines, discharging into inde- 
—_ condensing plants, each developing 360 brake 

orse-power at a steam pressure of 150 lb. per square inch, 

atas of 380 revolutions per minute; these engines 
are direct-coupled to three Siemens dynamos, which 
have an output of 240 kilowatts at 430 volts, when running 
at a speed of 380 revolutions per minute. : 

bh engines on a six-hours test-run gave the following 
results :— 


Steam pressure on range 154 Ib. per sq. in. 


* + in steam-chest 128 ,, ”» 
' Vacuum ., ws és e 24 i 
Revolutions per minute 380 
Volts .. Si ss 430 
Auaee Sagan 552.5 
Exciting amperes 6.75 
Kilowatts = 237.5 








* Paper read at the joint meeting of the Institution” 
of Mechanical Engineers and the American Society of 





including | generator, are 47 ft. 3in. by 16 ft. by. 14 ft. 





Mechanical Engineers, at Chicago, June 2, 1904, 
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MIDDLESBROUGH. DOCK, N.E; RY 
SHOWING ELECTRIC AND HYDRAULIC CRANES, 
CAPSTANS, ETC. 


Feet 100 50 O 


Fig.2. STON ELECTRIC TRAVELLING CRANE 


MIDDLESBROUGH DOCKS,N.E. RY. 
10-TON ELECTRIC TRAVELLING CRANE. 
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Water consumption ..  .. 21.1 1b. perelectricH.-P.* | maximum s of 240 ft., against an accumulator pres- | with the electric steam-engines, each capable of dealin 
Efficiency ou. ,, SISBELHLP.  _ gg 6 per cent. sure of 800 Ib. per square inch. Both the hydraulic and | with 15,000 1b. of steam a pe hour; these were su lied 
359.321 LH.-P.t electric engines can also be worked non olenanaiig, and | Seger Carrick and Wardale, of Gateshead-on-Tyne. 
* Exclusive of steam used by the condensing plant. the piping and valves are so arranged that either engine | h set comprises a compound steam-driven air and 
+ Exclusive of power abstracted by the condensing plant. can be changed over from condensing to non-condensing, circulating pump, Be wry with a surface-condenser 
The switchboard is of marble, and consists of four | or vice versd, without any stoppage whatever. There are combined on one plate. The circulating water is 


machine and one feeder panel, in addition to the lighting two hydraulic accumulators, 20 in. in diameter by 23 ft. | passed zigzag through the condenser, and the quantity 

anel. The instruments are of the moving coil type. stroke, and situated between these is a large water-tank, | used is thirty times the amount of steam dealt with, and 
The shunt winding of each dynamo is brought to a switch which holds 12,000 gallons for supply to the pressure the vacuum maintained from 27 in. to 29 in. The circu- 
on the board, and these shunt switches are interlocked _ pumps, | lating water is drawn from the dock, a distance of 300 ft., 






; 5 TON PORTABLE HYDRAULIC CRANE. 
Fi9.8 Capstan head and Top MIDDLESBROUGH ODOCKS.N.E.RY 
£tqV-8: Casting removed . 
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1 Ram, 16% diam.. 6ft.3zin. stroke. 


WY egy Aa Powers 8to 1. 

pp 2 RevolingRams Bin. dianv., 3ft. iin. stroke 

O Pressure at Crane 750 lbs.per sq. iv 
Radius of Gane 33 ft. i 








Aft. 
























































GZ 


eee 
SSS 
Aree TE 








Vi 
SSX, 


















Mg . 10. § 
LY V 
ASS Gr 


Se 





| 


% y 









Z 
J 
Uy 


SSNPS SING 


co 














Wh 











10-TON PORTABLE HYDRAULIC CRASIE, ; ! } 
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Qy feo us, Az 1p B. 20 35 
WS (fe) aiid Mill 2 
St es 3 Powers. Rams 11% ins. dia. - 
arse: eee 6 ft.4ins. stroke. eae ae 
Muluplying Powers 6 tol. Lip am ee we 
Revolving Engine. ¢Rams Stns. dial” | 7 
i ae \ 6 uv. stroke. i | 
LC oe ~~ ff Gear 28 tol. 
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| Pressure at Crane 750 bs. per sq.ink' 
Ul Raoius of Crane 33 Fb. : 
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The hydraulic engines on a six-hours vest-run gave the | through an 18-in. suction-pipe, and at low water these 
following results :— pumps have a lift of 15 ft., but no difficulty has been ex- 
; ’ . | Water pumped at a piston speed of 240 ft. perienced in getting the water even at such a great dis- 
with their respective main switches, so that it is impos- | POR MNOMR GS ois ag Fax. | oe 311 gals. tance. There is also a circulating-pump, fitted by the 
sible to break the exciting circuit of any machine until, | Water pumped percwt. of coal burnt .. 5090 ,, | same makers, for supplying water to the condensers of the 
the armature has been cut out of circuit, nor can the) so PS na per I.H. P. per hour .. Bg hydraulic engines, and it is similar in design to the 
armature be thrown in until the shunt circuit is made. | F Nene nattsd 2B IE oe oe 15¢ Ib electric plant. The three feed-pumps and filters were 
The three machines are run in parallel upon the bus-bars, Vacuum Pres inh ao 28.5 in supplied by Messrs. Henry Watson and Sons, High 

and the shunt circuits are excited from the bars. ; ¥ " Pump H.-P. 162 5 | Beige Works, Newcastle-on-Tyne. 


The three hydraulic engines are of the triple-expansion pee *° 1. ig, 9 = So Percent. |" ‘The boilers for both plants are of the ordinary Lanca- 
Pp. ‘pa: ? LH.-P. 181.2 | 


pv aaah aigy inverted vertical marine type. The | Accumulator pressure.. -.. .. _.. 750 Ib, per sq. in. | shire type, six in number, 30 ft. long, 8 ft. 6 in. in dia- 
pressure-pumps, three in number, are of the ordi |  * Exclusive of the steam used by the circulating pump. meter, working pressure 160 Ib. ad square inch, and 
ram type, worked directly off the piston-rods, and pe | | + Exclusive of the power absorbed by the circulating pump. were made by Messrs. H. and T. Danks, of Netherton. 
set is capable of delivering 300 gallons per minute at a| There are two sets of condensing plant in connection | The boilers are fitted with Proctors shovel stokers, and 
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gI0 ENGINEERING. 


[JUNE 24, 1904. 





TABLE III.—Etecrric versus HYDRAULIC 





Nl | | | | 
TIME SPEED | Power UsEp AcTUAL PoWER USED EFFICIENCY OF Cost oF 


| in UNITS AND M ‘ 
ou 4 v0 ACHINE. PowER. 
OccuPIED. PER MINUTE. GALLONS. BY MACHINES. 


eee ce wee : . | 


Cost or 1000 
Foot-Tons oF 
Work. 


quired 


heoretically 


Power Ket 


Hy- 
draulic. 


d. 


Elec-| Hy- 
tric. | draulic. 


d. d. 


Elec- 
tric. 


tional Force at 
23 Lb per Ton 


taking Trac 


Elec- 
tric. 


Hy- 


| 
Elec- | i 
draulic. 


tric. 


Hy- 
draulic. 


Elec- Hy- 
tric. | iraulic. 


Distance Hauled. 
T 


Weight of Load. 


P H y- 

* | draulic. 
ft.-lb. | ft.-Ib. 
1,354,764 | 807,300 
| 1,854,764 807,300 
| 823,484, 717,600 
| 823,484 1,435,200 
690,664 166,100 
557,844 | 1,166,100 














p. ¢. 
30 
25 
32 
24 
19 
12 


1 4.3 | 6.63 | 6.88 
J 
1, 
1, 


} 
| 











mean mean 


mean | 
96 2.11] 340 1,400,700 5,605,004 6,999,600 25 23 
| | 





Power used by electric capstan running light for 10 minutes—0.5 unit, or 1,328,200 foot-pounds. Value, 0.985d. 
oe na hydraulic capstan running light for 10 minutes—570 gallons, or 10,225,800 foot-pounds, Value, 7.2d. 
Norr. —These tests were made with ordinary dock-wagons in bad weather. The wagons had the usual grease-boxes to axles. 


Lines very badly laid, but level. 
TABLE IV.—Summary or REsvtts. 


| 


of 
of 
pied 


Total Cost of Hand. 


Burnt 
pairs 
Handling 
per 100 


DESCRIPTION OF 
CRANES, 


Number 
Weight 
Coal 
at Power - Station 
Total Saving Effected 
by Electric Cranes. 
Total Saving Effected 
by Electric Cranes. 


during Test. 
ing at Power-Sta- 


Lifts Made. 
Rails Lifted. 
in Loading. 
Total Cost of Work- 
tion during Test. 
Total Cost of Work- 
ing at Station, in- 
cluding Capital, In- 
terest, and Re 
during Test. 
Total Cost of Men’s 
=| Wages 
Cargo during Test. 
ling Cargo. 
Total Cost 
Tons. 


Total 
Total Time Occu 


Total 
Total 





a 


| 4d. 
| 8964.74 
2997.48 


967.26 


5 
ry 


436.74 
351.48 


85.26 


'per 100tns, per cent. 
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Fig .16.01AGRAM SHOWING WORK OF HYDRAULIC ENGINES, 24MAY, 1903. 
REVS 
60, 
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. (6301 6) 


pressure being removed from the 
pedal, the return of the controller 
to the off position automatically re- 
places the release-switch, and the 
capstan is ready to start again. 
The whole of the gear is contained 
in a water-tight cast-iron case, 
sunk in the ground, the top of 
which consists of chequered plates 
flush with the quay-side. The 
trials of these capstans are shown 
in Table III. 

Cables.—The distribution of current is effected by a 


3 
HOURS 


4 6 6 


automatic, so as to claim none of the driver’s attention . 
from his work. | network of feeders and distribution cables laid below 
The electrical switch-gear presents many points of|ground. These cables are fibre-insulated and _lead- 
interest. It consists of a controller with magnetic blow- | sheathed ; they are laid in wooden troughs on the solid 
out, and with overload release-gear. The controller is| system, and are at a depth of about 2 ft. from the surface. 
worked by a es rojecting above the capstan-case by | The cost of cables complete is only about 50 per cent. of 
about 4in. This pedal is removed when the capstan is| the cost of hydraulic mains for the same power. 
out of use. The pedal is connected to a dashpot, which; Summary.—The traffic department (see Table IV., 
prevents the controller being operated too rapidly when a | above) find the electric cranes to be a great advantage. 
driver is starting the capstan, but, at the same time, by | There is very little time required for oiling, as the crane 
means of valves in the pee. allows the controller to | has ring lubricators to all main bearings, and the wheels 
return rapidly to the off position. The return to the off | run in oil-baths which only require attention about once a 


over the steam and the hydraulic cranes. With the 
steam-cranes the driver to attend to four levers and 
a foot-brake, in addition to the feed-pump and the firing 
of the boiler. In the case of the hydraulic crane two 
levers are in use which require considerable force. 

The automatic cut-out in the electric cranes cuts off 
the current in one case at 3 tons 5 cwt., and the other at 
10 tons 10 cwt., and this device prevents an overload upon 
the crane. Should the current fail af any time, the brake 
on the lifting-gear is applied automatically, and will hold 
the full load in x A position with safety. To obtain some 
definite idea of the speeds of the various cranes when 
working under ordinary conditions, they were tested sepa- 
rately. The steam-crane had a load of 2 tons put on, and 
| this was lifted 30 ft., slued through 106.5 ft., lowered 
| 30 ft., light hook lifted 30 ft., slued 106.5 ft., and light 
| hook lowered 30 ft. The total time for these operations 
i 1 minute 44 seconds, or at the rate of 34 cycles per 
| hour. 
| The hydraulic cranes, under precisely the same condi- 





~ | tions, occupied 1 minute 40 seconds per cycle, or equiva- 


lent to 36 cycles per hour. 
| The electric cranes did the same work in 64 seconds 
_ cycle, or 56 cycles ~ hour; and this is capable of 
, being increased beyond even this point with a good 
| driver. Therefore, in ordinary working the electric cranes 
|are doing 50 per cent. more work per hour than the 
hydraulic or steam cranes. On actual test it was found 
| that the electric cranes can be released from the rails, 
| travelled 30 ft., and refixed to rails in three minutes. 
When it has been necessary to move the hydraulic 
| eranes to suit the working into the various ships’ holds, 
six men have had to be called one hour earlier in the 
morning to set the four cranes which are required for 
each vessel. With the electric cranes the men have not 
to be called earlier, as two men in summer and four in 
winter can disconnect and connect up four cranes in 
15 minutes. In winter, on frosty nights, four men have 
been employed six hours each for the purpose of keeping 
fires to prevent water in the cylinders of the hydraulic 
cranes from freezing ; on the other hand, the electric 
cranes have no need of this. When a steam crane had to 








position is effected by means of a weight which is lifted as| month. The oil-bath effectually prolongs the life of the 
the pedal is depressed. In the event of the capstan being | wheels and deadens any noise, which is a great advantage | 
pulled up by sudden overload, the release-gear works | to the drivers in yen 3 instructions. The controllin 
instantaneously and breaks the main circuit. Upon the/| of the crane by one handle is also a distinct advance bot 


be got ready for work, the driver had to commence one 


Fig .17 ELECTRIC ENGINE CURRENT DIAGRAM, 31 MAY, 1903 
Dotted Line shows rartatuonin the current load during te working o-LightLoads 


” » on » » ” ” ” nHeavyL oads 


Z “- 


MINUTES 


hour earlier in order to obtain steam, whereas the hy- 
draulic and electric cranes are ready for work at any 
moment. In 1903, when the steam cranes were superseded 
by the electric cranes, the quantity of traffic dealt with 
at this dock was :— 


3 


Tons. 
259,746 
297,304 


Coal and coke exported .. 
: 33,696 


Merchandise exported 
imported 
Total 590,746 


To do this work, the quantity of coal burned at the new 
power-station, which, as previously stated, supplies both 
the electric power, lighting, and hydraulic power water, 
was :—3428 tons 4 cwt., or the total merchandise worked 
per ton of coal burned was 172.3 tons, or a gain of 47.2 
per cent. 








Exectric SIGNALS ON THE MipLAND.—In order to test 
the efficiency of electrical as against ordinary mecha- 
nical interlocking for the operation of railway signals and 
points, the Midland Railway Company has placed a con- 
tract with Messrs. Siemens Brothers for the equipment 
of a section of its lines with electric signalling apparatus. 
The innovation will take the form of a 48-lever box, 
— will be situated in the Way and Works Sidings at 

erby. 


THE END OF THE SEVENTY-SEVENTH VOLUME. 
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Aveling and and Porter, 


RocHESTER, Kurt, 
and 72, OANNON Strest, LONDON. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM OULTIVATING MACHINERY, 
OEMENT-MAKING MACHINERY. 


3 G. Me=*Ferq, 


OULVER STREET WORKS, OOLCHESTER. 
On ApmiRatty AND Wak Office Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Illustrated Advertisement, page 66. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS, 


d Auxiliary M as supplied to the 
ARNEL. orem 


oJ ames Russell & Sons, Ltd., 
Crown Tube Works, WEDNESBURY. 
IRON and STEEL TUBES, and Fittings for same. 
STEAM MAINS. COOKS and VALV 
TRAMWAY and beep: 9g POLES, &e., &e, 
WAREHOUS 
108, pouthwni Street, S.E. 
MANCHESTER - 33, King Street West. 
BreMinenaM - - 114, Colmore Row.: 
LEEDS - 6, Mark Lane, Briggate. 


ranes.—Steam, Electric, 
HYDRAULIO and HAND, 


of all t; and sizes. 
GEORGE RUSSELL & OO., Lr»D., 
Motherwell, near Glasgow. 634: 


6685 








LONDON’ - - - 
6656 








@) chnson & Phillips, Tele legraph |x L 


woken p uaa any 
14, Soy preemie Works, Charlton, Kent. 
of Machinery, Oa for complete equipments 
of Gable Factories and Vessels. Electric Light 
— of all kinds. Are Lamps. Electric Trans- 
ion of Power Plant. Oables and Wires. 6564 


bene & Phillips’ Cables. — 


aubeee tee India- ce as supplied to H.M. 

ity. r Insulated for Traction and Power 
Lntalinthon. Sable Laying Contractors to the prin- 
cipal Corporations.—Address, Old Charlton, Kent. 6068 





“°Y¥ arrow & Co., Ltd., London, 


SHIPBUILDERS AND ENGINEERS. 


SPECIALITIES. 


Screw Steamers 
Having speeds up to 35 miles an hour. 


Paddle or Screw Steamers 
With draughts of 6 in. or more ear 


navigation. 
(Sochran F OROSS TUBE TYPES. 


Boilers. 
See page 59. Od 4749 


Oi Engines for Launches, 


YACHTS AND BARGES. 
Send for Lists. Od 3551 
Lrp., BRoaD STREBT, PORTSMOUTH. 
e Illustrated Advt., page 12 


Forrest & Coz, Lids, ee 


And 101, LEADENHALL Street, E.C. 
SHIP, YACHT, LAUNCH and BOAT BUILDERS 
and ENGINEERS. See Illus, Advt., page 87. 


[»vincible (jauge (jlasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass 


Works, 
Manchester. 9753 


Priple-E xpansion Engi ines, 
table for.a twin-screw veseel, FO 

cylinders 12in. by 20 in. and 32in., by 22 in. pricy ‘on 
180)b. working pressure; equal to new, built under 
B.aT. and Lio: inspection by Beardmore & Oo., of 
e Pacific Steam Navigation Co.'s 8.8. 
worked a few weeks. — A HIN 
AM pt a pa — ENG: 

COMPANY, LIMITED R 447 


‘Yarrow’ s Patent 


‘Wiater-Tube Boilers. 


Sam ILLUSTRATED ADVERTISEMENT apprarine 
of Paas 49, JUNE 3, AND EVERY FOURTH WEEE. 


Poplar, London. ™ 





MULTITUBULAR A 





VOSPER & Hina 




















CRANES. 

Brtters Brothers & Co., 
GLASGOW. 

Makers of all kinds of Steam, Electric, and Hand 

Power Cranes. 

Catalogues and Prices on application. 

See Illustrated Advertisement, page 41. 

[ibe Stirlin ng Com mpany. 

WATER-TUBE 58. 
See large Advertisement, page — last week. 
58, DEANSGATE AROADE, MANCHESTER. 


Lv. [eve & Co: L4 


BERLIN anv LONDON. 
Machine Tools, 
’- $mall Tools, 
e aNd pgnmpame Gaug es. 
ortnightly. 6618 
40, KING STREET, COVENT GARDEN, W.0. 


(Thomas Kell & Son, Litho- 

ng aed Rs every description of 
ES ieee a 
graphy, —40, King St. ,Oovent Garden, W.O. Od 8462 


Pattern Making and Gear 


— ESTABLISHED 1876. — 
F, HIRST & OO., FOLLY ata, Sopbeaermn 


[ee Meking and 


Refrigeration 
Over 5400 Machines Sold. 


On LINDE and LIGHTFOOT SYSTEMS 
For use both on land and board ship. 


Oarsonio Aci, 
LINDE BRITISH 
35, : TISH REFRIGERATION ao” ~ 








See half- 











Tun 


[the Edwards Air Pump 


SYNDICATE, Lap., 
5 Onown Oovrt, OLD Broap SrTRruer, 


NDON, E.O. 
For Illustrations see last white page. 


unter and Ay2elish, 


ENGINEERS AND MILLWRIGHTS, 
IRON AND BRASS FOUNDERS, BOW, LONDON, E. 


WATER VA pe ORANES, LOOK GATES, 


@ MAGHINERY. 
FLOA’ TING poy 
BOOR DOOKS, 


Boller Tubes, com and Steel. 


Edwin Lewis & Sons, s7. 


us Canons zo, Wolverhampton. 


o) oseph Aid, 
Steel and [ro Boller F[lubes. 


GAS, STEAM, WATER TUBES. 


L»rse G ized Pilanged [tubes 


GREAT BRIDGE, STAFFORDSHIRE. 8354 
LONDON : 46, QUEEN VICTORIA STREET. 


erryweathers’ New 
*“MIDLAND” PUMP (PaTENTED). 
As adopted by the Midland Railway and others. 


The Best and Cheapest on the Market for 
CONTINUOUS PUMPING, 
and the Most Economical in Working. 
Suitable for high or low steam pressures. 
ee pean on application to :— 
YWEATHER & SONS, Lrp., 
gy aS Roap, LONDON, 8.E. 


[lubes and Fittings. 


Stewarts and Lovds, 4 


Glasgow and Birmingham, 











6136 





See Advertisement, page 75. 5743 





PR TIME-SAVING OFFICE SUPPLIES. 


191-194, Fleet Street, and 1 & 2, Chancery Lane, 
Lonpon, E.O. 5207 


Lecmmotive Tank Engines 


aia ed and constructed b: 
engine Wi ks, Leeds. Od 2487 
ie Wor! 
See their Boys Rng Advertisement. page 83. 


Special Steel Railway Tyres 


and AXLES and FORGINGS of every description. 
HENRY BESSEMER & OO., Luwrsp, 


Pariridge & Cooper, Limited, 
65 








8 
See Advertisement, page 39. 6654 


sPuewmatic ASh Ejector. 


> 
ees Hydro-Pneumatic 
Great oe of labour. No noise. No dust. No 
Ashes discharged 20 ft. clear of vessel.—Apply, 

TREWENT, — Ja and Surveyor, 

i, pinioe Buildings, Billi t., Londen, E.0. 4835 


and 








eon Plant and General Engineers. 


S vitch es, had a 
Turntables, Water 
Be eee 


Wi et: 
= rks? NEWPOR 7) MON. on 


10, BUSH LANE. GANNON ‘STREET, E.O. 


[Dvev: Paxman & (Co. [- 


ENGINEERS, COLCHESTER, 
MAKERS OF 


Steam Engines and Boilers, 


All Sizes up to 3000 HP. 

For ELECTRIO LIGHTING anp TRACTION WORK ; 
Also FoR WINDING, PUMPING, HAULING, 
AND ALL PURPOSES. 

2246 
See Advertisement, page 37. 


s.—F or Good, Sound 


ERY CASTINGS, in Pras or Sand 
to 15 tons in wei; ht, and machi: if re- 
vat ROSE, DO & THOMPSON, Lap., 
nll, Special Quotations for Quantities 





Crier 


sued app 





PATENT EVAPORATORS AND CONDENSERS, &c. 
Caird & Reyzer, 

See Advertisement, page 68. 
[lank Locomotives, 4 or 6 
ang it a, etl at rae 

"0804 


castle-on Tyne. See Advt., page 83. 





Barelay’s 


Oylinders to 20 in. 
Sraxpanomm aw | OCOMOtiVeS 
SproiaL Desens. 6508 


For Home AnD CoLontaL RarLways, 
Highest Class Materials, Specification & Workmanship, 
Main Ling REQUIREMENTS. ON GOVERNMENT Lists. 


Andrew Barclay,Sons &Co., L?: 


Locomotive Engineers, KILMARNOOK, N.B. 
WAY OARRIAGES, TRAMWAY: OARS, &c, 


33] [furst, Nelson & Co: | 


Tas Guascow Rone; Srook AND PLANT ia 
MOTHERWELL. 


Steam Cranes, iscavabue 


OONORETE MIXERS, STEAM Ladpengeceenar 9 
WINDLASSES, 


J. babar coe 4 & OO., Lap., LIVERPOOL. 
large Advertisement, page 


Drewings, Plans, Tisciswe 
by MESSER «© THORP Engineers and 
igo Behera Mec Mochinesy Geasel, oat 

Inventory’ ideas worked 0 pie ; 
Blue Prints with despatch. 506 


S hafting, Turned Steel, 


600 tons in Stock. Patent Self-Oiling Swiy elling 


Dust-Proof Bearings. Shaft Fittings of all kinds, 
Rope and Band Pulleys. 


SAMUEL PLATT, Weowessvay. 6708 
oldsworthy’s Emery, 
Emery Cloth, 
Emery Paper Discs, 
Glass Paper. 
6362 

















MANOHESTER. 
nvincible 


(entrifug 





High - pressure 


Peps 


BEING PERFECTLY BALANCED wirHour Env Turvst. 
FOR LIFTS TO 800ft. IN ONE STAGE. 
Highest Efficiencies Guaranteed, for all Capacities. 

wynnes Lid 
81, CANNON STREET, LONDON, E.O. 





GOLD MEDAL—Inxvanrions Exnrsrrion—AWARDED. 


[eckham’ 8 Patent Suspended 


WEIGHING FERRY 


London, deg Cranes, Grain Elevators, &e. 
See Illus. Advt., last week, page 10, 6582 


carsons, Aluminium. gruuma, 
ia Apply to— 
British Aluminium Co., Ltd., 
9, Victoria Street, Westminster, 5.W. 5561 
O24. ranes Seta ott x 
e 
Handhoss at” Moohiney Laney 


BROS. BOS aicster ad Leon) Lauran 3, Walbro, 


G tone Breakers ae 
Rok rushers, 
We MAKE NOTHING ELSE & THE Best. 


W. H. Baxter, Ltd., Leeds. 
(WW ilans Patent Central- 
VALVE ENGINES for ELECTRIC LIGHT. 
~- and other purposes. See 
alternate wee 
Tauern, Rugby, Warwickshire. 
“ala Sale, New Steel 
y-ray BOILERS, ready for immediate 


in., iS > a 
in, ” 160 Ib, ” ” 


23. INMAN & 00. 7 
Works, Wakefield. 











2267 











Special Hollow 


Spindle Lathes. 


See page 90 last week,.and next issue. 
OLARE’S SIGE ARD MACROS TOOL 





4 > 
LUTON, BEDS. 6112 





Robey & Oo 
Enea, . 
STEAM ENGINES. 


See Advertisement 
Page 36. 





d Oil En 


ines. 
~<a ehemmichaias 
1 to 100 B.HP. in or progress, 


LLOOK, & WADDEL, Johnstone, NB 
Pott, Cassels & Williamson, 


MOTHERWELL, 


See Advertisement in alternate issues. 6297 
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anchester Steam Users’ 


ASSOCIATION. 
FOR THE PREVENTION OF BOILER 
EXPLOSIONS. 


UNT STREET, MANCHESTER. 
: O. E. STROMEYER, M.LO.E. 
Founded 1854 by Sir W. Farsarrn. 6499 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages and 
Liabilities paid in case of losions. Engines and 
Boilers designed and during construction. 


Parents, Desians, AnD TRADE Manus Acts, 1883 To 1888. 


N otice is Hereby Given, that 

BENJAMIN SCOTT, of James Street, Carlisle, 
in the County of Oumberland, seeks for leave to 
amend the ication of Letters Patent No. 18,953 
of 1908, granted to him for— 

“Improvements in the Manufacture of Tin Plate 

and Articles therefrom.” 

Particulars of the amendment were set 
forth in the Illustrated Official Journal (Patents), 
— on the 15th June, 1904. “i alia 

ny person or persons may give n - 
tion to the amendment (on .S G), at te Penon 
Office, 26, Southampton Buildi , London, W.C. 
within one calendar month from the date of the said 


Journal. 
0. N. DALTON, 
OComptroller-General. 
MEWBURN, ELLIS & PRYOR, 70 and 72, Chancery 
Lane, London, W.O., Ohartered Patent Agents. U 362 


A ssistant Civil Engineers 

in the Department of the Director of 

Engineering and Architectural Works in 

the Admiralty at the Head Office and the Outports 

(28-28). An OPEN OOMPETITIVE EXAMINATION 

will be held in JULY. Technical training and qualifi- 
cations necessary. 

Applications must be received at the Civil Service 
Commission, Burlington Gardens, London, W., not 
later than the 7th July, on printed fortns to be obtained, 
with particulars, from the SEORETARY, Civil Service 
Commission, London, W. U 327 


A ssistant Civil Engineers, 
Admiralty. ogg eee a. First 
tion . 
tr. MIDD ETON 19, 








place on eight occasions. 
dence or personally.—G. A. 
Oraven Street. 


Holidays in the Harz and the 
TYROL, &c., 
ROYAL BRITISH MAIL ROUTE, 


via 
HARWIOH and the HOOK OF HOLLAND, 
Daily (Sundays included) Service to the Continent. 
Accelerated Services to Berlin, Dresden, Munich 
and Vienna. 

Send post-card to the Continental Manager, G.E.R., 
Liverpool Street Station, London, E.C., for descriptive 
illustrated pamphlet (free). 163 


TENDERS. 


INDIA OFFICE, WHITEHALL, 
22nd June, 1904. 
THE yet OF STATE FOR INDIA IN 


UNOIL is prepared to receive 
Sages nders from such Per- 
sons as may be willing to SUPPLY :— 
SWITCHES and CROSSINGS for 75 Ib. Rails, and 
Slips for ditto. 
The © of Contract ae 
cation to the Director-General of Stores, India 
, Whitehall, 8.W., and Tenders are to be 


delivered at that Office by Two o'clock p.m. on 
Tuesday, the 5th July, 1904, after which time no 
Tender will be received. 


E. GRANT BURLS, U 415 
Director-General of Stores. 


BOMBAY, BARODA AND OENTRAL INDIA 
RAILWAY OOMPANY, 


The Directors are prepared to receive up to Noon on 
Thursday, the 30th instant, 


[lenders for the Supply of 


STEEL MATERIAL. 
Tenders must be made on a form, copies of which, 
with Specification, can be obtained at these Offices on 
payment of 21s. each (which will not be returned). 
The Directors do not bind themselves to accept the 
lowest or any Tender. 














Alvi 








T. W. WOOD, 


Offices, Secretary. 
Gloucester House, Bishopegate Street Without, 
London, E.C., 2ist June, 1904. U 400 


BRISTOL DvOKs. 
NEW DOCK WORKS, AVONMOUTH. 


The Docks Committee of the City and County of 
Bristol are prepared to receive 


enders for the Construction, 


DELIVERY, ERECTING in PLACE, FITTING, 
TESTING and MAINTENANCE for Twelve Months of 
HYDRAULIC MACHINERY, consisting of Lock Gate 
Machines, Sluice Machines, Capstans, Swing Bridge 
Machinery, and Caisson Hauling Machinery -or the 

yal Edward Dock, now in course of construction at 
Avonmouth, in the of Bristol. 

Tenders will be considered only from firms who 
have done similar work before, and Tenderers will be 
required to state what work they have done of a 
similar nature. 

On and after the 20th day of June, 1904, copies of 
the Specification, Schedule of Quantities, Form of 
Tender, Form of Contract, and copies of Contract 
—- can be obtained from the undersigned on 
oe ar ath Madey air ding oetg J of the 

Committee, showing that £5 has been paid as 
deposit. The deposit of £5 will be returned to bona 
fide Tenderers hereafter. 

Tenders must be enclosed in a sealed envelope 
endorsed ‘“‘Tender for Hydraulic Machinery,” and 
addressed to the Secretary of the Docks Committee, 
Docks Office, 19, Queen Square, Bristol, and must be 
delivered to him, accompanied by the necessary docu- 
ments, before Ten a.m. on Monday, July 25th, 1904. 

The Docks Committee of the Council of the City 
and County of Bristol do not ves to 
accept the lowest or any Tender. 

W. W. SQUIRE, 
ice, Engi 


Cumberland Road, Bristol, 
ldth June, 1904. 





OLYDE NAVIGATION. 
TO ORANE MAKERS AND ELECTRICAL 
ENGINEERS. 


TWO ELECTRIC COALING HOISTS. 
The Trustees of the Clyde Navigation invite 


[renders for Two 32 - ton 
Dock. 


ELECTRIC COALING HOISTS for Clydebank 


Copies of the General 8; ication, with Form of 
Tender, are to be bad at this Office from Mr. Gro. H. 
Baxter, the Mechanical Engineer, on payment of 
a which will be refunded on receipt of a bona jide 

ender. 

Sealed Tenders, marked ‘‘ Tender for Electric Coal- 
ing Hoists,” to be lodged with the undersigned not 
later than Noon, of 25th July, 1904. 

The Trustees may not accept the lowest or any 


Tender. 
T. R. MACKENZIE, 
General Manager and Secretary. 
16, Robertson Street, Glasgow, 
10th June, 1904. U 293 


THE URBAN DISTRICT COUNCIL OF 
HANDSWORTH. 


ELECTRIC LIGHT AND POWER SUPPLY. 
The Urban District Council of Handsworth invite 


[lenders for the Supply and 


DELIVERY of the following, in connection 
with the Electric Lighting :— 
Contract No. 4.—WATER-TUBE BOILERS. 
Contract No. 6.—ENGINES and DYNAMOS. 
Contract No. rae! = age HAND TRAVELLING 


Corrract No. 7.—STORAGE BATTERY. 
Cowrract No. 8.—ARC LAMPS and POSTS. 
Contract No. 9.—-SWITCHBOARD and BOOSTERS. 

Tenders will only be considered for the whole of the 
work covered by each Specification, and not for any 

rt thereof. 

Copies of the Specifications, with the Conditions of 
Contract, &., be obtained on or after Saturday, 
25th June, 1904, from the und ed on payment of 
Three Guineas for each Specification, which amount 
will be returned on receipt of a Tender, 
together with the Specifications, Drawings, Conditions 
of Contract, &c. 

The Specifications, Conditions of Contract and 
Drawings can be seen at (but not obtained from) the 
Offices of the Consulting Engineers, Messrs. KENNEDY 
AND JENKIN, 17, Victoria Street, Westminster, London, 


8.W. 

Tenders on the prescribed form, in sealed envelopes, 
and endorsed on the outside ‘Electric Light and 
Power Supply Tender, Contract No. ....,"’ must be 
delivered at my Office at the Council House, 
Handsworth, before Noon on Monday, llth July, 
1904. The Tender of any person or firm paying less 
than the standard rate of wages current in the district 
in which the work is executed will not be considered. 
The Council do not bind themselves to accept the 
lowest or any Tender, and no allowance will be made 
for any expense incurred in the preparation of any 


Tender. 
The Council House, H. WARD, Olerk. 
U 877 


Handsworth, near Birmingham, 
18th June, 1904. 





BOROUGH OF DERBY SEWERAGE WORKS, 1904. 
Cowrract No. 5.—PUMPING MACHINERY. 
TO STEAM ENGINE AND PUMP MAKERS. 
The Derby Corporation are desirous of receiving 


r | ‘enders from Competent 
Persons willing to enter into a Contract for the 

MAKING, ERECTING, SETTING TO WORK and 
MAINTAINING in good order for 12 months, on the 
Site of the intended Pumping Station near the Spondon 
Station of the Midland Railway rena in the 
County of Derby, of the following MAOHINERY :— 

Three Horizontal Compound Oondensing Steam 
Engines, and three Sets of Three-throw Vertical 
Plunger Pumps, all having a stroke of 3ft. Each 
engine and ite respective set of pumps, when working 
with a steam re of 115 Ib. on the square inch, 
must be capable of raising 600 cubic feet of sewage 
per minute to a height of 26 ft., inclusive of friction, 
when running at a speed of 20 revolutions per minute ; 
also of raising 360 cubic feet of sewage per minute to 
a height of 82 ft., inclusive of friction, when running 
at a speed of 12 revolutions per minute. 

Three Vertical Tandem wa “Hr Direct-acting 
Oondensing Centrifugal Pumping Engines, each capable 
when working with a steam pressure of 115 Ib. on-the 
square inch and running at ite normal speed, of raising 
900 cubic feet of storm-water per minute to a height 
of 14 ft., inclusive of friction. 

Two Surface Condensers, combined with indepen- 
dent Air and ewe» aoe: Sedge a 

Two small Double-acting Steam Pumps, for sludge, 


8. 

One Patent Exhaust Steam Grease Extractor. 

Two Multiple Feed Water Filters and Oil Separatora. 
. Speco Water Tube Steam Boilers fitted with Super- 

eaters. 

One Fuel Economiser and Scraper Engine. 

Two Donkey Feed Pum; 

Combined Hot Well Feed Suction Tanks. 

Overhead Traveller and Rails. : 
a Light — lation, a or mag 

ee ynamo, and sundry fittings. 

Wor ay a4 and Appliances. 

All Steam and Water Pipes, Oast-iron Girders, Floor- 
oy Columns, Platforms, &c., and sundry Steel 

ork, including ladders and handrailing, &c. 

The Drawings ma . copies the 
Specification, Bill of , Schedule of Prices 
and Form of Tender obtained, at the Office of the 
Engineers, Messrs. James Manssren & Sons, 5, 
Victoria Street, Westminster, on and Tu 
the 2ist inst., on the deposit of cheque or 

hich will be returned after the receipt of a 
Particulars and 
fully t and , 
application is desirable, as a limited 
copies of the Specification, » will be 
given out. 


Sealed Tenders, endorsed ‘Derby ration 
Sewerage Works, Contract No. 5, Tender for Pumping 
Machinery,” are to be delivered at my at or 
before Noon of Wednesday, the 13th day of July next. 

Th do not bind themselves to accept 


Tender. 
TREVELYAN LEE, Town Clerk. 
treet, 





U S43 


banknote | Sp: 





(['enders are Required for 


ELECTRICAL INSTALLATION at the Cement 
Works of Messrs. WM. LEE, SON & CO., Lrp., Halling, 
near Rochester. 

To include Generators and the several Motors 
required, for which separate prices must be submitted. 

Approximate LHP. 125. 

For particulars apply to Manager at the Works, 
where the different positions can be seen and further 
particulars obtained. 

Messrs. WM. LEE, SON & CO., Lrp., do not bind 
themselves to accept the lowest or any Tender. U379 





TO ENGINEERS AND OTHERS. 
The METROPOLITAN ASYLUMS BOARD invite 


[lenders for Installing New 


BATHS AND LAVATORY BASIN, with 
Services, in the Administration Block at Caterham 
Asylum, Caterham, Surrey, in accordance with Plans 
and Specification prepared by Mr. W. T. Hatcu, 
M.LO.E, M.LM.E., Engineer in Chief. 

Plans, Specification, Conditions of Contract, and 
Form of Tender may be inspected at the Office of the 

oard, Embankment, London, E.C., on and after 
Friday, 24th June, 1904, and can then be obtained 
upon payment of a deposit of £2. The amount of 
the deposit will be returned only to persons who have 
sent in bona fide Tenders in accordance with the 
regulations. 

‘enders, addressed as noted on the Form, must be 
delivered at the Office of the Board, not later than 
Ten a.m., on Friday, 12th July, 1904. 

By Order, T. DUNCOMBE MANN, _ U 381 

20th June, 1904. Olerk to the Board. 





BELFAST HARBOUR. 


The Belfast Harbour Commissioners are prepared to 
receive 


(['enders for the Supply, 


ERECTION and SETTING TO WORK on 
the Queen’s Quay, Belfast, of TWO PORTABLE 
ELECTRIC GANTRY CRANES, each suitable for a 
working load of 4 tons at a radius of 50 ft. 

Outline Specification, Form of Tender, and any 
further information required may be obtained on 
application at the Harbour Office. 

led Tenders, which must be accompanied by full 
detailed Specifications and Drawings, and also stating 
time required to plete and hand over the above 
Cranes in thorough working order, are to be addressed 
to the undersigned, endorsed ‘Tender for Electric 
Cranes,” and sent in on or before Monday, the 11th 
July, 1904. 

The Commissioners do not bind themselves to accept 
the lowest or any Tender, and reserve the right of 
dividing the contract. 

W. A. CURRIE, 


Harbour Office, Belfast, Secretary. 
18th June, 1904. U 382 








THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


The Directors are prepared to receive 


[Tenders for the Supply of the 


following STORES, namely :— 
Steel and Iron Work for | Steel Fishing Pieces. 

Bridges. Coiled Keys. 

Cast-iron Sleepers, &>. Copper Plates and Rods. 
Steel Fishbolts, Nuts and Brass and Iron Screws and 

Washers. Split Pins. 

Tie Bars,Gibs andCotters. Open Hearth Acid Steel 
Yorkshire Iron. Loco. Boiler Plates. 
Steel Rails. 

Specifications and Forms of Tender may be ob- 
tained at this Office on payment of the fee for the 
Specification, which payment will not be re K 

Tenders must be delivered in sealed envelopes, 
addressed to the undersigned, marked ‘‘ Tender for 
Steel and Iron Work for Bridges,” or as the case may 
be, not later than Eleven o’clock a.m. on Thursday, 
the 30th instant. 

The Directors do not bind themselves to accept the 


lowest or any Tender. 
J. I. BERRY, Secretary. 
Company’s Offices, 


48, Copthall Avenue, London, E.C., 
2ist June, 1904. 


COUNTY OF LONDON. 


TO CONTRACTORS AND OTHERS. 
The LONDON COUNTY COUNCIL invites 


T Yenders for Works to be 

EXECUTED in connection with the RECON- 
STRUCTION of the BRIDGE carrying High Street, 
Kingsland, over the North London Railway, near 
Dalston Junction, in the Borough of Hackney, in the 
Administrative County of London. 

Persons desiring to submit Tenders may obtain the 
Drawings, Specifications, Bills of Quantities, Form of 
Tender and other particulars upon application to the 
Council's Chief Engineer, Mr. MAURICE FitzMAURICE, 
C.M.G., at the County Hall, Spring Gardens, S.W., 
u payment to the Qashier of the Council of thesum 

£3. This amount will, after the Council or its 
Committee shall have come to a decision n the 
Tenders received, but not before, be returned to the 
Tenderer, provided he shall have sent in a bona fide 
Tender and not have withdrawn the same. — 
com- 
plied with. The Contractors will be bound by the 
Contract to pay to all workmen (except a reasonable 
number of legally bound apprentices) employed by 
them, wages at rates not less, and to o e hours of 
labour not greater, than the rates and hours set out 
in the Council's list ; and such rates of wages and 
hours of labour will be inse 
the Contract by way of schedule. Each Tender is to 
be delivered at the County Hall, in a sealed cover 
addressed to the Clerk of the London Coun’ 
ring Gardens, §.W., and marked “Tender for 
Keconstruction of Bridge carrying h Street, 
Kin, d, over North London way.” Tender 
received after Ten a.m., on Tuesday, the 12th 
Tender which does not with 


rted in and form part of | Sel: 





COMPOUND SURFACE - CONDENSING MARINE 
ENGINE, BOILER, &c. 


The CORK HARBOUR COMMISSIONERS invite 


‘| \enders for a New Compound 

Ras PS et ag nen SARINE ENGINE 
lor Hopper Barge No. 4; also 

PUMP DREDGING GEAR for the same —_ - 

Specification and Form of Tender can be obtained 
from James Price, Esq., M.I.C.E., Harbour Engineer's 
Office, 9 and 10, Lapp’s Quay, Cork. 

Tenders, marked “* Tender for Engine and Boiler for 
Hopper No. 4,” addressed to the Sec: be 
— with him before Five = on July 19th, 1904, 

e Commissioners do not bind the ves to accept 
the lowest or any Tender. 


By Order, 
WILLIAM DONEGAN, Secretary. 
Cork Harbour Commissioners’ Office, 
9 and 10, Lapp’s Quay, Cork, 

16th Jane, 1904. U 378 

THE SOUTH INDIAN RAILWAY COMPANY, ; 

Lowrs, is p to receive 
[renders for the Supply 
of :— 


ROLLING STOOK, comprising 20 Steel © 
aie ows 


8. 

Specifications and Forms of Tender may be obtained 
at the Company’s Offices on and after Monday next 
the 27th instant. ‘ 

Tenders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
and marked ‘‘ Tender for Rolling Stock,” must be left 
with the undersigned not later than Twelve o'clock 
Noon of Tuesday, the 12th day of July, 1904. 

The Company is not bound to accept the lowest or 
any Tender. 

A charge, which will not be returned, will be made 
of 10s. for each copy of the Specification. 

Copies of the Drawings may be obtained at the 
Office of Sir Gzorez B. Bruce, 3, Victoria Street, 
Westminster, on payment of 5s. per sheet. 

By Order, HENRY W. NOTMAN, 


Company’s Offices, Managing Director. 
65, Grneadlaweh Street, London, EO, . 
22nd June, 1904. U 423 


TO WELL SINKERS. 


The GUARDIANS of the POOR of the PARISH of 
ST. GILES, CAMBERWELL, are prepared to receive 


y | ‘enders for Boringan Artesian 
WELL and testing the same for a Supply of 

Water, at the Constance Road Workhouse, Grove Vale, 

East Dulwich, 8.E. 

a Copies of § ification, 


reer 





Forms of Tender and 

» can from Mr. W. M. Bryngy, 
A.M.LC.E., 53, Victoria Street, Westminster, 8.W., 
on payment of Two Guineas, which sum will be 
returned to each person sending in a bona fide Tender. 
Ap — for copies of Specification to be made in 
writing. 

It is requested that only those firms will Tender 
who have had large experience in carrying out this 
kind of work, and are provided with ample appliances 
for doing so. 

The Contractor will be required to enter into a bond, 
with two approved sureties, for the due fulfillment of 
the Contract, and will be required to pay the workmen 
employed by him such rate of wages and observe such 
hours of labour as are contained in the Schedule 
appearing in the Specification. 

Tenders, which must be accompanied by a deposit 
of £10, will only be received on the printed forms, 
addressed to the Board of Guardians, sealed and 
endorsed ‘‘Tender for Artesian Well,” and must be 
delivered here not later than Twelve o’clock Noon, on 
Wednesday, the 6th July next. 

The Guardians do not bind themselves to accept 
the lowest or any Tender. 

By Order, CHARLES 8. STEVENS, 
Guardians’ Offices, Clerk to the Guardians. 


29, Peckham Road, 8.E., 
22nd June, 1904. U 408 
xecutive Engineer 
REQUIRED, for the PUBLIC WORKS 
DEPARTMENT of the FEDERATED 
MALAY STATES. ; 
The services of this Officer are specially required 
for the construction of Hydraulic Works in connection 
with the lightiog of Kuala Lumpor by electricity, 
principally comprising the construction of a Water- 
race some 3 miles long ; but he may be called upon to 
perform other suitable duties in any of the Federated 
Malay States. ‘ 
He must be a fully qualified civil engineer, with 
practical experience in hydraulic works, including 
pipe laying, construction of buildings and erection of 
machinery. 
Candidates should not be less than 30, nor more 
than 40 years’ of age. 
The engagement is a temporary one only, for & 
period of two years. Salary £420 per annum, which 
will, for purposes of local payment, be converted into 
—— at a rate of “aay ee based upon the average 
ngapore Bank mon rate. 
He shall also be provided with free unfurnished 
quarters on the works, and free medical advice and 
treatment, and receive an allowance for the keep of 











APPOINTMENTS OPEN. 





‘one horse or a bicycle, and shall be paid the usu 


field allowance when sleeping away from headquarters, 

in accordance with the General Orders which may be 

in force from time to time; but when residiog 10 

Kuala Lumpor or elsewhere, he will be required to 

a reasonable rent for his quarters, at a rate to be 
Halt salary will be paid during the passage out 
wi e e out. 

Full salary will qoloasenice from date of arrival in 


jangor. 
Security to the extent of £100 will be required. 
Free passage, first-class, out and home again on 
termination of en: 


ent. 

The Candidate selected will be required to pass® 
strict medical examination and sign an agreement 
before t. Applications, by letter (no 
iculars of experience, 

(not originals), 
f whom 


Crown Agents no further information 
ndertake 
regard to this appolseasent and cannot u Ua 
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ENGINEERING. 











UNIVERSITY OF BIRMINGHAM. 
CHAIR OF ELECTRICAL ENGINEERING. 
The Council invites 


LECTRICAL ENGINEERING. The stipend 

at liberty to undertake a certain amount of consulting 
rk. 

“The University will shortly be opening extensive 

equi e 


buildings with complete pment for teaching th 
cde: enecan 0h eering, Metallurgy and Mining. 


It is hoped _uitimate y to establish a Faoulty dealing THIR’) EDITION, Thoroughly moet Boe fin ee 


A PRACTICAL TREATISE ON 
BRIDGE CONSTRUCTION : 


ent there is already 4 | Being a Text-Book on the Construction of Bridges in 
an 


P} , and, outside teaching duties, 
there will be ample scope for powers of organisation 
and administration in helping to co-ordinate the work 
of such a Faculty. 


In the Enginee' 
Professor aot techantoal gineering, and there are 
Lecturers on Civil, Mechanical and Electrical En- 
gineering, besides several Assistant Lecturers and 
Demonstrators. 





treatises as has 


STANDARD 


THIRD EDITION, Revised, with an additional Ohapter on Foundations. 
Numerous Diagrams, Examples and Tables. Large 8vo, Cloth. 16s. 


A Pplications for a Chair of| TEE DESIGN or STRUCTURES: 


ENGINEERING BOOKS. 





A Practical Treatise on the Building of Bridges, Roofs, &. 
offered is £1000 per annum, and the Professor be| By S. ANGLIN, C.E., Master of Engineering Royal University of Ireland, late Whitworth Scholar, &. 





[)taughtsman.—Wa nted, 
Young 


good address, for works in Bombay ; one who can take 
out strains and stresses and preferably with general 
constructions experi Address, U 878, Offices of 
ENGINEERING. U 373 


Wanted, by a Firm of Con- 








“*Studen’s of Engineering will find this Text-Book INVALUABLE.”—Architect. , struc’ + 
“The avthor has certainly ded in producirig a ¥ PRACTICAL Text-Book.”—Awilder. MAN: ps — pe Do A nop ha ggatiing 1 
h ing} d this work not only to the Student, as the nest Text-Book on the subject, but also to the ? q 





“We can 
professional engineer as an EXCEEDINGL 


has had practical experience in his profession, and in | object and business is . . 


the administration of work of some magnitude, and 


who at the same time is specially interested in the iF 


education of engineers. 
Further particulars may be obtained from the 


undersign 


Y VALUABLE book of reference.”—Mechanical World, 





Royal 8vo. 


+ practical.” —The Engineer. 


Tron and Steel. 
Engineers. 
By T: CLAXTON FIDLER, M. Inst. C.E., Prof. of Engineering, University College, Dundee. 


“The new edition of Mr. apron ad oc will — coon Sag same  rcbasgi POSITION among gs yaaa bent pour ae 
been accorded to its predecessors. e instruction imparted is sounD, SIMPLE AND FULL. The volume oun: 
The Council is anxious to secure a Professor Who | vaiuanie and useful alike to those who may wish to study only the theoretical principles enunciated, and . . 


With numerous Illustrations and 18 Lithographic Plates. 
For the Use of Students, Draughtemen 


« to others whose 





ocomotive Engineering: A|T,ight Railways at Home 
r Manualof. By WM. F. PETTIGREW, M. Inst.0.E., 
, to whom applications, accompanied by | and A. F. RAVENSHEAR, B.Sc. Second Edition, 


such evidence as to qualifications for the post a8 4/ Revised, with numerous Plates and 280 Illustrations 
candidate may think desirable, should be sent not} jn Text. 21s. 


** Likely to remain for many years the standard work for those 


later than the lst August, 1904. U 30. 
GEO. H. MORLEY, Secretary. 





SIERRA LEONE GOVERNMENT RAILWAY— 
OPEN LINES. 


ocomotive ~ Superintendent 


REQUIRED for service on the above railway. 
Term of engagement, three years in the first 
instance. 


with free single quarters, or an allowance in lieu 


alves and 


wishing to learn design,” —Zngineer. 


Valve Gearing: 


Including the Corliss Valve and Trip Gears. By 


CHARLES HURST, Practical Draughtsman. 
Edition, 
Illustrations. 


Revised and 
Price 8s. 


Third 
Enlarged, with numerous 
6d. 


“Coneise explanations illustrated by 115 very clear diagrams 


Balary, £550 per annum, rising by inore- rte rp tear ert wee 
Re ng endl darsing se Revagay «570 2B wg LONDON : CHARLES GRIFFIN & CO., Ltd., EXETER STREET, STRAND. 6425 


the book fulfils a 


AND ABROAD. By WILLIAM HENRY COLE, 
| M.Inst.C.E., late Deputy Manager North-Western 
Railway, India. Large 8vo, handsome Oloth. Plates 
and Illustrations. 16s. 

“Indispensable to those whose duty it is to become acquainted 
with one of the prime ities of the i liate future.” — 
Railway Oficial Gazette. 


Bonus Tables: for Calcula- 
ting Wages on the Bonus or Premium Systems, 

for yw Technical and Allied Trades. By 
HENRY A. GOLDING, A.M.Inst,M.E. Strongly bound 
in super royal 8vo. Oloth Boards. 7s. 6d. net. 
“These Tables are ingeniously devised . . . . They cannot 
fail to prove practically serviceable to those for whom they have 
been designed.” —Scotsman. 














thereof ; first-class passages out and home, and liberal 
leave allowance on full pay. 

Candidates should be between 30 and 45 years of 
age, possess a thorough general and technical edu- 
cation and good organising and administrative ability. 
They must have been trained in the shops of a rail- 
way or locomotive builder, and have been engaged 
in an ae a in the running department 
of a railway, be thoroughly experienced in the 
office work of a locomotive department. 

The selected candidate will be required to pass a 
strict medical examination, and to sail for the Colony 


Just Published, 276 pages, demy 8vo, Cloth. Price 10s. 6d. net. 


PIONWEER IRRIGATION. 


A Manual of Information for Farmers in the Colonies, by E. 0. MAWSON, M.Inst.C.E., 
Executive Engineer, Public Works Department, Bombay. 


With Additional Chapters on LIGHT RAILWAYS, by E. R. CALTHROP, M.Inst.0.E., M.I.M.E. 
Illustrated by numerous Plates and Diagrams. 
Lonpon: CROSBY LOCKWOOD AND SON, 7, Stationers’ Hall Court, E.C. 


U 414 








at an early date. 

Applications, giving full particulars of experience, 
age, names and addresses of references, and enclosin 
copies (not originals) of testimonials, to be addresse 
to Messrs. SHELFORD & SON, — 
35a, Great George Street, Westminster, 8.W. 

Applications to be marked ‘‘ Locomotive Superin- 
tendent.” U 421 





COUNTY BOROUGH OF WEST HAM. 
MUNICIPAL TECHNICAL INSTITUTE. 
The Council invite 


A Pplications for the following 


VACANT POST on the Teaching Staff of the 
Institute :— 

LECTURER in ELECTRICAL ENGINEERING, 
commencing salary £200 per annum. 

Candidates must have read the circular giving par- 
ticulars of the post, which can be obtained on sending 
a fully-addressed foolscap envelope to the Principal, 
Municipal Technical Institute, Romford Road, West 


am, K. : 
All Applications must be lodged with the Principal 
before Noon, July 7th, 1904. 
By Order of the Council, 
FRED. E. HILLEARY, 
Town Hall, West Ham, E., Town Clerk. 
2ist June, 1904. U 403 





THE GLASGOW AND WEST OF SCOTLAND 


NEARIY oOovuT OF PRINT. 





Foolscap 8vo, Leather, 1412 pp., Gilt Edges. 


THE ENGINEERING 
Electric Traction Pocket-Book 


OF RULES, FORMULA, DIAGRAMS AND TABLES. 
By PHILIP DAWSON, Assoc. M. Inst. C.E., M.I. Mech. E., M.I.E.E., | 


AUTHOR OF “‘ HLECTRIC RAILWAYS AND TRAMWAYS.” 


1903 ED 


Price 17s. 6d. net. Post free 17s. 10d. 


ITION of 





Lonpon : Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 








TECHNICAL COLLEGE, 
DEPARTMENT OF MECHANICS. 


pplications are Invited for 


the following POSITIONS:—Lectursr and Cuter 
AssisTaNT. Salary, £150 to £200. Assistant LECTURER 
and DemonstTRaTOR. Salary, £100to £125. Oandidates 
must have had workshop experience, and a sound 
training in mathematics and mechanics.— Further par- 

ticulars may be obtained on application to Prof 
LONGBOTTOM, 38, Bath Street, Glasgow, to whom ap- 
plications must be sent not later than July 13th, 1904. 
U 292 








‘T ‘he Consett Iron Company, 

Lire, will in November next, REQUIRE 
the services of a SECRETARY and OOMM IAL 
MANAGER. 

Applications for the appointment, stating age, 
length and character of experience in like positions, 
salary expected, and giving two or more references, to 
be addressed to Messrs. COOPER & GOODGER, 27, 
Grey Street, Newcastle-on-Tyne. 
inscribed ‘ Consett application.” 


Works Manager.—Required, 


energetic MAN accustomed to the best class 


The envelope to be 
U 316 





modern locomotive practice ; preference will be given LoxDon : Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 


to one who has had control of men and who is con- 


PHILIP DAWSON, Assoc. M. I 


REVISED, ENLARGED, AND BROUCHT UP TO DATE FROM “ ENCINEERING.” 


Demy 4to, Handsomely Bound in Half Morocco, 678 pp., Illustrated, and containing many 
Tables, Diagrams, and Working Drawings. Price £2 2s. Weight 7 lb. 





ELECTRIC RAILWAYS AND TRAMWAYS 


THEIR CONSTRUCTION AND OPERATION. 


BY 


nst.C.E., M.I.Mech.E., M:I.E.E. 














bonus and three years’ agreement, will be given to 
the right man.—Apply, sta’ full particulars and 
salary expected, to ROBT. STEPHENSON & OO., Lrp., 
Darlington, endorsed ‘‘ Works Manager.” U 


versant with piece-work prices, A good be with 





ngineer, Capable 
enced Man, WA 


works and ironfoundry in Midlands; must be 


arnaces, 
thoroughly practical, good draughteman, able to | ether with el 
prepare Re eae: SA meu aninans; Raawieage — rable pencticel 
te BOG, Gthese ot | Address, U 364, Offices of ENGINEERING. 


of repetition work preferred 
Cy 


anted, an Engineer to take 
charge of a drawing office in connection 

297 | with an iron and steel works. In addition to super- 
vising inside work he must have had experience in 
E » | dealing with men and the gee out of work in 
XPeCPl- | the shops, also a thorough acquaintance with all 
D, for general engineering ee, oneent about recovery ovens 


earth fui 
of spares. A level 


lectric er 


blast 
rnaces and rolling mills, to- 
distribution and the pro- 
l-headed man required with 
lence; state aa 

364 





and salary required. — Address, U 390, Offices of 
Exarvesnine. U 





ngineer, Electrical, Required, 





Sat often 


W 


salary required, U 367, | WHEA’ 
U 367 | Al 


anted, a Foreman for high- 
lags bridge shop in th 
for estimating, in the Midlands.—Address, | near Glasgow. — fend fall particalae and term to | sta’ 
KIRK, PRI 
bert Square, Manchester. 


ct, 





1 ulars 
& O0., Albert Chambers, 
4 U 405 


ngineer.—A Sugar- 
machinery firm WISH to APPOINT an 
ENGINEER, preferably one with draughtsman’s 
train’ some commercial experience, to proceed 
abroad to work an agency. Salary and on. 
Applications, which should give full culars of 
experience, will be treated confidentially.—Address, 
U 371, Offices of Encrvezrine. U 371 


Eagineer Wanted, Immedi- 
ately, thoroughly conversant with electric 
crane work, who can write specifications, take out 
weighte and quantities, ‘at prepare estimates. 
Previous ex ee of this class of beg is — 
Good opening for really competent man.—. » 
ting age, Scnlehcntions and expec 
THE GLASGOW ELEOTRIO ORANE & HOIST 





experience in crushing, elevating and conveyi 
machinery. —Address, stating age, experience oa 
salary required, U 427, Offices of Excuvemrine. U 427 


Draughtsman, well up Electric 
Cranes, also Steel Works ENGINEER to super- 
vise Drawing Office WANTED, by 0. RICHARDSON 
axp CO., 65, Imperial Buildings, Ludgate Ciroue, 
London. U 420 


(jalvanised Tron Roofs and 


Buildings.—ESTIMATING DRAUGHTSMAN 
REQUIRED; must have knowledge of the business. 
Situation perma Miss «ed DAVIES BROTHERS 
AnD OO., Limrrep, Woiver pton. U 376 


Wanted, Capable Young 


DRAUGHTSMAN with thorough knowledge 
of machine design, State technical ifications and 
o experience ; salary according to ability.—Address, 
U-391, Offices of ENGINEERING, U 801 


Wanted, Draughtsman with 


shipyard experience ; used to repair work.— 

State experience and salary required to Z.A. 203, care 
of Deacon's Advertising Offices, Leadenhall St., are 

398 

















raughtsman.—A. First-class 

MAN WANTED,—Write, stating age, qualifica- 

tions and sal uired, CAMBRIDGE SCI IFIC 
INSTRUME COMPANY, Lrv., Cambridge. U832 


(F004 Draughtsman Wanted, 


with several years’ experience of electric crane 
work.—Apply, THE GLASGOW ELEOTRIO ORANE 
anp HOIST CO., Lrp., Glasgow. U 407 


D)raughtsman Wanted, in the 


drawing office of a large engineering works in the 
Midlands. State age, previous experience and 
expected.—Address, U 425, Offices of ENGINEERING. 


oj Unior Draughtsman with 
mechanical experience WANTED, immediately, 
in a signal contractor’s office in London. State age, 
experience and salary required. —- Address, U 412, 
of ENGINEERING, U 412 


W anted, Immediately, several 

first-class FITTERS as leading hands. Good 
knowledge of internal combustion engines indis- 
pensable. Constant job to suitable ee 8 
Poy, eg experience and wages required, to HE 
GRIFFIN ENGINEERING CO., Bath. U 411 


W anted, for the London 


District, first-class ENGINE TURNER, good 
all-round man, for repairs to duplicate parts of beam 
pumping engines.—Address, U 410, Offices of Ey- 
GINEERING. U 410 


ommission Agents, com- 

petent, calling on power users, WANTED. An 
old and well-known firm for mechanical accessories 
to constant demand. State qualifications and class of 
connection.—BOX 500, Advertising Offices, 66, 4 
Hill, London. 404 


Wanted, at Once, First-class 
ESTIMATING OLERK ; electrical experience 
essential ; knowledge of gas plants preferred.—State 
age, experience and sal: expected, to N. H.R., at 
Horncastuxs, 61, Cheapside, E.0. U 365 


V acancies under, Public 


AUTHORITIES; — Engineers, electric, gas, 
water, tramway, &c., Surve A isc Clerks 
of Works, &c., write, PUBLIC APPOINTMENTS 
ASSOOIATION, 33a, Farringdon Street, £.0. U 180 


Epgineering Pupil.— Vacancy 
eR ge Ee 
Sirs Saige eee 
































SITUATIONS WANTED. 


TO LARGE EMPLOYERS OF LABOUR, 


e National Association for 
RESERVE SOLDIERS, 119, Victoria Street, 





8.W. (Tel. 367, Westminster; Tele “Em ons,” 
London), SUPPLIES MEN of a 8 
porters, labourers, caretakers, carmen, 

men, night 


masons, bricklayers, navvies, ly 

watchmen, — &o. Oharacters up to date. 
No fees.—Apply, SEORETARY, as above, T 210 
A ppointment as Manager or 


g Director WANTED, in marine en- 
. Advertiser hag had large experience 


, a8 well as in steamer 
management, and could invest £3000 or £4000.— 
dress, U 394, Offices of ENainusrina. U 304 


Adi 

Mechanical Engineer Seeks 
ENGAGEMENT as works or assistant manager 

to engineering establishment employing about 100 

men; good experience and references, — Address, 

U 409, Offices of ENGINEERING. U 409 


Wanted conti 











Situati 





d on page 94, 


For Continuation of Small 
Advertisements see Pages 94 








.» Glasgow. 


wéiand 96, 
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The New ExplosivesGo., PETRIC CEMENT. yh agg 
ESTABLISHED 1865. See our Advertisement, last week, page 6. 


Contractors to the British and Foreign Governments. FIRE AND ACID PROOF. The. Stirling Water-Tube Boiler, 


f En tninighrnccicnreet onl f HIGHEST EFFICIENCY GUARANTEED. 
o O!'\ For Repairing Gas, Chemical, and other Retorts. ‘des Titesivania cathiacen tiie Wi last teres 


iI O D E R N For Lining Walis ot Combustion Chambers. siicatiteuncisichiescitalia de’ Casita titcan, 


For Making Fire and Acid Resisting Joints. THE STIRLING BOILER CO., LTD. 
2, &t. ee Square, econ al 6272 


FE xX aa LO S iV c S Full Particulars, Samples, &c., on application to— 
For Military Purposes and for Mining. WI TTY & WY ATT, Lt D., cd 5 Sao 


CORDITE and other Smokeless Powders universal adjustment, which, combined with sym- 


for Rifles and Artillery. metrical design and unusual strength, constitutes the 
LON DON. requirements of a perfect shafting hanger. 


GUN COTTON, in Solid Charges, for LIVERPOOL. CARDIFF. THE FAIRBANKS COMPANY, 
Submarine Mines, Torpedoes, Shells, &c. 78-80, City Road, LONDON, E.C. 6441 


DYNAMITE ote cELATINE Gj = \\ THE ] A UXH ALL E mp 0 NWO Fe KS — — Inventions i 


for General Mining. {Ce ee nee 

“STOWITE” the saf Aun aly te ae 
est and best av ANG 

** Permitted ” Explosive for Coal Mines. | \ AO 9 Wandsworth Road, Tonga DRAWING AND 

mre LONDON, S.W. | srry aman te ne any td fh, 


Particulars and Prices on application to the Company. SOLE MAKERS of Pabe Tike aaae vend 
Address : 


Works: STOWMARKET. | JEM THE IMPROVED VAUXHALL DONKEY PUMP. W. F. STANLEY & CO.. Ltd. 


Address ; 75, Queen Victoria St., LONDON, E.C.| “Aiea 
7 Ove) SRE Soe. $8) | GREAT TURNSTILE, HOLBORN, LONDON, W.0. 


W. G. Bagnall, Ld., e = & Write for List and Terms. RHODES’ 


STAFFORD, Tel, ‘“‘WELLHOLE, LONDON.” CITY OFFICE: 45, LEADENHALL S8T., E.C. 


xaxes or Locomotives|s6 united Asbestos Co., Ld., Patent RENEWABLE SEATED 


as som yaa DOCK HOUSE, BILLITER STREET 
New Depervase in i Bn gra N . 
Engines at low prices, ng best resu: 
coal, wood, or olla fuel, LO DON, E. Cc. 
Portable Railways, Tipping Wagons, Switches, a 


tables, Railway Ve ocipedes. 


manson GAUGE PERMANENT WAYS. ASBESTOS for Steam Hot & Cold 
GOODS of all kinds. 3 
BULL'S METAL & MELLOID ID C0. SALAMANDER LuBRICANTS.| Water, Acids, &c. 


OrrFics AND WORKS : 
YORER, near GLAsGow. 
TRuEGRAMS : “MELLOW, YORKER.” NON-CONDUCTING COVERINGS. 


MULLIS METAL tropebers, Bern, Shades ce 
im ‘san 
MELLOID (Reg. Trade Mark and Patented) ENGINEERS’ FITTINGS. AND STORES. as RHODES & Son 
denser Tubes, Plates and Stays, Boiler Tubes, Stays 8 
Plates, Fire-box Plates, Bars, Sheets, Valves, &c. SEND FOR OUR CATALOGUE. J 
6206 Bow Brass Works, 


and 
WHITE METALS. —Babbitt’s, Plastic, &. 
LONDON, Ei. 


ao eo VALVE BOXES." =": 
pice + wna fy Telephone: 3129, East. 


SCREWING AND TURNING MACHINES, : , 
Pe Mant PATENTS | OOO” Gee ae ee WADDLE 
And other GREAT IMPROVEMENTS to Date. : 5 
EIGHT SIZES— iy Ab 
in., 3} in., 4} in., 5} i Wp SIMPLE. HY Improved 






























































1} in., 2 in., 2} in., 3 in., 3} in., 4} in., 5h in., & 6} in. 
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Apply for Pump and Valve Box Lists to— 6328 ; $ 
THE HASTE PATENT PUMP COMPANY, — 


Crown Buildings, Crown Court, Old Broad Street, LONDON, E.C. 


eauets Fat tonoow’ee.” SAMUEL PLATT, WEDNESBURY. OIL HOSE. 


(Works: HAYLE, CORNWALL.) 


are Laie TIGHES’ 
aw pf WIRE BOUND HOSE 


For SUBMARINE MINES, NS xf JONES’ ORIGINAL PATENT. 
TORPEDOES, SHELLS, &e. B J neal $y The only Satisfactory Hose 


ONE WHOLE SOLID BLOCK. FOR. . 
PETROLEUM, 
ANY WEIGHT, SHAPE, OR DIMENSIONS. PFedlonse 


tod vwronuirY oF wosTuRe cummreeo. | Platt's Patent Dust-Proof Self-Oiling| . _veseraeze ons. 
gouge hg egeg and Swivelling Plummer Blocks. Tuck & Co.. Ltd 
e9 : 


BELL’S 
LENGTH OF BEARING SURFACE 3} TIMES THE DIAMETER. 


IMPROVED P ROCESS—1008 P ATENTS, ALL SIZES IN STOCK. Write for Particulars and Prices. : SOLE AGENTS, 
BRITISH AND FOREICN coveRNMENTS.  |300 T'ons of Turned and Polished Steel Shafting IN STOCK. 116, CANNON ST., LONDON. 


Department under M tof Mr, F, Manrex Hare Aise SHAFT FITTINGS. AND BRANCHES, 
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HH. WILLCOX & CO., [ 


23, 34 & 86, SOUTHWARK STREET 
LONDON. 


Double & Quadruple Action. 





16 sizes in IRON and BRASS. 


WILLCOX 


SEMI-ROTARY 


WING... 
PUMPS 


Adopted by the 
Government, 
and 
fixed by Engineers 
all over the World. 


ue 








6096 


2oo0o0o 
IN STOCK, READY FOR 





DISPATCH. 








MARGO & CO., Electrical and General Engineers, 


GREENWIOH, S.E. 


London Street, 


ELECTRICAL PLANT OF avery DESCRIPTION mee A AND INSTALLED. 
All kinds of Engineering 


ing Work done for the 


Motor Car Work, Dynamos and Nand General mare a Accumulators chargei 
Inventions worked out, Models and any Machine o 


for p) 


Apparatus made 
lacing same on the pln here and abroad. 


to drawing, and special facilities 
6142 





fi 


JOURNSON & PUiIL.LiIFPs 


14, Union Court, Old Broad St., E.C., & Chariton, Kent. 
MAKERS of the MOST MODERN MAOHINES for— 


TAPING. 


LAPPING. e331 
RUBBER, SILK, AND COTTON COVERING, 


CABLE MAKING. CABLE LAYING. 


BRAIDING. 
WINDING. 








RUSTON, PROCTOR & CO., Ltp. 


LINCOLN, 





ENGLAND. 


And at 46, Queen Victoria Street, LONDON, E.C. 


DROP-VALVYVE ENGINES a Speciality. 


STATIONARY 


E 


NGINES 


OF ALL CLASSES. 





. Upwards of 


6,000 


. Engines and Boilers 
Manufactured and Soild, 
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ri RANSOME & CO., L™., NEWARK-ON- TRENT, ENGLAND. 


LONDON OFFICE— 


304, KING’S ROAD, CHELSEA. 











Telegraphic Addresses— 
RANSOME, NEWARK. 
RANSOME, LONDON. 








These Machines are now 


eat dae made in Four Si T 
2@S, 
Log Band Saw to take logs up to 6 ft. 


in diameter, and 
more than 20 of them 
can be seen actually 
running in Great Britain 
alone. 


Most Accurate, Rapid, 
and Economieal 
Log-Sawing Machine 


in the World. 


RANSOME’S PATENT LOC BAND SAW will do as much work as THREE VERTICAL TIMBER FRAMES 
when working at their full capacity, or 12 HORIZONTAL RECIPROCATING SAW FRAMES. ¥ 


THE FOLLOWING ARE A FEW OF THE ADVANTAGES OFFERED BY THIS MACHINE :— 


1, When fixed, no part of the machine is below the ground level. 
2. The foundations required are very simple and inexpensive, whereas those for vertical machines are necessarily of a complicated and 


costly character. 
8. The feeding gear and driving arrangements are simpler and more convenient than those of large Vertical Band Saws for Logs. 
4. Only one man is required to manipulate this machine, whereas with Vertical Band Saws for rapid cutting, one man is required to 


control the sawing and another to devote his whole time to manipulating the travelling carriage. 6740 


COPIES OF TESTIMONIALS | CAN BE SUPPLIED FROM A LARGE NUMBER OF USERS OF THESE MACHINES. 

















IEMENS BROTHERS © Ce |UMITED 


LONDON, WOOLWICH and STAFFORD. 


LONG SPAN ABLPHER LINES. 





























The lines are supplied with 
fixed or movable towers. 
Only one main cable with 


Such linés afford the most 
effective means yet devised for 
the excavation of docks, canals, 


trolley wire is required. 
harbours, and for the conveying 


All the operations of running, 
hoisting and lowering are 
effected by means of motors 
carried on the moving telpher. 


of materials across rivers, 


gorges, or similar obstructions. 





6118 
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Enquiries for TELPHERAGE should be rae to YORK MANSION, YORK STREET, WESTMINSTER, §.W. 
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DREDGE PLANT—IMPROVED PATENT 


INVENTORS AND SOLE PATENTEES OF THE INDEPENDENT 


TRAVERSING BUCKET LADDER, 


TO ENABLE DREDGERS TO CUT IN ADVANCE OF HULL, AND SO MAKE THEIR OWN FLOTATION. 


INVENTORS AND CONSTRUCTORS OF MOST 
IMPROVED HOPPER DREDGERS. 


— he Bow and Stern Well Hopper Dredgers, Suction Pump Dredgers, 
Barge Loading Dredgers, Gold Recovering Dredgers and Machinery, 
m Hopper Barges, Side & Stern Paddle Wheel Steamers. 


FLEMING & FERGUSON, Ltd., 


SHIPBUILDERS & ENGINEERS, PAISLEY, N.B. 
GEORGE ELLIOT & CO.,LTD. & 


MAKERS OF ALL DESCRIPTIONS OF WIRE ROPES. 
MANUFACTURERS OF 


LANG’S LAY WIRE ROPES ' 


LANG’S LAY WIRE ROPE WHEN NEW, Office : 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. LANG'S LAY WIRE ROPE WHEN WORN. 2100 



































“PALMETTO” a SELE-L.UBRICANT 


. A C 4 v GC aman 


DOES NOT GET HARD. 








AMMONIA. 
Ask for Catalogue A. 

THE BRITISH & AMERICAN MANUFACTURERS’ AGENCY, 65 & 66, CHANCERY LANBEH, LONDON, W.O0. 833 

omg Mie: ioe io. TEE WORRIN FPATHmNT Telephone No, 47, Heaton Moor. 


“CLIMAX” WATER-TUBE BOILERS 


OVER 600,000 HP. IN USE. 
The BEST Boiler for Central Electric Light, Traction, ana Power Stations. Absolutely NO DEAD POINTS in Circulation. 
Heating Surface FIFTY TO ONE of Grate. 


ADVANTAGES.—No Screw Joints ; no Metallic Joints; no Packing Joints; no Cast-iron god or Paes to cause Apo from expansion and contraction ; is batted safe and able to carry HIGH PRESSURES. 
Produces Steam nes not only Absolutely Dry, but Superheated to over 80 deg. It is accessible, readil: . and can be examined, cleaned and fired with fac This Boiler occupies less floor space, and 
will, under equal conditions, evaporate more water per pound of coal than any other on the market. It is a Boiler, Fuel Economiser (or Feed Water Heater) and Pesca wm combined in one. 


What T. A. EDISON thinks of the Morrin “Climax” Steam Boiler. 4883 


Olonbrock Steam Boiler Works, Brooklyn, N.Y. From the Laboratory of Thomas A. Edison, Orange, N.J. 
Dear Sirs,—Your letter of 30th ultimo is received. I have a “Climax” Boiler, and it is giving great satisfaction. Taking 

everything in consideration, it is, in my opinion, practically and theoretically, the best boiler so invented. 

Yours truly, THOMAS A. EDISON. 


B. R. ROWLAND & GO., Lro, “Cumax* Wonxs, REDDISH, near MANCHESTER 


Sole Manufacturers outside U.S. America. to wil all enquiries should be addressed. London Office: 47. p Asai STREET, WESTMINSTER, S.W. 














T.LARMUTH & C9? MANCHESTER 








Improved 5-Ton Overhead Travelling Orane (Spur Geared), worked by Endless Chains or Ropes from Ground Floor. 





TODLEBEN IRON WORKS, 


SALFORD, MANCHESTER. 


= Sole Proprietors and Makers of the “‘HIRNANT” 
3-TONS HAND-POWER BREAKDOWN CRANE, 


sun 2TORS HAND-FOWER BREAKDOWN CRANE. MINING AND TUNNELLING MACHINERY. 





AIR COMPRESSORS, ROCK DRILLS, ROCK DRILL CARRIAGES, 


ELECTRIC, STEAM, AIR & HYDRAULIC POWER CRAN ES. 
IMPROVED HYDRO EXTRACTORS (WITH AND WITHOUT ENGINES), TURNTABLES AND WATER COLUMNS. av 


THOMAS LARMUTH & CO. 
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Made with 









The Best Engine 


for Specially Heavy Flywheel 


Farm or Estate Work, and Outer Bearing 


for Electric Lighting. 


Pumping, 
Saw Milling, Exceptionally 
&c., &c. Steady Running. 


From a Photo of the 10 Working Brake HP. Engine (latest type). 


TANWGWES LIMITED, BInRMiInGHoaAM. 


London, Newcastle, Manchester, Glasgow, Cardiff, Johannesburg, Bilbao and Rotterdam. 7796 
foe “TANGYES, BERMINGHAM.” No. 128 B. 


KAYE’S Latest Patent SERRATED SEAMLESS oy CAN 








FITTED WITH 


New Patent Thumb Button, Seamless Spout, 


and Slide Feed Hole. 
IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 


Contractors to H.M, Navy, War Dept., Home Office, and Indian State Railways. 
SOLE MAKERS ;-— 


JOSH. KAYE & SONS, Ld., Lock Works, LEEDS, .o= 


JOHN HETHERINGTON & SONS, 


“ ERR or ae M A N C H E S T' E R, a No. LIMITED, 


High Holborn, LONDON, W.C. 














Turning & Boring Mills, 
3 ft. to &©O ft. DIAMETER. 
A SPECIALITY. 











SPHCIAXT. MACHINE ee 


STATIONARY, LOCO. AND MARINE ENGINEERS, SHIPBUILDERS, MILLWRIGHTS, &c., &c. xs 
CONTRACTORS TO H:M. NAVAL & WAR DEPARTMENTS & FOREIGN GOVERNMENTS. 
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COMBINED AIR AND CIRCULATING 
PUMP. BALANCED VALVES - 
ADMIRALTY PATTERN 





aa = 

HOTWELL, FIRE, BILGE AND 
SERVICE PUMPS 

DIRECT ACTING TYPE 





DD 
WATSON'S GREASE EXTRACTORS 
GRAVITATION TYPE 


> Se f 
WATSON S GREASE ton Seep: Man CENTRIFUGAL CIRCULATING PUMP 
LOW PRESSU! une 


| 
eS ae ae eee ees re Pe See aes» aera: «ee 














sec SMR 


_ AGENTS FOR 


“STAR” LATHES. 








SEVERAL IN STOCK (Assorted). 


Made in Various Styles and Sizes. 
For Power, Foot Lathes, with Oil Pan, &e. 





SEND FOR OUR NEW ENGINEERING CATALOCUE, 
6021 POST FREE ON APPLICATION. 





LONDON: 9 to 15, Leonard St., E.C. BIRMINGHAM: 2 to 10, Albert St. 
MANCHESTER: 2, Charlotte St., Mosley St. GLASGOW: 52; Bothwell St. 


NEWCASTLE-ON-TYNE : Albion Buildings, St. James’ Street. 


SSSQHHAA UA Highes! SZ oe rpecwnes 











S eR ryHeatAcids OsAmumuaic fh, Z 
3 8 . Bs Wiealine fluids Hot Sugar” Solutions. éc. 4 46B 
SES $2525 
sts 227° 
Vso’ 8SS.254 
O55.°3 ais ts 
FeccOc¢ vV5L oO 
=r10 8 oe, a aap 
Sess SE so8e 
cy % 5, 3: In Sheets of 30h in. spare from e+ in. thick upwards [> se 38 a 
od [SQ 
iy F/CHARD KLINGER &6S. RS ES 
“Gf LZ/gineers, Contractors to the Kawiraty, BW. 3 
OO; CHURCH ST., LOND HORES! \ 





Telegraphic Address: “Sustained sone 
‘*B, B.” MALLEABLE IRON —a 


CHAINS 
EWART'S 


TYPE. 
750,000 ft. in Stock. All Sizes, 


SPROCKET WHEELS. 
ELEVATOR BUCKETS. 


BAGSHAWE & CO., 


3, Tower Royal, Cannon St., LONDON, E.0. °° 


JOHN ROGERSON’ & CO., LO» 


WOLSINGHAM, B.58.0., Co. DURHAM. 


MAGNET CASTINGS 


























TO ANY AND ANY 
WEIGHT SIZE, 
camer or 





6115 


STEEL CASTINGS AND FORCINGS OF EVERY DESCRIPTION. 
FORCED STEEL CRANKSHAFTS FINISHED COMPLETE. 
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BOIL BY STEAM 


HEATING OR BOILING BY STEAM 


The objectionable noise when boiling by steam 
is entirely done away with, and the liquor 
Heated or Boiled Quickly, Economically, 

and Silently. 







LIST OF PRICES, 
tbe. 50s, Gls. 658. 


2 3 4in. pi 
100e.1308.1758.2808 | 












STEAM TRAPS 


@ee Testimonials). 


PICKING, HOPKINS & C0.’S PATENT TRAPS 


For taking the water of conden amend Oe en ee ee. 

Heaters, &c., &c., are well known as being the very best for th 

purpose, The ey are perfectly automatic, require mo atbenbion, 
and keep the pipes free from water. 


Extraordinary Results by use of these Traps. 





MAKERS OF 


LIFTS 


ALL PURPOSES. 





MAKERS 
OF 
“STANDARD " 
STEAM PUMPS, 
DUPLEX PUMPS, 
AIR PUMPS, 
TAR PUMPS, 
HYDRAULIC 
PUMPS. 


WINDMILLS“ 


For Water Supply, Pumping, Grinding, &¢. 


PICKING, HOPKINS & 00., 


MAKERS OF 


BREWERY PLANT. 
SUGAR PLANT. 





‘|BALTIC STEEL WORKS, 


The Simplest, most reliable — ‘cheapest Pump in 


J, BEARDSHAW & SON, La 


MAKERS OF 


“HIGH VELOCITY” 
TOOL STEEL, 


The VERY BEST for SLOGGING or HIGH SPEEDS. 





Chrome and all the Best Qualities of Warranted 
Crucible Cast Steels for all uses. 


Very Best Quality of Mining Steel, ‘‘ Conqueror.” 
Best Warranted and other Spring Steels. 


Steels with High Tensile and Elastic Limit, combined 
with high percentage of Extension. 





SAWS OF EVERY DESCRIPTION AND FOR EVERY POSSIBLE USE. 
FILES, HAMMERS, EDGE TOOLS, CONTRACTORS’ TOOLS, &c. 





SHEE ILELD. 


LONDON OFFICE: 118, CANNON wesw ncn Mi E.C. 6€88 
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PICKERINGS LIMITED, 
Globe Elevator Works, 


STOCKTON-ON-TEES. 
EstABLISHED 1854. 


Awarded 32 Medals and Diplomas. 








OVERHEAD 
TRAVELLERS, 


WINCHES, CRANES, 
for Hand or Power. 


PULLEY BLOCKS. 
Pulleys & Shafting. 


Telegrams: 








National Telephone : 
No. 44. 





; Lonpon OFFICR : 
98, Leadenhall St., 
=i E.C. 6384 


Send for Catalogue 


and please mention this 
paper. 























BEVER, DORLING «CO., 


MAKERS OF 









sy 3 

unes, ~sBREWemis, 
= HYDRAULIC PURPOSES. BOILER FEEDING. 
F oan ll BILCE, BALLAST 
= GENERAL MARINE PURPOSES, 
q 


Crown Agents for the Colonies and Indian 
Government. 


Contractors to H.M. War Office 


7 in. X Sin. Xx ® in, DUPLEX ‘PUMP, with th Patent Valve Gear. 
UR PUMPS ARE MAD 


Horizontal or Vertical, Compound, Condensing or 


Non-Condensing. 


the market. 
PRINCIPAL WORKS :— 


Bowling Iron Works, BRADFORD 


AND AT DEWSBURY. 
Telephone No.:—1644, BRADFORD. Telegraphic Address :—FOUNDRY, BRADFORD. 








ARNOLD WORKS, BOW, LONDON, E. 
AGENTS WANTED 








ESTABLISHED 1847. 
Contractors to Admiralty, War Office, &c. 


We Made the 
.. First .. 

"|Steam Gauge! 
SMITH BROS. & CO., 


Hygon green Nottingham, Eng. 


First eels and Manufacturers of the 


STEAM GAUGE. 








Makers of SMITH’S, BOURDON’S AND 
SCHAFFER SYSTEM, STEAM, WATER 
PRESSURE anp VACUUM GAUGES. 
GUN METAL VALVES, COCKS, 
LUBRICATORS, INJECTORS, 
REDUCING VALVES. 


PATENT ASBESTOS PACKED FITTINGS. 


IRON VALVES 
FOR STEAM, WATER AND GAS. 
SAFETY VALVES. 
PATENT HARMONY WHISTLES 
anD SYRENS. 





London Agents: 
Messrs. GEORGE SCHULTZ & CO., Laurence Pountney House, Laurence Pountney Lane, E.C. 


WE STILL MAKE THE BEST. 
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JOHN HARDISTY, mice, mime. 


10, INDEPENDENT BUILDINGS, 
Fargate, SHEFFIELD. 


MACHINERY VALUER. 


Telegrams: ‘‘ HARDENED, SHEFFIELD.” 


VALVES! VALVES! 


TURNBULL’S SAFETY, STOP, CHECK, 
SLUICE AND REDUCING VALVES, 


SEND FOR VALVE SHEET. 1664 


ALEX. TORNBULL&CO., Ld., Bishopbrigés. 


Telegraph : “VALVE, BISHOPBRIGGS.” 














INSTANT REFERENCE TO 
YOUR LETTERS ¢ & BILLS. 


Write for Catalonus No. 15, 


SHANNON 











LETTER THE SHANNON, LTD., 
Office Furnishers, 

FILE. ROPEMAKER STREET, 

LONDON, E.0. 4884 


“GREAVES” BLUE LIAS LIME 


(Burnt from the well-known Beds of THE 
LOWER FORMATION) 


Epo shove, chee POTEET 
i ie p hae a ROMAN 
canal ywners’ specially covered 
all parts of the country, bee a carted on site in Birmingham and 
London. 60 years Highest 


GREAVES, BULL & LAKIN, Lim 








Ohiet t JURY, LEAMINGTON. We A 
dress: Greaves, Harbury. London : Wa, South Wharf, 
Pad W. Telegrams: bee a ey 


Works at Harbury, Stockton & Wilmoote, ‘Warwickshire. 


Tre OCTOPUS” actors 


Automatic 


CENTRAL - BRIGATO R 











Measures the ol, pa weit 
it regular! ly. 





BENUN. R. VICKERS & SONS, LEEDS. 





“SORWAY ‘OPST : ‘ON ouONdoTOy, 


§ ."MOGKOT ‘OXIHOTENG,, : S80IDPV oTydezSoTOy, 


All Communications to ~ 
36, GREAT ST. HELEN'S, LONDON, BG 








TRIER'’S PATENT 
“SPLIT-E€RIP” COLLAR 


FOR ALL 


TE a, 
INDIA-RUBBER GOODS 


FOR MECHANICAL PURPOSES, 
Sheeting, Valves, Washers, Tubing, &c., &c. Gloves for Electrical wan 


J. G INGRAM & SON, INDIA-RUBBER MANUFACTURERS, 


Hackney Wick, LONDON, Ny. E. (Please mention this paper.) 


ne “SIMPLEX” 


MACHINE BELT FASTENER. 


A Flexible Joint . 

No Wear on Belt . 
Saves Leather 
Laces, Time & Money 
GRIPS LIKE A VICE AND WILL LAST A LIFETIME. 


A REALLY GOOD THING 


IS EVERYONE’S OPINION. 










































SOLE MANUFACTURERS .. . 


HERWIN, CANNY & CO., 158, Sandy Hit! Road, PLUMSTEAD, $.E. 


BRUECKENBAU FLENDER, a-c. 


(The Flender Roof and Bridge Company), 
BENRATH, near Dusseldorf (Germany). 


CONTRACTORS FOR 


Delivery and Erection of Buildings, Bridges 


AND ALL KINDS OF IRON CONSTRUCTIONS. 
FIRST-CLASS REFERENCES IN ENGLAND AND ABROAD. 


Steel Plants and Bridges delivered in England and 
Scotland, viz :— 


HARTLEPOOL, BARROW-IN-FURNESS, CLASCOW, NEWCASTLE-ON-TYNE, 
EBBW VALE, SOUTH SHIELDS, &c. 


Apply for Projects and Detailed Plans, which will be made free of charge. 


DOUBLE-FACED 


VALVES. 




















6591 
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ALL SIZES IM VERTICAL OR HORIZONTAL FORM. — 
LONDON OFFICE: ACCESSIBLE WHEN 


Westminster Chambers, 





HARTNESS 
AUTOMATIC OPENING DIE 


The most satisfactory means ~ 
yet devised for the production 
of screw threads. 


JONES & LAMSON MACHINE CO., 
JUBILEE BUILDINGS, 
97, Queen Victoria Street, 


LONDON. - 











Scotch & Irish Oxygen ~ 
Co.; itd. 
best hw gus Potties ities ad 


Blue & Ferro-Gallle “Prints, 


White Line on Blue Ground and Dark z 
Line on White Ground, 


: PRINTED PUNCTUALLY 
2 W.F STANLEY &CO.,L™ | 
£ Railway Approach, London Bridge, S.E. : 

BLACKBURN, STARLING &C0., La, 


No Exrra Onares for Prints by Electric Light. 
Manufacturers and Erectors 
of Im 








New revised Price List post free. 6125 





Lightning 
Conductors 


Gresham Works; 
NOTTINGHAM. 
HANLEY & D & DUBLIN. 


MTrodped, Balved and” 


| spare : a 

CollierySignals | faim 
ELECTRIC BELLS. : 
‘| TELEPHONES. 


TELEGRAMs: 9255 
“Blackburn, Nottingham.” 














Established 1868. 





ENCINEERS 
GLASCOW 


CENTRIFUGAL PUMPS 
AND PUMPING ENG: 


For Docks, Circulating es, Salvage Work, &e, 
The Cems and most Efficient Pump in the Market. 
From Newest and most Improved Patterns 
Specialities! Hydranite. Pumps, Fan Engines and High- 
nt Engines, Presses and Pumps, Le ewng 
ranes, Rivetters, Lifts of all kinds. 


DRYWSDALE & COoO., 
Bon Accorp Enaine Works, GLASGOW. 6345 














es . UNDER PRESSURE. 


Nl, Victoria St., S.W, - 


TeLecRaPHig AppREss: ‘‘ BONACCORD, GLASGOW.” 
Agents in South Africa: SELIGMANN and 00., Johannesburg. 
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MUSGRAVES - - 
“ULSTER” FANS. 


HEATING. VENTILATING. DRYING. 


ELECTRIC AND BELT FANS. 


DUST COLLECTING. 


FORCED AND INDUCED DRAUGHT. 


Estimates Free. 


HIGHEST EFFICIENCY & OUTPUT. 





Success Guaranteed. 


MUSGRAVE & CO., L?: 


53, Victoria Street, LONDON, 8.W.; St. Ann’s Ironworks, st i 
97, New Bond Street, LONDON; ‘6, Deansgate, MANCHESTER; 6567 
Guildhall] Buildings, BIRMINGHAM; 67, Hope Street, GLASGOW; and PARIS. 





























See Our .. 


POWER HAMMER 


WORKING AT THE 


Colliery Exhibition, 


ROYAL AGRICULTURAL HALL, LONDON, 


From JUNE 25th to JULY 2nd. 





PETER PILKINGTON, LTD., 


Samber Bridge, PRESTON. 


6133 


75a, Queen Victoria Street; LONDON. 35, McAlpine Street, GLASGOW, 









SPECIALISTS IN COLLIERY PLANT. 













PATIENT 


MULTIPLEX HEATER DETARTARISER. 


The most Efficient 
Heater on the Market. 


A COMBINED FEED WATER 
HEATER AND SOFTENER. 





LONDON OFFICE: 


Heats the Water to about 212° F., 
and eliminates from 50 per cent. to 
75 per cent. of the ‘ichigo 


Supplied to the BRITISH ADMIRALTY, 
the WATH MAIN COLLIERY CO., Lrp. 
(this Plant to deal with 18,000 gallons per 
hour, and the Detartariser acknowledged §TEAm 
to be the largest ever made), 

BRITISH TESTING CO., &c., &c., 


PATENTEHS and SOLE MAKERS: 


JOSEPH WRIGHT ao, 


TIPTON, Staffs. 


124, Victoria Street, WESTMINSTER, S.W. 
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TEE WORLD’s - 
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sour GEARS ‘em. 





REDUCTION GEAR 
CASES 


For any Power or Speed. 


HENRY WALLWORK & CO., LTD., 


Malleable and Soft Ironfounders and 
Engineers, 6116 


MANCHESTER. 


Telegrams - - Foundry, Manchester. 
Telephones - - No. 567 and No. 5200. 











‘ONIMINING ASAGIYa NI SLSMVIOSdS 


g 


PULLEE BLOC. 
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Telegrams : ‘‘METALADOS.” ; Cables: “ROBHUNT.” 


BRITISH BURAAUV. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St, £.C. 


INSPECTION anp TESTS oF RAILS anp FASTENINGS, STRUCTURAL 


MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &o., &o. 
WwW. L. COOPER, Manager. JOHN J. CONE, Resident Partner. 


American Offices :—CHICAGO. PITTSBURGH. 6365 


‘Phone : 5770, BANK. 


NEW YORK. 














OIL LAUNCHES. 


LIGHTEST & BEST. USE ORDINARY PARAFFIN OR KEROSENE. 


Complete Boats or Machinery only. 


BUILDERS OF ALL KINDS OF 5815 
STEAM MACHINERY or YACHTS & LAUNCHES COMPLETE. 
MAKERS OF PATENT “SIMPLEX” STOCKLESS ANCHORS. 


VOSPER & é CO., LD., PORTSMOUTH. 


ESTAB. 1860. 
LARCE PATTERN 
SHOPS. 
LATEST ‘APPLIANCES. 
CHEAP, 
MEDIUM, OR 
- ACCURATE WORK. MAKI NG 


HIGH CLASS. 
DAVID BROWN & SONS 


(HUDD2), LTD., 
East PARADE Works, 


HU DDERSFIELD. 


PROCTOR’S PATENT SHOVEL STOKER 


AND MOVING -FIREBARS. 


10,000 FURNACES FITTED. 













































10 2o 

7 so. 
| MORE 

ECONOWY. DUTY. 





The highest Efficiency guaranteed WITHOUT the 
aid of Forced Blast, and without injury to Boiler. 





MOULDING MAGHINES, 





| CORE-MAKING MACHINES, 
CASTING MACHINES. 


Emery Grinding Machines, 


Emery Wheels. 





EMERY, GLASS ano FLINT 


CLOTHS ano PAPERS. 





The London Emery Works Go., 


58H, HATTON GARDEN, 


LONDON, E.C. 











JAS, PROCTOR, LD, "ssi" BURNLEY. 


ee gt. 


-eenementner xfer 


a8 peas 
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- PROTERT DRY 


, SWVEER 


LOWENER: 


SUE 


(elere) PLANTS IN 
FAT ING MILLIONS OF 


MANUFACTURERS 
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eb aS PATENT 


‘ASSEN & HOR | 


ENGINEERS 


“ 
VICTORIA'S Ty 
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FRESH WATER FROM SEA WATER 


NORMANDY'S PATENT 
DISTILLING MACHINERY 


TWO GOLD MEDALS, London International Health Exhibition, 1884. 
The Water produced is PURE, COLD, CLEAR and agreeable to the TASTE. 








NORMANDY’S PATENT EVAPORATORS and CONDENSERS for 
STEAMERS produce from Sea Water, Cold Drinking Water of best quality 
when worked with the greasy steam from the main boilers, and at the same 


LAND 
STATIONS produces (according to type and size of apparatus) 20 to 30 tons 


time will also supply Hot Fresh Water for Make-up Feed. 
NORMANDY’S PATENT DISTILLING MACHINERY for 


(say 4500 to 6700 gallons) of Water of the above quality per ton of coal. 


NORMANDY’S DISTILLING MACHINERY has been largely supplied 
to the English Admiralty, and to the German, Russian, Spanish, Dutch, 
Japanese, and other Governments. Also to the P. & O., Royal Mail, and 
many other Liner Oompanies and Yachts, including the Royal Yacht 
“ Victoria and Albert,” Also to Land Stations in various parts of the World. 

H.M.S. “ Powerful,” “ Terrible,” “ Argonaut,” “Spartiate,” ‘“ Majestic,” 
“ Arrogant,” “ Furious,” “Venus,” “ Diana,” “ Niobe,” the New Royal Yacht, 


“ Formidable,” “ London,” “ Hogue,” “ Euryalus,” ‘ Duncan,” “ Cornwallis,” 
others, are also supplied with NORMANDY’S DISTILLING 


and many 


MACHINERY, made to latest Admiralty requirements. 





WORMANDZYT’S PATINT 


MARINE AERATED FRESH WATER 60., Ln. 


Opposite Custom House Station, Victoria Dock Road, 


LONDON. E. 
ALSO SOLH MAKERS OF 


NORMAND’S PATENT FEED WATER HEATER. 


1653 





Adopted by the British and other Governments. 


NEW IMPROVED SELF-CLEANSING 


AUTOMATIC 
WATER GAUGE, 
















Suitable for 


High-Pressure 
Land and 
Marine Boilers. 























BELL'S ~ 
ASBESTOS 00., 


LIMITED, 


Southwark Street, LONDON. 











BUCK & HICKMAN, 


LIMIrEeD, 
Agents for Pratt & Whitney, Brown & Sharpe, Genuine 
Morse Twist Drills, Norton Emery Wheels, &c. 


LARGH STOCKS. 


rs Sais — 


‘c Z E ERS Oe cy} 
SS 


Te 





N.B.—Our New American Catalogue, 525 pages, 


sent free to known Correspondents. 





2 & 4,Whitechapel Rd., London, E. 


Telegrams: “ROEBUCK, LONDON.” 2589 


Telephone: 844, 845 and 867, Avenue. 





"“FUBUUABDAOD ""H. Aq pajdopy 





By abolishing Countershafting, &Q, of transmission loss saved. 
Competent Engineers sent to all parts of the no ges to advise and take particulars for 
Estimating free of charge. 

xX..c., 


DRAEE! & Gorn pe 





66, VICTORIA STREET, WESTMINSTER, Se. Pe 
Te.ecsams: “ ACCUMULATOR, LONDON.’ HONE: 71 & 398, WESTMLNS' 
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HIGH-CLASS 


MARINE 
BOILERS 


Apurmatty, Lioyps’, 
Boarp oF Traps, 
Buruav Vsriras, AND 
OTHER SURVEYS 
UP To 200 tas. W.P. 


ON ADMIRALTY LIST. 





ESTABLISHED 1868. 





LANCASHIRE, 
MULTITUBULAR, 


CORNISH 
BOILERS. 
Flanging, Riveting, 


and Bending done by 
HYDRAULIC PLANT. 


Drilling, Welding, 
and Planing done by 
Special Tools of most 
modern kind. 


Hydraulic, Gas t Water Mains, storage Tans, Oil Sil, Scrubbers, Washers, Roofing, &c. ss71 


A. F. CRAIG & 0. LD., PAISLEY. 


LONDON ADDRESS :-—97, QUEEN VICTORIA STREET, E.C. 


THE LATEST DEVELOPMENT 


IN HIGH-SPEED 


TURRET LATHES 


BRADBUR Y's RELIANGE. 




















PRICES, FULL DETAILS and ESTIMATEO OUTPUT PER DAY from 
6292 








BRADBURY & CO., Lo,, “ver--” OLDHAM. 


ROBERT ROGER & CO., LT: 
STEAM WINCH AND CRANE MAKERS, 
STOCKTON-ON-TEES. _— 


is MEASURES ‘5 


Bl hy iy, CASAS AE Wi Ana) \LEIVISN LCE 7X any : 


} casratve ng oF 


FENCING. 


GATES: py LARS con an 
SIUIHASLS LES 6M & MAD Ft 





i <9 5. LONDON aCROVDON 


TELEPHONES 547 HOP, & 171 CROYDON 














HENDRY’S LAMINATED 


(Patent). 
SPECIALTY UNEQUALLED 
IN JAMES HENDRY, for 
LEATHER LAMINATED LEATHER WORKS, DYNAMOS 
BELTING, Bridgeton, GLASGOW. and MOTORS, 


Telegrams 


National, 2659. 
‘Laminated, Glasgow.” Telephones { 


Corporation, Y614. 
6949 














THE ALBANY PATENT 


For all Pressures, )} THOUSANDS IN USE, 
The Albany 







COMPACT, 
LIGHT, Manufacturing 
INDESTRUCTIBLE, smn eo yee 
a. WILLESDEN JUNCTION, 
ABSOLUTELY LONDON, N.W. 


PARIS: 6487 
31, Avenue de Neuilly 
(Neu uilly- eur-Gsine) 


é Contractors to 
2 H.M. Government. 


RELIABLE, » 


Sent on Approval. 














OF THE ORDINARY KIND, BUT 


HERBERT’S PATENT 
QUIGK-CUTTING 


-~ Eccentrle Sawing Machine 


WHICH CUTS 


GIRDERS 


AND OTHER HEAVY WORK UP TO 
20” BY 12’ 
Made in Three Sizes: 6101 
Capacity 6” by 6” 
No. 2 os 12” by 8” 











ROSAMOND STREET EAsr, 








EDWARD C. HERBERT, Ltb., 


MANCHESTER. 
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Steel Company of Scotland, Ltd. 


(SIEMENS PROCESS), 


23, ROYAL EXCHANGE SQUARE, GLASGOW. 


ESTABLISHED 1872. 
Works: HALLSIDE, NEWTON & BLOCHAIRN, GLASGOW. 
Head Office: 23, ROVAL EXCHANGE SQUARE, GLASGOIV. 
London Office: 9, MINCING LANE, E.C. 


Contractors to British Admiralty, War Department, and 
Foreign and Colonial Governments. 








MANUFACTURERS OF 


Mild Steel Plates, Angles, &c., 


For Ships, Boiler and Bridge Building, Angles, Zed Bars, Tees, and all forms of 
Sectional Bars required for constructive purposes. 





CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Rudders, &c. 

FORGINGS of every description. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 

TYRES.-—Locomotive Carriage and Wagon, to all require- 
ments. 6464 

















CRANKSHAFTS & FORGINGS.| 


(On Admiralty, War Office, &c., Lists.) 


Bent GCranks 


(SQUARE OR ROUND) 





Our 83 in. centre LATHE for 


—_———— 


HIGH-SPEED Cutting Steels. 


Spindle bearings are large. 
Front bearing 3 in. diam., 4} in. long, 





Double gear ratio, 9 to 1. 
Different in pitch ; gives a smooth drive, 


Write for fullest particulars. 


D. MITCHELL & CO. , Ltd. 


ENGINEERS, 
EHIGHLEY, YORKS. 
Telegrams : “Tools, Keighley.” 6471 




















For Marine and 
other purposes. 









BENT THREE-THROW PUMP CRANKSHAFT. 


eee ww 


WOODHOUSE & RIXSON, 











TAYLOR & HUBBARD, 









" The New 
“TOWER” WAGON, 


11, 18, 27 cubic ft. capacity. 


AUVILLE” 





QUICK DELIVERY FROM 
STOCK. 





SOLE AGENTS— 


Alexander yon Glehn & Co., 


TOWER HOUSE, 6485 
TRINITY SQUARE, E.C. 


GANDY’S « 


NEW. CONVEYOR 
« BELTING 


HAS A HARD SURFACE. 


TEARING OR FRAYING IM- 
POSSIBLE. 


PERFECTLY WATERPROOF. 
NOT AFFECTED BY DRY ROT. 
ABSOLUTELY GUARANTEED. 






















This Trade Mark is 
the “Hall Mark” of 
its genuineness. 


The Gandy Belt Manufacturing Co., Ltd., 
HEAD OFFICE AND Works— 


SEAcomMBE, BIRKENHEAD. 





















1519 
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WELDLESS 
LOCOMOTIVE DOMES 
up to 14 in. thick. 






CHARLES McNEIL, 


Specialist in Hydraulic Stamping and 
Forging. 


STAMPED STEEL 
PISTONS, 
up to 
50 in. diameter. 


KINNING PARK 
IRONWORKS. 


THE LANARKSHIRE STEEL CO., Lo. 


Mo THA nNwiiL:, W.B. 
MANUFACTURERS, BY SIEMENS’ (ACID) PROCESS, OF 


Ingots up to 20 tons, Blooms & Slabs to 18 in. thick, Mild Steel 
Bars, Angles, Bulbs, Bulb Angles, Bulb Tees, Channels &@irders, 


GUARANTEED TO PASS ADMIRALTY, LLOY DS' AND BOARD OF TRADB. 
LANARKSHIRE LANARKSHIRE 


BRANDS: soier q @ STEEL. SHIP @ STEEL 


Telegrams : ‘‘SrmmMEns, MOTHERWELL.” 





MCNEIL 
iIMAKER 
GLASGOW 





Original Maker and Patentee of Embossed Manhole Doors. _ 6105 


ConTRACTORS a THE ADMIRALTY. 


~ JOHNSON & PHILLIPS 
FANS 




















High Efficiency. 
Artistic Design. 
Moderate Price. 


VictorRiA WorKs, OLD CHARLTON, KENT. 
and 14, Union Ct., Old Broad St., LONDON, E.C. 





6322 








D. & J. TULLIS, LTD., sera. itsowe monwones, tn. eascow. 


Pressure Washing and Disinfecting Machine. 


Public and Institution Laundries 
fitted up on the most up-to-date 
aa ical prineipl 


Corliss Engine. 









+ 





London Office and New Show 
Rooms : 
1, SOUTHWARK BRIDCE 
BUILDINGS, LONDON, S.E. 











Send for Particulars of : 
Our New Designs of 
Hydro Extractors. 


New y, Washing } Machine, eee toe ie Machines 
"an 5 or Complete te on 


For Rotuina Stock & Rotary Macuinery. 
Caratocue &C FREE ON APPLICATION TO:— 


loVicTORIA STREET. WESTMINSTER. 


\ in 





Tue BAKER OIL 


for EXHAUST STEAM 


is fully proved to be of higher efficiency than 


SEPARATOR 
















any other that has been fully tested in extensive —— 
practice. 

The simple question is, ‘‘Do you want the 
best results it is possible to obt without the 


aid of filtration or chemical treatment, and abso- 
pore without attention ?” 

‘ou prefer a Separator which is unequalled 
ciency to a second-rate article, which is 
rather lower th price but leavesa large 
of grease in the steam, which event 
way into the boiler, we can supply you with 
one which leaves no e in the steam 
sufficient to be afterwards discovered in the boiler. 

We have Baker Oil Se tors in daily opera- 
tion with over 200, 000 1 orse Power, and in no 
single instance where these are worked with 
ordinary care can any trace of grease be 
found in the boilers. A 

This fact is testified to by the chief Boiler A 
Insurance Companies and the Public Analysts, K 

Most of the principal Bisotrte Power 
Stations are being fitted with the Baker 
Separat ors, in some cases to re place other 
Separators which “do not separa’ 

The Baker Separator is improved up 
to the present poo = every improve- 
ment, when fully tested, is patented. 

The latest patent has been completed 


in jo0%. 
are eight i and four 
United” States Patents. 





FOR CATALOGUES AND PRICES APPLY TO 


BAKER'S PATENT APPLIANCES 60., Lid., 


Melrose Street Works, SCARBOROUGH. = az 
Telegrams: “PATENT, SCARBOROUGH.” Telephone: No. 0194, SCARBOROUGH. 
OO EEL ATTA 
““LITTLE GIANT ’’ 

TURBINES, MOTORS. 

PELTON and WATER WHEELS. 

GOVERNORS, RAMS and PUMPS. 

FLOUR MILL, GRAIN, COFFEE and 
RICE MACHINERY. 


Sole Manufacturers :— 


ao wr ss OO., 
64,. Mark LANE, LONDON. 6695 











=|ALL__ 
MODERN 
FOUNDRY 








J. W. JACKMAN & CO., Ltd., 


89, Victoria Street, 60, St. Enoch Square, 
LONDON, S.W. GLASGOW. 


MILLING CUTTERS 


REAMERS, 
MACHINE RELIEVED 
GEAR GUTTERS. 


E.G. WRIGLEY & Co., Lb., 


Foundry Lane Works, SOHO, 
BIRMINGHAM. 


“CUTTERS, BIRMINGHAM.” 


6149 








6019 





Iavolute Gearcutter for eutting 


teeth of Gear Wheels. Telegraphic Address : 
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GLOBE IRONWORKS, MOTHERWELL 


:—" Globe, Motherwell.” 


(A. & T. MILLER). 


Manufacturers of Merchant Bars, Horseshoe Angle and 
Iron, Cable Rivet, and Plating Iron; also Heel Tip, all of 
Ls the highest quail ty, and special attention paid to 
MoARTHUR, NASH & 00., Bristol, Sole Agents for England, Wales, Ireland, 
Export Acanrs ror LONDON : 6199 


C. B. RUSSELL & CO., Billiter Square Bidgs., E.C. 


SCHAFFER « BUDENBERG, L™ 


MAKERS OF THE “VULCAN” PORTABLE PATENT 





















Portable. 
or ble (Illustrated herewith), 6696 
Total Weight in leather case 

about 4} Ibs. for the use of Inspectors, Works Managers, Boiler 


Owners, Consulting Engineers, &., to ascertain 





the correctness and condition of Boiler and other 
Gauges. By this instrument Gauges can be tested 
over the entire range of the scale, and it is also 
specially suitable for testing Gauges under steam. 


Accurate and Reliable, 
being fitted with 
SPECIAL TEST GAUGE 

of the highest quality. 


aaa 


Works at Whitworth Street, London Road, MANCHESTER. 








Write for Lists. 


ABC Codes used. BRANCHES AT LONDON AND CLASCOW. 















SSNS “ sa 
x 
ASSESS 
t 
0 Deptt. 
ie - etch 


Weldless-Steel 
Spigot and Faucet 


PIPES 


In LONG LENGTHS up to 35 PT. 





For Gas and Water Mains. 
A PERFECT SUBSTITUTE FOR CAST-IRON MAINS. 


BRITISH MANNESMANN TUBE CO., tte. 





5548 








110, Cannon Street, LONDON, E.C. 












‘Grover Spring Washer’ Nut-Lock 


aivina a so.t AGTIVE ENERGY 
in appiTion TO PASSIVE RESISTANCE. 


Patented at Home and 
Abroad. 


A Standard Fastening on the 


Largest Railway Systems in the World. 











SCORES OF MILLIONS IN USE. 





GROVER & CO., 


LIMITED, 


WHARF ROAD, LONDON, Ni. a0 


TELEGRAPHIC AppREss: “ADOPTED, LONDON.” 








ARTESIAN BORED TUBE WELL, 


At BOURNE, LINCS. 


FOR THE TOWN OF SPALDING. 


TUETITTTT TT TE | 
rea 


|| 





i | 








14 
\ 

34 
a i 
a 


4 





Cc. IsLEaR & CO., 
Artesian Well Engineers and Contractors to H.M. War Department. 
BEAR LANE, SOUTHWARK, LONDON. 
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BRIGGS VIADVCESSLVIEN 


FOR. AIL: EXPosED RW: & STEELWORK 


WAHLER BRIGGS 2501S = 
DATED: « -DWDEE 


A. « W. DALGLISH, 


WEST OF SCOTLAND 
BOILER WORKS, 


POLLOKSHAWS, 
GLASGOW. 


MARINE, 
DRYBACK, 
LOCOMOTIVE 


AND 
MULTITUBULAR 
BOILERS. 


ALL SIZES. 





11, Leadenhall St., €.¢. 



















TELEGRAMS : 
EVAPORATE, 
POLLOKSHAWS, 










Furnaces 
Welded & Flanged 
for the Trade. 


GRAFTON & CO. 


6532 
MADE BY THE MOST IMPROVED MACHINERY. 








CONTRACTORS TO HM. GOVERNMENT, 6357 


CYCLOPS WORKS, 


BEDFORD. 








Telegrams— 
Grafton, Bedford.” 








Mlnsteated Descriptive Price List free on application. 


The CONEY BRITIOH | STEAM CRANE used in the 


PARIS & GLASGOW EXHIBITIONS 


REFLEX WATER GAUCES. 


(“xen:) RICHARD KLINGER & CO., Engineers, 


Contractors to the Admiralty, é&c. 
































§ | Ee 66, Fenchureh St, 
3 3 16s s = _ London, £.C. 
5 ¢ 38 § Telegraphic Address : 
5 2 ce [--) 3 Sustaingp, Lonpon. 

| =$ 3S 66 y 
1) | ene RAPID 
a 3 — 
: 356 Accidents - Re-starting 
E ss to 3 Injector. 

+ Workmen! ig BEST & CHEAPEST 
ull 2 5 Ro Fs for all services. 
a is § Employers’ ek 3 Lingo Non-itang oe 
g a Liabilities ! °F "Pressure. 
3 = Takes Hot Water. 
8 a UNSURPASSED. : 
5 3 gJolntin Material Recommended forH h Steam Pressure Dry Steam Acids, Oils &o, 
: 4 “KCINGERIT’ “sceczsesiters gp cine, Crore i am 
= General Manager: J. KRAMMER. 4131° 
ELEVEN FIRST AWARDS. 


Gold Medal at Edinburgh, 1890, i 
Highest Award, i, Chicago, 1898. 


Per SSS) 


lly prepared t 
ANU, 
‘Ac TURED B 





and gfe 20 Yd vaetat 


v JOHN MONCRIEFF. PERTH. oe 


H. 
Smit (LEICESTER) 


‘Emergency. Leicester” 


6198 











Telegrams: ‘ 


We have just issued a New Catalogue ot 
MODERN BOILER FEEDING SPECIALITIES, 
and want to send a copy to every Mechanic in charge 
of a Steam Plant, who takes an interest in his work. 
When writing, mention where employed. 
Our other STANDARD LINES include— 


POWER APPLIANOES, STEAM TRAPS, ENGINEERS’ HAND TOOLS 
ELEVATORS AND CONVEYORS, 
mR 


N° 408 





Ay 
Tete STONE PARK. LEICE? 








J OHN ABBOT & Co., Ltd., 
Me ENGINEERS 


IRON MANUFACTURERS, 


») CATESHEAD-ON-TYNE, 


London Office: 
Suffolk House, Laurence Pountney Hill. 


ON ADMIRALTY LIST. 


HYDRAULIC MACHINERY 
Of all Descriptions, 


BOILERS, 
BRIDGES, 
ROOFS. 


IRON & BRASS FOUNDERS. 


Estimates given for every description 








fines Fal 
y * 
ak 





of General Engineering. 896 
Telegrams :—‘‘ Assor, GaTEsHEAD,” 





JOHN A. BREMNER & CO., 


— MANUFACTURERS OF — 





Bank of England Chambers, 
MANCHESTER. 
Works — 
Pendleton, MANOHESTER. 


FOR 


London Office: 79, Mark Lane. 


SPECIAL CYLINDER 
AND VALVE. OIL, 


MARINE & STATIONARY ENGINES, AS SUPPLIED TO THE 
SPINDLES, LOOMS, LATHES, &c. ADMIRALTY. 6513 
THE ABOVE ARE ALSO LARGELY IN USE BY LEADING CONSUMERS. 


Cardiff: 123, Bute Docks, Newcastle-on-Tyne: 1, Sandhill. 
Liverpool: 3, Old Church Yard, Glasgow: 79, West Regent Street, 
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HANIELSLUEO 


DUSSELDORF 


-’ GERMANY 














BLOOMING HOUSING FRAMES. 


ROLLING MILL PLANTS 
HYDRAULIC PRESSED FORGINGS 


of Siemens-Martin Steel, Nickel Steel and Homogeneous Iron. 


STEEL CASTINGS 


of every description, up to 50 tons. 


INGOTS 


of Siemens-Martin Steel, Nickel Steel, or Homogeneous Iron. 
HYDRAULIC MACHINERY. 


FOR DETAILS, CATALOGUES AND PRICES, APPLY TO— 
L. RUSDEN, Royal Insurance Buildings, Queen Street, NEWCASTLE-ON-TYNE. 
A. R: BROWN, McFARLANE & CO., Ld., 34, West George Street, GLASGOW. 
P, HAMPTON, 7, Queen Square, BELFAST. 


LONDON OFFICE: F. s. DUDGEON $0, Great St, Helen’s, B.C. 











6622 





COLTMAN BOILERS 


S| | MAKER of ALL CLASSES of STEAM BOILERS, 


| | BOILERS made to LLOYDS. BOARD of TRADE, or any BOILER INSURANCE CO.’S requirements, 








SUITABLE FOR ANY WORKING PRESSURE. 








VERTICAL BOILERS, most sizes on STOCK, 


READY FOR IMMEDIATE DELIVERY. 


WALTER W. COLTMAN, | 


CENTRAL BOILER WORES, 


LOUGHBOROUGH. 


Telegrams: ‘‘ Borers, LOUGHBOROUGH.” Nat. Telephone: No. 51. 





5975 
Code : Fifth Edition A BO. 














TO GET THE = = = = 


BEST RESULTS ar, MINIMUM COST, 


ALWAYS SPECIFY = = 


WHEELER'S 
ADMIRALTY SURFACE GONDENSER. 


Particulars of your requirements will ensure fullest information and price by return. 


eee 





WRITE TO-DAY— 5100 


WHEELER CONDENSER & ENGINEERING CO. 





2 & 3, Norfolk Street (STRAND), LONDON, W.C. 
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JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Mills; QLASS & FLINT.PAPERS, 


ee TONDO, 2 =»=BLACK LEAD, &o. — 
SIMPLEX LEAD 
GLAZING 


FOR ROOFS, SKYLIGHTS, AND HORTICULTURAL WORK. 
NO SPECIAL CONTRACT REQUIRED, 


NO ZINC, IRON, OR PUTTY USED. 


ANY QUANTITY SUPPLIED. 
Over 1,000,000 superficial feet in use on 2,500 Structures, 











fruit] x 


GROVER & CoO., LIM., am 


UL 


ENGINEERS, &o. Z 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, J BZ ———— 


Write for ‘Tiesvesiane and full Passiodinne (sent ‘coat free). * 


AND" HANDYSIDE & C*: L" 


104, Queen Victoria St., 


LONDON. 





Britannia Works, | 


' DERBY. 


Managing Director, | | 


A, BUCHANAN Wi.!.6.E. 














ROAD BRIDGE, CARDIFF.1 © os 


" Swing Span, 186 ft. long, 40 ft. wide. Swinging Weight, 500 Tons approx. 


DOULTON : CO. 


PLUMBAGO 
CRUCIBLES 


WoRES: 
LAMBETH, LONDON, ROWLEY REG@I8, 
STAFF8., ‘METH WICK, 8T. HELEN'S. 

PAISLEY, N. B., and PARIS. 


DEPOTS =: 
Granville 8t., BIRMINGHAM. 
: BF as. Soho St., LIVERPOOL. 
St, James 8q., MANCHESTER, 
88 & 40, Bothwell St, GLASGOW, 


Ropal Boulton Potteries, 




















BROOKE’S STEAM TRAP 


For Pressures up to 
300 Ibs, 


(1903 Patent). 





The latest, the best, and consequently the one you require as a safeguard to 
keep your pipes, cylinders, &c., free from collected water. It discharges with 
positive action, the whole of the water, as soon as it collects, there is no dribble or 
valve cutting, no loss of steam, no deticate or unreliable mechanism to get out of 


order. Write for our New Trap List B 60, 


THE “SIRIUS” STEAM TRAP 


(Patent). For Pressures up to 
120 Ibs. 





The Simplest, the most compact, and the only British made trap of this 
type. 1t requires no adjustment for variations of pressure, has no floats, balance 
weights or other delicate parts to get out of order, and will work in any position 
without attention. Write for List B55, 


|| 








Holden & Brooke, Ltd., 


West Gorton, Manchester. 


London: 110, Cannon St., E.C. Glasgow: 70, Robertson St. 














6250 
































“LISTER” 








MOTORS 





HIGH in efficiency but 

LOW in cost, they 

are SUBSTANTIAL in Buita, 

are RELIABLE iin performance, and | 
are wound with DAMP PROOF coils. 


“LISTER” DYNAMOS ... ain. 


are 
are 








LAMBETH, L.ONDON,'sS.=z.. 


and give good regulation as regards 
both temperature and load effects. 


Write for Guarantees 
and Prices to—.. . 


Lister ELeetric MANUFACTURING Co. 


(Proprietors: R. A. LISTER & CO., Ltp.) 
_ DURSLEY, England. 
LONDON :-52, CANNON STREET. 


Comttooters to H.M. Governmenty. Great Western Railway Canyon, er ae. P 
On War Office and India Office Lists, “16064 


® 


Telegrams : Telephone: 


* Evectricity, DURSLEY.” No. 6 Nationa, Dursuey, 


D 








22 





ENGINEERING. [JUNE 24, 1904. 















The 
Benefits of 


Graphite 








methods must 
keep pace with 
modern machinery, 
forced to tremendous 











it eS 





duty. 

Dixon’s Pure Flake 
Graphite, bushing and 
glazing as it does the 
bearing surfaces, lowers 
the friction load, and 
wholly prevents the 
possibility of abrasion. 

It renders unnecessary 
the wholesale drenching 
with oil so commonly 
encountered, and in- 
sures immunity from 
most of the troubles due 
to excessive friction, 

Our Booklet will give 
you such information 
as you desire—get it 
and a sample. 






Dixon’s Pure Flake 
Graphite is never sold 
in bulk. 





NONE GENUINE WITHOUT OUR 
TRADE 


5 





N 
MARK 


ESTABLISHED 





1827, 


jew Dixon 
Crucible Co.. 


26, Victoria St., 
London, S.W, 













L UBRICATION | 

























THE WELDLESS STEEL TUBE Go., LTD. 


Icknield Port. Road, BIRMINGHAM. 











cD) 
RADE MARK 











On Admiralty List. Estd. 1872. 


PATENT WELDLESS STEEL TUBES, 6138 TRADE 
For Boilers, Hydraulic Presses, seam eevibe Ban Rods, Bushes, Shafting, and General Engineering Uses. 


THOMAS SUMMERSON & SONS,” 


DAHIIN Go Ton, Telegrams: ‘‘Summerson, ‘i 
RAILWAY ENGINEERS, IRONFOUNDERS & CONTRACTORS. 


CONTRACTORS to the ADMIRALTY & WAR OFFICE. 
































AND D CROSSINGS 


OF EVERY DESCRIPTION. 


POINTS 


SIDINGS SUPPLIED COMPLETE AND LAID InN. &511 





WILLIAM BEARDMORE & C0., Lto., 


Telegrams: “BEARDMORE, GLASGOW”; “NAPIER, GLASGOW.” 
Steel Manufacturers, Forgemasters, 


_Armour Plate Makers, 


Shipbuilders and Engineers, F L ASGOW 
(Late R. NAPIER & SONS, Limited.) 5 
Crank & Straight, Hollow & Solid. 


SHIP & BOILER PLATES & SHEETS. ARMOUR PLATES aeons 
nvorauuic eLaxceo | GUN FORGINGS 


orYREeSsS 
BOILER FRONTS, ENDS & FLUES. 


'| Steel Castings | 


AND WAGONS. 
Of all Dimensions. 


Contractors to Admiralty, 
Colonial and Foreign Governments. 


SHIPS, ENGINES AND BOILERS 
REPAIRED. 


War Ships, Mail Steamers, 
Cargo Vessels. 


SHAE TS 





WHEELS & AXLES 


FINI LETE. 
i. SHED COMP: 


PROJECTILES. 
305% 2000 He GAS EN GINES 


(OECHELHAUSER SYSTEM.) 


NICKEL STEEL PLATES, SHEETS, 
BARS, SHAFTS & FORGINGS. 


All facilities afforded for Testing at 
the Works, 6707 
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SUCCESS OF THE JAPANESE NAVY. 


The Steam Installations of the 
following Japanese Ships are covered 
with MAGNESIA COVERINGS :— 


MIKASA. ASAMA. 
SHIKISHIMA. IDZUMO. 
HATSUSE. IWATE. 
YASHIMA. TOKIWA. 
ASAHI. TAKASAGO. 





MAGNESIA GOVERINGS 


supplied and fixed by the Sole Manufacturers 
in Europe 





er BP: oes viet 
H.1.Jd.M.S, “ASAMA.” 


MAGNESIA COVERINGS LIMITED, 


WASHINGTON, Co. DURHAM, ENGLAND. 


J. BUTLER & CO., =: HALIFAX. gy 


Telegraphic prea “BUTLER, HALIFAX.” 


OUR PLANERS ARE 


STILL UNBEATEN fr 


SPEED, POWER, DURABILITY 
AND NEATNESS. 


When Buying why 
not have the Best ? 


Various Sizes in 
progress, 
but rarely in 

Stock | 










wr 


SS, “i 
: = 















> 
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VICKERS, SONS & MAXIM, Ltd.) +t 


Telegrams: VICKERS, SHEFFIELD, Ss -- 5 a | =" =" =z x IT DTD. ON ADMIRALTY LIST. 


Makers of CONTINUOQUS-GURRENT GENERATORS & MOTORS 
And COMPLETE EQUIPMENTS FOR ELECTRIO DRIVING OF FACTORIES. 


i GENERATORS 

ve Up to 1000 Kw. 

i § OPEN & ENCLOSED MOTORS 
Of Standard Sizes from 5 to 100 B.HP. 


CRANE MOTORS 
6 to 100 B.HP. 




















| Quick Delivery of = w 
Standard Sizes. 


VARIABLE SPEED MOTORS, 


With Wide Range of Speed by Shunt Regu- 
lation for Machine Driving, 





500 Kw, GENERATOR, 22% Volts;.300 r.p.m. 





KERR, STUART & C0.E 


Se a ST 
LOCOMOTIVES 
1] 





2am (on om “Th i 
NOs 9 eA a4, 1s 


wre | Et 





Points and aad to any ae 


eal 


Gemmell) 


Portable, Tramway & Permanent Way Material. 





Coalaunan, containing over Illustrati 2800 
ba —_— DATA, go the” most 
pn I Bm uals on Light Railways evér issued. 


WORKS: STOKE-ON-TRENT. 240 
OFFICES : 20, Bucklersbury, E.C. 


KERR, STUART &C0.E 


All communications to be addressed to the London Offi0s, 
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WM MUIR & CO) 
LIMITED, 


Sherbourne Street, 


MANCHESTER. 
Tele. Address, “‘BRITANNIA, MANCHESTER.” 
Telephone, No. 529. 
MANUFACTURERS OF 
MAOHINE TOOLS of the most 

MILLM @ MAOHINGS as follows: 
HORIZONTAL Bisee of theee, Machines vary 



























'BOOF OCCENTOLINE | 





THE a THE IDEAL 
OIL FOR SUPERHEATED & OILFOR SUPERHEATED + 
5 S ‘ ; , 
GRUCECHURCH s*, STERN. « -80 BORN ° HOPE. STREET 
LONDON.EC. ( Wazacr SON GENERAL MANAGERS) GLASGOW. 


6621 








U cat se massive. 
HURES 


Pa UN 
MILLIN @ MAOHIN with two 
taco one to work vertically and the 


ALFRED 1 MUIR’S Patent MILL- 
ING OUTTHRS, which remove 
ae male 1 © given time than any other 


MILLING OUTTHRS, Ordinary. 
Oud ne GRINDING MA- 


OHINE 
GRIN DING G MAOHIN BI. he 3 


HOLLOW SO wancm LATHES, 
th Hole in Mandrel up 


srigiat SRARE | FIN Riera 








CHINES, for Flanging Rings of Boiler 


ALFRED MUIR'S Patent OVAL 
HOLE and CIRCULAR HOLE 
BORIN NG MAOHINSS, for Marine 


J ORDAN’ S_ Patent MOLSIPLE 
DRILLING ~ MACHINH, or || 


SPHOLAL L ‘MACHINERY for Ord. 


We bee ts eTaex « or va PROGRE8&8 an, 
sizes and descriptions of the above, also MA- 
VE TOOL8 which are in general demand, 


. THH.. 


TRATTON 





Se 


INSURES 
DRY STEAM, 


no matter how long your steam pipe, 
nor how much your boiler may prime. 








WILSON S AND UNION TUBE 60., 1 LIMITED. 


STEEL & IRON FORGINGS 


ON ADMIRALTY LIST. 


Hollow Shafting Finished 
: in Patent Machine for g 
Boring from Each End 





STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 


‘Shipbuilders’ & Boiler Makers’ Machine Tools, 


PATENT BEVELLING MACHINES ror suips’ Frames. 


FORGE CRANES, Hand and Steam. 
Sugar Cane- Mills. Water Wheels, &e. 


DAVIS & ean, 


BANGOR WORKS, 
LeITEe, jeimitterinlaren iain. 


LAPWELDED ' GAS, WATER & STEAM Eee & FITTINGS: 

RON & STEEL . = Artesian Well Tubes. ~ Oil Line Pipes: 
BOILER = Roller Tubes. Patent Flanged Tubes. 

| Tubes for rf Pressure, 


FLANGES WELDED ON. 


FLANGES SCREWED 
ON WITH 
ENDS EXPANDED AND 
RIVETTED OVER. 


























Registered Office: 5, Wellington Street, GLASGOW. 
WORKS: Govan Tube Works, GOVAN. Union Tube Works, COATBRIDGE.  Loxpox Aears: JOHN WILSON & CO., 49, Lime “an E.O. 


UP TO ANY WHIGHT. 











simultaneously. 


S225~ gags DENNVSTOWN FORGE 00. 











: ll 6 owt. 1 
sxxp ros ovn New cAtatoave, | Dasf¥vurals ant min DUMBARTO 
, bag on 
The Goubert Mfg. Co. : ne EXCEPTIONALLY QUICK DELIVERY GIVEN 


» NEW YORK, U.S.A. ome 
=—©@:R, HEAP, Agents for Great Britain, 
47, Vietoria 8t., Westminster, London, 
eee gop< Telephone No. : Post Office, Victoria, 86. 





FOR FINISHED CRANK SHAFTS AND 
STERN AND RUDDER FRAMES. 
ALSO REPAIR WORK A SPECIALITY. 
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Telegraphic Address— 
. 4 Pistons, MANCHESTER. 


E AN “UP-TO-DATE” ENGINE 
FITTED WITH 
“THE. LANCASTER ” SPECIALITIES. 


"HE LANCASTER 
METALLIC PACKING 


TO.THE 
LANCASTER 
CREASE SEPERATOR 
AND FEED 
HEATER 


The above woodcut shows the cylinders of a compound engine which is fitted with “The Lancaster” Metallic Packings, Pistons, 


Piston Valves, Steam Dryer and Steam Traps (1903 patent). 
perfectly steam tight, while the internal friction and wear are redu 


The rods and cylinders are kept permanently true and smooth, and 
ced to a minimum. ~ Both ends of each cylinder are drained by a 


‘* Lancaster” Steam Trap delivering the condensed water into a measurer, so that the amount of water drained from either cylinder 

can be accurately determined. The piston valves are controlled by a ‘‘ Lancaster” Drum Governor, which automatically lates 

the point of cut off to suit the load. The exhaust steam, after passing through a “‘ Lancaster” Grease Separator, is brought into 
actual contact with the feed water, heating it to 212 deg: Fah. (in a feed-water heater). 


LANCASTER & TONGE, Lid, Engineers, Pendleton, Manchester, 


D@ THESE SPECIALITIES ARE ALWAYS SENT ON APPROVAL. 6563 











MOTORS. 





LONDON: 31, King St., Covent Garden. 
LIVERPOOL: 7, Clayton Square. 


BRISTOL: 3, Queen Square. 










VERITYS LIMITED 
and SWITCHGEAR. 


Catalogues before placing orders elsewhere, 


Manufacture High-class MOTORS, FANS 






Users of Electrical Material are invited to write for 






MANCHESTER : Hardman St. 


FANS. BLOWERS. 


6543 





GLASGOW : 40, Bath St. 
NEWCASTLE: 33, Highbridge. 








H. W. WARD & CO 


Telephone No. 1469, 





Hat eH 


2} in. by 24 in. HORIZONTAL BORING MACHINE. 16 Speeds to Spindle, 8 Changes of 


Feed by Gear and Lever, ranging from } in. to 3, in. 
Elevation to Table. Also made in larger size, 3} in. by 46 in. 


QUICK DELIVERY. 


LIONEL 
ay STREET, 


Telegrams: “TUDOR, BIRMINGHAM.” 


Feed Reversed by Lever. 


BIRMINGHAM. 


Power 


(ee meemaenece 





Wells’ “Lightning” 
LIME & COLOR. WASHER. 






A Great Saving of Time, Labour and Money. 
NO OUTSIDE POWER REQUIRED. 
Saves its Cost in a Few Days. 
LIME, WHITING, OR COLD WATER PAINTS. 


Applied at a speed of from 10 to 20 square yards 
_ minute in a manner superior to brushwork. 
e coat with the machine on rough surfaces is 

8. 


equal to two applied with brushes. & 

No. 6 (no tank a4 ee se Ba 
No. 4, capacity 6 gallons .. ‘a ot 8 10 
No. 4a, on wheels, same capacity as No. 4 9 10 
No. 5, Large Size, capacity 10 gallons .. 10 10 
No. 5a, on wheels, same capacity - 1115 


These machines are shown in List ‘'K." 
For Painting Machines see List ‘‘H." 


Wells’ ‘ Industrial ” 
Orxrt LAMY Ss. 
A A Brilliant 

“| Steady Light 
from Ordinary 
Petroleum or 
Kerosene, for 


OFFICES, 
WAREHOUSES, 
FACTORIES, 











No. 41, Price 25s. ea. 100 Candle Power, 8 hours, 
Brass Container. Consuming about 34 Pinta. 


8 

No, 2, 100 Candle Power, 12 hours, stam} 

Steel Gontalner, 285, Fitted with Hatector, 
SS cae. = 


OVER 20,000 SOLD 


This Lamp {is constructed on the Regenerative 

The usual Glass Ohimney or Cylinder 

is done away with, and in its place are three Mica 
Windows or 


Panes. 
For and hi Lamp, 
Lira Seer tia nt pat 
spring which enters central draught tube. 


WELLS’ 


PATENT 


=a] “Waste Oil” 
FILTERS. 


OVER 


10,000 sou. 


Invaluable to users of 
Engines, Machinery, 
&c., as Dirtied Oil, 
which has hitherto 























' in. 
Om" FILTER. by 16in. .. 1108 
No. 5.—43 in. by 26 in. ee oe * ee -- 180s. 
No. 6.—Powerful Filter for cleaning large quantities of 
Oil, S4in. by Sin, 1. wk le 88Bm. 





Write for complete Descriptive Price Lists, giving a large 
variety of patterns. 


A. C. WELLS & C0 2% piglen¢ 24.19 DON 


Works: Carnarvon St., Manchester, 
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PARIS EXHIBITION, 


1889. 


Lubricating Oils 
GOLD MEDAL 


AWARDED TO 


PRICE'S PATENT 
CANDLE COMPANY L* 


Oil Refimers, 








AND MANUFACTURERS OF 


Lubricating Oils| Ss 


For Land and Marine Engines, 
Cylinders and Valves. 


For Textile Machinery of every 
description. 


For Collieries, Iron Works, 
Mines, and Quarries. 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


For High-Speed Engines and 
Dynamos. 


For Engineers’ and Machinists’ 
Tools and Shafting. 


For GAS ENGINES. 





SoLz PRopRIETORS AND MANUFACTURERS OF 


VEITCH WILSON'’S 


LUBRICANTS. 


PRICE CARDS and SAMPLES MAY 
BE OBTAINED FROM 


PRICE'S PATENT 
CANDLE COMPANY, Le: 








Belmont Works, Battersea, 


LONDON, 











, HEN BOLT & NUT CO. 





Guardian Building, Cross St., Manchester. } 


HENDERSON & GLASS, LIVERPOOL. 


) Extensive stooms of all descriptions and Sections 


MALLEABLE IRON AND STEEL, 


Including all ame, pore! $0 Sy 3 aimee Bars, Fiiton ? 


Rolled Girdors doit, ain. to 20in, deep. 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 


PLAIN AND CHEQUERED PLATES. 
Boiler and Tank Plates in Iron or Siemens-Martin Steel, all sizes, 
QUOTATIONS AND SECTION SHEETS ON APPLIOATION. 6268 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITED. 


Friction Couplings and Friction Pulleys 
Sele 


TO TRANSMIT UP Td 1000 HP. 


CHEAPEST andBEST 
in the Market. 


3-2’ 300,000 Hp. IN USE. 


ILLUSTRATED CATALOGUE containing Simple Rules for Transmission of 
Power by Ropes, Belts, Shafts, and Wheel Gearing, POST FREE. 


"J. BAGSHAW & SONS, L® 


BATLEY, _¥ ORKSHIRE.? ear 

















(WM. M. WARDEN & SONS), 


EAN DSw on Tre, Near BIRMINGHAM. 
Telegraphic Address— MANUFACTURERS OF EVERY DESORIPTION OF “BOLTS, BIRMINGHAM.” 








BOLTS, NUTS, 8, ONC SENS RIVETS, WASHERS. 


g TINKER, SHENTON & CO. 


wit, near MANCHESTER. 
ESTABLISHED 1872. 


Telegraphic Address: ‘“‘ DUPLEX, HYDE. 
Telephone No. 21 — -under-Lyne). 


Maxers oF Hian-Ciass - 
LANCASHIRE, CORNISH, VERTICAL, 


AND ALL OTHER TYPES OF 


) BOILE RS 


Contractors to His Majesty's Government. 


. DRILLING, WELDING, FLANGING, PLANING, RIVETTING, &., 
by Special Machinery of the most modern construction. 


LANCASHIRE and GORNISH BOILERS 


Always in Stock or in Progress. 
Please address all Inquiries as above. 








Ltd., 














Ree 
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REPRESENTATIVES 


IN. GREAT BRITAIN. 





—ENGLAND EAST COAST— 
—M®t JOS. JOHNSON — 
—BENTHAM BUILDINGS— 











—NEWCASTLE on TYNE— —SCOTLAND & IRELAND— 
—MESS* 





erate —MESS"™MAXTON & SINCLAIR — 
—-18 JAMES STREET— 


—ENGLAND WEST COAST— 











—LIVERPOOL — 








JOHN.G. KINCAID &2CO — 












SECTION OF NEW 
ADJUSTABLE BOX. 


—GREENOCK N.B— 


AIR COCK. 










SHAFT RUNNING IN OIL. NO BRASS LINERS, e 


pit} (TI . 
VYelgaddaadddda Wdaaddddddanddgffffjj 
SSSI SSNS | 



























.GUARD RING 


—CEDERVALLS — 





SSH dp 55 


ODA 


Sd 55> yy 


Wh NS 


\ 














“SECTION OF- 





-ORIGINAL BOX.— 


—— PATENT PROTECTIVE LUBRICATING BOX—— 









— HAND PUMP — t 





=F on 
——— PROPELLER .SHAFIS.—_—_ 















BUILDINGS, LICHT BRIDES, FENCING AND 











_——— 


‘STRUCTURAL IRONWORK 





7 


oF EVERY DESCRIPTION FOR HOME AND AB 5 





The Clyde Structural Irom Co., 
CLYDESIDE IRONWORKS, SCOTSTOUN, 








ELtd., 
6118 


GLASGow. 


Trixeraus : ‘CORRUGATED, GLASGOW.” 














Flexible Metallic Tubing as 
applied to Steam. 


The rapid development of steam pressures 
occasioned by the wide adoption of tubular 
boilers has given a great impetus to the 
use of Flexible Metallic Tubing. 

Within the memory of many engineers, 
now only of middle age, such pressures as 
100 Ibs. per square inch were considered to 
be very high, while pressures of 300 Ibs. 
and even 200 lbs. were practically un- 
dreamt of. Under the old conditions it 
was possible for rubber hose to be used 
in many cases to convey steam, but now 
that noreased pressures, naturally en- 
gendering much greater heat, have become 
so widely prevalent, no tubing made from 
cloth, rubber, or indeed any vegetable 
substance, will withstand the heat and 
strain for any appreciable length of time. 


Under these circumstances, FLEXIBLE 
METALLIC TUBING HAS BECOME 
A NECESSITY, and it is now employed 
in thousands of cases where rubber, which 
is vulcanised and charred at a com- 
paratively low temperature, is absolutely 
useless, 


Our Bronze No. 2 Tubing will 
stand steam pressures of 
3800 lbs. to 400 Ibs. per 
square inch, 


The Company is prepared, on application, 
to make special tubes to withstand even 


greater pressure than this. 


PRiogs AND FURTHER PARTICULARS FROM— 


The United Flexible Metallic 
Tubing Co., Ltd., 


112, QUEEN VICTORIA ST. 
LONDON, E.O. 


Telegraphic Address ; ‘‘ TUYAUX, LONDON.” 
Telephone ; No. 778, BANK. 4849 
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WAKEFUL 


Engineers and Ironfounders 
+ USE: — 








“DENISON” WEIGHER 


ON ALL THEIR CRANES. 


Saves Cartage to a fixed Weighbridge. 
Saves Time, Saves Labour. 


S BALANCE Z 


NOTE THE TRADE MARK. 
NONE GENUINE WITHOUT IT. 


“DENISON” WEIGHER 


THE ORIGINAL PATENT. 


Weigh your goods whilst lifting them 
and money will be saved. 











AHEAD OF ALL. 


“DENISON” WEIGHER 


Is light, compact and handy. Converts 
any Crane into a Weighing Crane. 


BEWARE OF IMITATIONS. 


SAM" DENISON a SON 


FAR HUNSLET, 
LEEDS, Ss. 











LONDON OFFICE: 
832, Gracechurch Street, E.C. 


THE MIRRLEES WATSON COMPANY, LTD., 


Eingineers, GLASGOW. 


London Office: 158, Gresham House, Old Broad Street, E.C. 
MAEKERS OF 


VACUUM PANS 


FOR CANE AND BEET SUGAR JUICES. 


MULTIPLE EFFECT EVAPORATORS 


FOR CONCENTRATION OF 
Sugar Juices, Glucose, Gelatine and Glue, 


Bark, Wood and Meat Extracts, Borax, Caustic Soda, &c. 
AND FOR BECOVERING 


Valuable By-products from Wool Scourings 
and Waste Liquors generally. 


DISTILLING PLANTS 
For producing FRESH WATER from SALT WATER. 





% 














4826 


VACUUM PAN, WITH PUMPING ENGINE, 
from 1 to 30 Tons Strike. 


MINING AND COLLIERY PLANT. 


























INSTALLATIONS COMPLETE 
IRON AND STEEL WORKS, DOCKS, 


ELECTRIC 
FOR MINES, COLLIERIES, 


WHARVES AND ENGINEERING WORKSHOPS, 


SUPPLIED BY 

















4 ) ! 

9 ea! | 

a se yo ae eS es ey , | 
ONE j aes 3 a %, 


CROMPTON & COMPANY, |TD. 


ELECTRICAL ENGINEERS ann CONTRACTORS, 
SALISBURY HOUSE, LONDON WALL, LONDON, E.C. 


Telephones :— 
1969, LONDON WALL; 4735, CENTRAL. 




















Telegrams :‘— 


CROMPTON, LONDON. 8599 


141 
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FRANCIS 
BERRY 
mo SONS, 


Sowerby Bridge, 
ENGLAND. 


- MACHINE 
TOOLS. 


CONTRACTORS TO THE BRITISH AND 
FOREIGN GOVERNMENTS. 
Established 1832. 


Horsrortu, Lees, 









MOTOR-DRIVEN HYDRAULIC WHEEL PRESS. 


WHITAKER BROTHERS, Ltn, 


—_ 





T. Whitaker’s 


PATENT STEAM CRANE 
NAVVIES, 


Double-Action 
Steam Hammer Pile 





Stone Breakers, 


This Steam Crane Navvy is far 
superior and handier than the 
old - fashioned cumbersome 
Navvy. They will excavate 
from 500 to 1000 eubie yards 
per day according to the 
nature of the excavation. 








OVER 140 
_ OF THESE 
| NAVVIES 
ALREADY 
SOLD. 


Telegrams : 
‘*QUARRIES, LEEDS.” 


Testimonials and Prices on 
Application. 





As at work on the Crofton to Shafton New Railway Contiaét, sear Wakefield. 
LOOK FOR DIFFERENT TESTIMONIALS EVERY 


Chopwell Railway Contract. 


WEEK: 








Dear Sirs, 3, Vicrorta Street, Westminster, S.W., February 19th, 1894. 
: In reply to yout enquiry I have pleasure in stating I have found the Steam Crane Navvy I bought from you entirely 
satisfactory in its working. In the limited width of a single line railway, such as it is at present engaged upon, it Le material 


advantages over the older type of machine, from the fact that it can swing its load completely round and deposit behind. We have 
recently been using the machine as a crane for building retaining walls, for which it has suited very well. 


Yours faithfully, JOHN JACKSON. 
Messrs, Wairaker Bros,, Lrp., Horsforth, Leeds, 


§157CracechurehS! Lonpon.E.C.: 


Proprietors and Sole Makers of’ 


Ki) 


EMPLOYERS |. 
300 LB. 


™ 
|; 
DuNESE 







«4 
per Square Inch 3 
will not smash our 5 \. 
CLASS 
WIRE EMBEDDED 4s 
GAUGE := 
1= 
GUARD :7 
=f eee 
sie re tas 8 YP 
eg oo nt 3 dA 
as water, and not 
obstruct view of gange © 
glass. 6700 3 


Prices on application 
to the Makers and- 


SOLE LICENSEES- 


WALLACH BROS. 








Keep Moving! © 


— BY USING — 


“ADA-CHROME” 
HYDRAULIC 
LEATHER PACKING 


Which will keep your COMPRESSED: AIR and 
HYDRAULIC MACHINERY, PUMPS, &c., &c., 


CONSTANTLY IN WORKING ORDER. 
“‘Ada-Chrome” Leathers don’t Shrink. 


Stand a Higher Pressure and last Double and Treble 
as long as ordinary Leathers. 6148 


TRIAL ORDER SOLICITED. 


Ad. AHLERS, 


WHITLEY BAY, near NEWCASTLE-ON-TYNE, 


Telegrame—‘‘ AHLERS, WHITLEY Bay.” 
Telephones—P. 0., No. 6. Nat., No. 052, 


“RAPID” 
WATER-TUBE BOILERS. 








: 
> 4 
2 e 
uu >3 
o. 2 
rae) 2 
ue Wl m 
a i 8c 
oa 3 
<& 63 
+2 

he ze 
S aes 
9 o 
, J 








FOR STEAM LAUNCHES, YACHTS 
AND STEAM VEHICLES. 


Made in Sizes from 15 to 2000 SQUARE 
FEET of HEATING SURFACE, 


ALSO MAKERS OF ALL KINDS OF BOILERS, 
TARBOILERS, TANKS, CHIMNEYS, BUOYS, 
STEAM JACKET PANS, DIGESTORS, STILLS, 
ANGLE AND TEE RINGS, TIPPING SKIPS, 


AND GENERAL SMITH WORK. 8359 


For fullest particulars and prices apply to— 
Yr. TOWARD 2c CO. 
ENGINEERS, 





9, St, Lawrence, Newcastle-on-Tyne, 
a 
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weonauise OD) - SGRIVEN &CO., Leens. 














{MEDAL AWARD, INVENTIONS EXHIBITION, 1885, 


IL. 
MT 


Thousands 
present day. 


AWARDED, 


THREE MEDALS 


working at the 





PATENT METALLIC PACKING. 6269 
MURRAY, McVINNIE & CO., 
MAVISBANK QUAY, GLASGOW. 


REFRIGERATING 
MACHINERY. 


J. & E. Hall’s 


PATENT CARBONIC 
ANHYDRIDE (CO.) SYSTEM. 


Originally introduced 
by them. 
Universally adopted on account of its 
SAFETY, ECONOMY and EFFICIENCY. 


J.& E. HALL, Limited, 


Dartford Ironworks, KENT, 6358 
And 28, St. Swithin’s Lane, LONDON. 


TAYLOR'S PATENT CORRUGATED 


METALLIC PACKING. 


This hae 




















Makers : 


NEWTON & NICHOLSON, 
Tyne Dock Oorrugated Packing Works, 
Sours SHirInr.wDs. 





Telegrams: ‘‘Corrugate, Tyne Dock." 


National Telephone: No. 0431. S787 


ESTABLISHED 1851. 
Telephone No. 1819. 












Tel. Address: ‘‘SCRIVEN, LEEDS.” 


Machine Tools and 
Hydraulic Machinery 


ENGINEERS, SHIPBUILDERS, BOILER MAKERS & BRIDGE BUILDERS. 


PUNCHING & SHEARING MACHINE 
with PATENT SHEARS for cutting 
LCT L either Right or Left Hand, 

without changing a knife. 











PATENT ANGLE-BAR PLANING MACHINE. 
PATENT EDGE and BUTT-PLATE EDGE PLANING MACHINE, 


& > SCRIVEN’S VERTICAL PLATE BENDING MACHINE, 
a 4 “oe with Bend Plates to end without flat. 5992 
ae DuUDiL=EWZ. 
— MANUFACTURERS OF’ — 
ANVILS, VICES, HAMMERS, JOINERS’ BENCH SCREWS AND FLOOR CRAMPS; AUSTRALIAN, CAPE 
AND NATAL BRAKE SCREWS, CAPE WAGON JACKS ; WROUGHT-IRON RIGGING SCREWS, &c., &c. 


= PLEASE ADDPDNHRISS IN 
= =. = a E 



























CARPENTERS 
BENCH, SCREW 


an 


VICE BOX & PIN 








1 
CAPE WAGON JACK 
: (AST BoDy) 





NATAL BRAKE N° 50 


(ENDS & HANDLES WITH GLANDS) 





ness 
LONG NATAL BRAKE - 
(WITH GLAND) 





_LONG NATAL BRAKE 
(WITHOUT GLAND) 


ESTABLISHED 1826. 


WROUGHT IRON mocurs scree 
PRICES UPON APPLICATION. 


We make three qualities of Anvils and Vices, but our Speciality is BEST WARRANTED Quality. 
Anvils of every Shape for all Markets and all Trades can be made to Sketch and Special Particulars. 
ANVILS RE-STEELED AND REPAIRED. VICES REPAIRED. 


5863 
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JOHN G. STEIN & CQ, 


| SILICA and FIRE-BRICK WORKS, 
CASTLHCARY, waar GLASGOW. 


‘ SILICA BRICKS 


—— AND —— 


ARE SECOND TO NONE ! 


WORKS :-— PropucTive CAPACITY :— 665 


Bonnybridge, Castlecary, and Denny. 75,000 BRICKS DAILY. — 


‘J. P. HALL & 6O., 
. OLDHAM. 


MAKERS OF 


> DYNAMOS, MOTORS, 


Open and Enclosed, 


FOR 


SHIPYARDS, COLLIERIES, 


AND ALL OTHER PURPOSES. 


GRANE MOTORS 


A SPE CIALI TY. 


aah? 








BLUEBELL 











THISTLE 








&. 
“any 

















TELEPHONE : 300. 
TELEGRAMS: DYNAMO. 





Fig. No. 263. ENCLOSED VENTILATED MOTOR. 











NOWDRIFT 

INOL crunoer | ro 
NOWDENE 

NOWDON, SONS & C2, 72 


& 7, MaRKET St. MANCHESTER 


MILLWALL , LONDON .E., 












Expanding ww 


. The Latest . 


and 


Most Improved 


(“LION”) 


Packing. 
Expanding (LION) 




















“Ask for 


Walker's ‘‘Expanding’’ 


(“LION”) 


PACKING. 
Expanding wow) 


James alter & Company, 


SECTION cont 
















“Expanding” Backing 
LION WORKS, GARFORD STREET, 
West India Dock Road, 


London, E. 
Expanding (LION) 












Be Sure You | Specify 













Walker’s 


“Expanding” (cin) Packing 


WHEN ORDERING. . 


Expanding (LION) 


‘Adjusts itself to Inequalities 
of the Rod. 


















— Tan — 


om memreinalad (uow) 
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—< 
THE 


HARRIS-ANDERSON” 


EU ELLE" LE Ee. ra 


Absolutely B Poreves ai all Oil from Cond: Water. Invaluable for all Condensing: 
especially fo: ts Automatically 


lensed 
chng. Ne cfeoeasbeo alerting aia introns» 
















“ Harris-Anderson” Purifier at Canning Town Electricity Station, | West | item. 
Capacity, 16,000 gallons per hour. 
A Large Number in Use and under Construction, including :— 

Royal Ordnance Factories, Woolwich Arsenal; Messrs. Kynoch, Ltd., Birmingham; Sunderland Corporation, 
Hylton Koad Station (now largely extended); Messrs. John Smedley & Oo., Lid., Lea Mills, Matlock (now 
largely extended); Mersey Tunnel Railway, Electric Generating Station ; Weston. Super-Mare, Electric 
Generating Station ; Mazawattee Tea Oo., Ltd., New Oross ; Newcastle-on- Tyne, Electric Generating Station, 
Neptune Bank ; Sir ‘James Laing & Sons, Ltd., Sunderland ; Hastings Corporation, Electric Generating Station 

Oardiff Cope ration, _— ss Station ; Dundee Corporation, Electric Generating Station ; Sesme. 
Wm. Oory & Sons Ltd., th; East Rand Mines ; County Borough of West Ham, g Town ” Station ; 
Palmer's Shi yard, pa ae -on-Tyne; North- Eastern Railway Co., Hull; Holloway Bros., Ltd., Belvedere Road, 
London, 8. London — Council, New lee Station, Greenwich (eight ‘unite, god 82,000 


gallons per hous) ; 


HARRIS PATENT FEED WATER FILTER L™» 


73, QUEEN VICTORIA STREET, LONDON, E.C, 


Telegrams: Wuixprient, Lonpon. Telephone : 978, BANK. 
26, St. Thomas Street, SUNDERLAND, 2tigerams: [aonem, Summum. 
2, Hamilton Street, GREENOCK.  teiegrams: Wowrent, Grexnoox. Telephone : 127. 








RADIAL DRILLING & TAPPING 
MACHINES. 














> 
ao 
Lu 
= 
an 
Lu 
a) 
Lu 
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Q 
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= 
= 
6 ft. Radial Drilling and Tapping Machine. 
verse EA FR TAPP. ws POINTS.»-{ Saal OnT OGAES., Aue 





a 





NOBLE & LUND, Lrto., FELLINC-ON-TYNE. 


WARD, HAGGAS & SMITH, 


KHIGH LEY. 


Established 1870. 


Makers to the British and Foreign 
Governments. 
SEND US YOUR ENQUIRIES. 








84 in. Centre Patent High-Speed Cutting Lathe. 





Special Tools Designed to meet 
Customers’ Requirements. 


ARTHUR L. GIBSON & CO. 


6629 

















~ TRAMCAR DEPOT, GLOSSOP. _ 


4 Kinnear Paton Steel Rolling Suto 


THE B. & S. PATENT FOLDING GATE, 


PATENT INTERLOCKING RUBBER TILING, 
ORNAMENTAL WROUGHT-IRON WORK, 
GRILLES, LIFT ENCLOSURES, &c. 
HAND-POWER LIFTS, 
CABOT’S CREOSOTE STAINS for Exterior Woodwork. 
CABOT’S Insulating and Deafening QUILT. 


19, 20 & 24, TOWER STREET, UPPER ST. WARTIN'S LANE, LONDON, W.C. 


























JuNE 24, 1904.] 


ENGINEERING. 





33 

















PECKETT & SONS, BRISTOL. 











LOCOMOTIV HS = 


of various sizes with all the latest improvements ready for immediate De- 
livery. Engines specially designed for every requirement and gauge. 


Full Particulars on Application. Telegrams: “PECKETT, BRISTOL.” 


Gve. DETOMBAY;, 
Mce. DELANGE & CIE. 


ENGINEDRING WORKS, 
HOBOKEN, near ANTWERP. 


H 
{(@ \: 
4! " 
ds \ celpaciaapnaedicat acceso 
422 
MHA | rN, , 
ie 4 
No 
‘tale. 















H Appenee for Public 

Works :— — Elevators. 
Excavators. — — Ocentrifugal 
Pumps. — Sand imps. — Ballast 
—Lighters.—Yachte.—Hand, 


Steam and Hydraulic Oranes.—Draw- 
bri ‘ontoons. —Derricks. — 
and Steam Winches.—Steam 


ull 








EXTENSIVELY USED AND SPECIFIED FOR 


fron Buildings, Iron Chimneys, Roofs, Fans, Tubes, Condensers, Boilers, Gas Holders, Tanks, 
Refrigerator Coils, Carriage Frames, Bridges and all classes of valuable Iron and Steel Plant. 
NOT AFFECTED by Chemical Fumes, Hot Smoke, Salt or Fresh Water. Cannot Crack 
or peel off. Non-Conducting, Damp Proof, Rust Proof. 
The only Protective NOT AFFECTED by ALTERNATE HEAT and COLD. 


WAILES DOVE & Cok 


NV EWCASTLEON TYNE 
ON} ALSO AT ZC 
cIVERPOOL,cLASCO 


PATENT J 


cu 
pif 
4 


‘D5 


QP ee 
RON RISTEEL STRUCTURE? — 


BITUMASTIC 
be eOLUTION 4 


OR H & To prorect>" 
tee FACTORIES, paiLwAY cs, 
IC & CHEMICAL “ 
CFRIGERATORIE 
WERIES COLLIE 
ANENT pAESE RA 


WAILES, DOVE & CO., LIMITED, 


OFFICES AND STORE, 
mca Cardiff. 


4g 
(( ABLE j 


‘Plog ebnjssp ‘suinsg *2Mo | 40 BY8DQ 3M y UY 


It is largely used in the United States where no other Paint will stand. 
Used SUCCESSFULLY by the largest ENGINEERS and RAILWAY CO.’S in the WORLD. 


‘SUACUO “LMAO 03 pus ‘gs ‘F NO LNNOOSIG WIAVAAGISNOO V 


Applied same as ordinary paint. Saves costly renewals and repairs. 


‘pua0 4ad $z ssaj “mo “"sgy 





5, St. Nicholas Buildings, Newcastle. 
= Snes — yi ag . 
ater Street, Liverpoo xchange Buildin; ye en 
23, Royal Exchange Square, Glasgow. ll, Blackfriars Street, M Mancheste 
TELEGRAPHIC a0 


Appresszs for all Offices : ‘‘ BITUMASTIO.” 


12, ea Stuart 
Bowlalley Lane, H 

















STEEL CASTINGS 





S* A™ des ACIERIES & FONDERIES D’ART, 


HAINE-ST.-PIBRRH (BELGIUM). 


CASTINGS (tracriveo) Up to 10 Tons weight. 


STEEL AXLE BOXES. TROLLEY WHEELS. 
WHEEL CENTRES AND BOGIE PIVOTS. 
BUFFERS AND BUFFER CASINGS. 
RAIL CROSSINGS AND CHAIRS. 
MINING WAGONS, &c., complete. 
FINISHED PARTS FOR LOCOMOTIVES AND STEAM ENGINES, 
ROLLERS AND PLATES for BRIDGES, &c. 
MAGNETS, &c., for DYNAMO8S AND MOTORS. 
ROLLS FOR ROLLING MILLS. 
PROPELLERS, STEM AND STERN POSTS FOR SHIPS. 
HELICAL and other WHEEL GEARING (CUT TEETH). 
FORGE PIECES AND PILES. 


Sole Representative in Great Britain: ARTHUR W. NYE, 110, Cannon St., LONDON, £.C. 


CRANES. 





6377 











“|STEAM AND ELECTRIC CRANES. 


STEAM GRANE EXCAVATORS (simpson & Porter’s Patent). 
STEAM WINCHES. 
CONCRETE MIXERS (Carey & Latham’s Patent). 


age 





bo 

















JOHN H. WILSON & Co., Lia 


148, SANDHILLS, 
LIvVERPOoOo.r. 


5513 
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STEAM 
HYDRAULIC 




















“or FOrging. 


Up to 5000 Tons Power. 
Quick Acting. 
Worked direct with Steam Drivers 
without Accumulators. 


FIELDING & PLATT, Lr, GLOUCESTER. 




















E.0.A.C. MOTORS 








Remember that our Dynamos and Motors are | 
well designed and carefully constructed. Our 
prices are as low as is consistent with reliability. 


Get Catalogue Y5&. 





aS eae 
THE ELECTRIC & ORDNANCE ACCESSORIES CO., Lo. 


STELLITE WORKS, BIRMINGHAM. 6151 





London; 140, LeadenhalJl St., E.C, 
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TYPH OF ALL SIZES. 


Works & Head Offices : ASHTON-UNDER-LYNE, 1 MANCHESTER. oe Showroom: 74, QUEEN VICTORIA ST. 


<> tn7 E=Et 2? Oe IVE EE” Ss 


VERTICAL AND HORIZONTAL. 
SINGLE, DOUBLE, AND TREBLE RAMS. 
Driven hy Electric Motor, Belt or Rope. 




















Mm 
We 
uy 





FRANK PEARN & CO., Lro, <Més, MANCHESTER. 


GLASGOW. LONDON. | NEWCASTLE-ON-TYNE. ,.:, 
P, & W, MACLELLAN, Ltd., Trongate. 49, Queen Victoria Street, E.C. REES & WILSON, High Bridge, 
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Ti elephone:- 


Tel : 
<——s == j LONDON Noase BANK. 7 


| FURNACES- ned 




















Steel Sleepers & Keys LOCO. & WAGON & OTHER VARIETIES of LAMINATED Structural Sections. 
For Portable Railways and Main Lines, PIGIRON, TIN PLATE BARS, BLOOMS, BILLETS, 
alk ns 

———S SPECIAL: 


ANGLES, BARS, 
TEES. 


STEEL RAILS, 9 to 100 Ib. per yard. 
FISH PLATES, &c. 


TERRA COTTA, ORNAMENTAL 


Bricks and Tiles of 
every description. 











AGENCIES. 


Mr, A. McBEAN, 
Lichfield Street, Wolverhampton. 


Mesars. W. CLARE & OO., 
141, West George Street, Glasgow. 


Mr, J. B. CORNWELL, 
11, Old Street, Liverpool, 


Messrs, DUNFORD & ELLIOTT, 





BestWelsh§ Steam Coal 


Special Facilities for Export and 6659 
Shipping at Cardiff, Newport and Birkenhead. 











EY & @O 12. 


GROUP OF HIGH-SPEED VERTICAL ENGINES 


Newcastle-on-Tynr. 
Manufactured by ROBEY & CO., Ltd., GLOBE WORKS, LINCOLN, 


FOR A LEADING GERMAN ELECTRICAL FIRM 


L i N COL N. bd — —_ and Showrooms: 79, nd nicroRti camer, E.C. Branches and Agencies all over the World. 











Pete eer se 





6100 
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DICK, KERRé co., L, 


Head zx : ABCHURCH YARD, 
CANNON STREET, LONDON, E.C. 


( MANCHESTER: Northern Assurance Buildings, Albert Square. 
| SHEFFIELD DISTRICT: Tasker’s Engineering Co., Blonk Street. 
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Branch Offices 





LIGHT AND HEAVY RAILS. 
GIRDER TRAMWAY RAILS. 
TURNTABLES AND TRAVERSERS: 
POINTS AND CROSSINGS. 
LOCOMOTIVES AND WAGONS. 


MANUFACTURERS OF ALL KINDS 
OF ELECTRICAL PLANT. 


Equipment of Collieries a Speciality. 














6247 





Telegrams: “DICKER, LONDON.” Works: PRESTON, LANCS., 


Telephone: 5877, BANK. 


PIT CAGE AND MINING TRUCKS. ALL CODES. and KILMARNOCK, N.B. 


DAVEY, PAXMAN & CO., Ld. 











Ps ee ee 


2 
ok 
ae 
ee 
wa 
ee 
te 
fect 
re 
rae 
*T: 





50° to 400° F. added Superheat. 
to 60,000 Ibs. of Steam; per hour. 





SINGLE SUPERHEATERS to deal with up 





SUPERHEATER S Manufactured to give from 








PAXMAN’S PATENT INDEPENDENT SUPERHEATER. ons 
Working in conjunction with a Battery of PAXMAN ‘‘ECONOMIC” BOILERS. 


Werks: GOLGHES TER, ENGLAND. LONDON OFFICE: 78, Queen Victoria-Street, E.C. 


F 
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IMPORTAN™’NT TO IRONMFOuUNDERBRS. 


MOULDING MACHINES ror FOUNDRY REPETITION WORK. 


Illustrati tN HAND PRESS MACHINE f mall repetition ° . > 
sn qoecitgeela Miah cead aedeneeeiieien: Economical in First Cost, and as 


Efficient as the expensive machines. 








Illustration of HAND RAMMING MACHINE where a deep lift 
is required, Can be operated by unskilled labour. 










ALSO 
MANUFACTURERS OF 











. z = ” — y/ ROOTS’ 
mee = “ACME” BLOWERS. 


Portable Forges 


AND 


! Smiths’ Hearths, 
IN ALL VARIETIES, 


AND 


PATENT 


ig Power HAMMERS. 


Fie a 





FOR FULL PARTICULARS APPLY TO— 6326 


SAMUELSON & CO., Ltd.. BANBURY, England. 


CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. 








TIGONDOR HIGH-PRESSURE PACKING 


FOR ANY PRESSURE OR ANY TEMPERATURE. 


SPECIALLY FOR SUPER-HEATED STBAI 


TWISTED IN A LUE PELE YOU CAN 
ON NAAN REPLACE THI 
NEW MANNER. fies S 
iit ren | PACKING 
NEVER LE LE Ue 8 SE Lam Zi ys meee EN AS 
COME UNDONE. BZ YO MEL LLL LLL PLO YOU WANT TO. 
EVERLASTING. NOTHING CAN BEAT IT. 


KINDLY ASK FOR SAMPLES AND PRICES. 


Pet COP ER & Co., Ltd., °° een Serer". 





6015 
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"Telegraphic Address,) [‘* Bessemer, Sheffield.” 


MANUFACTURERS OF 


CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES. 


1IAL/ 
ore" leg HENRY BESSEMER & COL of 


ae, | SHEFFIELD \ CASTING DEPARTMENT. 


FORGE DEPARTMENT. =. . | 
LOCOMOTIVE CRANK AXLES. | - 4 si ES ‘ | STEEL 
_ LOCOMOTIVE STRAICHT AKLES. =” ~~ Hydraulic Cylinders, 
Compressed Steel FINISHED COMPLETE. 
.. Crank Shafts. t, Tested and guaranteed to any 
\ o> j | 





required pressure up to 7 tons 


BUILT-UP MARINE CRANK SHAFTS. per square inch. 











we 4 | 
ROLLED . my 7} HEAVY MILL GEARING 
WELDLESS TYRES | ——— oe es | IN STEEL, 
Looomtiven, Onriages & Wagons Seen. STEEL HAMMER TUPS, 


FACES & SWAGES. 


SPECIAL HARD TOUCH shy . - SPECIAL HARD STEEL 
STEEL SHOES & DIES AT ee eee, F Ce ee a ee ROLLERS AND PATHS 


BEST COMPRESSED STEEL PIvoTs. for , NAVAL ‘ = GUN MOUNTING. For Crushing Quartz, &c. 


Special Hard poe for Break 
= & Tramway Locomotives. 











For Gold Mining Purposes, &c. 


GREENWOOD & BATLEY, = 


ALBION WORKS, LEEDS. 
Makers of GENERAL and SPECIAL MACHINE TOOLS 


for Locomotive and Marine Engineers. 











SOLE ORIGINAL MAKERS OF 


HORSFALL'S PATENT 
BOLT AND NUT FORGING 
MACHINES. 


Patent Universal and other’ 
MILLING MACHINES 


in the greatest variety for all 
classes of work. 











0. 6536. DOUBLE-GEARED SELF. ACTING, SLIDING, SURFACING and Mia. e i oad 
SCREW-CUTTING GAP LATHE. — ALL DESCRIPTIONS OF — i ao 








VERTICAL MILLING MACHINE. 


ELECTRICAL ENGINEERS. LATHES, PLANING MACHINES, &c. a 


Dynamos for Lighting, Transmission of Power, and Deposition of Metals. 
Motors for Tramears, Hauling, Pumping, Coal-outting, Cranes, Machine Tools, ik 


DE LAVAL PATENT STEAM TURBINE MOTORS, TURBINE DYNAMOS, | TURBINE PUMPS AND FANS, 
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‘Improved ny Duplex Pumps 


WITH OUTSIDE PACKED PLUNGERS. 












ee ors 





3 y 
Suitable = aa up to 
==) as a\) wm 
or 1% vs S, 
Steam Pressures i —af ee = per square inch. 








Estimates and Designs for Duplex Pumps for all Purposes furnished on receipt of full particulars. 


S. OWENS & CoO., 


Aydraulic and. General Engineers, WHITEFRIARS STREET, LONDON, E.C. °'** 


SAMUEL FOX & CO., Limrten, 


STOCKBRIDGE WORKS, near SHEFFIELD. 


Manufacturers of STERL... BESSEMER & SIEMENS Processes. 




















STEEL RAILS, | STEEL BLOOMS. 





TYRES & AXLES = BILLETS & SLABS. 
2: | STEEL WI 
RAILWAY W RE 
GARRIACES ORDNANCE. 
= ia 
RAILWAY SPRINGS A | 
obey Dvn WIRE 
SPECIAL | ano GOLD 


SPRING STEEL. ROLLED STRIPS. 











LONDON OFFICE: MEMBERS’ MANSIONS, 38, VICTORIA STREET, WESTMINSTER, 8.W. 
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CAMMELL LAIRD & CO. Lip, @= 








Cyclops Steel and Iron Works, SHEFFIELD, and London Office; ® 
Birkenhead Iron Works, BIRKENHEAD, England. 1, Victoria Street, Westminster, S.W. + 

Yorkshire Steel and Ironworks, PENISTONE, nr. Sheffield. Grimesthor = Ordnance Steel, Tyre & S Works, Sheffield. Coventry Ordnance Works, covpuray. CY ci LOPS 

Derwent Iron and Steel Works, WORKINGTON, Cumberland. OLWAY iron Works, MARY PO! T, Cumberland. New Oaks Collieries, BARNSLE CAMEL 


SHIP BUILDERS, ENCINEERS, BOILER MAKERS AND SHIP REPAIRERS. 


“‘ Krupped Steel,” Solid Steel, 
Nite Sel ad “Heep” tt AT IMO Er, PLATES. 


Ordnance, Marine, Locomotive, Dynamo and other CASTINGS of any Size or Pattern. 
Sole Licencees and Manufacturers in England of Rack Railway for Mountain Lines and Steep Gradients, ‘‘ Abt” System. 











TRADE MARKS. 
MANUFAOTURERS OF 


BESSEMER steel AWA eno 
Mild Steel Fish-plates or Splice Bars, 
ORDNANCE FORGINGS, 
CRANK & PROPELLER SHAFTS, 
CONNECTING RODS, 
PISTON RODS, PISTONS, 


Marine Forgings 


Manufacturers of every description of 
ORDNANCE WORK, STEEL TOOLS, &c 
SINGLE SHEAR, DOUBLE SHEAR, 
SPECIAL “SELF-HARDENING” TOOL STEEL. 


Special “CYOLONE STEEL” for 
Quick-cutting Lathe Tools, 
AND 


TILGHMAN’S PATENT 
SAND-BLASTED FILES. 


REFINED (ED OAST STEEL EI Ees 


Marked ‘‘ CAMEL” and “ CYCLOPS.” 


CHARLES CAMMELL & Co, LIMITED, | —roncastgamolve Crk aad Siig ATL 


SHEFFIELD; ENGLAND. vetuscreco Bold Wal gg Tg puta Send SCS 


RANES 


TO WORK BY 


ELECTRIC, STEAM OR 
HAND POWER. 


ALL KINDS MADE BY: 


Butters Bros. & Co. 


CRANE MAKERS, 


GLASGOW. 


CATALOGUES AND PRICES ON APPLICATION. 




































hot k  l 





TA OA Wea wees en 


Pa BS ee 








HEAD OFFICE: sees 
20, Waterloo St., GLASGOW. 


Telegraphic and Cable Address; ‘‘ BUTTERS, GLASGOW.” 
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HUDSWELL, GLARKE & CO., LID., 


oligo: A EFOUNDENRY, LEE sect 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Collieries, &c. Made to suit any Gauge of Railway, 











—_——_— 
—_— 


Established 
1860. 


Telegraphic Address: 
**LOCO, LEEDS.” 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAKERS OF 


“RODGERS PULLEYS” 


(REGISTERED). 
WROUGHT IRON THROUGHOUT, RIM, ARMS, _AND BOSS. = 























GEARED 
MOTORS 


— FOR — 


Driving Engineers’ 


LINE SHAFTS 


(Lay Shaft can be arranged for any angle.) 





Send for Prices, which you will find right, to— 


Phoenix Dynamo Mig., Co., Ltd., | 
Agente : | GIRMINGHAM: SANDFORD & DIX, 44, Waterloo 8t THORNBURY wWoRKS, BRADFORD. 


\ GLASGOW : W. CHRISTIE & CO., 82, Gordon St. 





6539 


MOTORS, Semi-enclosed, Direct or Polyphase, are OUR SPECIALITY. 
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TELEGRAMS CONTRACTORS TO His MAJHSTY’S GOVERNMENT. _. NATIONAL TELEPRONE 
“OUNDALL, SHIPLEY. No. 4, SHIPLEY. 


“CUND AZ. Es” Pateyt 


OIL ENGINES 


ARE THE 
SIMPLEST ENGINES’ 5° ce . a CTS 
RUNNING & = 












ECONOMICAL, 
RELIABLE, fie., = ; 
EASILY MANAGED, ee ce ee A 
AND SAFE. | 








LARCE NUMBERS IN USE FOR ELECTRIC LIGHTING. 
— WRITE FOR OPINIONS OF HUNDREDS OF USERS, — 


MAKERS OF THE LARCEST OIL ENCINES IN THE WORLD. 


R. CUNDALL & SONS, Fic., 


SErYe rt. FT, TWoRnRE Suir =F. 
London Office and Showroom3—2)- ST. BRIDE STREET, E.C. PARIS—46, RUE ST. tmconesaan (RUE DE RENNES). 


PUMPING MACHINERY 























FOR 


Waterworks 


H seme eres 
emer ewes  eemerecerane 


ELEVATION 


eee 
———— 


ee 





COMPOUND HIGH. DUTY BORE HOLE PUMPING ENGINE, WIDNES WATERWORKS. 
TOTAL LIFT 6560 FEET. 


CAPITAL CosT OF INSTALLATION, 
INCLUDING BOREHOLES, FOUNDATIONS, ENGINES, PUMPS AND BUILDINGS, 


£9975, OR 2; PENCE PER |0OO GALLONS PUMPED PER ANNUM. 


HATHORN, DAVEY & CO., Lro, LEEDS. 
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No. I6 COMBINATION TURRET LATHE 


For utilising Turret Lathe Methods on heavy work made from Castings and Forgings. 





The saving on large 
work depends not so 
much upon the actual 
number of articles 
machined as upon the 
length of time which 
the machine can be 
run without requiring 
to be changed from 
one job to another. 
To take an extreme 
example, it may be / 
said to be equally \ 
economical to set up 
a turret lathe to — 
machine 1000 pieces j 
taking three minutes ¢ 
each, and 100 taking “™ 
80 minutes each, or 
80 pieces taking 100 
Sew, 2 a Ee : 





a) 
Saree 


IMMEDIATE DELIVERY FROM -STOCK. i 





4a Tt. EEE: DD EZEREE Or. ‘Ia3D. 
Works and Head Office: COVENTRY, ENGLAND. 


LONDON—24 & 26, Holborn, E.C. LIVERPOOL—12 & 13, Cleveland Square. NEWCASTLE—Papes Buildings, Pink Lane. 
GLASGOW—257, West Campbell St. MANOHESTER—2, Bridge St. BELFAST—32, Ann St. PARIS—47, Boulevard de Magenta. 


Mbhan Mas 


ree 











PHILADELPHIA, PENNSYLVANIA, U.S.A. 











ald, 


American Labour-Saving 


MACHINE TOOLS 


The FLOOR-BORING, DRILLING and MILLING 
MACHINE here shown has a 5 in. spindle, 48 in. stroke ; 
a vertical travel of spindle of 5 ft., and a horizontal 
traverse of the upright along the bed of 11 ft. The 
spindle is carried close to the upright, thereby in- 
suring great stiffness under cut. The adjustments 
of the spindle, drilling head and upright are made 
by power, and are controlled by the operator at the 
drilling’ head. 


These machines are applicable to a wide range of 
work, and the mechanism for controlling the various 
movements is grouped so as to enable the operator 
to keep the machines under cut the maximum amount 
of time, thus facilitating’ the output of work. 

















INQUIRY INVITED. ™ 
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a —) ) | 
ci!) FRR ei Sa ee: 

HOFFMANN MANUFACTURING Co Lp 

imate | | CHELMSFORD, ESSEX.. , aes 


approval if you will let us know which 
THE size would suit you best. 


HOFFMANN PATENT 
SELF-ADJUSTINC 








BALL 
THRUST BEARING. 


HEAVY TYPE ' 
FOR Op 


Crane Hooks, ' ae 
Centrifugals, | PATENT BALL THRUST 
Vertical Shafts, ! 


yp 





Turbines, 
Fans, 
&c., &c., &c. 


A HEAVY TYPE.— As applied to a CRANE HOOK. 


























i ss = — Ti 


K, IND S 


OHN LYSAGHT, LIMITED, 


BRISTOL, NEWPORT (Mon.),.WOLVERHAMPTON, LONDON. 


BRIDGES, GIRDERS, ROOFS, BUILDINGS. 
Chief Offices : St. Vincent’s Ircnworks, Bristol. Londen Office: 36, Gracechurch St., E.C. 








iin 
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KINGDOM of BELGIUM. 


 ~- LIEGE 
Universal & International Exhibition, | 


























Under the 
Official Patronage | games Superficial 
of the gens Area 
| Belgian 168 Acres. 
Government. 








a aityns stag aS y 


LIEGE is the centre of one of the great industrial regions in the world. 

Its COAL-FIELDS, including 73 separate workings, employ 35,000 hands. 

The production of IRON and STEEL in the vicinity of LIEGE exceeds 1,350,000 tons. 

Its GUN FACTORIES employ no less than 40,000 workpeople and have turned out within the 
last four years more than 9,000,000 firearms. 

Numerous and important manufactories of CYCLES and AUTO-CARS. 

Upwards of 15,000 Moto-Cyclettes per annum. 


ZINC INDUSTRY.—Procuction in the Province of LIEGE alone, 120,000 tons. Whole production 
of Europe, 404,000 tons. 


WOOL INDUSTRY, situated in Verviers (Province of LIHGE, half an hour by train from LIEGH), 
possesses over 83000 Looms and 120 Spinning Factories. | 











For further information apply to— 


EDGAR DE KNEVETT, ESQ,, oose 
General Secretary of the Anglo-Belgian Chamber of Commerce, 
26, GUILFORD STREET, LONDON, W.C, 
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ENRY BERRY & CO. 


EEInMiTrED, 


CROYDON WORKS, LEEDS, ENGLAND. 


MAKERS OF 


BEE EY’sS 


PATENT 


HYDRAULIC | 
VALVES 


nical OD) = 4 BERRY AC” 
= of iH) LEEDS 











_ 








Copyright 


WHICH ARE FAR 
SUPERIOR 


TO ANY OTHER. Group Valves on Stand, Pressure and Exhaust 
Bronze, for 1600 Ib. per square inch. Passages na ale to all. : 

| : we 
STOCK OF /MACHINES; 


FIXED HYDRAULIC RIVETTERS, 
from 6 ft. to II ft. 6 in. gap. 


PORTABLE HYDRAULIC RIVETTERS, 
a 














ANY VALVE BELT DRIVEN PUMPS, aut sizes: 
STEAM PUMPS, several sizes.. 
SENT ON _ HYDRAULIC ACCUMULATORS, | 
8 to i6 ins Rams, 
APPROVAL. 


FLANGING PRESSES, severai sizes, 
&c., &e., &c. 2 





WRITE FOR PARTICULARS... © 








4-in. Single Working, with Automatic Intensifying 
Valve, for 1000 Ib. and 3 tons per square inch. 





When sending enquiries please state bore, working 





pressure, single or double. working, whether for 


me two or more pressures,:and give: full particulars o 1-in. Double Pressure Single 
1}-in. Lever Stop Valve. ay : - tf Working -Valve, for.1000:Jb:.and 
1500 Ib, per: square:inch, ~~ requirements, or quotation cannot be:given, -  2-tonsper.squareiingh; a 


car’ 
Seer 
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JOHN BIRCH & CO., LIMITED 


3, LONDON WALL BUILDINGS, LONDON, E.O. 


Telegraphic Address: “‘ENDEAVOUR, LONDON.” 




















Purchase, Inspect, and Ship Material and 
Machinery for Engineers and Contractors 
abroad, and act as Home Agents for 
Foreign Dockyards, Arsenals, Railways, 


Estimates, Plans and Specifications sub- | 
mitted for all classes of Machine Tools, 
Machinery, Sea-going and River Steamers, 
Barges, Dredgers. . Rails and Rolling 
Engineering Shops, Foundries, &c. Stock provided to Main Lines. 


Planters and Contractors supplied with Medium, Light and Portable Railways complete. 


CORRESPONDENCE INVITED. — 
Monthly Prices Current of Engineering Material mailed free on application. 




















Telegraph Codes used :—Our own Private Code and 12 others. 5773 | 




















A. HAACKE & CO. 


(CONRAD LAUER), 
Boiler & Steampipe | 
Coverers. 


As used on Central London Railway ; |! 
also City &South London Railway,and |: 
London United Tramways, &., &. |: 


HOMERTON, LONDON, 
AND AT 
Glasgow, 
Liverpool, 
West 
Hartlepool, &c. 








PRICE LISTS FREE ON APPLICATION. 


MITCHELL’S EMERY WHEEL CO. 


Mill Street, Bradford, 
PHOSPHOR BRONZE. MAMNORES TER.  ;: ) 
























~) id 3 OF oe Gas Ws 8 


| (okelem 2014-4 ae-1-7-0 1°) 

















THE BEST AND THE ONLY GENUINE 


HOSPHOR °: BRONZE 


pho gin — ¢ op? B pict Ww itl yet 


THE PHOSPHOR BRONZE CoO.., 1c. sourHwark, LONDON, 85. 





“DURO ME TAL 





tit 
































~> 
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“MORISON SUS aN, py 


15,000 for Morison 8 
corrugated types of furnace. 


In order to maintain the thickness of flanges and contracted parts, which 


is of vital importance, we roll our plates with a thickened end. 


Furnaces and only 14,000 for all other 


Flanged complete by Hydraulic Machinery. 


The United States Survey allow a Oonstant of 


THE LEEDS FORGE COMPANY, SS 


These Furnaces are made from speeial quality of Open-hearth Aeid Steel produced at our Works from the best selected brands of of Swedish and Cumberland Hematites. _ 6842 





TELEGRAMS: T T 


TELEPHONE: 97, HOP. 
Belvedere Road, Westminster Bridge, 
LONDON, S.=E. 
CONTRACTOR TO THE BRITISH, AUSTRIAN, DANISH, FRENCH, JAPANESE 
AND OTHER FOREIGN GOVERNMENTS. 


SIMPLE ann COMPOUND 


AIR COMPRESSORS 


For all Services and any Pressure. 
STANDARD MACHINES ALWAYS IN PROGRESS. 


Also HIGH SPEED ENGINES of 


OPEN and ENCLOSED TYPES. _ OPERATED by STEAM or AIR. 


CATALOGUES FREE O On APPLICATION. 


























W.H. ALLEN, SON & CO., L* 


QUEEN’S ‘alameda WORKS, pt 


AND 27, OLD QUEEN STREET, S.W. 
MANUFACTURERS OF 


HIGH-SPEED ENCLOSED 
EN Gi NES 


FOR POWER AND TRACTION WORK. 


STANDARD TWO & THREE CRANK COMPOUND 
and TRIPLE-EXPANSION TYPE from 80-1600 B.HP. 


— a | y Our Engines are running, or in hand, for 
ra ef <\— the following Stations :— 


Bria, Sith, Hatboro, Spennymoor, Hull, A ier, aan, Deport 
Luton, Newmarket, Rotherhacs, W oking, Woolwich, 
Stirling, Horton re Se a —— Worthing, ‘ 


Also Manufacturers of STEAM & MOTOR DRIVEN 


CENTRIFUGAL PUMPS & FANS 
and STEAM % MOTOR DRIVEN s76 


SURFACE & JET CONDENSING PLANTS. 


























) 
> 
4 





=STANDARD THREE-CRANK COMPOUND ENGINE AND DYNAMO, 
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oli: cc, Mec) } 





1s soi tw tout TIME, UTILITY & ECONOMY. 


FLOWER BRAND. sf 





“ag 





OS CH Hel Pelion $C 


J.H HALLETT 


MICE MIMSSE MINA 


bensulling Enpineots Servoyorstabelialors Ys 
7, mate i 


> SURVEYOR TO THE ITALIAN REGISTER. 
Reta 
Card 18th 1904. 
o Gentlemen: - m3 
= With reference to your letter of the llth inst, 
QO upon looking up our Order books, we find that we commenced 
3 using your "Flower Brand" Magnolia Metal in Steamers under 
< our supervision, as fer back as 1889, and from that date , 
2 up to the present, ne a ciedve specaried for same. This 
0 ii aceite, is a sufficient reply to your query ne to Minter 
a = are satisfied with it. 
a We may state, that: amongst the Steamers fitted with it, 
o se those of the Anglo American Telegraph Co, Ltd, & the 
> Mitre Steamship Co, Ltd, London; The Field Steamship Co, 
0 Ltda, Stockton; The Melbourne Steamship Co, Ltd, Melbourne; 
LL The “Jacket" Line, of Cardiff, & the "Northlands" & 
* “Southlands" of Cardift. 
ro) We have found the metal to be both economical, & durablé 
a. and in every way satisfactory. 
Yours faithfully. 
J. H. Hallett, Pattison & Co. 
Messrs The Magnolia Anti-Friction Metal Rs MP: 


BERLIN: Friedrich Strasse, 71, 





Company of Great Britain, Lid, RT 
LY o- -n- don 


Magnolia Anti-Friction Metal Co. of Great Britain, Ld. 
os na, . 49, QUEEN VICTORIA. STREET, LONDON, -E.C. 


PARIS; 50, Rue Taitbout, GENOA: |, Via Sottoripa, LIEGE: 36, Rue de l'Universite. . 


Telegrams : 


“IWOINONOOS LSOW SHL 3YOSSYSHL ‘LS3G SHL 


““MAGNOLIER,” LONDON. 


621¢ 














JUNE 24, 1904. ] ENGINEERING. [SUPPLEMENT pagé 111] 


51 




















THE CHIMNEY, 


BUT 
WHERE IS THE 








A 
MICROSCOPIC 


FAN 
SUCCEEDS 


WHERE 


THE 


GIANT 


CHIMNEY 
FAILS. 








CATALOGUE E.G. 24. 





ore ‘‘Induced Draught’ Fan, 


STURTEVANT ENGINEERING Co., LTD..,. 


147, QUEEN VICTORIA STREET,. LONDON, E.C. 6480 - 











2 ee peers 
ATI FORGE ANGI NEERING aCe LwX 


PALLION, SUNDERLAND. 


aca RIGAL&MECHANICAL ENGINEERS&FORGEMASTERS. 


CONTRACTORS ror LARGE ELECTRIC LIGHT 
& POWER INSTALLATIONS. 
“sal Gpo-42 || | 


| ELECTRICAL DEPARTM ENT. | 











Moron 
DYNAMOS 


BOOSTERS. 


CENTRAL STATION 
SETS. 


ELECTRIC 
CIRCULAR 
SAW BENCH 


PAMPHLET 


Ml 
ELECTRIC : AND 
WINCHES. PRICE LIST 


. ‘ OF 
SAW BENCHES ci a Y eT ELECTRIC 


CRANES. | sa ‘i MoTorRS. 
FROM PHOTO OF 5 PALLION GENERATORS-2000 HP-CoupLep To BELLIS ENGINES. 











WRITE 
FOR 


WINCH 
PAMPHLET 


\ eS 
lite SONDEEND TE mp & ENGINEERING © [!? 


HAVE A SPECIAL DEPARTMENT FOR THE CARRYING OUTOF 


SHIP LIGHTING & POWER SEBO 
> SS) ae 2 eile" ITUBE.. - (ex 


6158 




















———=—— 
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The Most Complete Catalogue of Boiler Mountings and Valves: 


“BAILEY’S USEFUL INVENTIONS for ENGINEERS” 


812 pages, 6s. post free. 































































































PATENT BAILEY'S | BALLS © 
RECORDERS - | MECHANICAL 
PRESSURE | ‘PLUNGER LUBRIGATOR 
a WITH SIGHT-FEED. 
me Give a Record of ce FULL- Regular 
Fee 
STEAM, GATE < Noiseless. 
er VALVE a a 
ee "| |GYROMETER _ |: 
PRESSURES Bailey's Patent. TACHOMETER), or ‘ BP nme 
z ‘“ KEY RING” “3IGHT-FEED” INDICATOR. Wear out. 
Handa i A REMOVABLE _As s supplied { to the Admiralty. » For any 
and Finish. . SEATS. BAILEY’S PATENT =k Baccyal Ab 
Enclosed in Enamelled = ‘DI A i Sight- Feed Oiler BAILEY'’S | siZES : 
— a { Iron Caves. saosin FOR BEARINGS. SIGHT-FEED in pints, 
Price for Pressures to 100 & 200 Ibs., £12 10s, and High Visible and regulated feed. Cylinder Lubricator; 4, 1, 13, 4. 
Pressure 
it has no 
BAILEY'S PATENT superior. A NEW DEPARTURE IN BAILEY’S 
T ” or non | |WATER GAUCES. Se 
SAFETY” GOPPER-CAP OR STEEL. — STOKER'S 
FUSIBLE PLUG, nr" Viva Protect 
PaTent “* VIVAXO,”’ eclor ; 
WITH REVERSIBLE or LIFE and 
STE AM AND RENEWABLE SEATS SIGHT 
TO ALL VALVES AND SHIELD 
BOILERS, **SCAVENGER” BLADE. antes 
prevents explosions PRR 
through low ADVANTAGES: pace ge 
water. Very water and steam ways. 
Senn be npr in poston yy ve 
850,000 = Sete aang 
5 ee org neem a NO RODS, NUTS, 
The only Plug with up etie on oy creas: OR SPRINGS. 
fusible metal pro- inn neal To be had fi 
: a Supplied to the British War Office. all Seas tra 
= ‘water. — 
Al Sisk, Fim: 06° 0 JUST PUBLISHED, BAILEY’S LUBRICATOR CATALOGUE, 4 Pages, 





thread. 


BAILEY’S HIGH-CLASS MOUNTINCS 


For Steam Engines, Boilers, Steam and Water Supplies, &. 
LARGEST STOCK IN LANCASHIRE. 





LUBRICATORS OF EVERY KIND. 


FOSTER’S om CLass W.” 

























No Rubber. LOWEST IN 
All Parts Metallic. FIRST COST AND 
UP-KEEP, 
THE .. DELIVERS MORE 
isis STEAM THAN ANY 
sate . 1428, — 1, <a CHEAPEST ons — (SIZE 
“ a ” E), ACTS 
SAFETY VALVES. = gTEqM = ‘aurea, APAMANTINE”, REDUCING weer - wien. 
Deadweight, Compound, y A LVE S RESERVOIR re See, ee Hot é 
Lever and Spring, &c. . VALVES. Water. Send for Sample. DRAWING. 
Simplest, most efficient, V ALVE. No Stuffing Boxes. 


McCracken Patent No Pist 
“Mo a # Trap in th: i o ons. 
STEAM TRAP. «( {a (9): SRE Om «Zemin ALL SIZES, } in. to 24 in. 


For Engine Cylinders, Pipes, &c. 
OE eA RRNA BORAT 















































BAILEY’S “DAVIDSON” PATENT BAILEY’S WATER DETECTOR & ALARM. 
" STEAM PUMP vce Sins 
OF THE HIGHEST ECONOMY. HANDIEST AQ . 
BRETT Age ESN IES QUARRYING, y re) 
MECHANICAL IRRIGATING, wy a 
CUT-OFF. MILLS, ns = 
Qe F 
ABSOLUTELY POSITIVE "Tanke Fillieg. é 
IN ACTION. AS SIMPLEST % 
SPECIAL PATTERNS FOR HIGH-PRESSURE BOILER-FEEDING, Q ee OO, 4 
._ VERTICAL AND HORIZONTAL. No Lubrication or Packing. 
Bailey's “Pumps & Hydraulic Machinery,” 380 pages ; demy 4to, cloth bound, Post free, 6/-. Works years without repairs. 








Tssrnme: |W, H. BAILEY & CO. Ltd.,“",%" MANCHESTER, "*",‘*'~? 


“Beacon, Salford.” 
London Office and Showrooms: 16, FENCHURCH STREET, E.C. . 
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LAURENCE, SCOTT @ Co. 


Limited, ESTD. 1884. ° 


Norwich, NORFOLK. 

















Manufacturers of 


Dynamos and Motors for all Purposes, 


For Continuous Current only. - 
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BELLISS & MORCOM L®: 


BIRMINGHAM, HNGUAND. 




















Advantages: ESTABLISHED OVER 50 YEARS. Telegrams: “BELLI88, BIRMINGHAM.” 
ai London Office: 8, VICTORIA STREBT, 8.W. E 
SELF-LUBRICATION. 
DURABILITY. STANDARDS. 
ACCESSIBILITY. 200—2500 





MINIMUM MAINTENANCE. Horse-Power. 
QUIET RUNNING. 

~ COMPACTNESS. 
PERFECT GOVERNING. 
STRENGTH. 

RELIABILITY. 

MAINTAINED EFFICIENCY. gin: oe | - 

LOW COST. Fc coees, a eee ees 
EXPERIENCE. — KW. “Tri le-expansion Engine and Seige lied to 
LOWEST STEAM CONSUMPTION. Leeds ip spr and in Engin for Birmingham, Dublin, &c. 


ENGINES & CONDENSING PLANTS 
ELECTRIC POWER, TRACTION, LIGHTING, o MILL DRIVING. 


Original Makers and Patentees of Self-Lubricating Quick- 
Revolution Double-Acting Engines. 












2800 Engines supplied or building 
COMPOUND SIZES, representing 400,000 HP., in sizes 
25—400 ranging from 5 to 2500 B.HP. of 


Horse-Power. Compound and Triple - Expansion 


Types. 
UPWARDS OF 


200 GENTRAL STATIONS 


AND 


POWER INSTALLATIONS 


SUPPLIED. 








6436 
These Engines are used in Dock- 
yards, Arsenals, Mills, Factories, 
Mines, Steel Works, Oollieries, &c., 
and for all purposes where direct- 
rope, belt or gear driving is required. 


STANDARD SIZES «x ais in od or QUIOK DELIVERY. 
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- SW io Wes LANCASTER eTONGE 


+ 
PATEN PENDLET 





Metallic Packings, ~ 


SEND FOR REVISED LIST OF STEAM TRAPS, STEAM DRYERS, PISTONS, PISTON VALVES, &c. 


CHIELED CAST TRON. = 
MINING MACHINERY. |_ gRusnt 


HYDRAULIC PRESSES 
FO) 























ROLLS, 
CRUSHING 
MACHINERY 


Of every description. 


Eerupp Ball Mills 


FOR ORES, CEMENT, BASIO SLAG, &. 


EXCELSIOR MILLS for Food Products, Chemical and Sugar Factories, &. 


COMPLETE INSTALLATIONS FOR 62:3 


CEMENT, PORCELAIN, EMERY, LINOLEUM, &Xc. 


CATALOGUES IN ALL LANGUAGES, ——— 


THE“GRIFFIN” rue GRIFFIN ENGINEERING CO. BATH, ENGLAND 


OIL ENGINE. | si: 
aed MOTOR SPHCIALISTS. Mem ‘ton, na 


















SIMPLE. ECONOMICAL. 
a SPHOIAL PATEN? MARINE OIL ENGINE, 


With BI-UNIAL SCREW PROPELLERS. 
ADVANTAGES. | Bate, Reliable, Economical. No Dirt, No Smoke, 

+ No nye Uses any. — of Heavy ‘Oil without 
te Special Adjustment. segundos as an Auxiliary 
NO TARRY DEPOSIT, due to Power to Sailing Vessels. 






















the fact that the working charge is The entire Operations of t Cartage Sto ont 
vapourised only and never gasified. Suitable for any kind of Orete, by a Senmikomeen 
We guarantee three months 
continuous running without 
cleaning or attention. 


Uses any kind of heavy or bulk 
oll, and any number of different 
brands of of] may be mixed together 











Sizes, 4 HP. to 100 HP. 


HiaHest CLass WORKMANSHIP AND REFERENCES DIRECT TO INSTALLATIONS. INSPECTION INVITED. 
CATALOGUE OF VARIOUS TYPES OF GAS AND OIL ENGINES ON APPLICATION. 


Westinghouse 


Patent Pumps Two Stage 
(Steam Driven). Air Compressors © 


Simple! Durable! Effective ! ’ on the same principle. 
Occupy very little room, and Economical! Efficient! Compact! 


work equally well for The best for Stationary purposes 
Air, Vacuum or Water. and for high pressures. 


Also Air Compressors driven by Electric Motor, Belt or Axle. 


Manufactured by on 


The Westinghouse Brake Co., Ltd., 


at their Works: 82, York Rd., King’s Cross, London, N. 


6686 




















Vacuum Pump. 
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“I MUST HAVE IT” 


the principal often exclaims in an 
irritated manner, but 


Stolzenberg System of Filing 


DON’T BLAME YOUR CLERK 


if he cannot find the correspondence you 
require at a moment’s notice. 





A mechanie cannot do good work unless he is properly equipped, and if you 
require your clerk to find your letters without delay, you must furnish 
him with a system of Filing which will allow him to accomplish this. 


The STOLZENBERG (Patent) FILE | 


solves the difficulty; it enables any correspondence to be traced:at 
once; it is a system every smart business man should investigate. 


ANNOYANCE, TIME AND MONEY SAVED BY ITS USE. 588s 


Used in all Leading Concerns throughout the world. Thousands 
of Testimonials. Write for full particulars, post free, from 


The STOLZENBERG (Patent) FILE C0., Leonard House, 50, Bichopagate St. Without, =— 7 


WALTER SCOTT LIMITED. 


‘LEEDS STEEL WORKS Deer ak 
MANUFACTURERS OF >—-.  . LEEDS. 


ROLLED STEEL JOISTS . CHANNELS ae 


——<<S— MILD STEEL IN THE SHAPE OF —<<>— 


BLOOMS , BILLETS , TINBARS, 
SLABS, FLATS , _& , ROUNDS, 


5000 Tons STOCK Ze ak, 
KEPTAT LEEDS. Zea ) ; | 
7 -~G\ SPECIALITY '©- 


| bi ¥: | GIRDER TRAM-RAILS 

















































LARGEST MAKERS IN ENGLAND. 


~ COMPOUND GIRDERS FOr ANY DESIRED SPAN OR STRENGTH. =~ 
ESTIMATES GIVEN FOR CONSTRUCTIONAL WORK IN STEEL FOR BUILDING PURPOSES. 
LISTOF SECTIONS & OTHER INFORMATION CAN BE OBTAINED ON APPLICATION. 
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“Standardisation—Specialization is the order of the day.” 
—ANDREW CARNEGIE. 


WEIR 
— PUMP. 


A SPECIALTY MADE BY SPECIALISTS. 


For BOILER FEEDING, 
CIRCULATING and 
GENERAL DUTY. 


STANDARD SIZES. PROMPT DELIVERY. 


TH 

















LONDON OFFICE: 78, Billiter Buildings, E.C. 


G. & J. WEIR, Lto., 
CATHCART, GLASGOW. 


GERMAN NILES TOOL WORKS 

















Medium Size ana Heavy Machine Tools| 
on American Lines: 


LATHES, PLANERS, 
BORING MILLS, 
DRILLING MACHINES, 

SHAPERS, SLOTTERS, 
HORIZONTAL BORING, DRILLING, ano 
MILLING MACHINES. 

MILLING MACHINES. 


Railway Machinery: 


DRIVING-WHEEL LATHES, 
AXLE LATHES, 
HYDRAULIC WHEEL PRESSES, 


ECs, aCe 


GERMAN NILES TOOL WORKS, 


OBER-SCHONEWEIDE, near BERLIN. 


Telegraphic Address : “‘NILESWERK, OBERSCHONEWEIDE.” 6420 


AGENT for ENGLAND, except Manchester District: E. C. AMOS, M.1.Mech.E., 20, Bucklersbury, London, E.C. 
AGENTS for MANCHESTER DISTRICT: DONAT & CO., Economic Buildings, Spring Gardens, Manchester. 


AGENTS for SCOTLAND’and IRELAND: WILLOCK, REID & CO., Ltd., Central Chambers, 109, Hope Street, TOOL WORK 
GLASGOW. need 














































Engine Lathe, 47 in. swing over bed. 








Feermant 
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: PATENT 
COCHRAN ..::::.. BOILERS 
MULTITUBULAR 


ECONOMICAL. SIMPLE. 
NO BRICKWORK REQUIRED. 
ACCESSIBLE. DURABLE. 

















POWER SUPPLIED IN SINGLE BOILERS 


FROM |Q To |[5OQ HP. 


In Batteries up to ANY POWER. 








CAN BE ERECTED AND SET TO WORK IN 
A SHORT TIME. 





WRITE FOR 


LIST A/8. 


COMPLETE BOILER INSTALLATIONS SUPPLIED ano ERECTED. 


COCHRAN & CO., ANNAN, L™ ANNAN, SCOTLAND. MuTTUPE,aiman. 


LONDON OFFICE: SANCTUARY HOUSE, TOTHILL ST., WESTMINSTER. 














—— ON ADMIRALTY List. 


THE CONSOLIDATED PNEUMATIC TOOL CO., Lro. 


“BOYER” HAMMERS FOR . See 





wll 
ae 
| a 
<i 





Also for— ‘LITTLE 
RIVETING, G IANT” 
CAULKING, ve 
CHIPPING, PNEUMATIC 
BEADING, &c. DRILLS. 








PNEUMATIC HOISTS. “BOYER” STONE HAMMER, as used on Monumental Work. AIR COMPRESSORS. 


PRACTICAL DEMONSTRATIONS ARRANGED FOR AT SHORT NOTICE. 


orrices- Palace Chambers, 9, Bridge St., Westminster, S.W.  ticshone: 2007, cenzano 
WORKSHOPS AND SHOWROOM WITHIN A FEW MINUTES’ WALK OF THE OFFIOES, WHERE TOOLS CAN BE SEEN IN OPERATION, INSPECTION INVITED 6210 
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men 
~*< 













MACHINE 
TOOLS 


FOR 


SHIP YARDS, 
IRON WORKS, 
BRIDGE WORKS, 


TANK WORKS, 
BOILER WORKS, 


&., &c, 


CRAIG & 








Bending Rolls 
constructed for 
H.M. Dockyard 
at Chatham 

to Bend Nickel 
Steel Plates Ae 
a5 ft.widebyain. | 
thick. 


NS 


ate 


~ 








4 
6€40 





LIMITED, 


JOHNSTONE 


(Near GLASGOW). 











MANUFACTURE, 


AS SPECIALITIES: 














SUCH AS cnc 


Forging Presses, 
with quick motion, suitable for. the 
it work. 


larges 
Presses 
for all kinds of boiler work. 


Armour Plate Bending Presses 
of all sizes. 














Grooving Presses. 

Sleeper Presses. 

Block Shears 
of vertical and horizontal construction, 
also with shear blades cutting from 
above and from below (special system). 








Patent Steam-Hydraulic Flanging Press for the largest class boiler ends, Hydraulic Joist Shearing Machines. 


KALKER WERKZEUGMASCHINEN FABRIK 


Breuer Schumacher & Co. 


EMITTED, 


KALK, near COLOGNE 


(Germany), 


BESIDES aah. 


MACHINE TOOLS 


OF ALL KINDS AND SIZE8, 


Steam-Hydraulic an 
Hydraulic 


Machines, 


Hydraulic Plate Shearing Machines, 
with short and long shear blades, for 
plates up to 3 in. thickness. 


Hydraulie Riveting Machines 


tationary and rtable) for boiler 
a 29 iron comsirnctors and bridge 
builders, 


Accumulators with air pressure. 
Aceumulators with weight pressure. 
Press Pumps 
driven by belt, engine or electromotor. 
Complete Hydraulic Plants ee 
ineay tnd shroct car-opoke wheds and 
disc-w 6714 
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OUR SPECIALITY . . 


CAS PRODUCERS 





.» For Heat or Power. 


SEND FOR PARTICULARS— 


W. F. MASON, Limitep. 


Engineers, 


- MANCHESTER. 

















THE “KYNOCH FORWARD” KY NOCH 
GAS & OIL ENGINES. STEEL CASTINGS. 


SPECIALITY :— 


MACHINE MOULDED GEAR WHEELS 
UP TO ANY DIAMETER & STRENGTH. 





eM by 











| ‘Se 5) 


| m 





> 


THE FORWARD ENGINEERING CO., Ltd., BIRMINGHAM. (Kynocn LIMITED, PROPRIETORS). 


KYNOCH (PATENT) 
ROLLER BEARINGS. 


Saving in Power, 25 to 50 per cent. 
according to circumstances. 








Mechanical Tests ot our Steel Castings show average tensile strengths 
of 30 tons with an elongation of 30 per cent. in 2 in. 
DYNAMO AND MOTOR CASTINGS OF HIGH 
PERMEABILITY. 


CAMS, TAPPETS AND STAMP HEADS. 

ROLLING MILL PINIONS. 

LOCO WHEEL CENTRES. 

HYDRAULIC STEEL CYLINDERS AS CASTINGS ONLY 
OR FINISHED COMPLETE. 

ANCHORS. 

POINTS AND CROSSINGS. 

CASTINGS FOR ENGINEERING PURPOSES, UP TO 
ANY SIZE OR WEIGHT, 

On Admiralty and War Office Lists. 6514 


“KYNOCH LIMITED. = WITTON, BIRMINGHAM. 


9 Lonpox—JAMES STREET, HAYMARKET; S.W. MancuEsTEr—21, SPRING GARDENS. 


Extract from “ Engineer” of December 20, 1901, 


In description of Messrs. A. Ransome & Co.’s Works at 
Newark-on-Trent, to whom we supplied our Roller Bearings. 


‘The whole of the shafting runs in Roller Bearings, 
and we are informed that these have given the most 
marked satisfaction, and have justified the original ex- 
penditure upon them.” 
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~ GENTRAL HAEINE ENGINE WORKS 


(Owners: WM. GRAY & CO., Ltd.) 














































Telephone—P.O. 18, National 248, 

Telegrams—‘‘ Central, W atte rz eg d eS 

Bice ali am kee 7 WEST HARTLEPOOL. 
Specialties: ee 4. a de seth me smilie oA 


TAIL END SHAFTS 


WITa 
Continuous Brass Liners. 


Large Assortment of Shafts 


HIGH-PRESSURE BOILERS 


—> UP TO: 
_ 300 lbs. Pressure. 











Liquid Fuel Installations 








FITTED. ALWAYS ON § STOCK. 
SUPERHEATERS. SPECIAL FACILITIES 
poe scattdag to REPAIR AND RENEWAL 

aes oF MACHINERY. 


600 FT. GRAVING Dock 


AND 


80 TONS SHEERLEGS 


PATENT PISTON 
PACKING © RINGS. 





PRESERVER SLEEVES At Works. 
sg he me ENGINE —_ SHIP 
CASTINGS 
In Brass and Iron. FORG INGS 4833 





COPPER PIPES. 15 TONS IN WEIGHT. 
MUDD’S PATENT QUADRUPLE EXPANSION FIVE-CRANK ENGINES 


THE BLACKSTONE OIL ENGINE. 


The SIMPLEST, BEST, 
and MOST ECONOMICAL. 

















For Stationary use in 18 Sizes, 
2 to 6O B.HP. 
Portable, in 10 Sizes, 

2 to 22 B.HP. 


Over a THOUSAND now in use for 


ELECTRIC LIGHTING, PUMPING 
AND CENERAL WORK. 


BEST RESULTS at the latest 
Trials of Stationary Oil Engines 
—Ten Engines by leading makers 


competing. ge 
BLACKSTONE 





Copy of Judges’ Report, Book 
of Testimonials, Catalogues and — STAMFORD 
Terms, post — on application. Res 


Telegrams—"BLACKSTONES, STAMFORD.” 


Telephone—No. 1, Nat. 
Codes used—Lrezer’s, Al, ABC (4thand 5th 
Editions). 6488 


BLACKSTONE & GO., L®- Stamford, England. 


London Representatives: Messrs. BILBIE, on fin & CO., 80, Queen Victoria St., E.C. 
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LOW COST OF MAINTENANCE. 
HIGHEST PRESSURES. 


SAVING IN SPACE AND WEICHT. 
PERFECT WATER CIRCULATION. 


FACILITY FOR CLEANING. 
BASILY - TRANSPORTED. 


SAVING IN FREIGHT. 
STRAIGHT TUBES. 
_ NO SCREWED JOINTS. 
NO STAYS. MERCHANT VESSELS, 
PASSENGER BOATS, 


\ @ 
\ x YACHTS, TUGS AND DREDGERS. 
All - ep So 





WARSHIPS, 


a ba « 
ee 
errr vs 
PERE LI NORRIE Te oN 








Land Type Boiler, fitted with Superheater. 


Over 4,500,000 HP. 

In use in all Industries. we 

Fired with NO Accessories. [3 
all kinds of Fuel. CG PO STEAM PIPING PLANTS. ie 

mee CO em ORIEL HOUSE, 2 
Farringdon Street, London, B.C. | 
MN Works - RENFREW, SCOTLAND. 


ESTIMATES FREE. SEND FOR CATALOGUE. 








Y 

















Telegrams: ‘‘ BABCOCK, LONDON.” Telephone Nos.: 1741 & 1742, Holborn. Marine Type Boller. 


THOMAS PIGGOTT & CO., LTD., ATLAS WORKS, BIRMINGHAM, 


GAS, HYDRAULIC AND GENERAL ENGINEERS. 


Makers of WELDED & RIVETTED P IP ES of every Description. 


MAINS of large diameter for Water Conduit as supplied to BRADFORD, BELFAST, BIRMINGHAM 
and LONDON, STAINES SUPPLY; and Water Works in all parts of the Worid. 












































Steam Mains CAS 
as 
supplied to PLANTS. 
H.M. Ships 
and Foreign 
Governments. Water and Oil 
Tanks 
of all sizes 
List Sent on made up from 
APPLICATION. Stock Plates. 
Flange and Sugar, Farina 
Socket Joints and Salt Pans. 
to suit hata 
all Constructional 
requirements, /ronwork 
of all kinds. 
TELEGRAMS ; 
“ATLAS, PIPES NESTED FOR SHIPMENT. 
BIRMINCHAM.” ABO 
« srreneenenian ILLUSTRATED PHOTO LIST AND CATALOGUE ON APPLICATION. end AiColes 
LouDoN.” LONDON OFFICE: 63, QUEEN VICTORIA STREET, LONDON, E.C. 6083 used. 
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PNEUMATIC HAMMERS 


For Chipping, Caulking and Riveting. 








> 








WRITE FOR PARTICULARS 


te AO Telegraphic 
UNBREAKABLE 
SCAXIAL” | Address :.. 
VALVE. -\ “ENYAM, 
Parnes | LONDON.” 
DRILLS. 











~ INGERSOLL-SERGEANT 4, Queen Victoria St, LONDON, 


Representatives : J. MACDONALD & SON, 9, York St., GLASGOW. ines 


NEWCASTLE-ON-TYNE, LEEDS and BIRMINGHAM. 











GEARED UNGEARED 
TRAVELLING TRAVELLING 
TROLLEY. TROLLEY. 





4 Ton to 5 Ton. 








Pulley Biocks. 
Travelling Pulley 









































Ma) 
Taavmuane TRAVELLING Biocks. 
Eouer | Seu oe 
ss Bock. %fravelling Crabs. 
bad 4 Ton to 
5 Ton at oe ie Ree ee Tee 
Maxn UNCONDITIONAL OFFER. 
PE coin ae “Maxim” and “ Victoria” worm and spur-geared Pulley Blocks 
for Top Flange will be sent on approval to any user at my own expense. 
of Girder. 
66 if 
last Srex, UPWARDS OF 64,000 “MAXIM” & “VICTORIA” 
3PuR GEARED 
ay pod Bock. BLOCKS SOLD IN ABOUT 11 YEARS. 
useing. WRITE FOR NEW ILLUSTRATED LISTS AND DISCOUNTS. 


6 Cwt. to 5 Ton. 








IMPORT ANT The framework of the various apparatus shown above Is in every 
e~—~ease composed of WROUGHT STEEL PLATES and FORGINGS. The 
Maxim Worm GEARED ehain is treble best calibrated and guaranteed. The Hand-chain Wheels are of east steel, 


esp wor wet = and the brake is self-acting and sustains the load at any height. 6418 
4 Ton to 10 Ton. - 


When you buy a 1 ton “Maxim” or “Victoria” Block it is tested with a load of 14 tons, BUT SOLD AS A 1 TON BLOCK. 


omen» J. T, GODFREY, 


Maxtw Worm Grarep Brock CONTRACTOR TO HIS MAJESTY'S cuian: 


with Street Pirate Carn. 
10 Ton to 124 Ton, Telegrams: “ Maxim,” Loughborough. High Street, LOUGHBOROUGH, Leicestershire. 
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CROSSLEY Y BROTHERS, 


GAS WASHING FURNACE GAS 
PLANT. 4 — ENGINES 


Producer Gas Plants for 
Anthracite or Coke. 
Bituminous 
Coal Gas Plant. 


Ammonia 
Recovery 
Plant. 


























5BOoOo-BP. GA & EIN GilT = 
FOR PRODUCER OR FURNACE GAS. 
SIX ENGINES AT WORK. IMMEDIATE DELIVERY FOR STOCK SIZES OF ENGINES. 


OPEN VWSEA WwW, MAN CHES TE Et. 

















TANNETT WALKER & C CO, 


ENGINEERS, 


LEDS, BNGLAN D. 
Also at 64, MERCHANTS EXCHANGE, CARDIFF; representative, mr. E. L. HUNTER. 





HYDRAULIC FORGING PRESSES. 
HYDRAULIC CAPSTANS. 
Hydraulic Overhead Travelling 


HYDRAULIC MOTORS. 
PUMPING ENGINES. 
ACCUMULATORS. 











HYDRAULIC HAMMER, 


Hydralic wi Steam Hammers a ier Forge Machinery. 


TILTING FURNACES, BLOWING ENGINES, AND STEEL PLANT MACHINERY GENERALLY. : 


Portable and Fixed Cranes. 
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= oe ARTS 


‘speepigur” _ _SPEEDICUT" 


THOS. FIRTH & SONS, Ltd., 


HIGH-SPEED TOOL STEEL ““<* “WCS. FIRTH & SONS. 





6114 





—_— DUPLEX Steam Pumps, 


VERTICAL AND HORIZONTAL TYPES, also 


“favorite” DONKEY PUMPS. 












WITH GREAT IMPROVEMENTS FOR HEAVY PRESSURES. 


Highly Tested, Gun-Metal Plungers, Glands, Valves and Seatings. 
VERY STRONG. WELL FINISHED. 


SEND FOR FULL 
PARTICULARS 
AND PRICES. 













Patent “DUPLEX” Steam Pump. 


: HORIZONTAL TYPE. 
MADE SINGLE & DOUBLE- ACTING. For Marine or Land Purposes. 





or Land Purposes. 












































Sizes.—Sine.s Action. aos No. 0. No. 1. | No. 2. | No. 3. | No. 4. No. 5. | No. 6. | No. 7. Sizes.—Dovsie Action. | No, 3. | No. 4. | No. 5 | No. 6. | No. 7. | No. 8 
‘Diaméter of Ram 1 | 15/16 | 1996) 2 4] 8 4 | Diameter of Ram a 
' i, -2 2 oe 
oh ee a ee 
Galls. per hour . es S “ 90 130 | 210 440 | 1000 1080 1280 Galls. per ho -: “| 4 s +4 4 M4 | 4000 
N.HP. of Boiler: ; s | 16 | 4 | m0 mo | Meo | NHB. or her : ol S| 90 | 0 | iso | *is0 “00 (| (2280 
London Office and Depot: Care of PRICE & BELSHAM, 52, Queen Victoria Street. — for Scotland: A. YOUNG & C0., Baltic Chambers, 50, Wellington Street, Glasgow. 


Agents for Liverpool: RANSOME & MARSHALL, 67, Tithebarn Street. Agents for Cardiff: JOSEPH ROSE & CO., Royal Stuart Buildi lames Street Docks. 
Agent for Sunderland and District: J. W. DONOVAN, 8, Norfclk Stroet, Sunderland. Agents me Hull W. H. BRODRICK & C6., 87, Wellington Street. 
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ALL Sizes up to 2500 HP. 


THERE ARE MORE 


“PREMIER” GAS ENGINES 








MAXIMUM THERMAL EFFICIENCY. AT WORK ON MINIMUM GAS CONSUMPTION. | 
MAXIMUM MECHANICAL EFFICIENCY. MINIMUM OIL CONSUMPTION. : 
MAXIMUM ACCESSIBILITY. MINIMUM ATTENDANCE. : 
MAXIMUM STRENCTH. M O N D G A S MINIMUM WEAR. 

— AND — I 


BLAST FURNACE GAS 
than any other make. - 


The “Premier” Gas Engine Co., Ld. +» Sandiacre, ar. NOTTINGHAM. 


CAMERON PUMP 
roy 

















Se = 










JOHN CAMERON. | — aii SALFORD, MANCHESTER 


Telegrams: “ Original,” iE acter. National Telephone oa 2002. 
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_ PHOTO 
COPYING 
FRAME. 


a LAMP DUPLEX RADIAL PATENT 


fi ‘ . 








£42 10s. 
Other sizes, as per List, for- 


warded free, post paid, en 
request. 


J. HALDEN 
& CO., 


8, Albert Square, 
MANCHESTER. 








LONDON, S.W. 


8, Grainger Street, 
Neweastle-on-Tyne. 


65, Moor St., 
BIRMINGHAM. 


49, West Campbell 
GLASGOW. 

Sole = South 
Eidelberg Bros. & Co., 


Pretorius Street, 
RET 














ADVANTAGES OF DUPLEX RADIAL PHOTO OOPriNna FRAME, 


indoors at ow time where electric curren’ 


A. Copying it is a 
3 a a oe Seats ageS ae mom ml 
ere entl Apap oy = Sy 


©. Immunity from —_ ent cnsueed b 
D. The ae tion (when 4 or wks out 
E. Two full-size tracings can be copied at one operation. 


GAIRD & RAYNER, 


ADMIRALTY CONTRACTORS. 


SOLE MAKERS OF 
RAYNER ’s 


EVAPORATORS. 


FRESH WATER FEED 


MAKE-UP APPARATUS. 
FERD-WATER HEATERS, . 


FRESH WATER 


DISTILLERS. 


APPROVED BY 
BOARD of TRADE. 


FRESH-WATER FROM 
SEA WATER. 


Sole Makers of 
JOHNSTONE’S PATENT OIL 
FUEL BURNERS. 


777, Gunnieitis) Road, Limehouse 
LONDON, E. er 


‘‘VAPORISE, LONDON,” Telephone No. 210, Eastern. 


eile cccaiere sien rg, 











Tele. Address ; 














Vulcan Boiler & General Insurance Go, 


LIMITED. 
Chief Offices: 67, KING STREET, MANCHESTER. 


ESTABLISHED 1859. 
SUBSCRIBED CAPITAL £375,000. 


INSURANCE AND INSPECTION OF 


BOILERS, ECONOMISERS, KIERS, STEAM, CAS AND OIL ENCINES, DYNAMOS, MOTORS AND 
OTHER ELECTRICAL MACHINERY, LIFTS, HOISTS AND CAS-PRODUCINC PLANTS. 


Preparation of Plans and Specifications for, and Supervision during Construction 
of, BOILERS, ENGINES and ELECTRICAL PLANT. 


EXAMINATION. of NEW and SECOND-HAND PLANT prior to purchase or delivery. 
Upwards of 48,000 Boilers and Engines under supervision. 


Workmen’s Compensation, Employers’ Liability, Personal Accidents 
Third Party, Fidelity Guarantee and Burglary Insurances arranged. 


J. F. L. CROSLAND, M. Inst.C.E. M. I.Mech.E., ar 
JAMES M. DALE, Secretary. Chip Engineer. 


APPLICATIONS FOR AGENCIES INVITED. 6201 


STEAM 
ENGINES. 


Horizontal and Vertical. 
Simple and Compound. 
Condensing and Non- 
Condensing. 
Corliss & Patent Valve 
Gears, 

+ Open Type High-Speed 
Vertical steam Engines. 


5900 


EASTON & BESSEMER, Ltd., 


TAUNTON, ENGLAND. —__"Ss?int- 
IN VALVES 


for Steam or Water 


USE 


instead of Discs of Perishable 
Compounds, 


NEW PATENT 


INDESTRUCTIBLE 


ELASTIC COPPER DISC 


SEATINGS 


Interchangeable, 
More Reliable, and Much 
More Durable. 

6359 


The HULBURD ENGINEERING CO. 


150, Leadenhall Street, LONDON, E.C. 












Telegrams— 
Eastwald. 








PATENT SPEED REDUCING GEARS 





Write for Prices and Mllustrated Catalogues te 


JOSEPH BAKER & SONS, LTD., ENGINEERS, 


Willesden Junction, LONDON, W.W. 6468 
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Machine Cut ___. 
GEAR WHEELS ke el 







SPUR OR BEVEL. 


Aliso NOISELESS RAW HIDE 
and MORTICE GEARS. 


JOHN SMITH & CO 





6689 








GROVE 
5 WORES, 






Carshalton, Surrey. 





Time for 1 pair 


No. of Teeth . of Gears, 24 hours. 





i . Total Time for 87 Gears 
ouside Di. 84m [ PARKINGON & SON, | “Stacate“Sreme 
Pitch, approx.. #%,, SHIPLEY, YORKS machine, changing 
Width of Face . Fo ee 9 “2 blanks, & sharpening 
Feed, per min. . 5770 ENGLAND. cutters, 7& hours. 

















J. E einer (inant (Gablenz 


MANUFACTURER OF 


MACHINE & HAND TOOLS 


Of Improved Design and High-class Workmanship. 
MACHINE MAMNTUEAOTUREE. 


Specialities : RELIEVING LATHES for Formed Cutters. 


PLANT for Cutting Racks, Spur, Bevel, and Worm Gears. 


PARIS, 1900, GRAND PRIX. 


Catalogue free on ‘apnitication with Trade Card. 














Special Machinery for dele. as Ae ee of most perfect design. 





SOLE AGENTS FOR THE UNITED KINGDOM: 6597 


145-9, St. John Street, 


ELECTRIC CRANES! 


100 Tons © 


CAPACITY, 


SEND FOR NEW CATALOGUE. 





Tuomas BroapBent & Sons, Limite, 
HUDDERSFIELD. 

















Pfeil & Co, 


Clerkenwell, London, E.C. 


WEEKLY RUN AT BURNLEY WITH 


MELDRUM simptex 
DESTRUCTOR 


Week ending Sunday, April 3rd, 
ONE 4-GRATE, WITH LANCASHIRE BOILER, 200-LBS. PRESSURE. 














Monday - - 15,880 Gallons Evaporated. 
Tuesday- - 13,940 
Wednesday - 13,080 © 5 
Thursday - 14,850 — x 
‘Friday - - 13,650°" =~ 
saturday - 14,540 = 
: Sunday a: 10, 590 ssi 
2% 96,030 Total. 
“REFUSE. BURNT -. © TONS 266: 16-08 


AVERAGE-EVAPORATION-FROM BOILER, 10; 
PER HOUR FROM NOON TO MIDNIGHT. 





MELDRUM BROS., Ltd., 


TIMPERLEY, near MANCHESTER. 


And 66, Victoria Street, WESTMINSTER. 9288 
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GLACIER aro METAL 


For all Classes of 





GLACIER y ANTLFRIOTION METAL 00., LTD, 


91, QUEEN VICTORIA STREET, LONDON, E.C. 
Teuserams: ‘‘ Bravcour, Lonpon.” TELEPHONE No. : Bank, 5450. 5642 


A.EDMESTON & SONS 


Cannon Street Ironworks, SALFORD. 


PATENT FRICTION CLUTCH 


300,000 HP. IN SUCCESSFUL OPERATION 


FOR DRIVING 













$ G 
s 44% 
Bee G as ey, 
SIS y YG %, 
EO nepate 
ta co 
» Mu = 
° aa =— 
*O os -_ 
y a ae = 
“fo Go 
< CS al 2S 
>=<o -_ 
< —| 
> D og 
- wo ae 
<x coos 
cS 7) 





TEMPERLEY TRANSPORTERS. 









TEMPERLEY PATENT TRANSPORTERS AT CHEMICAL WORKS 
Consisting of a Portable Bridge Transporter and a Travelling Tower Transporter. 


These Transporters, working in co arenes. lift pitch in skips and trans + ag it from any 
portion of the pitch beds to the hatches of the steamer lying outside the jetty. 





Transporters designed to suit any given requirements. 


APPLY TO— 


THE TEMPERLEY TRANSPORTER 66., 





Telegraphic Address: 





*Transumo, London.” 
72, BISHOPSGATE ST. WITHIN, Telephone No.: 
58651 LONDON, E.C. 365, London Wall. 


THE “LANCASHIRE” HORIZONTAL 


(Class 
With Pickering t s Governors. 
oe type hii speed 





Z". & Et. L.EEIS, Elxarmvsessrs, 


Hollinwood, near MANCHESTER. 





a | Eleeein.” 
Aland ABC Codes used. 


HIGH- PRESSURE STEAM ENCINES. 


Stro well fitted, and moderate in price. 
onstructed to work 
pressure up to 100 lbs. 


Pipe erprnt ie Bare Pete & tes of Bet, 


Large numbers of these Engines are now at work, 
giving the greatest satl satisfaction. 


DIAMETER OF CYLINDER AND LEN LENCTH OF STROKE. 


12,, x » 15, x » 18,, x36,, 
12,, x24,, 16,, x30,, » X36 ,, 
13 ,, x24,, 16 » x36,, » x40,, 


Engines with Patent Piston Valve Expansion Gear, very direct and few working a. 
quoted for on application. 


» SELF - OILING, 
P > ADJUSTABLE BALL 


AND 


SOCKET BABBITTED 


BEARINGS. 


Strong, Light, Cheap, Neat, 
Adjustable in every Direction. 


These can be used as a Hanger, Wall Bracket, 
or Floor Stand. 

The Shafting is kept even and constantly 
, lubricated by rings which dip in an oil bath. 

If sufficient oil is placed in the box before 
starting, the shaft will run from six to eight 
months without refilling. 


C. LINDLEY &60., Lt. 


34, Englefield Road, LONDON. 


And at SHEFFIELD and LUDDENDEN. 5468 






















Price List 
on application. 





MANUFACTURERS AND Bese NERS OFALL Ones a 


HEAVY MACHINERY, 


REQUIRING FIRST CLASS WORKMANSHIP AND MATERIALS. 


iG» S 
ie oe 
; HAN 


ep GEARING 


FERTILIZER WORKS, 





f ne 
MOLDEn 2 — 
EM AND PE ANE 


MACHINERY # ’ WHITE LA 

GRAIN ELEVATORSasSFLOUR MILLS, BRASS, COPPER 

‘TIN PLATE ROLLING MILLS, CABLE. an?MARINE RAILWAYS. 
POOLE-LEFFEL TURBINE WATER WHEELS, 


DREDGING MACHINES. 
miPCULARS .. iGATIO 


MACHINE 











21S MARINERS 








COLOURS. 


Celebrated 


DRAWING 












(Waterproof. ) 


106, 
CHARING X ROAD 


London, W.C. 





— = 
OF ALL STATIONERS, 
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— PATIAINT — 


AIR COMPRESSORS. 


TO ANY PRESSURE. 


VACUUM PUMPS, 
BLOWING ENGINES, 


&c., &c. 








The ideal Air Compressor for Pneu- 
matic Tools, Acid Lifting, &c. 
Steam Engine same diameter and 
stroke as Air Compressor, giving the 
same Air Pressureas Steam Pressure 
used. Made also to drive by Belt. 


ALWAYS IN STOCK OR PROGRESS. 


GEORGE SCOTT & SON 
(LONDON), Ltd., Engineers, 204 
44, Christian St., LONDON; and 67, Lord St., LIVERPOOL. 














CELLULOID SLIDE RULES, 


WITH SPRING STEEL BACKS. 


CELLULOID SLIDE RULES, 


WITH SPARE LOG-O-LOG SLIDE. 














TH EODOLITES. 
DIALS. 
LEVELS. 





UNIVERSAL DRAFTING MACHINE. 
An Enormous Time SAVER. 


NO DRAWING TABLE COMPLETE 
WITHOUT IT. 


RULING 

and 
ERASING 
SET SQUARE DRAWING BOARD TRESTLES. 
a5 i ALL SAINTS DERBY 
6920 

















JOHN DAVIS & SON (DERBY), Lo., * “wouns, 


AND 26QG, VICTORIA 8T., WESTMINSTER, 8.W. 




















4 est EXPANSION 
iI» SAFEST! JOINT. ~—™ 





Approved and adopted by the Admiralty, 8teamship Companies, 
Brewers and Large Manufacturers. 
Has Smooth Bore, takes pressure on inner tubes, which slide within each other. 
} Pressure does not come on outer corrugation, 
No internal condensation, 
Has great elasticity. No risk of burst tubes. 


MADE FROM SOLID-DRAWN COPPER TUBES OR STEEL TUBES. 


CAN BE APPLIED IN LIMITED SPACE. 


PATENT HXPANSION JOINT SYNDIOATH. 
* Sole Manufacturers ... 6594 


MORDEY, CARNEY (Southampton), Ld. 


WOOLSTON WORKS, SOUTHAMPTON. 


3 


OT Ne R 


















ALBION BOILER WORKS, 


LEITH, N.B. 


MAKER OF ALL CLASSES OF 





Suitable for any Working Pressure. 





SINCLAIR’S PATENT SUPERHEATER effects 
a saving of 20 per cent. 

SINCLAIR’S PATENT SELF-ACTING 
MECHANICAL STOKERS effect a saving of 
12 per cent, 6501 


“NEW PROCESS” 


RAW FIDE GEARS 






DESCRIPTIVE 


FOR naan 


ALSO METAL GHARS. 


CEORCE ANGUS & CO., Lto., Newcastle-on- a 


G. WILKINSON & SONS, 


BRADFORD ROAD, 
KEIGHLEY. 












mt 
\ Telegrams : 


Wilkinsons, Engineers, 
Keighley. 


Manufacturers of 


MACHINE TOOLS 


of the most approved 
designs, 


HEAVY CASTINGS. 


National Telephone : 
No. 10:‘¥, KEIGHLEY. 





PATENT PLANING MACHINES 
Horizontal, 2 to 10 ft. width, any length. 
Vertical, all sizes up to 10 ft. square 

SHAPERS: 
6in. to 24 in. stroke. 

SCREWING MACHINES: 

din. to 4 in. ordinary threads and square threads. 


DRILLING MACHINES: 


MILLING MACHINES as follows :— 


Profile Sizes of these Machines vary 


Horizontal 
Vertical } from the — to the most 


Universal 
BORING MACHINES: 
Special Duplex, with i adjustment, to work 


together or separate. 
Large, for heavy ial wi 





Single, Double an Triple ike Lathes, &c. Vertical Special. 
LATHES: Radial All sizes. Keyway. 
Hollow Spindle. Turret. Railway Wheel. Multiple : 6299 








PRICES AND FULL PARTICULARS ON APPLICATION. 
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PATERSON, COOPER & CO., Ltd., 


Telegrams: Patella, Paisley. PATELLA WORKS, PAISLEY. Telephone : 308, Paisley. 





DYNAMOS & MOTORS, Open & Enclosed Types. 


SHIP LIGHTING PLANTS. 
FACTORY, POWER AND LIGHTING PLANTS. 
CRANE AND LIFT MOTORS AND CONTROLLERS. 





ENOLOSED MOTORS, from 1 to 30 HP: in Stock, ready for Winding. 


— HSTABLISHEHD issé4 — 








ENGINEERS, BOILERMAKERS, 


Day, Summers & Go., SHIP & YACHT BUILDERS. . 


BZrimMmiTraDpYD, 


Mussian Government, The Royal Spanish Government, The Zevotaa NT ortham ——— SOUTHAMPTON. 


Government, Crown Agents to the Colonies, &e. 














These Works, which cover 10 acres, are situated on the River Itchen, close to Northam Station, on the London and South-Western Main Line. 
There are two — Hauling- up Slips and two sets of Steam Sheers on the premises, with extensive Wharf accommodation, and the firm manufacture their own Castings 
and Forgings. The workshops are fitted with the best and newest type of machines and tools and powerful overhead travelling cranes. 


ORIGINAL INVENTORS AND PATENTEES OF STEAM TRIPOD TRAVERSING SHEERS AND NON-FLEETING WIRE-ROPE HAULINC-UP SLIP eo 
REPAIRS TO VESSELS AND MACHINERY UNDERTAKEN WITH noe ie A, 


STEAM PUMPS. 


FOR ALI PURPOSES. 
FIRST AWARDS EVERYWHERE. 


Telegrams: 
* EVANS,” WOLVERHAMPTON. 


Telephone: NAT. 39. 

LONDON OFFICE : 

SALISBURY HOUSE, 
LONDON WALI, EI.C. 


| = : = = = : : : : = : = : = = : Write for List No. 4 to | 
AIR and CIRCULATING PUMP JOSEPH EVANS & SONS, 
For ELECTRIC POWER STATIONS, Culwell Works, 


COLLIERIES, IRONWORKS, &c. WOLVERHAMPTON.  . oe 
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THE GLASGOW ELECTRIC CRANE & HOIST COMPANY, io 
Parkhead, Glasgow. , | : ar 


ELECTRIC CRANES, HOISTS, &c., 


AND EVERY TYPE OF 


: LIFTING 2 GONVEYING MACHINERY 


ALSO MAKERS OF 


GIANT CRANES 


— AND — 


- SHIPBUILDING..BERTH | 
EQUIPMENTS. - ee 
“* —__ ELECTRIC PULLEY BLOCK. 

















ELECTRIC GIANT CRANE. 


FAIRBAIRN MACPHERSON, Lccps, 


Branch of . . . FAIRBAIRN LAWSON COMBE BARBOUR, 
Makers of High-Class Machine Tools & Special Tools,, 


FOR MARINE AND RAILWAY WORK, FOR ORDNANCE WORK, FOR ARMOUR PLATES, &c. 
b a 











Th. 


’ om 
3 Rt ee { H 
i 








i? Aut 
soy a EE 


6515 


“Ory 
ELECTRICALLY- DRIVEN LOCOMOTIVE FRAME. “PLATE SLOTTING MACHINE, 


Having three swivelling cross slides and one double cross slide, each with saddle and tool ram, maximum stroke of each ram 17 in., cutting speed 
. ra 




















15 to 19 ft. per minute, distance between uprights 5 ft. 1} in., length of bed 42 ft 


ae 


UPRIGHT 


WATER TUBE BOILER. 


THE CLEANES r ‘BOILER MADE. 














Send. for. Desert Gatalogae: 


 R.Hornsbyé Sons, ld, Grantham, 


London Office: 76a, Queen Victoria St., E.C. e477 
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MELLOWES & CO.’S ” mo Test. 


PATENT 


“TE "reer taanavon 
ROOF NY NOR ANY. 











GLAZING. aM. 
SaesDON «sth Yasone | MILLIONS OF FEET GLAZED. he 


LONDON: 28, Victoria St., Westminster. 


JOSEPH BOOTH & BROS.,L®: "Ory: 


Makers of Overhead, Locomotive, Goliath, Derrick, Cantilever & Breakdown Cranes, 


Worked by Electricity, Steam, Hydraulic, Rope, Square Shaft, and Hand Power. 


WINDING ENGINES. COMPLETE ELECTRIC EQUIPMENT. 


uae ot Patterson’s (Patent) Charging Machine 


— PATENTED IN — 6633 


For OPEN HEARTH ano HEATING FURNACES. ENGLAND, AMERICA and GERMANY. 
th P. & W. Ratchet Drill Small Tool Department. 


is the lightest and strongest made; each part of 
) A FULL LINE OF 


drop-forge steel; feed automatic. REAMERS, TAPS, DIES, 
MILLING CUTTERS, 
LATHE TOOLS, 
RATCHET DRILLS, 
BOILER PUNCHES, 


PRATT «WHITNEY C& "orwoenote a's. 
HARTFORD, CONN., U.S.A. aw 


LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road. STOCKHOLM, SWEDEN.—Aktiebolaget, V. Lowener. 
AGENTS LONDON, S.W.—Niles-Bement-Pond Co., 25, Victoria Street. PARIS.—Fenwick Freres & Co., 21, Rue Martel. Agents for 
COPENHAGEN, DENMARK.—V. Lowener. France, Belgium and Switzerland. 


NILES-BEMENT-POND 60., 


MAEKERS OF HIGH-CLASS 


MACHINE TOOLS. 


Telephone : 486, WESTMINSTER. Telegrams: “NILIACUS, LONDON.” 
BRANCH OFFICE & SHOWROOMS: 


23 & 25, Victoria St., LONDON, S.W. 


MACHINE TOOL WORKS: Hamilton, 0.; Plainfield, N.J.; Philadelphia, Pa.; Hartford, Conn. 
NILES CRANE WORKS: Philadelphia, Pa. 


CORRESPONDENCE INVITED. 


96 in. PLANING MACHINE. 
Built at our POND MACHINE TOOL WORKS. MACHINE TOOLS OF EVERY DESCRIPTION FOR ALL PURPOSES. 













































































5433 
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“SIROCCO” |g 9 SIROGCO’ 
FANS 4 UG 1 Ot y FANS 








USED IN ~ 
H. M. NAVY, 
THE IMPERIAL GERMAN 
NAVY 


WHITE STAR LINE, 


SHIP ee NTILATION, 
REFRIGERATION, 
FORCED DRAFT. 





BIBBY LINE, 
UNION-CASTLE LINE, —_ i 
OCEAN STEAMSHIP COY., Fan Casings and Runners for H.M.S. ‘‘Montague" and ‘‘ Aibemarle.” oe 





ALLAN LINE, &c., &c. Branch 37, Corporation Street, 
Depots : MANCHESTER. 


DAVIDSON & CO., Ltd., =i BELFAST. ag Se, 


STEWARTS anv LLOYDS, 


OFFICES: 41, OSWALD STREET, GLASGOW; and NILE STREET, BIRMINGHAM. 
lron and Steel Boiler Tubes. Solid-Drawn Steel Tubes. 


Light Lap-Welded Wrought-Iron and Steel Tubes, with Stewart’s Patent Flanged Joints. 


WROUGHT-IRON TUBES AND FITTINGS FOR THE CONVEYANCE OF GAS, WATER AND STEAM. 
COILS OF ALL DESCRIPTIONS AND OF ANY LENGTH. 6068 


OIL LINE PIPES | 
Artesian Well Boring Tubes. NI Py: EF, M \\\y NV 
WiatAIvl | 


STEEL & IRON PLATES 


For Boilers, Bridges, &c. 


| ‘E._ we j , 
| i 
}} | € 
th { 3 
Mn f 


For WORKING ALL KINDS of CLAY. 


























The STIFF or SEMI-PLASTIC SYSTEM of BRICK MAKING, for producing a dense plastic pressed brick ready for immediate removal to the kiln, 
was invented by us 28 years ago, and it is most successfully working in nearly all parts of the world. 


DOUBLE THE STRENGTH OF ANY OTHER MACHINE IN THE MARKET. 
BRICK PLANTS FOR PRODUCING THE BEST PLASTIC PRESSED FACING BRICKS ON THE MOST ECONOMICAL SYSTEM. 
Awarded Three HIGHEST MEDALS at Adelaide Exhibition, and the only GOLD MEDAL for Brick Machinery at-the Melbourne Exhibition, 1888-9. 


BRADLEY & CRAVEN, L™) “voto. "= 
5 a—’ FOUNDRY, “™ 


WAKE LHD, HNGLAND. 











ne 


POWER GAS PLANTS 


(ALFRED WILSON'S PATENTS) 


using Bituminous Slaek, «. Any Non-coking Small Coal. 
GAS FREE FROM TAR.}+ 


Manufacturers : THE HORSEHAY COMPANY, Ltd., 


ELoRsEron«4LY, H.S.O., SHROPSHIRE. sii 
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BLUE ASBESTOS REMOVABLE COVERINGS. 


Used by the British, French, German, Italian, &c., Navies and Marines. 


REMARKABLE FOR DURABILITY, Lightness and Efficiency, ENORMOUS SAVING ON FUEL, 
most’ convenient Covering. 

PACKINGS for Steam and Hydraulic. CLOTHS; YARNS, FIBRES, MILLBOARD, for all purposes. 

ASBESTOS ‘SLATES for Roofing.’and: Lining.: ..CAPYT for Electrical Insulation. 

ASBESTOS FIREPROOF CURTAINS “ofthe W BW Quality, approved by L.C.C. 


PORTABLE HOUSBS. 
Efficient Staff ready to, undertake any work throughout the United Kingdom. 








6571 








WRITE FOR COMPLETE ILLUSTRATED PAMPHLET TO 


THE CAPE ASBESTOS COMPANY, LIMITED, 


Head Offices: 8, MINORIES, E. ~ Mines : s SOUTH AFRICA. Works: LONDON and TURIN. 


A. & P. W. MCONIE, 


CESSNOCK ENGINE WORKS, . . HYDRAULIC TOOLS. 


Govan, Glasgow. y HYDRAULIC FLANGING PRESSES. 
} _- HYDRAULIC PUMPING ENGINES. 


















ACCUMULATORS. 


CRANES. 
SHIPYARD 
TOOLS. 














are Ratchet Screw iets with Ball-Bearings to reduce the friction 
and having working parts thoroughly protected from grit and rust. 
Superior to Hydraulic Jacks for all classes of service. Simple 
and durable; will work in any position; are absolutely: safe. 


MADE IN 50 STYLES, 8 TO 70 TONS CAPACITY. 
Ww IMustrated Catalogue Upon 
’ Application. 


Traversing Jack, 35 Ton Jack. 25 Ton 
ons. 


Track J 
Sectional View. 10 to 70 Foot Lift Jack. 10 and 15 Sis. 8° rir 15 Fons. 


‘P. & W. MACLELLAN, Ltd., 129 TRONGATE, GLASGOW. 
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EM FRY: gad gna om Sag W T FFI 
LE CARBONE, “= BRUSHES 


Mi, Water Lane, Gt. Tower St., London, E.C. 


























DYNAMOS and MOTORS. 


PRICE LIST AND FULL INFORMATION ON OUR 
DIFFERENT QUALITIES ON APPLICATION. 6177 


THE BROWN HOISTING MACHINERY COMPANY, 


DESIGNERS AND BUILDERS OF 


Machinery for Economic Handling of Materials 


at Steelworks, Wharves, Shipbuilding Plants, Storage Yards, &c. 


MAIN OFFICE AND WORKS: LONDON OFFIC: NEW YORK OFFICE: «3 
OLHVELAND, OHIO, U.S§.A. 39, VICTORIA STREET, S.W. 26, CORTLAND STREET. 


Linnsay BURNET & C2: 

















MOORE PARK BOILER WORKS, 
ro Hecen Street, GOVAN, GLasaow. 


GLASGOW | 





SPHCIALTIBS— 


7 DRY-BACK BOILERS, “Grier instatcations. 
MARINE and all Types of MULTITUBULAR BOILERS, 
PaTENT “CENTURY” FeeD-HEATERS. — 


TELEGRAMS—BURNET, GLASGOW. 


HEENAN & FROUDE, 


LIMITED; 
MANOHMZES TER. 














i A he 
<' ey Raa EY 

SOCK 

BORA OS we Ns, PG 
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Designs & Estimates of Bridges & Roofs prepared for all 4 parts of the “World. = see 
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THE CLAY CROSS CO., 


Manufacturers of PIG IRON, GAS AND WATER PIPES, TANKS, COLUMNS, STANCHIONS, AND CASTINGS, 
FOR GAS, WATER AND SEWERAGE WORKS, COLLIERIES, ENGINES, PUMPS, &e. 


LONDON OFFICE: 19, HASTCHEAPLP, £E.C. 
= THLEGRAMS, “JACKSON, CLAY CROSS” =—=——— an 
WORKS: CLAY CROSS, near CHESTERFIELD. 














JOHN MARSHALL & SONS, 


GLASGOW TUBE WORKS, GLASGOW. 


MANUFAOTURERS OF 


LAPWELDED IRON BOILER TUBES 





FOR MARINE, STATIONARY AND LOCOMOTIVE BOILERS, &c. 6179 


WROUGHT IRON AND STEEL TUBES OF EVERY DESCRIPTION. 


 WOODITE” WORKS, MITCHAM COMMON, SURREY. 


—*WOODITE” articles can now be obtained with the utmost d ” has stood the severest 








NOTICE to EN 

test for six years. perp material in existence oa can — yh for — or hd Sere A yn remap other oTevaines has stood every test up to 40,000 volte for 1/8 in. chook, Peichout breaktag amd bang London Electric 

Light Corporation and others. ” Hat Join it and Packing Rings, Pump Cups, Gaskets, — es veo in and all other Goods which have hitherto been manufactured in India ia Bu ber, Leather, ~ 4cn 
now be made o: 








MADE BY 


JESSOP & APPLEBY BES: (otto) Lo. 


SEE ILLUSTRATION IN LAST WEEK’S ISSUE. «x: 





CRANES 


REFRIGERATING MACHINERY. 
Haslam's Refrigerators ° T1s,eumow onnsoutc coo ano 
ADOPTED BY ALL THE LEADING SHIPOWNERS AND MEAT COMPANIES IN THE WORLD. 

ICE PILANTS UP TO 200 TONS CAPACITS. 


THE HASLAM FOUNDRY & ENGINEERING 60., Ltd. 


(INCORPORATED WITH PONTIFEX AND WOOD, LTD.) 1448 
UNION FOUNDRY, DERBY. LONDON OFFice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


JOHN SPENCER & SONS, Lime. 


(WORKS :—At NEWBURN and OUSEBURN, NEWCASTLE-ON-TYNE). 
NEWBURN STEEL WORKS, NEWCASTLE-ON=TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE: 27, Westgate Road. LONDON: 82, Victoria Street, Westminster, S.W. 


ON ADMIRALTY LIST. 


ME ANUOEAOTUEEE:SS or STEEL: 


BY THE SIEMENS, CEMENTATION AND CRUCIBLE PROCESSES. 


SHIP AND BOILER PLATES UP TO I2 FEET WIDE. 


INGOTS, SLABS, BLOOMS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILHR FLUES. 
STEEL FORGINGS, STEEL CASTINGS, of all descriptions, to any weight, Rough or Machined. 
CRANEK AXLES & SHAFTING HYDRAULIC PRESSED. 



































SPERIN GS..— Laminated, Volute, Patent Improved Volute, Conical, Spiral (Original Manufacturers of Volute Springs). 


BUEEEBES, of Wrought and Cast Iron, of all descriptions. Best Cast Steel for Tools from finest Dannemora Brands, Best Cast Steel Files. 
IRON FORGINGS OF ALL KINDS. FOSTER’S & FOWNES’ PATENT CRANK —_—s— 


WASTHENEYS SMITH’S PATHNT STOCELESS ANCHORS. 
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| VICKERS, SONS & MAXIM, LTD., SHEFFIELD. 


on Offices, 28 & 32, Victoria pon 28 sr Aa S.W. 
TOOL STHHI, OF ALL DHSCRIPTIONSB. 


BEST CAST STEEL TYRES, CRANK & STRAIGHT AXLES. 
MARINE CRANK & STRAIGHT SHAFTING & PROPELLERS. 


SOLID CAST STEEL CROSSINGS, BELLS AND HEAVY STEEL CASTINGS. 


ELECTRIC GENERATORS. ELECTRIC MOTORS. 
COMPLETE EQUIPMENTS for ELECTRIC DRIVING or LIGHTING of FACTORIES. 
CONTRACTORS TO THH BRITISH GOVERNMENT FOR 


FINISHED GUNS, GUN FORGINGS, STEEL SHELLS. SOLID STEEL ARMOUR PLATES 
CROW, HARVEY & C0., STEEL AND IRON WORKS PLANT. 


REVERSING MILL ENGINES. 
Park Grove Ironworks, 


GLASGOW. : 7 


HEAVY PLATE SHEARS. 
TENSILE AND BEND TESTING MACHINERY. 
HYDRAULIC MACHINERY. 
PUMPS AND ACCUMULATORS. 


CIRDERMAKERS’ PLANT. 
FIXED AND PORTABLE RIVETING MACHINES. 


HYDRAULIC PRESSES for TROUGH 
HYDRAULIC PRESSES AND CRANES. 


FLOORING. 
CROW’S PATENT FLUE FLANGING MACHINES RADIAL DRILLING MACHINES. 
AND PORTABLE RIVETING MACHINES. 
































FOR ADAMSON’S JOINTS. PLATE-STRAIGHTENING ROLLS. 


BUILT CRANE SHAETS. STEAM HAMMERS. ™ 


WHEELS. 


CAST-IRON WHEELS of all descriptions. 


MACHINE MOULDED AND MACHINE CUT. 
LARGEST MAKERS IN THE KINGDOM. 


THOUSANDS OF MODELS to select from. oz 
URGENT BREAKDOWN WHEELS a Specialty. 
QUOTATIONS AND ALL INFORMATION FREELY GIVEN. 





























PATENT ALL-STEEL 
SELF-EMPTYING 


BOCIE COAL WAGON j 


Under a test load of 


100 TONS 


composed of 40 tons of 
— and 60 tons of Pig 
ron, 






| FOR THE NORTH. EASTERN 
} RAILWAY. 


Tare Weight: 


16 Tons 3 Gwt. 











DIMENSIONS; 





Total weight on Ralls : eesy 8 on 
16 Tons 3 Gwt. Hep hon Has “10% 





——9——— 


These Wagons are con- 
structed to traverse a curve 
{ = . of iio — radius and — 

4 : am : z Ps ae... & saving when com w 
‘na guarantee this ne 3x : see. oes Be teabig aru aitilticin a a kay AEE ne elf STE UT EEE EE " = nd , Wiis: the nd orn 8 vege wenn four- 
agon = se me =f ed alle heeled Wagon of 40 per cent. 
40 tons in 40 seconds, “= 598 regan 


Constructed by "Maar LEEDS “FORGE! Co. L:rp. _ LEEDS. 


Agents: Messrs, TAITE & CARLTON, 63, QUEEN VICTORIA STREET, E.C. 


This test the Wagon stood 
se permanent set or 
injury. For | details see 
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ALLIS-CHALMERS CO., 
CHICAGO 











BULLOCK 
Electrical Apparatus 
for all purposes. 


SELF-OILING SHEAVES, PULLEYS, WHEELS, be, 


Cargo and Mast Blocks, 
Boat Falls, Steering Gear, 
Cranes, Mining Truck 
Wheels, &c. 


Dm | After 9 years’ hard wear—good as new. 
Only require oiling twice in 12 months. F as oS 
e- USED BY H.M. ADMIRALTY AND PRINCIPAL BRITISH AND FOREIGN SHIPOWNERS. 


Send for Lists, &., WILLIAM REID & CO.., (12, Fenchurch St., London, E.C, 


AND 44, DEAN STREET, NEWCASTLE-ON-TYNE. 


STEEL BOILER TUBES. 


DON'T HRUOUN RISES ! 


USE WELDLESS GOLD DRAWN TUBES 
HOWELL & = Limiten, SHEFFIELD, encuawo. 


“HONSLET ENGINE 00, 1d. 


LAH DS. 
Makers of Locomotive Engines 


adapted to every variety of work and gauge. 








4760 


















































Designs & Specifications Supplied or worked to. 
Quotations and Specifications 
on application. 


Telegraphic Address : ‘‘ Engine, Leeds.” | Telephone: No. 528. 








6084 
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Ernest Scott & Mountain Ld. 


ELECTRIC LIGHT & POWER ENGINEERS, 


GLOSE WORKS, NEWCASTLE-ON-TYNE. 


Telegrams :—“‘ESCO, NEWCASTLE-ON-TYNE.” 








MANUFACTURERS OF— 
ELECTRIC LIGHTING PLANTS. 
ss HAULING ‘" 
os PUMPING 99 
PP COAL-CUTTING ,, 
VENTILATING ,, 
DYNAMOS and MOTORS for both 
Continuous and Alternating Current. 


NEW LISTS ON APPLICATION. 





Branches at— 
LONDON, E.C.—Norfolk House, Laurence Pountney Lane. ; eee 2 
CARDIFF—8, Working Street. Boas ERE STRATE Re ee 
GLASGOW—83, Hope Street. “Scott & Mountain” Standard Type Three-Phase Induction Motor of 150 HP. 


STOKE-ON-TRENT —St. Peter’s Chambers. 
SHEFFIELD, &c., &c, Agencies at—BOMBAY, SYDNEY, SHANGHAI, SINGAPORE, &e. 6412 










































SUGAR-MAKING MACHINERY. 


Three, Four, and Five Roller Sugar Mills, 
Triple and Quadruple Effet Apparatus, 
Steam Engines and Boilers, 
Vacuum Pans, 
Filter Presses. 





FE > SSS 


! 





Juice Heaters, 
Vacuum Pumping Engines, 
Cane Cutters and Shredders, 
Clarifiers, Defecators, Subsiders, &c., &c. 


Eglinton Engine Works, GLASGOW. 


SEE ALTERNATE ADVERTISEMENT FOR SHIPYARD MACHINERY. 


. & A. MUSKER, Ltd., 


ci ‘V Ei RPOOK. 

















Telegraphic Address: “MUSKERS, LIVERPOOL” 


HYDRAULIC ELECTRIC 





CRANES, CRANES, 
DOCK MACHINERY, DYNAMOS, MOTORS, 
PRESSES, LIFTS, 
COAL TIPS, LIFTS, CAPSTANS, POWER AND LIGHTING PLANTS, 
PUMPS, CAPSTANS, PUMPS, es 


STEAM MOTOR WAGONS. | - CONCRETE FLAG MAKING MACHINERY. 
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NORTH BRITISH LOCOMOTIVE CO., L™. 


HYDE PARK LOCOMOTIVE WORKS GLASGOW LOCOMOTIVE WORKS ATLAS WORKS 
(Late NEILSON, REID & CO.). (Late DUBS & CO.). (Late SHARP, STEWART & CO.). 


Head Ofice:-Hyde Park Works, SPRINGBURN, GLASGOW.  1oco.Giasaow. 


LONDON OFFICE :—I7, VICTORIA STREET, WESTMINSTER, S.W. 


La ie ie die i dite i Ale i Ai A Ain An A A An A i A i i i in a i Mn i i i i i i i i i i i i i al 


BUILDERS OF ALL EINDS OF 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY CAUCE OF RAILWAY. 
















Annual Capacity: | | Workshops Equipment: 
7OO - : a RN ee as i SKK TTT, [ fm Boodoo Men. 
MAIN LINE =e. | Ze 

OUTPUT NOW EXCERDS 
LOCOMOTIVES 16,000 





LOCOMOTIVES, 





€290 


THE LARGEST ‘LOCOMOTIVE WORKS IN EUROPE. 














SOCIETE ANONYME DE_TRAVAUX ROLLING STOCK FOR RAILWAYS. 
DYLE ET BACA LAN, | CARRIAGES, WAGONS, LOCOMOTIVE TENDERS, TURNTABLES, 
HEAD OFFICE: 15, Avenue Matianon, PARIS. | WHEELS AND AXLES. SPRINGS. 
WORKS: oe (BeLaium), BORDEAUX (FRANCE). 
ONDON OFFICE | BRIDGES, PIERS and STRUCTURES in Steel and Iron. 
ESTLER BROS., 25, LAURENCE POUNTNEY LANE, CANNON ST., E.C, WELDLESS DRAWN STEEL TUBES,“ 


Telegrams : DYLBACALAN, Paris; IsOLABLE, LONDON. Telephone : No. 6096, BANK. 

















JAMES FAIRLEY & SONS iver" 
General Steel Manufacturers, and SPECIALISTS in TOOL STEELS 


invite attention to their Unrivalled Self-hardening Steel. 


FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds. 


Is considered to be the HARDEST and TOUGHEST Steel yet mad t a the Market uronn samples free to approved buyers. 
NOTE.—JAMES FAIRLEY & SONS’ WORKS (Bramall Lane, SHEFFIELD, . sa a Mill’ Bt. Forge and Rolling ; Mills, B MINGHAM) are merely Branch ch Departments, and 
4ar All Communications should be addressed to the Head id Offices OLD MINT, SHADWELL STREET, BIRMINGHAM. 1719 


= “LA METALLURGIQUE ” 


(Société Anonyme de Construction). 




















Works :—LA SAMBRE, TUBIZE, NIVELLES. 





LOCOMOTIVES, konden_ Q@UTBILL-KING & CO., 
RONNIE STROM, aaisajene-tann Tn” Tansnone OTe AVE. 
canine PERMANENT-WAY MATERIALS, e421 
ee BRIDGES, STRUCTURES, &c. 
MOTOR CARS -Special Works at Datchinseni, near Chadierel. q 











Jenkins Bros. Valves 


Fitted with Jenkins Renewable Discs. 


Globe, Angle, Check, Cross, Safety, and Y Valves, both screwed and flanged, are 
manufactured of the best steam metal and are fully guaranteed. If you want the 
best, ask your dealer for valves manufactured by Jenkins Bros. Remember all 
genuine are stamped with the Trade Mark. List on APPLICATION. 


B JENKINS BROS., ovesrveore sve, LONDON, E.C., 


AND AT 4 JOHN ST., NEW YORE, U.S.A, 
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“MANNING, \ E & OC 


BO'Y NM Ei a WwWoREzEs, LeiirnDs, od 2486 


Makers of Looomotive Engines for any width of gauge and for all purposes. Materials and workmanship of the best quality. Tank Engines up to 15 in, Cylinders, on four or six wheels, always in stock or in progress. 
Makers of Robbins’ Patent Driving Axleboxes. Specifications, Photos, and Prices on Application, and Special Designs sent on receipt of particulars of requirements. The‘ ABO” and “The Engineering Telegraph Codes” used. 


ae 6 BALDWIN LOCOMOTIVE WORKS. 


andrew TOCOMOTIVES..u 222: 


Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electric Trucks. 


Burnham, Williams & Co., Philadelphia, Pa., U.S. A. 


Code Word—“ Baldwin,” Philadelphia. 
General Agents :—Messrs. SANDERS & C0., 110, Cannon St., LONDON, £0. C. 





























A. BORSIG, BERLIN-TEGEL, 


ESTABLISHED 18387. 


HIGH-CLASS SIMPLE AND COMPOUND LOCOMOTIVES 


Adanted to every variety of Service. 


Oldest Locomotive Works on the Continent. Modern Shops, Latest Designs. 
5300 LOCOMOTIVES BUILT. Annual Capacity: 400 Locos. Over 8000 Workmen. 


2 GRANDS PRI, PARIS, 1900. 6227 
sovuxr; E. C, AMOS, M.I. Mech. E., 20, Bucklersbury, LONDON, E.C. 




















BUILDERS OF 


LOCOMOTIVES 


For all Classes of Service. 





LONDON OFFICES: 
26, Victoria Street, 
Westminster, S.W. 


ee ee 


Age Ce ea: Soe SoS 
pe Na ii Sl hoe ame 6702 





IMPERIAL BANK BUILDING, VICTORIA ‘SQUARE, MONTREAL, CANADA. 


THE PULLMAN COMPANY, 


BUILDERS OF ALL KINDS OF RAILWAY AND BLHOTRIO OARS. 
Telegraphic Address: 
a Works: PULLMAN, ILL., U.S.A. ile 


London Office: 26, VICTORIA STREET, WESTMINSTER, ENGLAND. 


| R.& W. HAWTHORN, LESLIE & CO., LTD. 


68 OTT ee «LOCOMOTIVES 


= Of every description for Home and Foreign Railways. 


emeeee ‘Tank Engines & Combined Cranes & Locomotives. 


ALWAYS IN STOCK AND IN PROGRESS. 
For Oollieries, Ironworks, Railway Dep6ts, Branch Lines, Oontractors, &-c. 




























Telegraphic Address :—‘‘ Locomotive, Newcastle-on-Tyne.” ESTABLISHED 1817. 


NEWCASTLE-ON-TYNE. «x: 
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BOILERS 


and all the latest machinery and tools. 
ESTIMATES SUBMITTED FOR ANY TYPE OF BOILER FOR ANY PRESSURE. 


6 £.R. &F. TURNER, L™ & 


—— (132), IPSWICH, ENGLAND. 


_ > (S26) 






























‘THIS Diagonal NOTCHING MACHINE cheapens the cost of 
producing boxes which are required to withstand severe 
strains and rough usage. 

It makes a very strong joint; and for purposes where nailing 
is insufficient and dovetailing too expensive an operation, this 
machine is entirely satisfactory. 

Largely used for making ammunition, fish and mineral water 
boxes. 


All particulars of— 


THOMAS ROBINSON & SON, LTD., 
Od 6602 Raitway Works, ROCHDALE. 






































LOCKWOOD &CA RLISLE,Ld. 


HAGE] FOUNDRY, SHEE FIEID. 


Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376. 


Improved paihie-qation Metallic Piston Packing Rings & cee. 


es | PATENTS. 








aN s SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. sil 
Improved Seuhinsiatied Piston Valve Ring. ALL P ACKINGS GUARAN TEED. ar a hte p-seace-dg cue 


COLLIERY EXHIBITION, Agricultural Hall, LONDON, 


JUNE 25th to JULY 2nd, 1904, 


HOPKINSON’S PATENT SAFETY 


BOILER MOUNTINGS & VALVES FOR ALL PURPOSES. 


INSPHCTION INVITED. 


J. HOPKINSON & CO., LIMITED, 














pease emer ae 165, QUEEN VICTORIA STREET, LONDON, EC. phere: sa 
Valvestem,” London. 5672, Bank, London. 
“ Hopkinsons,” Glasgow. 41, BOTHWELL STREET, GLASGOW. 1555, Argyle, Glasgow. 


“Hopkinson,” Cardiff, ROYAL BUILDINGS, PARE PLACE, CARDIFF. 1067, Cardiff. 6618 
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STEVEN’S 


HIGH TENSION 


MARINE BRONZE. 


SPECIALLY SUITABLE FOR 


PROPELLERS, VALVE SPINDLES 
And all Castings where great strength is required. 


‘ ESTIMATES GIVEN FOR PROPELLERS OF ALL KINDS, AND 
_ LARGEST DIAMETERS CAST AND FINISHED COMPLETE. 
Tests and further particulars on application. 





GLASGOow . 


London Address: 60, FENCHURCH Be ndernant & E.C. 


Brazil, Holborow & Straker Ltd 


VULCAN IRONWORKS, 
. « BRISTOL, 


— MAKERS OF — 


High-class Triple-expansion, 
Corliss and other Steam Engines; 


ALSO 


PUMPING MACHINERY. 

















/ LONDON Office: 9, Bush Lane, Cannon S&t., E.C. 
Telegrams: “ Hydraulic, Bristol.” 4514 

















FOR THE LAST 30 YEARS 


HAVE BEEN RECOGNISED AS THE 


BEST on the MARKET. 


eee ee ee ee ee ee ee ars FEO PV REE Ee aaa eae So 


FILTER PRESSES FOR USE IN BREWERIES A SPECIALITY. 


ABSOLUTE EXTRACTION ASSURED. 





HIGHEST EFFICIENCY. UTMOST SIMPLICITY. 
—oee" =8=8=FEsté‘i‘—SCSCS- The KLEIN ENGINEERING COO., Lit. 
CHAMBER} FILTER PRESS. 94, Market Street, MANCHESTER. 2x 
With Wood Plates and Central Feed. To work at Pressures of from 29-to 140 Ib. Telegrams: “MODERNIZE, MANCHESTER.” Telephone: No. 4070. 














STEVEN & STRUTH ERS, 
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arse 





=— 
3937,Saved.—Leather Belting, 
mental .tofection, {© Home and Foreign Uallway snd Public 
Com ; P xchanical and Electrical Engineers ; 

Corn, Cement Mills, &c. Excell 


Messe 9 





unrivalled durability under most exacting 
1} in. in. 
in,, 2s.; 12 in., Ss. 


“oie: 8 in., 1s. 24,; 
4 in., 1s. 64.; 6in., Os. 64. ; 19 in., Ge. 8d. per foot run, 
UNSOLICITED: 


Best we ever had.” 
“ Pally as good as what we lately paid nearly three times the 
money for.” 


diti f ‘k, full teed. 
conditions of work, fully 
SINGLE LEATHER SELTiNG: 1 in. wide, 14. per foot ; 
og ¥- , 4d.; 2% in., ; 8 in, Ghd: 9} in, ; 
4in., 10d.; 5 in., is. ; 6in., ls. 38 
DOUBLE LEATHER BELTING: 2 in. 


“Shall send you all our 
Paid to any address (or nearest station) in the United 
Kingdom, Da fob. any port, FOR CASH WITE 
ORDER ONLY. 
Any Length, any Width, despatched instantly from stock. 
BEST BELTING O0., LTD., 18, Cullum Street, London, E.O. 
Tel “ Notwithstanding, London.” 8777 


ON 








TRADE MARK 





Castings 
Blow-hole Cement 
for 
Foundrymen. 


SMOOTH-ON MFG. CO., 
Jersey City, N.J., U.S.A. 





Sole Agents for 
the United Kingdom— 
HODGSON HARTLEY, L4td., 
85, Victoria Buildings, 
Manchester. 
5108 














FIRST-CLASS MEDALS :—PARIS, 1885; LONDON, 1862. GOLD MEDALS :—PARIS, 1878; MELBOURNE, 1881. 


=(SHELTON IRON. SHELTON STEEL. 


All Sizes and Sections of Bars, Angles, Tees, Channels, Girders, Plates, Sheets, Light Rails, ac., ac. 
FORGE AND FOUNDRY PIG-IRON, STEEL BILLETS, BLOOMS & SLABS. 


i Finished Iron : - m Steel : : 
BRANDS :— @® , “GRANVILLE” QP, «suerton STEEL,” WILLE.” 


“‘ SHELTON” “G 





Enquiries to:— 
THE SHELTON IRON, STEEL AND GOAL CO., Ltd., Stoke-on-Trent, STAFFORDSHIRE, 
Telegraphic Address: ‘‘ Shelton, insteciaiaane yg ~ gon = LONDON, EC. 


1237 
Telegraphic Address: ‘‘Sheltonian, London.” Tel. No. 886, Bank. 











PROMPT DELIVERY. 


London Office: 
— 930 — 


GANNON ST., E.C. 


Telephone; 937, BANK. 





All © 
to be addressed fo the 
Works. 








\ 


& — oe : en ‘ 6598 
WIMSHURST,' HOLLICK & CO., LT» 





SOUTH FAMBRIDCE, 
ROCHFORD, 




















THE MASON 
Pump Pressure Regulator, 


Fire, Waterworks and 
Elevator Pumps. 
Guaranteed not to stick, 





e /T 18 THE STANDARD. « 











THE MASONREGULATORCO. 


BOSTON, MASS., U.8.A. 


Manufacturers of 


Steam Pumps, Reducing Valves, Dam } 
lators, and Steam Regulating liplianes of 
descriptions. ae 


COPENHAGEN : Gothersgade 155. LON: 3 
147, Queen Victoria Street. po 





Ps 33, 
Rue des Peignes. SYDNEY: 74, Clarence 
Street. KECBOURNE: 435, Street. 


ESSEX. 
SIR WILLIAM ARROL & CO., Ltd., 
CONTRACTORS, ENGINEERS, BRIDGE BUILDERS AND DESIGNERS OF STRUCTURAL IRONWORK. oss 


Dalmarnock Ironworks, BRIDGETON, GLASGOW. 
—— ALSO MAKERS OF —— 
HYDRAULIC PUMPING ENGINES. ACCUMULATORS. 


— a 
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BUILDING DESIGNED AND ERECTED OVER SCRIEVE BOARDS AT CLYDEBANK SHIPYARD. ROOF WHOLLY COVERED WITH GLASS. 
ARROL’S PATENT HYDRAULIO RIVETING MACHINES. ORANES, STAMPING PRESSES, &c. 
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LATH tosne FOR HEAVY = alga AT HicH S SPEEDS 


FROM 8 in. in. OENTRES 
UPWARDS. 





Specialities :— 


LATHES OF IMPROVED DESICN 


HIGH-CLASS WORKMANSHIP. 


RYDER FORCING MACHINES. 


6277 





VIEW OF 10-in. CENTRE LATHE. 


THOMAS RYDER & SON, Turner Bridge Works, TONGE, BOLTON. 





FORRESTIT & CO., Ltd., Ship, Yacht, Boat Builders and Engineers, 


THE SHIPYARD, WYVENHOE, ESSEX, & 101, LEADENHALL ST., LONDON, E.C. 


‘ FORESTIERE, LONDON.” Telepho No. 





Telegrams: ‘‘ FORRESTT, WYVENHOE ;” 


"SJUQWIUZAOH UZies04 419Y4}0 pue 
‘oulquediy ‘uBiajog ‘uelyd ‘ysiuedg ‘uvissny 043 03 s10}9Bu,U0D 


for the Colonies, Egyptian Government. 





Contractors to the Admiralty, War Department, Crown Agents 


Stern-Wheel Steamers ‘“ MILLIPED” and ‘‘POLYPODE.” — Dimensions: 114 ft. long by 16 ft. beam, 
Speed: 11 miles, Draught: 18 in, |LIGHT-DRAUGHT STEAMERS A SPECIALITY. 


PATENT SLIPS AND. DRY. DOCK AT WYVENHOE. 


ELECTRO-GALVANIZING PLANT. 















& over 55 years. ad 
THOrHS OMIM & 
—D OF iF SALTL 





_ Esta blishea 












m 25053 > 
LEY, 


(wituam SMitHs MANAGING Yen) 


BSIRMINGHAN." 


‘STAMPINGS 


OTOR GR, ELECTRICAL 
anv ENGINEERING - TRADES 
©HIPBUILDERS., [ts 


(Cnifactors to. Admiralty, War Office. *> 


iredia Oftice. 
BRITISH anm “ _FORTIGN RAuways. 










































Acsusere 
& RELIABLE. 






















MOTOR CAR VALVES, GAUGES, &c. 


ASHTON POP 





Safety & Water Relief Valves, 





Send for List 8a, Post Free. 


ASHTON VALVE CO. 


Hobdell, Way & Go., Lea. 


68, CRUTCHED FRIARS, 6595 
LONDON, =.cC. 


H. COLTMAN & SONS, 


MIDLAND IRONWORKS, 











_ Lovansorouen. 





EsTaBLISUED 1874, 





MAKERS OF 


ALL CLASSES OF STEAM BOILERS. 
Large Stocks kept at Works, and 


Lonpon SToREs, Py bay bane a 9 ’ sconmand oe. 
Kent Road, 8. 


BodleyBros.&Co. 


OLD QUAY FOUNDRY & ENGINE WORKS, 
EXETER. 


— (ON ADMIRALTY LIST.) —— 








WORM CEARING FOR REDUCING SPEED FROM 
ELECTRIC MOTORS. 6533 


Made to an wer and f n 
y po pF cad any reduction 





PBIOE ON REOEIPT OF POWER AND SPBED, 














SS ee, See 
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Telegrams : “ BRATTICE.” nr ~ i. 
cia ABBOTT & CO. . cNeWwARK), Limite, 







120, BUTE STREET, 
CARDIFF =". 
PELTON WATER WHEELS and 
GOVERNORS. 








All wearing parts Phosphor 
Bronze and Steel. 
All Wheels Guaranteed. 


for H.M. and Foreign 
Governments. 


AGENTS WANTED. 


PERCY Prrman, Bossury, LepBuRY, HEREFORDSHIRE, 




















PERFORATED STEEL}METALLIC NaMe PLATES 









ARN 
oh RNS 
x Sate 


Keune Rates 2 


?, re 
° Fhe awk 





~ , Mmomrrie 1N CHINESE, 
W. BARNS & Si SON, 
CHALTON Sst, LONDON... NW. coos 


Bee 
ee 



















THE 


“Richardson” 
CENTRAL VALVE 
ENCLOSED 


STEAM 
PUMP. 


For all Classes of 
Boiler Feeding, 
and 
for all Pressures to 


300 th. 


SIZES :— 

30 gallons per hour 
and upwards. 
Made in 3 Patterns 

HORIZONTAL, 
VERTICAL ard 
cy WALL. 5460 


Can be made for 
Air and Vacuum. 





near Manchester, 





MAKERS 
D. LLEWELLIN EVANS, EVERY TYPE 


Highest Efficiency. STEAM 


PELTON WHEELS built | Fygm 7 to 200 /. HP. 


50 /bs. to 300 Ibs. 
Working Pressure. 


OF 


High Pressure 


BOILERS 
























Made 
from 


510. to 2 in, 


London Representatives ; 


E. H. TURNER & CO., 4, Lio as Lomas 
Fenchurch Street, 


A Large Stock 


VERTICAL 
BOILERS 


ALWAYS READY 


FOR 


Immediate Delivery. 


5875 

















Price 6486 
from 


105. 9d, per gross 


LIST FREE. 














CONTRACTORS 
TO THE ADMIRALTY, 
WAR OFFICE, 
INDIA OFFICE, 
&ec., &ce. 


THE _a 


Richardson, 
esac. IBRITANNIA ENGINEERING C2: 12: COLCHESTER, Enc. 


sh 






Vind j 


MODERN 
MACHINE TOOLS 
HAVE 
STOOD THE TEST: 


OF 
&O YEARS. 0432 


i 
{at F § 


? —_— 
¥) 


No. 12 Pillar Drill 
(as made for Indian States Railways). 








Head Office and Works: 
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5877 











THE PATENT r SHAFT & AXLETREE EE 00, LTD. 





WEDNESEBUNRYT. 





LONDON OFFICE: 











> Se ee aon = 


Benares Bridge over the Ganges. Weight 7000 tons. Steel. Wheel Group. 





MANUFACTURERS OF 


RAILWAY WHEELS & AXLES, BRIDGES & ROOFS, “™ 


Also of all Sections of Iron & Steel, Tyres & Axles, Switches & Crossings, — Tanks, Gaswork Plant, rhea andevery description of Railway Material, 


7 a F 
Rate 


aes TT | 





FAILSWORTH | 


ror BXErE HAL AM PHP iREEWcineeRine Ce ase? 



















NOTTINGHAM. 
HIGH-SPEED 


VERTICAL ENGINES 


OPEN AND ENCLOSED. 





LONDON and EXPORT OFFICE— 


j Members’ Mansions, 86, Victoria St., Westminster; S.W. 





FEED- HEATERS 


BERRYMAN AND OTHER TYPES. 





CONDENSING PLANTS. 
COPPERSMITHS’ WORK. , 
C. M. & BRONZE CASTINGS. 


ISAAG STOREY & SONS, Ltd., 


Empress Foundry, MANCHESTER. 
London Office : 6475 
46, KING WILLIAM S8T., B.C. 


ELECTRIC 








Capacities: 10 cwt., 2 ton and 4 ton, 





Prices ON APPLICATION. 





5621 


S. H. HEYWOOD, 


ELECTRICAL ENGINEER, 





#5 5, NEW LONDON STREET, E.C. 


Telegrams—READERS, NOTTINGHAM. 6009 








REDDISH. 








LIFTING BLOCKS, 








{ 
} 
i 
i 
if 
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' PATENT 
St. Andrew’s Works, Bu Bary St. Edmunds, SOREENING 





COWANS, SHELDON & CO.,LTD., 


CARLISLE. 6454 





See Ilinstrated Advertisement, June 10th, page 58. 








FOR ELECTRICAL 


REPAIRS 


Standard Insulating Varnishes, 


SELLING Acznts: PINCHIN, JOHNSON & CO., Lap., 


23, Billiter Street, E.C. 6500 














The “PICTOR” 
DRAWING INKS, 


Supplied in 12 Colours 
in full ounce bottles, with 
Filler. 


ONE SHILLING EACH. 


SOLE AGENTS: 


Ryre«Spottiswoode 
GREAT NEW ST., 
LONDON, E.C. 


Or from all Stationers and 
i Artists’ Colourmen. 
A LIQUID, NON-BLURRING 
WATERPROOF INK. 
6598 


HALF SIZE 
ILLUSTRATION, 


A BOON TO ALL DRAUGHTSMEN. 


JOHN BELLAMY, | 


Engineers & Boiler Makers, 
MILLWALL, LONDON. 


Telegraphic Address: “ Bellamy, London.” 
Telephone No. 157, Eastern. 








High-Chass BOILERS: of all types. 


Tanks, Cisterns, Cylinders, &o. °° 











GRAIN, MALT AND 





R. BOBY = 











AWARDED COLD MEDAL, “4°=IN=®¥ 


PARIS EXHIBITION, 1900. ALL PURPOSES. 


RELIABLE LOW-WATER SAFEGUARD. 
“National” Patent 








“GOTHIC” 
GAS « OIL ENGINES 


IMPULSE EVERY REVOLUTION. 


See Illustrated Advertisement appearing Monthly. 


“Improved Valve-Seated” 
FusiBLe pLucs, |"HOMAS GLOVER & C0, lit. 


Especially suitable for LANCASHIRE Telephone; No. 6159, BANk. Tele. Address; Goruic, Lonpoy. 
and CORNISH Boilers. 


& Special = efile and all HIGH-CLASS 


varionk“sorzen MACHINE TOOLS. 


General Insurance Co., Ld., Standard and Special. 


Head Office :—22, St. ANN’S SQUARE, 
MANCHESTER. 
London Office :—60, QUEEN VICTORIA 
STREET, E.0. 63592 
Lists Post Free. 




















See Illustrated Advertisement third issue in 
each month, 


HULSE &CO., Lid., 
Ordsall Works, MANCHESTER. 










Screwed 13, 14 and 2 inch Gas Thread on the Seating. 











PATENT 
Circular Cold Sawing Machine. 


With Automatic Feed and Swivel 
Head for cutting mitres without 
shifting the object. 







Made 
in 5 sizes, 


Cheapest 
Machine in the 
Market. 








6205 





MACHINERY 


For the Economical Production of 


Pressed Seamless Hollowares, &c. 


— OF — 

STEEL, BRASS & OTHER SHEET METALS. 
Coins, Medals, Buttons, 

Cartridge Cases, Parts of Bicycles, 
Electrical Apparata, &c. 





No. 2 aa; Mo-& fo. ty 30 in; No. 8, 
Bin. by Ib art No. Oh taste agian No. om bs ante’ 


HACK SAWS. 


With Fixed or Swivel Vices in different 
constructions, largest size to cut 7” x8”. 


Also for the Manufacture of— 
Military Gunpowder and Gun Cotton. 








Apply to B. BECKER & CO. 


53, City Road, E.C. 








= Cutsout 28m Disc wm 
12am. HOLE ar ene STROKE 

















aPaess 3 crane — 











FRIED. KRUPP, Essen & ANNEN 


Manufacturer of Crucible & Siemens-Martin 


OTEEL CASTINGS 


EOR ALE PURPOS FAS. 042s 


To pass Admiralty, Board of Trade, Lloyd’s, and Bureau Veritas Tests. 


AUGUST REICHWALD (‘s:ccscscccx"), Finsbury Pavement House, Finsbury Pavement, £0 
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J. TOMEY & SONS Ltd. 
JUST PUBLISHED. Post Free. 
COUNSEL OF EXPERIENCE Gold Dredges 


A Treatise on the latest Drawing and 
Surveying Instruments and Materials. 
INCLUDING PARTICULARS OF 

The Pelham Drawing Apparatus. 
Thornton’s Patent Combo Needle Points. 
The Hawthorn Adjustable Drawing Table. 
The Leoham Patent Device for Attaching 
T Square to the Drawing Boards. 
&e. &e. 


RECENTLY PUBLISHED. A 1903 


NEW EDITION OF CATALOGUE. 


With a a 240 pages, _ 8vo. 


A. G. THORNTON, 


Practical Manufacturer, 


Contractor TO His Masxsty's GOVERNMENT, 5974 


‘| King Street West, MANCHESTER. 


The Pratt Chuck 

















and how it drives drills without slipping i is 3 
explained in our free 


THE PRATT CHUCK CO., FRANKFORT, Hy 


By. English Agency: SELIG, SONNENTHAL 
and CO., London, who keep a large stock. 








Improved All-Steel Prospecting Dredge 
Light, Strong, Cheap and Efficient. 
A. W. ROBINSON, 
14, Phillips Square, Montreal, Canada. 
25 years’ experience in more — 125 dredges. 


Cable Address, ‘‘D lontreal.” 
Code ABC, Fou Editions 6127 





OGILVIE DREDGE, STUART RIVER, YUKON. 
Send for pamphiet, “‘How to Make Gold Dredging 














STEAM CRAN ES 











HENRY J. COLES, wife, Derby, 


THE BLAKE-KNOWLES 


SURFACE CONDENSER, 





ees |With COMBINED AIR & CIRCULATING PUMP. 





ARTESIAN 


BORED TUBE WELLS. 


NORTON’S PATENT 
“ABYSSINIAN” TUBE WELLS. 


POWER and HAND PUMPS. AIR-LIFT PUMPS, 


LE GRAND & SUTCLIFF, 


Contractors to the Admiralty, War Departmen 
of Norton's Patent ates 
Works, 





BUNHILL ROW, LONDON, EC 





CROSS COMPOUND DUPLEX FLY-WHEEL, 
and ELECTRICALLY or POWER-DRIVEN AIR PUMPS. 


FEED-WATER HEATERS. AIR COMPRESSORS. 


The Blake & Knowles Steam Pump Works, 


179, Queen Victoria Street, London. 


Telephone: Nat., 5087 & 5097, BANK. Cable and Telegrams: ‘‘STEAMPUMP, LONDON,” 








Write for Illustrated Catalogue. Fullest possible Information Given. 





THE MORRIS COHEN COMPY., 


— Vulcan Works, — 
ALFRED ST., LEEDS, 
Manufacturers of 


SMALL SCREWS, BOLTS, 
NUTS and STUDS, 


in STEEL and Ley 
STANDARD WHITWORTH AND 

BRITISH ASSOCIATION 
THREADS. 6444 

Large Stock always held. 
Illustrated Catalogue D post free. 


LIFTS 
CRANES. 


= As fixed at all principal Hotels, 
Clubs, Railways, Offices, Stores. 


R. WAYCOOD & CO., L™. 


BS By Special Appointment to H.M. The King. 
Falmouth Road, 8.E; 6280 


CYANIDE 


TheSCOTTISH CYANIDE C0.,1d. 
LEVEN, FIFE. 


LONDON and TRANSVAAL Fe eg Bem Messrs. ROBERT 
ae & 00., 10, Eastcheap, London, £.0. 


i WHEELS, 

D STRAP’ 
PULLEYS 

FLYWHEELS 


























Patent “ Calliper” 
FRICTION CLUTCHES 


FOR ALL PURPOS! 


= ane 
‘ROPE | 











Barnbrook Works, 


JAMES C. KAY & Co., BURY, LANCS. 
An 

Ideal 
Governor 
for 
Marine Engines. 


This Governor will anticipate an increase in 
Pree overages + ty race to d 
For full particulars, address— 


M. F. VOLKMAHMN, 
Santa Monica, Cal., U.&.A. 


THEODOR WIEDE’S 


Maschinenfabrik A.-G., 
OHEMWNITZ (Saxony). 


Spring 
overnors, 


TOLLE SYSTEM. 
For STEAM ENGINES, 





PATENTED. 





ine 

on 
This Governor will control 
6078 











COMPRESSORS, 
‘PUMPS, &o. 


BEST EXISTING SYSTEM, 
nnn ees fa speed —s 

™eoutcent a fluctua’ 
of speed. 6690 


(ma) Several firms have each 
/ been with over 














APPLY For CATALOGUE. 


300 Governors. 
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MANCHESTER. 


&. STEBRNE & CO., I: FD., THE CROWN IRONWORKS, GLASGOW. 


REFRIGERATING & ICE MACHINES 


EMERY WHEELS « EMERY GRINDING MACHINES. 
SPIRAL SPRINGS. ad 


Lonpon Orricze : DONINGTON HOUSE, NORFOLK STREET, W.C. Paris Orrice: 10, RUE LAFITTE. 


THE EDWARDS patent AIR PUMP. 


FOR SURFACE, EVAPORATIVE AND JET CONDENSING PLANTS. 


NO FOOT OR BUCKET VALVES. 


= “ : in y Fitted to more than 130 of the principal 
sat (a. [ \fe u Electric Lighting and Traction Stations, 
a¥ ha Wl | and to over 1200 Steamers. 
AD L 












































Specially suitable for the 


HIGH VACUUM REQUIRED 


FOR STEAM TURBINES. 








FOR FURTHER PARTICULARS APPLY TO— 6406 


Telegrams : ‘* MANAGEMENT, LONDON.” THE EDWARDS AIR PUMP SYNDICATE, Ltd., 


3 & 5,.CROWN COURT, OLD BROAD STREET, LONDON, E.C. 


The India Rubber, Gutta Percha & Telegraph Works Co., Ltd. 
| “SILVERTOWN’” 


VULCANISED INDIA RUBBER:—Hose, Driving Bands, Steam Packing, Sheets, Valves, Washers, Buffers, Tubing, 
Solid Cord, Springs, Shoe Soles, Mats, Brake Blocks, Wheel Tyres for Cabs, Carriages, Cycles, &¢c., Horse Shoe Pads, 
Roller Covering, Football Bladders, Lawn Tennis Balls, and Moulded Goods to any Pattern. 

EBONITE :--Screw Stoppers, Sheet, Rod, Tubing, Insulators, Speaking Tubes, Battery Cells, Surgical Appliances, 
Photographie Articles, Pumps and Specialities in Ebonite for Chemical Works. 

GUTTA PERCHA :—Golf Balls, Tubing, Belting, Pump Buckets, Bosses for Flax Spinning, Sheet and Tissue, Carboys, &c. 


SILVERTOWN WATERPROOF GARMENTS AND FABRICS. 


























: TELEGRAMS: Offices—‘‘SILVERGRAY, LONDON.” Works—"' GRAYSILVER, LONDON.” 
BRA NTOBRES: 
f BELFast—33, High Street. Carpirr—Pierhead Chambers, Bute Docks. MANcHESTER—9, Sussex Street (Cit};). 
HOME BIRMINGHAM—27 » Albert Street. DvusLiin—16, St. Andrew Street. NEWCASTLE-ON-' TyNE—59, Westgate Road._ 

| Bes ADFORD—1, Tanfield Builc lings, Hustlergate. GLasGow—8, Buchanan Street. PortsmoutH—49, High Street. 

BrIsToL—28, Clare Street. LIVERPOOL—54, Castle Street. ._ . SHEFFIRLD—28, Ange Street. 
D f Brishanr—Edward Street. CalcuTTta—1-], Fairlie Place. MELBOURNE—274, Flinders Street. 
ABROA BugNos Arres—Calle Reconquista, 140 al 142. Curistcuurcn (N.Z.)}—284, Cashel Street. Pgrtu (W:A:)—131,Queen’s Biildings, William Street. 
\ BULAWAYo (RuopEs1A)— Willoughby Buildings. Durban (NaTaL)—213, West Stréet. SypNEY—279, George Street. 











Works: SILVERTOWN, ESSEX: & PERSAN (Selne-et-Oise), FRANGE, Offices: 106, Gannon St., LONDON, E.C. 





Shenae seg vi : 9 5 RRR Re a 























* 


JuNE 24, 1904.] ENGINEERING. [SUPPLEMENT page XLV]. 93 


FIELD’S PATENT BOILERS AND TUBES. 


TUBES applicable to nearly every kind of Boiler, and give increased heating surface of most valuable kind. 
LIGHT — SAFE — EASY TO CLEAN — ECONOMICAL. 


Please Note change of Address: 


| LEWIS OLRICK & CO., Encineers, 


” Palmerston House, Bishopsgate st. London, Eo, 


Central Uptake.  Downdraught. Telegrams: ‘ Olrick, London.” 6620 


EHRHARDT & SEHMER, SAARBRUCKEN, GERMANY. 


GAS ENGINES. 


ROLLING MILLS, PUMPING MACHINERY AND BLOWING ENGINES. ou 
100 BP. TO SOOO BF. - — UP TO 2OOO BP. IN ONE CYLINDER. 


Sole Representative for United Kingdom: S. V. CLIREHUGH, M.Inst.C.E., 4, Queen Victoria St., E.C. 


WILLESDEN PAPER 
Used by H.M. and other ‘Giclee, WaryOdee, India OMoe; Contractors, Engineers, &c. TH és HYDE WI N DLASSES AN D CAPSTANS 
Bees are the Most Efficient. 


8-PLY for GABIONS, &.; 4-PLY for WASHERS, PETROLEUM JOINTS, DISCS; 2-PLY for COLD STORAGE. 
They are used by the Imperial Russian Navy, 


DYNAMO INSULATING, rexel 
POLO GOAL POLES, TUBING, VENTILATING, &c., PIPES, LAUNDERS, &c. Samples post free. 

and almost exclusively by the United States Navy. 
They have been adopted for all ships now build- 


WILLESDEN PAPER & CANVAS WORKS, Ltd., Willesden Junction, London, N.W. 
W. — & SONS, Central Works, 

ing for the American Line, Red Star Line, Atlantic 
and lpr Line, Pacific Mail Steamship Company 












































OLDHAM. 
SILENT 











F A N S , b and all principal Coast-wise Lines of the United 
(ALL SIZES IN STOCK). ‘MANUFACTURED BY + 6699 
CENTRIFUGAL 
PUMPS Hiaepep aes UR The Hyde Windlass Co., 
-”” SSTEAM TOW-BOAT WIN , 
eae ee Kwith bits. with Engines under deck. BATH, MAINZ, U.S.A 











WROUGHT & CAST-IRON ROSS « DUNCAN, 


Whitefield Works, Glasgow, Scotland. 
SHAFTING, 


PLUMMER 
BLOCKS, 
COUPLINGS, 
WALL 
BRACKETS, 








IVIARINE 
Boilers 


&c. 
P a. Garnett, and Pneumatic Plant. 





CLECKHEATON, cs a 


Telegrams: ‘‘ GARNETT.” 


Tele hic Address: 
Telephone: No. 9, CLECKHEATON. BL 


WHITEFIELD,! GLASGOW. On Admiralty List. 
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A dvertiser Desires Engage- tate eS Wanted, aug eng , 18 to FOR SALE. 
MENT as manager or Engineer, CARLO MOLESOHOTT, Seeks sank 4 eerie: Addeess, ,. vo : | To ra oe cane pee akin 
Hrefading collleren, ac. could Inve £ Fe Ta Bome (Italy), 68, Via Volturno. et aaa ‘U'363| AND OTHER TRAMWAYS AND RAILWAYS, 


including collieries, &c.; could invest £3000 or £4000. 
—Address, U 393, Offices of ENciNEERING, U 893 





A ssistant Manager, experi- 
ced i —— yg meral enginterts 

motor vm DESIRES RESE PONSIBL SETRION. | Colonia 

Highest references. Moderate oaeeg? —-Address, U 428, 

Offices of ENGINEERING. U 428 


Mechanical Engineer (36), 


A.M.LG.E., with sound a technical 
and commercial e: ence (steam, —_ raulic and gas), 
a eee oe On POSITION ; hi Iehest references. 

880, Offices of ENGINEERING. U 380 


Fochaltical Engineer (30), 

just returned from four years’ experience in 
America, WISHES POSITION with London house as 
draughtsman, designer or traveller. Refs. and wide 
experience.—Address, U 424, Offices of ENGINBERING. 


Best Furnace Gas Engines.— 


Engineer (age 33), having five years’ exceptional 
experience in the design, installation and running of 
above for blowing and power, with the cleaning plant, 
REQUIRES BERTH with firm making or contem- 
ng making same. — Address, U 389, Offices of 
EERING, Oe aaa oe U 389 


Fingincer (29), A.M.I. MECH. E., 


first-claes B. of T. certificate, at p 
of a marine and general e' ngineering company, DE- 
SIRES RESPONSIBLE POSITION at home or abroad. 
roentofm y experienced in repair work and the manage- 
men. Highest references. Can be at liberty 
ugust.—Address, U 270, Offices of ENGINEERING. 


llectrical and Mechanical 


Engineer (technical bigh school) acquainted 
with central stations installations, estimating, erec- 
tion, electric traction, Continental practice, German 
technical correspondence, first - class references, 
=, POSITION ; state terms.—Address, U - 

Offices of ENGINEERING. U3 




















atents.—G.F. Redfern&Co., 


“pa ger Patent Office, 4, South Street, Finsbury, 
(Established 1880.) British, Foreign and 
Colonial Patents obtained at 


rcular gratis. Teleph: No. 4492, 
Central. Tele. Address: “Invention, ondon.” 6684 


atents. — Messrs. qatnen| 

and SON, British, Foreign ant Patent 

Fora 67, Ohancery Lane, W. transact every 

description ‘of business connected Gin Letters Patent 
for Inventions. ‘A Guide to Inventors” free by 

Established 1853. 


Step phen Watkins, Son and 
GROVES, Chartered Patent Agents, 75, aon wae 

O. ; and at Prince’s Chambers, 
ed 1869, 8 917 








Lane, London, W. 
Wolverhampton. Establish 








WANTED, &c. 
(jentleman, with Influential 


connections, thoroughly experienced in techni- 
cal and commercial business associated with industrial 
and commercial enterprises abroad, is about to revisit 
the Colonies and leading Foreign Countries to investi- 
gate locally and report upon the p ts of increas- 
*~ trade in British exports, and would be WILLING 
to AOT as REPRES: ATIVE or Sales Agent “M4 a 
large and eminent Manufacturing Firm seekin ~ Bo 
extend their export trade, or to appoint eg <n 
selected agents in commercial centres. — 
G. W., care of ad ampe tg Advertisement Omen! 
162, Piccadilly, London, W. U 375 


A n Expert Engineer, shortly 

going on a.trip to the United States, WISHES 
to AOT for a number of English Manufacturers or 
Patentees, with a view of making arrangements for 











horoughly. Hardworkin 
Practical Engineer, M.LM°E., &., is OP: 
to a responsible "POSITION ; eneral engineering, 
mechanical or civil, best references, wide experience, 
very moderate salary for London district.—Address, 
U 392, Offices of ENcinusrine. U 392 


Enngineer (28) is Open for an 
GAGEMENT ; has had ten years’ experience 
on English railways ‘and electric tramways con- 
struction; highest references and testimonials.— 
Address, U 361, Offices of Evornesrine. U 361 


ie (25), with good certi- 
ficates, DESIRES EMPLOYMENT which, while 
ielding a modest salary, will afford a training in elec- 
trical engineering.—Address, U 384, Offices of En- 
GINEERING. U 


Analytical Chemist, Factory 


training, F.C.S., experienced in coal analysis 
and water purification; near Loudon or neighbour- 
hood.— Address, U 874, ‘Offices of ENGuvmRRING. U 374 

















PARTNERSHIPS. 


tley Kirk, Price & Co. 


Ws 
1850), MBOHANIOAL and 


ELECTRICAL VALUERS, AUCTIONEERS and 
ABBITRATORS. 
Tinie tee” £2,500,000. 


Vauuations Excrep 
Special Rates for Periodical Valuations. 
pa — ble gg od and ee of BR ne gan ee 
rtakings, Tramways, conto! Ww 
the Acts a speciality ” 


46, Watling Street, Que een toy ria Street, 
Albert er Aibere Square, Manchester. 
pant Telegrams : 

Bank, Tendon ** Indices,” London. 
se18, 0 Central, Manchester. = Indicator,” Manchester. 





ENGINEERING PARTNERSHIPS, 


ea Good ew ten EN 


outright, 2S EN 
Established So eel ng are ED) to 

MMUNICATE, in strict confidence, with the 
undersigned, who have always a considerable number 
of such openin, ——— of the profession. ’ 


ae oe 4 PRICE & a ls sr 
Albert aieet Cbeniore at Albert Square, Mansberee. 6361 


artner.—Opening in London 





wre lad Pa eee man with small capital; manu- 
appliance ; re; lar demand; non- 
speculativeFor interview ad xo 395, Offices 4 





A Xo Young Gentleman, with 
‘or immediate Svtsiimenk: would 
oe Gta’ to. to fos = a BUSINESS or undertaking 
tal could be 2B semen ral a Ne 

shjection to a business a@ smal - as. 
Principals only dealt oF a ew ite, INV! , care 
of WiLiires, » 162, Piccadilly, W. By 422 


PATENT AGENTS, 


(jlasgow Patent Office, 
62, Sr. Vincunr Srreer. 
ORUIESHANK & FAIRWEATHER, Obartered Patent 
Agents (and at 65 & 66, Lane, London, WC.) 
Handbook on Potent’ post tree. 
Patents, Designs and Trade. 
M. 


pA Ed at moderate 











the facture of English specialities, or the sale of 
patented and ‘improved successful inventions. — 
Address, with full particulars, V. S., care of J. W. 
Vickers, 5, Nicholas Lane, E.C. U 829 


A2 Im port Company, estab- 


lished in —_ are OPEN to REPRESENT 
first-class English FIRMS supplying all kinds of 
machinery, general hardware; cement, motor cars, &c. 
—Address, THE INDIAN OIL WELL SUPPLY 
STORES, Th The » Hague, I Holland. U 303 


Fizgineer (a. MILME.), with 


offices centrally situated in City, OPEN to RE- 
PRESENT first-class FIRM ; expenses and commission. 
Specialities preferred. — Address, U 193, Offices of 
ENGINEERING. U 198 








Agents Required for Olivoline 


in districts unrepresented. A perfect lubri- 


cating oil, durable and re Oe oll Tea years in use, 
—DU OAN, WATS Oil Refiners, Dash Dashwood 
House, New Broad Serset: London, E.C. 6670 





entleman, A.M.I. MECH. E., 


having Indian "Feyptian and Mauritius ex- 

lence in the r industry , commencing business 

in India, SOLICI 3 AGENCIES : sugar, irrigation, 
&e.—Address, INDIA, care of PostmAsTER, General 

Post Office, Madras. U 320 


Wanted, an Engineering Firm 
to take up, either by sale or on royalty, 
a new Water-tube Boiler (provisionally protected), of 
upright type; simple in construction, economical in 
fuel and suitable for marine as well as other uses.— 
Address, 8. POINTON, 59, Dudley Road, Grantham. 
U 369 
Firms.— 


‘T lo Engineerin 

WANTED, to make ARRANGEMENTS for 
MANUFACTURE of MACHINERY to own specifica- 
tions. Regular and i 


trade 
facilities of firm undertaking the work. — Apply, 
ENGINEER, care of Happon’s Advertising Offices, 
U 366 











isbury Square, E.C. 





A Small Engineering Firm in 

the Midlands DESIRES to take up MANU- 
FAOTURE of Light Tools or Machinery for inventors, 
consulting engineers or others. Laundry, —— 
mining or machine tool work executed to drawings 
and specifications. Special facilities for —— 
smal! parts in quantities.—Address, U 257, Offices of 
ENGINEERING, U 267 


A Well-known Firm of En- 


gineers and Machine Tool a yom is Prepared 
to Undertake the Manufacture of an Engineering 





5 | Speciality.—Address, U 348, Offices of ENGINEERING. 





arge Firm of Engineers 

(Limited Co.), REQUIRE £7000 to £10,000 
ADDITIONAL CAPITAL to compete with orders on 
hand and increase ontput. Excellent o jity.— 
C. RICHARDSON & OO., 65, Impe: en ae 
Ludgate Circus, London. 


Epgineer having Patents for 


steam turbine, WISHES to meet with 
FINANOIAL ML BACKING to develop the same, or with 
firm willing to take up the manufacture under royalty. 
—address, U 385, of Enensrine. 385 


W: ire.—Quotations .Wanted, 
makes ed oy pag ay arn tempered STEEL 
s ths, gauges 24 to 

—Adtoeen, U 291, Ottioes ot Evananeine Ui 











RE eae a. not necessarily in 
—Addreas, 0 . M. G, care DAVIES AND 
Seta Agente, 23, Finch Lane, Corphill. 


. Gensbe Bookahope J yohn Bright st 8t., Binningham. 6245 


to Hearths with bellows, Blocks, Chains, Anvils, Wells’ 


Wanted, to Buy, Dumpy/%% 





astings.— We Can Supply 
IRON CASTINGS up to 6 tons in weight 
10 tons per week. — -eataaeton for repetition 
work. Write for quotation 
ALFRED HERBERT, rang Goventey. T 891 








PUBLICATIONS. 


rer ooks (100, 000) Wanted and 


> a _ _ engineer- 
i ts. BAKERS’ 








(jleanings from Patent Laws 


OF ALL OOUNTRIES. 
By W. LLOYD WISE, F.R.G.S., Assoc. Inst. 0.E., 
Xela of the Chartered Inatitate of Patent nts. 
The first portion (now grey — Two Shillings) 
contains information as to the Patent Laws, Practice, 
fe, aarp Production, &., of 22 Countries. 
work gives a great deal of information likely 
to be useful to inventors and owners of patents in a 
small com —The Times. 
LONDON : WISE-HOWORTH, 46, Lincoln’s Inn 
Fields, W.O. 9749 


ournal of the Institution of 


ELECTRICAL ENGINEERS. 
Part No. 166. Price 5s. 

Containing the following Papers, together with the 
discussions thereon :—T'ransatlantic Engineering 
er and Engineering, by R. MULLINRUX WALMSLEY, 

D.8c., Member ; The Rated Speeds of Electric Motors, 
as Affecting the ae to be employed, by H. M. 
Hosart, Member ; Railway Electrification Pro- 
blem and its Probable Cost Sor England and Wales, 
by F. F. Bennett, Member; Experiments on Fs f 
Currents (Newcastle Local Section), by W. M. 
THORNTON, D.Sc.,Member ; Three-phase Working, with 
Special Reference to the Dublin System (Dublin Local 
Section), by W. BREw, Associate Member ; The Steam 
Turbine (¥ hb Local Sectio ), by Wa. OxILT0N ; 4 
The Education of an Electrical Engineer (Glasgow 
Local Section), by Prof. F. G. Batty, M.A., Member. 

Published by Messrs. E. & F. N. SPON, - es 
125, Strand, W.O. U 418 














AUCTION SALES. 





PRELIMINARY ANNOUNCEMENT. 
SALE OF CONTRACTORS’ PLANT IN JULY. 


A tkinson and Garland are 


instructed by the NEWCASTLE-ON-TyNE and 
GaTgsHgaD Water Oompany to SELL by AUCTION 
in a field adjoining Woodburn Station (N.B.Ry.) 
Northumberland,’a varied and useful lot of CON- 
TRAOTORS’ PLANT, which has been in use at the 
NEW RESERVOIRS, OATCLEUGH. Oomprising :— 
Locomotives and WAGONS 3 ft. gauge, Rais, STEAM 
Navvies, Stream Cranzs by Smith, PorTABLE ENGINES, 
Stone OrvusHers, SAND WASHERS, CLAY MILLS, DoBsin 
Oarts, Stonz Dressine MACHINES, TIMBER, &c., &c. 
Catalogues are in course — Preparation, and when 
ready may from T. Innzs, Crown 
Chambers, Side, or the AUCTIONEERS, 185, Pilgrim 
Street, Newcastle-on- Tyne. U 309 





TO ENGINEERS, SHIPBUILDERS, IRON 
MERCHANTS AND OTHERS. 

IMPORTANT SALE of MACHINERY, LOOSE PLANT, 

ENGINEERS’ STORES, &c., at Hayle, Cornwall. 


Faward Mitchell & Sons are 


favoured with instructions from Messrs. WARD, 
Ltd., and Messrs. Harvey & Co., Ltd., to SELL by 
AUCTION on TvEspayY, WEDNESDAY and THURSDAY, 
12th, 13th and 14th JuLy, at Eleven o’clock each day, 
and the following day if necessary, at the Foundry and 
Engineering Works, Hayle, ge (which are being 
dismantled), the whole of th 

MACHINERY, PLANT ea ENGINEERS’ STORES, 
comprising : Engines, Air Receivers, Pumps, ilers, 
seven Oranes, 15 Lathes, Donkey Pumps, Planing, 
Shaping, Slotting, Tapping, Drilling, Bolt and Nut 
Screwing Machines, Lathe Beds, 50 Fitters’ Bench 
Vices, Boiler and Shipbuilders’ Plant, Portable Smiths’ 


Lights, Brass Fittings, Tool Steel, Copper and Brass 
Sheets, Tubes, Steel Ship and Boiler Plates and Tubes, 
_ le and etal Scrap, Double-faggoted Iron 
Mild Steel Bars, Rivets, Bolts, Nuts, Belting, 
oa the Contents of the Sail Lofts, 

For further particulars apply to Mr. Ca.ivum, 


‘esers. vey & Co., Lid., Hayle; or to the 
AUCTIONEERS, from whom Catalogues may be 
obtaine 


Dated Auction and Valuation Offices, Penzance and 
Lelant, June, 1904 U 399 





OTLEY. 
By ORDER OF THE MORTGAGEE. 


essrs. Dacre & Son will 


OFFER for SALE by AUCTION at the Royal 
White Horse Hotel, in Otley, on Fripay, Juuy ist, 
1904, at Four o’clock in the afternoon, subject to the 
peral conditions of the Leeds Incorporated Law 
iety, and such special conditions as shall then be 
produced and read, 
The Valuable peBEEHOLD and COPYHOLD 
PROPERTIES, as follows :— 
Lor 1. The Large PRINTING MACHINE WORKS, 
situate in Leeds , Otley, and known as THE 
ALBION Works, in the’ occupation of Messrs. Joun 
Katury & Oo., with the vacant land adjoining, cover- 
ing an area of "2788 square yards ; also Engine, Boiler, 
Shafting and other fixtures attached to the Freehold. 
Lor 2. The Detached FAMILY RESIDENCE known 
as ‘“‘Campripee Hovsz,” with the Garden, in the 
occupation of Mr. KE.usy, and also situate in Leeds 
Road, Otley. 
Lot 3. 4.acres 0 roods 22 perches of VALUABLE 
BUILDING LAND, ripe for development and adjoin- 


t 2. 

2 and 8 will first be offered in One Lot, and if 
not so sold, then separately. 

ee COMMODIOUS FREEHOLD DWELLING 


AND TO ALL OTHERS WHOM 
CONCERN. 


IT MAY 


In the Matter of THE BRITISH ELECTRIC CAR 
COMPANY, Liursp (In Liqurpation). 


Fer Sale, as a Going 
OONCERN :— 

THE LAND, BUILDINGS THEREON, WORKSHOPS, 
OFFICES, TIMBER STORES, FIXED PLANT, 
MACHINERY and GOODWILL, &c. 





The Works are new and well-equi with Modern 
bing i They are exceptionally well located, 
fford Park, and having direct junctions 


ilway Sidings with all the main railway lines 
cotulaty in Manchester. The Sidings also connect 
with the Ship Canal Docks. ll the necéssary 
facilities are provided for complete manufacture of 
tramcar bodies and similar stock ; the Works having 
an output of from 400 to 500 cars per annum. 


For full details and particulars apply to— 
T. F. WILD, F.O.A., 
Broad Street Avenue, 
London, E.C. 


Well-eq -equipped Factory for 


SALE, suitable for engineering or motor-car 
works ; within 10 minutes’ walk from Euston, St. 
Pancras, and King’s Cross Stations. The Works have 
an area of about 25,000 square feet, and are equipped 
with Electrical Plant (quite new) for power and Tent: 
ing; Artesian Well, about 300 ft. deep, with constant 
supply of water ; two Smithies, Stores, Pattern Shop, 
Warehouse, Heating Apparatus, nearly new; 
four Hand Oranes, Compressor and Pneumatic Plant 
(quite new), Lathes, Drilling and Planing Machines ; 
good modern lavatory accommodation, &c. The Offices 
are roomy and well-lighted, with accommodation for 
a staff of 40, and include particularly well-lighted 
Drawing ‘and General Offices, g ireproof Strong 
Room, glazed-brick Levakerien§ 10 Station Telephones 
and modern Heating Apparatus; Electric Light. 
— yee: se The who! e or part of the Plant 

be purchased with the Lease, which could be ex- 
Sended, or Freehold purchased if desired. Possession 
can be had about Septunber. —Address, T 731, Offices 
of ENGINEERING. T 731 


MODERN FACTORY. 


ed Sale, at Coventry 


N. W. R.), near Station, Modern and 
Substastially:buiit FACTORY PREMISES, suitable 
for general ne and other trades requiring 

and well-lighted factory. Stands in about 6000 
square yards, and is held on a lease and underlease, 
still to run about 85 years, at a und rent of about 
£40. Is fitted up with Chimney Stack, modern Lanca- 
shire Boiler, and 100 HP. Steam Engine; Shafting 
throughout main building ; well heated by steam in 
Winter ; own electric light and power pla 

Further particulars from the LIQUIDATOR of 
RapemakER, Limited, Quinton Road, Ooventry. U 416 


[To be Disposed of, Immedi- 

ately, Old - established IRON and BRASS 
FOUNDRY and ENGINEERING BUSINESS, standing 
on } acre of freehold ground near centre of a large 
county town; stock, machinery and plant about 
£3300. Turnover for 1903 £9964 7s. 9d.; about 50 
hands employed as moulders, fitters, smiths, &e. 
Large and valuable connection in hot water and 
steam pontine wo, Be seca and electrical work. 
—— (ORNCASTLES, 61, Cheapside, 


TO SHOE MAOHINERY MANUFAOTURERS, 
MECHANICAL ENGINEERS AND OTHERS. 


Ap Opportunity Occurs of 


ACQUIRING a BUSINESS, now being success- 
fully carried on by a Limited Compan > gh ag 
@ profitable trade in the manufacture an 

patent machinery largely used by boot and ee 
manufacturers. A first-rate o + eg for an energetic 
man with some capital.—Ad U 290, Offices of 
ENGINERRING. U 290 


er Sale, as a Going Concern, 

a recently erected modern ENGINEERING 
WORKS, in centre of a large manufacturing district, 
on freehold site of about 2 acres, with own water 


su 
Ph works has a siding from main line, and has. 

many conveniences for handling heavy work cheaply 

and expeditious, wie 


U 383 

















y- 
Address, U 199, Offices of ENemnzERINe. 


| ine of Docks, Liverpool.— 
To be SOLD by PRIVATE TREATY, those 
extensive SHEDS in Regent Street and Carlton Street, 
lately occupied by John Jones & Sons, as boiler 
shops, erecting shops, and foundry. Tenure partly 
freehold and partly corporation leasehold. D0KRON 
for full particulars, to J. W. DAVIDSON, COOK! 
AND OO., 6, Castle Street, Liverpool, 


For Sale, 20 Small Tip 
WAGONS ards of PORTABLE 
RAILWAY. pase Prong e108. ices of ENGINEERING. 


Bellast Wagons for Sale or 
HIRE. 


HURST, NELSON & OO., Lap., 
MOoTHERWELL. 











6601 





alves, 9 in. diameter, 


suitable for 150 Ib. steam pressure, cheap and 
in good condition.— Apply, Mr. C. TURNBULL. 
Electricity Works, Tynemouth. U 296 


FrorSale, Two 112 HP. Climax 
WATER-TUBE BOILERS, , quite unused, each 
complete with Steel Chimneys 60 ft. high, 7 














Sheed tise ita, Eat. 1386, 23, Southampton 
en! 
Ohancery Lane, London, W.O, : 


U 426 


Lor 4. 
HOUSE, situate and being 23, Queen’s Terrace, 
ley. 
Forfurther particulars a; to the vee pees Suge) 
‘eh and on Tuesdays, 4, Albion Place, Leeds; Mr. 
ARSHALL, genta Otle nog or Messrs. Sean 
AND ATKINSON, Solici! ley, and 26, Basinghall 
Street, Leede. U 295 


‘i 


—K DE, Soho Works. 
| ae Baa and spares.— KERMO fxd 
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